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Introduction

In the last few years there have been dramatic changes in the residential computer market. The decreased price and the advent of the internet have increased the percentage of homes that own computers. DVD players and digital cameras are also common place in the home. Environmental factors such as digital TV transmission and legal music downloads, are increasing the digital audio/video material delivered to the home. Products such as TIVO, Microsoft’s media center and Apple’s I-POD are designed to store and replay this digital media and are themselves modified computers. At the same time the low cost of computer hardware and the expanding access to broadband has increased the number of houses with multiple computers and make shift LANs.
This paper is intended to research and present the needs, benefits, and obstacles of a home network server. Just as traditional business servers, this product would allow/restrict access to important digital assets. This includes familiar services such as security, back-up, e-mail or the internet but would also handle the family’s photos, movies, music, recipes and more. There is no current product that fully satisfies the consumer needs such as ease of use, price, or aesthetics. This system would also handle files that are more consumer centric, and would need to be built accordingly. Specifically, the ability to handle and deliver large a/v files efficiently. I will also explore some of the more daunting obstacles, DMCA, RIAA, and MPAA, that would directly affect such a product.

Finally, I will include a product description of HANDS (Home Area Network / Digital Server), including software and hardware specifications. I will also evaluate existing products that might be useful as examples or as a component of such a system. This will include reviews of open source as well as traditional software. Software will concentrate on the Linux and Apple operating systems, MySql and Apache. Hardware analysis will include storage area networks, wireless capabilities and rack servers. Special attention will be paid to the infrastructure as well because of the large file sizes involved.
Background

Although many of the ideas that will be discussed in this paper have been around for years, this is a new and unique product. Businesses have used file servers (and the associated systems) and dictated their evolution based on business principals. The product discussed in this paper will be similar in form to a business system that controls access to information and assets and protects those assets but designed in such a way that the focus is on a home user.
There are many forces that make this idea so popular at this point and time. First being the rapid decrease in the cost of storage media. As the size of hard drives increase and the cost decreases, consumers are finding ways to fill the extra space. Just as businesses in the 1990’s stored away all things valuable on their servers in asset management systems, consumers are now also storing large amounts of data on their computers. Old family albums, home video, music collections all these items that have taken years to acquire now instantly accessible. These “family assets” are valuable and are also assets that they want to share with other family members and protect from damage.
The second important factor is the way in which entertainment is delivered to the home. More and more the entertainment delivery is digital. These include DVD’s, CD’s, satellite radio, internet radio, audio books, e-books, internet news, e-mail, this list could go on forever. Consumers are becoming accustomed to defining how they want to interact with these mediums that used to force behaviors on the user. The national news came on at 6pm, the mail arrived once a day and movies were seen at the local theater. Books happen to be a good example of this phenomena, in the not so distant past books required your full attention. You needed a quiet, well-lit spot to sit and spend a few hours reading. Audio books now let you “read” while driving, cooking or exercising. Another good example is the introduction of DVD’s and their effect on how people watch movies. The DVD format brings the theater home in a way that video cassettes never could. The quality of the picture and sound is almost identical to the big screen and because of this the speed of adoption is explosive. This is by the fact that “current annual movie studio revenues from video and DVD sales and rentals total more than $20 billion—a figure which dwarfs the $9 billion from movie theater ticket receipts.”(18)
The last factor and the most important for the consumer is the advent of the wireless network. These small, innocuous and inexpensive wireless access points are an instant “no assembly required” network. (for a safe network there is some assembly.) There aren’t cables going from room to room, computer to computer. The network is everywhere and computers can be anywhere. While this technology is new, it is already changing the residential computer market.
Current Markets

Many different products fall within this category of the home server market. They range in price from $100 to $10,000+ and in complexity from plug and play to the need for highly skilled and trained installers. (15) I have defined three distinct markets that are the most recognizable and substantial in market size and directly relate to the proposed HANDS system. 
Retail Products

