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und Zilog Z-80, were instolled in 8-bit computers such as the Apple I, the MSAI 8080, ond
the Commodore 64.
800 The first “oreq code” for what AT&T originally colled InWATS service. See 800
Senvica and 8NN.
800 Portability 500 Funuluhy refers Iu the foct that !ou can foke your 800 num-
ber to umr iong distance corrier. A case exomple, once | hod 1-800-LIBRARY. For many
umber was picmeded% ATET. When portability come along, we were cble fo
it fmm AT&T to MCl and still keep 1-B0C-LIBRARY, which is 800-542-7279. 800
Portability is provided by o series of complex databases the local phone companies, under
FCC mandate, have built. 800 Portability starfed on May 1, 1993. See 800 Service.
800 Service Aol call paid for by the called party, rother than the calling party. A gener-
ty ond common term for In-WATS (Wide Area Telecommunications Service) service W
¢ phone company, whether o LEC (Locol Exchonge Corries) or an IXC (InfereXchange
Corer). In North Americo ond in order of their infroduction, oll these [WATS services have
800 (1967), 888 (1996), 877 (1998), 846 (2000), or 855 (2001) os their “orea
code.” (Note: Future B00 numbers will follow the convention BNN, where NN are specific
numbers which ore identical. Such 800 senvice is typicolly used by merchans offering to sell
something such as hotel resenvations, clothes, or renel cars. The idea of the free senvica is fo
enfice customers to coll the number, with the theary being that if the coll was o toll coll and
therefore cost the customer something, he or she might be less inclined fo oll. Suppliers of
800 services use various ways fo configure and bill their 800 services.
800 Service works fike this: You're somewhere in North America. You dicl 1-800, 1-6888,
1-877, 1866 or 1-855 and seven digits. The LEC (Local Exchange Carier, i.e., the locol
phone company) central office sees the “1” undrecugmzesmemﬂmbngm It
also recognizes the 8NN ore code ond queries o centralized dotobase before processing
the call further, with the query generally toking ploce over o SS7 (Signaling System 7)
link. The centrlized dotobase resides an o Service Management System (SMS), which is
u centrolized compufing plotform. The database identifies the LEC or IXC {|nielEIthﬂrr]'3i
Corrier) providing the BNN number. Based on that information, and essuming that the
free number is associated with an IXC, the LEC switch routes the call to the proper IXC.
Once the IXC hos been handed the call, it processes the 800 number, perhaps translating
itinto a “real” teleﬁhma number in order to route it correctly. Altematively, the IXC tians-
lates the 800 number into an interal, nonstandard 10-digit number for further roufing to
the terminafing Central Offica (C0) ond trunk or trunk aroup.
As o reoHite example, the publisher of this book has on 800 number, BOO-LIBRARY (or
B800-542-7279). When you call that number, MCl routes that number to the first available
chonnel on the dedicated T-] circit which leased from MC1's, and connecting the MCI New
York City POP (Point Of Presence) to the CMP New York City office.
Because 800 long distonce senvice is essentiolly a dotobase lookup ond translation service
for incoming phone calls, l‘h;f': are mmseﬁws' you con umou n pg;
permanent insiructions info fhe company to routing pattems on fime
day, day of week, number colled, number calling. Some long distance companies allow you
to change your roufing instructions from one minute to another, For example, you might
have two call centers into which 800 phone colls ore |:er1|1‘1’%0 When one gets busy, you
may tell your long distonce compony fo route all the 800 inbound phone calls to the call
center, which isn't busy. See Eight Hundred Service and One Number Calling for more,
especially all the features you can now get on BOO senvice.
In May of 1993 the FCC mandated that oll 800 (and by extension all BNN) numbers become
“nortable.” That meons thot customers can toke their 800 telephone number from ona long
dlslnnr.e company 1o another, and stll keep the some 800, See also 800 Porfability.
800 Services ore known iniemuﬁunuliy 05 “Freefone Services.” In other countries the diak
ing scheme may vary, with examples being 0-800 and 0-500. Such services also go under
the nome “Greenfone.” In June 1996, the ITU-T approved the £.169 standard Universal
International Freefone Number (UIFN) numbers, also known as “Global 800." UIFN will
work across national boundaries, based on o stondard numbering scheme of 800, 888 or
877 plus on B-igit felephone number. See also UIFN and Vonity Numbers.
802 Ses 807 Standards.
802 Standards The 802 Stondards ore a set of sfandards for LAN (Locol Area
Network) and MAN (Mefropolitan Area Network) data communicafions developed through
the IEEE's Project 802. The two most important standards ore 802.11b ond 802.110. The
standards also include on overview of recommended nefwarking orchitectures, opproved in
1990, The 802 stondards folow o urique numbering convention. A number followed by o
capital letter denotes a standalone stondard; o number followed by o lower cose letter
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denotes either o supplement o o standord, or o IJ:].:n of o mulfiple-number stondord {e.g.,
802.1 & 802.3). The 802 stondards segment the data link loyer into two sublayers:

1. A Media Access Control (MAC) loyer that includes specfic mefhods for gaining access fo
Ihe LAI( These methods — such as Ethemet’s rondom occess method and Token Ring's
ing procedure — are in fhe 802.3, 802.5 ond 802.6 stondords.

2 A Loguul lmk Control (LLC) Loyer, descrbed in the 802.2 stondord, that provides for
connection esfablishment, dato fronsfer, and connection fermination services. LLC specifies

three types of communications links:
* An Unacknowledged Conneclionless Link, where the sending ond receiving devices do not
set up o connection before fransmitfing. Instead, messoges are sent on o “best effort”
hasis, with no provision for error defection, error recovery, or message sequencing. This
type of fink is best suited for applications where the higher layer protocols can provide the
emor comection ond functions, or where the loss of broadcast messages is not gitical
* A Connection-Mode Link, where o connection between message source ond destinafion
is estoblished prior to fransmission. This type of link works best in applicafions, such os file
transfer, where large omounts of data are being tronsmitted of one fime.
* An Acknowledged Connectionless Link that, os its name indicates, provides for acknowk
t of messoges without burdening the receiving devices with mainfaining o con-
nection. For this reason, it is most often used for opplicafions whese o central processor
communicates with ¢ lorge number of devices with limited processing capobilities.
802, 1 [EEE sfondord for overall architecture of LANs and infemetworking. See ol the
following definifions.
802.11a 802.11a is actually on updoted, bigger, better, foster version of 802.11h
(clso called WiFi), which is now commonly instolled in offices, airports, coffee shops, efc.
Many laptops now come with 802.11b builtn. The newer 802.110, olso an IEEE ston-
dord for wireless LANs, supports speds up to 54 Mbps. 802.11a rwns in 0 300-MHz allo-
cafion in the 5 GHz range, which was cllocated by the FCC in support of UNII (the
Unlicensed National Information Infrastructure). Specifically, 200 MHz s dllocated af 5.15-
5.35 MHz for inbuilding applicafions, and 100 MHz ot 5.725-5.825 MHz for outdoor use.
This allocoted spectrum is divided into three working domains. At 5.15:5.25 MHz, moxi-
mum power output i restricted to S0mW (millWatts), 5.25-5.35 to 250mW, ond 5.725-
5.825 fo 1 Watt. 802.11a has been dubbed WiF5 (Wireless Fidelity 5 MHz) by the
Wireless Ethernet Compatibility Allionce (WECA).
802.11a uses Coded Orthogonal Freguency Division Multiplexing (COFDM) os the sanu!
modulotion fechrique. COFDM sends a stream of doto symbols in o massively paralle
ion, with multiple subcarriers (i.¢., small slices of RF, or Radio Spectrum, within the desig-
noted carier frequency bond. Each canier channel is 20 Mz wide, ond is subdivided info
52 subcorrier channels, each of which is approximately 300 KHz wide; 48 of the subcor
