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 SD indicator. If the ‘SD indicator Hashes. this indicat
terminal is reaching the modem and it also \'eril'ie.s th:

that data from the attached
it there is L.‘t'JI‘tTiI‘tL1i.t_\' on pin 2

of the cable connecting the terminal and modem.
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The terminal ready (TR) ind

the. terminal de\'ice’s data terminal read)"
is thus 1

port is ready‘ to establish comrntinications.
cates that the. attached terminal or comptmtr

rnunications. You can easily obse

prior to powering on an attached personal computer.

icator on the Courier 2401) modem refleets the state of
(DTR) control signal. The TH indicator

aheled DTR on the "l"|U(l0 modem as well as on many other modems.
\\'hen the TR indicator is illuminated this denotes that the terminal or eoinputer

Similarly, a lack of illtirnination incli-
port is not ready to establish com-

rve the latter state by power1n,<_v on _\'our modern
Only after the computer is

po\\‘e1‘t‘.d on and _\-'ot1 have loaded eonmttinications software and prepared _\'('>tn‘
program to go on-line will the 'l"R indicator illuminate.

MR indicator

The modem ready (MR) indica

powered on. \\'hen you l'i1‘st power
illuminate to inform you that the device is operational.

tor illuminates when the Courier 2-l-00 modem is

on your modem the MR indicator should

AL indicator

(AL) indicator is illuminated when your modem is in anThe analog loophaclt
aced in this mode of

alogz lt')Opl)alCl{ mode of operation. \\-'hen your modem is pl
itted from the attached terrninal device is sent to the modem’s

d and looped back to the modern's receiver. The
to the attaelied terminal device

an

operation data transm
transmitter where it is modulate

reeei\'e.r clemocltilates the data and sends it back
\‘erit‘_\-' the ope-ratitm of the modem.where you can \'isuall_\'

is not connected to the
\\-'hen the AL indicator" is illuminated the modem

telephone line and cannot transmit data. 'l"ht:s_. _\'f)Ll must enter the appropriate
comm-ancl to place the modem back into its data mode to comrnunieate with another
mo dem.

Other indicators

Three other common modem indicators that warrant discussion are C95 or C'l"C‘i.
ARQ, and SYN.

The C55 or UPS indicator denotes the state of the RS-232 clear to send contwl
is illuminated, this fact tells you that the modem has

The Al"-{Q (automatic
l.\iI’ error detection

signal. \\''hen the indicator
received -.1 \'&ll(l carrier tone and is ready to modulate data.

repeat request) indicator ilhimin-ates when the modem is in its ;\'
and correction mode, having.r,
modem.

st1eeess‘full_\' made an .\I.\iI’ connection with a remote
The SYN (synehronotis) indicator is applicable to modems that Lzafi
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operate s_\‘nChronousl}'. This indicator illuminates when the. modem is placed into
its synchronous mode of operation.

Modem testing

'|"o assist users in isolating problems, most modems include a built—in dia;.;{nostie

testing capability. This tlia,qnostie testing" cap-ahilit_\' t'a1np‘e.s in scope from a simple

seliltest of the moclem'.s circuitry to several more sophistieatecl types oi‘ loopb-acl< .
tests. I

Self-test

i.\-"lost modems include a self-test capability that is either initiated as a stand-alone

test or is used in ctmjunction with a Ioopbaelc test. The basic modem sell"-test is

desi_s_1netl to \'erif_\' the operation of the modem's internal eireuitr_v and uses a I.

pattern ;:e.neI'ator to produce a known t-iL’(1LlI._‘.I'1(ZL‘ of data whieli will be used I)_\' the
transmitter

Figure —l.—l2 illustrates the operation of a basic modem selii—test. Once initiated,

the mod::m's transmitter is tied to its reeeixcr liireaking an_\' prior connection to a

ctammtmieations line. Data modulated by the transmitter is demodulated by the

ret:ei\'er and passed to a pattern comparator \\'liicl1 consists of cireuitr_\' as well as a

sectitm of l{(.'.).\'l that eontains the same clata sequenee xvhieh is generated by the
pattern generator. The pattern comparator thus allows the dernodulatecl data to be

eompared to the seqtienee generated when the. sell’-test is initiated. If the. received

data does not match the contents of the pattern comparator the modem's Ci1‘cL1iLr_\-‘

\\'ill eallse a status indicator. normally l:'ll')L‘lI:Ll ER for error. to illuminate. This

action informs you that the modem is clefeetive and should be returned to the
manulacturer.

'l"ne hasie seliltest previously described \\'21s origzinally limited to inclusion in
leased line modems. This was because most S\\‘lIL?l1(.‘(l l‘l(3T\-\'()t‘l( modems can be

easily attached to terminals or personal computers which can be used as a pattern

;:ene1'ator. The operato1"s vision can then be used as a pattern comparator. Today. a

grtnviiigz percentage of switched network modems include a self—testing capability

that ean be used with one or more ltJ()}’!i]all_‘l( modes of operation to test a local or
remote modem or the communications path betwet.-n modems.

Communications
Line 

Figure 4.42 Modem self-test
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Loopback tests

'l'ht-re are to-.11" t_\'pe:-1 of l.0(}|')l‘12'I(.‘l\' tests 1Tlt'!(_ll.,‘I‘t’|t-‘~ inn)" he able to pe1'fm'm. liaieh of
tltesr tests is illu.~:tr;|tetl in Fl}-_"LII‘L‘ -lr.-l3. Re;iLlt-rs should note that the lm)pl);1el<
tt:E-5tll’l}_' cap-.1hilit_\' oi‘ mo-;lem.~; \'uries hoth h_\' in'.:t1Lll';1u.:tLit‘l-.-I‘ as well as l)_\' :1 menu-
ll1ct1:1'ei".x‘ procluet line. .-\lthm1_s,:h most lea.~3t-Ll line muu.lem.~: will he ezipulale of
initi:itin;,r all Fotlt louphnel; test.~: illusatmtul in l“i,qure —l.-l-3. many .~:\\'itcl‘u.-Ll I’|f;‘t\\‘()l‘l(
mmlems are limited to pet'forn'1in;_v :1 les.~‘.et l‘lL1|T1l)(.‘l' of looplnaclt teats.

 
Figure 4.43 Modem loopbacks: 1 local digital loop. 2 local analog loop, 3 remote analog
loop, 4 remote digital loop

llL1$1'I'HtI:‘L'l in l"i5_{ure -I-.43 is emplo}'etl to test theThe lm‘-.-ll tliegitzil loop test i
lucle determining if dam is

opemtitm of the tltita t::tmit1-.-1l equiment {l)'l‘Ii} to inn:
le;1\'in_:_r the terminal or etnnputer port. In eompanisrzm, the lmrul an-¢1lo;_: loop tests
the digital amtl :m-.tlu;_r ¢_-ii-._~ui;_u. of the mutlem to determine. if they are in um-l{in,t,_r
em1Lliti:m. The remote umilog loop is LI!-§t‘I.l For testing: the line to the remote modem,
while the remote I.llg'll'E1l loop is used In L‘.l]t.’L.'li the operating condition of the line and
the local and remote motlems. Now that we have am o\'er\‘ie\\' of the use of each
lrmplmek test, let us examine them in more LlI_‘l'dll.

Local digital loopback

The initiation of L1 tligit-t-tl louphaele test (‘.‘tIi.IE-l(i’t-‘- the local modem to tie its transmitter
and receiver sections together. in elleet, l)_\'pass:ii1;_r its modulator and demo¢.lL.il:1tor.
The input tlata l'(;'L‘.L'.l\'(_‘Ll from L1 ennnectetl l)'l'l*I on pin 2 of an RS-232 eoncluctor
are th us 1'iI!.ll.'L‘(l to pin 3 \\'l1lL‘l} is the reeeix-"e (lat-a comlLIu:to1'. In e|‘feet, 2| local cliogiml
loop l'{;'5-1LllT.'E-‘- in the CStt1l)ll5l1l11l-.'I‘ll' oi’ two loops are illL1.~:t1'-tttetl in l7i_tgure 4.44.
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Figure 4.44 Local digital loop test
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A loeal digital loop can he used to test the operation of the UTE as well as visrify

the multieonduetor ea-ihle eonneetiiig the DTIE to the modem. To aeeomplisli those

functions you woultl l-irst initiate :1 local digital loop.

Once this is aecomplislieti. _\-'UL1 can type on the |;e_\'hoartl of _\-‘our terminal or

personal eomputer and \'lSLlk1ll_\'t)l35(;‘l‘\-‘t3 the characters eehoecl hack to _\'our terminal

or PC. After )'()Ll are satisfied that your DTIC and eahle are performing eorreetly
you can terminate the ioophaek.

