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Introduction

Overview

Congratulations on your purchase of an IBM solid-state storage device. This guide explains how to install,
troubleshoot and maintain your IBM High IOPS Adapter.

NOTE Throughout this manual, when you see a reference to an "IBM High IOPS Adapter," you may substitute
your device.

"IBM High IOPS Duo Adapter" refers to devices with two memory modules, including the IBM High
IOPS SD/MD Class SSD PClIe Adaptets.

Designed around a revolutionary silicon-based storage architecture, the IBM High IOPS Adapter is the world's most
advanced NAND flash storage device, with performance comparable to DRAM and storage capacity on par with
today's hard disks—giving you the power to improve storage performance by orders of magnitude. The IBM High
IOPS Adapter allows every computer to exceed the I/O performance of an enterprise SAN.

The IBM High IOPS Adapter is a data accelerator designed specifically to improve the bandwidth for I /O-bound
applications. The IBM High IOPS Adapter is a no-compromise solution for the toughest computational challenges
faced by data centers today, putting it in a league of its own.

About the ioMemory Virtual Storage Layer (VSL)

In addition to the hardware driver, the IBM High IOPS Adapter also includes the ioMemory Virtual Storage Layer
(VSL). This is a hybrid of the RAM virtualization subsystem and the disk I/O subsystem, combining the best of both
worlds. It appears like a disk to interface well with block-based applications and software. At the same time, it runs like
RAM underneath to maximize performance. This provides the following game-changing benefits:

® Performance: The VSL offers direct and parallel access to multiple CPU cores, enabling near linear
performance scaling, consistent petrformance across different read/write workloads, and low latency with
minimal interrupts and context switching.

® Extensibility: The VSL enables flash-optimized software development, making each ioMemory module a
flexible building block for building a flash-optimized data center.

Flash: Not Just Another Disk Drive

Whether on a PCle card or in a drive bay, other SSD providers simply treat flash as another disk drive, putting it
behind RAID controllers. This approach has the following limitations:
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® Reduced performance and reliability

® Increased latency and complexity

® Limited potential for software development and optimization around the flash storage medium

With the ioMemory VSL, the IBM High IOPS Adapter avoids this limiting approach and provides a wealth of
performance and optimization possibilities.

IBM High I0PS Adapters

IBM High 10PS Adapter Options

Feature Code Option Part Number Description

0096 46M0877 IBM 160GB High IOPS SS Class SSD PCle Adapter
0097 46M0878 IBM 320GB High IOPS SD Class SSD PCle Adapter
1649 46M0898 IBM 320GB High IOPS MS Class SSD PCle Adapter
5985 81Y4519 640GB High IOPS MLC Duo Adapter for IBM System x
AINE 81Y4535 320GB High IOPS SLC Adapter for IBM system x
AIND 81Y4539 640GB High IOPS SLC Duo Adapter for IBM System x
AINC 81Y4531 640GB High I0OPS MLC Adapter for IBM System x
AINB 81Y4527 1.28TB High IOPS MLC Duo Adapter for IBM System x

Memory Attributes

Feature NAND Total Memory Module Maximum writes per Maximum writes
Code Type 1 Memory  Modules Capacity memory module per card

0096 SLC 160GB 1 160GB 75PB 75PB

0097 SLC 320GB 2 160GB 75PB 150PB [2]

1649 MLC 320GB 1 320GB 4PB 4PB

5985 MILC 640GB 2 320GB 4PB spB [

AINE SLC 320GB 1 320GB 50PB 50PB

AIND SLC 640GB 2 320GB 50PB 100PB 2

AINC MLC 640GB 1 640GB 10PB 10PB

AINB MIC 1.28TB 2 640GB 10PB 20PB 12l

1. Single Level Cell (SLC), Multi Level Cell (MLC).
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2. Assumes uniform distribution of writes across both memory modules.

Performance Attributes

Feature Code NAND Type [!] Read Bandwidth Write Bandwidth [Qps [21 Access Latency

0096 SLC 770 MB/s 750 MB/s 123,000 | 26 ps
0097 SLC 1.5 GB/s 1.5 GB/s 238,000 | 26 us
1649 MLC 735 MB/s 510 MB/s 67,000 29 us
5985 MLC 1.5 GB/s 1.0 GB/s 138,000 | 29 us
AINE SLC 770 MB/s 790 MB/s 119,000 | 26 us
AIND SLC 1.5GB/s 1.5 GB/s 236,000 | 26 us
AINC MLC 750 MB/s 550 MB/s 74,000 30 us
AINB MLC 1.5GB/s 1.1 GB/s 150,000 | 30 ps

1. Single Level Cell (SLC), Multi Level Cell (MLC).
2. IOPS with 75/25 mixed read/write and 512B packet sizes.

System Requirements

Supported Operating Systems

All operating systems must be 64-bit x86 architecture to support the IBM High IOPS Adapter. Running the latest
Service Pack of a release is strongly recommended.

Attention UPGRADE WARNING: Version 2.2.3 and later of the driver software, including ioMemory VSL, are not
backward-compatible with any driver version earlier than 2.2.3. When you install version 2.2.3 or later, you
cannot revert to any driver version before 2.2.3.

Supported Windows Operating Systems

® Microsoft Windows 2003 Server 64-Bit (with SP2 or higher)
® Microsoft Windows 2008 Server 64-Bit, R1 (with SP2 or higher)

® Microsoft Windows 2008 Server 64-Bit, R2

NOTE IBM High IOPS Adapter devices cannot be used as hibernation devices.

NOTE To determine system and operating support for your High IOPS adapter, please see the latest updates on
the IBM ServerProven website.
bitp:] | www.ibm.com/ systems/ info/ x8Gservers/ serverproven/ compat/ us/ indexcsp. byl
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Hardware Requirements

IBM High 10PS Adapter Requirements

The IBM High IOPS Adapter requires at least:

® A PCI-Express (PCle) Genl x4 slot.
The IBM High IOPS Adapter is a half-height, half-length, PCle 1.1 x4 card and for full performance, it must
reside in a PCle slot where at least 4 lanes are electrically active.

® Adequate system cooling.
To maximize the longevity and performance of an IBM High IOPS Adapter, we recommend at least 300 Linear
Feet per Minute (LFM) of airflow through the system.

In order to protect against thermal damage, the IBM High IOPS Adapter monitors the temperature of its
onboard controller chip (This is reported by the fi 0- St at us command line utility as "Internal temperature™).

The IBM High IOPS Adapter will start throttling write performance once the controller temperature reaches
78°C. If the controller temperature continues to rise, the IBM High IOPS Adapter will shut down once the
controller temperature reaches 85°C.

NOTE If you experience write-performance throttling due to high temperatures, consult your servet's
documentation for details on increasing airflow within your system .

® Sufficient system memory (RAM).
The amount of RAM the VSL requires varies according to the average block size written to the device. Using
the average block size table below, you can estimate the amount of system memory needed. You can reduce
worst-case memoty use by formatting your IBM High IOPS Adapter with a 4K sector size and thereby force
the average written block size to be 4K or greater.

Note however, that for many systems, even those formatted with 512 byte sectors, actual memory utilization
typically tracks with I/O operations on 4k or larger chunks of data.

At various block sizes, the following table shows the upper limit of RAM that may be required of your system for
every 80 GB of IBM High IOPS Adapter storage space used.

Average Written Block Size (bytes) RAM Usage (MB) per 80GB of storage space

8192 225
4096 (Most common) 425
2048 825
1024 1600
512 3175
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For example, if your system is equipped with a IBM High IOPS Duo Adapter, formatted to use 4,096 byte sectors,

your system may require as much as:
(425 MB of RAM / 80 GB) x (640 GB) = 3,400 MB (or around 3.32 GB) of system RAM for use by the IBM High

1OPS Duo Adapter driver.

IBM High IOPS Duo Adapter Requirements

In addition to the IBM High IOPS Duo Adapter cooling and RAM requirements given above, the IBM High IOPS
Duo Adapter requites at least:

® A PClIe Genl x8 slot or a PCIe Gen2 x4 slot.

® A minimum of a full-height, half-length slot with a x8 physical connection. For systems with PCI 1.1, all 8
signaling lanes must be active for full IBM High IOPS Duo Adapter performance. For systems with PCle 2.0,
only 4 signaling lanes must be active for full performance.
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Software Installation

NOTE

Attention

Attention

New

Before installing the ioMemory VSL, make sure you have propetly installed the IBM High IOPS Adapter
device(s). Refer to the IBM High I0PS Adapter Hardware User Guide for full details.

The ioMemory VSL (driver) requires a 64-bit Windows operating system. See Systenz Requirements in the
introduction to this guide for a full list of supported operating systems.

After you install this version of the ioMemory VSL, you may need to upgrade the firmware to enable
operation. See Upgrading the irnnpare later in the Maintenance section for more information

UPGRADE WARNING: Version 2.2.3 and later of the driver software, including ioMemory VSL, are not
backward-compatible with any driver version earlier than 2.2.3. When you install version 2.2.3 or later, you
cannot revert to any driver version before 2.2.3.

Installation

To install the IBM High IOPS Adapter softwatre on a new system:

1.

2.

Complete all the installation steps given in the IBM High IOPS Adapter Hardware User Guide.

Log into your computer with an account that has Administrative rights.

. Download the Windows IBM High IOPS Adapter installation program from Azp:/ / www.ibm.com/ systems/ support

and save it to your desktop or another convenient directory.

Run the IBM High IOPS Adapter installation program. The installation program presents a custom setup
tree-view with options for installation.

Select a type of install from the drop-down menu, or select the checkbox for each component you want to
enable. If you change your mind later, you can use the Repair option in Programs and Features, or Add or
Remove Programs in the Control Panel.

NOTE Mouse over a component in the tree view to see its description.

Click Next.

To select a different folder for the installation, browse to the folder and click OK. The default folder is
C:\Program Fil es\| BM Hi gh | OPS.
NOTE The uninstaller file is placed in the root of the IBM High IOPS folder (default install folder).

Follow the onscreen prompts to complete the install.
NOTE  You may be prompted to stop and start the Microsoft SNMP service at some point during the
drivers and software installation.
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You also need to install the 64-bit Java Runtime Environment (JRE) if it is not already installed (see Installing the JRE
later in this section).

The Setup program:

® Creates a folder for the IBM High IOPS Adapter software components (the default path is C: \ Pr ogr am
Fil es\| BM Hi gh | OPS).

