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EXECUTIVE SUMMARY

Introduction

Traditional networking, where each connection uses one or more
cables, is evolving into a more streamlined system — converged
networking. Where you previously needed a separate cable for each
connection type, you can now combine multiple types of connections
onto just one cable. This guide explains how to converge Ethernet and
Fibre Channel (FC) networks for data center deployment with both
network types flowing through the same physical connection. We will
describe a simple network configuration containing a LAN connection
and a SAN connection to preconfigured storage.

With Ethernet speeds increasing to 10 Gb/second, more traffic can go
through a single cable without compromising performance. Converged
network adapters take the benefits of 10Gb Ethernet one step further
by allowing you to combine multiple types of traffic, such as TCP, iSCSI,
and FCoE, on a single physical port.

NIC partitioning (NPAR), implemented with QLogic VMflex™ technology,
provides a seamless migration path for replacing many 1Gb Ethernet
ports with fewer 10GbE ports, without compromising the performance,
bandwidth provisioning flexibility, and isolation that physical server
environments require.

The QlLogic QME8242-k Converged Network Adapter can support up to
four independent I/O partitions in one port, allowing you to reduce the
number of components used for networking. The partitions are flexible,
allowing you to change their function from iSCSI or FCoE to pure
Ethernet with just a few steps. The QLogic QME8242-k uses a PCle®
Gen2 x8 bus to interface with the host server. The greater bus speed
allows data to move more quickly between the processor and the
converged adapter.

The QlLogic QME8242-k uses Qlogic FlexOffload™ to reduce server CPU
cycles required for TCP, FCoE, and iSCSI operations. This increases
available CPU resources or CPU efficiency, which can improve
performance for all applications and increase levels of consolidation in
virtualized servers.
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The benefits the QLogic QME8242-k Converged Network Adapter
delivers are clear: fewer server CPU cycles, fewer cables, fewer
switches, and greater efficiency—all of which yields you a greater return
on your investment by allowing you to accomplish more work with less
equipment.

QLogic QConvergeConsole
Qlogic offers easy to use management tools to help manage its adapter,

allowing you to change the functionality of your adapter’s partitions
from your operating system, along with a host of other features. It is
available in both a command line interface (CLI) and a graphical user
interface (GUI). Each provides similar functionality, but offers different
ways of interacting with the adapter.
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Input hostname/ address: m ‘
ocalhos . )
Jocahost . The Ultimate in Performance QConvergeConsole
QLOGIC 7

Tile Host View Settings Wizards Help

Information  Security
#¥ localhost:Micrasoft Windows ¢
3 3;':';2’:;?,:’;"“ abit Host Attribute Name Host Attribute Value
¥=(JMEB242:RFE1115A79738; Hostname: locahost
® 7=QMEB242:RFEL115A79847: 05 Type: Microsoft Windows Server 2008 Enterprise 64-bit %54
05 Yersion: Service Pack 2 (Build 6002)
FC/FCoE Agent Version: 1.00.1282-20
ISCSI Agent Version: 2.00.0026
Ethernet Agent Wersion: 1.01.18
Function Summary
hurmber of adapters 2
Nurnber of physical ports: 4
NIC
RNIC Functions: 6
FC/FCOE
FC FURCtions: 0
FCOE Functions: 1
FC Targets: a
WParts: o
iSCST
ISCSI Functions 1
ISCSI Targets: u]

Our report does not provide complete details about the QlLogic
QConvergeConsole™ suite of software, though we do include
instructions on how to modify the adapter and its partitions with the
QConverge Console command line interface. For more information on
the QConvergeConsole CLI and GUI, see the Qlogic user guides at
http://support.dell.com.

OVERVIEW OF THE PROCEDURE

This guide shows you how to use NIC partitioning to consolidate
heterogeneous network traffic using the QLogic QME8242-k Converged
Network Adapter, a Dell PowerEdge M710 server, and a Dell
PowerConnect™ M8428-k switch. As a physical Ethernet switch and OS-
agnostic layer 2 technology, NPAR gives you a lot of freedom in how you
configure your servers. For this guide, we chose Microsoft® Windows
Server® 2008 R2 as the server OS, and show every step needed to
connect a bare-metal blade to an existing Ethernet network and Fibre
Channel-based SAN infrastructure. When the installation is complete,
the server will send and receive both FCoE and Ethernet traffic through
a single port on the 10Gb adapter.
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Initial setup
For details, see the Cabling the network and Connecting to the Dell

PowerEdge M1000e CMC sections below.

1. Connect the Dell PowerConnect M8428-k switch to the core Internet
network and to the SAN infrastructure.

2. Use your browser to connect to the Dell PowerEdge M1000e CMC
and launch the iDRAC GUI for the Dell PowerConnect M8428-k.

Setting up the Dell PowerConnect M8428-k switch
For details, see the Configuring the Dell PowerConnect M8428-k switch

section below.

1. Create the VLANSs to access the core network and the SAN
infrastructure.
2. Configure the VLAN access.

Installing Windows Server® 2008 R2 and drivers for the

QlLogic QME8242-k
For details, see the Installing Windows Server 2008 R2, Installing the

drivers for the QlLogic QME8428-k, and Installing Windows updates

sections below.

1. Install a new copy of Windows Server 2008 R2 Enterprise (Full
Installation) as the operating system on the Dell PowerEdge M710.

2. If you have not already done so, download the drivers for the QlLogic
QME8242-k from http://support.dell.com.

3. Log in as administrator.

4. Install the QLogic Windows Superinstaller and all its relevant

components.
5. Now that the system has network connectivity, install Windows
updates.
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Enabling NPAR on the QlLogic QME8242-k

There are several ways to enable NPAR on the QlLogic QME8242-k. In
NOTE the body of this guide, we provide details on doing so with the QLogic

QConvergeConsole CLI. You can also use the Dell Unified Server

Configurator (USC) (see the Appendix of this guide).

The basic steps for enabling NPAR on the QLogic QME8242-k are as
follows:

1. Start the QConvergeConsole CLI.

2. Through the NIC Partitioning menu, enable the additional ports,
making sure to assign the fourth port for FCoE.

3. Reboot the server.

For details, see the Enabling NPAR on the QLogic QME8242-k section
below.

Setting fiber access to the SAN
For details, see the Setting access to the SAN section below.

1. Start the Windows Server Manager, expand Storage, and select Disk
Management.

2. Right-click the new disk, and select Online. In this guide, we are
connecting to a preconfigured LUN. However, you would have the
opportunity to initialize the drive at this point, if necessary.