Local‘ analog ioopback - '

The local amilog looplmek test is designed to \'erif'_\' the operation of the analog
ei1‘euits of a modem. including its I'I‘tt}Lll1liIi'()}‘ and demodulator. During this test two ‘
loops are established, resulting in the n1odem’s modulator l‘Jei11g looped to its
receiver, while the semi and receive paths of the eomtntinieatirms line are tied

together. The local analo;__r loop test is illtistmted in Iiigtwe -L45. _

ll
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Figure 4.45 Local analog loop test

Flemore analog ioopback

The remote analog looplmek results in the remote modem l)i'id_t_:in§_: the tr:msn'iit

and I‘et‘.(.‘i\'e wire pairs of a leased line together. This allows you to use test equip-

ment at the local site to L'l(i‘l.L"I'l"I'1in(_‘ the qtiality of the line. Since modems designed

for use on the l’.‘5'l.‘N operate on a two-\\'iI‘e s_\'stem this lf.)0[’,)l)£lL‘l{ test is not
ineludetl in switched net\\'orl< modems.

Remote di'gi‘t‘aI loopback

The remote tligital loopboek test results in the remote modem tlemocltilating

i'eeei\'etl data and then pal.‘-§SiI‘t}_’,‘ it to its transmitter for remoclulation back onto the

line. This test is simihtr to the local cli;_{ital l(}t3]‘)l‘J‘¢1I_‘l( test p1'e\'ious|_\‘ illustrated in

Figtlre -L-H-_ Omte the remote modem is placed into its tlierital loopbaek mode of

operation data transmittetl from the local site is looped at the remote modem back

to the data origin2ltor_. in e|‘I"eet, p|‘o\'idit1[.I :1 meel1:1I‘iism for clietrking both the

L'|LI£1lit_\-‘ ol‘ the ciretiit as \\'ell as the operation of the loeal and remote modems.

\\'l‘iile zmalog and digital looplmtrlcs are the main tests huilt into rnotlems. .'se\-'eral

\'ent'lors offer '.1t'lt'lition:':l Liiagnostit‘ e21p:1l)iliTit'Stl12It may \\":11'l'l'H1l. attention. A lieu-' 0|:
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these cliagnostit: tests that deserve mention include bit error rate testing and alarm
threshold ITI()[1lTt)1'lI’I§_I. .\'ormall_\' these two diagnostic functions are implemented

h_\' the user obtaining a netw:':rl< control system (f\7C.‘t"a} designecl to operate with
modems mant:f:1ett.iretl by the company that prodtieed the .\'C.‘a'. 'l'ypit:ally, the
NCH is a miemeornputer—hasecl systern that monitors the status of the modems in

an trig-anizatit':i1's networlt. generates alarms when eertzrin predetinecl eontlitions
occur, and in some eases it E1\Tlf1.lflll_\‘ performs t:or1'eeti\'e action prior to a disruption
in network’ opertltitm ot‘CLII't‘ing.

The NCS is normally installed at the central eornptiter site and on a periodic

has-is queries the status of the remote modems on both point-to—point and
mtiltitlrop lines. 'l'hi't'itI;_,1'l1t|1e 1980s most .\‘('.'.S systems worl<etl in eonjunetion with
motlems that pt=.r’foi'n1 testing and status queries via the use of 21 secondary eharinel.
This permits data tran.smission to continue on the prin1ar}‘ channel, with testing
and t't_=:,;pr':i1h‘.e1-.‘- to the testin;__r flowing eonet1r:'entl_\' at a lower data rate on the
seeondar_\' channel. Since then N(_f.S s_\'stems were developed to worlt in conjunc-
tion with intelligent modems t'lesi;.»;ned to recognize certain datapatterns as a reqtiest

to perform testin;_,r antlfor issue status responses. \\"hen used with this t_\'pe of
modem. one’s actual inI’ormation flow of data is interrupted by the testing.

To allow users to implement network eontrol functions in :1 data communications
netwoi'k without having to replace existing_: inoderns, some vendors offer what is

eommonl_\' ealletl :2 ‘modem wraparound unit’ or modem network adapter. Such
dmiees are cabled to lmth ends of the. modem and in schematic tli-agmms appear to

wraparotind the modem, hence the term 'wraparotind unit‘. l’i;_,rttt'e —l,~l-6 illustrates
the titili'/,-ation of an _\_Ct_-3 maiitifacttired h_\' one \'I:11Cl0I' with local and remotely

located n1ot'leins n1-anufaettired by a second vendor by the employment of two

moden1 \\'l"¢lI)':1I'E_)l1l'](_l units. 'l"hrou;_z_h the use of the wrap-a round units, the NCTS can
eondtltit rnotlem and line tests. even when the modems are In-ai1L.ifaett1re(l by
L"! i fie ren r \'en do rs.

 
Primary dcltcl

NCS —-—---- Control channel

Figure 4.46 Modem wraparound unit utilization. The modem wraparound unit permits the
use of a network control station produced by one vendor with modems manufactured DY
other vendors
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4.3 INTELLIGENT MODEMS

In this section We will exzimine hr.)\\' Iniemproeessnrs and I't’di‘..l tmly memor_\_'

(ROM), I‘11Tltl(Jn1 access memm'_\‘ (R.-—\.\l), and erasable pi'ngi‘aintneIl.ile 1‘t"t‘It'l only

memm‘_\' (lil’I{();\'[) are used to :-icltl intelli,qenee to modems. Althuu,gl1 the ability to

zitltl iiitt-lligeiiee to modems e-tin ]‘n't)\-'iL'le an iilmnsat infinite numher 0|‘ features aincl

i"L.lI‘IL.‘tl(]l'1S. we will ftJt‘.Lis niit zitterititm upon three l<e_\' .'cll't.'_":1S that :11'L’ 1i0I'm:ill_\‘

E15-E-§()t.‘.l£1U..‘Ll with the term ‘intelligttnt nmtlem’—-t:m'nmiintl sets, e.i‘i‘0r detection and

eurreetitm, antl tlztta e0i11pI'essirin. ii.
The em‘m‘n21J1£l set 1i.~;eLl l)}' 21 niotlem _s_{m'ei'1‘L.'a its tipettitimtzil LT£l[_Tdl)lil[_\'. t:n:1l‘1lir1;g

'r1lltt_)l‘I1'r1I'l£' tli-tiling untl rec|i;ilingg of telephone I‘|l11‘I‘ti')L.'!'!-‘s, s~:eleetiun cut‘ an ope:-atin_L_r,

1”.l'1lI‘IHl‘l'ii5-it-§i(_‘JI‘I rate. and E.!Tl1(.‘l' i‘lll'I(‘1'i01‘l!-I to he ]')(.’.I‘i‘(Jl‘t‘I‘l(.‘t..l \'i:I et>mmL1Iiic.'Ititms ‘I
:-2()i"f\\"d!'L.' 01' by 2| pet‘::sm1 t_\'ping__I (.‘f.)ITIITI':1I‘I(lS from his or her te1'tni11-.il tit‘ pet's0ntIl '

t‘m'nputei‘ tn the nmtlem.

_-\n ei'rm' tleteetirm zmtl t:ni':'eL‘tit)n Ctipziliility restllts in the ti':tI'ism1ittirig ITI{)(_lt.'l‘I'I

iitlditig 1| E-i}"J(?LIl}ll ‘tt';tilei" to eattrli l)l0(Ti( of (_l‘rll'.Ei \-\'|1ieh is Fm'I'tieLl 2ieet)i'Lliri}_{ to it I’,
precleliiied 2ilgm'ithm_ 'l-‘l'lL’ reeeix-'in_LI, 1‘I‘I()Ll(.‘ITI [)Cl'l‘()I"ITIF5 the same ttl;_{tJi'ithm on eatch

received tiara l‘)lt)elt and et>inp;'ii'es its t;(}r‘r'l[)LlIIl«ltilJI1 to the tran.-mtittetl ‘trailei’. If the

'[I‘JI’1.\‘.1"I‘Iittt'Ll :=mt| enmputed "trailers" mzuteli, the. claita block is e.mis;iclei‘ecl to he

t‘eCei\'etl et'ii'1'eetl_\'. ll they eh‘: not n'12Itel'i, the ret:ei\'ii“1g 1’1'Il'JLl(‘:1"l"I will transrnit this fact

tn the ti‘emsmittiti;_I mutlem, \\'hielt will then i'etrz1i'i.-emit the block. The L‘(JTl‘L“‘C[l(‘Jl1 of

Llaln thus ('Jt_‘.(_‘t_1rF‘- l‘)_\‘ I'(.'i|'dI1t-il"I1l!-it-Eltlfi.

