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TECHNICAL REPORT: Onaro® SANscreen® Product Suite

Abstract

The purpose of this technical report is to provide both an overview and a detailed functional flow of the
entire Onaro® SANscreen® product suite for NetApp personnel who want to understand how this set
of products fits into the world of storage and storage management. This could include NGS, pre-sales
teams, SEs, NetApp management and engineers, PPEs, etc. This paper will also provide NetApp
personnel with a better understanding of the entire product suite in order to better ascertain partnering
possibilities and the building of joint roadmaps. This paper should also serve as a template for
describing the functionality of all SMAI management partners and it will be updated periodically as new
functions are announced the the SANscreen® product suite.
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SANscreen® Product Overview

1) Introduction

Network Appliance Inc. has a very good working relationship with Onaro, Inc. Their product suite does
support NetApp storage and they are currently doing development to include even more NetApp
management functionality. They currently have hundreds of customers and their base continues to
grow. They currently don’t have any direct competitors in their base functionality but they do have
competitors who compete for the same dollars and some that are starting to develop similar
functionality into their products.

2) Overview

SANscreen® extends datacenter automation to storage with a goal of accelerating application delivery,
reducing operating costs and trimming capital spending on storage by as much as 20%.

SANscreen® supports the four critical processes in datacenter automation for storage:

Build - The right capacity, at the right time at the lowest possible cost

Manage - Effectively manage storage service delivery to meet application requirements
Optimize - Reduce costs, reallocate resources based on actual application demand
Audit - Chargeback and governance

The Onaro® SANscreen® product suite includes:

Service Insight

Service Assurance (formerly SANscreen Foundation)
Application Insight

Capacity Manager

Provisioning Manager

VM Insight

Replication Assurance

The figure below provides the overview of the Onaro® product suite.

Build ; Oplimize

Provisioning Replication
Manager Assurance

Capacity Service Application Capacity
Manager Assurance Insight Manager

VM Insight

Service Insight
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The entire SANscreen® product suite is really enterprise-scalable, currently handling customers up to
20 PB of storage and 70,000 switch ports. The product is agentless, and installs in 3 to 24 hours
depending on the size of the SAN infrastructure. The initial discovery for a large shop of 2000 ports
can take up to 8 hours of clock time — after that, the changes are monitored in near real time.

| have interviewed at least 5 of their customers and they are in love with the product. One customer
told me that their customer council meetings are more like a love fest of very satisfied accounts.

3) Product Strengths

Throughout the remaining chapters, you will see an abundance of rich functionality and an intuitive
GUI. What makes the SANscreen® product suite so rich in function is a set of key technology that
permeates the entire set of products. These key product strengths are described below

Agentless discovery — Customers hate agents because they normally require installation
through change control windows that usually occur on weekends only. Large enterprise
customers usually have between 5000 and 100,000 servers. It would take forever (if ever) to
install agents in enterprise shops.

Depth of discovery — The SANscreen® product suite discovers servers (including VMWare
ESX servers and virtual servers), host OS and applications, HBAs, iSCSI initiators and targets,
switches, zones, zone sets, masking and mapping rules, storage, tape drives, and all ports,
along with 1/O statistics for every port in the storage network. It has the ability to build the total
topology from the host application through all layers of virtualization down to the LUN and
disks, and even across a WAN to remote switches, storage, and host applications

Annotations — The Administrator has the ability to add annotations to the discovered
infrastructure. This could include names for storage objects, tier levels of storage, cost
information, business unit information, and other meta data meaningful to the customer. Later,
this meta data will appear in all of the GUI displays, reports, alerts, etc.

Policy definitions — The Administrator can define policies that define rules, thresholds, limits,
etc. for the entire infrastructure that are used to govern alerts, violations, logging, and change
control.

Monitoring and Alerts — There are many built-in monitoring facilities in the SANscreen®
product suite. Once the initial discovery is complete, will continue to monitor for any changes in
the entire infrastructure. This means that discovery is really continuous. The monitoring also
applies to any changes put in by the Administrator. Not only are they monitored but they are
logged and checked against policies for policy violations or alerts for possible breakages in the
infrastructure.

Heterogeneous support — The SANscreen® product suite supports most of the common
storage devices, hosts, OSes, and applications usually found in Enterprise accounts

VMWare/ESX Support — The emergence of VMWare has brought virtualization to a new peak,
and at the same time, has complicated the management of the storage infrastructure. By
integrating VMWare information into the infrastructure, Onaro has greatly enhanced their
functionality because they can tie-in every piece of information all the way back through the
virtualization layer.

Network Appliance Inc.
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e Intuitive GUI — The SANscreen® GUI is very easy to manipulate, very intuitive, and very
functional. The color coding is consistent and the GUI lets you easily drill down to root
problems and solutions

e Service Intelligence Engine (SIE) — This engine is a generic internal machine that allows rules
to be applied to objects. Although the rules are clearly focused on the storage network
infrastructure, the internal engine is very generic and could probably be used for other
applications

e What If Simulations — The Service Intelligence Engine can apply rules to both What Is and
What If scenarios. This becomes a very powerful tool for both change control and device
migration because it lets the Administrator see what will happen if certain changes are made to
the SAN infrastructure. It will list out all of the violations and allow the change team to work
through a task list to avoid the problems before they actually happen.

e Migration Manager — During device migration, say for example, replacing a switch or storage
device, the change control process becomes extremely difficult because so many things are
affected during the process. The built-in Migration Manager will automatically build a task list
for each phase of the actual migration showing all of the violations caused by each major phase
of the migration. The Administrator doesn’t have to plan out a list of tasks at all because all of
these get generated automatically along with the violations list they have caused. The device
migration becomes complete when all tasks have been executed and all violation conditions
have been fixed.

Network Appliance Inc.
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SANscreen® Service Insight

This is really their baseline bread and butter product to discover the entire SAN infrastructure, both
logical (e.g., zones, zone sets) and physical (servers, HBAs, switches, storage arrays, ports, etc.).
Below is an example of the information SANscreen Service Insight collects from switches:
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Below is an example of the information SANscreen Service Insight collects from storage arrays:

f‘ Storage List &

T52:34 A 59006
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SANscreen Service Insight will also collect the host and HBA information, and connect it to the SAN

device-level information.
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As you can see in the table above, there are columns associated with the host application in terms of
the corporation business unit and the priority of the application. These would be manually set once by
the installation, unless there was a business change.

There is another column that indicates there is a policy associated with this host. Definition of policies

are shown later in this document.

The navigation panel for all Onaro® functions appears to the left of the view screen. The navigation
panel contains major group window boxes that expand when clicked on — the major groups are:
Inventory, Performance, Disaster Recovery, Validation, and Daily Violations.
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SANscreen Service Insight now takes all of this information and connects it into a full picture of the
SAN with all of the connections (hosts, HBAs and ports, switches, switch ports, storage and storage
ports, zones, zone sets, mapping and masking information) as shown below:
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In the screen above, if you click on a particular storage array, SANscreen Service Insight will display
the zoning, masking, and volume information for that array.
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SANscreen® Service Assurance

Viulatiuns
Q Policies

£l |, Vulnerabilities

..-'“"*. _
A Audit

SANscreen Service Assurance (formerly SANscreen Foundation)brings in the notion of global,
application, host, or path-based service policies
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Customers can define global policies for the discovered SAN infrastructure via a GUI screen shown
below
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Internally, there is an SIE (Service Intelligence Engine) which processes the customer rules against the
discovery data — this is a very generalized policy engine that matches policy rules against the
monitored topology to expose infrastructure violations

In the scenario below, there is a high priority Warehouse path violation where there are supposed to be
multiple access paths:
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|

1
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There is a corresponding topology view for this violation shown in the picture below. The green path
from kc_oradev7 is fine but the blue path indicates that the path is zoned but the volume has not been
masked properly. Since each change is logged, we can see that this violation was caused because the
volume masking was removed previously.

The following table summarizes the process of taking a snapshot of a NetApp filer LUN mounted on a
Windows 2000 host:
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SANscreen Service Assurance will report on any violations for both existing configurations and “what-
if” changes — things like:

Too many ISL (Inter-switch links) jumps
Orphan LUN conditions

No parallel path to particular resources
Single point of failure

Missing zoning ports on host

Etc.