DETAILED DEPLOYMENT STEPS

Cabling the network

This diagram shows how the network components are connected. The
blue line represents the Network/IP connection, while the orange line
represents the Storage/FC connection.
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Dell PowerEdge M710 Dell PowerConnect M8428-k
Blade Server 10Gb Converged Network Switch

TCP/IP

FC

SAN
Infrastructure

Dell PowerEdge M1000e Modular Blade Enclosure

This guide assumes a connection to the core Ethernet network, in our
case, via a Cisco® Nexus® 5010 switch. Likewise, we connected to an
existing SAN infrastructure via a Brocade® 200E switch. Configuring
these switches is outside the scope of this guide. This guide shows how
to configure all other components from bare metal.

Connecting to the Dell PowerEdge M1000e CMC

1. Enter the IP address of the Dell PowerEdge M1000e. At the warning

about the Web site’s security certificate, click Continue to this website
(not recommended).

£ 1 + Exglorer =lmix
G0 e v I .

Fie Ebt vew Paees Tos reb

i Faermes |53 1) e sk ke +

B Cotte o Mo Bt ||

Q There is a problem with this website's security certificate.

cate an amempt 1o fool y

reept any data you send to the server.
We recommend that you close this webpage and do not continue to this website.

@ & this webpage.

this website not recommended),

® More information

-]
T
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2. Enter the user name and password. The default root password is
calvin.

/2 CHC-BMIING1: Login - Wendows Intermet Explorer

(€188 - I m—— dcearee |4 x o #-

Fe Tt Vew Faomes Tod b
Fovortes (533 B Web s ey >

Dok s s | BB

AGEMENT CONTROLLER

ot

Defautt (30 minules ) 5

it 150.31.2 86y bevnebeaiogn

3. To launch the console for the Dell PowerEdge M710, select the
server, and click Launch Remote Console.

Jump to: Properbes | IO Fabric Inferfaces | IDRAC System Event Log | Common IDRAC Network Seftings | 194 iDRAC Network Seftings | 1Py
Adel

w6 DRAC Network Selfings || WAWNMAC

[ | Launch Remote Console
Properties 4 Back Iotop
Alibuie vane
Siat
St Name: WT10HD
Present Yes
Health []
Server Mooe! PORETEQDEMT10HD
Senvice Tag HCLM
IRAC Firmuare 500 (Buid 32)
CPLD Versin 100
BIOS Version 1110
Host Name: MT10ESX

Operating System

4 _ Ty
v R v

et rotecid Mode: O
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4. At the warning about the Web site’s security certificate, click
Continue to this website (not recommended).

[/ 710440 Server Status - Windows Tntemet Explorer

G o

WAL

Favortes |5 2

o- ||
&S M-y o« o
Fle Ed Vew Foantes Toss hep
’m Centfeate e geton ot | | h-8
= '3 There is a probler with this website's security certfi
Server:| - ® C 7
o -
Proper We recommend that you close this webpage and do not continue to this website. 4 Batkiot
Aribul @ Click here to close this webp
Slot & Continue
= ¢ ol
Wl @) et [ Proteced e OF e [ - Mj
68 Intermet | Protected Mode: O e .
5. Depending on your browser settings, you may need to give
permission for the console to launch.
2l80x
4 o
¥ Oxre @ iterret Protectes Mode: OFF s -
+ 15150 x Shgn we (=) —F— &
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6. The console is running.

T 10.41.2.104, Powerfdge H710HD, ot 1, User: cme._root - s

BB - LS e sty

#C 2
Press CTRL + ALT + DELETE to log on etings | 1PV6 DRAC Network Seftings | WWNIMAC
[ S0CE T T
a Back o top
>
(Al | @ Interet | Protected Mode: OF [Fas Rz = }.l‘
T T T T G et [ Poteched Mode: OFF (RN )

7. To launch the GUI for the Dell PowerConnect M8428-k, select the
switch from Chassis Overview, and scroll down to click Launch I/O
Module GUI.

s LI
(€188 - = T ]S otaens | 2 o0 28
Fle E0t Vew Fowaws Took Hep
Pt [ 3 ) e e ey +
Do asws: o sas A1 | | R R e
Properties
Status.
Location Al :"
Name MB024-k 10GBE SW
Present Yes
Heaitn
Power Status on
Servece Tag 0000000
Fabric 10 GbE KR
MAC Adaress 0080:24:1200.69
Role Master
1/0 Module Network Settings & Back o top
Atrbute Valve
DHCP Enabied Yes
IP Adavess 10412108
Subnet ask 2552552460
Gateway 104101
witmduotonecy, |
[T e et o ey o]
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8. Enter the user name and password. The default root password is

calvin.

rw.r Please Login l = | (=] |_ih]1

Please enter user name and password.

Resource 172.16.84.15

User Mame || |

Password | |

Cancel

9. The console is running.

Wr M8428-k - Web Tools =Rl

Manage Reporis Monior Tools
Tasks — 2 4 =
b O Status ‘ O Temp | A Beacon ‘ 2 Legend Log Out

Manage | gyyich view z
Swit =

[

Wonitor
[T Perf
I Acce

Other

0o DD M||@ Mm||@m m

& Teln:

Switch Events, Information S
r Switch Events rAmeewwhﬁrmﬁﬁm |
AllEvents Last Updated: Mon Aug 15 2011 18:40:35 GMT+00.00 (Auto-Refresh intervalis 15 seconds)
Fiter
Time: ‘Message
Thu Aug 04 2011 22:35:11 GMT+00:00 Virtual FCoE port 23 (20:17:00:05:33:45:11:80) is online. -
Thu Aug 04 2011 22:35:11 GMT+00:00 Virtual FCoE port 24 (20:18:00:05:33:45:11:80) is online. :I |
Thu Aug 04 2011 22:35:12 GMT+00:00 Virtual FCoE port 10 {20:0a:00:05:33:45:11:80) is offiine.
Thu Aug 04 2011 22:35:12 GMT+00:00 Virtual FCoE port 2 (20:02:00:05:33:45:11:80) is offline.
Thu Aug 04 2011 22:35:15 GMT+00:00 Switch status changed from MARGINAL to HEALTHY.
Thu Aug 04 2011 23:06:03 GMT+00:00 Login information: Login successful via TELNET/SSH/RSH. IP Addr: 10.41 278
Thu Aug 04 2011 23:12:18 GMT+00:00 Interface InTengigabitEthernet 0/2 is added on interface vian 200
Thu Aug 04 2011 23:12:38 GMT+00:00 Information  Interface InTengigabitEthernet 0/10 is added on interface vian 200
Thu Aug 04 2011 23:18:15 GMT+00:00 (i) information  Interface ExTengigabitEthernet 0/17 is removed on interface vian 200
Thu Aug 04 2011 23:19:53 GMT+00:00 (i) information  Interface ExTengigabitEthernet 0/17 is added on interface vian 200 -
[4] | ]
Q@] [»| Getting events from switch..done
Free i Tool | 172.16.84.15 | User: root \ Role: root
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Configuring the Dell PowerConnect M8428-k

To configure the Dell PowerConnect M8428-k, you will need to use SSH
to connect to the IP address of the switch and use the command-line
interface.

