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l. Introduction

There has been a challenging problem about managing distributed systems for many years. The trade-off of
high performance and flexibility which came from independent distributed systems, is that the diversified
management. For the last 20 years, our old centralized server-based mainframe with dump terminals are
replaced by the fancy personal computers (PCs). With the rapid development and deployment of PCs, users
enjoyed the low cost, high performance, and flexibility of personal computers. As experienced users find out
themselves suffering from heavy administration cost due to independency, issues of system reliability, lost of
valuable data, unreliable software and operating systems, which most of the problems due to cheap PCs
doesn't came with online system redundancy, protection features. and the use of low quality software. PCs are
now even getting more complicated due to the introduction of networking and Internet connectivity, this lead to
lot of issues in network management, security and severe computer viruses spread which is risking all types of
businesses. PCs are originally designed for single user system, but they are now widely used in business areas
that requires multi-user functionality and security. Business users are suffering lot of issues with almost no
solution. Rapid development of software solutions and the use of buggy software enforces users to frequently
updating their software and system. Gartner Inc., a research firm in USA, suggests an unmanaged PC's 3-year
total cost of ownership cost more than 13,000 US dollars per year.

System administration also suffers from diversified data management, data residing on individual PC's local
hard drive are very hard to manage and performing backup. Data has no promise to security due to fact that
local hard drive storage is uncontrollable by administrators or neither they exists in data centers. IDC, who is an
international market researcher, estimate the market of growth of storage software will reach 10.2 billion US
dollars at year 2006 . Backup software will cover major market share out of the storage market. This also shows
users are spending a lot of money into backup solutions.

This document explains how ShaoLin Aptus “Fit Client” works, how it differs from existing “Thin Client” and “Fat
Client” solutions, cost analysis and comparison with other solutions. We will also explains how ShaoLin Aptus
“Fit Clients” contains all advantages and without all the disadvantages of existing systems.
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[I.Current systems

Thin servers with “Fat Clients”

The price reduction of ethernet hardware and networking capability introduced into PCs recently, allowing user
to share data in a peer to peer sense. This allow more efficient in communication and exchanging data. It also
allows the setup of file servers to centralize data storage. This is a more effective way of managing data since
data can be protected with online redundancy, fully backup, secured and easy administration. Client CPU's
speed continue to grow, more work is done by the client leaving the server only doing simple tasks such as file
sharing, authentication and may be printer sharing. Server doesn't need to be high powered and there for
people describe it as “thin server”.

Problems

File servers can only protect data files, system files and programs are still unmanaged which they resides on
local hard drives of individual PC's . It is also hard to prevent users not to save data on their local hard drives or
corrupting important system data in the local hard drives. Also, local data may probably created by temperary
files from applications, web caches or other sources. The data storage security is still not guarantee on users
who want a promising security.

The cost of implementing redundancy on individual machine is almost unacceptable. This may solve reliability
issues but management is still diverse. Therefore, this is not a total and complete solution for total
management.

Thin clients or X-terminals

Some software vendors sees the problem of PC's, and immediately thought about bringing the old centralized
terminal concept to the PC platform. The word 'thin clients' or 'x-terminals' are really a dump terminal with
graphical user interface. With the introduction of software technologies and networking capability of PC's, users
can share a single server machine using a remote terminal device through an IP-based network with graphical
user interface. Users can run applications transparently using the processing power of the server and display it
at remotely. Client machines are CPU-less and diskless, because it only executes the terminal emulation
software at the client side. This design enabling the extension of client hardware life, due to all the demand of
resources at the server only. Management and security are also centralized with a single point of manageability.

Problems

This kind of solution sounds great, the tradeoff is that users loose all the power and flexibility of PCs. For
example, the lack of multi-media functions, floppy disk drives, CD/DVD ROM drives and all sorts of hardware
peripherals will not work unless special drivers are written for each type hardware that does a server to client
redirection. Due to the limitation of network bandwidth and capacity, multimedia functions are less likely to
happen on terminals. Since most of the widely used applications and operating systems only runs on PC
hardware, this also limits the server to use PC-based hardware which doesn't scales well and many limitation
are due to the 32-bit limitation of most of the commodity systems.

Virus problems still exists. Reliability is improved at the client side, but network interruption can kill the client's
session due to a continuous stream network protocol required. Introducing a big single point of failure. Software
failure can affect all the network in fact multiplies the cost of failure and the disaster effects.