Installs and loads the ioMemory VSL. (This may require a restart.)
® Installs the IBM High IOPS Management Application administrator console (if selected).

® Creates an IBM High IOPS Management Application desktop icon (if IBM High IOPS Management
Application was installed).

Installs support for SNMP (if installed, and if Microsoft SNMP is installed and the SNMP service is running).
When the install program creates the ioMemory VSL folder on the drive, it also creates these sub-folders:

® <driver version>\ Driver —for manual installations using Device Manager

® Firmware —contains the latest firmware

® Management —contains the IBM High IOPS Adapter management and configuration software
® SNMP —contains the SNMP components

® Utils —contains the IBM High IOPS Adapter command-line utilities

Installing the JRE

The 64-bit Java Runtime Environment (JRE) is required for the driver. To install the JRE,

1. Download the latest Java Runtime Environment from bsp:/ /www.java.com.

2. Follow the instructions on A#p:/ /www.java.com and in the JRE installer to complete the JRE installation.

NOTE 1If the JRE installation fails for some reason, contact IBM Supportt at h#tp:/ /www.ibm.com/ systems/ support

Existing IBM High 10PS Adapter Installation

Attention UPGRADE WARNING: Version 2.2 and later of the driver software, including ioMemory VSL, are not
backward-compatible with any driver version earlier than 2.2. When you install version 2.2 or later, you
cannot revert to any driver version before 2.2.

NOTE The IBM Setup (installation) program does not remove previous versions of the software. If a previous
version is removed after the newest version is installed, the ioMemory VSL will no longer load after a
restart. In that case, you need to a) run the Repair option in the Setup program, from Programs and
Features (or Add or Remove Programs) in the Control Panel, and b) restart the computer.

To install the latest IBM High IOPS Adapter Windows software on an existing installation:
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10.

11.

12.

I
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. Complete the steps in the Hardware Installation User Guide if you also installed a new IBM High IOPS Adapter to

the existing installation.

Review the Release Notes and Errata document for additional steps that may be needed to complete the
installation.

Log in as Administrator or have Administrator rights.

Uninstall the existing IBM driver, utilities, etc., using Programs or Add or Remove Programs (depending on
your version of Windows) in the Control Panel.

Restart the computer.

Download the IBM High IOPS Adapter Windows Setup Program from bzp:/ / www.ibm.com/ systems/ support to
your desktop or a convenient directory.

. Run the Setup program. The installation program presents a custom setup tree-view with options for

installation.

. Select a type of install from the drop-down menu, or select the checkbox for each component you want to

enable. If you change your mind later, you can use the Repair option in Programs and Features, or Add or
Remove Programs in the Control Panel.

NOTE Mouse over a component in the tree view to see its desctiption.

. Click Next.

To select a different folder for the installation, browse to the folder and click OK. The default folder is
C:\Program Fil es\1 BM Hi gh | OPS

)  The uninstaller file is placed in the root of the IBM High IOPS folder (default install folder).

Follow the onscreen prompts to complete the install.

Choose Reboot Now on the finish screen of the installer.

Once the system reboots, check for an outdated firmware, as desctibed below.
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Outdated Firmware Gheck

To check for outdated or old firmware:

1. Launch IBM High IOPS Management Application and look for any devices that have a warning symbol.

2. Click on any devices with a warning symbol to ensure that the alert is from outdated firmware.

3. Select all devices requiring firmware update and use IBM High IOPS Management Application to update the
firmware. Refer to the IBM High IOPS Management Application User Guide for details.

'To check for old but not outdated firmware:

1. Find the name of the latest firmware version as noted included in the Release Notes.

2. Use IBM High IOPS Management Application to check each IBM High IOPS Adapter's firmware version

against the latest.

3. Refer to the IBM High IOPS Management Application User Guide for instructions on how to update the

firmware.

IBM High I0OPS Adapter Naming

The IBM High IOPS Adapter receives a name and number as part of the install process for identification. The syntax
is f ¢t X where x is the number of the PCle bus where you installed the IBM High IOPS Adapter. Use IBM High

1IOPS Management Application to view this bus number, or follow these steps:

1. Choose Start > Control Panel > System > Hardware > Device Manager.
2. Select Fusion-io Devices. (Select System Devices for pre-1.2.2 drivers.)

3. Click on your IBM High IOPS Adapter in the list. The Properties dialog box appears.
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IBM High I0PS SSD PCle Adapter Properties 2] %
General | Drver | Details | Resources |

IEM High I0PS SSD PCle Adapter

Devica type: |BM High IOPS S50 PCle Adapters
Manufactires: IBM

Device status

This device is working propedy. =

ok | concel |

The Location field shows the PCle bus number for your device (f ct 13 in this case).

NOTE The system manufacturer assigns bus numbers, which can range from 0 on up. These numbers may or may
not reflect the physical location of the bus. (For example, the second slot from the edge of the motherboard
may be Bus 2, but it could also be Bus 16 or another arbitrary number. Checking Device Manager is one
way to confirm the specific bus number for your installation. You can also use IBM High IOPS

Management Application to view this number as well.)

Adding a File System

With the IBM High IOPS Adapter and ioMemory VSL installed, you can now use the Windows Disk Management
utility to make your device available to applications. Typically, Windows detects the new device, initializes it, and
displays it in Disk Management. You can then add partitions, format a volume, or create a RAID configuration on
your IBM High IOPS Adapter using the standard Windows procedures (see the Windows Disk Management Utility

documentation for more details).

If Windows does not initialize the device, you can do so manually. To initialize an IBM High IOPS Adapter,

1. Select Start > Control Panel.
2. Click Administrative Tools.

3. Click Computer Management.
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4. Click Disk Management in the Storage section of the console tree.

5. Locate and right-click the IBM High IOPS Adapter in the list of storage devices on the right. (If the IBM High
IOPS Adapter does not appear in the list, choose Rescan Disks from the Action menu. You may also need to
restart your computer to display the IBM High IOPS Adapter in the list.)

6. Click Initialize Disk.

You can now use the Disk Management Utility to add a file system to your IBM High IOPS Adapter.

Greating a RAID Gonfiguration

You can use your IBM High IOPS Adapter as part of a RAID configuration. To do so, you must format your IBM
High IOPS Adapter as a dynamic volume. In turn, you can then use this dynamic volume to create multi-disk RAID
configurations (spanned, striped, mirrored, or RAID 5).

For specific steps to perform a RAID configuration, see the Windows Disk Management Utility documentation for
details.

NOTE If you are using RAID1/Mitroring and one device fails, be sure to run a fi o- f or mat on the replacement
device (not the remaining good device) before rebuilding the RAID.

Using the IBM High [OPS Adapter as Swap

To safely use the IBM High IOPS Adapter as swap space, you need to use the f i 0- conf i g utility to pass a special
pre-allocation parameter.

For example:

fio-config -p Fl O PREALLOCATE MEMORY 1072, 4997, 6710, 10345

® Where 1072,4997,6710,10345 are serial numbers obtained from f i 0- st at us.
A 4K sector size format is required for swap—this reduces the driver memory footprint to reasonable levels.

NOTE Be sure to provide the serial numbers for the ioMemory Modules, not the adapter.

NOTE FI O_PREALLOCATE_MEMORY is necessary to have the drive usable as swap space. This will ensure the
drive is crash-free during operation.

Attention  You must have 400MB of free RAM per 80GB of IBM High IOPS Adapter capacity (formatted to 4KB

block size) to enable the IBM High IOPS Adapter with pre-allocation enabled for use as swap. Attaching an
IBM High IOPS Adapter, with pre-allocation enabled, without sufficient RAM may result in the loss of user
processes and system instability.

NOTE The FI O_PREALLOCATE_MEMORY parameter is recognized by the ioMemory VSL at load time, but the
requested memory is not actually allocated until the specified device is attached.

IBM High IOPS Adapter - User Guide for Driver 2.2.3 - Windows
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Understanding TRIM Support

With driver version 2.2.3, TRIM (also known as Discard) is enabled by default on many operating systems.

TRIM addresses an issue unique to solid-state storage. When a user deletes a file, the device does not recognize that it
can reclaim the space. Instead the device assumes the data is valid.

TRIM is a feature on newer operating systems. It informs the device of logical sectors that no longer contain valid user
data. This allows the wear-leveling software to reclaim that space (as reserve) to handle future write operations.

For a complete description of TRIM support on Windows, see the TRIM Support appendix.

' Windows does not support TRIM with a RAID 5 configuration.

TRIM on Windows 7 and Windows Server 2008 R2

Windows7 and Windows Server 2008 R2 have built-in TRIM support. With these operating systems, ioMemory
Devices work with Windows TRIM commands by default.

TRIM on Windows XP, Windows Server 2003, and Windows Server 2008 R1

Windows TRIM is not built into Windows XP, Windows Server 2003, or Windows Server 2008 R1. However, the
Fusion-io TRIM service is installed with the Windows ioMemory VSL and it provides the necessary TRIM operations.

The Fusion-io TRIM setrvice is enabled by default, unless it detects an operating system that supports TRIM natively
(such as Windows Server 2008 R2). You can disable the Fusion-io TRIM service by using the fi o-trimconfig
utility. See the fio-trim-config for more details.
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Maintenance

The IBM High IOPS Adapter includes both software utilities for maintaining the device as well as external LED
indicators to display its status. You can also install SNMP as a monitoring option.

IBM High [OPS Adapter LED Indicators

The IBM High IOPS Adapter includes three LEDs showing drive activity or error conditions.

Lareen Yellow

0 0 0
0 O
)] O = (Driverloadedbut  Atta

@0 O O ©
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Optional External Hard Drive LED

You can also use your computet's existing external HDD access light to indicate a combination of both the teads and
writes executing on your IBM High IOPS Adapter. This provides a quick activity check for your device. (See the
Hardware Installation User Guide for instructions on how to connect this LED to the IBM High IOPS Adapter pinout.)

SNMP Support

The IBM High IOPS Adapter Windows Setup program provides the option to install support for SNMP. 1f you
choose this option, the Setup program installs the components and modifies the Registry for this support. You must
also have the Microsoft Windows SNMP Service installed and running on the computer to receive reports.

Once you run the IBM High IOPS Adapter Windows Setup program, it will stop and start the Windows SNMP
Service to recognize the IBM High IOPS Adapter's agent.

If you did not choose to install the SNMP support at Setup, and want to do so later, rerun the Setup program. Choose
to install only the SNMP support from the list of items. Once the Setup program completes the install, it will stop and
restart the Windows SNMP Service.