1. To make changes to the switch, enter global configuration mode.
config t

2. Internal interface 0/1 will be carrying the combined traffic to the Dell
PowerEdge M710. Make it an FCoE port, change the switchport mode to
converged traffic, and enable the port.

interface internalTenGigabitEthernet 0/1
fcoeport

switchport mode converged

no shutdown

exit

3. External interface 0/17 will be carrying the Ethernet traffic to the
Cisco Nexus 5010. Change the port to use VLAN 200, and enable the
port.

interface externalTenGigabitEthernet 0/17
switchport mode access

switchport access vlan 200

no shutdown

exit

Installing Windows Server 2008 R2

1. Connect a DVD drive with the Windows Server 2008 R2 DVD to one of
the USB ports on the front of the PowerEdge M710.

2. Launch the console and boot the server.

3. At the Install Windows screen, click Install now.
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»

Windows Serverus

m £ know Befare mstafing Wandomw

| R P yous comgater
Lyt € TS vacmmoe Com—xre 8 geu vt

4. Select Windows Server 2008 R2 Enterprise (Full Installation) as the
operating system to install, and click Next.

0N 10.41.2.123, Powertdge M710HD, Sot 9, User: cme._root - Ofp

Select the operating system you wanl to mstsl

| echitecte | Date mesified |
Windows Server 2003 B2 Standard (Full Instalation) TE
Windows Server 2004 R2 Standard (Server Cove Instalisbon) T05

Windews Server 2008 P2 Erterprise (Server Core Imtallation) TA42009
Windows Server 2004 B2 Qatacentes [Fub bnstallation) 103
Windows Server 2003 R2 D, {Sarver Corm bnatall TN
Windows Wed Server 2008 R2 (Full lestallation) TA4G2005
Windows Web Server X8 R2 |Server Core Instalation) TR

Descrption:
This eption installs the complete instabation of Windows Server. This imstallation ncludes the entive

uset lerface, and it wupperts all of the server soles.

fa— de

1 Callething nefownatan 2 fotadang Windows
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5. To accept the license terms, click the | accept the license terms
checkbox, and click Next.

Please read the hoense terms

These license terms are an ag| Morosoft Corp (or based on
where you bve, one of &s afffiates) and you. Plaase read them. They apely to the
software named sbove, vhich Indudes the media on vich you recenved &, £ any. The
terms also apply to any Morosoft

2 Incating Wandias

6. Set the Language to install, choose the appropriate Time and
currency format and Keyboard of input method, and click Next.

Firtan y3ur lemsguage and cther prefeeeniees and chck “Ned” s canteue

Coppngrt € 23 W rmact Lugamos A) T et
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7. Install a new copy of Windows Server 2008 R2. Select Custom
(advanced).

Which type of installation do you want?

Upgrade
Upgrade Lo # newer version of Windows and keep your Nles, settings, and programs.
The optien to upgrade is coly available when an exiting version of Windows &

running. We recomemend backing up your files befors you proceed.

Castom (advanzed)
szl 4 mew copy of Windows. This opton Soes not keep your Thes, settings, and
=3I progrems. The option te make changes 10 disks and pantitens is svailatie when yeu
Mart your cemputer ining the imtalation disc. We recemmend backing up yeur (e
o e

1 Cobucting nfurmetan 2 Instaling Windows
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8. Select the disk partition to install in, and click Next to begin the
installation.

Where do you want to install Windows?

| Neme

|| TotwSae|  FreeSpace Type

e Disk 0 Partition 1: System Reserved 1000 ME

TLOME  System
259G Pewy |

g Dak0Puttenl 1%068

g Befresn

Drwve cptions (pavanced)
£ Lowd Diver

[y J

}

1 Lotecing nfarmaton 2 Intaling Windows

9. After the installation completes, set the administrator password.

Administrator

_ "‘\.
5

Coeate 2 paarersnd sgact ok,
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Installing the drivers for the QLogic QME8242-k
At this point, Windows Server 2008 R2 is installed, but does not

recognize the QlLogic QME8242-k. Use a USB drive to copy the driver to
the PowerEdge M710. The file we used was QlLogic_1.00.0005.bin.zip,
which is available for download at http://support.dell.com.

1. Right-click the file, and select Extract All.
2. Accept the default extraction location, and click Extract.

Bl Extract Compressed (Zipped) Folders

)
k ) 1, Extract Compressed (Zipped) Folders

Select a Destination and Extract Files

Files will be extracted to this folder:

Browse,., |

[V Show extracted files when complete

Extract I Cancel |

3. Navigate to the unzipped folder, and double-click on Setup.exe to
start the installation.
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4. At the Windows Superlinstaller welcome screen, click Next.

Installation Wizard

xx @LOGIC e Uttimate in Performance

Windows SuperInstaller

Windows SuperInstaller will install drivers/agents/applications to help manage
2400/2500/8100/3200/8200/4000 series adzapters on your Windows based system.

Please select Next below to continue your instalation.

Version: 1.00 5 |

5. Read the License Agreement, and click Agree to continue.

Installation Wizard

xx QLOGIC e Uttimate in Performance

Windows SuperlInstaller

Instzllztion znd use of the installed zpplications requires acceptance of the following License
Agreement:
End Uszser Software License Agreement

[«]
Important: READ CAREFULLY BEFORE CLICKING ON THE "Agree" [J
EUTTON CR INSTALLING THIS SCFIWARE

THIS PRCDUCT CCNTAINS CCOMPUTER PROGRAMS AND RELATED
DOCUMENTATICON ("SOFIWARE") THAT BELONG TC QLOGIC CORPCRATICH.
("QLOGIC"), THE USE OF WHICH IS5 SUBJECT TO THIS END USER
SOFTWARE LICENSE AGREEMENT ("AGREEMENI"™). CLICKING ON

THE "Zgree" BUTTON BELCW COR INSTALLING/USING THE SOFIWARE
CONSTITUTES ACCEPTANCE BY LICENSEE ("LI SEE" MEANS YOU OR THE
BUSINESS ENTITY CN WHOSE BEHALF YQOU USE CR INSTALL THE
SCFTWARE, A5 APPLICABLE) CF ALL THE TEEMS AND CONDITICNS CF
THIS AGREEMENT. IF LICENSEE DCES NOT AGREE TO THE TERMS AND
CONDITICNS CF THIS AGREEMENT, LICENSEE SHALL NOT INSTALL/USE
THE SOFIWARE.