High cost

Running a high power PC server are also not cheap, the cost of the hardware that is capable to serve N number
of clients are far more expensive than the cost of N PCs, plus you still need afford the cost of the thin client
terminals which is not pretty much cheaper than a PC . Extra licensing cost of the terminal server software and
increasing in network bandwidth cost. Thin clients also generates continuous network traffic from user input
including keystrokes and mouse movements, and application graphical output from server to the client.
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Non scalable systems also resulted in non-protected investment on hardware, frequent server upgrade or even
disposal with a new high power server multiplies the cost of implementation and system running cost.

Other thoughts that didn't work well

The flexibility of PC's introduced the complexity of implementing a management tool for centralizing the
management. Remote access software may reduced the cost of time for the system administrator to access to
individual physical machines. With the possibility of zillion of different hardware configurations among a group of
networked PC's, also non-standardized preloaded operating system environment due to different time of
purchase, non-unique of hardware due to different usage and requirement of the machine, operating system
license restrictions which not allow duplicating the complete hard drive to all machines, which resulted in very
difficult to implement a system that has a single point of administration.

Summary on current systems and customer needs

From the above discussions, we can summarize the user needs.
Demand of a centralized management system
Centralized storage of both data, applications and operating systems
The need of distributed independent processing power and performance
Able to use multi-media, hardware peripherals with no special drivers
Flexibility with mixed hardware system configuration
Using both low cost hardware and software
No special kind of hardware requirement, system that runs on commodity hardware
Using existing infrastructure so that no extra hardware purchase required

Open standard operating environment, or possibly free open-source operating system so that users don't
need to pay extra cost on standardizing operating system software.

Must be transparent, able to run unmodified binaries so that it runs off-the-shelf standard software packages.
Support or uses open standard network communication protocol.

No single point of failure.

Clients can operate in dataless mode or diskless, promises data security.

Security should be centralized control, able to handle multi-user access control.

The system must be easy to use, easy installation, fast deployment, painless migration, and able to roll back.

Basically, customer wants all the benefits of thin clients and fat clients.
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lll.ShaoLin Aptus “Fit Client” Solution

With all the customer's need or performance, reliability, security and manageability. We address all the
problems and redesign the network architecture from scratch such that it doesn't rely on existing technologies
like 'thin clients' and 'fat clients’ which didn't solve problems that exists during the 20 years life cycle of terminals
and PCs..

Linux - Low cost high quality operating system

ShaolLin picked Linux operating system which is the most fast growing operating system ever, and the most
popular open sourced free operating system. It is compliant to open standard such as POSIX and have good
security and reliability. Users will not suffer from non-standardized operating environment with free and open
source operating systems. Linux is also designed from the ground-up have multi-user capability, it is also based
on Unix which has a good reputation and is said to be an ideal operating system.

All “data” centralized manage

ShaolLin look at all the management problems in a storage point of view, since all information exists as data
(files in operating systems), management of software and operating system is about data management. We
believe the need of a system that is able to consolidate all the storage could centralize the management work.
The idea of centralized data storage no longer apply just to data files but also operating system files and
program files. Since Unix and Linux already taken care of multi-user security, we simply identify 3 types of data
management between multiple machines.

1. Shareable data (read-write)
2. Shareable system and application data (read-only)
3. Non shareable system and application data (read-write)

The reason we want the system files and application to be read-only sharing is because non-shareable data
has to read-write or other way round, read-write system and application data is not shareable. For example,
dynamic changing configuration files generated by Client A is not going to affect Client B. Implementing a
sharing scheme for data types 1 and 2 is not a problem, but for type 3 data is the key management issue. PC's
treat all operating system and applications as unshareable data, leaving all the data reside in individual
storages.

ShaolLin invented the Intelligent Union Architecture (IUA), allow sharing operating system files across multiple
machines with the intelligence which automatically seprate unshareable data on demand. This allow different
configuration with different machines with sharing the same operating systems, and keep individual copies for
each host which contains the difference only. All this process is done at the lowest operating system level
(kernel level), leaving all the changes transparent to all user applications.

Features and benefits of ShaoLin Aptus “Fit Client”

Here we say 'fit client' means it is not thin or fat. By not going to the extreme cases like thin and fat clients, we
keep all the processing power on the client like the PC's, but centralizes all the storage on the server. Since
PC's are already widely deployed, this way we can reuse existing hardware so that users no need to replace
their existing hardware. ShaoLin Aptus uses a “fit client” network architecture based to benefit networked PC's
management and security.