For details on using SNMP Test Mode, see Appendix G- SNMP Test Mode and MIB Support.

IBM High I0PS Management Application

Your IBM High IOPS Adapter software includes the ioManager. This application performs the most common
operations you need to do with the IBM High IOPS Adapter. In addition, it provides a detailed information screen on
each of your installed devices.

The IBM High IOPS Management Application can perform:

® Firmware upgrades
® Low-level formatting
® Attach and detach actions

® Device status and performance information

IBM High IOPS Management Application is installed with the default ioMemory VSL install process. Details on how
to install and use IBM High IOPS Management Application appear in the IBM High IOPS Management Application User
Gutide.
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Command-line Utilities
The Windows Setup package also includes several command-line utilities for managing your IBM High IOPS Adapter:

® fio-attach

® fio-beacon

® fio-bugreport
fio-config

fi o-detach
fio-format
fio-pci-check
fio-status
fio-trimeconfig

fio-update-iodrive

Each of these is described in detail in Appendix D- Commiand-line Utilities.

Uninstalling the ioMemory VSL

To uninstall the ioMemory VSL,

1. Go to Start > Control Panel.

2. Click Administrative Tools.

3. Click Computer Management.

4. Click Device Manager in the console tree at the left.
5. Expand the IBM Devices item.

6. Right-click the desired IBM High IOPS Adapter.

7. Click Uninstall.
Windows uninstalls the ioMemory VSL.

NOTE  On Windows Server 2008 R2, Device Manager has an option to "Delete the driver software for this device."
This option makes the uninstall much cleaner.
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Upgrading the Windows Driver- Non-RAID Configuration

Attention Be sure to read the Release Notes and Errata document that comes with each new release as well as these
installation instructions to ensure no loss of data when performing upgrades.

To upgrade the Windows driver in a non-RAID configuration:

1. Follow the steps in Uninstalling the ioMemory VSL earlier.

2. Download the latest driver from A#p:/ / www.ibm.com/ systems/ support.

3. Either unzip or run the Windows package to copy the files to a convenient directory.
4. Go to Start > Control Panel.

5. Click Administrative Tools.

6. Click Computer Management.

7. Click Device Manager in the console tree at the left.

8. Expand the IBM Devices item. (Select System Devices with pre-1.2.2 drivers.)

9. Right-click the desired device.

10. Click Update ioMemory VSL Software. If needed, refer to Appendix B- Manual Installation for details on the
remaining steps to install the updated ioMemory VSL.

Windows now detects your device with the upgraded ioMemory VSL.

Upgrading the Windows Driver with a RAID Configuration

Attention Be sure to read the Release Notes and Errata document that comes with each new release as well as these
installation instructions to ensure no loss of data when performing upgrades.

To upgrade the IBM High IOPS Adapter Windows driver with a RAID configuration in place:

1. Shut down any applications that are accessing the IBM High IOPS Adapters.

2. Open the IBM High IOPS Adapter Ultilities folder. (The default location for release 2.2.3 is C: \ Pr ogr am
Files\IBM Hi gh IOPS\Wils.)

3. Double-click the Aut 0At t achDi sabl e. r eg file to add a key to the Windows registry. Your IBM High IOPS
Adapter now will not automatically attach the next time you restart the computer.

4. Uninstall the IBM High IOPS software in Windows Add/Remove Programs.
5. Restart the computer.

6. Download the latest ioMemory VSL driver package from hztp:/ [ www.ibns.com/ systenss/ support.
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7. Unzip and install the ioMemory VSL driver package. While finishing installation, click the "No" button to select
a manual restart.

8. Open the IBM High IOPS Adapter Ultilities folder. (The default location for release 2.1 is C: \ Pr ogr am
Files\IBM H gh IOPS\Uils.)

9. Double-click the Aut 0At t achEnabl e. r eg file to reset the key in the Windows registry. Your IBM High
1OPS Adapter now will automatically attach the next time you restart the computer.

10. Update the firmware of the IBM High IOPS Adapters. Follow the steps in Upgrading the Firmware, which is
the next section.

NOTE Restart the computer after the firmwate upgrade is complete. The Check Utlity will run at next boot.

Windows now detects your IBM High IOPS Adapters in the RAID configuration with the upgraded driver.

Upgrading the Firmware

Attention  You should upgrade the firmware only if the Systen Event Igg reports out-of-date firmware, or if instructed
to do so by IBM Customer Support or the Release Notes and Errata document.

Viewing the Firmware Version

The firmware version can be found in the Windows Event Log. It is reported by IBM High IOPS Management
Application and the f i 0- st at us command-line utility. For more details, see the IBM High IOPS Management
Application User Guide or {1 0- st at us in Appendixc D- Command-line Utilities.

NOTE Only versions 1.2.4 and higher can be upgraded to version 2.2.3. If your version is older than 1.2.4, it must
be upgraded to 1.2.4 before advancing to a newer version.

Performing the Upgrade
Attention  You should back up the data on the IBM High IOPS Adapter priot to any upgrade as a precaution.

To perform the upgrade, use either IBM High IOPS Management Application(see the IBM High IOPS Management
Application User Guide or the f i 0- updat e-i odri ve command-line utility.

Defragmentation

The IBM High IOPS Adapter does not need to be defragmented. Some versions of Windows, however, run
defragmentation as a scheduled task automatically. If necessary, you should turn off automatic defragmentation.
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Unmanaged Shutdown Issues

Unmanaged shutdown due to power loss or other circumstances can force the IBM High IOPS Adapter to perform a
consistency check during restart. This may take several minutes or more to complete and is shown by a progress
percentage during Windows startup.

You can cancel this consistency check by pressing Esc during the first 15 seconds after the "Fusion-io Consistency
Check" message appears at the prompt. If you choose to cancel the check, however, the IBM High IOPS Adaptet(s)
will remain unavailable to users until the check is done. (You can petform this check later on using ioManaget's Attach

function).

Although data written to the IBM High IOPS Adapter will not be lost due to unmanaged shutdowns, important data
structures may not have been properly committed to the drive. This consistency check repairs these data structures.

Disabling Auto-Attach

The ioMemory VSL defaults to automatically attach (auto-attach) all installed IBM High IOPS Adapters to the
operating system. (If the IBM High IOPS Adapter does not attach, it will not be available to applications or users.)
You can disable auto-attach to assist in troubleshooting or diagnostics.

To disable auto-attach:

1. Open the IBM High IOPS Adapter Utilities folder. (The default location is C: \ Pr ogr am Fi | es\ | BM Hi gh
IOPS\ Uil s).

2. Double-click the autoattachdisable.reg file.

3. If necessary, confirm that you want to modify the registry.

This creates a new DWORD parameter registry key called Aut 0At t ach in:

HKEY_LOCAL_MACHI NE\ SYSTEM Cur r ent Cont r ol Set\ Servi ces\fi odri ve\ Paraneters

Your IBM High IOPS Adapter now will not automatically attach the next time you restart the computer.

When you finish troubleshooting the ioMemory VSL issue, use the IBM High IOPS Management Application to
attach the IBM High IOPS Adapter(s) and make them available to Windows.
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Enabling Auto-Attach

To re-enable auto-attach after disabling it with the aut oat t achenabl e. r eg file:

1. Open the IBM High IOPS Adapter Utilities folder. (The default location is C: \ Pr ogr am Fi | es\ | BM Hi gh
I OPS\ Uil s).

2. Double-click the aut oat t achenabl e. r eg file.

3. If necessary, confirm that you want to modify the registry.

This resets the AutoAttach parameter in the Registry. The next time you restart your Windows system, your IBM High
1OPS Adapter will automatically attach.
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Appendix A- Troubleshooting Event Log Messages

The Windows System Event Log displays the following messages concerning the IBM High IOPS Adapter:
Informational, Warnings, and Errors.

NOTE Each IBM High IOPS Adapter is numbered from 0 upwards. These numbers reflect the PCle bus number
where you installed the device. Use the f i 0- st at us utility or IBM High IOPS management Application
to view this number for your device.

To open the Windows Event Viewer,

1. Click Start.

2. Right-click Computer and choose Manage from the drop-down list.
3. Expand System Tools.

4. Expand Event Viewer.

5. Expand Windows Logs.

6. Select System.

The following are common Event Log error messages, along with suggested solutions:

Message Suggested Solution

Error: ioDrive(x) Use the firmware upgrade instructions in the Maintenance section to update the firmware.
firmware is too old. The
firmware must be updated.

Error: ioDrive initialization

failed with error code 1. Reinstall the Windows ioMemory VSL.

Oxer r or code (where .

errorcode is a number 2. Remove and reseat the device.

that may vary) 3. Remove and insert the IBM High IOPS Adapter in a different PCle slot

Error: ioDrive was not This error may appear after an unmanaged shutdown. You can use either the fio-attach
attached. Use the command-line utility or IBM High IOPS management Application to re-attach the IBM High
fio-attach utlity to IOPS Adaptet. This attach process may take up to ten minutes as the utility performs a
rebuild the drive. consistency check on the drive(s).
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Warning: ioDrive was not The IBM High IOPS Adapter must attach to the Windows operating system to be available to

loaded because auto-attach  users and applications. (This attach normally occurs at boot time.) As part of this attach process,

is disabled. the ioMemory VSL checks to see if there is an AutoAttach parameter in the Windows registry. If
you create this Registry parameter to disable auto-attach, the attach operation does not complete.

To attach an unattached IBM High IOPS Adapter,

1. Run IBM High IOPS management Application.
2. Select your unattached IBM High IOPS Adapter from the Device Tree.

3. Click Attach.

4. Confirm the Attach operation.

Your IBM High IOPS Adapter now attaches to the Windows operating system. To
re-enable Auto-Attach at boot time, refer to Enabling Auto-Attach in the Maintenance
section.
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Appendix B- Manual Installation

The Windows Setup program should install your needed ioMemory VSL and software. However, if the ioMemory VSL
does not install, you can perform a manual install (or upgrade) using the steps below for Windows Server 2003 or
Windows Server 2008.

Manual Installation on Windows Server 2003

The Windows Driver Wizard automatically detects the new IBM High IOPS Adapter and statt to locate its ioMemory
VSL after you restart the system. First, Windows asks you to locate the software driver:

¥ Update Driver Software - Mass Storage Controller x|

L_ J . Update Driver Software - 1845 Storage Controller

How do you want to search for driver software?

=% Sesrch sutomatically for updated driver software
Windows wil search your computer and the Intemet for the latest diver softwere for your
device.