“"hei‘| an intelligent |'1'1()(lL’I1’I pe1'I‘t)ri'i'is Clzltil et}1ripi'essit)i‘| it exttrniiies (l:'iT.':1 for

i'et'lunclaiie_\'. i'eplueirig, as am exzimple, striiigs til‘ ehzirzieters h_\' 51 special code aiicl

count \\.'l‘1iCl‘t the |‘eCei\'ir‘|g modem reeugtiises and uses to 1'C}_!_C1'1El'&lIU the data hack

into its original ftn‘n“i. 'l"Iii'tiLigIi the use 0|‘ clam C()lT1]‘)]'{':SSil')I'I 21 m0clem's el"fecti\'e .

iiifnrmatiuii ti‘:insl'er t3£l}"Jdl)ili[_\-' is ittt_‘:'e:t5eL'l F‘.ll‘1CL" each elmraeter tran:miil'tecl may

teprestent imure than one clam L‘h2ll'::lt.‘t('_'l'.

Command sets

DLt1‘i1‘ig the l‘.J70.~;, ti em)-till C()I‘I‘II‘I‘H1i'1l(Z'rIlfil)T‘1S Li()n'1]')llI‘|_\' tI1lllL’(.l Bizeom cle\'elopecl the

eoneept of adding intelligence to t“I‘!()LlL'l"r15-i tlimugli the Lise 0|‘ codes that the modem

\\'eiultl reet);,rni7.e and tie‘: upon. The .~:erie.~; of eticles that at muclem is tlesi5._{i1et'l tn

interpret and act upon is ix-l‘eri'ed to us its enmmzmd set.

In aclclition tr.) the pioneering wnrk of Bi’/.e.t')n‘1, other modem lTttlI‘ILlf':1L‘tLll‘t'l‘S

tleveltipetl similar perfoi'iiiin;_z r‘t1()Lle1‘I"IS. l7rifm'tL:ii;1tel_\'. tltiring the eti1'l_\' clays of

intelligzeiit mocleni tle\'elnpment.< the emrmmritl sets built into ITl(.‘I(lL:l‘I"IS im1ti1tfat'—

tui't:el h_\' clifferent \'I.':n(l0I‘S \\'ere ninre than likely to he inermipzttihle with one

:mr_:tliei'. _\Itm_\' eommunieations s:0t‘tw:'ire |‘J1't'Jl_ll1(_‘.I:€ were thus tJI‘i}_1'_intlll_\' 1'est1'ieted

to operating with 1] speeilie mc.itlem m‘ :1 few modems lmwtl upon the t‘0I‘I‘II‘I‘|EIl’t(l set.-<

the :st.>ft\\'aI't- .~3uppm'tetl. Due to the ]‘J0pLIl:-’lI'if§' of the lltiyesq '.\-liwneompiiter

l’i'utluets series of 511121l'tlT1U(lt.’T‘I‘I'c1T'\I \\'l'1ieh at one time captured m'et' 51)".-1. of the

persmnnl enmputer modem mzirltet, that fii‘rn's; eemmancl set Cl‘I1(.‘.I'§_>,'€'.(‘l as -:1 r)'e~frm'ri

intlimtry .~.;t'2Ii1tl:1rt'l. l.)t1I'it‘I_L‘ the l‘}8{.ls 111-mi)’ modem manul1ietiire1‘s inem'pm'ut'ed a

E-tiI“I'lilF.11' enmmimtl set into their pmtlticts. restiltine in it l‘1i}_fl’I level of e<_imp:itihilit_\'
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The Hayes

laetween ctammtmications snft\\‘:u‘c tltttt supports the cmmnatntl set used l)_\‘ Il:i_\'es

.5-'an1;t1'tn1mlems Eflltl modems I1’IdllLlll1IL't[|I'{.'v’.'l h_\_' other vendors.

Tr>tl:t_\', m-tiny nmtlem mant.il7ncttt:'crs atl\'e1‘tise their prntlticts as ‘lltiycs
eump2Itih|e'; lit')wc\'t.-1'. this term can he misle.-t1tlin_tz as it ITI21_\' not intlictlte whether
or not ‘l"l21§'es comp;itil)le' st)ft\\-'2tI‘t- will support all of the fettttires of 2: p;1I‘l'lt.‘.l1l1:ll‘
mutlem. ln :1(lLll[llJl'I, cnnimttniczttions :;<'>ft\\'2ti'e :|tl\'ci'tisetl as Sl.1ppt')I'tlT’t}_{ the ll:l_\'es

(‘()I'l'H"I}tEI’tLl set rn-.1)’ not estipptirt all of the features of 21 specific ll-.1_\'es Hiemconiptiter
Pmducts E'5tn:ii'tnmtlt-m. To ttnt'lersta1nt'l why these incmnpntihilities can nccttt and

him" they can he E1lli.;’\'i'dYL?(.l. let us lirst c.xe'tmir1e the I-l:':_\'cs conimtintl set and then
focus ()L1I' attention tiptm :-}(_'\'t’1".'ll I'I}('1:Llt‘.l'D pmtlttcts anti the eui“ninamt.l sets the)‘
:~'tl[‘)1'}{'Jl‘T.

command set

The II-ayes enmmatntl set :1L.‘tLl:1ll}' consists of :1 lmsie set cat‘ cmnmantls and comm-.-ind
extensions. '|'hc basic c.nimmIm,ls, stteh as placing: the mntlem tnflllttmlt, cliatlintg ti

ntimhcr and pt-.1‘t‘0i'1*nii1g similar r npcratinns are cnmmtm to all Ila_\'cs mntlems. 'l'he
CU1‘["t!1’Idl'II‘..l extensions, such as placing a rrmclem into at specific OI1(‘.'["rlTli'1g speed are

only appliettble to modems huilt tr.) trtmsmit and receive Lliltkl at their speed.
The cmmnantls in the l‘i£I_\'C‘.S crmimttitcl set are initiated hy tramsinitting an

attention code to the motlern. t'0llm\'t-cl by the upprtJpi'i:1te comm-tmtl or set til‘

commands one desires the modem to implement. The atttentitm code is the

(‘l'I'<1T'd(:tl.’1‘ seqttcncc .-\'l', which must he specitieti us all ttppei-case or all lt_m't.-tease
letters. The reqtiircment tn preiix all emmnantl lines with the cotle AT has resultccl
in mtm_\' I’l‘ItJt‘l(,'I'I1 :'nai1tif:tcttii'ci's clcnr_itin_s._v their muclems as llE1_\'t’.S .~\'I' cnmputihle.

'|‘hc L‘.t"J1’1’t1’1’t2il‘ILl httffer in -(.1 llztyes .‘Smtti'ttn<.:(len'i lmlds —Hl ch;-tracters, perniittintz :1

sequence (ll: coi'ni'na1nt'ls to he trttnsmittccl to the mtnclcm on one cnmrn2int'l line. Tliis
-l-ll—(.‘l12'tI‘1lCtL‘I‘ limit tines not include the etttentiun codc., nor does it include sp:'tc.es

int'luclet'l in 2| eummantl line to n’t'tll\'{' the line nmre. i'eutl:il)|e. 'l‘;1hlc -l.2l lists the

|mi_iu1' ct'Jmtna1i1t.ls incltttletl in the basic Ii-ayes cuitirnantl set. Other i1mt'lems, such
as 'l'elehit's 'l'r:iilhlt1zei' employ 2] emnmaintl set tlmt can he crmsitleretl to he at

superset of thc lht}-‘es commtmtl set. While commtmicatitms st:ft\\'21i't- that uses the
H 21_\'es cr>n1m-.1nc| set will operate with this inotlem, such sn|‘t\\'arc e:innt)t utilize the.
full putentietl of the mtidern. This is because the I121)-‘cs cmnmantl set (Ines nut
strpport S{".\'I;‘l‘:ll Telehit "l‘r-.1ilhl;1zei' t'eatt:1‘es, such as its pmprietairy method inf t'.l'l'Ui‘
tlctcctitm.

The lmsie lltlI‘1’i'I':1lI reqtiired to transmit eomrnands to 21 H:i_ves C0iTl]‘)dl.'llllL.'

ll}l.L"lllgL‘fit modem is shown l)elm\'.

