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I. Computer Storage - Secondary Storage 

A. Background 

1. Disks are divided into tracks (concentric circles like the rings in a slice of onion) and sectors (wedges like pie slices). The figure below illustrates this.
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Note in the Figure that "sector" can sometimes refer to the whole pie slice, and sometimes to just one section of a track. Further, on large disks such as hard drives, there are several disks stacked on a common axis, and sectors are grouped into "clusters." Also, similar tracks on the different disks are called a “cylinder.” On smaller drives, such as floppy diskettes, a cluster may be the same as a sector. Here is the point: once any data is written to a sector, the sector is not used for any other data, even if we only store a single bit in the cluster. So large clusters can be inefficient in using disk storage space. On the other hand, hard drive capacity is so cheap today that this is not a big concern, although it used to be.

2. Data is recorded magnetically on the disk surface, which acts like a permanent magnet. Permanent magnets, including disks, are susceptible to external magnetic fields, which can reverse the magnetic field, and heat, which can reduce the magnetic field. Hard disks are protected inside a package, but careless handling can corrupt the data on floppy diskettes.

3. A disk is read by a “read/write head,” a magnetic pickup device. The read head is moved in and out to be positioned over a track (ring), and reads the sectors as the disk rotates underneath the read/write head. Moving the read/write head in and out is relatively slow.

4. A file is spread out over many sectors, possibly in a random pattern. A disk that has seen a lot of activity in erasing and storing files will have many files, each spread out of a wide range of sectors. This is called “fragmentation.” Fragmentation happens as new files are fit into spaces left by larger and smaller files that have been erased. Fragmentation slows down reading the files, since the read/write head must frequently be moved to another track, which takes a relatively long time. This is one reason why computers can seem to slow down over time. Such a disk should be "defragmented" to recover the lost speed.

5. The capacity in bytes of a secondary storage device is the number of clusters times the size of a single cluster, in bytes. Note that if clusters are used inefficiently (many small files), the actual capacity will be less.

6. Since each track contains the same number of bits, and tracks towards the outside are longer than ones near the inside, bits are closer together on the inside tracks, and further apart on the outside tracks. Since the disk turns at a constant rate in revolutions per minute, the surface moves faster under the head when the head is near the edge, compared to being near the center.

7. Hard drive capacity has increased dramatically in recent years. New technologies for the magnetic recording medium have allowed bits to be packed together more closely. Early hard disks had capacities of 5 MB or so, while today, common hard disk capacities are approaching 100 GB, with larger sizes being available at higher cost.

8. A file system is a system for allocating space for each file, identifying which sectors are used by which files, and which sectors are available for writing new files. There are several file systems in use at this time. We will describe the oldest and simplest system, the “FAT system,” which is still used for floppy diskettes. Other Windows file systems are the New Technology File System (NTFS) and the High Performance File System (HPFS). FAT stands for File Allocation Table. All file systems have the equivalent of a FAT. The File Allocation Table (FAT) or its equivalent, keeps track of which clusters are in use. The Directory file contains the file name and starting cluster, and each entry in the FAT tells what the next cluster in the file is. The FAT can take up almost one-third of the gross disk capacity. The unformatted capacity of a floppy diskette, without the Directory and FAT, is 2 MB, which the formatted capacity, with the Directory and FAT, is 1.44 MB, a decrease of 28%.

9. Erasing a file is done by marking its sectors as available in the FAT, without, however, erasing the actual data in the sectors. This means that you (or a hacker) can recover the data in an erased file by reading the sectors. There is enough information in the sectors to identify the first sector in a file. Also, each sector has data that identifies the next sector, and the last sector in a file is also marked. The only thing that cannot be recovered is the actual file name, which exists only in the FAT, and which gets erased when the file is erased. Formatting a disk, however, erases all of the information in each sector. After formatting, files cannot be recovered. Also, an erased file cannot be recovered if the sectors have been used for a new file.

10. A CD has a single spiral track divided into sectors. The disk rotates faster when the head is near the center and more slowly when the head is near the outside, so that the disk speed underneath the head is always the same in inches per second, and bits are always the same distance apart.

B. Currently Popular Storage Devices 

	Type
	Capacity

	Floppy
	1.44 MB

	Hard drive
	Increasing steadily, currently 300 GB max

	Zip Drive
	100 MB, 250 MB and new 750 MB versions

	CD-ROM, CD-R and CD-RW
	640 MB to 690 MB. Various formats.

	DVD-ROM, DVD-R and DVD-RW
	Normally 4.7 GB, some smaller formats (over 7 times CD-ROM)

	Tape drives (used for backup)
	Various, up to hard drive sizes

	RAM Drives
	Up to 1 GB removable

	Removable hard drives
	Various sizes.

	Memory sticks
	Common for digital cameras and similar devices. Various capacities up to 256 and higher MB. Retain contents when power is off.


 

II. Computer Connections 

A. Background. Computer data flow can be either serial (one wire, bits sent one by one) or parallel (as many wires as bits in a unit (8 bits for a byte, for example), all bits sent at the same time). The printer port is parallel; the serial port is serial. Ethernet (networking) and optical fiber are serial. Obviously, for the same type of wiring and circuits, parallel communication is faster than serial. However, serial communication wires and wiring are much simpler, and with modern technology they are fast enough that they are very popular.

B. The new Universal Serial Bus (USB) is fast and convenient; external devices such as digital cameras or removable hard drives can be powered from it, it detects new devices on its own and installs their driver software, and up to 127 separate daisy-chained devices are supported.

C. Many devices formerly connected by serial or parallel ports, and many removable external storage devices, are changing to USB.