tier chonnels ore used lm data tronsmission, and the remaining four for eror control.
Through the opplicafion of a coding fechnique, each symbol comprises mulfiple doto bits.
The specified coding techniques and deta rates , all of which must be supported
by 802. Il-cnmpﬁmrpmduds include BPSK t&nuwl‘luse Shift Keying) ot 125 Kbpsr
channel for o total of 6 Mbps ocross all 48 dota chunnels QPSK (Quudrulwe Phase Shift
Keying) at for 250 Kbps per channel for o total of 12 Mbps, and 16QAM (161evel
Quodroture Amplitude Modulation) at 500 Kbps per channel for o total of 24 Mbps. The
stondard lso allows more complex modulation schemes, thot offer increosed data rates.
Cumently, the most complex ond fostest is 640AM (64evel QAM), of 1. 125 Mbps per
channel for o fofal of 54 Mbps.
The symbol rate is slowed down enough that each symbol transmission is longer thon the
deloy spread. The deloy spread is the variation in fiming between receipt of the signals
nssotiu?edwirhna:ansymbul with the deloy spread coused by mulfipath foding.
Multipoth foding is the phenomenon mekfslgmésmwmgu?rmdmwmbi
arive ot the receiver ot lightly cifferent times. This ' becouse the signal spreads out from
the transmitter, with cerfoin portions of the signal reaching the recaiver more ot less direct
ly, while other portions of the stgml IJc»unta uround off of walls, fumiture, your co-work-
er’s pointy heod, and such. Now, eo contoins multiple bits, which ore
mpusednnlrﬂmugh the coding pfmsnsdanfnﬂ:du’owe Asﬂleuw}hplmrmba!sreud'l
the receiver, Irnywesomduﬂmddmied with the decoding process pmdngsmw
addifional time for the receiver to adjust for the delay spread ond to get ready to receive
the next symbol. Both B02.11o ond 802.11b are designed to be compatible ith Ethermet
LANs, using the MAC (Media Access Control) technique of (SMA/CA (Carier Sense
Mulnpie Access with Collision Avoidane).
If this sounds great, that's because it is great. If this sounds foo good to be true, that's
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because it gets o fitle more complicated. While the 5 GHz spectium is prefty clear in the
S, it's not so rendily available elsewhera. Militry and goverment installations use por-
tions of this bond overseas. n lopan, only the 5.15:5.25 MHz spectrum is availoble. In
Furope, the 5.725-5.825 MHz spectrum is already llocated for other uses. In Europe, ETSI
{European Telecommunications Standards Insfitte) requires that two addifional profocols
be used in conjunciion with 802.11a in order fo protect incumbent applications and sys-
tems running over previously ollocated shared spectrum. DFS (Dynomic Frequency
Selection) allows the 802.11a system to dynamically shift frequency chonnels and TPC
(Transmission Power Control) reduces the power level. In combination, these protocols
serve lo eliminafe inferference issues with incumbent signals. See also B0Z.11b,
802.11g, BPSK, (SMA/CA, MAC, OFDA, QAM, QPSK, WECA and WiFi.

