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e Summary

tems owns internally developed Intellectual Prope
nsisting of:

A highly efficient, easy to support, portable,
ultiprocessing Real Time Operating System (RTOS)

v A full-featured, data storage appliance application

seeks to be acquired by an established enterprise
ing to leverage Ark’s IP to bring new product offerings
e marketplace
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arch was formed in 1995 to provide IT disaster rece
ness continuance solutions for the midrange open sys
nlace

as acquired by LSl Logic in 2000 ($23M cash) to give LSI’s
mers remote data mirroring capabilities

and LS| installed over sixty systems worldwide that ran for
s without a single high severity problem

to business strategy changes, LS| quiesced the project in 20(

Systems was formed in 2005 to spin-off, significantly enha
and reintroduce storage products to the marketplace

nded by its founder - it never reached critical mass ¢

ed in mid-2008
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dustry — used “everywhere” — industry, medical,
ergy, telecommunications, IT, manufacturing...

ble — horizontal (multiple nodes) or vertical
able - remove dependency on single platform

d customer base - compete against the small, migrate towar
ig — lower end cheaper COGS

ple — easy to control software process, develop, predictable,
* NRE and OPEX, faster TTM, simpler upgrade

t — high quality, reliability, and provable correctness lead
ertification

esource, introduce data-storage offerings, add exp
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ers / applications
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o o
orage Applications
ous, transparent host and device access
] remote block-granular device virtualization
preemptive cache
y volume mirroring, cascade mirroring
col translation
disruptive device testing and data migration
chitectural restrictions — vertically and horizontally scalable
e issued U.S. Patents
der Ark RTOS but could be ported to other OS’es
otprint (RTOS + Application approx. 2MB x86)
le build (“compile > link > load - boot” < 30 second:
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P Market Valu

anything — no hardware NRE costs
margins than existing alternatives

ediate access to IP, bring storage appliance business
use

nects anything to anything
2 implementation is not vendor-specific

ure business continuation and disaster recovery
1ology
-storage-specific middleware offering

‘a data storage “Swiss Army Knife”
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Existing Solutions

Using Present Technology...
v Bridging (shelf modules)

v In-stream appliance to add advanced functionality to
existing storage

v' Disaster recovery / business continuation
v Virtualization, consolidation, zoning, partitioning

v Non-disruptive data migration
v Solid-state / FLASH disk

v Vertical and horizontal scalability
* Product Complete
* Documentation Complete
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-- Drexel University
munications / Cellular -- MobilCom

ainment / Media / Video -- MTV

Office / Payroll Ceridian

EState -- ECE

facturing / Industrial -- Wacker Siltronic, PPG

Al -- First American Title Insurance Company

Il -- Next Retail Ltd.

h Care -- Robert Bosch Krankenhaus

Ing / Finance -- Savings Bank Organization, SWIFT

al -- St. Olav Hospital

ortation -- Siemens Transportation Systems

- Southern Company / Alabama Power
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Iversity — Data Backup Optimization
)m — Data Consolidation and Data Mining
Business Continuation and Disaster Recovery

an — Long Distance Business Continuation in a
geneous Environment

— Campus Distance Business Continuation
ker Siltronic — Business Continuation

American Title Insurance Company — Microsoft Windows
Disaster Recovery

‘Retail Ltd. — Business Continuation
t Bosch Krankenhaus — Health Care Data Availability
S Bank Organization — Remote Data Access
Hospital — Disaster Recovery
Transportation Systems — DR
ompany / Alabama Power — DR
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Potential Applications
* Blade / Storage Appliance products

Switches, bridges, protocol converters, data
migration, backup offload, tape simulation...

» Real-time products

Data collection, voting, kiosks, set-top boxes, home
entertainment, Internet appliances...

 Professional Services

Data Center testing, migration, performance tuning...
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ffice BC/DR

* remote mirroring appliance for small enterpri
ote offices

imilar to Cable box
Customer installs Ark between server and local storag
* No changes to server, storage, OS, software...