WRITTEN APPROVAL IS NOT A P EQUISITE TC THE VALIDITY OR
ENFORCEABILITY OF THIS AGREEMENT.
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6. Select the default installation (Install Drivers and Applications), check
the VLAN / Teaming Driver checkbox, and click Install.

Installation Wizard

n QLOGIC e Ultimate in Performance

Windows SuperInstaller

Please select the option you would like to install.

@ Install Drivers and Applications
Installs all drivers and components required for HBAS supporting NIC, iSCSI, and/or FC.

Optional Components:
¥ WLAN { Teaming Driver
QLogic Advanced Network Configuration Senvice lets you utiize mutiple adapters
present on the system and combine them into various logical teams and VLANS,
These features help improve the overal network througfiput and fault tolerance.
" Install Drivers Only
Installs all drivers required for HBAS supporting NIC, iSCSI, and/or FC.

Version: 1.00.0005

7. When the installation completes, click Finish. The server is now
connected to the core Ethernet network.

Installation Wizard

xx @LOGIC e Ultimate in Performance

Windows SuperInstaller
Your installation is complete.

View Install Wizard Log

Version: 1.00.0005
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Enabling NPAR on the QlLogic QME8242-k
1. Start the QConvergeConsole CLI.

Administrator

L Command Prompt

@ Internet Explorer

Documents

Computer
&} SCSI Initiator
Network

Notepad
- J Control Panel

#°  Windows Update
~ ‘ TS Administrative Tooks >

Help and Support

Run...

» AlPrograms
[start search
start | EE |

B G| a |»

2. Once the QConvergeConsole CLI finishes discovering devices, select 7
(NIC Partitioning Configuration), and press Enter.

onvergeConsole CLI

Loading: 2. CNA Port index = 2 ...
Loading: 2. CHA Port index 3 ...
Refreshing interfaces ... ease wait .
Bcanning for QLogic adapters. please wa

QConvergeConsole
CLI - Version 1.68.8 (Build 64>
Main Menu

Adapter Information

Adapter Configuration

Adapter Updates

Adapter Diagn ics

Adapter Statistics

HIC Partitioning <MPAR} Information
NIC Partitioning <NPAR> Config tion
NIC Partitioning <MPAR> Statistics
Refresh

Help

Exit

i
2
3
4
5
]
?
8
?
a
1

o

Please Enter Selection: 7

3. In the NIC Partitioning (NPAR) Configuration Selection menu, select 1
(NPAR Configuration), and press Enter.
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Adapter
Adapter
Adapter
Adapter

Gonf iguration
Updates
Diagnostics
Statistics

MIC Partitioning (MPAR) Information
MWIC Partitioning <MPAR> Configuration
HIC Partitioning ¢HPAR) Statistics
Refresh
Help
Exit

Please Enter Selection:
QConvergeConsole
CLI - Version 1.8.8
Partitioning (MPAR> Configuration Selection
WPAR Conf iguration

¢p or B: Previous Menu; m or 98: Main Menu; ex or 99: Quitd
Please Enter Selection: 1

?

(Build 64>

4. In the NIC Partitioning (NPAR) Configuration menu, select 2 (Change

PCI Function Personality), and press Enter.

CLI - Uersion

Partitioning

{p or B: Prev
Please Enter

CLI - Uersion

Partitioning

{p or B: Prev
Please Enter

QConvergeConszole

MPAR Configuration

Selection: 1

QConvergeConsole

Bandwidth Configuration
Change PCI Function Personality

Selection:

1.8.8 {Build 64>
{NPAR» Configuration Selection

ious Menus; m or ?8: Main Menu; ex or 99: Quitl

1.8.8 <Build 64>
{NPAR> Configuration

ious Menu; m or 98: Main Menu; ex or 99: Quit?>

5. In the NIC Partitioning (NPAR) Port Configuration Selection menu,

select the adapter you wish to modify (we chose port 1 of the first CNA,

or option 2), and press Enter.

p or B: Prewv
Please Enter

QConvergeCons
CLI - Version
MIC Partitioning

CHA Model QMES242
Port 2
Function
2. Port 1
Function
Function
CHA Model QMES242
3. Port 2
Function
4. Port
Function
Function

Cp or @: Prev
Please Enter

ious Menu; m or 98: Main Menu; ex or 99: Quit

Selection: 2

ole

1.8.8 (Build b64>

{NPAR> Port Configuration Selection
SN: RFE1115A79738

1 1 [HAC

a
2

BA:BE:1E:A5:C5:321

BA:BE:1E:85:C5
AA:PE:1E:@5:

[Type: HIC
[Type: NIC 1 [MAC
[Type: NIC 1 [MAC
SN: RFE1115A79847

1 [HAC

1 [MAC
1 [MAC

=381
:3A1
i

a
2

Address: BB:BE:1E:B5:C5:991

AA:@E:1E:@5:
AA:BE:1E:@5:

[Type: HIC

[Type: MIC
[Type: HIC

Addre
fiddre

ious Menu; m or 98: Main Menu; ex or 99: Quitd
Selection: 2
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6. In the NIC Partitioning (NPAR) PCI Function Configuration Selection
menu, select 3 (Function: 6), and press Enter.