This market defines products that access, store and/or deliver digital media content throughout the home and are readily accessible in consumer electronic stores (Best Buy, Circuit City, Walmart, ect…) and need no special training for set-up. Most of these products are also on the lower end of the price spectrum. These products usually handle one specific task, such as music or movies. Out of the three this area is growing the quickest.
One of the most recognizable is the DVR (Digital Video Recorder), this device is similar in function to the older VCR’s but store the media on hard drives not tapes. This distinction is important because of the increased storage, scalability and accessibility. VCR tapes ranged from two – eight hours while DVR’s are only limited by the hard drive. Most base level DVR’s store around 100 hrs.(15) Because the media is stored digitally it makes it easily distributed (my DVR supports two TV’s, with the Replay® DVR you can share recorded programs over the internet.)
Another expanding retail market are wireless devices based on the 802.11x standard. These include the wireless access point (WAP) which makes the other devices possible. Apple Computers has a device that wraps up a WAP with a music and print server in a package the size of a deck of cards. The airport express at $129 plugs directly into any stereo and allows you to serve mp3’s directly from any computer within range.(1)
Home LAN

This is an idea that was only available to the very rich or newly constructed houses just a few years ago. The latter being the most common. The chart 1 shows that the majority of home builders offer services that include wiring, audio and video. Chart two points to the fact that these services are being asked for specifically.(16) This market is distinguished by the fact that installation is performed by trained technicians and products are usually offered by manufactures representatives. Wireless networking is changing the need for professional installation and the numbers of HANs (Home Area Networks) in existing homes are exploding.(12)

Figure 1 (16)
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Figure 2 (16)
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One of the lager players in this market is the company Leviton. According to their product brochure they expect this market to grow considerably. “During the next year, consumers are expected to spend over $150 billion on entertainment products and content. And to make the most of that investment, consumers will expect more digital convergence technology wired into their new homes.”(12) Their product LEAP (Leviton Entertainment and Applications Platform) is similar in scope to the HANDS product proposed. The brochure describes LEAP as “an Internet–sharing residential gateway, an advanced multi–port switch, and a commercial–grade firewall. In the entertainment space, it is an upgradeable media server with 120GB of storage, a digital photography archive and display system, and a personal digital, audio and video server, as well as a high–definition digital audio system.”(12) Although professional installation is required, scalability is limited to one hard drive and user management is limited.
Media Servers
This market is somewhere between the previous two markets described. These can be purchased directly or can be used in a whole house installation. The majority of the products in this space are dedicated to music servers but the companies discussed plan to release a video server in the near future.
Meda Systems offers the Bravo Music Server ($3,295 - $6,795) which allows for music to be streamed from any computer, internet radio or the servers own hard drive up to 15 simultaneous users. It also “serves” connected legacy audio devices (LP’s, DAT’s and cassettes). (14)

Competitor Escient’s product called FireBall ($4,999) has the same functionality but adds the ability to control up to three 400 disk mega changers(14) (extra charge of up to $1000 each). This allows the sever to serve DVD’s that are loaded into the mega changers.
Undelivered Needs
One of the major points of this paper is the perceived need for a product that a home user have more than the parts to assemble themselves or even worse pay someone else to assemble. The HANDS product is the best parts of all of these products, a server that allows access to all the important digital media. A safety deposit box for files such as taxes, passwords while letting relatives see the newest pictures of junior or the secret recipe for meat loaf from thousands of miles away. HANDS is a full server, not just a media server, file server or print server.
All in One/Scalability

This is an All in One product. Updating and adding features should be as easy as changing the channel. This is also the most difficult and will drive the form and function of this system. 

This will be achieved by using standardized parts and systems. The most important factor for this system will be the use of the 802.11x wireless standard. Every manufacturer researched for this paper had or planned in the near future wireless connectivity. It’s probable that retail products in the planning stages will adopt this same technology. This would include TV’s and DVR’s. There are audio components that already use this wireless standard. Most new computers especially laptops come with 802.11 standard or can be easily upgraded for under $50.(1)
Access Control & Security

Home users are not Database or Systems Administrators and have no desire to become one. The underlying theme is similar to traditional file servers but the interface should be focused on the home user. It should be easy to add users based on already specified user groups. The groups might be labeled as such; Parents, high schoolers, toddlers for the main users. You could also have “viewers”, people you want to share online pictures with, or “family_friends” that can view an online calendar. By the use of groups to define the users it would make setting permissions easier. This area is not trivial and much more effort should go into design to make this intuitive to novice users.
File Storage