XI‘ Lhinimintl[[’a1i'z1:'1'icter[s}iCmninanti|l’ati';1meter(s}] Return

iizteli cmnmamcl line includes the prefix AT, followed in" the atpproprizttc
cuminand and the er:mmt1ncl‘s p:ir2trnetci's. 'l"he cr.>n1n'mncl pm'si‘riett:rs are usually’

the digits l} or I . which serve to deline 21 spec-ilie cmnnttmtl state. As an extimple. H0
is the (‘.()I‘nI‘I1EI!"t(l that tells the mntlem to hang: up EH" tliscnnnect a call. while I'll i9
the t;<.m1rmu1c.l that results in the modem guing titit‘-litmlt, which is the term USl..‘Ll
tn define the :-tctitm that occurs when the tttlt-phone l'|E1l'1(.lSf3I is lifted. Sines

 



4.3 INTELLIGENT MODEMS 433

Table 4.21 Basic Hayes command set (major commands)

Command Description

Attention
Answer call

Repeat last command
Select the method of modem modulation
Turn modem’s carrier on or otf

Dial a telephone number
Enable or inhibit echo of characters to the screen

Switch between half- and fu||—duplex modem operation
Hang up telephone (on hook) or pick up telephone (off hook)
Request identification code or request check sum
Setect the speaker volume
Turn speaker off or on
Place modem on-line
Pulse dial

Flequest modem to send or inhibit sending of result code
Change modem mode to "originate-only‘
Set modem register values
Touch-tone dial

Send result codes as digits or words
Use basic or extended result code set

Enable or inhibit long space disconnect
Fleset the modem

+ + + Escape command

N<x<+mpovo§r—:fimUQmgb3
Commands followed by an asterisk {' } are not applicable to the Hayes \.r'—series Smartmodem
2400 but are recognized by earlier Hayes modems and modems manufactured by many other
vendors.

many eommantls do not l1:1\'e par-anteters, those terms are cm'losed in ln':u:kets

to illustrate tlmt they are optional. A number of commands can be ineludctl in

one c:'m1manL| line as l:m;:; as the number of eltaraeters does not exceetl -H), which is

the size oi" the moclem's command btiffer. Finall_y, each command line must he

l(.’l‘lT1‘iI1Ell.'I.’(.'l l3_\‘ :1 C21i'1‘in,L_{e re1'.Liri'1 cltzlmctei‘.

Conwnand use

To illtistrate the utilization of the II:i_\'es command set let us asstime we desii'c to

autorriatieailly clinl Ne-\\= York Cit)‘ informatirm. First, we must tell the modern to go

oft"-lmolc, which is similar to one m-.1nuall_\‘ picking up the telephone handset. Then

we must tell the. modem the type of telephone S_\‘$‘-I{‘.I‘t"t we are using, pulse or touel1—

tone. and the telephone number to dial. Thus. if we have at terminal or personal

computer connected to :1 I-Inyes eon'1|.1:Itil.1l:: modem, we \\'oultl send the Following
comm-ancls to the modem:

A'l' HI

AT l'J"l‘| ,212-555-12 I 2

In the first command. the l parameter used with the H (‘.{)l'nl‘I'!11T‘l(_l places the
modcm oft‘—l1<_:ol<. In the second (‘.U|Tll]1::IT'tLl, UT tells the modem to dial (D) at

 



 
 
 
 

 
 
 
 
 
 

 
 
 

 
 

 
 
 

 
 
 

 
 
 

 
 
 

 

 
 
 
 
 

 
 
 
 
 

 
 

 
 
 

 

434 WIDE AREA NETWORK TRANSMISSION EQUIPMENT

telephone number using: toueh-tone (T) dialing. 'l'he cliggit l was included in the
telephone number since it wzis ttssumed we l1E1\'t‘. to dial long-distance, while the
eomma between the long—disttinee aieeess ntimher ( l ) :-lI“ILl the area code (El 2} L"r1llS€‘S
the modem to patise for 2 s prior to dialing the tiren eode. This 2 s pause is usually" of
sLtt'l:It:.ient duration to permit the lnn_t{--;'listeIt‘|t.‘e dial tone to be reeei\‘ed prior to

dialing the area code number.
tfiince kt Smairtinodem '.ttiton12itieull_\' goes oft‘-lit.-oli \\"l'|L‘!‘l Cliztling it I’IuI"r1hL"I‘. this

first eoinmzintl line is not actually required and is normally used for receiving ealls.
In the second command line_. the type oli dialing does not h-.i\-'e to he specified il‘ ‘cl

p|'e\'ious call was made, since the modem will then use the last type specified.
Although users with only pulse ditilirit; avail-nl)ilit}' must specify P in the dialing
eornm-.inel when using 21 I-'li1_\'es Smairtmotlem, several \'L'I1(_l()l‘S now offer nioclems

that can :1utom:1ti‘:ill_\‘ determine the type of dit1ling_ l";1eilit_\‘ the modem is
connected to and then Lise the d})l')]‘l'.)p|‘lklTL‘ Llialing method without requiring the

user to specify the type of dialing. For other non-I-It-1_\'es modems, when the method
of dialing: is unspecified, such modems will tiutrmttttiettlly attempt to perforrn ll
touch—tone dial and, if tttistiecessftil, then redial using: pulse di:ilin;__r.

To ohtain an tippreciution of the \‘t"I'S':1tllit§‘ of operations that the lloycs
Cl)ITI!‘f’I21l1Ll set provides, El!-‘-SLl!1’1(_‘ two personal computer users are comrnunienting
with one another. ll’ the users wish to switch froni modem to voice operations

without hanging up or rediztling. one user would send :-i message via the
eommunie.:1tions }'H't')gI'kHTt he or she is Lising to the other user inelieming that voice
C()I’t‘lI't‘IL1T1lCi-1T.'lU1‘l.'< is desired. Then, hoth users would lift their telephone handsets

and type —l— + -+- (Return) All-l (Return) to switch from on-line operations to
command mode {han,=__r—t1p). This will cause. the modems to lmiig-L11), turning off the
modem carrier sigmils and permitting the users to con\‘erse.

Result codes

The response of the 1'5mzirtinodem to eornrritinds is known as result codes. The Q
eomimmd with at pL1‘E1l‘nt."L't_’1‘ of l is used to enable result codes to be sent from the
modem in response to the execution of command lines while :1 p2u'atnete1' of U
inhibits the modem from respoi'iding to the e..\'ecution of each comm-ctnel line.

[I’ the result codes klI'(;‘ enabled, the \' eomrnand ean he used to determine the

formtit of the result codes. \\-'hen the Y eoi'nm:ind is used with a |}E1I‘ElI'1'1t"IE‘1' of ll. the
result codes will he t1'dllS!Ttll'l't.’Ll as cligits. while the Lise of ‘<1 pt1i-'.1inetei- of 1 will eause
the modem to trtinsmit the result codes 215 words. Ttible 4.22 lists the Basie Results

Codes set of the llE1_\'t.’5 Stntartmodern Zilllll. As an exuinple ol‘ the. use of these result
codes, let us assume the t'ollowin;1' commands were sent to the modem:

A'l‘ Qt:
:'\'I‘ \'l

The Iirst comm-.ind, .-\'l‘ Q0, would etiuse the modem to respond to eon'n"n-.1nds by
ti'2insrnittiri_:: result eodes zilter eaeh command line is executed. "|‘he seeoncl
(Tf}l']'1l'l'1&'lI1Ll. .—\'l‘ V1. would e'tuse the modem to transmit E‘¢lL‘.l‘I result code as :1 word
eodc. Returnirrg to Table -l-.22 this would ettuse the. modem to generzite the wortl
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Table 4.22 Smartmodem 2400 result codes

 
  

Digit code Word code

OK
CONNECT
RING
NO CARRIER
ERROR
CONNECT 1200
NO DIALTONE
BUSY

NO ANSWER {replaces NO CARRIER if the @ is included in the dial
string)
Reserved for future use
CONNECT 2400

CEOm"~.lG'JU"|-I5-K.-JF\J—lD
code ‘C(JN-t\'E(.‘T’ when zi I.I2II'I'l{.'I' signal is detected. If the command .'—\'I' W.) was

sent to the modem. Ll result code of 1 would he transmitted by the modem, since the

U parameter would cause the modem to transmit result codes as digits.

B}-' combining an exzimimttion of the result codes issued by a Hinartrnodem with

the genei‘.'-ttitm of appropriate ttommzamls. software can be developed to perform

such operations as l‘(.'Lll21lll‘1,L{ H previously dialed telephone number to resume

transmission in the event it eornmunittations session is iriterrupted and auto-

mattieally ai“1s\\'ering_{ irtetarning calls when ‘cl ring signal is detected.