Network Appliance Inc.
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All changes are monitored and logged for a history of change control. This provides a robust audit and
compliance mechanism for organizations

It will also make an assessment on the impact of that change to the service being delivered to the
application

Below is an example screen shot from the SANscreen Service Assurance module displaying the
change log:
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SANscreen Service Assurance will also check for application vulnerabilities — these are not policy
violations but they may impact the serviceability to applications within the infrastructure and should be
looked into. Below is an example screen shot:
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For each host or application, it reports on the services delivered to that application in terms of capacity
assigned, access paths to that capacity, recoverability of the application in the event of a source
volume failure, and performance of the storage environment.
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Below is a screen shot example:
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Below is an example of the Application Dashboard which lists all of the applications along with
indications of problems associated with their policy violations
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e i O 4 High 960

Lhers o 9 & Hgh L[]

VLI C ol e & & Hgh L

ViEiGite G & 9 kgh L lE

iz Changes =

B & & 3 18 change events from BIER0GT B0 PM io BT 708 P

A - A

EO0G9PE B0 A2 PH AT 1137 AN BT VICERAM BETI1I3AN &1 1133“ B 523PH A S4RPM B3 TO09PW
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SANscreen Service Assurance also provides a Migration Manager function which helps the customer
through one of the most disruptive configuration changes — migrating to new switches in an existing
environment — because the monitoring is real time, it can be used to completely remove all policy
violations related to the switch infrastructure

An example of this Migration Manager function is shown below:

| Impact | MigrationRisk | Application |
= Version Control {2) Missing Aclive Host ... Lvia Version Contral
Sweitch Hop Count M L ion, ‘erslon Control
Bwitch Hop Count, M Lo ferzion Confral
B Lotus notes Users (1) [Missing Actve Host .. L crige Lotus notes Users
owileh Hop Count, M o Lotus notes Licers
= SAP (4) Missing Active Host ... High SAP
Mone SAF
Mone 5aP
Fath outage High SAP
Ewitch Hop Count, M 0y EAP

SANscreen Service Assurance also provides customers with a “What If” functionality letting them
build an ITIL Configuration Plan that they can use as a task list and also verify in advance using a
simulation capability that the change will or won't cause any system problems or break any installation
rules.
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An example of this screen is shown below where the simulation is showing that the proposed changes
will cause future violations — this will let the change team step their way through the task list to

complete the migration and remove all violations safely:

TEFUINLS 37D N VE— m ; =
|admin 07/31/2006 1356 Link Fabric Ao Fabric B admin [Planning

flc Device Palhs| |, gmin 04/05/2006 13:24 123 Add Host1 8 admin ALl
Sources {admin D4/05/2006 13:24 124 Add Host! 6 admin Implermentatio
= 1= a:lmln 04/05/2006 13:24 [125 Fhe mdundanw of host Host1 5 ladmin ‘Planning
L G | : b Planninm
slations e

| Actions @
licies State | 2.] Drascription

110 1 Connec
iths - Port {ch of Switch ke_SwO0d 1o

- Port fc5 of Switch ke Sw028

Janges 2 Connect Port fc2 of Switch ke_Sw028
linerabilities
ans | |

‘N
ance ¢ | W Future Violations 2 EF T |[-i'ﬂ Applicat
B = [ Violation Type [ AppPriority | Capaciy(6B) |  Host .|
e ® Exchange (6)  Multiple Violations. 3-Low _ 48.00

[E'\‘ﬁw;_ﬂ] Multiple Violations 1- High _ 48,00
515
orage Arrays
pes
%EIE EI evVaEY
] admin
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SANscreen® Application Insight

Application Insight

0 Maonitor
L. ]

(43

Load Analzer
A

(5. Hosts

o

This product tries to manage the application SLR (Service Level Requirements) by analyzing the
storage tier assignments, load balancing across the storage infrastructure, and detecting infrastructure-
related issues that would impact application performance and the fulfillment of the associated SLRs.

It lets the user monitor the existing traffic load in order to adjust the storage tier assignments.
Sometimes applications are assigned a Tier 1 layer of storage when their actual traffic patterns indicate
that the tier assignment was overkill.

The SANscreen Application Insight module uses a concept of “SAN access path” as the connection
between the host application and its data on a storage device. The “access path” includes a set of
logical and physical components necessary for the transfer of data from the host application to the
storage device.

The SANscreen Application Insight module collects real time performance information for all
components in the “access path” and ties this performance data to the host application. It keeps the
raw data for seven (7) days and up to a year of it in histogram form. It keeps information for all host
HBA ports, switch ports, and storage ports in the form of MBs transferred.

Having this information along with the entire SAN topology, the SANscreen Application Insight can
show the actual load through all of the access paths in the SAN infrastructure. This helps the
administrator identify both heavy and light loads in the infrastructure, including “access paths” with no
loads.

The current list of switches supported are Cisco, Brocade, McData, and Qlogic.

In the rest of this section, we will walk through a typical analysis using the SANscreen Application
Insight module in some example SAN environments.

The Onaro® development team is improving their code to support iSCSI blocks, and CIFS/NFS shares
for Network Appliance devices. When this code is ready to GA, it will be added to this document.

Network Appliance Inc.



TECHNICAL REPORT: Onaro® SANscreen® Product Suite

Below is an example report showing the load for each host application as a percent on the SAN

infrastructure:

Load Analyzer (46 Trafficlas.. B2 3 @ =

YValue | Distribution |

= Host {74) 100,646,579 ME 50.0%
= HP1_bm (1) 0 MB 0.0%
Linx_dev1 (1) 0 MB 0.0%
Linx_dev? (1) 0 MB 0.0%
= Becker (2) 504,431 ME| 0.5%
kc_exchdr004 (1) 1,437,630 MB 1.4%
ip_nas_1(2) 1,678,729 MB 1.7%
Federer (2) 1,685,988 MB 1.7%
Nas2Backup (2) 1,720,943 MBE 1.7%
= Roddick (2) 1,800,382 MB 1.8%
nj_exch002 (2) 1,846,621 MB 1.8%
lotus (2) 1,949,944 MB 1.9%
Connors (2) 2,052,883 MB 2.0%
= nj_orad_bid (2) 2,003,613 MB 2.1%
Nas1Backup (2) 2,197,975 MB 2.2%
kc_oradev? (2) 2,343,862 MB 2.3%
kc_exchdr003 (2) 2,443,041 MB 2.4%
= Nadal (2) 2,405 446 MB 2.5
Safin (2) 2,648,006 MB 2.6%
ny_priTest1 (2) 2,812,868 MB 2.8%
Nas1test (2) 2,068,687 MB 2.0%
= jp_nas_2 (4) 2,073,315 MB 3.0%
csNAS3 (2) 3,006,899 MB 3.0%
csNAS2 (2) 3,012,075 MB 3.0%
Clearcase1 (2) 3,072,302 MB 3.1%
& Clearcase? (2) 3,242,791 MB 3.2t
nj_sap17 (2) 3,292,636 MB 3.3%
my_ora2 (3) 3,448,913 MB 3.4%
Filer1 (2) 3,480,280 MB 3.5%
= my_oral (3) 3,543,485 MB 3.5
ny_exch2 (3) 3,641,656 MB 3.6%
Filer2 (2) 4,222,711 MB 4.2%
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This same report can be used to identify idle and potentially “orphan” servers — see the screen shot
below:

= Host {74) 100,646,579 MB 50.0%
HP1_bm (1) ' OMB 0.0%
Linx_dev1 (1) _ 0 MB 0.0%
= Linz_dev? (1) 0 MB 0.0%
Becker (2) j 504,431 MB| 0.5%
kc_exchdroo4 (1) 1,437,630 MB 1.4%
ip_nas_1(2) _ 1,678,729 MB 1.7%
= Federer (2) 1,685,088 MB 1.7%

The SANscreen Application Insight module collects port performance information across all SAN
ports for long periods of time. We can select a host application and focus in on its port utilization
statistics over time as seen in the screen shot below:

Clearcase! 1,465,509 ME hbrcd! Yersion Contral fol 10:BO:00:00:00:0...

Clearcase2 1,161,008 ME sthredi Yersion Contral fc2 10:BO:00:00:00:0...

Clearcasel 1,120,799 ME sthred1 Wersion Control fcl 10:E0.00:00:00:0...

Clearcase2 904,529 MB hbrod? Wersion Contral fc2 10:BO:00:00:00:0

Filer1 1,651,508 MEB sthred1 Lzers fr3 10:BO:00:00:00:0...

Filer2 1,453,492 MB hbred! Lsers frd 10:BO:00:00:00:0...

Filer2 1,076,125 MB sthred1 Lsers frd 10:BO:00:00:00:0...

Filer1 675,848 MB hbrodi Lsers o3 10:B0:00:00:00:0...

ny_oraz 2,226,449 MEB hcis300 OracleERF i3 10:B0:00:00:00:0... 301

ry_orat 1,775,769 ME heis300 CracleERP fo2ME 10:BO:00:00:00:0... 301

ry_oral 1,634,097 ME heis200 CracleERP o112 10:BO:00:00:00:0... 101

ry_oral 1,347 377 ME heis300 CracleERP o112 10:BO:00:00:00:0... 301

o oraz ; FvETer RO I (== Py wau |==wi

ny-oraz & Histogram View Ll

Sampras | Fahric | Switch | Switch Port Device Type | Device Name | Device Port

Agassi 20:00:00:00:00:00:00:... hbred1 fil Hiost Clearcasel 10:B0:00:00:00:00:02:..
20:00:00:00:00:00:00:... hbred1 o2 Hiost Clearcasel 10:B0:00:00:00:00:02:..

clll 20:00:00:00:00:00:00:... sthred? fil Hiost Clearcasel 10B0:00:00:00:00:02:..

Madal 20:00:00:00:00:00:00:... sthred? o2 Hiost Clearcase2 10B0:00:00:00:00:02:..

Agassi

Federer

:E;zir: Scale: OFixed @ Variable ﬁ." e Utlization %) [~]] [al =] (2]

EieCeN Port Utilization (%)

Federar All

Becker

Connars 6

Roddick 4

Maclal 2

Safin

Sampras 0 T T T T T T T T

latus =0%-10% 11 %-20% 21%-30% 31 %-40% 41%-50% 51 %-60% B1%-70% 71 %-80% 81 %-90% 91%-100%

lotus | R |

ip_nas_2 FEFEETTEEEETES
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This gives us an historical perspective on the load and typical port utilization over significant periods of
time. SANscreen Application Insight also keeps track of the transmit (Tx) and receive (Rx) utilization
breakdown plus common network errors such as CRC (Cyclic Redundancy Check) errors, loss of
synchronization errors, loss of signal errors, etc.