=% Browse my computer for driver software
Locate and imstal driver softvere manuady,

Eﬁ

1. If you have not done so, download and run the IBM High IOPS Adapter Windows Setup program from
bttp:] | www.ibm.com/ systems/ support.

2. Return to the Update Driver dialog.
3. Click Browse my computer for driver software. The Setup program asks you for a path to search.

4. Click Browse next to the path field. Windows displays a file dialog.
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5. Select the folder with the ioMemory VSL (the defaultis C: \ Program Fi | es\ | BM H gh
| OPS\ 2. 2. 3\ dri vers).

6. Click OK.
Windows finds the correct driver and installs the device software. When the ioMemory VSL install completes,

Windows displays this message:
; x|

Update Driver Software - IBM High I0PS 55D PCIe Adapter
Update Driver Software - IBM High 10PS S5D PCIe Adapter

Windows has successfully updated your driver software

Windows has finished installing the drver software for this device

IBM High IOP5 550 PCle Adapter

The hardware you installed will not work until you restart your computer.

Now you can view the ioMemory VSL in device manager.
If you need to update your firmware, review the Outdated Firmware Check and Upgrading the IBM High IOPS

Adapter Firmware sections of this guide.

Manual Install on Windows Server 2008

The Windows Driver Wizard automatically detects the new IBM High IOPS Adapter and starts to locate its driver

after you restart the system. First, Windows ask you to locate the software driver.

1. Click Browse next to the path field. Windows displays a file dialog.
2. Select the folder with the IBM High IOPS Adapter driver (the defaultis C: \ Program Fi | es\ | BM Hi gh

| OPS\ 2. 2. 3\ drivers).

3. Click OK.
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4. Click Next.

Windows finds the correct driver and installs the device software. When the driver installation completes,
5. Restart the computer.

6. Proceed to the Outdated Firmmware Check section to continue.
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Appendix G- Command-line Utilities

The Windows Setup package installs various utilities into the C: \ Program Fi | es\ | BM Hi gh
| OPS\ 2. 2. 3\ Uti | s folder, described in the table below.

Utility Purpose

fio-attach Makes an IBM High IOPS Adapter available to the OS

fi o- beacon Lights the IBM High IOPS Adaptet's external LEDs

fi o-bugreport Prepates a detailed report for use in troubleshooting problems

fi o-detach Temporarily removes an IBM High IOPS Adapter from OS access
fio-format Used to perform a low-level format of an IBM High IOPS Adapter

fi o-pci-check Checks for errors on the PCI bus tree, specifically for IBM High IOPS Adapters
fio-status Displays information about the device

fio-trimconfig Enables or disables the Ttim feature

fio-update-iodrive Updatesthe IBM High IOPS Adaptet's firmware

NOTE Administrator Rights: The command-line utilities require administrator rights in order to run under
Windows (right-click the Command Prompt menu item and select Run as administrator.)

NOTE To run these utilities from a command line, you must either change directoties to the directory that contains
them (by default, C: \ Program Fi | es\ | BM Hi gh | OPS\ <dri ver-versi on>\ Uil s) or add that
directory to your system path. See the documentation for your version of Windows for information about
adding a directory to the system path.

NOTE There are - h (Help) and - v (Version) options for all of the utilities. Also, - h and - v cause the utility to exit
after displaying the information.

fio-attach

Description

Attaches the IBM High IOPS Adapter and makes it available to Windows. You can then partition the IBM High IOPS
Adapter, or set it up as part of a RAID array, using the Windows Disk Management utility. This command displays a
progress bar and percentage as it completes the attach process.

NOTE In most cases, the ioMemoty VSL automatically attaches the device on load and does a scan. You only need
to run fio-attach if you ran fio-detach or if you set the IBM High IOPS Adaptet's auto_attach parameter to

IBM High IOPS Adapter - User Guide for Driver 2.2.3 - Windows




1|

I
[l

a )

0.
NOTE If multiple IBM High IOPS Adapter devices ate installed in a computet, they will attach in a parallel fashion.
If the ioMemory VSL is in minimal mode, auto-attach is disabled.

Syntax

fio-attach <device> [-q, -h, -vV]

where <devi ce> is the name given by the ioMemory VSL to your device. This name is / dev/ f ct x, where x
indicates the PCle bus number where you installed the IBM High IOPS Adapter. (For example, the name / dev/ f ct 4
refers to the IBM High IOPS Adapter installed in PCle Bus 4 in your Windows system. Use ioManager or

fi 0-status to view this bus number.)

You can specify multiple IBM High IOPS Adapters. For example, / dev/ fct /dev/f ct 2 indicates the IBM High
1OPS Adapters installed in PCle Buses 1 and 2 in your Windows system.

Option Description

-q Quiet: disables the display of the progress bar and percentage.

fio-heacon

Description

Lights the IBM High IOPS Adaptet's three LEDs to locate the device. You should first detach the IBM High IOPS
Adapter and then run f i 0- beacon.

NOTE 'This udlity always turns the LEDs on, unless you specifically use the - O option.

Syntax

fi o-beacon <device> [-0, -1, -p, -h, -vV]

where <devi ce> is the name given by the ioMemory VSL to your device. This name is / dev/ f ct X, where x

indicates the device number.

Options Description

-0 Off: Turns off the three LEDs
-1 On (default): Lights the three LEDs
-p Prints the PCI bus ID of the device at <device> to standard output. Usage and error information may be written to

standard output rather than to standard error.
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fio-bugreport

Description

Prepares a detailed report of the device for use in troubleshooting problems.
Syntax
fio-bugreport

Notes

This utility captures the current state of the device. When a performance or stability problem occurs with the device,
run the f i 0- bugr epor t udlity, contact h#tp:/ /www.ibm.com/ systems/ support, and provide the utility output for
assistance in troubleshooting.

fio-bugreport runs several information-gathering utilities and combines the resulting data into a text file. The
results are saved in the ut i | s directory (default installation path is C: \ Program Fi | es\ | BM Hi gh
OPS\ 2. 2.3\ Uil s\)ina. cab file that indicates the date and time the utility was run.

You are then prompted to send an e-mail desctibing the problem to support@fusionio.com with the bug report file
attached.

NOTE Disregard the message about contacting Fusion-io Support; instead, contact
bttp:] | www.ibm.com/ systems/ support.

Sample Output

C:\ User s\ username>"\ Program Fi | es\ | BM Hi gh

| OPS\ 2. 2.3\ Uils\fio-bugreport.exe"

CGenerating bug report. Please wait, this nmay take a while...
Gathering all Wndows Event Logs...DONE

Gat hering Fusion-io Wndows Event Logs...DONE
Gat hering System I nfornmation... DONE

Running fio utilities...DONE

Conpressing to CAB file...DONE

Bug report has successfully been created:
fio-bugreport-20100222 192621. cab.

Pl ease e-mail this file to support @ usi oni 0. com
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For example, the filename for a bug report file named f i obugr epor t - 20090921. 192621. cab indicates the

following:

® Date (20090921)

® Time (192621, or 19:26:21)

fio-detach

Description

Detaches the IBM High IOPS Adapter and removes the corresponding f ¢t x IBM High IOPS Adapter block device
from the OS. The f i 0- det ach utility waits until the device completes all read/write activity before executing the
detach operation. By default, the command also displays a progress bar and percentage as it completes the detach.

Attention Before using this utility, ensute that the device you want to detach is not currently mounted and in use.

Syntax

fio-detach <device> [-f, -i, -0, -h, -vV]

where <devi ce> is the name given by the ioMemory VSL to your device. This name is / dev/ f ct x, where x
indicates the device number. (The number reflects the PCle bus for the IBM High IOPS Adapter.) For example, the
name / dev/ f ct 4 refers to the IBM High IOPS Adapter installed in PCle Bus 4 in your system. (Use f i 0- st at us

to view this number.)

You can specify multiple IBM High IOPS Adapters. For example, / dev/fct 1 /dev/f ct 2 indicates the IBM High
1OPS Adapters installed in PCle Buses 1 and 2 in your Windows system.

Options Description

-f Force: Causes an immediate detach (does not save metadata).
Attention  Although the - f (force) option causes the IBM High IOPS Adapter to detach, even in a RAID
setup, it is strongly recommended to take the drives/volume offline using the Windows Disk
Management plug-in, then perform the detach. Forcing the detach may result in loss of data.

- Immediate: Causes a forced immediate detach (does not save metadata). This will fail if the device is in use by the
OS.

-q Quiet: Disables the display of the progtress bat and percentage.
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Notes

With version 2.0 and later of the driver, attempting to detach an IBM High IOPS Adapter may fail with an error
indicating that the device is busy. This typically may occur if the IBM High IOPS Adapter is part of a software RAID
(0,1,5) volume. Windows refuses the request to detach the drive associated with the IBM High IOPS Adapter because
it is part of a RAID volume and may cause the volume to fail. This does not occur with simple volumes (such as a
single IBM High IOPS Adapter). To detach in this case, take the volume offline using the Disk Management MMC
plug-in application.

fio-format

Description

NOTE The IBM High IOPS Adapter ships pre-formatted, so f i 0- f or mat is generally not required except to
change the logical size or block size of the device, or to erase user data on the drive.

Performs a low-level format of the board. By default, f i o- f or mat displays a progress-percentage indicator as it runs.

Attention  Use this utility with cate, as it deletes all user information on the boatd.

NOTE Using a larger block (sector) size, such as 4096 bytes, can significantly reduce worst-case IBM High IOPS
Adapter host memory consumption; however, some applications are not compatible with non-512-byte
sector sizes.

NOTE If you do not include the - S or - 0 options, the dtive size defaults to the advertised capacity. If used, the - s
and - 0 options must include the size or percentage indicators.

Syntax

fio-format <device> [-b <size> -f, -0 <size BIKKMGT| %, -q, -s
<devi ce-size> -y, -h, -v]

where <devi ce> is the name given by the ioMemory VSL to your device. This name is / dev/ f ct X, where x
indicates the PCle bus number where you installed the IBM High IOPS Adapter. (For example, the name / dev/ f ct 4
refers to the IBM High IOPS Adapter installed in PCle Bus 4 in your Windows system. Use ioManager or

fi o-stat us to view this bus number.)

Options Description

-b <size Set the block (sector) size, in bytes or KiBytes (base 2). The default is 512 bytes. For example: - b 512B
Bl K> or-b 4K (Bin 512B is optional).