Lower cost with higher quality of management

All data are centralized on the server, users can perform backup, protection and redundancy with much lower
cost. Investment of all types of protection at server like disk array, UPS or HA will protect all clients not just the
server only. Security control and administration are much easier with a single point of administration and
control. ShaoLin Aptus consolidating all types of resources including storage, standardizing software versioning,

Copyright 2002 © ShaoLin Microsystems Ltd. Page 6/20



Why Choose ShaoLin Aptus “Fit Client”? (White Paper) Nov 2002

operating environment, and even configurations.

One time system updates and configuration

Software installation and updates need only perform at the server once only. Even shared configurations need
only done once at the server. This eliminating lots of man power and time to perform system updates at
individual clients.

Reliable high performance independent processing

Since all application including the operating system kernel executes at client side, even in cases where software
error occurs at a client, it will not affect the whole network like terminals or thin clients. High power applications
can also benefit from having its own CPU resources. With the ability of using different hardware configuration
across the network, client hardware can use difference performance hardware according to different user's
need.

High usability

Execution occur at the local client CPU, all applications, even drivers execute as the same as it on a normal PC.
ShaoLin Aptus client fully support with hardware peripherals (printers, mouse, digitizers) and multimedia
devices using existing drivers, no need for special rewritten drivers or special setup. All graphical application
output are processed and generated locally at the client CPU, no extra network traffic or server load is required
on multimedia or high graphics applications. Users experience high response from application outputs like a
normal PC.

Reliable stateless network connection

The client server protocol is stateless, it is a transaction based design. The connection is not stream based
means server doesn't need to maintain any active in-memory client sessions.

ShaoLin Aptus with independent processing and stateless network connection. When a network disconnection
occur, the client can still continue to operate. Since ShaoLin Aptus client maintains everything instead of files in
their own memory and CPU, provided there is no file operations, client can still continue to work. Client can
save their working files and session after the network is reconnected, minimize the chance of data loss during
network failure.

Stateless protocol also allow client session can continue and survive even a server crash or reboot occurred.
This eliminate the single point of failure of the system during a system recovery or fail-over.

High scalability

With distributed independent processing and stateless network protocol, allows the system to be very scalable.
Server stress consists only on disk I/O load when cache misses. Network traffic is only generated during system
bootup, application startup, saving data and reading data. When running normal applications like word
processor or spreadsheet, no network traffic is required. This eliminate continuous network traffic like thin
clients where mouse movement and keystrokes generates traffic. This provides the ability to expands on
business requirement demands. Adding clients to the network without the need of purchasing extra servers or
upgrading server processing power. Simplified IT capacity planning exercise and investment protection on
infrastructure.

Client side diskless operation

ShaoLin Aptus clients can operate without disks. This eliminates client side administration, improve reliability
and security. Diskless operation also reduced power consumption, lower cost, and quieter operations.
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Guarantee centralized data storage

As no local storage is available at the client, it guarantees centralizes storage. This ease the whole backup
process and storage management. Without the need of complicated backup software, the whole system can be
backup all at once.

Operating system and application virus proof

Linux itself will not affect by Windows viruses, with a multi-user operating system. Viruses triggered by users will
only stay with the user's permission. In addition with the use of IUA, original operating system and application
files are read-only served by the server to client side. Even an infected client wants to corrupt against the
original operating system, this will never happen. Virus has no chance to spread or infect the global protected
operating system and applications.

Global name space, simplified user operation

Unlike other system that has a chance of a difference name space in the file system. User communication has
been simplified and unified with a global name space. User no need to understand or remember drive letters, all
files are stored under the same virtual file system (VFS). According to Gartner research, the major cost of user
operation is finding files and files organization.
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I\VV.Comparison with other systems

Since there are no fit client solution to compare with on the market, Microsoft Windows 2000 Professional (Fat
client), Citrix ICA server (Thin Client) and ShaoLin Aptus (Fit Client) are compared against their features and
cost of acquisition.

Feature Comparison

Since we want to focus on network architecture features, detail product features are not included in the
following table.