Extended AT commands

A large numher of extended AT commands were (_l(.‘\'I.fl()]')t.'(l b_\' l"la)'es

KIieroeomputer l’rotlt1ets to control the operation and Lltilizzition ofspeeial modem

features. Tzthle 3.21 lists the extended .—\T eomimmds supported by the I-[ayes \'—

series Sm-Ltrtmodent 2400. Note that each of these commands uses the ztmpersanel
(ft) elmrittrter to indicate it is an extension to the hitsie eommztnd set.

ll2I_\'es Sm-artrnoden1s (.)pL‘.I"a1.'lI’L,‘_! above 2400 hps support most, if not all. of the

extended commands listed in Table 4.23 while adding certain extended commands

that reflect the addition ofee1't-uin features he_\'ond those included in the \-'—series

Srmtrtmodem 2-I-(ll). For e,\':tmple, a I-Iayes Smetrtrnodem 9601) that supports the
\'.32 sttmdurd includes the extended C.I:')r1"tl‘1"tdl’lL'lS &LTJ and &U1. The &L'0

e_xte-nded eomm'.mL| emuhles trellis coding when the modem operates at 9600 bps,

while the &l'l extended command disables trellis tztnditig.
All extended AT eomrmmds are initiated in the same 1mmrn=.1' as basic commands

and have the E-i‘.lI‘I‘Ii: rules and constraints with t'espe¢:t to their use. For example, the

81C con“1mamd mus-:t he prefixed h_\' ‘_'—\T' 01' ‘at’ to be recognized by the modem.

Similarly, the modem must he in an oftlline or an on-line eomrmmd mode to be

able to I-eeognixe and act upon the emmnand. You should not eonhise the I-[ayes V'-
series Smzirtmodem 2-lllll e_\'t(:1'1(l{.’(l AT commands listed in Table 4.23 with the

term ‘extended ;—\'[' eommzn'1ds' mun}-' modem vendors udxrertise. The latter is
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Table 4.23 Enhanced AT command set (Hayes V-series Smartmodem 2400) 

Command Description

&C0 Assume data carrier always present
&C‘l Track presence of data carrier
&DU Ignore DTFI signal
&D1 Assume command state when an on-to-off transition of DTFI occurs
&D2 Hang up and assume command state when an on-to-off transition of DTR

occurs

&D3 Fleset when an on-to—oft transition of DTR occurs
&D4 Fleset when enter low power mode when DTFt is low
&C-30 No guard tone
&G1 550 Hz guard tone
&G2 1800 Hz guard tone
&J0 FI.l—11fFIJ—41Sl'H.J-455 telco jack
&Jl FIJ-12fFI.l—13telcojaok
&KD Disable local flow control
&K3 Enable RTSJCTS local flow control
&K4 Enable XONJXOFF local flow control
&K5 Enable transparent XONIXOFF local flow control
&l\/ID Asynchronous mode
&lVI1 Synchronous mode 1
&M2 Synchronous mode 2
&M3 Synchronous mode 3
&Fl0 Track CTS according to FITS
&Ft1 Ignore FITS; always assume presence of CTS
8:80 Assume presence of DSFI signal
8:81 Track presence of DSR signal
&T0 Terminate test in progress
&Tl Initiate local analog loopback
&T3 Initiate local digital loopback
&'l'4 Grant request from remote modem for RDL
&T5 Deny request from remote modem for FtDL
&T6 Initiate remote digital Ioopback
&T7 Initiate remote digital loopback with self test
&T8 Initiate local analog loopback with self test
&W0 Save storable parameters of active configuration as profile 0
&W1 Save storable parameters of active configuration as profile 1
&X0 Modem provides transmit clock signal
&)<'I Data terminal provides transmit clock signal
&X2 Fieceive carrier provides transmit clock signal
&Y0 Specify stored user profile 0 as power-up configuration
&Y1 Specify stored user profile 1 as power~up configuration
&Z Store telephone number? 

tIsu:1ll_\' at term used by \'i:l}(lI)l‘S other than I-laycs Xlicroconrptrter Products to
deline the cornmancls used by their products to access and control such features as

_\'I_\'P. V".-I2, \-’.42 his, and |‘)i‘{_)[)T'II;’.tIIl'_\' methods of error control and data com-

pression. .\Iicrocom has defined 21 series of ;—\'I' command extensions to control and
access error control, data compressimt, and Hl)\\' control. Used by the ;\[icrocom
AX se1'tesol‘modems, the extensions have been zrdopted by Intel, ()l<idu1'a. I-‘tactical

I‘cripl1em1s, I’romethcus. and \"en—"[‘e|. .\'lodcms I“I1‘¢lI‘lLIf'.t(:tLl1‘t?L‘i by other \-‘curlers
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rior1mt|!_\' use unique comm:-mds and >3 t'e;_1iste1' settings to access and control those
}'n't:\'i0tISi_\' mentimtett i'eatLtres.

Modem registers

.-\ third t<e_\' tn the degree of eompattibility between ntm—I Iat_\'es and ["‘Itl_\-'t_‘.‘-1

Strutrtmnderns is the number, use and p1'o;_:i'2ttt1t1121|)iiity of registers emitztitteti in

the modern. i[i:1_\'C5'i i‘$mett‘tninclems crmtuin it series of |)t'f.i}__{t'k1l‘I1I11‘¢lbiI: t‘egistet‘.~: that i
govern the futiction of the modem and the t')pe‘I":tti()l‘I of some of the ezitmnamls in

the moderrfs emrinittnd set‘. Tztbie 424 lists the fttnetions of the first 13 I‘t.;‘.}'__{tS[(:‘l'.\‘

huilt into the ii-ztyes Smztrtmotiem 240i}. to inclttcle the tietuttlt \-‘1-titlt.’ ofeaeh regzister

and the rztmze rafsettirtgs permitted. Tltese registers are i\'I‘I0\\'t'1 as H register.~s. since

the-_\' are set with the F5 cmnmand in the ['Ia_\'es command set. In tt(i(iifi()l‘I. the

current value of each regi.~':te1' can he read under pt'<.n_9,rt1m etmtml, }':t:1't‘r‘tittiI‘I;_1f

suftwatre developers to marliet commtmicattitms pi'o;zt'att‘ns that permit the user to ‘,

eusi]_\' tnot1it”_v the tiefatilt values of the modem‘s S t'e.g_zistt-rs.

Table 4.24 S register control parameters

Register Function Default value Range

80 Ring to answer on ' 0-255
81 Counts number of rings 0 0-255
82 Escape code character 15.8011 43 ASC11 0-127
83 Carriage return character ASC11 13 ASC11 0-127
84 Line feed character ASC11 10 ASC11 0-127

S5 Backspace character ASC11 8 ASC11 0-127
86 Dial tone wait time (s) 2 2-255
87 Carrier wait time (3) 30 1-255
88 Pause time caused by comma {s} 2 0-255
89 Carrier detect response time (H103) 6 1-255
810 Time delay between loss of carrier 7 1-255

and hang—up (time)
811 Touch—tone duration and spacing time 70 50-255

(ms)
812 Escape sequence guard time in units 50 0-255

of 20 ms

‘Usually depends on a switch setting

To understanti the tttility of the athility to rent! and reset the rzilues of the

mutlenfs S registers, consider the time period at Smairtmodem mtits for ‘:1 that tone

prior to going oft"-hook and tiialing a telephone number. Since the dial tone wait

time is ccmtrrillecl by the St: register, 21 progr:.trn offering the user the tthility to

L‘i‘t‘c1I1_s'__{€: this wait time might t'ir.~:t read and display the setting of this register during

the prograrn's initialization. 'l'he reateling of the S6 l‘i:§_EiStL‘t‘ would he zttreomplislted

by the pi'o_«___1:ra11t sentlinp: the ft)1it)\\'it‘t}_{ cnrnnmitd to the modem:

AT St)?
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The rnodem's response to this command woulcl he ii value between 2 and 255.
ll‘It.liL‘:lfil‘l§_{ the time period in seconds that the mociem will wait for a dial tone.
.-—\ssttming the user desires to change the waiting period, the commtmiczitions
pro;_:i‘ai“ii would then transmit the followin;.{ coi‘nn'i-anti to the modem. \\'hcrc it
would he a value. between 2 and 255.

.-\'l' 56 = H

Compatibility

 
 

 
 
 
 

 
 

 

 
 
 

 
 

 

 
 

 
 

 
 
 

 
 
 

 
 

 
 
 
 

 
 

 
 

 

For :1 non—l-it-1_\'es modem to be fully Cl.lIT.I})§’lril-)l('_' with a llayes modcin, command-
set L‘t)t'I’Ip:1ill3llll.'_\‘. resu|t—codes comp-atibilit_\' and rnotlem—i‘eg_Iister coinpatibility is
i‘eqi.iiretl. 0|‘ the three. the n1odein—registei' cornp2itibilit_\' is usually the least
important :mi;l many users may prefer to consider only commancl—set and response-
codes L‘f_)IT|]'J1:ll"ll')ilit_\‘ when acquiring intelligent modems.