One of the most glaring omissions in the current products offered is the lack of video steaming. I believe one of the reasons is the physical size of video files (The other is discussed in ‘Barriers to Entry’.) I own “The Lord of the Rings, special edition” DVD three film series. Each box holds four dual layer DVDs for a total of twelve DVD’s at about 9GB each or 108GB. Leviton’s product, which allows for video, would be full and I haven’t even begun on “The Simpsons” series 1-5.In the case of storage too much is not enough. The numbers will continue to increase. (12)
Another important feature that is missing from all current offerings is the ability to back-up the data. This is crucial to the success of such a product. The consumer must be assured that their digital assets are safe and secure. Because of the size of storage involved the best alternative would be a RAID storage system, which could double the already enormous storage capacity necessary.
For the Home

Appliance vs. Computer

Another major difference between a home and business server is the aesthetics. Most businesses don’t care what their server looks like or the amount of noise. Most have them tucked away in a special room (dealt with in the next section) and only notice them when something goes wrong.

Home Integration
This is a minor consideration, but it’s important to remember that a home environment is different than a work environment. Businesses make substantial investments on the computer infrastructure. This includes on-line UPSes, cooled rooms and locked doors.
The HANDS system will be vulnerable to not only dirty electricity, heat and dust but also peanut butter, and jelly.
Barriers to Entry

Do you really own that song or movie?  According to a few media companies the answer is no. When you play the CD or DVD you have licensed the material. This prevents your ability to resell those to anyone else. Some companies are exploring the idea of disappearing CDs. The CDs are made of a material that after they are played once they begin to degrade, making them useless after just a few uses.
Copyright law was established to protect and encourage media content but it’s also meant to “encourage citizens to fully and openly exchange and build upon information to increase the public's knowledge.”(8) As stated by Von Lohmann, “where the public is permitted to use copyrighted works freely, a powerful incentive arises to develop technologies and services that help the public get the most from media content.”(21)
Most consumers believe they have the right to backup their data to preserve their investment. All the known delivery methods are susceptible to damage or over time they degrade. Also media move to new formats all the time. Music has gone from records, to 8-tracks to cassettes to CDs to mp3s in my lifetime. You should not have to repurchase your library after every change. You should be able to “upgrade” to the new formats if the technology is available. Under the DMCA (Digital Millennium Copyright Act) this practice is illegal on DRM (Digital Rights Management) media.
DMCA

Title I of the DMCA establishes new prohibitions in Title 17 of the U.S. Code:
1. Prohibition on the circumvention of technological measures used by copyright owners to control access to protected works and 
2. Prohibition on manufacturing or “otherwise trafficking in” [including discussing] a device designed to circumvent a technological measure that controls access or that protects the rights of the copyright owner (copy controls).(20) 

The DMCA makes it illegal to circumvent or disable DRM. It is also illegal to discuss methods of circumvention.
DRM

Digital Right Management (DRM) is a way for content creators to protect their assets. But can be used in such a way as to “restrict personal use in a manner inconsistent with the norms and expectations governing the purchase and rental of traditional physical CDs, DVDs, and videocassettes. If adopted by consumers the DRM systems stand to alter the norms governing personal use of copyrighted content  and create pitfalls of legal liability for unsuspecting consumers.(3)” 
While all of the media companies have adopted the benefits of delivering their content digitally, they are restricting the consumer’s benefits of fair use. The most used method of fighting piracy and other misuses is DRM. “Digital rights management (DRM) technologies are aimed at increasing the kinds and/or scope of control that rights-holders can assert over their intellectual property assets.”(21) DRM is further strengthened by the government. In 1998 congress passed the Digital Millennium Copyright Act or the DMCA.
DRM is not the problem and as I’ve stated can be very useful to the owners as well as the consumers. DRM should be used in a way that facilitates the user and their fair use right and protect the owners as well. One provider doing just that is Apple and it’s I-tunes music store. All music purchased on the site is protected by strong DRM. The exception is the user has rights as well. Music can be copied to up to three computers. The user may also burn CD’s from the service as well. But most admirable is the ability to “serve” your entire library on your local network (others can’t copy just play.) Your friends can have a listen to what you might be listening to. Napster was not only popular for the free music, but most enjoyed the fact that they could find people with similar taste and browse their music. Apple is bringing back this community feel and discovery of new music while protecting the content.
RIAA and MPAA