Features ShaoLin Aptus Citrix Windows 2000

Centralized management N

Centralized security

Centralize data storage

Client Side zero administration

Support diskless operation

One time software installation and updates

Fast deployment, not client installation required

z|lz2|Z2|12|2|2|2

Remote web-based management interface

Retain session at server crash, reboot or failover

Stateless operation

Scalable without adding servers

Independent processing

Operate at disconnection

Run high demand applications

Run high graphical application, streamming video

Fully support hardware peripherals with standard drivers

Low server hardware requirement

Operating system and application virus proof

Automatic IP address assignment

Remote boot service

2| 2| Z2|2|2| 2| Z2|2|Z2|Z2|Z2|Z2|Z2

Z2|1Z2|2|2

Dual boot to other OS without partitioning

ShaoLin Aptus “Fit Client” solution contains all the benefits of thin client and fat client PCs, together with its
unique valuable features based on its evolutionary Intelligent Union Architecture.
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Cost comparison

Cost of hardware and software is collected from the web online. To simulate the actual costs, we setup example
cases which is an office environment with 100 desktop computers with running common office applications such
as word processing, spreadsheet, email clients, group collaboration and calendaring software, and web-
browsing. System is also installed with minimal tools such as anti-virus software for virus protection.

Hardware Costs

The selection criteria is according to the computing resources to user ratio, together at minimum cost by using
the least amount of server machines. In a normal business network, we need a file server for centralizing the
storage, doing user authentication to centralize user account management, and may be additional application
servers for server based applications.

All system uses simple ethernet connectivity. The cost of ethernet mainly depends on labor costs which
involves cabling work. Therefore, network infrastructure is assumed already installed in the office and we don't
include such costs in this calculation.

All server hardware should consists of redundant power supply, disk array with online redundancy and
protection.

We estimated the data storage capacity, starting with a 72.4GB x 3 = 217.2GB data storage with average 21.72
GB storage for each user. This is quite enough for normal business users and is believe to handle 3 year
capacity expansion.

We will list out the number of servers and client hardware with their detail configurations and pricing. To
standardize our pricing, we would only use a single brand. We chose HP because all its pricing is available
online, and their product range covers all our need including servers, thin client terminals and fat client PC
hardware.

Software Costs

To make sure the calculation is fair, we will choose the closest application available for all platform so that it
doesn't affect by other cost due to different price of application software on different platform. Open-source and
free software is considered first to lower the cost of purchase, this will also be fair to all platforms to minimize
cost effect of other software.

Installation and Setup Costs

Labor cost and man power varies from different countries and different situation, it is difficult to quote the exact
cost of installation and configuration. We will only estimate the required man hours for each system so that
reader can judge the cost according to their own situation and labor cost. Installation work will include operating
systems, necessary additional software, drivers, and time to unpacking boxes, hooking up wires. Setup and
configuration will include server configurations, clients configurations, running updates, user accounts and
authentication, and other necessary system setups to bring the system into a production environment.
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ShaoLin Aptus with Red Hat Linux

Server hardware

Since all processing power is at client CPU, OS and application are reside on high speed disk drives with
15,000rpm SCSI array with RAID-1 setup. Data storage on 4 x 72.8GB disk array with RAID-5 configuration.
1.5G memory for large disk caches. With a low CPU time utilization, we choose to use Linux built-in software

RAID for cost saving.

Usage: Authenticaion, ShaoLin Aptus server,and file server

Applications: Sendmail, ShaoLin Aptus, NIS server, NFS server

Model: HP Proliant ML350 Dual Intel Pentium Il Processor 1.4GHz — Tower Model

Memory: 1.5GB SD-133 ECC memory

Disk 1/0O: Dual Channel Ultra 3 SCSI controller, 4 x 72.8GB Ultra 3 SCSI 10,000rpm disk drive (RAID-5 setup), 2 x
18.2GB Ultra 3 SCSI 15,000rpm disk drive (RAID-1 setup)

Network Adapter: 1 x 10/100/1000 Gigabit Ethernet adapter (For ShaoLin Aptus client connections), 2 x 10/100 Ethernet
adapter (For Internet and routing)

Monitor: 15" CRT Monitor

Price: US$ 8,376

Client hardware

Client PC's requires enough processing power for day-to-day operations including web browsing, email and
office applications. We chose Compag D310 Microtower Pentium 4 1.80G with 256MB RAM which is a high

performance desktop PC .