Function 2 [Type: NIC 1 [MAC Address: BA:BE:1E:@5:C5:3A1
CHA Model QMEB242 SN: RFE1115A79847
3. Port
Function 1 [Type: NIC 1 [MAC Address: BBA:BE:1E:@5:C5:991
4. Port 1
Function B [Type: NIC 1 [MAC Address: BBA:BE:1E:@5:
Function 2 [Type: NIC 1 [MAC Address: BB:BE:1iE:B5:

Cp or B: Previous Menu; m or ?8: Main Menu; ex or 99: Quitd
Please Enter Selection:

QConvergeConsole

CLI - Version 1.8.8 (Build 64>

Partitioning (MPAR> PCI Function Configuration Selection
Function: 2 MAC: @ 5:C5:30 Type: NIC

Function: 4 MAC: L:C5:3C Type: Disahbled
Function: 6 MAC: B8: =@5:C5:3E Type: Disabled

p or B: Previous Menu; m or 98: Main Menu; ex or 929: Quit)
Please Enter Selection: 3

7. When asked for the personality you wish to change the partition to,
select 3 (FCoE), and press Enter.

p or B: Previous Menu; m or 98: Main Menu; ex or 929: Quit)
Please Enter Selection: 2
Currently PCI function 4 is configured for Disabled personality type.
Select the personality type you want to change it to (2=NIC; 4=i8C85I; 5+
Cancel>:4
wnrnnnnxkBeboot the system for changes to take effect ssosessmnx

Hit <Enter> to continue:

QConvergeConsole

CLI - Version 1.8.8 (Build 64>

Partitioning (MPAR> PCI Function Configuration Selection
Function: 2 MAC: @ 5:C5:30 Type: NIC

Function: 4 MAC: BB:BE:1E:@5:C5:3C Type: Disahled
Function: 6 MAC: B8: =@5:C5:3E Type: Disabled

{p or B: Previous Menu; m or 98: Main Menu; ex or 99: Quitd
Please Enter Selection: 3

Currently PCI function 6 is configured for Diszabled personality type.
Select the personality type you want to change it to (2=NIC; 3=FCoE; 5=C|
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8. The console will warn you that you need to reboot the system for
changes to take effect. Press Enter to continue.

QConvergeConsole CLI
Select the personality type you want to change it to (2=MNIC; 4=i8CS5I; 5=I’
Cancel>:4
seeeaeeeexxleboot the system for changes to take effect 30OO0EEEEEE
Hit <{Enter? to continue:
GConvergeConsole

CLI - Version 1.8.8 (Build 64>

Partitioning (MPAR> PCI Function Configuration Selection

Function: 2 MAC: BA:BE:1E:-B5:C5:3A Type: NIC
Function: 4 MAG: BA:BE:1E:=@A5:C5:3C Type:
Function: 6 MAC: BB:BE:1E:@5%:C5:3E Type: Disabled

Cp or @: Previous Menu; m or ?8: MHain Menu; ex or 99: Quit)
Please Enter Selection: 3
Currently PCI function 6 is configured for Disabled personality type.
Select the personality type you want to change it to (2=NIC; 3=FCoE; 5=C
ancel>:3
e s®Reboot the system for changes to take effect *oooeoesmess

Hit <{Enter> to continue:

9. Type 99 and press Enter to quit.

QConvergeConsole CLI
Function: 6 MAC: BA:BE:1E:@5%:C5:3E Type: Disahbled

p or B: Previous Menu; m or 98: Main Menu; ex or 929: Quit)
Please Enter Selection:
Currently PCI function 6 is configured for Diszabled personality type.
I5: 3Select the personality type you want to change it to (2=MIC; 3=FCoE; 5=C
ance

Reboot the system for changes to take effect eooeoeeEx
Hit <Enter> to continue:

QConvergeConszole

CLI - Version 1.8.8 (Build 64>

Partitioning {NPAR> PCI Punction Configuration Selection

Function: 2 MAC: BA:BE: 1E B5:C5:3A Type: NIC
Function: 4 MAC: BB:BE: Disabled
Function: 6 MAC: BB:BE: H : Disabled

p or @: Previous Menu; m or 78: Main Menu; ex or 99: Quit)
FPlease Enter Selection: 99

10. Reboot your server. The fourth partition will be configured as an
FCoE physical function type upon rebooting.

Installing Windows updates

We configured our network with DHCP. If you do not use DHCP in your
network, be sure to configure your IP address before attempting these
steps.

1. Launch Windows Update.
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N 10.41. 71235, Powert dge MT1I0HD, St %, User: cmec_roott - 1ps __]_n];]

W e phalsity heston'y
W Fiy pabias wilh v COPULE

P Check seaurity stahs
T View messape archive
) Change device instaladion setiings:
# Turn sefomasic wpdating on or off

- e i el

¥ i oot memages dbout your comouter
W Dliaeey your compulir’s 068 A iesohve S

T i recnevmerded 0000 1T heeD Windows uing SO0y

£ _ogoft s

| ey
o B &8 |

2. Optionally, turn on Automatic Updating.

[+ FTFTFETE! 'ru'urrllulr'h'll.lll.l Shal F, LHeEr Ci_Fosl l]1 =100.x
Wi Kapboard Mowie Optors Power Hada Hab
o

(}'{} | £ = ContraiParsl + Syaters andl Sacurity = Windowe Lpdate w |53 [ semrch Conmrai Parel ﬂ

ool Paned Hore ind X i

Chsdk for updabes

“harge srtangs Tum on eslomatn updatng

‘e updale history g Updates are not brng ins talled sutomatcally

PAsitor e Feckder i tes

Lipcdsher: frequenty ssiosd
questions

Se aln
i Lol Lipnclabir:

ﬂ:l Ao = "FPEOG

Tum 0 SURETST apdabing b help mprave the senunity snd serlmance of
OUF ConpUe and sl seandand Sers i installupdates on s computer

LeLme thoose my SeGs

Wit rescent chesck for updates:  heser
Updlaies mere rginleg: Fever

et upcistes For orther Microenft procucss. Pind aut mone
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3. Click Install updates. We installed all important updates, including
SP1.

N 10,412,123, Powertdge MZ710010), Slot 9, User: cme._root - 27ips = ‘,lﬂ_!]

Video Keybosrd Mouse Options - Power Meds e

A =l81x]
(JU ) TTT - Contoi Pane - Systen and Searty - Windows Update » £ [ ewrch Contl Panel o)
Conrol Parwl Home Windows Update o
Creck for updates 5
Crange settings | __ Download and stall updates for your computer
View uodate hateey ﬂ
Restors Fedden dores x 75 rpociant wpdales are avadable 'I:w updates selectod, 186.2

3 2p%orel updates are waslebie
Updates: fequently ashed

e

Most recant dheck for updates:  Today at 2105 PN
Updates were nptaled: Never
You receive updanes! For Windons ondy.