802.11h 802.11b is now the most common wireless local area network, 802.11h
(also called WiFi) is now commonly installed in offices, airports, coffee shops, efc. Many
loptops now come with 802.11b builkin. 802.11b hos heen dubbed WiFi (Wireless
Fidelity) by the Wireless Ethemet Compatibility Alliance (WECA). 802.11b defines both the
Physical (PHY) and Medium Access Control (MAC) profocols. Specifically, the PHY spec
includes three transmission options — one Ir (Infrored), ond two RF (Rodio Frequency).
8072.11b uses DSSS (Direct Sequence Spread Spectrum) modulation. for digital communi-
cation. DSSS involves the transmission of o sreom of one’s and zero's, which is modulat-
ed with the Barker code chipping sequence. Barker code is on 11-bit sequence (e.g.,
10170711000 that has advantages in wireless fransmission. Each bit is encoded into on
11-hit Barker code, with each resulting data object forming o “chip.” The chip is put on o
carrier frequency in the 2.4 GHz range (2.4-2.483 GHz), and the waveform is moduloted
using one of several techriques. 802.11 sysfems running at 1 Mbps make use of BPSK
(Binary Phase Shift Keying). Systems running of 2 Mbps moke use of QPSK (Quaternary
Phase Shift Keying). Systems running af 11 Mbps make use of CCK (Complementory Code
Keying), which involves 64 unique code sequences, which technique supports six bits per
code word. The CCK code word is then moduloted onto the RF corrier using QPSK, which
allows another two bits fo be encoded for each &bit symbol. Therefore, each &-bit sym-
bol confains eight hits. Power output is limited by the FCC fo 1 waft EIRP 'l[qui\ruﬁeni
Isotropically Radiated Power). At this low power level, the physical distance between the
fansmitting devices becomes an issue, with error parformance suffering as the distance
increases. Therefore, the devices ndapt fo longer distances by using o less complex encod-
ing fechnique, and a resulting lower signaling speed, which translates info-a lower data
rafe. For example, a system running ot 11 Mbps using CCK and QPSK, might thrattle back
t05.5 Mbps by halving the signaling rate o the distances increose and error performance
drops. As the situation gefs worse, it might thraftte back to 2 Mbps using only QPSK, and
T Mbps using BPSK. Also to be considered in this equafion is the foct that the 2.4 GHz
ronge is in the unlicensed ISM {Industial, Scientific and Medical) bond, which is shared by
gurage door apeners, miciowove ovens, har code sconners, cordless phanes, Bluetooth
LN, ond o wide variety of other devices. As a result, this slice of spectrum can be heavr
Iy congested o times, and performance con drop considerably. 802.11 divides the aveil
able spectrum info 14 channels. In the US, the FCC allows the use of 11 channels. Four
channels ore ovailoble in France, 13 in the rest of Furope, and only one in Jopan. Thers
also is overlop between adjacent channels (e.g., channels one and two), which fac further
offects performance; Ihe:eto:e, any given system must mainfain maximum channel sepa-
ration from other systems in proximity.

Both 802.11a and 802.11h are designed o be compatible with Ethemer LANs. 802.11h uses
a variation of the MAC (Medio Access Conmol) technique of CSA/CA (Carrer Sense Multiple
Kecess with Collsion Avoidance), which is used in some wired Ethemes, as well. A device seek-
ing fo fransmit over the shared medium (in his cose, o shored RF channel) lstens fo the nat-
wiork. If it senses no actvity ovar the carrier frequency for a minimum period of fime known
os the DIFS (DCF (Distributed Coordinated Function) InterFrame Spacing), it requests access
by first fransmiting o RTS (Request To Send) packet. The RTS packet inc?udas both the source
{i.e., transmitier) ond desfination (i.., intended receiver) addresses, the durafion of the infend-
ed session (i.e., fransmission), and the ACK (ACKnowledgament) ossocioted wih i, f the net
work is available, the desfinafion device responds with CTS (Clecr To Send), repeafing both the
duration and the ACK. All other devices back off the netwark unil the session is concluded. If
the network, on the other hand, is busy, the device waits o period of fime equal to the DIFS,
plus o random number of slot fimes, o5 colculated with saveral back-off fimers. The “listening”
process fukes several forms. CAM (Constant Access Method), the default mehod, involves con-
stunt monitoring of the nefwork. Since CAM creotes o power consumption issue for boftery:
powered devices, PAM (Polled Access Mode) can be substituted. PAI call for o lient devices
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fo go into sleep mode, oll owaking of reguler inervals, ot the exact same fime, to fisten for
network ocivity. On Jonuory 3, 2000 the 802.11 technology u?[m another boost when
Microsoft and Starbucks announced that they wese to join forces to offer wireless acess, using
802.11h among other standrds, in most of Storbucks’ coffes outles over the next fwo years.
The deal, some analysts say, is o further sign that 802.11b could become o serious compefi
for to better known wireless technologies such os Bluetooth, HomeRF, cr even nextgenerafion
cellulor networks. Apple waos the first to launch on 802.11h product line (called AirPort). All
Apple computers now include u builtin antenna which, in conjunction with  networking card,
can exchange data with o small base stofian plugged info a broedband Intemet connecfion up
to 45 mefros (150 feat) awoy. Although some PC laptaps now come pre-equipped with wire-
less hardwiare, most users buy o PCMCIA cord, or PC card, that serves os o wireless modem
ond antenna. See also 802.11a, 802.11g, Bluefooth, BPSK, Chip, CSMA/CA, DSSS, EIRP,
Fthemet, HomeRF, MAC, QPSK, Spread Spectum, WECA and WiHFi.