-f Force the format size, bypassing normal checks and warnings. This option may be needed in rare situations

when f i 0-f or mat does not proceed propetly. (The "Are you sure?" prompt still appears unless you use
the - y option.) This option can only be used with the - O option.

-q Quiet mode: Disable the display of the progtress-percentage indicator.
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-s <size Set the device capacity as a specific size (in TB, GB, or MB) or as a percentage of the advertised capacity:
B|KIM G T| %

® T Number of terabytes (TB) to format

® GNumber of gigabytes (GB) to format

® MNumber of megabytes (MB) to format

® %Percentage, such as 70% (the percent sign must be included)

-0 <size Over-format the device size (to greater than the advertised capacity), where the maximum size equals the
Bl KIM G T| % maximum physical capacity. If a percentage is used, it corresponds to the maximum physical capacity of the
device. (Size is required for the - O option; see the - S option above for size indicator descriptions.)

Attention Before you use this option, please discuss your use case with IBM support by
contacting http:/ [ www.ibm.com/ systems/ support.

-y Auto-answer "yes" to all queties from the application (bypass prompts).
fio-pci-check
Description

Checks for errors on the PCI bus tree, specifically for IBM High IOPS Adapters. This utility displays the current status
of each IBM High IOPS Adapter. It also prints the standard PCI Express error information and resets the state.

NOTE It is perfectly normal to see a few errors (pethaps as many as five) when fio-pci-check is initially run.
Subsequent runs should reveal only one or two errors during several hours of operation.
Attention 'The ioMemory VSL must be loaded to run this utility. Some PCI errors cannot be reset in Windows.

Syntax
fio-pci-check [-d <value> -f, -i, -r, -v, -y, -h]
Options Description

-d <val ue> 1 = Disable the link; 0 = bring the link up

-f Scan every device in the system.

-r Force the link to retrain.

-V Verbose: Print extra data about the hardware.

-y "Yes" is forced when the user is asked to continue.
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fio-status

Description

Provides detailed information about the installed devices. This utility operates on either f ¢t X or fi 0x devices. The
utility depends on running as root and having the ioMemory VSL loaded. If no ioMemory VSL is loaded, a smaller set

of status information is returned.

fi0-status provides alerts for certain error modes, such as a minimal-mode, read-only mode, and write-reduced

mode, describing what is causing the condition.
Syntax

fio-status <device> [-a, -c¢, -d, -fk, -h, -v]

where <devi ce> is the name given by the ioMemory VSL to your device. This name is / dev/ f ct X, where x
indicates the device number. (The number reflects the PCle bus for the IBM High IOPS Adapter.) For example, the
name / dev/ f ct 4 refers to the IBM High IOPS Adapter installed in PCle Bus 4 in your system. (fio-status displays

this number.)

If <dev> is not specified, f i 0- st at us displays information for all cards in the system. If the ioMemory VSL is not
loaded, this parameter is ignored.

Options Description
-C Count: Report only the number of IBM High IOPS Adapters installed.

-d Show basic information set plus the total amount of data read and written (lifetime data volumes). This option is not

necessary when the -a option is used.

-fk Format key: Force alternate <"key=value"> format output, which may be easier for scripts and parsing programs to
read.
-a Print all available information for each device.

Basic Information: If no options are used, f i 0- st at us reports the following basic information:

® Number and type of cards installed in the system

® Driver version
Adapter information:

® Adapter type
® Product number

® PCI power limit threshold (if available)
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Connected ioMemory modules
Block device information:

Attach status

Product name

Product number

Setial number

Firmware version

Size of the device, out of total capacity

Internal temperature (average and maximum, since ioMemory VSL load) in degrees Centigrade
Health status: healthy, nearing wearout, write-reduced or read-only

Reserve capacity (percentage)

Warning capacity threshold (percentage)

Data Volume Information: If the -d option is used, the following data volume information is reported 7 addition to
the basic information:

Physical bytes written

Physical bytes read

All Information: If the - @ option is used, all information is printed, which includes the following information 7
addition to basic and data volume information:

Adapter information:

Manufacturer number

Date of manufacture

Power loss protection status

PCle bus voltage (avg, min, max)
PCle bus current (avg, max)

PCle power limit threshold (watts)
PCle slot available power (watts)

PCle negotiated link information (lanes and throughput)

Block device information:

Part number
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® Manufacturet's code

Manufacturing date

® PCle slot number

® Vendor and sub-vendor information

® Size of the device, out of total capacity

® Format status and sector information (if device is attached)
® FPGA ID and Low-level format GUID

® PCle slot available power

® PCle negotiated link information

® Card temperature, in degrees Centigrade

® Internal voltage, avg. and max.

Auxiliary voltage:, avg. and max.

® Percentage of good blocks, data and metadata

® [ifetime data volume statistics

Error Mode Information: If the ioMemory VSL is in minimal mode, read-only mode, or write-reduced mode when
fi0-stat us is run, the following differences occur in the output:

® Attach status is "Status unknown: Driver is in MINIMAL MODE.:"
® ‘The reason for the minimal mode state is displayed (such as "Firmware is out of date. Update firmware.")
"Geometry and capacity information not available." is displayed.

® No media health information is displayed.

fio-trim-config
Description
Enables or disables the Trim feature (Windows service), which reclaims available space from the file system. It is

generally recommended that Trim be enabled for best performance. Trim is enabled by default. Running this utility
with no options displays the current Trim status.

NOTE This udlity affects all IBM High IOPS Adapter devices in the system. You cannot enable or disable Trim for
only selected devices. Settings take place immediately, there is no need to reboot the system or the device.

Syntax

fio-trimconfig [-d, -e, -v, -h]
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Options Description
-d Disable Trim on this computet.

-e (Default) Enable Trim on this computer.

fio-update-iodrive

Attention  You should upgrade the firmware only if the Systen Event Iog reports out-of-date firmware, or if instructed
to do so by IBM Customer Support or the Release Notes and Errata document.

Description

Updates the IBM High IOPS Adapter's firmware. This utility scans the PCle bus for all IBM High IOPS Adapters and
updates them. A progress bar and percentage are shown for each drive as the update completes.

To update one or more specific drives:
® If the ioMemory VSL is loaded, use the - d option with the device number.

Attention It is extremely important that the power not be turned off during a firmwate upgrade, as this could cause
device failure. If a UPS is not already in place, consider adding one to the system prior to performing a
firmware upgrade.

Attention Note that when running multiple upgrades in sequence (such as going from 1.2.1 to 1.2.4 to 2.2.3), it is
critical to load the driver after each firmware upgrade step. Otherwise the on-drive format will not be
changed, and there will be data loss.

Attention 'The default action (without using the - d or - s option) is to upgrade all IBM High IOPS Adapter devices
with the firmware contained in the <i odri ve_ver si on. f f f > file. Confirm that all devices need the
upgrade prior to running the update. If in doubt, use the - p (Pretend) option to view the possible results of
the update.

Attention  You must detach all IBM High IOPS Adapter devices before updating the firmware.

Attention UPGRADE WARNING: Version 2.2.3 and later of the dtiver software, including ioMemory VSL, are not
backward-compatible with any driver version earlier than 2.2.3. When you install version 2.2.3 or later, you
cannot revert to any driver version before 2.2.3.

NOTE If you receive an error message when updating the firmware that instructs you to update the midprom
information, contact Customer Support.

Syntax

fio-update-iodrive <iodrive_version.fff>[-d, -f, -1, -p, -q, -s, -h, -vV]

where <i odri ve_versi on. f ff > is the path and firmware archive file provided by IBM. The default path is
C:\Program Fi |l es\|1 BM Hi gh |1 OPS\ 2. 2. 3\ Fi r mwvar e. This parameter is required.

Options Description
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-d Updates the specified devices (by f Ct X, where x is the number of the device shown in f i 0- St at us). If this
option is not specified, all devices are updated.
Attention Use the - d or - S options with care, as updating the wrong IBM High IOPS Adapter could
damage your device.

-f Force upgrade (used primarily to downgrade to an earlier firmware version). If the ioMemory VSL is not loaded, this
option also requires the - d option.

Attention Use the -f option with care, as it could damage your card.

-1 List the firmware available in the archive.

-p Pretend: Shows what updates would be done. However, the actual firmware is not modified.
-q Runs the update process without displaying the progress batr or percentage.
-S Updates the devices in the specified slots using "' as a wildcard for devices. The slots ate identified in the following

PCle format:

[[[[<domai n>]:]<bus>]:][<slot>][.[<func>]]

All three external LED indicators light up during the update process.
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Appendix D- Trim Support

Introduction

Trim is used to address a unique property of solid-state drives. The problem stems from the fact that when a user
deletes a file, the drive that contains the file does not recognize that it can reclaim that space. Instead, the drive
assumes the data is valid until the system informs the drive it can overwrite that data. This is fine for a normal hard
drive, because you can continually write to the same sector of the drive without significant degradation. A solid-state
drive, on the other hand, writes to different flash memory areas when the same logical sector is written to.

Because of the way flash memory handles writes, having a full SSD can cause significant reduction in write throughput.
Currently available storage stacks and file systems were not designed with this caveat in mind. The SSD software must
assume that all sectors contain valid data, and therefore always treat the drive as full. In reality, a file system does not
normally contain a full drive's worth of data.

Trim is an enhancement to existing file systems that informs the SSD software of logical sectors that do not contain
valid user data. Trim retrieves this information from a file system when a file has been deleted, and it informs the drive
that it can reclaim the space held by that file. This allows the wear-leveling software to reclaim that space as reserve to
handle future write operations.

In order for Trim to do this, it continually runs in the background and monitors the file system(s) being used on IBM
High IOPS Adapter. The process is meant to be "lazy" so as not to noticeably impact the performance of the
computer.

Platforms

The Trim feature is available on devices for Windows operating systems starting with Windows Server 2003.

NOTE Trim capabilities have been built into Windows Server 2008 R2 operating systems. IBM High IOPS Adapter
support Windows Trim, which means that IBM High IOPS Adapter Trim is unnecessary under Windows
Server 2008 R2, and it will not run when this operating systems is present. No system changes are needed.
The Trim service will automatically shut off if it detects a Windows Server 2008 R2 operating system.