In the screen shot below, we can contrast these errors against the port utilization statistics to look for
significant percents of errors that make impact application performance and throughput:

L To 8 e STTE 500 Ut} CLT-0 EL k] T
109 ME scis300 fc2/6 10:BO:00:00:00:0... 301 17 28 @
199 ME scis300 113 CL1-L am 16 22/@
878 ME scis300 10 CL1- 201 12 15 @
74 ME scis300 fe2is 10:E0:00:00:00:0.. 301 7 58
15 ME scis300 fe2i15 215 ] G 58
B2 ME scis300 fcl/4 CL1-n am £} 38
§,995 ME Switch 24 1] fill [X] ! 0 0 EE

& [3 1 Time Range |Lastweek [~

I/ R Utilization (%)
[] M Utilization (%)
[l CRC (%)

[#] M Errar (%)

Loss of Syne
Loss of Signal

[ [ T Utilization (%)

-

N\_ ;-«mk /-I\JW\... /W\V‘-""'Am-'\.-'-w.ﬁwv-u'\L Jw“r"_ p‘-.-#ww"ﬁﬂ“kfﬂm

T T T T T T
7 Apr 01 2007 Apr 01 2007 Apr 01 2007 Apr 01 2007 Apr 01 2007 Apr 01 2007
02:46 AM 05:33 AM 08:20 AM 11:06 AM 01:53 PM 04:40 PM

admin o' LastUpdate:11:17:10 AM 43007

If we go back to the host application level, there is another useful area of analysis that can be done for
the verification of multi-path working correctly. In the next example, we will find hosts that potentially
have multi-path problems. The first step is to click on the “Multi-path Risk” column to identify all hosts
that may be at risk. We can then filter out all non-EMC arrays to leave all of those EMC arrays that
support active-active configurations. This leaves us with the host applications that feed into a
Symmetrix array that requires multi-pathing to be operational.

We can first filter on only those Symmetrix arrays that require multi-pathing. The SANscreen
Application Insight will create a balance index that indicates the split of traffic that it is actually seeing
over the paths. We can then select the balance column to bring the highest balance percents to the
top.
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If we select an application with a balance percent of 100, we can see below in the Load Analyzer that
100% of the MB transferred is going through one switch and zero percent of the load is going through
the second switch, indicating we have a severe multi-path violation:
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Host Mame [ Anp [ EBalanceindex | Multi-Path Risk | Redundancy Policy | Storage Models App P12
Madal Mapping Service 100@ Qb EMCISymmetriz DMXE00 High
Safin Mapping Service 100 /(@) @ EMCigyrmirn etrix DMXE00 High
Sampras Mapping Service 100 (@) Q@ EMCigyrmimetrix DMXE00 High
Roddick Mapping Service ?5@ Q& EMCrSymmetriz DMXE00 High
Connars Mapping Service 69 (@) @ EMCISyrmrmetrix DMXE00 High
Federer Mapping Service 66 @) @ EMCSyrnrmetrix DMXE00 High
nj_exchooz 58(@) @ EMCISyrnrnetrix DMXE00
Becker Mapping Service 52/@) @ EMCISyrmmetrix DMXE00 High
csMAST DevTrack 49 MethPPIFAS3020 High
ke_exchdr003 49 Q& EMCISymimetrix Dhixa00
ke_orawareh 45 Qb EMCISymimetrix D800
Agassi Mapping Service 44 Qb EMCISymmetriz DMXE00 High
Mas1Backup 43 IEWMIEM TotalStorage DSE100 2107 model 921
Filer1 Lzers 42 IEMIEM TotalStorage DSE100 2107 model 921 High
ny_araz QracleERF 35 Q& HODS/USF, Tape High
nj_sapi7? 33 Qb EMCrSymmetriz DMXE00
cshlASS DevTrack a0 High
ke_oradewy 8 Q EMCISyrrmetrix DxE00
ry_exchl Exchange il Q HODEMISF, Tape High
ny_exch? Exchange 23 Q& HDEMISF, Tape High
lotus Lotus notes 22 High
nj_orad_hld 18 Q& EMCISymimetrix Dhixa00
ry_priTest] WehSite 16 Q HOEMISP High =
Filerz Users 14 MetdPRIFAS3020 High
Mas2Backup 15 IEWMIEM TotalStorage DSE100 2107 model 921
4]

Load Analyzer @ Traffic Last Hour B P T 2 [ Noocrouping

Device Mame | Device Tvpe | Device Port | WValue | Distribution | Fahric | WEAMN | Switch | Switc
Sampras Host 10:BO:00:00:00:00:06:57 0 ME 0.0% Mapper sthred10 fol4
Sampras Host 10:B0:00:00:00:00:08:55 2406MB] 100.0%|Mapper hcd10 fl4

< 5



TECHNICAL REPORT: Onaro® SANscreen® Product Suite

From this same screen we can also analyze any “host congestion” problems (hosts that are dominating
the traffic at switch ports causing application problems on other hosts sharing that same switch port.

To look for “host congestion”, right-click on the host above and select Analyze Congestion to see all of
the hosts competing for that same storage port.

File Edit View Policy Action Help (@) &
%€ Host
L Hosts 37 Last week
@
g‘?Daily\ﬁulatiuns Host harmne [ App [ EBalanceindex .|  Multi-Path Risk | Redundancy Policy | Storage b
(0:57) Madal Mapping Semvice 100@ & EMC/Syrmmetrix DMXB00
&y Daily Changes Safin Mapping Service 100 @' ‘Q& EMCISymmetrix D200
% Switch Ports (600) | |S2Pras Mapping Service 100 @) @ EMC/Symrmetrix DMXE00
. o Roddick Mapping Senvic e & EMCISyrnirietrix DMXE00
*. Generic Device Paths | ooy, o e Mapping Ser\ric" Analyze Congestion |I@ & EMCISyrmmetrix DMXE00
1 ||| ¥ Data Sources Federar fapping Service V\\-' BY @' Q& EMCISymmetrix D800
N | [ni_exchoo2 59@ & EMCISymmetrix D800
Mdliation ¥ |eacker Mapping Service 52(@ & EMC/Syrmmetri DMXE00
Disaster Recovery ¥ | ||cshast DevTrack 419 MetdP PIFAS2020
Performance 2 | [ke_exchdr00z 49 & EMCISyrmmetrix DMXE00
- ke_orawareh 45 & EMCISyrnmetri D500

In the screen shot below, we see the breakdown of the port utilization over time and total MB
transferred percent for each host sharing that SAN switch port:

pras Mapping Service 100 @ o EMCISyrnmetriz D200 High
dick Mapping Service 75 Q@ EMCISyrnrnetri: DMXENN High
Mars Mapping Service £3@) @ EMCISyrnrnetrix DMXEN0 High
arer Mapping Service 3@ @ EMCISyrmmetrix DMXE00 High
exchO02 53 (@) @ EMCISyrmmetrix DMXEN0

ker Mapping Service 52/@) @ EMCISyrmmetrix DMXEN0 High
AS1 DevTrack =, : AT
exchdri03 = . . L"m
arawareh 12 Load Analyzer i FE Al = R |[ 7| Device Type then Device E| |LastDay El |Trafﬂc B| -]
S50 Mapping Ser
1 Backup | Device Mame | Device Type | Walue | Distribution | Fahric | Switch | Switch Paor
" e Host {6} Host 13,255,411 MB 100.0% Mapper

araz OracleERE Nada! {2) Nada! Host 4,942,787 MB 37.3% Mapper
ap17 Roddick (2) Roddick Host 1,702,380 MB 13.5% Mapper

Ao DevTrack Safin (2) Safin Host 6,520,244 MB 49.2% Mapper

aradeyy

exchl Exchange

exch Exchange

] Lotus notes
nrad_hld n—i ] d
priTest WehSite

12 Users % Performance Chart ) G [F 1 Time Range |Lastwesk [+
s2Backup 4

3 | [ T Utilization (%)
i) Load Analyzer 2 I R Utilization (%)
Dievice MName [ Devie® W Utilization (%)
dick Host [ M CRC (%)
dick Host 14 ﬂ‘k ] I Error (%)
o m | Loss of Sync
T T T T T T T

Mar 31 2007 Apr 01 2007 Apr 01 2007 Apr 01 2007 Apr 01 2007 Apr 01 2007 Apr 01 2007 Apr 01 2007 Loss of Signal
09:13PM 1200 AM 0246 AM 0533 AM 08:20AM  11:06 AM D153PM - D440 PM R

|
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This provides great input into choosing the ideal location for storage provisioned to a given server. The
first task in this process is the storage selection process is the selection of the correct fabric — the
screen shot below shows an example of this report:

| Value | Distribution |
Development (29) _ 44,262,234 MB 22.0%
= YSAND301 (32) 40,138,565 MB 19.9%
= YSAND10 (24) 28,703,615 MB 14.3%
= Mapper (16) 26,808,632 MB 13.3%
20:D0:00:00:00:00:00:23 (4) 17,314,203 MB 8.6%
= (@) 11,116,283 MB 5,50,
& 20:D0:00:00:00:00:00:20 (5) 7,856,307 MB 3.0%
20:D0:00:00:00:00:00:19 (6) 6,729,439 MB 3.3%
20:D0:00:00:00:00:00:14 (4) | 5,501,138 MB 2.7%
& 20:D0:00:00:00:00:00:17 (4) 4,806,492 MB 2.4%
& 20:D0:00:00:00:00:00:15 (4) 4,432,282 MB 2.2%
20:D0:00:00:00:00:00:13 (4) 3,636,500 MB 1.8%
20:D0:00:00:00:00:00:25 (2) | 0 MB 0.0%
5 20:D0:00:00:00:00:00:27 (2) 0 MB 0.0%
& 20:D0:00:00:00:00:00:29 (2) 0 MB 0.0%