The RIAA is the legal arm of the record industry and the MPAA is the same for the movie industry. Both are using the courts to try and slow the theft of the copyrighted material over the internet. After Napster was shut down many other services have taken its place. There is still an enormous amount of  users on these new services. “According to one estimate, more than 2.6 billion illegal downloads take place on a monthly basis.”(18) But these same tactics have the possibility to make all the products discussed in this paper illegal. The question posed; If technology makes copyright infringement possible, is it illegal? If the answer is yes, this could have dire results for I-pods, DVRs, computers or even the future of the internet.
Fair Use

In the past when new technologies, such as the player piano, the cassette tape players/recorders and the VCR, have evolved to allow consumers to experience media copyright law has been updated to allow access. True these concessions were not easy and copyright holders fought against such relaxes on their rights. But, in the long run all these advances has made the creative material a more valuable commodity and opened new channels of distribution.
As we move to new ways of delivering creative content, it is crucial that the doctrine of Fair Use be updated as well. “Fair use refers to an individual's right to use copyrighted material in a reasonable manner without the consent of copyright owner.”(8) Criticism, comment, news reporting, teaching, scholarship, and research all fall under fair use.
The U.S. Copyright Office has set up four factors to determine if the use is fair:

1. The purpose and character of the use, including whether such use is of commercial nature or is for nonprofit educational purposes. 
2. The nature of the copyrighted work
3. Amount and substantiality of the portion used in relation to the copyrighted work as a whole
4. The effect of the use upon the potential market for or value of the copyrighted work. (19)

Time/Space Shift

This is an idea brought about by the BetaMax civil suit and allows consumers to record copyrighted material to be viewed later and at another location. “The Digital Consumer’s Bill of Rights […] states that individuals have the right to: time shift; space shift; make backup copies; choose platforms; translate between formats; and, to use technology to effectuate these rights.(3)”

Description of Hardware
The form and function of the HANDS system could be accomplished by coordinating many different kinds of available components. The current markets all use more or less standardized parts that will work with different operating systems (OS), motherboards and electronic devices. But I will be focusing on specifically Apple computers and their OS and The Linux OS and compatible systems.

Linux is a simple choice for this project. Linux is inexpensive compared to the other OS’s out there. Because the code is open (viewable) it makes it conducive for modification. Linux also has a great repository of other open source software many of which are suited to the HANDS system. The majority of the current products use Linux as a base. For comparison reasons the hardware evaluated will be Dell brand.
The reason for choosing Apple as one of the contenders has to do with the ease of use, it’s built in handling of many of the more popular a/v files and it’s OS based on Unix. The latter making many of the open source software looked at for Linux also available for the Mac OS X.3. (1)
Server Form
The HANDS system could easily take one of two forms. The first being the standard rack mounted server which will be the one discussed in this paper. The other form would resemble the form of set top boxes or high performance stereo components (as shown below.) This option would require additional manufacturing cost, while the additional cost should be the same for both the Apple and Linux flavors, and for that reason I won’t expand on this option.
[image: image3.emf]
Both 1U systems will be configured as such:
· dual ~ 2.0-GHz processors
· 4GB 400-MHz SDRAM
· 80GB 7.200-rpm SATA hard drive
· CD-ROM drive
· 2 Gigabit Ethernet ports (1)(4)
The price for the Dell 1U rack server with Linux is $4,000 and for the Apple 1U is $5,200. The chart below shows that both machines should behave comparably.(1)(4)
Figure 3 (22)
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NAS – Network Attached Storage
As stated earlier the amount of storage necessary for the HANDS system is immense. This is mainly due to the constraints of video files. The size will only increase over time so scalability is crucial. Performance and reliability are also very important.
The good news is the price of storage is going down. The bad news is you’ll never have enough. A basic single layer DVD is 5 GBs (actually 4.7 but lets make the math easy.) At this size you can fit most two hour movies without any of the extra scenes or commentary. Most of the competitors reviewed had between 100GB and 300GB hard drives (remember most were music servers.) At the high end you could store 30 DVD’s stripped down and if you want all the extras 300GB will get you 15 DVD’s with no room for anything else.
The sheer size and the requirements for performance and backup point to a RAID (redundant array of independent disks) system. RAID level 0 mirrors the data on multiple drives so that if a failure occurs the data can be rebuilt. Most software RAID support level 0.(6) This double the required storage needed for the HANDS system. One terabytes is equal to 1000GB and an Apple hardware RAID this size is $6,000.
Description of Network Medium
As I’ve stated before, one of the reasons I believe this is a viable product is because of the wide consumer and manufacturer acceptance of wireless networking. The 802.11x standard is used by all the major operating systems and the associated hardware costs are minimal. Even though this is a new technology, it is quickly becoming standard especially within the home network space. I have also mentioned that all current manufactures of competitive products offer a wireless option either as a paid extra or by simply attaching a WAP on the existing network.
The HANDS system will also have a wired Ethernet option. This will allow for direct connection to peripherals that produce heavy network traffic and also items that won’t use the 802.11 protocol. This might be due to expense or security issues.
Description of Software
The HANDS system is designed to not only serve a home with entertainment, but will also function as a more traditional file server.
Open Source-LAMP
The backbone of the system will revolve around a suite of open source products known as LAMP. LAMP stands for Linux (OS), Apache (Web Server), MySQL (Database Management) and PHP (a scripting language that binds everything together.)(6) The main advantage of using LAMP is the fact it’s free and once again its open nature lends itself to modification.
The OS used by LAMP is Linux. Linux has other advantages other than being free. Linux is based on the UNIX language and is a full fledged NOS (network operating system.)(6) Linux also uses a command line interface which makes it scriptable. This allows the OS to accept commands from other programs or you can pre write commands that will run over and over in a text file (script.) Lastly Linux is very fast and efficient which also makes it suitable to the needs of a server system such as HANDS.(6)
Apple OS X
The Linux OS and Apple OS X.x have a lot in common. Both are based on the older Unix OS. Both OSs true NOS, have command line interfaces and a large repository of open source software available.
There are many differences, the first being the price. The cost of the OS is relative to Microsoft is still cheap at around $130. But the OS only runs on Apple manufactured machines which can be costly (see the price comparisons for the Dell and Apple server.)(1) The other differences may make OS X the best choice for the Hands Project.