Using Trim

Trim runs quietly in the background as a Windows Service a few minutes after the computer is booted, so as not to
slow down the boot process. However, you can fine-tune Trim by using the configurable settings described below.
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Starting and Stopping Trim
To globally start or stop the Trim service through IBM High IOPS Management Application,

1. In the upper-left corner of the console screen, click the button to toggle the state of the service (either running

ot stopped).
To start or stop the Trim service through the Windows Services Manager,

1. Search for "Fusion-io Ttim Service".

2. Click "Start service" or "Stop service".

Note that stopping the service only stops it for that session. Restarting the computer causes Trim to run again.
Enabling Trim

To enable the trim service,

1. Open a registry editot.

2. Navigate to

HKEY LOCAL_MACHI NE\ SYSTEM Curr ent Cont r ol Set\ Servi ces\fi odrive\ Paraneters

3. Add the Tri nEnabl ed value as a DWORD (sce the description below).Stop the Trim service (by either of the
two previously mentioned methods) and restart it; or, restart the computer.

) Thefio-trimconfig udlity will set the Tr i mEnabl ed flag for you and does not require a reboot of your
system or a manual restart of the service for the changes to take effect. This utility is the preferred method of
enabling and disabling Trim as it prevents the user from having to edit the registry themselves which has the
potential to produce undesired consequences.

Tri nEnabl ed

This registry value controls whether Trim will run, regardless of the user starting and stopping Trim through either of
the two previously mentioned methods. If this value is present and set to 1, then Trim will run as normal (unless you
have stopped the service using the previously mentioned methods). If this value is set to 0 before attempting to start
the Trim service, the service will not run until the value is changed to 1 (or removed from the registry) and the service
manually restarted. If this value is not present, Trim assumes it should run unless you stop it. Note that this value
persists across sessions, so if you restart the computer and set this value to 0, Trim will not run when the computer
starts again.
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Gontrolling Trim Aggressiveness

You can control how aggressive the Trim service is. The default settings for Trim minimize impact on computer
performance while allowing the device(s) to perform at their best. However, if a drive is being used with a
write-intensive application, then you may want Ttrim to be more aggressive. To do this, you'll need to add a few registry

entries.

1. Open a registry editor.

2. Navigate to

HKEY_LOCAL_MACHI NE\ SYSTEM Cur r ent Cont r ol Set\ Servi ces\fi odri ve\ Paraneters

3. Add the Tri nili meDel ayl nSeconds value as a DWORD (see the description below).
4. Add the Bi t mapRet ri eval Del ayl nM | | i seconds value as a DWORD (see the description below).

5. Stop the Trim service (by either of the two previously mentioned methods) and restart it; or, restart the

computer.
Tri mTi neDel ayl nSeconds

This registry value controls how quickly Trim will start running again after it has finished processing all the volumes on
a system. For example, if this is set to 600 (10 minutes in seconds), then Trim will process all the volumes on a system,
sleep for 10 minutes, and then process the volumes again and continue this cycle. This value can be any number
between zero and 4,294,967,295. 1f this value is not set or present in the registry, then Trim assumes a default of 900

seconds (or 15 minutes).
Bi t mapRetri eval Del aylnM | | i seconds

This value most affects how much impact Trim will have on the CPU. It currently defaults to 25 milliseconds but can
be any number between zero (most aggressive) and 4,294,967,295 (pretty much useless).

Gonfigurations

Trim can be used with the following configurations and features:

® RAID volumes (mirrored, spanned, or striped). Note: RAID 5 (striped with parity) is not currently supported.

¢ Simple volumes (no RAID)

® Any combination of the above RAID levels across multiple devices, so long as there is at least one IBM High
1OPS Adapter in the RAID set.

® Multiple partitions on the same IBM High IOPS Adapter

® NTFS and FAT32 file systems
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Volumes with mount points (no <drive letter> is defined)
Compressed volumes

Different cluster sizes, packet sizes, and sector sizes
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Appendix E- Monitoring the Health of Devices

This section describes how the health of IBM High IOPS Adapter devices can be measured and monitored in order to
safeguard data and prolong device lifetime.

NAND Flash and Component Failure

An IBM High IOPS Adapter product is a highly fault-tolerant storage subsystem that provides many levels of
protection against component failure and the loss nature of solid-state storage. As in all storage subsystems,
component failures may occur.

By propetly selecting NAND flash media for the hosted application and proactively monitoring device age and health,
you can ensure reliable performance over the intended product life.

Health Metrics

The ioMemory VSL manages block retirement using pre-determined retirement thresholds. The ioManager and the
fi 0- st at us utilities show a health indicator that starts at 100 and counts down to 0. As certain thresholds are
crossed, various actions are taken.

At the 10% healthy threshold, a one-time warning is issued. See the 'monitoring’ section below for methods for
capturing this alarm event.

At 0%, the device is considered unhealthy. It enters write-reduced mode, which somewhat prolongs its lifespan so data
can be safely migrated off. In this state the IBM High IOPS Adapter behaves normally, except for the reduced write
performance.

After the 0% threshold, the device enters read-only mode — any attempt to write to the IBM High IOPS Adapter causes
an error. Some filesystems may require special mount options in order to mount a read-only block device in addition
to specifying that the mount should be read-only.

Read-only mode should be considered a final opportunity to migrate data off the device, as device failure is more likely
with continued use.

The IBM High IOPS Adapter may enter failure mode. In this case, the device is offline and inaccessible. This can be
caused by an internal catastrophic failure, improper firmware upgrade procedures, or device wearout.

NOTE For setvice or warranty-related questions, contact the company you purchased the device from.
NOTE For IBM High IOPS Duo Adapters, these modes are maintained independently for each half of the Duo
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and not for the Duo as a whole.

Health Monitoring Techniques

fi o-status: Output from the fi 0- st at us utility shows the health percentage and device state. These items are
referenced as "Medi a st at us" in the sample output below.

Found 1 ioDrive in this system
Fusion-io driver version: 2.2.3 build 66

Adapter: ioDrive
| BM 160GB High 10OPS SS C ass PCle Adapter, Product Numnber:46M)884

SN: 15833

Medi a status: Healthy; Reserves: 100.00% warn at 10.00% Data: 99.12%
Lifeti me data vol unes:

Physi cal bytes witten: 6,423,563, 326, 064

Physi cal bytes read : 5,509, 006, 756, 312

IBM High IOPS Management Application: In the Device Report tab, look for the Reserve Space percentage in the
right column. The higher the percentage, the healthier the drive is likely to be.

SNMP/SMI-S: On Windows or Linux, see the corresponding appendix for details on how to configure SNMP or
SMI-S health indicators.

The following Health Status messages are produced by the f i 0- st at us utility:

® Healthy

® Low metadata
® Read-only

® Reduced-write

® Unknown

Software RAID and Health Monitoring

Software RAID stacks are typically designed to detect and mitigate the failure modes of traditional storage media. The
IBM High IOPS Adapter attempts to fail as gracefully as possible, and these new failure mechanisms are compatible
with existing software RAID stacks. An IBM High IOPS Adapter in a RAID group will fail to receive data at a
sufficient rate if a) the drive is in a write-reduced state, and b) it is participating in a write-heavy workload. In this case,
the drive will be evicted from the RAID group. A drive in read-only mode will be evicted when write I/Os atre
returned from the device as failed. Catastrophic failures are detected and handled just as though they are on traditional

storage devices.
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Appendix F- Using Windows Page Files with the IBM
High [OPS Adapter

Introduction

This appendix describes how to effectively use paging (swap) files on IBM High IOPS Adapter devices with Windows.

Using a page file with a traditional disk drive places practical limits on the usable size of the page file and virtual
memory, due to the poor performance of disk drives in relation to RAM. Placing the OS paging file on one or more
IBM High IOPS Adapters allows much larger page files and usable virtual memory. This is due to the much faster
response times and bandwidth on IBM High IOPS Adapters versus hard disks. IBM High IOPS Adapter software
prior to 2.2.0 did not support paging files.

Gonfiguring Paging Support

The 2.2.0 ioMemory VSL and later versions can be configured to support paging files on one or more IBM High IOPS
Adapters. This requires that each IBM High IOPS Adapter used with a paging file pre-allocates the worst-case amount
of memory it may need in any possible I/O scenario. This is done on a per-adapter (ioDIMM) instance.

Because of the extra host RAM memory use, paging should be enabled only on IBM High IOPS Adapters that will
actually hold a paging file. It is possible to place a single paging file on more than one IBM High IOPS Adapter. In this
case Windows will stripe paging 1/O across all available paging files, possibly providing additional performance to the
Virtual Memory (VM) subsystem.

IBM High 10PS Adapter RAM Consumption

The amount of RAM pre-allocated per IBM High IOPS Adapter depends on the device's total size and the sector
(block) size selected when formatting the drive (with f i o- f or mat ). The following table shows the estimated (upper
limit) memory consumption for the various device and sector sizes.

Average Written Block Size (bytes) RAM Usage (MB) per 80GB of storage space

8192 225
4096 (Most common) 425
2048 825
1024 1600
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512 3175

Using a larger sector size significantly reduces the amount of host memory consumption needed for paging support. It
is recommended that a 4K sector size be used because a) that is generally the natural size of a host memory page, and
b) it minimizes overall host memory consumption. In Windows, NTES will generally use a cluster size of 4K, so
formatting to 512 is not useful except for applications that compatible only with 512-byte sector sizes (such as
Windows XP and Windows 2003).

The indicated amount is needed per IBM High IOPS Adapter that supports paging. You must carefully plan which
IBM High IOPS Adapter(s) will be used to hold a paging file.

Non-paged Memory Pool

Pre-allocated memory for the IBM High IOPS Adapter comes from the Windows kernel non-paged memory pool.
This pool dynamically grows as system components consume additional kernel memory. The maximum size of this
pool is restricted as follows:

® Server 2003, 2008 R1/R2 - 75% of RAM up to a maximum of 128GB.

® Vista/Windows 7 - 40% of RAM up to a maximum of 128GB.

The amount of in-use, non-paged pool memory should be noted when planning page file usage. This is because the
IBM High IOPS Adapter pre-allocates RAM, and that reduces the available physical non-paged memory. The
ioMemory VSL will fail to load if the total pre-allocated memory plus the in-use, non-paged memory exceeds the
maximum non-paged memory pool.

To determine the total non-paged memory pool use for two IBM High IOPS Adapters, let's use the following
example:

® One IBM High IOPS Adapter is 80GB, and the other is 160GB
® Both are formatted with a 4K sector size

® Both will support paging files

The current allocated non-paged pool is obtained from Task Manager and, in this example, has a value of 576 MiB.
(Values shown in Task Manager are in MiB (1024x1024 = 1 MiB)). The total RAM on the system is 8196 MiB and the
OS is Server 2008 R2.