Usage: Client desktop

Applications: OpenOffice, Evolution, Mozilla

Model: Compaqg D310 Microtower Pentium 4 1.80G

Memory: 256MB DDR

Disk Drives: 1 x 20GB ATA, 1.44MB Floppy Drivers, 48 x CD-ROM
Network Adapter: Intel 10/100 Ethernet adapter

Monitor: 15" TFT Flat Panel

Price: US$ 854

Total hardware cost

File Server and ShaoLin File Server and ShaolLlIn Aptus Server

Aptus Server $8,376.00 1 $8,376.00

Client Desktop Desktop PC $854.00 100 $85,400.00

Total Hardware Cost $93,776.00
_—

Software Cost

Server Operating Systems Redhat Linux 8.0 $149.95 1 $149.95
Server Middleware ShaoLin Aptus 2.0 $1,298.00 1 $1,298.00
Office Application OpenOffice for Linux $0.00 100 $0.00
Email and Collaboration Evolution $0.00 100 $0.00
Client Access License Aptus Client CPU License $220.00 95 $20,900.00
Total Software Cost $22,347.95
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Installation and setup cost

All the required software comes with Redhat Linux operating system, therefore no need for extra software

installation.

Unpacking the server hardware and physical installation 0.5 1 0.5
Redhat Linux server installation 1 1 1
ShaoLin Aptus server installation and configuration 0.5 1 0.5
Client hardware unpacking and physical installation 0.5 100 50
Client configuration 1 1 1
User account and authentication setup 1 1 1
Software updates 1 1 1
Security setup 1 1 1
Client profile duplication 0.01 100 1
Total man hours 57
Copyright 2002 © ShaoLin Microsystems Ltd. Page 12/20



Why Choose ShaoLin Aptus “Fit Client”? (White Paper) Nov 2002

Server Hardware

Since all processing power relies on server, it requires multiple high power server to fulfill the load of 100 users.

Citrix with Windows 2000 server

Data storage is handled with a separate file server. Rack mount servers a selected.

Usage: Terminal server

Applications: Windows 2000 Advanced Server, Citrix ICQ Server

Model: HP Proliant ML350 Dual Intel Xeon Processor 2.20GHz — Rack Model

Memory: 4GB SD-133 ECC memory

Disk I/O: Dual Channel Ultra 3 SCSI controller, 2 x 18.2GB Ultra 3 SCSI 15,000rpm disk drive (RAID-1 setup)

Network Adapter: 1 x 10/100/1000 Gigabit Ethernet adapter (For client connections)

Monitor: 15" CRT Monitor

Price: US$ 7,319

Usage: File server, Authentication

Applications: Windows 2000 Advanced Server

Model: HP Proliant ML350 Dual Intel Xeon Processor 2.00GHz - Rack Model

Memory: 1GB SD-133 ECC memory

Disk I/O: Dual Channel Ultra 3 SCSI controller, 4 x 72.8GB Ultra 3 SCSI 10,000rpm disk drive (RAID-5 setup), 2 x
18.2GB Ultra 3 SCSI 15,000rpm disk drive (RAID-1 setup)

Network Adapter: 1x 10/100/1000 Gigabit Ethernet adapter (For server backbone), 2 x 10/100 Ethernet adapter (For Internet
and routing)

Monitor: 15" CRT Monitor

Price: US$ 7,976

Client hardware

Dump thin client hardware is chose for terminal usage. The Compaq Evo Thin Client T30 is chose, price is

US$399 each. The 15" TFT Flat Panel Monitor cost US$424 with a total of $US823.

Usage: Client Desktop Terminal
Applications: Terminal Emulation

Model: Compagq Evo Thin Client T30
Memory: 32MB RAM

Disk Drives: None

Network Adapter: 10/100 Ethernet adapter
Monitor: 15" TFT Flat Panel

Price: US$ 823

Total Hardware Cost

Hardware Item

Description Unit Price Quantity Subtotal

Terminal Server

HP Proliant ML350 Dual Intel Xeon Processor
2.20GHz — Rack Model $7,319.00 2 $14,638.00

File Server

HP Proliant ML350 Dual Intel Xeon Processor
2.00GHz - Rack Model $7,976.00 1 $7,976.00

Server Operating
Systems

Compagq Evo Thin Client T30

$823.00 100 $82,300.00

Total Hardware Cost

$104,914.00
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Software Cost

Server Operating Systems Windows 2000 Advaed Server $799.00 3 $2,397.00
Anti-Virus Norton Anti-Virus 2003 $49.95 3 $149.85
Middleware with client license Citirx ICA Server $250.00 100 $25,000.00
Office Application OpenOffice for Win32 $0.00 100 $0.00
Email and Collaboration Outlook $109.00 100 $10,900.00
Client Access License Win 2000 Terminal Server CAL $129.00 100 $12,900.00
Total Software Cost $51,346.85

Installation and setup cost

All software including Citrix, Norton Anti-Virus , Outlook and operating system software is installed and

configured.