£02.12 Stondord for 100VG-AnyLAN. Addresses 100 Mbps demand-priority access
method physicokloyer and repeater specificafions. Approved in 1995.

802.15 A developing IEEE standord for Wireless Personal Area Networks (WPANs), the
802.15 Waorking Group (WG) compiises four Task Groups (TGs). T61 is deriving o WPAN
stondard bosed on the Bluetooth specifications. T62 is developing recommended practices
to facilitate the coexistence of 802.15 WPANs and 802.11 WLANs (Wireless Local Aren
Networks). TG3 is chartered to draft o new stondard for high-afe WPANs running o 20
Mbps or better. Development is focusing on the 2.4 GHz band, using 0QPSK (Orthogonal
Quatemary Phose Shiff Keying) as the madulofion technique. T64 is charged with investi-
gafing o low data rate WPAN solution running af no more than 200 Kbps in suapori of appli
cofions such as wireless interactive toys, sensors, oulomation, and smor fogs and badges.
802.16 A developing IEEE standord for broadbond wireless access. The B0Z.16
Working Group (WG) is working on a variety of fixed wireless standords intended o serve
high-speed applicafions.

802. 1B Standard for LAN /WAN management, approved in 1992; along with 802.1k,
become the basis of IS0/IEC 15802-2.

802.1D IEEE standard for interconnecting LANs through MAC bridges (specifically
between 802.3, 802.4, and 802.5 netwaorks). The stondord wos opproved in 1990, and
was incorporated infa 150/1EC 10038. Works ot the MAC level

802. 1E IFEE standard for LAN and MAN load profocols. Approved in 1990, formed the
basis for 150/1EC 15802-4.

802.1F Stondard for defining nefwork management information specfied in 802
umbrefla stondards. Approved in 1993.

802.16 A developing standord for remofe bridging at the MAC layer.

802, 1H IFEE practices recommended for biidging Ethemet LANs ot the MAC loyer.
Approved in 1995.

802. 11 IEEE standard for using FODI (Fiber Distributed Data Inferface) as o MAClayer
bridge. Approved in 1992, the standord wos incorporated info 1S0/1EC 10038.
802.1J IEEE stondord for LAN connectivity using MACloyer bridges. & supplement to
802.10, it was approved in 1996,

802. 1K IEEF sfandard for the discovery and dynamic control of nefwork management
information. Approved in 1993. In conjunction with B02.18, was the bosis for 150,/1EC
15802-2.

802.1M A conformance statement for 802, 1E, it addresses definitions and protocols for
system lood management. Approved in 1993, it was incorporated fnfo 1S0/1EC 158024,
802. 1P IEEE extension of 802.1D. Spedification for the use of MACIayer bridges in filter
ing ond expediting multcast frffic. Priorifizafion of fraffic s occomplshed through the adde
fion of o 34, prioity value in the fiame heoder. Eight fopologyindependent prority volues
(0-7) ure specified, with all eight volues mapping directly into 802.4 and 802.6. Swifches
that support 802.1P ond 802,10 provide o fromework for bondwidth priorifization.
Essentfially what all these words mean is thot you can assign o prioriy o the type of fraf
fic with IEEF 802.1p classof-service (CoS) values and these allow netwark devices olong
the way to recognize and deliver high-priority froffic in o predictable manner. When con-
gles'ritéuz1 ;clcurs, Q05 drops low-priority troffic 1o allow delivery of highpriority froffic. See
also 802.10.

802.1Q IFEE speification for implementation of VLANS in Layer 2 LAN switches, with
emphasis on Etheret, Similar to 802.1P, prigrfization of traffc is accomplished through
an additionol four bytes of data in the frome header. Most dofo fields in fhis addifion fo
the header are specific to VLAN operation. Also included is o field which provides the same
3hit priority flag specified in 802.1P's priority-mapping scheme, In addifion fo conven-