Apple has long been known for it’s ease of use and user friendly set-up and maintenance. This follows along with one of the most important requirements of the HANDS system – anybody should be able to and adjust the system.
Lastly, OS X and the Xserve “comes ready to serve QuickTime-based video and even MP3 and AAC audio content as a standard feature. Other features include cross-platform file and print services; DHCP; firewall; NAT/routing; IMAP, POP, and SMTP e-mail; application serving; and VPN services.”(5) Xserve also come with Apache as the default web server, and MySQL. (17)
For the remainder of the paper I will use Linux as the default OS in my descriptions. Unless specifically noted, if it works on Linux/LAMP it works for OS X.
File Management - Access Control
The file sharing for non A/V media will be handled by WebDAV (Web-based Distributed Authoring and Versioning.)(10) While there are other protocols that support cross platform usage such as Samba, WebDAV has many other advantages that make it the choice for HANDS.
Web Dav has been around for years and is incorporated into every modern OS. The service is served through LAMPs Apache Web Server. Setup on client machines and other components is easy, “access to the WebDAV share is seamless by incorporating LDAP (Lightweight Directory Access Protocol) into the system to maintain single sign-on.”(10) It’s also easier than samba, open source, protocol, “every connection to a Samba share requires a separate running process that does not expire until the share is closed.”(10)
The main advantages the fact that it’s accessible from the web. This might not be so important for a business type server but families are mobile and diverse. You can access your pictures from your parents house or you could assign your parents access and they can download what they want.
Database Mgmt
This will be a function of MySQL and allow the users to store recipes, photos, and other important items that would benefit from a database structure. This would include items that are searchable like “turkey” recipes or pictures of “Mom.”
MySQL would also perform the internal functions of the server to organize and define the structure of the file server. This includes movie DB, music DB, users as well as generating the display of info MySQL and PHP will be instrumental in the HTTP remote control described latter.

Some of the advantages of MySQL are it’s speed and it’s built in back-up abilities. (6)
Media Server
This feature of the system is almost inconsequential. The software to accomplish this feat is already available. If you look closely at the competitors there is little to no difference in the offerings of this service.
The known options for this service are to use the internal systems of Linux or Apple to store the material with a MySQL front end or to purchase software that’s already in use. Helix media server is the only open source that I know and it’s too restrictive. (https://helixcommunity.org/) 
Web/Email
This is a standard feature of any NOS and requires no additional review. Except to say that the HANDS montra is ease of use and ease of modification.
HTTP as Remote control?
There are many ways of controlling such a system. There is also a long list of transmission mediums. These include infra-red remotes, on TV displays and web interfaces. This last along with SQL and PHP is what I propose to use.
By using HTTP or web pages HANDS can keep a consistent look over the different transmission devices.  This significantly helps with ease of use. Users don’t need to learn a new way of interacting with the system when adding equipment or changing control mechanisms. HTTP also allows for seamless integration with MySQL to use stored procedures and triggers (programs run by the DB to perform specific actions)(6) and the system is already using Apache.