To calculate the total available non-paged pool, use the following formula:

(8196 MB x 0.75) - 576 - 379 (80 IBM Hi gh 10PS Adapter) - 731 (160 |IBM Hi gh I OPS
Adapt er)

which still leaves 4,718 MiB available for the non-paged pool.

IBM High IOPS Adapter - User Guide for Driver 2.2.3 - Windows




Il
il
i

o]
| ]
]

]
i
J

‘/, 1

Enabling/Disabling Paging Support

Memory pre-allocation occurs during ioMemory VSL initialization. To enable paging support, you must enable the
FI O_PREALLOCATE_MEMORY configuration item. This can be done using the fi 0- conf i g command-line utility.
This parameter is assigned a string with a list of decimal serial numbers of the IBM High IOPS Adapters that will

support a paging file. The ioMemory VSL performs memory pre-allocation for those instances.

Below is an example of using the f i 0- conf i g utility to enable paging and pre-allocation on two IBM High IOPS
Adapters with serial numbers 1234 and 17834. Serial number information can be obtained using the fi 0- st at us

utility.
fio-config -p FI O PREALLOCATE_MEMORY " 1234, 17834"
To disable paging support on all drives, use a value of O for FI O_PREALLOCATE_MEMORY:

fio-config -p Fl O PREALLOCATE_MEMORY " 0"

To query the current value, run this command:

fio-config -g Fl O PREALLOCATE_MEMORY
An alternate method to manage (enable or disable) paging support is to use IBM High IOPS Management Application.

You must reload the ioMemory VSL for the new pre-allocation setting to take effect. Typically this can be done
y p g ypically
by restarting the machine ot using disable/enable within Device Manager for each IBM High IOPS Adapter

instance.

Also, using the Windows System Properties to change paging file configuration requires a system restart before
the properties are applied. Therefore, you can change both FIO_PREALLOCATE_MEMORY and the system

page file configuration and then apply both with a single restart.

Windows Page File Management

By default, the ioMemory VSL disables support for page files. The previous section described how to enable support
for page files on one or more IBM High IOPS Adapters. The following describes how to work with the built-in
Windows control panels to configure and set up paging files on IBM High IOPS Adapters.

Setting Up Paging File(s)

To set up page files in Windows,
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1. Go to Control Panel and double-click System.
2. Click Advanced system settings from the Task pane.
3. On the Advanced tab, click Settings. The Performance Options dialog opens.

4. On the Advanced tab, click Change. The Virtual Memory dialog opens.

ERTE

| Automatically manaoe paging file size for all drives

Paging file size for each drive
Drive [Volume Label] Paging File Size (MB)
[C: Mong

Selected drive: E: [Mew Volume]
Space avalable: 197493 MB

Custom size:

@ System managed size
Mo paging file

Total paging file s=ze for all drives
Mirimum alowed: 16 MB
Recommended: 12274 M8
Currently allocated: 8183 MB

Lo |

Using this dialog, you can configure a page file for each available drive in the system. Selecting the "Automatically
manage paging file size for all drives" checkbox causes Windows to create a single page file on the system drive, which
is the drive the OS is started from. This checkbox should be cleared when using an IBM High IOPS Adapter with a
paging file.

Windows supports up to 16 distinct paging files. To enable a page file on an IBM High IOPS Adapter,
1. Choose the IBM High IOPS Adapter from the device list.
2. Select the Custom size radio button.

3. Provide values in the Initial size and Maximum size fields.

4. Click Set to save the setting. Do not omit this step, ot your changes will be lost.
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5. Click OK.

6. When prompted to restart, click Yes. This is necessary for the new page file settings to take effect.

To remove a paging file on the drive, follow the steps eatlier but select No paging file. For performance reasons,
typically you will remove all paging files on any system hard disk.

) The Virtual Memory dialog allows page files to be configured on available IBM High IOPS Adapters, even if the
IBM High IOPS Adapter has not been configured to support a page file. Even though the dialog allows enabling
of the page file, following the required restart you'll notice that no page file was created on the device. Follow the
directions eatlier in this document to propetly enable page file support on one or more IBM High IOPS Adapters.

System Drive Paging File Configuration

By default Windows creates and manages a page file on the system boot drive (typically a hard disk), which is typically
where Windows is installed. Keeping a regular page file on the system hard disk is generally not optimal, because the
hard disk's I/O petrformance is many orders of magnitude slower than an IBM High IOPS Adapter. To remedy this,
you can eliminate or minimize the size of the system boot drive page file, as explained later. Enabling page files on
IBM High IOPS Adapters (but not the system drive) improves Virtual Memory (VM) subsystem performance, as the
VM manager stripes I/O actoss all available page files. Additionally, the IBM High IOPS Adapters act as a very large
memory store, which can greatly improve memory usage for large applications.

The Windows kernel uses the system disk page file to store crash dumps. Crash dumps may be small (mini-dumps) or
large (full-kernel memory dumps). Typically, running without dump file support or with a small dump file is adequate.
There are several possible system drive page file configurations:

1. Eliminate all page files on any hard disks, including the system boot drive. Although this maximizes paging 1/O
on IBM High IOPS Adapters, no post-mortem crash dump file will be available if a system crash occurs.
However, it may be possible to re-enable a page file on the system drive and then reproduce the crash scenario.

2. Create a minimal-size page file on the system boot drive. The recommended minimum size is 16MB, although
Windows may warn that a minimum 400MB page file is needed.

3. Create a page file large enough for a full-kernel memory dump. This typically requires a page file at least the size
of installed RAM, with some recommending the size equal to RAM x 1.5.

IBM is actively working on adding support for an IBM High IOPS Adapter being a crash dump target.
To view or change the crash dump configuration,

1. Go to the System Properties dialog.

2. Click the Advanced tab.
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3. In the Startup and Recovery section, click Settings. The Startup and Recovery dialog opens.

i N
T

System startup
Default operating system:
| Windows 7 -
[¥] Time to display list of operating systems: 30 -+ seconds
[] Teme to display recovery options when nesded: | = seconds
System failure

|| Write an event to the system log
[/] Automatically restart

Write debugging informatian

[small memory dump (256 KE) -
S emory dueno (255 KB

Kemel memary dump

ite any existing file

any exisung

In the System Failure section you can change settings to handle the system log, restart, and debugging
information.

Guaranteeing Minimum Committable Memory

If you enable "System managed size" ot set a "Custom size" in the Virtual Memory dialog, you should do so with cate.
If the initial size is less than the desired amount of committable virtual memory, this can cause an application to have
memory allocation failures if the amount of committed memory exceeds the currently allocated page file size or the
initial size value. When committed memory exceeds the current page file size, a request to allocate additional memory
will fail. The Windows Virtual Memory manager will slowly increase the size of the paging file up to the available size
of its drive or to the "Maximum size" custom setting, whichever is smaller.

If you want to use a large amount of committed virtual memory (more than 1.5 times the amount of RAM) and avoid
application memory allocation errors, the initial and maximum committed memory should be explicitly set for the
expected application committed memory usage. These values should generally be the same.

How Large Should You Make the Paging File?
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The following articles explain in great detail how to size the page file appropriately.

® Main Article Link: Pushing the Limits of Windows

® Specific section that documents virtual memory: Pushing the Limits of Windows: 1 irtual Menmory

Verifying Page File Operation

To verify that a page file is actively placed on an IBM High IOPS Adapter, you can browse for hidden files at the
drive's root. For example, run the following command at a prompt:

dir c: /ah

In the output listing there should be a file called pagefi | e. sys. If no page file is present, then recheck the page file
configuration in the Virtual Memory dialog and verify that page file support has been enabled on the queried IBM
High IOPS Adapter.

Performance

Using the IBM High IOPS Adapter as the paging store can improve overall Virtual Memory system performance.
Actual benefits will vary widely with an application's virtual memory usage and with hardware platform/performance.
To get an idea of the performance difference, a synthetic program was written to allocate a specified amount of virtual
memory. The program then accesses each page of the allocated buffer by writing to each page (all 4K). Afterward, each
page is then accessed again by reading the first byte of each page.

System memory was artificially reduced to 1GB to force use of the page file. This left 400 MB of free physical
memory. The test was run with a 2GB virtual memory buffer.

The program supports random or sequential patterns. It was run using an 80GB IBM High IOPS Adapter as the
paging device and then was run on a Hitachi HD7721010SLA360 ATA disk drive. A custom page file was configured
with minimum and maximum set to 70000 (70GB).

Device Type Random Writes Random Reads Sequential Writes Sequential Reads
(MiB/second) (MiB/second) (MiB/second) (MiB/second)

Hard Disk 60.37 36.49 334.80 59.67

80GB IBM High 236.09 293.29 367.27 24212

IOPS Adapter
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Appendix G- SNMP Test Mode and MIB Support

Introduction

This document explains how you can set up a test mode with your IBM High IOPS Adaptet's Windows SNMP agent.
This enables you to set test values in a Windows registry and force SNMP traps without having to create the actual

conditions on the device.

For example, you can use the SNMP test mode to change the non-writeable indicator and generate a trap, or simulate a

change to the physical or logical size of the device, etc.

NOTE To use SNMP Test Mode, you must have installed the SNMP option with your IBM High IOPS Adapter.