Gt updates o cther Mcrcesft products. Frd out more

[ & 2079M
|2y B

4. To accept the license agreement, click the | accept the license terms
radio button, and click Finish.

[N 10.41.2.123, PowerEdge M710HD, Slot 9, User: cme_root - Ofps =0 5'

Video Keyboard Mouse Options Power Media Help

SLIE

CK) |Ej = Control Panel + System and Security = Windows Update - @” Search Control Panel ﬂ
M @
] windows Update
Check for updates
Change settings
View update histor Windows Malidous Software Removal Tool x84 - March 2011 (KB820830) N
lected, 186.2
Restore hidden up
-
Updates: frequent
uestions
4 MICROSOFT SOFTWARE LICENSE TERMS - istall updates
MICROSOFT WINDOWS MALICIOUS SOFTWARE REMOVAL TOOL
These license terms are an agreement between Microsoft Corporation (or based on where you
live, one of its affiiates) and you. Please read them. They apply to the software named above,
which indudes the media on which you received it, if any. The terms also apply to any Microsoft
*updates,
* supplements,
* Internet-based services, and
* support services
for this software, unless other terms accompany those items. If so, those terms apply.
By using the software, you accept these terms, If you do not accept them, do not use the
software, LI
% 1 accept the license terms e Print
' 1dedine
S ==
See also
Installed Updates
= =lc= . 2:07PM
r;sm| = |Fﬂ e=] R TRCRSANE
— —
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5. To restart the system, click Restart now.

[N 10.41.2.123, Powertdge M710HD, Yot 9, User: cme_root - Ofps =101 %)
Woeo Keyboard Mouse COptore Power Meds Heb
i
[0 ) [E = contelpunt « Sratam d Secirey « eckams Uodete v K83 [Sexch Convairons e
i “
Contol Fane Home Windows Update
Chack for cpdates
Change settngs ‘ . The updates were sucoessiully imstalied
Wew wpdate Mty
TR Restart now 1 Sash nstalng
Updates: Eequertly ssked Succeeded: 72 wpdates
Questonn
Windows 't update mportant fles and services while the systen
& Lang hem. Sy 3y open fles, and hen restart the computer
Most recart check for updates:  Todey at 2305 PM
Updates were ratalod Today at 2:33 MM, Vew updete betory
Fou recene updates: For Windoss only
Get updates for ofer Moo products, Fed sut more
N ———
Wndons can't update Inportant fles and services whie the systen s
usng thers, Maks sre 15 save your fles before restartng,
Rewnd ve Iwmm 'I
See abvo
Tnsiafed Updotes Restart now “ e |
i m—
| x 24N
E
FRED g,

Setting access to the SAN

The following steps assume that you are connecting to a pre-configured
LUN.

1. Start Server Manager.

00 e v OF Toe a0k f S warvw, O P 9
2 o, e e ¥ rereve S ke o
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2. Expand Storage, and select Disk Management.

M Acen e g
% rr HTEX@SRY
e
T Sorver Maragur JRON-SGVI DG , = =
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.:m,.,h - ) e Desc MTS Pasty Door, Pag
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e — .
2
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~~Dwk 1 AST—
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4. Close Server Manager.

Hi
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Conclusion
The deployment is complete. You can now access both the core

Ethernet network and your SAN through a single interface.

As you have seen, using NPAR with the QLogic QME8242-k is simple.
Once you have enabled NPAR using the steps described in the
Configuring the QLogic QME8242-k section, all other setup is the same
as for an installation without NPAR.

The QlLogic QMES8242-k, with QlLogic VMflex and QLogic FlexOffload
technologies, lets you get more done with less. It provides a seamless
migration path for replacing many 1Gb Ethernet ports with fewer 10GbE
ports, makes better use or precious processor resources, and simplifies
the data center.
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APPENDIX: USING THE DELL UNIFIED SERVER CONFIGURATOR
TO ENABLE NPAR ON THE QLOGIC QME8242-K

The USC will let you configure the QLogic QME8242-k even before you
NOTE have installed the operating system.

If you choose to use the USC, you must boot into UEFI rather than into
BIOS. If your system already boots into UEFI, skip to Step 5.

You do not have to boot into UEFI to use NIC partitioning. Once you
have configured the QLogic QME8242-k, boot into BIOS or UEFI as
appropriate. It is also possible to configure the NIC partitioning in
Windows, as detailed in Enabling NPAR on the QlLogic QME8242-k.

1. Boot the server. When the system prompts you, press F2 to enter
system setup.

[N 10.41.2.123, PowerEdge M710HD, Slot 9, User: cme_root - 4fps =1oOf =]

Video Keyboard Mouse Options Power Media Help

Entering System Setup
F10 = System Services
F11 = BIODS Boot Manager
Fi12 = PXE Boot

Two 2.66 GHz Six-core Processors, Bus Speed:6.40 GTrs, LZr/L3 Cache:1.5 MB-1Z2 MB
System running at 2.66 GHz
System Memory Size: V2.0 GB, System Memory Speed: 800 MHz, Uoltage: 1.5V

Broadcom NetXxXtreme Ethernet Boot Agent
Copyright (C) 2000-2011 Broadcom Corporation
All rights reserved.

Press Ctrl-5 to enter Configuration Menu

Dell PERC HZ200-6Gbps SAS HBA BIOS
MPTZBIDS-7.01.09.00 (2010.03.22)
Copyright 2000-2009 LSI Corporationm.
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2. Use the down arrow key to highlight Boot Settings, and press Enter.

10.41.2.123, PowerEdge M710HD, Slot 9, User: cmc_root - 1fps

Video Keyboard Mouse Options Power Media Help

=1olx]

B
Dell Inc. (www.dell.com) - PowerEdge M?10HD

BIDS Version 1.1.10

| Service Tag: HCJ3JM1 | fAsset Tag:

System Time
System Date

Memory Settings
Processor Settings

Boot Settings

Integrated Devices

PCI IRQ Assignment
Serial Communicat

Power Management
System Security

Keyboard NumLock

10:31:04
Thu Apr 21, 2011

<ENTER>
<ENTER>

<ENTER>

<ENTER>
<ENTER>

<ENTER>

<ENTER>
<ENTER>

Up,Down Arrow to select SPACE, +,- to change ESC to exit Fi=Help

3. Set the Boot Mode to UEFI.

[N 10.41.2.123, PowerEdge M710HD, Slot 9, User: cme_root - Ofps

Videa Keyboard Mouse Options Power Media Help

=10 x|

N
Dell Inc. (www.dell.com) - PowerEdge M?10HD

BIDS Version 1.1.10

| Service Tag: HCJ3JM1 fisset Tag:

System
System

Boot Mode
Boot Sequence
Boot Sequence Retry

Memory
Proces

Boot §

Integrated Devices
PCI IR Assignment

Serial Communication

Power Management
System Security

Keyboard NumLock

10:31:52
Thu Apr 21, 2011

UEFI

<ENTER>
Disabled

<ENTER>
<ENTER>
<ENTER>

<ENTER>
<ENTER>

Up,Down Arrow to select SPACE, +,~ to change ESC to exit | Fi=Help |
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4. Press Esc twice to exit the BIOS. Press Enter to select Save changes

and exit.
[N 10.41.2.123, PowerEdge M710HD, Slot 3, User: cme_root - Ofps =10l =]

Video Keyboard Mouse Options Power Media Help

Dell Inc. (www.dell.com) - PowerEdge M7?10HD
BIOS Version 1.1.10

| Service Tag: HCJ3JM1L | Asset Tag:

System Time ... ... .. ... . e 10:33:52
System Date ... ... .. ... Thu Apr 21, ZO11

Memory Settings ... ... i i e <ENTER>
Processor Settings ......... i <ENTER>

Boot Settings .......... Save changes and exit .. <ENTER>

Discard changes and exit
Integrated Devices ..... Return to Setup .. <ENTER>
PCI IRQ Assignment ..... .. <ENTER:

Serial Communication .................. . ... .. ... ... .. <ENTER>

Power Management ... ........c. . ¢ e i <ENTER>
System Security ........ . . i i e e s <ENTER>

Keyboard NumLock ............ . it
Up,Down firrow to select SPACE, +,- to change ESC to exit Fi=Help

5. When the system reboots, press F10 to enter the USC.

Video Keybowd Mouse Cptore Power Meds Help

UNIFIED SERVER CONRIGURATOR LIFECYCLE CONTROLLER ENABLED

IFIED SERVER
NFIGURATOR

update Is recomvend

COVQOnents are lally out of date 2 g
FPlatform Update to view and run avallable updates,

UEF v21
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6. Select Hardware Configuration, and press Enter. In the right pane,
select HIl Advanced Configuration, and press Enter.

UNIFIED SERVER CONFIGURATOR | LIFECYCLE CONTROLLER ENABLED

Hardware Confizuration

Home: Configuration Wizards guide system device set up (Ex: RAID, iDRAC, Encryption). HIT

Advanced Configuration configures Human Interface Infrastructure(HII)- enabled devices
(Ex: BIOS, NICs). Hardware Inventory is used to view or export the server’s current
hardware inwentory or the factory shipped hardware inwventory. Delete Configuration and
Reset Defaults deletes the Lifecycle Controller configuration and restores factory
defaults.

Configuration Wizards
HII Advanced Configuration
Hardware Inwentory

Delete Configuration and Reset Defaults

UEFIv21

7. The Qlogic QME8242-k presents four interfaces to the USC. Select
the first interface, and press Enter.

UNIFIED SERVER CONFIGURATOR | LIFECYCLE CONTROLLER ENABLED

D¢LL

Hardware Confizuration

Advanced Configuration

system BIOS Settings

Broadcom WetKtreme IT Gigahit Ethernet - 00:21:9B8:03:A5:DE

Broadcom Het¥treme I1 Gigahit Ethernet - 00:21:9B:09:A5:E0

Broadcom WetKtreme IT Gigahit Ethernet - 00:21:9B:03:A6:46

Broadcom Het¥treme I1 Gigahit Ethernet - 00:21:9B:C9:A6:48

OLogic CNA 10 Gigabit

Ethernet-00:0E:1E:05:C5:38

Ologic CNA 10 Gigabit

Ethernet-00:0E: 1E:05:05:33

Qlogic CNA 10 Gigabit

Ethernet-00:0E:1E:05:05:98

Ologic CNA 10 Gigabit

Ethernet-00:0E: 1E:05:05:99

UEFI v2.1
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8. Select NIC Partitioning Configuration, and press Enter.

DEALL UNIFIED SERVER CONFIGURATOR | LIFECYCLE CONTROLLER ENABLED
QLogic CMA 10 Gigabit Ethernet-00:0E:1E:05:C5:38

Main Configuration Page

Firmuare Image Properties

NIC Configuration

1SCST Configuration

FCoE Configuration

NIC Partitioning Configuration
Device Hame

[aneszaz
Chip Type

[n1c
Link Status

[Disconnected

Configure NIC Partitioning parameters

UEFIv21

Default I Finlsh .

9. Select Partition 2 Configuration, and press Enter.

DEALL UNIFIED SERVER CONFIGURATOR | LIFECYCLE CONTROLLER ENABLED
Ologic CNA 10 Gigabit Ethernet-00:0E:1E:05:C5:38

NIC Partitioning Configuration

NIC Partitioning

|Emabled

|

Global Bandwidth Allocation
Partition L

|Enabled

|

Partition 1 Configuration
Partition 2

|Enabled

Partition 2 Configuration
Fartition 3

[Enabied

Partition 3 Configuration
Partition 4

[Enabied

Partition 4 configuration
Number of Partitions Supported

[4
Number of PCI-e Functions Supported per Port

Configure this partition

UEFIv21
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10. From the NIC Mode drop-down box, select Enabled. This will enable
the second partition on the QLogic QME8242-k.

DZAL UNIFIED SERVER CONFIGURATOR | LIFECYCLE CONTROLLER ENABLED L4

Qlogic CNA 10 Gigabit Ethernet-00:0E:1E:05:05:38

Partition 2 configuration

NIC Mode

Enabled N
Disabled
Enabled

-

Bus:Dev:Fun
[0, 00202

Mac Address
[o0:0E:1E:05:C5:38

Wirtual MAC Address
[00:0E:1E:05:C5:3A

Device Class Code
[oz00

Fort Number
[1

Instance Number
[z

Enable or Disable NIC Function.

uER v21

11. Highlight Back, press Enter, select Partition 3 Configuration, and
press Enter.

DEALL UNIFIED SERVER CONFIGURATOR | LIFECYCLE CONTROLLER ENABLED 4

QLogic CMA 10 Gigabit Ethernet-00:0E:1E:05:C5:38

NIC Partitioning Configuration

NIC Partitioning
|Emabled jl
Glohal Bandwidth Allocation

Partition 1
|Enabled jl
Partition 1 Configuration

Partition 2
[Enabied |
Partition @ Configuration

Partition 3
[Enabied |
Partition 3 Configuration

Partition 4
|Emabled ﬂ|
Partition 4 Configuration

Number of Partitions Supported
[4

Number of PCI-e Functions Supported per Port =l

[

Configure this partition

uER v21
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12. From the NIC Mode drop-down box, select Enabled. This will enable

the third partition on the QLogic QME8242-k.