The Load Analyzer function is one of the most powerful tools in the SANscreen Application Insight
because it lets you look at the entire storage network for problems, load balancing, improved resource
utilization, and better capacity planning. In the screen shot below, it shows the utilization for all

resources.
_SANscreen (RAN2)
¥ Action Help \1_) »)
-
(:t5p Load Analyzer a6 Trafiic Mar 27, 2007 - Apr 3, 2007 B ¥ T = [ nNacrouping
Device Type | Device Mame | Walue | Distributior.| Switch [ Application [ Switch Port | Device Port | 4o Grouping
Host Maal 4,263,251 ME hiarcd10 Mapping Service 12 10EO00000:0.. | [Fakric thenSwitch
Host Sampras £,595,354 ME hiarcd10 Mapping Service 14 10ELO0O000:0.. | [Deviee Typethen Device
Host Safin 5,802,674 ME hiared10 Mapping Service fo13 10:B0:00:00:00:0...  [BYthen App then Device
Switch hiared 2 1,203,650 ME sthred1 fedl fc15 Switch then Device
Host ke_exchdrond 943 383 MB Fabred-a frd 10:B0:00:00:00:0...
Switch hhred1 830,590 MB sthred1 fc15 fcl
Switch Fibrecd-a BY7 594 MB Fabred-h 11 11
Storage FAS3020-svI05c G258 879 MB hbred2 fc14 T0:B0:00:00;00:0..,
Switch Fibred-a 556,691 MB F2hred-b fl fel
Switch F3bred-b 444 296 MB F3hred-a fil fil
Switch FZbrocd-h 418,122 MB F2bred-a f1 f1
Switch Switch 25 5,877 733 ME Switch 24 fcl fcl (]
Host \Federer 2175748 ME hbred10 Mapping Service fcd 10:B0:00:00:00:0... a
Switch Switch 24 5,976,248 MB Switch 25 fcl fcl a
Host Foddick 1,046,116 MB hbred10 Mapping Service fr2 10:B0:00:00:00:0... ]
Host nj_exch002 1,794,080 ME Flhred-a il 10:BO:00:00:00:0...
Host EBecker 1,309, 0849 ME hbred10 Mapping Service fcl 10:B0:00:00:00:0... 1X]
Holst Connors 1,206 606 ME hbred10 Mapping Service ft1 10:B0:00:00:00:0... a
4
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Notice the box in the upper right was set for No Grouping. If we open up the list box as shown below,
we can change the focus to fabrics, device types, business unit-application or switches:

[ Mo Grouping

ko Grouping

“|Fahric thenpSwitch
Device Typeshen Device
BLI then App then Device
Switch then Device

Let's take a look at the Fabric then Switch display:

21 Load Analyzer (145 Traffic Mar 27, 2007 - Apr 3, 2007 B & T = |[)Fabric then Switch
| DeviceType | Device Mame | Walue [ Distributior. | Switch [ Application [ Switch Port | Device Po

= Mapper (16) ost 34,862,841 MB 20.1%

[+ YSANO301 {32) 30,924,705 MB 17.8%

# Development (29) 28,370,478 MB 16.4%

# YSAND101 {(24) 26,698,586 MB 15.4%

[ 20:D0:00:00:00:00:00:23 {4} Switch 13,728,578 MB 7.9%

® (8) Switch 0,072,700 MB 58%

# 20:D0:00:00:00:00:00:19 {6) 6,352,168 MB 3.7% Fdbrcd-a

[ 20:D0:00:00:00:00:00:20 (5) 6,150,010 MB 3.5% F5brcd-a

[+ 20:D0:00:00:00:00:00:13 {4} 4,892,197 MB 2.8% FObrcd-a

[+ 20:D0:00:00:00:00:00:17 {4} 4,272,838 MB 2 5%

[ 20:D0:00:00:00:00:00:15 (4) 3,887,624 MB 2.2%

[ 20:D0:00:00:00:00:00:14 {4) L e i e —

[+ 20:D0:00:00:00:00:00 0 MB 0.0% Switch 26

= ZU:Dﬂ:ﬂU:UU:UU:d' 0:27 {2} 0 MB 0.0% Switch 28 )

¥ 20:00:00:00:00:00:00: 257 0 MB 0.0% Switch 30
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Not only can we find the fabrics that are totally unused but if we click on the busiest fabric, we can see

the traffic distribution over time. Both of these views help us to do better load balancing to achieve
better utilization in the storage network.

=
&, Performance Chart

1

! o Dﬂu? JW | LAWM“

T T T T T
Apr 012007 Apr 01 2007 Apr 01 2007 Apr 01 2007 Apr 012007 Apr 01 2007 Ap
09:13 PM 12:00 AM 02:46 AM 05:33 AM 08:20 AM 11:06 AM 01:53 PM

@

If we change the grouping to Device Type then Device, we see the following screen shot:

Load Analyzer ¢4 Traffic Mar 27, 2007 - Apr 3, 2007 B & T = | (2] Device Type then Device
| Device Tyvpe | Device Mame | Walue | Distributior, | Swyitch | Application | Switch Port | Device |
Host {74) Host 89,765,838 MB 51.8%
Storage {45) Storage 49,021,544 MB 28.3%
Switch (23) Switch 29,815,791 MB 17.2%
Tape (1) Tape Tape 1 4,725,499 MB 2.7% scis300
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We can open up the “+” to see the high to low utilization for all devices in that group. In the screen shot
below, we have clicked on the “+” to open it up to all of the storage arrays. These will be listed from
high to low in terms of traffic utilization.

T Load Analyzer (148) Traffic Mar 27, 2007 - Apr 3, 2007 BT |[ 7] Device Type then Device
| Device Type | Device Mame | “Walue | Distributior‘.| Switch | Application | Switch Port | Device
# Host (74) Host 85,001,984 MB 51.6%
= Storage {45} Storage 47,039,767 MB 28.6%
* USPG00_22113 {16} Storage USP600_22113 15,947,023 MB 33.9%
# USPG00D_22112 {16) Storage USPG600_22112 15,597,546 MB 33.2%
* Sym-005007430036 (6) Storage Sym-005007430036 7,697,078 MB 16.4%
# Sym-005007430035 (4) Storage Sym-005007430035 4,741,984 MB 10.1%
# IBM TotalStorage DS8100 21... Storage IBM TotalStorage DS... 2,453,962 MB 5.2%
# FAS3020-sviD5cC (1) Storage FAS3020-swiD5C 602,174 MB 1.3% hbrcd2
# Switch {23) Switch 28,149,231 MB 17.1%
[+ Tape (4) Tape Tape 1 4,551,480 MB 2.8% scis300

Not only can we see the total traffic utilization, but we can find the arrays with the most read or write
traffic by clicking on the proper control shown below:

R0
r 27, 2007 - Apr 3, 2007 =" I |[ 7] Device Type then Device lz“ |Custom 0 [Trafic [«
1y
ype | Device Mame | Valug [ Distributior. | Switch [ Application [ Switch Port]  Device Port | vSAN | CROREra| Foe 550
85,001,984 MB 51.6% 4 T Traffic
47,030,767 MB 28.6% 0 R Traffic
USP&00_22113 15,947,023 MB 33.9% 1]
USP&00_22112 15,597,546 MB 33.2% 1]
Sym-005007430036 7,697,078 MB 16.4% 0
Sym-005007430035 4,741,984 MB 10.1% 0
IBM TotalStorage DS... 2,453,962 MB 5.2% 1]
FAS3020-sviD5C 602,174 MB 1.3% hbrcd2 0
28,149,231 MB 17.1% | | 4
Tape 1 4,551,480 MB 2.8% scis300 301 0
----- + 5]

To see the breakdown by write traffic, you would click the Tx Traffic option and click the Rx Traffic
option for the traffic utilization by reads.

Traffic
Tx Traffic
R Traffic
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Using the SANscreen Application Insight module, the administrator can set alert conditions, which
include min and max threshold values, monitoring frequency, and what is to be monitored. Not only will
an alert be sent to the administrator (if he/she chooses) but these alert conditions will be monitored
over time. The administrator can click on the alert condition to see the recent history and then chart it
over time.

In the screen shot below, there is an alert set for storage port utilization. By clicking on the alert, we
can see the list of events where the threshold was exceeded and we can chart that particular storage
port to see the period of time where it spiked. Because all changes are logged, we can view the
change log and determine that the link was removed for another port on that array, thus greatly
increasing the load on this port.