Unpacking the server hardware and physical installation 0.5 1 0.5
Server OS installation and configuration 1 3 3
Citrix server installation and configuration 0.5 2 1
Client hardware unpacking and physical installation 0.5 100 50
Citrix client configurations 0.01 100 1
User account and authentication setup 1 1 1
Security setup 1 3 3
Software installation 0.5 3 15
Software updates 1 3 3
Total man hours 64
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Server hardware

Windows 2000

The requirement follows the “fit client” system with less speed and memory

Usage: File server, Authentication

Applications: Windows 2000

Model: HP Proliant ML350 Dual Intel Xeon Processor 2.00GHz — Tower Model

Memory: 1GB SD-133 ECC memory

Disk 1/0O: Dual Channel Ultra 3 SCSI controller, 4 x 72.8GB Ultra 3 SCSI 10,000rpm disk drive (RAID-5 setup), 2 x
18.2GB Ultra 3 SCSI 10,000rpm disk drive (RAID-1 setup)

Network Adapter: 1x 10/100/1000 Gigabit Ethernet adapter (For client connections), 2 x 10/100 Ethernet adapter (For
Internet and routing)

Monitor: 15" CRT Monitor

Price: US$ 7,726

Client hardware

We chose Compaq D310 Microtower Pentium 4 1.80G with 256MB RAM which is a high performance desktop

PC.
Usage: Client desktop
Applications: OpenOffice, Outlook, Web browser
Model: Compaqg D310 Microtower Pentium 4 1.80G
Memory: 256MB DDR
Disk Drives: 1 x 20GB ATA, 1.44MB Floppy Drivers, 48 x CD-ROM
Network Adapter: Intel 10/100 Ethernet adapter
Monitor: 15" TFT Flat Panel
Price: US$ 854

Hardware cost

File Server HP Proliant ML350 Dual Intel Xeon Processor

2.00GHz — Tower Model $7,726.00 1 $7,726.00
Client desktop Compaqg D310 Microtower Pentium 4 1.80G $854.00 100 $85,400.00
Total Hardware Cost $93,126.00

Software Costs

Client Operating System MS Windows 2000 Professional $149.00 100 $14,900.00
Server Operating MS Windows 2000 Advanced Server
Systems $799.00 1 $799.00
Client Anti-Virus Norton Anti-Virus small business edition 8.0 50-

client pack $1,639.00 2 $3,278.00
Server Anti-Virus Norton Anti-Virus 2003 $49.95 1 $49.95
Office Application OpenOffice for Win32 $0.00 100 $0.00
Email and Collaboration MSOutlook $109.00 100 $10,900.00
Client Access License MS Windows 2000 Server CAL $45.00 100 $4,500.00
Total Software Cost $34,426.95
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Installation and setup cost

All the required software comes with Redhat Linux operating system, therefore no need for extra software

installation.

Unpacking the server hardware and physical installation 0.5 1 0.5
Server OS installation 1 1 1
Server basic configuration 0.5 1 0.5
Client hardware unpacking and physical installation 0.5 100 50
Client configuration 1 100 100
User account and authentication setup 1 1 1
Software installation 0.25 100 25
Software updates 1 101 101
Security setup 1 1 1
Total man hours 280

The following table summarize the total cost of software and hardware for acquisition.

Total cost of acquisition

Summary of cost comparison

Hardware Cost

$93,776.00

$104,914.00

$93,126.00

Software Cost

$22,347.95

$51,346.85

$34,426.95

Total

$116,123.95

$156,260.85

$127,552.95

Installation, configuration and on going administration

Gartner suggests that the ratio of number of desktops to administrator ratio is 1 to 30, thin clients solutions are 1

to 100.

Setup (hours) 57 64 280
No of servers to manage 1 3 1

No of unmanaged clients 0 0 100
Suggested no. of

administrators 1 1 3

No. machine per

administrator 1 3 33
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Conclusion of cost comparison

ShaoLin Aptus “Fit Client” solution with a significant cost saving in acquisition 25% from Citrix thin clients, and
9% from Windows 2000 fat clients. Management and administration cost is much lower than traditional fat
clients and even lower than thin clients with less number of servers.