* Remote data is consolidated within ColLo partner sites
* Provides BC/DR for smaller shops

Customer pays for equipment, setup, subscription, PS
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rver /0 Subss

on more or more “1/0” blades

as interface to the “outside world”

al Shared Volumes eliminate need for physical
am volume(s) on each blade

tral management facilitates VM's

snsed to Blade Vendors
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qration Service

portable Ark appliances

porarily installed to non-disruptively migrate d

ould also be used for testing, performance
aasurement, certification

Sold for customer or vendor use

Professional Services
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Management Inte
10, 100, 1000 Bast

| |

RK Real Time Operating System / Linux 2.6.x

st Interfaces)

Caching
Host subsystem

Interfaces

1,2,4Gb FC
1 GbiscCsI
Parallel SCSI

o scsl
Mirroring device
subsystem control

Disk, Tape,
CD/DVD

L1111

TCP/IP

IRIRIRISI

Data Interfaces

1,2,4GbFC

mber of interfaces / ports 10. 100 LA

| SCSI, Fibre Channel, iSCSI, SAS, FCoE, and SATA ports
oes may be intermixed - volumes can be shared amongst protocol
20p, point-to-point, fabric supported, fabric name server supporte
e port iISCSI supported, iSNS supported

unit may be shared on any single or group of interfaces
ogical units may be accessed by different host(s) on the sa
characteristics may differ based on port / host definitio

act as initiators, allowing for extended copy functions
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Managei t
10, 100, 100

| |

ARK Real Time Operating System / Linux X

lation

Caching

Host subsystem

Interfaces

1,2,4Gb FC
1 GbiscCsI
Parallel SCSI

Mirroring

subsystem | | deviee

[N

Disk, Tape,
CD/DVD

TCP/IP
Internet Protocol
Management Interfaces

IRIRIRISI

Data Interfaces

1,2,4GbFC
10, 100, 1000 Base T

ulation is independent of physical port characteristics
> device types supported (disk, tape, CD, SES)

plete emulation, ever

sly tested using multiple conformance tests

5 “all” hosts

or cache “hits”
ass-through” mode for physical device management

’
>

DB’s and 64-bit block addresses
tion implementation
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Managei t
10, 100, 100

| |

ARK Real Time Operating System / Linux 2.6.x
Caching
Host { subsystem
Interfaces
1,2,4Gb FC <:C sl Mo scsi
1 GbiSCSI <:; simulation sullzrsr;g(r;?n eeeeee
Parallel SCSI mirel
Disk, Tape, .
CD/DVD <:VA Internet Protocol
Management Interfaces
Data Interfaces
1,2,4GbFC
n” cache - may be bypassed 1o, 100, (HEEEE

emory addressing, 64-bit in process
ocated via adaptive hashing tables

gle point of failure” via cache shadowing to other nodes
arse’” cache blocks

e pre-fetch based on sequential activity

pre-fetch based on filesystem

solid state disk” supported
rites” supported

e

ces
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Manageme
10, 100, 1000 E

| |

ARK Real Time Operating System / Linux 2.6.x

‘and Mirroring

Caching

Host subsystem

Interfaces

1,2,4Gb FC
1 GbiscCsI
Parallel SCSI

Mirroring

sest 1o Mimoring ] Gevice
simulation subsystem

IMRIAIEY

Disk, Tape,
CD/DVD

TCP/IP
Internet Protocol
Management Interfaces

IRIRIRISI

Data Interfaces

physical data may be located on any node  “:iae
ay span multiple physical volumes - block granularity
lume mirrors — async, sync, semi-sync

atile change maps maintained to minimize re-establish time

ic suspend/reestablish for performance

I mirrors
nsistency groups
e, block recovery from mirrored volumes

nots
olumes
.

n
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ed via custom engine




10, 100, 10

| |

ARK Real Time Operating System / Linux 2.6.x

Caching

Host subsystem

Interfaces

1,2,4Gb FC
1 GbiscCsI
Parallel SCSI

Mirroring

SC dSC'SI
simulation subsystem

levice
control

IMRIAIEY

Disk, Tape,
CD/DVD

TCP/IP
Internet Protocol
Management Interfaces

IRIRIRISI

Data Interfaces

Sl, Fibre Channel, SATA, iSCSI, SAS 10,106, 1000 Base T
bsystem makes SCSI requests, back end translates

or-unique functions supported

ts may fetch data from any mirror
s fo devices - load balancing, recovery
e types supported

ctionality, performance, and reliability testing

f
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Managei t
10, 100, 100

| |

ARK Real Time Operating System / Linux 2.6.x

Caching
Host subsystem

Interfaces

1,2,4Gb FC
1 GbiscCsI
Parallel SCSI

. . |
Mirroring

device

subsystem control

I

Disk, Tape,
CD/DVD

TCP/IP
Internet Protocol
Management Interfaces

IRIRIRIN

Data Interfaces
1,2,4Gb FC
10, 100, 1000 Base T

ed for communications amongst Ark nodes
s mirrored data, coherent cache data, metadata
annel for “campus” distances, TCP/IP for “remotes”