File Edit View Action Help -.E}IQ ONARO

Violations EEar T
205:52 PM 61 2106
Daily Changes 0 0 Monitor & - |
Switeh Ports 36 | Threshold | Shalus ] Sefings I
Ciaka Bolines 0 | Alars | LastTime | Minlmum [ Marmim | Period {minutes) |
—— — ||Erross 55 31306 334 PM il 1 1
Validation # 2 lLoss of Signal 0
v i Loss of Syne 0
Received Utiization (%) 27 31 306 4:30 PM 2 40 1
Tranamit Uiilitzation (%) 26 31 306 430 PM 2 50 1
Q Authorized Patn .
orizea PEnE | B \oization (%) 263013106 4:31 Pbf 2 a0 1
& PPaths
;Q_‘,;,l Changes
&) Alerts o
i |, Vulnerabiliies
Tey
i_, Plans | Switch [ Pot | Connected to 5| Start Time I End Time [ Vale Minimum Maximurm
= = | lusce_pz_swa 17 Storage Storaged, porl Bay 1, Slot 1, Port A 311 3006 4.06 PM 31306 4.08 PM 66.50 z 60 [=]
Disaster Recovery 7 | | |icce oy s 17 Storane Storaged, port Bay 1, Slot 1, Port B 31306 4.05 P 31306 4.08 PH 0 2 80 E
@ DR Violalions LSCG_D1_Sw4 o7 Storage Storaged, port Bay 1, Slot 2, Port A (A1 306 4:06 PM I 06 408 Pa 66.50 2 Gl
LSCG_D2_Swi 17 Slorage Storage1, porlBay 1, Slot 2, Port B 31 306 4:21 PM I 206 423 P 66.50 2 60
%DR Paths Usco_Dn_swa 15 Storage Storage1, port Bay 2, Siot 1, Port A 311 306 4:21 PM 31306 423 PM 66.50 I B0
USCG_D1_Siwd {[5:] Storage Storage1, port Bay 2, Slot 1, Port B 34 306 406 PM 3306 4:08 PM 66.50 2] G0
Lh DR Rules USCE D2 B fch Storage Storaged, pod Bay 2, Slot 2, Port A 31 2006 4:06 P 206 408 PM 66.50 2 B0
LUSCG N7 S fif Slorage Storaneq. por Bav 2, Slot 2, Port B 120 471 PM MG 73 PM £f A1 el Fifl [=]
0—---“ " * || €, Chart |/ Changes
onitor - | oy ]
Data Samples |Live Sample |~ | [ Transmit Ublization (%) [ Received Utitzation (%) B0 | S 0 5 & ’_ By Selection l_:l | Al IL”
iﬁﬁw ® T Time 1 lEvent |
S 60+ miaK 31306 410 PM %+ Link added betwesn Storage Storage1 port Bay 1, Slot 1, Port B and
e 50 - Switch USCS D1 SW2 port {27 doy datasource brod_fah)
& Hosts & 40 313005 4:03 P 3% + Link removed between Storage Storagal cort Bay 1, Sot 1, Port B and
Clusters 204
T Storage Devices | fg 7] {%
o . mjn
&Tapes T T T T ey 1
) 03413 15:41:40 D3/1315:58:20 0313 16:15:00 03113 16:31:40

|—| & flers & Chart op) Changes
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The SANscreen Application Insight module can also identify application performance issues after the
provisioning has been done for existing applications that need monitoring — there are several
performance impact conditions it can detect:

Multi-path hosts that have unbalanced traffic over the redundant ports

Congestion along the data path to the storage volumes at the switch or array port
Unbalanced host traffic causing congestion over the switch ports

Long term monitoring of fabric can show historical window issues and trending of congestion
over time

An example of a typical application performance analysis report is shown below:
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fle Edl View Policy dction pen ) 8 + ONAROD
SANscreen "ianstsmﬂn Last Weeik B ¥ I & [EiNotouing [7] [Lastweer[-] @
Dalty Host Nama MuithPathFisk | Balancolnder .| Redundancy Pokicy  [57 Etrage Modals ]
sundancy Pok Etarage Models
054 e e High L) EMC/Symmetic DMEE00 [=
Yoawcnanges | froderer | Anshra Congastion |, W 53t ENCISymmetic DMXB00
_ Svmchpents | [Roddick Magging Senice  High L uh ENCISymmiti DMAE00
ooy Connors Magging Sanice High L] g1l EMCIymmet DMXE00
P Il'.;lralcne] Version Control High L1 ¥ IBWABM TotalZsrage DERT00 2107 model 8218
T pathe . gap1T ! LA EEL
ni_emch02 - : i i
# Dista Sources |m,_p,"-,,s,‘, wewste |55 Load Analyzer @ Trafic Last Day B F 0 E & [(7Favncman sween [*] [stow [=] [reme [=] @
Valdation 1] -0 Device Mama ] Deviatype ] Vawe | i 3 Swtcn_| Swith P dca Pon | Emors | CRe B | Sied
Dhaaster A fpnas_2 L = Magper (4) Husi 7,060,677 ME 00.11% Mapper ] ]
HaulBackup = mmll&h Host 1,200,049 ME AF0% Mapper  stheedi0 o 1
Performance r-orad JSHNERP Agassi Hasl FI0,140 MB TTA% Mapper  sihred1l ie1§ 1HB000DAD. []
’ T ln_erm:rnuz Becker Hast 270,508 ME 2:8% Mapper  stbred1l 10 1050100 05010 |
ny,_gcechi SACMe = hbacd10 (2} Host 5BGRAZR ME BALI% Mapper  hbrcddn (] 2 |
?‘il Load Anatyzf | [F3145 DevTeack Agaigi Hog TEE£EI ME VA% Mapper  hbecdl0 1S 111 000 0.0 L] |
— e Sraaey Becker Hosl 5,051,955 ME SEE%Mapper  norolo o 10E000 00 0 -] |
" Fiari (L1
s Hosts - |
e |5 : .
o () Load Analyzer { @ Performance Chart 7 @ B 1 Tima Rangs [Lasteen [+
- - -
o mig =
] [ [ T Uitdizatian (%)
| [T R Litiszation (%)
1% A I Utization (%)
10 Il cRe (%)
5+ = CIM Eroe (%)
o T T —> ¥ Zo- T T T 1™ Loss o gyme
MarZRT007 MM IB007  Ma 207007  MMI92007 MM 297007 MW 292007 M IRI007  Mar 202007 M 29 2007 [ |ges of Signal
05c00 PR 1146 M 033 AM 0520 AM 0806 AM MESIAM 01:40Pe D426 P [r L)
L

The SANscreen Application Insight module is a key module of the SANscreen® product suite for
monitoring, load balancing, problem determination, capacity planning, and system utilization efficiency.
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SANscreen® Capacity Manager

The SANscreen Capacity Manager module will let the customer manage the storage resources by
giving the ability to tag the storage with various “Annotations” that can be amalgamated into reports for
storage tiers, business units, projects, and even chargeback.

The following screen shot displays the various annotations that can be tagged to the storage for
reporting purposes. Typically, this is done initially and only needs to be changed as other things
change (e.g., storage costs, storage tier re-assignments, business units, etc.).

T N T O T )
4 Switch Ports (600)
<= Ganerlc Device Paths
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o ArroBore '
o Data Sources Rules anngtaven types
g Assurance Types Configure the data annotations for SAN resources
E? = Auto Resolution
Planning ¥ (= Cost Accounting I | Mame |  Description Edit. |
- = Policies Alias Blias )
ice Insight [
Service - i~ Global Path ! Birthday Birthday Actual or expected o
Application Insight ¥ Reservations | |Business_Unil Business Unit
Dashboard = | |Data_Center Data Center Phiysical location of ...
== | |Eng_of_Lite End of Life Aetual or expecied
mm < | [Fabric_Alias Fabric Alias
# .l: Requests | Hat Hat COrver-ulilized devices
* Maote Mote
o | |Project | Project
{5 Violations SAM SAN Logical parition of
= | Sunzet Sunset Mo new allocations
=7 Pending Tasks |° [Switch_Level Switch Leval
- : Tier Tier Classification of sto
mw & Violalion_Severity  Violalion Severity
& -
s CONMIQUE Mnulaﬂ_grg}
Replication wosuranwe - Apply |
' | ok || cancer |

The user can also change the basic annotation tags above to something more meaningful to the
business needs — for example, to change the “Sunset” annotation above to “Lease Expiration”. Once
the annotations are established, they can be applied to the discovered assets in order to produce
reports based on annotation groupings such a geographical location, business unit, storage tier, etc.
The following sections will illustrate some of the possible reports that can be generated.
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In the following report, the storage utilization is reported on a storage tier basis and on a geographical
basis based on the annotation tags associated with the storage:

Ready

. Storage Utilization Report
2]
3 |Summary: Boston London Tampa
| Tier 1-Gold Storage
4| BB Available: i 7808 7008
| Tier 2-Silver
5 | Storage GB 3888 176 736
| Tier 3-Bronze
| Storage GB
6 | Available: i} 0 1]
| Uneategorized
7| Storage GB 1] [1] o
8 | Total Capacity: 4832 192 3320
8| S50 224 44
10| Sratus:
11
12 ]
13|
| Detailed
14 |Report:
15|
16 | Boston
| #Hof Total Storage Storage Uilization Statu
117 | Frame Vendor Model Tier volumes Storage Allocated Available Allocated s
18 | Sym-050074300310 EMC  Symmeric DMXS00 16 16
18 | Ther 1-Gold 1 16 16
20 | Sym-050074300311  EMC Symmedri: DMYS00 16 16
o | Tier 1-Gold 1 16 16
|22 | USPE00_22112 HDS usp 2400 512
23| Ter 2-Silver 150 2400 512
| LSPEO0_22113 HDS Usp 2400 416
25 | Ther 2-Sitver 150 2400 416
% |
| 27 | London
| #of Total Storage Storage Uilization Statu
Frame Vendor Model Tier volumes Storage Allocated Awvailable Allocated =
Sym-00S0074300% EMC  Symmetriz DWXE00 000 176 7824 2.20%
Tier 1-Gold 487 TR 144 7645 1.85%
Tar 2-Sitver 13 208 32 176 1535%
Sym-005007430037  EMC Symimedric DbE00 160 16 144 S0.00%
Ther 1-Gold 10 160 16 160 10000,
Sym-005007430038  EMC Syrmmedri: DMYS00 15 16 0 100.00%
Tier 1-Gold 1 16 16 0 100.00%
Sym-QOS007430053  EMC Symmedrioc DMXED0 16 16 o 10000
M 4 » W] Fabric Report ) Storage Report / |«

Notice in the above report that even the geographical report has a breakdown has a sub-breakdown of
the capacity utilization by tier within that geographical region. The tier levels are also broken down by
the actual array in that tier so that the administrator can still manage storage at the array level as well

32

as the tier level. Again, the tagging of resources causes the SANscreen Capacity Manager to
preserve the meta data with the resources and be able to apply them to the various reports.