D. Currently Popular Computer Connections (Kbps = Kilo Bits Per Second or 1,000 bits per second. Mbps = Mega Bits Per Second or one million bits per second. KB would mean Kilo Bytes and MB would mean Mega Bytes) 

	Standard
	Type
	Speed
	Other

	Cable connections, connecting components to computer

	Printer
	Parallel
	2 Mbps
	Fast in its day, and still fast enough for printers

	Serial (Com)
	Serial
	To 115,000 bps
	 

	USB 1.0
	Serial
	12 Mbps
	Not compatible with other USB. This version is rare; it was upgraded to 1.1 almost immediately.

	USB 1.1
	Serial
	12 Mbps
	Compatible with all higher versions, but at its own speed (can seem slow connected to a large USB 2.0 storage device)

	USB 2.0 (2000)
	Serial
	480 Mbps
	Compatible with USB 1.1 and any higher versions, but at its own speed.

	Firewire (IEEE 1394)
	Serial
	400 Mbps
	Often faster than USB 2.0 in actual use. Common in Apple computers, also for digital camcorders. Not compatible with USB.

	Wireless connections, connect components to computer

	InfraRed (IrDA)
	Serial
	4Mbps
	Short range wireless connection

	Bluetooth
	Serial
	723 Kbps
	Short range wireless via radio, speeds are being increased

	Cable networking (LAN, Internet)

	Modem
	Serial
	Up to 56 kbps
	Most current home computers come with standard modems.

	DSL (Digital Subscriber Line)
	Serial
	1.544 Mbps
	Many varieties and speeds, the most common of which is listed here. Uses standard telephone lines grouped together. Requires a special modem. ISDN is an earlier, slower standard that is mostly irrelevant today.

	Cable Modem
	Serial
	Variable, shared with other users. Often faster into home (27 Mbps) than out (1 to 3 Mbps).
	Requires a special modem.

	Ethernet
	Serial
	10 Mbps or 100 Mbps (can also use optical fiber).
	Popular for networking, has replaced other schemes such as Token Ring. Requires a special adapter or NIC (Network Interface Card), included as standard in most current computers.

	Home networks
	Serial
	Variable
	Several standards allow networking within the home, over the A/C power lines at speeds up to 20 MBps

	Wireless connections, networking, numbers refer to IEEE standard. Often these different methods are referred to as “WiFi,” although technically WiFi only refers to 802.11b. Requires a special adapter.

	802.11a
	Serial
	54 Mbps
	Second standard, improved speed and range

	802.11b
	Serial
	11 Mbps
	First and only official “WiFi”

	802.11b+
	Serial
	22 Mbps
	Unofficial enhanced 802.11b

	802.11g
	Serial
	54 MBps
	Emerging standard incorporating best speed and range from all 802.11x standards


Most of the information in this table comes from the Winn L. Rosch Hardware Bible, Pub 2003 by Que Publishing.


III. Potential Internet Developments.

A. Web Services. Many related corporations view this as the next step after client-server web pages. "Objects" or "agents" will interact on behalf of users, both corporate and private users. An common example is that you will direct your scheduling agent to get in touch with your dentist's scheduling agent, and work out the appointment for your cleaning. Your scheduling agent will consult your schedule and preferences, and the dentist's scheduling agent  will see when the dental technicians are available, and each agent will record the appointment in their owner's schedule file and send notices. Presumably owners will also be consulted if there are too many choices, or if there are no available appointments. An article in the New York Times (10/27/03, Business Section Pg C4) says that IBM is developing and pitching Web Services as a more cost-effective way for businesses to use computers- lease the agents and pay only for the services you actually use, instead of buying a whole computer system that does everything. The same article says that Microsoft direction is to give individual users lots of services and let them choose. A subgroup of the World Wide Web Consortium (W3C) has been working on web services since about 2000. 

B. IPV6 (IP Version 6). There will be no real IPV5; We are currently using IPV4 which defines an IP address as four one-byte numbers (a byte is 8 0 or 1 bits, with values from 0 through 255) separated by three dots, for example 141.217.12.23 for the IS web server. Since each of the 32 bits can have a value of 0 or 1, this yields 232 different IP addresses, or slightly in excess of four billion, for a current world population of slightly over six billion. You would think that with a little bit of sharing, this would be enough. But no, we are actually running out. The largest reason is that each of us will probably end up with many IP addresses, since each electronic device is headed in this direction; telephone, cell phone, cordless phone, pager, computer, laptop, printer, PDA, garage door opener, washing machine (yes!) and more besides. In addition, vending machines, gas pumps and so forth will have IP addresses. IPV6 addresses this by using 16 bytes or 128 bits, for a total number of addresses in excess of 3 followed by 132 zeroes. The Internet Engineering Task Force (IETF) has been developing IVP6 since about 1992. 

C. Internet 2. This is a much faster Internet, currently operating at about 1 Gbps, and will ultimately be thousands of times faster than current broadband access. It will not be a new Internet, but an upgrade to the current Internet. The organization Internet2, a University/Industry consortium, is leading development. WSU is part of this. One current development is that Universities are buying up "dark fiber" - optical fiber laid down during the Internet bubble, but not in use. 

D. New York Times 10/23/03 Circuits section Pg E8. The PlanetLab organization is developing an Internet infrastructure (routers and gateways) that will be smarter than the present infrastructure. For example, it will be able to detect spikes in traffic into or out of a site that could indicate spam, worms or Denial Of Service attacks. Routers will compare information to detect these attacks, and block them. PlanetLab currently has a testbed network operating over the Internet, with approximately 250 computers. 
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