The rationale for omitting register compatibility from consicierailion is the fact
that man_\' non—|-layes modem \'ent"lors manufacture 'e.o1npatible' modems using the
tlefattlt vzilues of the [Ia_\'es Sinartinotlem re5.:isters. This enables those rnamifac-
turers to avoid builtlin;_;= the re,t;isters into their modems. reducing the size,
coinplexity and often also reducing: the price of their modem. Thus. ill the tlellitilt
values of‘ the S registers are sui'i'ieient for the. user and the modern under eonsitler-
ation is both command—set and result—coclc compatible the issue of register
comp-.-1tihilit_\' can normally he eliminated as an '«.1C(.'|LllSltl{)l1 factor to consitier.

A secontl rationale for t)l‘l']l|.'[l1’l_L{ rei,}'ister compatibility from consideration is the
fact that other non—lIayes modem \'enr.lors incorporate IOU or more re_<_risters into
their products, L1SUdll_\_' with their iirst I3 being compatible to the first 13 I-layes S
re.gisters. '|'he I‘L‘.IT‘l‘cliI'IiI‘|_§.1' registers are used n“rainl_\-‘ to control such atlvancctl
modem te-ati.1res as How control, protocol spooiing, data compression. anal error
control.

OF the first l3 5% registers perhaps the most critical to unclei'st-.1nc| is the S?
register. This register is used by an originating I1'll')LlCI'I'l to set the time that it will
wait to receive ‘:1 carrier tone from a distant motlem prior to hanging: up. For

example, assuming you access a ‘)(il}f} bps tnodem with ‘d 1200 or ?.~H_}ll lips modem,
the setting of the S? reizister will 1’tt':1'I‘t‘I'.1ll_\' ;:o\'ern whether or not you will be able to
establish communications. To tintlei'.~.mmtl the criticality of the ES? register it is
important to understand how the remote modem operates upon i'ecei\'ing 21 call.

\\'hen a remote l)()(_ll} bps modem receives 21 call it first attempts to iieemtiaite an

operating rate. In response to the incoming call it responds with a carrier tone at 21
predetinetl treqt1cne}'. If it does not receive a reco_s_zni'/.ecl response within approxi-
nr.1tely 15 s and supports multiple motlulation schemes that are enabled the. remote
modern then triinsmits a seconcl carrier tone which represents a lower operating

zed
rate. This process continues until the remote modern either receives E1 recogni 8?
carrier tone from the ori,n,Iinatin_s_: modem or the. setingj of the. remote motlem’s

register is rt.-achetl. ii’ the latter occurs, the remote modem will clisconneet tht.’
incoming call. \\'hile most data center and packet network tlial—in ports ha\'e theirat
modern “ii registers set to a minimum of (ill s, most modern users fail to note th
when their moclern is used to (J1‘i{_’_‘l1’t21l’.L’ calls it may not receive a :'ct:og,_{i1i7.i1hle L‘d1‘I‘i(.’

I.
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tone for -l-5 or more seconds whe.n accessing a lii_ghc|'—spcecl Inodem. Thus. you
should norinally cliangze the factory default setting of 30 s of the S? register to a

higher value when dialing: a liigh-speed modern with at Bell Systeni 212A or \-'.22

his modern. 'l'hc preceding is also true if you use a \'.32 modern set to operate at

9(?iUU bps to access it \'.3-I- rnodcm set to operate at 28 800 bps, or \\'l1{.'I'II;2\’eI‘ there

are more than three t)peI‘2ItiI‘I§_{ rate differences between calling and answt.-ring
modem.

Error detection and correction

Error deteL.‘tit.m and t‘.oI'l'et'.ti(m, also l<i'iown as t:rror Control and error t:o|'i'ecti0n,

has been implemented in a large number of switehecl 1‘ie1\\'orl< modems using a

\'ariet_\' of techniques. lizich teclinique t'ol|ows a common methodology in that data

transmitted h_\' an Ell'tE1(‘l‘lL‘(l terminal device form:-1ll_\-' l<no\-\'n as data terminal

equipment or [J'[‘l_-1 is Htstgathi;-.1'et| into a hlocl; of characters. Next, an algorithm is t

applied to the block to geiicmte one or more checksinn characters that appended

to the block for transrnissioi1, The receiving modem performs the. same ailgorithm
on the block it receives, less its cliecltsuin character or characters. The Ch('.Cl{SL[I‘n

computed by the re(.‘.ei\'ii1g modem is retc1're.d to as the loc:1ll_\‘ generated Chi3Cl{SL1I’I"I,

which is compared to the transmitted (.‘l1CL'.l(SL1l'n. it both the locall_\' generated and

transmitted cliecksums are equal. the data block is assumed to l’Ifl\-'E.‘ been received

error-tlree. Otherwise, the data l_>Iocl< is assumed to have one or more bits in error,

and the 1'eeei\'ing modem then requests the transmitting modem to retransmit the

data block. Thus, error correction is aieeoinplishcd by retransmission.

Since error correction is z-iecomplislicd b_\' rctmnsinission, all modems that

perform error detection and correction must have btlffers to ternporaril_\' store data

until an acknowledgcrnent from the I‘L’C{2l\'ll1}1 modem occurs, at which time the

transmitting modern can t.|ise:ird the stored data block that was recei\'ed error-free

by the modem at the opposite end of the transmission path. Since modern data

buffers are linite in size, as incelianism is rcquirecl to control the How of data from
the attached terminal to the modeni. This meclianisin is known as How control. As

all modems that perform error detection and correction must perform flow control,

we will first examine this subject area prior to i11\'estig;1tii1g the methods by which

error detection and correction are peI'torn1c.¢.l by modems.

Flow control

Flow control is a mechanism used to eompcnsate for the dilierence between the rate

data that reaches :1 device and the rate at which a device processes and transmits

data. To illustrate the concept behind l-low control, consider l7i_gurc Jr.-l? which

illustrates its rationale. .—‘;ssume this modern has an operating; rate of 28 800 bps. If

the eoinpression ratio of the modem is 2 :l. on the a\'era,qe, e\'er_\' two (‘.l'12ll'.El{_‘.t(.’!".:‘> of

data entering the modern will be conipressecl into one ch:i1'acter. 'l'hus. the terminal

tlex-"ice can be coniigured to transfer data to the modem ill.’ 5? (>00 bps which is twice
the data rate at which the modem trarisfers data onto the PSTN.
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Figure 4.47 Rationale for flow control. When the modern achieves a 2:1 compression
ratio, data entering the device at 57 600 bps is immediately placed on the line at 28 800 bps.
When the compression ratio is under 2:1 data cannot exit the modem as last as it enters the
modem and is placed into a buffer area. To prevent the buffer from overflowing, the modern
requires a mechanism to stop the terminal from sending additional dala—a process known
as flow control

.—\s hm}; £18 the modem can eompi-ess two Cl'|E1I'a1(L‘Kt"['5-I into one, the terminal de\'it:e
can keep on tra11sl'erring claim to the modem at 5? bill} hps. .“'-”nL1ppr.>.~:e. liowever, L1
portion of the Lldtll enterin_s,r the ll1(JL'lL'.l1‘r eiinnot he {_‘.()l‘I"l])I‘t_".:l!-¥I.’.t.l or is eornpressihle tit
J 1'-.itio less than 2:1. liither situtttiun would cause dntu flowing into the modem to he

lost. To prevent ll potenti-.1l data loss, modems that t_‘0]‘|1t1l'(‘>lE-‘- cl-at-a or pea-fo1'm other
lunetimts. including“ error detection and eo|'re.t:tion, will inelutle (.l‘.iIE1 litiffvrs as

tempm'-.u'_\' storagze loezititms to eompenszlte lot‘ the Lliffet‘trr1ee het\\'een the Lldtll Ilow
into the modem and the rate at which the modem can process and transmit tlal-.1.

Hinee Lldtll hufliers rep1'esent E1 finite amount oi‘ stor-.1,e_e. ll modem that iieeepts time
at one rate and ti':tnsfe1‘s it at :1 dililierent rate must he able to control the How of data

into its lmffei-s. Iinown as flow e-zmtml, this let:hnit.;ue is used to prevent rnodem

but-Te]-5 fr-in-ri overflowing and lo:~‘i1‘1;'_' data.