One other point in the report above, the colors of red, yellow, and green are based on user-specified
threshold values which will cause the color to show up in reports and also to generate alerts that are
specified by the user.
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In the screen shot below, you can use SANscreen Capacity Manager to define storage tiers by vendor
model, Volume type, volume redundancy, disk type, disk speed or disk size.

A
File Edi View Policy Action Tools Help (4 @& _ e ONAI®
SANscreen ﬁ-_ﬂ = & | [ ooupmg
77 Daily Violations (0/57) Manage Annotation Rule /&l —
& Daily Changes (5) Facd  Define the rle for autormatically annotating a Volume with a Tier 5 FAS3I020
B U= _ IEM TotalSiorage DSS100 2
Switch Port Mame;
|‘y s (60D) e [Gald | Symmetrix DMXS00
<= Generlc Device Paths sym | Description: | | Symmetrix DMXB00
o Dala Sources Sym) ; i Symmetrix DMX800
— lsym ResultValue: Syrmmetri DMXE00
Senice Assurance = |~ Symi - Rule- Symmetrix DMXA00
Planning % [} [sym Symmetrix DMX800
— « [}l s vendor: [EMc =] Symmetrix DMXE00
YUSPY A Filter by modet || Model L
u’sTDPams us [ Symmeltro DMAB00 usp
'C"}} Changes
-.‘%’- Swilches )
&
"“ Hosts Filter Volumes by
El. Sk Volume Type | Redupdaney | DiskType | DiskSpeed | DiskSize |
[ Filter Volumes wvolfﬁme Type
0_ Tapes | Volurne Type
L o
‘ Generic Devices O BCV/R1
Orm
& O r2
Zonas [ Volumne
Wpplication Insight |
Dashboard v
Provisioning Manager ~ L.
2
8% Requests u ok | | cancer |
Rwowers S QUeABcVOSRE
II 1 Adlenin M b

1 aad | laAaka: 4N DL OF

I3 >

By classifying the storage tiers, it makes it easier to manage the provisioning process and the storage
capacity planning process because both processes can be done on a tiered basis.
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The SANscreen Capacity Manager also allows the user to input cost numbers for the tiers of storage
and also the cost per switch port, host port, and storage port. This feature allows customers to
understand the total cost of their SAN environments. However, since SANscreen Capacity Manager
keeps track of port usage by MB transfer statistics by host application, and the amount of storage
capacity for that host application, it can actually generate chargeback numbers based on real usage of

the SAN capacity.

v g

2]

Lk | L™

iz Daily Changes (5) FAS3020-3v05¢ 82.00 160,00 NetaPP
i Switch Ports (600) IBM TotalStorage DS8100 2107 model 921-751204  110100101.3 96,00 160,00 IBM
Sy < s d
< =Generic Device Paths Syl 4 Ld
& Annotalions Cost Accountin
# Data Sources x I Rules g
(=] Types Set costs associated with particular SAN resources
m-_‘“"“'“ “ = [emll - auto Resolution : ;
Planning || |sym| - EostAccounting] | Costhy Switch Level Confiqure Switeh Levels
= Insight A Syl = Policies Switch Level | Description | CostfPort
USP! — Global Path Host Switches connected 1o ., 00
oﬁ,‘n Paths USP — Reservations Core Switches connected to . 1000
) Storage Switches connected o ., 400
Q‘_-p.u Changes
S Switches [% -
e Cost by Tier Configure Tiers
’ Hosts Tier [ Description | CostiGB
1-Gold 15
2-Silver 10
Er Storage Arrays -Bronze 8
‘ 4-Basic 2
Tapes
s Generic Devices
Apply
&2’5 Zones
[ ok | [ cancar |
{application Insight |

.Y

FAS3020

IBM TotalStorage DSS100 2
Syrnmetriz DMXE00
Symmetriz DMXE00
Symmetrixz D800
Symmetrix DMXB00
Symmetrix DMXE00
Syrmimetriz DMXE00
Syrmimetriz D800
Usp

UsSp

Below is an example of a possible chargeback summary that can be generated using the annotation

tags and the cost numbers:
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+ Chargeback Summary
5
Sl Tier Cost (1GB)
7 ||z-8ilver §10
g | |3-Bronze 56
9 | |1-Gold §15
2=Silver J=-Bronze 1=Gold Total

Buginess Unit Capacity Cost Capacity Cost Capacity Cost Capacity Cost
13 | |Dev 0 30 5] §64 32 $480 40 $594
14 | [Customer Support 0 50 16| %128 0 $0 16 $1z8
15 | | Trading 112| $1,120 1] §0 0 40 112| $1,1z20
16 | |Stores 64 £ 640 1] $0 0 0 G4 4640
17 | |Marketing 154| $1,840 i] $0 0 £0 184 $1,840
18 | [Legal 112 %1,120 0 50 ] S0 112 §1,120
19
20
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SANscreen® Provisioning Manager

The SANscreen Provisioning Manager module claims to be able to accelerate the application
provisioning process by simplification of the process through a reservation system and better
forecasting tools.

The screen below shows all of the current provisioning requests that are currently in the request queue,
along with their current status and any associated violations.

o~
0 San " e
file Edit View Policy Action Tools ke @ @ - ONARO
SANscreen #%’ Requests © e T = | |(:)No Grouping [*] [
W7 aily Vilations (0/54) | Violations. | Name | Ticket | Description | Requester | Owner | Due Date [ Creation Date | State |
& Daily Changes (@ Oragle B add 1666 123 Dave admin  7/23/07  7/24/07 10:36AM  Open In
) reate Request 7 717
& Switch P (600) | & Tast C qu 232434 | completed | Semple adm!n BI21407 smgm: 1243PM  Open R
. ) Erya |_Rﬂaﬂ_ﬁmst | Brayan Semple  |admin B/2TI0T 3:21 PM Open In
<= Generic Device Paths Eit quuest—
# Data Sources Set Request State »
%m £ Remove Redgiiest
Planning ¥
== 3 1
Provisioning Manager

#%" Requests
+*

L

I -.‘.‘,?V:olalmns

ey
= Pending Tasks

The end user can make a request either through the Onaro® Ul panel or it can be done with a web
portal that uses the Onaro® API and possibly ties into the local customer ticketing system. This panel
lets the administrator see what requests are pending, and the status of each request. Based on these
user requests, the administrator can build the pending task list to satisfy the request. As tasks are
implemented, the SANscreen Provisioning Manager would monitor any violations caused by the
changes created through execution of the task list. When the task list is completed, and there are no
major violations, then the provisioning request is satisfied.
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The following information would get filled in by the requestor (end user) — at the bottom of this request,
there are a list of hosts making the provisioning request.

B _'1' Al x ]
'l- \—-,
| <« ONARO

x| 3
\ L[
V Daity Vi Edit Service Request 2 :
= Enter the details ofthe semvice request
&5/ Daily Chan
% Switch Por Mame: [Oracle DB add 16GE] © |admin |
(< Generie D Requester. [Dave | Email [gave@tes.com ]
| Data Sourc]  Data Cenfer. [Boston [~1 SAN: [ (=]
| Business Unit [ ggal [] Profect [gap.addon [~
| Creation Date: |7/24/07 10,36 AM | Due Date: {72307 =l
Ticket: [123 |
Targets | Requirements | Reservations | Motes |
Requesttargettype: @ Hostis) O Other
| hew | Host Name I [ Add Evisting... |
Agass| 192116831
HP1_bm 192116836
| Remove |
Total Estimated Cost 4,112 Total Actual Cost 1,000 Satisfied Requirernents: 2/ 4 Completed Reservations: 0/ 6
ok | | cancel | ol
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The end user would also fill out the Requirements tab above as shown below (notice the estimated cost
below based on the port cost and storage costs specified by the Administrator:

e
m

e
tf » Reque

gw:nlalim

iﬁﬁ' Pending
é) Annotat

Targets | Requirefyents | Reservations | Motes |

Type | Description | Estimated Cost
[ 2 switch ports 400
a 2 LUNs of 16 GB each from Tier 2-Silver 320
! 3 LUNs of 8.6 GB each from Tier 3-Bronze 192
[E] 20 LUNs of 20 GB each from Tier 3-Bronze 3200

[ note |

ol

Salisfied

Add LUNS...
o AddPorts.. |

Total Estimated Cost 4,112 Total Actual Cost

1,000

Satisfied Requirerments: 2/ 4

Completed Reservations: 0/ 6

QK

1 l Cancel |

Once the request targets and requirements are entered by the user, the Administrator can try to satisfy
the request by reserving certain equipment. This doesn’t actually hook up the equipment. It simply
reserves it from being taken by someone else. An example of the reservations tab is shown below:

2
.,,. e Reque

&?Z%Wnlaliur

E‘E‘T" Pending
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Ticket [123

Targets | Requirements | Rsﬁmﬁons | Notes |

Description *

£ & Oracle DB add 16GB
- &} 2 swilch pons
|~ & Portfel on switch hbred2
— & Portfc1/8 on switch scis300
W, Port fe10 on switch hbred10
=, !i 2 LUNs of 16 GB each from Tier 2-Sikver
= B volume 00:08 on storage USPE00_..
L B volume 0000 on storage Sym-0050...
= @ 3LUNs of 8.5 GB each from Tier 3-Bra..,
= @ 10 GB of raw capacity on storage U
I~ @ 20 LUNs of 20 GE each from Tier 3-Br..
- E® General Resemvations

4112
400

320

192

3200

| Estimated Cost| Actual Cost |

Satisfied | Completed

1000

600 ]
o
200
i1

400 (]
160
240

]

Total Estimated Cost 4,112

Total Actual Cost 1,000

Satisfied Requirements: 214

Completed Reservations: 0/ 6

OK

1 | Cancel |
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At some point after the reservations for the equipment are made, the Administrator needs to go through
the Pending Task List to actually implement the plan automatically generated by the reservation
process. The list of pending tasks for a given reservation is shown below:

fle Edit View Policy Action Tools Hep (&) @ - ONARQO

e ] a S 5 =
SANscreen £ Pending Tasks @ = ¥ I & ()N rouping ~] @
VDaity Violations (058) T ook | Tpe | Description I Reguest | RequestTicket | R
{2 Dally Changes = Allocate @ Capacity 10 GB of raw capacity on storage USPE00_22112 | Oracle DE add 16GE 123 Hosts /
=93 e a4 2
& Switch P (600) = § Allocate l:a Fort Port chlnn smltlh hbrl;.dl Oracle DE add 16GE 123 Hosts 4
g . =¥ Allocate | @ Por Port fc1/2 on switch scis300 Oracle DB add 16GB 123 Hosts ¢
<. Generic Device Paths = Allocate | & Porl Port fc10 on switch hbred10 Oracle DB add 1658 123 Hosts /
o Dala Sources = Allocate @ volume  Volume 0000 on storage Sym-005007 430037 Oracle DB add 16GB 123 Hosts /
— = Allncate ! Volume  Volume 0093 on storage Sym-0050074 30036 Bryans Request for Storage Host nj

Senvice Assurance ¥ =9 Alocate @ volume  Volume D0:08 on storage USPEO0_22112 Oracle DB add 16GB 123 Hosts 4
Planning % (=9 allocate @ Volume  Volume 0140 on storage Sym-005007430025 Test12 732424 HostHI
Application Insight ¥
Dashboard ¥

#%" Requests

¢

L i
(i Wiolations
f—:-’: Pending Tasks

Reservations can also be cancelled if they are no longer needed. The SANscreen Provisioning
Manager will automatically return all resources, including all resources that have be partially
implemented (e.g., LUNs that have already been masked to hosts). For the implementation of
requests, the SANscreen Provisioning Manager will only show those resources that potentially can
satisfy the request based on the data center, host, switches, zoning rules, tier of storage, etc.
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Below is an example of a pending request to be satisfied:

o

_SANscreen (demo). e X
file Edit View Policy Action Tools Help (@) @& -1-.-~w,0_NA 0
Edit Request %]
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A new volume request for the 10 LUNs requested above would bring up a choice of either selecting
New Volumes or New Capacity. If the LUNs have already been carved up on the storage array, then

| Edit Service Request > § |
7 Daily violat, =" © q _ . _ \.E’ T
& Daily Chan| 1 Add additional requirements or make reservations on the Reservalions fab, lete 7r24/07
" B, . v > ed 813007 |
< Switch Por MName: |Bryans Request for Storage Owner: |admin i L
. | | _ ' | lete 812707
<I-Generic De|  Requester: Brayan Semple | E-mail: [pryan@aonaro.com |
o Data Sourc.  Data Cenfer, [y [~] SAN: | [~]
Senvice Assul | Business Unit Project: ! v
: —— - — O
Planning ~ | Creation Date: [gra7/n7 3.21 PM e MddReservation i =
m Ticket: | Add Reservation e
Application In e
e —1  Select the type of regervation to add
Dashhoard Targels | Requirements | F
Provisioning 1 Description Completed Add..
o || |= & Bryans Request for Stor] ® Mew Valumets)
8% Reques - B 10 LUNsofi10 6B es| Allocate specific free volume(s). move |
o &7 General Reservation O New Capacily % |
L] g ;
s Allocate general capacity on a storage.
:"5:' Pending
m l OK l I Cancel |

New Volumes can be selected. If not, the New Capacity button can be selected to reserve the capacity

until the LUNs are eventually carved out. After selecting New Volumes above, the following list of
resources are displayed:

o
Ele Edit | Add Volume Reservation ar
i Requirement 10 LUNs of 10 GB gach from Tier 2-Sikver \e
7 Daiy Vi TT Storage Arrays om T ¥

3 Daily Ch

Marmne

4,000.00
20.00

8,000.00 EMC
160.00 EMC

Symm... 005007430036 S6T0(16260000)
Symm... 005007430037 S670(16260000) 8

These arrays were automatically selected by SANscreen Provisioning Manager because they were
the only possible candidates that could satisfy the requirements of the request.
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SANscreen® VM Insight

The introduction of server virtualization technology greatly impacts the SAN architecture model.
Normally, in non-VM environments, SAN zoning and masking rules assume that each HBA or HBA
group sits in front of one and only one host OS. In VM environments, there are multiple host OSes
running in virtual machines all sharing the actual HBAs on the real ESX server.

This means that to really understand path and performance utilization, one needs to be able to tie the
real storage network infrastructure to the VM hosts through the server virtualization layer. Furthermore,
it needs to understand the breakdown of the CPU cycles given and used by each of the virtual servers
since that could dramatically add to the performance impact on applications running on those virtual
servers. Currently, over 2/3 of all ESX servers are connected to network storage. This means that the
problem is not coming — it is already here.

The SANscreen VM Insight module claims to be able to leverage its in-depth knowledge of the
storage network infrastructure and its policies and policy engine to the VMWare information to extend
the SANscreen technology to the host virtualization layer. Furthermore, it intends to provide a focal
point to both the VM server management team and the storage network team to give a single system
view of the resources.

When SANscreen VM Insight encounters a VMWare ESX Servers, it will talk to VMWare Virtual
Center to get a list of all virtual hosts running on that ESX machine. It also acquires statistics about
those virtual machines as well as the internal virtualized paths of those VMs. All of this is done in an
agent-less fashion like the rest of the SANscreen® suite of products

The real power of the SANscreen VM Insight module is first and foremost, the inner knowledge of the
storage network infrastructure, the paths, annotation tags, cost numbers, business units, rules, policies,
traffic monitoring, violations, capacity planning, and the internal rules engine. This inner strength gets
leveraged by applying the inner knowledge of the VMWare environment to the rest of the SANscreen®
infrastructure.

This means that all of the SANscreen® modules end up being energized for all of their built-in
functionality to the virtualized world of the VMWare ESX server and all of its virtual host machines. The
bottom line is that the customer gets all of the SANscreen®functionality applied to VM environments
plus some new functionality just for VMWare.
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In the screen shot below, displays the list of all hosts as it normally does. It also identifies any VMWare
ESX servers it discovers. If we click on the ESX Server, it will display all of the virtual hosts inside:

n + TETo K
e Edit View w w Toals  Hislp @ - ) -'r.l:!l.:.-r.ltl'.' 0 NARD.I
% Hosts oo “ET T4+ [Gnowm [

v”mmw o8
53 billingd 1921 V65 34 Wilwiare ESX Server 301 build- 38176 | = Dilin
@/ Dally Changes pilling2 192196835 8 VNwate B3 Server 10.1 build-38178 = biking
B Claareass! 10010628 High Cirw
¥ 55z Clearcase? 19219689 B High D
— x RS 192116512 [ |High feone
Walation rsMAST 1921 16613 % High Wore
P £5HAS] 1921 16E14 [ FosNes [ High e
ity Marning 1n.1.um Miyvate ESH Server 3101 build- 38178 ngh
englemd * (192106837 | Wiware 5 Sorver 30,1 build- 38176 eng?
m?"-‘"ﬁ anglensd 192.1.166.20 Wi ESX Sarver 3.0.1 build- 34176 eng
Ipplication insight [ERF_srvl 192116831 Wit ESX Server 101 Build- 24175 ERP
Hlast Vituskzstion ERP_srv 192100837 | Whbwans ESH Servor 30,1 build- 38175 = ERP | [
m EHF‘_;N’! _Ii! 116833 Widware ESX Server 30 1 build- 38176 | =1 ERP | | CF
X =
i L]
A Suichies o
‘ﬁ VM Paths nn BT T & |Finooouwng |+
B rose 4
1 [ Host | HostiP |
ﬁ. o Acrayl [FE-E0R lengeset 1021168 1724 Wiz Pows. 210 160.00CC_1_2 USPE00_2 1 Svmhbatf =
| g cc_webappst enpgiesel 1021168 1724 Wic_ Prwe. 210 16000CC_1_2 UBPE00_2 224 vmhibal 1
cc_core_old  enplesr! 10921188 1724 Mic_ [Rinn_ 214 4000 CC_1_8 LESPE00_2 451 vnbbat 1
’L'“'" cc_wabapps? englesxl 18317168 1724 M Runn. 314 40.00C5_t_8 iEPEN0_3 48.0vmhhal 1
Generic cc_core englesel 1021168 1724 Mic. Pows. 218 BO00CC 12 USFE00_1 21 5vmhbaz:2
Divicas c_wobmppal englesel 1021168 1724 Wi Pows_ 218 80.00CC_1_2 UEPE00_2 73 4 venkiba2:d
: cc_core_old  engiewel 1021168 1724 Mic_ [Runn_ 212 16000 CC_1_4 UBFE00_2 451 wnbbaZ 2,
t%z’""'“ cc_wibappsl englesxl 1931188 1724, Wic. Runn. 213 1E000CC 1 4 sFe00_2 48 Divmhibal 2
. { Jec_come englessl 10211681724 Wic. Powe. 216 I 60CC_1_2 USFE00_2 1 Svmhbat 3
- cc_webappel englesel 10211681724 Wi Pows 218 I000CC_1_2 USFAD0_T 224 venbibial 3
F T . eyl engles) 18211884724 Mic_|Rusn_ 1410 1B0.00CE_1 1 CxB00_10 5B, 0ivenbibat-{:s
bugsila englasxal 1931188, 1724 Wi Powe,, 1414 G000 CE 1 3 CxGis_10 (1] &_\mh‘hal 1
qat englesel 10211680724 Re_ Rumn 140 40000CC_1_3 CHR00_10 588 vmkat 1
:= m— : il St San o ‘I