DEAL UNIFIED SERVER CONFIGURATOR | LIFECYCLE CONTROLLER ENABLED L4
OLogic CNA 10 Gigabit Ethernet-00:0E:1E:05:C5:38
Partition 3 Configuration
NIC Mode [=]
Disabled e
isDisabled
S,
PCI Device ID
[aoz0
Bug:Dev:Fun
[05.00 04
Mac Address
[o0:0E:1E:05:05:30
wirtual MAC Address
[o0:0E: 1E:05:05:30
1SCSI MAC Address
[o0:0E:1E:05:C5:30
Wirtual 1SCSI MAC Address =
[00:0E:1E:05:C5:3C
Device Class Code
[oz00 1=l

Enable or Disable NIC Function.

UEFIv2.1

13. Highlight Back, press Enter, select Partition 4 Configuration, and
press Enter.

UNIFIED SERVER CONFIGURATOR | LIFECYCLE CONTROLLER ENABLED

QLogic CMA 10 Gigabit Ethernet-00:0E:1E:05:C5:38

NIC Partitioning Configuration

NIC Partitioning

|Emabled

Glohal Bandwidth Allocation
Partition 1

|Enabled

Partition 1 Configuration
Partition 2

[Enabied

Partition @ Configuration
Partition 3

[Enabied

Partition 3 Configuration
Partition 4

|Emabled

Partition 4 Configuration
Number of Partitions Supported

[4
Number of PCI-e Functions Supported per Port

Configure this partition

UEFIv21

[
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14. From the FCoE Offload Mode drop-down box, select Enabled. This
will enable FCoE on the fourth partition on the QLogic QME8242-k.

DZAL UNIFIED SERVER CONFIGURATOR | LIFECYCLE CONTROLLER ENABLED L4
Ologic CNA 10 Gigabit Ethernet-00:0E:1E:05:C5:38

Partition 4 configuration

NIC Mode =

|Disabled :J
FCoE Offload Mode

Disabled e
r{Disabled
Enahled

el

Bus:Dev:Fun
[os. 00206
Hac Address

[00:0E:1E:05:C5:3E
Wirtual MAC Address

[00:0E:1E:05:C5:3E
FIP MAC Address

[00:0E:1E:05:05:3E
wirtual FIP MAC Address b

[o0:0E:1E:05:C5:3E
Device Class Code

[ozoo =l

Enable or Disahle FCoE Function

uER v21

15. Highlight Back and press Enter twice, highlight Finish, and press
Enter. When a window appears asking if you want to save changes,
highlight Yes, and press Enter.

DZAL UNIFIED SERVER CONFIGURATOR | LIFECYCLE CONTROLLER ENABLED L4
Ologic CNA 10 Gigabit Ethernet-00:0E:1E:05:C5:38

Main configuration Page

Firmuare Image Froperties

NIC Configuration

i8CST Configuration

FCoE Configuration

NIC Partitioning Configuration
Device Name

|E!"“EE‘242 I Settings hawe changed. Do you
Chip Type 5 want to save the changes?

[nto
Link status

|D15:Dnnecled jl

16. Repeat steps 7 through 15 for the additional 3 NICs in the USC.
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ABOUT PRINCIPLED TECHNOLOGIES

) We provide industry-leading technology assessment and fact-based
Principled marketing services. We bring to every assignment extensive experience
Technologies® with and expertise in all aspects of technology testing and analysis, from

g researching new technologies, to developing new methodologies, to
testing with existing and new tools.

Principled Technologies, Inc.
1007 Slater Road, Suite 300
Durham, NC, 27703
www.principledtechnologies.com

When the assessment is complete, we know how to present the results to
a broad range of target audiences. We provide our clients with the
materials they need, from market-focused data to use in their own
collateral to custom sales aids, such as test reports, performance
assessments, and white papers. Every document reflects the results of
our trusted independent analysis.

We provide customized services that focus on our clients’ individual
requirements. Whether the technology involves hardware, software, Web
sites, or services, we offer the experience, expertise, and tools to help our
clients assess how it will fare against its competition, its performance, its
market readiness, and its quality and reliability.

Our founders, Mark L. Van Name and Bill Catchings, have worked
together in technology assessment for over 20 years. As journalists, they
published over a thousand articles on a wide array of technology subjects.
They created and led the Ziff-Davis Benchmark Operation, which
developed such industry-standard benchmarks as Ziff Davis Media’s
Winstone and WebBench. They founded and led eTesting Labs, and after
the acquisition of that company by Lionbridge Technologies were the
head and CTO of VeriTest.

Principled Technologies is a registered trademark of Principled Technologies, Inc.
All other product names are the trademarks of their respective owners.

Disclaimer of Warranties; Limitation of Liability:

PRINCIPLED TECHNOLOGIES, INC. HAS MADE REASONABLE EFFORTS TO ENSURE THE ACCURACY AND VALIDITY OF ITS TESTING,
HOWEVER, PRINCIPLED TECHNOLOGIES, INC. SPECIFICALLY DISCLAIMS ANY WARRANTY, EXPRESSED OR IMPLIED, RELATING TO THE
TEST RESULTS AND ANALYSIS, THEIR ACCURACY, COMPLETENESS OR QUALITY, INCLUDING ANY IMPLIED WARRANTY OF FITNESS
FOR ANY PARTICULAR PURPOSE. ALL PERSONS OR ENTITIES RELYING ON THE RESULTS OF ANY TESTING DO SO AT THEIR OWN RISK,
AND AGREE THAT PRINCIPLED TECHNOLOGIES, INC., ITS EMPLOYEES AND ITS SUBCONTRACTORS SHALL HAVE NO LIABILITY
WHATSOEVER FROM ANY CLAIM OF LOSS OR DAMAGE ON ACCOUNT OF ANY ALLEGED ERROR OR DEFECT IN ANY TESTING
PROCEDURE OR RESULT.

IN NO EVENT SHALL PRINCIPLED TECHNOLOGIES, INC. BE LIABLE FOR INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL
DAMAGES IN CONNECTION WITH ITS TESTING, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGES. IN NO EVENT SHALL
PRINCIPLED TECHNOLOGIES, INC.’S LIABILITY, INCLUDING FOR DIRECT DAMAGES, EXCEED THE AMOUNTS PAID IN CONNECTION
WITH PRINCIPLED TECHNOLOGIES, INC.’S TESTING. CUSTOMER'’S SOLE AND EXCLUSIVE REMEDIES ARE AS SET FORTH HEREIN.
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