Using Test-Mode Registry Values

The picture below shows the registry entries included for SNMP test values.
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E'p';]iuhmmr.xtnTn?ﬂL oglapacikyl REG_CaAORD ChealSF2000 [2G5050067E)
Bif]icDimmExtnTot sl ogCapackyll REfG_DWACRD OD0C00012 (16}
E{]immmExtnTn‘:at:'hgsl:@a:ityL REG_DWORD O=0cdcle0n (Z15752192)
:ﬁ'n';]ml}mmlixtnh:ﬁalﬂh:.-sta;:la:ltw REG_DMAJRD CC0000017 (23)
EflioCimmE xtnilsableP hysCapacityl REG_CHAMCRD D770 (FEST152)
EficDimmE «trssblePbysC apacityl) REG_DWAORD OxO0O0001S (21)
B)icbimmEstrilisadPhysCapacityl REG_DWORD MxZealchol (FEZIIALE)
}lﬂ]lmmmtxtmsﬂﬁ'hﬁtmazltw REG_CWAJRD O OO0 (4)
:ﬁ';';]in{imm!r?nhdmtrﬂ?xtpmrpmmrk REG_DWORD CreCOC0000T (1)
ﬁ_ﬂiuﬁ'ulm]rfﬂ.ﬁlrbiel*'l’ﬂrp REG_DWORD 000000023 (35)
E]icCamminfoFlashbackIndicator REG_DWORD D OCO000Z ()
?ﬁi;]u:umm]n"*:l—laeltf&'ercmta:a REG_DWWORD CxCOCAOOEF (95)
E'p';]ltﬂ}mmlrfuln’:ﬂnancm;l REG_DWAORD Co L0002 (45)
Bf]icimmInfoMikimps REG_DWORD 0000001 F4 (S00)
BflicCimminfoMilimpseesk REG_DWORD Dx000003ed (1000}
};E]Ionmm]n‘uﬂﬂ'-‘uts REG_DWORD (0000 2eed (12000)
BE]icCmminfolilaksiin REG_DWORD 000002 {11900)
EiflicCimmInfolilyaksPeak REG_DWORD 000Efe4 {12100}
ﬁﬂ]luﬁn-m]r&'ﬂﬁr‘lwattg REG_DWORD CuxCO0N0 | 770 {000
?ﬂltﬂmm]ﬁﬂﬁflwattﬁl’e&. REG_DWORD Co OO0 3a%8 (15000)
EfliclimminfoltininabiodeReason REG_aoRD O DO000002 (2)
_ﬁﬂinﬁ:mm]n’upqwe-'lnmpmtr:tlﬁmdz'ed REG_DWORD O OOC0000e (2)
fiflicCimmirdoReducadWiieRe s REG_DWAORD 000000000 {0)
AHioCimmirfostate REG_CWORD O OCA0aNE (2)
f;ﬂ]lmmmln‘u'ﬁ‘m'umlndcmor REG_DWAORD Co COOOO0CE (21
ﬂ'.ﬂin[‘.\mm]r?o'-'-‘flhs‘hl:]rdt:afnr REG_DWORD CreCOCI00002 (2)
[abicCuimm TastMode REG_SZ off
;"ﬁ']loﬂmmusmndﬂndak REG_CWAORD CDOC0000 ()

[ REG_SZ FLUSIONIC-TODIMM-MIE
._’E"]puthmrnr: REG_5% C $1Program Fles\Fusion-o) ShMP G -snmp-ean,dll
[abiraps REG_SZ on

_rlﬂllr.\-‘h'ﬂ‘l'l“l'i:ﬂy REG_DWORD C COC000F & {2500

N |

:Hr Compuber(HKEY_LOCAL_MACHINEVSOF TWAREFusscew-lolf lo-snimp-wink CurmertVes sion

Each of these entries is described below. Entries marked by an asterisk (*) generate SNMP traps when set to the
indicated values, and the f usi onl oDi M BCondi ti on and f usi onl oDi nm nf oSt at us M B variables may be

affected because of the changes.

) Al entries, except those marked by **, reflect your registry changes immediately. Entries marked by ** require a
restart of the Windows SNMP agent for the changes to take effect.

SNMP Test Registry Entry

i oDl mExt nAvai | LogCapaci tyL

Description
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Lower word of the available logical capacity in bytes




oDi mExt nAvai | LogCapaci tyU

oDi mExt nByt esReadL

oDi mExt nByt esReadU

oDi mExt nLogByt esWittenL

oDi mExt nLogByt esWittenU

oDi nrExt nPhysByt esWittenL

oDi mExt nPhysByt esWittenU

oDi mExt nTot al LogCapaci tyL

oDi mExt nTot al LogCapaci tyU

oDi mExt nTot al PhysCapaci tyL

oDi nExt nTot al PhysCapaci t yU

oDi nrExt nUsabl ePhysCapaci t yL

oDi mExt nUsabl ePhysCapaci t yU

*j oDi mm nf oCurrent Tenp

*i oDi Ml nf oFl ashbackl| ndi cat or

*i oDi mm nf oNonW i t abl el ndi cat or

i oDi nm nf oPer cent Li f eRemai ni ng

*i oDi nm nfoState
(trap generated if state = 4)

Upper word of the available logical capacity in bytes

Lower word of the total number of bytes read since the device was formatted
Upper word of the total number of bytes read since the device was formatted
Lower word of the number of user data bytes written

Upper word of the number of user data bytes written

Lower word of the total physical bytes written

Upper word of the total physical bytes written

Lower word of the total logical capacity in bytes as formatted

Upper word of the total logical capacity in bytes as formatted

Lower word of the total logical capacity in bytes as formatted

Upper word of the total logical capacity in bytes as formatted

Lower word of the useable physical capacity in bytes. This is space that is
holding valid data, or is erased and ready for writing, or is waiting to be
reclaimed via garbage collection.

Upper word of the useable physical capacity in bytes. This is space that is
holding valid data, or is erased and ready for writing, or is waiting to be
reclaimed via garbage collection.

Current temperature of the device in degrees Celsius. If this value is set above
78 degtrees Celsius for ioDimm cards, a trap is generated. If set above 90
degrees for HP Mezzanine cards, a trap is generated.

1 = flashback redundancy is degraded; 2 = false

1 = device is no longer writable because it has surpassed the read-only

threshold; 2 = false
Upper word of the total logical capacity in bytes as formatted

Current state of the attached client device:
unknown(0)
detached(1)
attached(2),
minimal(3),
error(4),
detaching(5),
attaching(6),
scanning(7),
formatting(8),
updating(9),
attach(10),
detach(11),
format(12),
update(13)
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*i oDi nm nf oWear out | ndi cat or Boolean: True = device has surpassed the wearout threshold

i oDi rTest Mode Set test mode on o off

i oDi rTest Model ndex Number indicating the selected IBM High IOPS Adapter

m b Name of the MIB in use

pat hnane Path to the driver, set at installation

**traps Set trap generation on or off

**updat eDel ay Number of milliseconds to wait until getting the next value from the

ioMemory VSL to generate a trap

SNMP MIB Support

The following SNMP MIB fields are supported in Windows:

f usi onl oDi M bRevMaj or f usi onl oDi mm nf oReducedW it eReason

f usi onl oDi M bRevM nor fusionloDimm nfoM I liVolts

f usi onl oDi M bCondi ti on fusionl oD mm nfoM | | i Vol t sPeak

fusi onl oDi nl nf ol ndex fusi onloDi nm nfoM I 1i VoltsMn

fusi onl oDi nm nf oSt at us fusionloDi nm nfoM I |iWatts

fusi onl oDi n nf oName fusi onl oDi nm nfoM | | i WAt t sPeak

f usi onl oDi mm nf oSeri al Nunber fusi onl oDi mm nfoM | | i Anps

f usi onl oDi mm nf oPar t Nurnber fusi onl oDi mm nf oM | | i AnpsPeak

f usi onl oDi mm nf oSubVendor Par t Number f usi onl oDi mm nf oAdapt er Type

f usi onl oDi nmml nf oSpar ePar t Nunber fusi onl oDi nm nf oAdapt er Por t

fusi onl oDi nml nf oAssenbl yNumnber fusi onl oDi nm nf oAdapt er Seri al Nunber

f usi onl oDi mm nf oFi r mnvar eVer si on f usi onl oDi mm nf oAdapt er Ext Power Pr esent
fusi onl oDi nm nf oDri ver Ver si on fusi onl oDi Nl nf oPower | ossPr ot ect Di sabl ed
f usi onl oDi nm nf oUl D f usi onl oDi MM nf ol nt er nal TenpHi gh

fusi onl oDi mm nf oSt at e f usi onl oDi MM nf oAnbi ent Tenp

f usi onl obDi mm nf od i ent Devi ceNane f usi onl oDi mMvEXt nl ndex

f usi onl oDi M nf oBeacon f usi onl oDi mExt nTot al PhysCapaci tyU

f usi onl oDi nm nf oPCl Addr ess f usi onl oDi mMExt nTot al PhysCapaci tyL

f usi onl oDi mm nf oPCl Bandwi dt hConpati bil ity | fusi onl oDi nmExt nUsabl ePhysCapaci t yU
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f usi onl oDi mm nf oPCl Devi cel D f usi onl oDi mMExt nUsabl ePhysCapaci t yL
f usi onl oDi mm nf oPCl Power Conpatibility f usi onl oDi mExt nUsedPhysCapaci tyU
f usi onl oDi mm nf oPCl Subdevi cel D f usi onl oDi mExt nUsedPhysCapaci tyL
f usi onl oDi nm nf oPCl Vendor | D f usi onl oDi mExt nTot al LogCapaci tyU
f usi onl oDi mm nf oPCl Subvendor | D f usi onl oDi mExt nTot al LogCapaci tyL
fusi onl oDi nm nf oPCl S ot f usi onl oDi mmExt nAvai | LogCapaci tyU
fusi onl oDi mm nf oWear out | ndi cat or f usi onl oDi mExt nAvai | LogCapaci tyL
f usi onl oDi mm nf oFl ashbackl ndi cat or f usi onl oDi MExt nByt esReadU

f usi onl oDi mm nf oW i t abl el ndi cat or f usi onl oDi MExt nByt esReadL

f usi onl oDi mmi nf ol nt er nal Tenp f usi onl oDi MExt nBytesWittenU

fusi onl oDi nm nf oHeal t hPer cent age fusi onl oDi nrEXt nByt esWittenL

fusi onl oDi nml nf oM ni mal ModeReason fusi onl oDi nEXt nFor mat t edBl ockSi ze
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Appendix H- Documentation Permissions

The AVR boot | oader and the t r ee. h file, which ship in binary form with the driver, contain content that have the
following documentation copyright requirements:

AVR Bootloader

Copyright © 2002, 2003, 2004, 2005, 2006, 2007 Ertic B. Weddington

All rights reserved.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the
following conditions are met:

® Redistributions of source code must retain the above copyright notice, this list of conditions and the following
disclaimer.

® Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the
following disclaimer in the documentation and/or other matetials provided with the distribution.

® Neither the name of the copyright holders nor the names of contributors may be used to endorse or promote
products derived from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE
DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR
ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS
OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE,
EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

tree.h

Copyright 2002 Niels Provos <ptrovos@citi.umich.edu>
All rights reserved.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the
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following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following

disclaimetr.

2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the
following disclaimer in the documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR "AS IS" AND ANY EXPRESS OR

IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT
SHALL THE AUTHOR BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR
BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER
IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING
IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF

SUCH DAMAGE.
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IBM Support

IBM High IOPS Adapter Customer Support is available on the web at the following address:

bttp:/ | www.ibm.com/ systems/ support

IBM part number 60Y1445
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