o oA LALEE E-ARALE K B

As you can see in the picture above, SANscreen VM Insight not only sees all of the virtual machines
for this ESX server but also all of the volumes, paths, capacity etc. as well as the storage array and the
associated disks on that array. This translates to all SANscreen® functionality can now be tied directly
to VM environments using VMWare ESX servers.
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In the screen shot below, the Topology view shows an ESX server called ERP_sv3. This server has
two virtual servers seen to the left of it called erp_wrhse and erp_train3. The green paths indicate the
real physical connections through the storage network down to the EMC Symmetrix device, Sym-
005007430037. The Paths view shows all of the volumes from the end storage array back to the
VMWare virtual servers.
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Again, because SANscreen VM Insight has all of the connections, annotations, etc. then it has the full

power to monitor, show alerts and violations, provide the load data for performance tuning, load

balancing, and capacity planning as it does in the non-virtual world.
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In the screen shot below, the Virtual Hosts section shows all of the ESX servers discovered. They are

color-coded because of how utilized they are with respect to the threshold settings put in by the

Administrator (red > 65%, orange < 10%, yellow between 10 % and 50% and green between 50% and
65%). This display shows the roll-up utilization numbers at the ESX server level (I/O utilization, CPU
Load, memory load, IP traffic utilization. Etc. These are the physical utilization numbers.

If we click on the englessx1 ESX server, we can see the breakdown of all the virtual servers in terms
of loads, utilization, 1/O traffic, etc.
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Because SANscreen VM Insight can merge all of the SANscreen® statistics with the performance
statistics from the VMWare Virtual Center, the administrator is able to see the entire load end to end
from the ESX Server, all of the virtual servers down through the volumes they are connected to and
down through the entire SAN infrastructure. This is where the real power of the SANscreen VM
Insight module lies.

The SANscreen VM Insight module can also identify Violations associated with the VMWare setup
and the SAN infrastructure. Some violations are due to a mismatch to the policy set up by the
Administrator — for example, the Single Point of Failure violations because the policy associated with
those paths stated that the path must not have a single point of failure. An Inconsistent LUN condition
occurs when a given volume is exposed using different LUN numbers to different servers within a
virtual cluster.

Other violations such as Path Outage indicate a real failure condition that will cause a real outage.
Some VMWare violations don't necessarily cause a failure but they certainly will impact performance
issues. The Active Path Conflict is one of those types of Violations. There is a case in an ESX
Server that could cause path thrashing - this happens when one server accesses LUN1 on Service
Processor A in a storage array but a second server accesses LUN1 through Service Processor B on
the same storage array. This would cause path thrashing because the SP ownership (due to the ESX
sending commands to the array) for that LUN1.
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In an ESX Server farm, all of the ESX Servers need to be able to access all of the volumes to allow
virtual servers to move freely to other ESX Servers within the VM Cluster (e.g., using VM Motion). The
SANscreen VM Insight module detects this type of condition and marks it as a Missing Virtual
Cluster Path violation. Since all changes are monitored by the SANscreen product suite, we can see
what caused the problem in the Violation Changes section below. The volumes were masked to
ERP_srv2 but the Administrator neglected to mask the to ERP_srvl and ERP_srv3.
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SANscreen® Replication Assurance

This product validates, from a storage infrastructure point-of-view, that the RPO (Recovery Point
Objective) for a given application can be met. This is really the monitoring of configuration, device
failures, pathing issues, and other infrastructure issues that might impact application recovery. It is not
monitoring the backup and/or disaster/recovery process, software, etc. — just the infrastructure to
support it.

Defining a Typical Replication Service

» RPO Sample Types of Replications
» Local vs remote copies ;":,Em"w o ) N RI-R2

» Synch Mode
» Synch

> Asynch Eii!ll -
» Point in time copy Bl

» Remote host (for DR)

» Access Paths &i_‘w J R1-BCV-R2
N t

» Redundancy

R1 - R2 with local BCY
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There are many types of replication services in the industry today, the examples above are very EMC-
centric, especially with the use of R1, R2, and BCV (Business Continuity Volumes). However, there is
a generic requirement to specify the RPO (Recovery Point Objectives) for the applications as to
whether or not there will be local copies, remote copies, synchronization levels, a remote host, the

access paths and the redundancy requirements. Below is a picture that shows the possible end-to-end
process:
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The actual setup for this is usually done by storage-centric tools. The SANscreen Replication
Assurance module is built to handle the entire process.
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Below is an example of an Exchange application showing all of the storage objects and the path
connections, basically a dual path connection from the host server thru 2 switches:
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SANscreen Replication Assurance has the ability of discovering all of the remote connections in
order to piece the entire topology of the disaster/recovery environment from the application shown
above to the edge switches in the local data center across the WAN to other edge switches connect to
a remote array used for d/r purposes and any host connections at the host site.

By having the knowledge of this topology and the policy rules to define alert conditions to the internal
rules engine in SANscreen, the SANscreen Replication Assurance module can easily show any
violations within the d/r infrastructure that would impact the RPO objectives.
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To define these d/r policies, there is a rules wizard that lets you set the following:

e Synchronization level (Synchronous, Semi-Synchronous, Copy, Asynchronous)

e Redundancy level (None, Redundant, No-Single-Point-Of-Failure)

¢  Minimum number of storage ports/Maximum number of ISL hops
In addition to the policy rules above, there are rules associated with the remote d/r paths to set the
following policy attributes:

¢ Redundancy level (None, Redundant, No-Single-Point-Of-Failure)
e Minimum number of remote host ports/Maximum number of ISL hops

If we click on the DR paths for this application, SANscreen Recovery Assurance will show us all of
the redundancy paths for this application below:

2 —SHmcysen {Ras el
i Ede Wiew Action Hop 0 0 DNARD
Vit 1 % i T
Chiily Chargun [i} DR pﬂh_ LIS[ b - R PR
L ] w o mcensFam ||
Vaation [ B"i- =" . hatl | T
Dinsaton ey B 17— 4 vyl | Eoreos | Wohme | Woelcy | CRteos | Pepiiy | Scondier Faph
Bl L] 15 T_EciET S0 nm =
@[IQ' T & du) 1] 1% ety S B nis -
. L= §i) L] rA s m_eRciEL Symmany HHE
4 oo sy L) T e O 05 fos
L& Gl =nieeno0s  Gendisn 0000 0050 oo
1ﬁLR TE] | i B i mer UL Senafi1 01 anfii e ne L
|l | [+]
rn
i ¥ .
L ¥ 2
T -
k
B
o
R o —
r oG ‘ it S =i _’;M'l'?! r Tl | o q
&) _..5' _.f' | d
" ';;\u' | Seman Syl 00 i - R
Leschong | _._.?_ | Femd L ___-"__ .‘_"— | ey | _-?"' | g _oriwmen
Fam_Niwili1 Tl SwiCn Sl Lt L]
=
w
L3 Topessge i) Proodmen I Pogs @ Jonon 85 Masking ) vetymas oD Papa T viotnens (g) Granges @) Reoptabsn

Network Appliance Inc.

49



TECHNICAL REPORT: Onaro® SANscreen® Product Suite

50

The above chart shows that the Exchange application has redundant paths to an EMC Symmetrix array
which is connected to a redundant pair of edge switches that go across the WAN to another redundant
pair of edge switches connected to a remote EMC Symmetrix array, which is also redundantly
connected to a set of switches at the remote site and they are connected to a remote host.

Because SANscreen Recovery Assurance has this extensive topology knowledge about the
application infrastructure and the policy rules defined by the customer, it is able to easily discover
infrastructure violations.

If we click on the DR Violations button, we see the following screen:
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The result is a set of redundant path violations shown above in red, including on the topology screen
between the remote Symmetrix array and the remote host. Also, since all changes are monitored, we
can see the entire log of changes that caused the problems in the screen shot below:
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Below is an example screen shot of a much more complicated d/r application with all of its associated
violations:
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Because these violations are also tracked over time, they can be shown graphically over any
monitoring period in order to see improvement trends or lack of them:

DR Violations

Network Appliance Inc.

52



	Onaro® SANscreen® Product Suite
	A Complete Description of  the Onaro® SANscreen® Product Functionality

	SANscreen® Product Overview
	1) Introduction 
	2) Overview
	3) Product Strengths

	SANscreen® Service Insight
	SANscreen® Service Assurance
	SANscreen® Application Insight
	SANscreen® Capacity Manager
	SANscreen® Provisioning Manager
	SANscreen® VM Insight
	SANscreen® Replication Assurance