To illustrate how modem How eontrol operates, consider I-‘i,eure -i.-I8 which

illustr-.1te.~: ii mm.|em‘s hul"l'er storage men. As data enters the mraclem lroin an
zittziehed l{:i‘]‘t’lll’l:-ll device at {-I llister rate than it eztn he placed on the line. the htlffer

begins to fill. \’lChen the f_)C(‘1E}‘I'.tl"lL'§' of the htlflzer 1'eaclies :1 pretlefinetl high level
(HI) the modern initiates l'lo\\' eontro] to inhibit zultlitionul dirt-.-i Iirmn l‘lo\\'ing into
its Imller. ()therwise, the htttfer eoulel continue to Fill until diitu l."_‘\'C’I}l'L|.'r1ll_\' ennnot

he storl-:el and is then lost. .—\s data l'ln\\'s out oi" the l'iLtlTe1' and is modulated and

placed on the line, the point of low t)L‘.(‘l1|‘JLll'IL‘}' is re-itehecl (LL). \\"hen this level of
nceup:-lney is reirelietl the modem uses How control to enahle trzinstnission to resume
to the modem. Now that we It-a\'e revieweel xx-'h,\‘ How eontrol is used in modems, let

us exmnille the methods h_\' which it is implemented.

MODEI1

 
Figure 4.43 Flow control and buffer utilization. HL = high level to disable data flow, LL = low
level to enable data flow
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Methods of flow control

There are three pi-imzIr_\' tnethotls h_\' \\'hit:h l'lo\\' control edn he im;'ileinente.tl,
ine|ut'lin_i_1 the use ol‘ R'l‘:‘-i;'C'l‘f'% control si__<_rn;ils and the ti'tmsinission of the L‘l'l:-lI‘:-]-

Cle1'ptIiI‘S X(.}_\',’.\'{')l7l9::i1tl lC_V(J,r".3tLTl(. In t-iLl(lll.l(1I'l. some tleviees support the use
0|‘ £l mixture all How control I‘I'I{’tl'3(.)LlS.

HTS/GT8 signaling ; '
\Vhen ‘cl modern tee-ei\'e.-.< in RTS (request to send] signal lioin -.1 terminal (_lL’\'l(‘l_‘ and

is re2Itl_\-' to ]'(.'\‘.L'l\'L". claim. it will respond h_\' i':iisi1i_;; its (‘TS (ele:n‘ to semi) .‘3l_1_1'1'lEll, One
methotl to eonttol the How of data into the modem is thus for the modem to turn off

its (I."|‘H sigriail \\'hene\'er it wttnts to stop the How ol'<l:it-ct into its btiffers. \\'liene\'er
the modem wants the How of date: to resume it will then raise or turn on its C'l'.‘.i

signal. This metliotl of‘ How t:oni':'nl is refei‘|'etl to as l'12Il'Ll\\'tl1'l.‘ flow control ‘.18 the .
controlling: signals at the interfuee E_{('J\'L’I'H the operation of the l'I:II‘(.'l\\'dl'(_'.

XON/XOFF

The use of X(').\' and Xfllill’ elitm-it'tets for How control is referretl to as lf'I-l):lI‘lLl

sigtiailirig as the I.2l'l':1I":1l_‘l.'€1'E-3 flow over pin 3 (ret:ei\e clam) to the zittuelietl termini-il

tleviee. [n L‘t'}I‘f'I]‘)&ll'l.':‘~I_)I‘l. the use of the C'[‘H eontrol signal which is not 2: Llilli-I sigxntil
is I'f;‘llti‘l'1'{_'(l to as oiit—b'.1nd signaling.

.\lam_\' i:s}'1ielii't>i1o11s terininztl deviees reeo;_Jni7,e an .-\.‘$Cll code of 10, which

represents the CTR] ,—1'-3 elizimetei‘, as it signal to suspend tnmsniissinn. This X0 Fl"

sigziml is also known as at DCT3 {_[l{‘\-'lL‘.L’ eontrol nim1hei' 3) t.-hai‘a1e.te1- and is issuetl by
the Inotlem when it wants an attaelietl DTIC to suspentl the How of data to the
n1ncleni_ Once the modem l‘t21S emptietl its hul‘l‘er to a low level it will ti':in.smit an

XUN (_‘l1':!l":1L‘l.'t_‘1' to the l)"l'l*I. \\'l‘1iel1 serves its an S-i;_II"1dl for the l)’l'l§ to resume

transmission. The X0.-\’ ehznr:-ieter l'ldS an .=\:‘i(.'ll eode of 17 and i'epresents the
C'l'RL-Q eliaitzieter. This el1t11'21eter is also known as the DCI (tleviee control
number I) el1'.1mt:tei'.

One of the ]‘l1'()l)l(-,‘ITIS zissoeiziteel with the use of X(."}_\'_;’X(_}l’l-“ flow eontrol is

the use of tltnse eliiii'aetei's in 2] cleitt: file by am zippliezition pI‘:)£__{I';1lTl which, wlien
transmittetl, Celt‘: etitise it l'JT[*I to he infinitely suspentled. For eminple, suppose
you ate tmnsniilting at \Voi'tlSt;1i‘ file to ainother computer systeni. That \\-'m'd

pmeessing p|'o;gi‘2in'i uses DC3s gzeiiemtetl by at C."l‘l-’.l_.—H as tmn'l<ei's for the begin-
ning and end of L1I‘1Ll()I‘S{.'()l‘lI1,‘_‘_{. ll‘ yotir modem is set to eeho ttlieinurters and you liiive
|)C3s in it file, the first DC3 I'I"1(J(lUl:'H.'(i'.(l2il1Ll trzinsmittetl to the tlisnint systein is also
eehoed l‘)tlI.‘l{ to the 'dtt'.'c!(.‘l1t3(l T.'l3I'I'I1ll’I1-'1l tleviee. The DTl'i tleteets the DC? as an

1\'(-)I1‘F request and eoi'reetl_\' responds. h_\' stI.~;pentlint_{ transmission anel wztitingz, for
an X(_)I\I from the inotleni which will ne\'er eome. Ilere the obvious solution to the

prohlein is to turn echo off for the tile tremsfer. L'nfr_:i'ttImitely. this obvious solution

is not oh\'iot1.s to mem_\-' modem users, ll.‘-‘>pl.’(TlEill_\' when they are ti't1i1si1'iittii1g 1-lI’IL'l
1'eeei\'ing l)in;11'_\' tiles. F01" this 1'CElSl'Jt'I it is highly i'eet'm1:ne.nt{ed tlult _\'ou use
l1ttrd\\':n'e firm" control it‘ _\'0tI intend to l'i‘ti11stei‘ l’)lT'l:-iI'}' files.

 



 
 

 

 
 
 
 
 
 

 
 
 
 

 

 
 

 
 

 
 
 

 
 

 
 
 
 
 
 
 

 
 
 
 

 
 
 
 

 

 
 
 
 

 
 
 

442 WIDE AFIEA NETWORK TRANSMISSION EQUIPMENT

ENO/ACK

The enquiI'efacknt)\\-'letlge method of l'lt'}\\' cmitttil is used with certain l--lewlett
p:1(tl{2i1‘{l etitnputers and terminal {le‘.\'lL‘(.'t-I. This nietlietl of llt}\\' etmtml is l_'}|'ri:'-i(_'(l
tlptm the I')'l‘IC sending an enquire {I'iN('_')} and then 1'€C(3l\'lI'!_L{_ an acltntuwletlgement
(.-XCK) prior to actually ti'an::mittiii_:_r, data. [.'ntler the 1' Iewlett—Pael<artl li\'Q,.-’.—\Cl{
protocol the DTP: that reet-ives. an _-\(.'I\' in res_:|,mnsc to its: EXQ tratisinits a l‘.Ilt'JL‘.l{ of
data nli variable size that can be up to approximately‘ Etltll) characters in length.

When a modem is eonfigzttretl to Ll:~‘»{': I'I.\'Q;'.1.(_.‘I{ How control it will |‘(‘R]”)lJI"IL'l to

the DTIE’s: ENQ with an .—\(.‘.l{ when it can accept data. .—\t that time it will 1'I3lC’.E-18$‘

the FINQ to How to the remote motlem.