P/IP stack optimized for low latency block data transf
k supports and load balances multiple, simultaneous

also be used for host/device access
n also be used for management
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Managei t
10, 100, 100

erface o

ARK Real Time Operating System / Linux 2.6.x

Caching

Host subsystem

Interfaces

1,2,4Gb FC
1 GbiscCsI
Parallel SCSI

SC Miroring || e
simulation subsystem control

Disk, Tape,
CD/DVD

TCP/IP
Internet Protocol
Management Interfaces

IRIRIRISI

Data Interfaces

IMRIAIEY

1,2,4GbFC
10, 100, 1000 Base T

ament is “out of band”
“standard” TCP/IP protocols

e, logs, “files” transferred via FTP
1d/control via Telnet

er

itoring, alerting, and control
al monitoring, supports IPMI

atication via source IP, user, password
ommand, file transfer privilege
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Manageme
10, 100, 1000 E

||

ARK Real Time Operating System / Linux 2.6.x

Caching

Host subsystem

Interfaces

1,2,4Gb FC
1 GbiscCsI
Parallel SCSI

Mirroring

sest 1o Mimoring | Gevice
simulation subsystem

IMRIAIEY

Disk, Tape,
CD/DVD

TCP/IP
Internet Protocol
Management Interfaces

IRIRIRISI

Data Interfaces

1,2,4GbFC
10, 100, 1000 Base T

e, multiprocessing (from day one), multitasking operating syste
to be portable -- so far, only “ported” to x86 architectures

to be platform agnostic

2 time to port to a new x86 platform — one day

sed budgeting” architecture — only what was needed was img
ess optimized for quick development — code change to test <
2bugging, tracing, diagnostic, performance monitoring fa
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nced storage functionality for low-end customers
rom “off the shelf” hardware and a storage director application
1er, these components create in-band storage appliances, or direc

yroducts add advanced functionality such as local and remote dc
nd mirroring, data migration, and data mining to existing
eous servers and storage

easily add Ark products to existing installations, as neitk

onfiguration changes are required
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Lines of Code (RTOS + App)

Symbol
Source Files
Directories
LOC

BLOC
SLOC-P
SLOC-L
MVG
C&SLOC
CcLocC
CWORD
HCLOC

HCWORD

Count
431

26
569,579
44,020
441,135
210,491
48,309
109,660
84,424
840,736
6,608

34,460

Definition

Source Files

Directories

Lines of Code

Blank Lines of Code

Physical Executable Lines of Code
Logical Executable Lines of Code
McCabe VG Complexity

Code and Comment Lines of Code
Comment Only Lines of Code
Commentary Words

Header Comment Lines of Code

Header Commentary Words

Source: LocMetrics

23
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stem-based Prefetch

val Shared Volumes

cense implementation-independent software

Differentiating performance boost to licensee

Or, license/sell everything to somebody
Storage vendor licensing outside IP
Start-up looking for IP to save time-to-market
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Patents

1. 7,082,390 Advanced storage controller

-

7,080,207 Data storage apparatus, system and method including a cache descriptor having a field
defining data in a cache block

6,931,566 System and method for optimizing fault tolerant storage controllers

6,892,277 System and method for optimizing remote data content distribution

6,862,671 System and method for optimizing establishment of mirrored data

6,738,937 Method for nondisruptive testing of device and host attachment to storage subsystems

6,499,091 System and method for synchronizing data mirrored by storage subsystems

6,363,462 Storage controller providing automatic retention and deletion of synchronous back-up data

S L S

6,360,306 Relocation of suspended data to a remote site in a distributed storage system

10. 6,345,368 Fault-tolerant access to storage arrays using active and guiescent storage controllers

11. 6,282,610 Storage controller providing store-and-forward mechanism in distributed data storage system

12. 6,073,209 Data storage controller providing multiple hosts with access to multiple storage subsystems
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