Using web pages for control also has the benefit of control over long distances, even listening you music at work or a friend’s house. HTTP is also easy to design or modify to the users easthetics this is going in a home not a server closet. Below is an example of a remote control from Escient called Via.(14) As you can see it will work as a monitor, a TV it could be conceivable that this could also be a dynamic frame displaying a group of pictures from your last trip. When touched the display menu appears. This item is either wall mountable or available with a stand. 
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Marketing

Competitors
There are three major competitors that will dominate this market in the near future. The first being MicroSoft. Meda Systems President agrees stating that their “biggest worry for the future is one of its own partners, Microsoft. ‘Microsoft makes no secret about wanting to be in the living room,’”(11) Out of what I feel are the top three, Microsoft is the only one with a true media server currently.
The second potential competitor is Sony. Sony is known for consumer electronics and also manufactures the Vaio computer line. While Sony has products based on Microsoft Media OS they have the capability to design their own system. I believe the reason they have not is based on the fact that Sony also produces music and movie content. Once the legalities have been addressed Sony will announce a set top box.
Lastly, I expect Apple to develop a product that would closely resemble what I have described here. Apple’s marketing campaign is based on the “digital lifestyle”(1) and the integration of digital devices. Apples products have been featured in this article because of this philosophy. Many of the features of the HANDS system are readily available from Apple’s product line. The reason Apple has no comparable products is from a basic fear of litigation. Apple has had more than it’s share over the years including the infamous Microsoft suit to smaller ones from Apple Records (which almost shut down the I-tunes Music Store.) When the legal issues have been settled you will also see an i-Server from Apple.
Total Cost of Ownership
I believe the price point for such a product at around $10,000. This is just an estimate based on competitive products and the hardware and software discussed. This could easily expand as new features are added or more storage is needed.
Distribution
The distribution channels for HANDS would be very similar to the “Home Theater in a Box” market. Like I have proposed HANDS will be ready out of the box, configurable by normal consumers. Some will prefer to have a professional set it up, perhaps part of a larger installation. Both options are available.
This would require distribution through consumer retail outlets such as Best Buy. The price would put it well within the boundaries of existing product albeit on the high end. Most consumer retail stores also provide for installation for a fee, including Best Buy. This product would allow increased revenue for these retailers by allowing this installation service as well as the ability to sell other devices that would take advantage of the HANDS system. These would include computers, TV’s ect. 
Conclusion
The HANDS system is a product whose time has come. I first dreamed of such a product five years back, when the mp3 craze was just getting started. The idea, like most good ones, has evolved over time to include movies as DVDs became popular and to include web services as broadband has developed. This has been a pet project over my student career and some of the ideas in this paper I have implemented in various forms. For example I have a music server and can listen to my library from anywhere my WAP can reach. As I have also seen this is not a unique vision, in fact it’s all too popular.

This paper was designed to focus my ideas into a specific product with specific parameters. By doing this I hoped to define not only the product description but also the market in which it would compete. My hopes were that the market would be undefined and chaotic. But what I found is a well defined market with strong competitors. This is not conducive to a small start-up with few resources.

I believe in the next couple of years you will find a product very similar to what I have described in this paper. As I have shown there is a need and that alone should push the product to market.

Appendix - Questions
Questions:

1. Name two barriers to entry for HANDS.

2. What is LAMP and why is it crucial to the HANDS?

3. What is a media server and how is it different from a file server?

4. What does NOS stand for?

5. What does WAP stand for?
Answers:

1. The Digital Millennium Copyright Act and The Motion Picture Association of America

2. Linux, Apache, MySQL and PHP are all a suite of open source software that will be the backbone of this product

3. A media server stores and distributes music, movie or picture files, there is little to no difference in the two.

4. Network Operating System

Wireless Access Point
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