ShaoLin Aptus also has a better system operational reliability over other systems, less chance to fail using a
stateless network protocol, with independent processing power but centralized protected storage. For thin
clients which in this case, 50 users will loose their work in case of a server crash.

Virus protection is also not guarantee, there are still many chance of system infection with new unknown viruses
not recognized by the anti-virus software while ShaoLin Aptus IUA find this easy.

Fit client and fat client have the best usability with full multimedia support, CD-ROM, floppy disks, and all other
hardware peripherals. Processing power are also much better than thin clients where each user has a full
Pentium IV 1.8G CPU and 256MB of memory, while thin client users only have

ShaoLin Aptus “Fit Client” system is capable to scale up as business requirement demands. While the other
managed thin client system has not much scalability. Further expansion is likely required to add servers or
upgrading servers with more memory.

The above analysis did not take any operation costs, actual labor costs into account, leaving these costs
calculation by readers with their own preferences.
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V.Technical Information

This chapter briefly describes how ShaoLin Aptus “Fit Client” works. For more detail information, please read
the “ShaoLin Aptus Administration Reference Manual” which is available at ShaoLin Microsystems official
website.

ShaolLin Aptus clients boot up process

ShaoLin Aptus clients boot up with a bootstrap or boot ROM, for example Etherboot, PXE or TCP/IP based
bootp. ShaoLin Aptus clients runs the bootstrap, the bootstrap sends broadcast the request and find the server.
The ShaoLin Aptus server checks the client's hardware address and see if it is authorized to connect, if yes it
sends the IP information and the bootstrap which then loads off the Linux kernel from the server. Client mounts
its root file system from the server using NFS. In fact, this process is not just mounting a disk drive, it is sharing
the copy of operating system from the server. By installing ShaoLin Aptus on the server, it allows exporting the
whole operating system from the server with an intelligent filter. This means the client uses a traditional NFS
mount to the server, but the client is not just grabbing the raw copy of the whole operating system from the
server, it actually runs a modified copy of the operating system served by ShaoLin Aptus.

OS sharing with Intelligent Union Architecture

Almost the complete OS is shared to the clients using a distributed file system approach (file sharing). This then
raise the problem such that some data is not shareable such as configuration files and temporary data. To
identify the non-shareable data for an operating system, it may be different across different version of operating
system. The invention of Intelligent Union Architecture (IUA) which allow group sharing a read-only file system
providing a read-write access interface with a copy-on-write feature.

First of all, we need a place (directory) that we can perform read-write operation, secondly we want to share a
read-only resources. When clients want to write to the original read-only copy of the file, the operating system
will immediately copy the read-only file to the read-write area and redirect the write request to the new file. This
process is transparent to applications and users, file system access are seamlessly transparent and the
complete file systems just look like a normal read-write mounted file system.

By allowing each client has its own read-write data storage which is initially empty, we merge each client's data
with the shared read-only data using a Union perspective. The actual storage can be separated but it looks like
a single file system. By using this technique, multiple clients can share the same copy of the operating systems.

Server Client 1
~(Read Only) )
Shared Log_ical
anir
e’
Readrite) )
Host Client 2
data 1
T Road Vo)
((Read/MWite) 3 ) Logical
(read-write) ;
Host | (e — union
data2 data 2

The above diagram describes the logical view of data organization using the Intelligent Union Architecture
(IUA). Clients view a logical file storage which consists of both the shared data and its host specific data.
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IP address management and assignment

The ShaoLin Aptus server is able to serve as a DHCP server. ShaolLin Aptus server can co-exists with other
DHCP server in the same network. ShaolLin Aptus server can be configured to response to configured hosts
only by recognizing their hardware MAC address or also response to normal DHCP messages. This flexibility
gives ShaoLin Aptus server the ability to integrate into existing infrastructure without interference.

ShaoLin Aptus server can automatically allocate IP address, but unlike DHCP. Once the IP address is allocated
for a client, it will not change unless user explicitly change the address.

Host file system profile

With the IUA, each hosts will have its host file system or we called “host profile” is a user perspective. This host
profile can be duplicated or backup so that it is available for other hosts. The host profile is the difference of the
operating system used by the client between the server. This host profile or host file system exists as a
directory inside the server's file system. This provide easy access which allow system administrators to directly
view or modify the client's own configuration.
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