DTE flow control

The }.‘1l‘L’\'lt_)t1{-Bl)‘ t'lese1'iht-tl T1’1L‘Il1t.)Ll'.-§ of How etmtrol are also applicable in the re-.\'e1‘se
(lil‘("_'C‘l.'lDI’t, with D'[‘Es cmttmllingz the llmx of tlata.

lJ'[‘1is are E-‘ull’1]lldt' tn mtitlems that contain l'>tt1’fers, in that when cipe-.rating'

etmiintinitratitms 3t'it't'\\-‘tire, a finite area t)l‘.~itm';1ge is I‘L"S(:I'\’[’(l for receiving data to be

proces.~;t.-tl. If the receivecl data is traiistierred to a pet'iplici'-al tlt-vice, sttch as a printer
operating :'alu\\'et' than the etimintitiicaliums line. this h‘iILl'<1'tit)I‘l could I't.‘.~;Ltll in a lriss
(if data. This is be ‘ause the nmtlem \\'t‘ILIlL'l he pttssiiig tlcnmtltilatetl cl-.1ta tn the D'|‘E

fa:~‘ter than it ctiultl empty‘ its htttter area, e\'entually re.::ultin;_v in at lt_i.~:e_< til‘ data when
the buffer is full. Like i’t’t(lLlt;‘T‘t‘|1-5, DTIi.~.: capable 0|" p{'I'l"(Jl'l‘r‘til1g l'lf_‘.-\\' ctmtrol I‘t‘tE!_\‘ he

able to SL1p].’I()1'l' three I"n€tl1(.)(lS to accuniplisli this tas.:l<: R'l‘i-3 ;'C'[‘E:§ signaling and the
use til‘ the character pain; X(i}N,-"X(')I’l’ and I-INQ,=':\('l'\'.

lfndei‘ R'l'Ei;’C.'TS sigliailititz the DTE will Ll1'I{'I[“| its R'l".“-i sigiiitl as an int'licatm'

that it wants to :<t.i.~:pt-iitl 1'ecei\'ing data. In -.1 l'ttll-tlttplex operation the mntlein will

stop :-i{'n(_llt’tg‘ data to the DTIC when R'l'E:i tltnps and resunie ti‘:iii:miis~:e'<inii when the
l{’|'S signal is T'E1l:-it_'Ll. L'ndc.i‘ half-t'lttple.x uperations the motlem will ttanssmit the
etintents of its butilier to the |)'l‘F. and Limp its CTS signal in i'espr)nse to the I_)'l"lC

lt)\\'e1'ing its l{'l'S E-il_§_;'l”11'Il..

Vflieii X(_),VfX()FI’ tlraw (:U!‘1T.'I‘t')l is ttstztl hy the l')'l"lC the loeal modem will

Sllf-i}'3(':l'I(l sending tlata to that (le\'iCe when it receives an X0 Fl’. L-DUI‘! receipt of an
XON the IT|f.)t‘lL?l‘n will teatime E-i(_'I'ILl.lI]_§__‘: tlata tn the D'l‘§:I.

.-'\.w p1‘e\'iutisly n“ientit')nc(l, smnie ‘Ht-\\'lett-Pack:t1'tl t'0tnpttter.~:. and terntinals
:<uppm‘t the IiNQf.—\CI{ prtittitztal. \\'ht-.n hnth l}’l(‘lL'lL'I‘I’l5-‘- are emili§zt1i't.-tl to use the
li\'Q.X.—\CI(. pmtncnl the receipt of an ENQ lrmii a remote D'l‘I£ is pztssetl tlirtitigh
lmth inodenis to the Inca] [)'l‘l7.. Lintil the local DTE t't:spt':1it'ls with an .—\Cl\' the

local tntidein will not send data to that device.

Now that we hate exaniinetl the ]'IlL‘.l'l’l(lL’l.'-E l‘n_\' which muclenis: pc1'F0n'i"i flow c.tmt1'nl

let us foc.tis our attention upon the inetlitatls h_\' which ermr tletectitm and correctimi

ea n he 2l(.‘(.‘nI‘t‘I}'3llSl‘It2t;l.

Methods of error detection and correction

{fntil 1989 (:'l'1'I‘.’)I' detection and Ct’)I'1‘t:"L‘l'lU1‘l wag ctm.~:pietmt1s by the. alisenee til‘ 21

a"ra_im‘t> stamtlarcl. Several ei':'m' detection and cui're.ctirm techniques \-\’Cl'(‘ tle\'elt'.~per;l
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Rationale

based upon the Lise of cyclic or pol_\_‘nomia| code error detection schemes pre\'iousl_\=

described in Chapter '1. After a modem computes a CRC it is appended to the block

of data to be transmitted. The receiving modem uses the same predefined generat~

ing poly-‘nomiai to ;_{enerate its own CRC based upon the received hlock and then

compares the locally generated CRC with the transmitted CRC_ If the two niateh,

the receiving modem transmits a positive acknowledgement to the transmitting

modern, which not only informs the distant modem that the data was receix-‘ed

correctly but can also serve to inform the remote modem that if additional blocks of

date remain to be transmitted the next block can be sent. If an error has occurred.

the lo tally ;.{encrated CRC will not match the transmitted CRC and the receiving

modem will transmit a negative acknowledgement which informs the remote

rnodem to retransmit the pre\-'iousl_v transmitted data block.

Although most modem manufacturers used the CRC—lf; polynomizll.

.—\"r'+.\’l';+.\’5+l. which has the bit composition ll[l{)U(ll.l(l[lUllllllllll, to operate
against eatrh tlatd bloeli. incompatilnilities between the methods used to l)lt')ck data

and transmit nt:;.{atiyc and positive aelinow-‘ledgernents resulted in the method of

error detection and correction employed by one vendor being incompatible with

the method used by another modem manufacturer. The one major exception to this
iiiconipatihility between vendor error detection and correction rnetliods is the

3lil(.‘l‘0Cf)1"l'1 -_\."et\\'u1‘kiIm l’r0tocul {NlNP), \yl'1icl1 has been licensed by :\-licrocom to

a lartze number of modem rnanL1I’acttii‘e1‘s. Until 1989, l\-'INP was considered as a dc

fntrm standard due to a base of appI'oximateI_\-' one million modems supporting one
or more .\-[NP classes. ln I98‘) the .\'I.\'I’ method of error detection and correction

was recognized by the |'|‘L.i as one of two methods for performing this function

when the \-".42 recornrncndation was promulgatetl.

One of the issues that confuse many modem users is the rationale for using»: a

moclem’s error detection and cot'I'ection feature. After all. tile transfer protocols

stlch as Xi\lU l')El\-‘l, YNIO l )l‘i.\ l, Zi.\l()l)lii\l, and their derivatit-'es also pro\'iLle an

error detection and correction capability.

\Vl1en a modem’s error control feature is enabled and operates suc.cessft1ll_\‘ in

conjunction with a distant modem, error detection and correction is operatin,a_r

during the entire cornmunications session. This means that l‘t‘g‘c11‘(ll(:‘SS of the func-

tion you are performing, whether reading an electronic mail messa_t_.r_e. transferring a

tile, or sendint; a message to S\"9':(i)l’__ your transrnission is protected. in compari-
son, the error detection and correction function cmbetldetl into a file transfer

protocol operates only during the file transfer. 'I‘hus. a logical question you 1‘na_\'

have is why you should Lise a file transfer protocol with error detection and

correction when your modem performs that function.

Altlitatiizh you need to use a file transfer protocol to transfer a tile in an orderly

manner, the error detection and correction function of the file transfer protocol may

he retlundant in most situations. because the tile transfer protocol protects data

from computer to computer. while the rnode1n"s error detection and correction

feature protects data from modem to modem. 'l‘hus, the. former protocol protects

data leaving the serial port and flowing to the modern. Howey-‘er, since data errors
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MNP

et)1'I'ectitm modems. If the modem you are usi

protocol spo0l'i1‘i_s;, you should ctmsider the use of
to transfer files when using: an error coi'|‘ectin_s_;,=_ modem.

protocol that does not }')£;'1‘l-f_H‘ll1 tin)‘ e1'i‘o1'
l'1'al1sfe|' speed of inl‘rn'mation. An
Y.\l(i')[J|"._\.l—('}. Hinee streaming: ii

detection and cm'1'ection, the_\' should tml_\' be used w

The K-licrocom _\3etwm‘l<in§_{ l’1'otocol {Xl_\_l’

manufaettire1' .\Iicrocmn, lnc.. to provi

double protection frorii a tiledue to L‘:-Il)li1'1g_1 are extremely rare, in most cases the
s can actually cause

rotocol and error et':1'reeti1'itz niodenis between modemti‘-aiisl'eI' p
Some modems ineoi'pnrat.e a protocoltransmission L'lt‘ld_\‘:-£ and is not necess-ar_\'.

of which eliminates the transinission delays associated
spoofing feature. the use

ction iile transfer protocol with error\\'il'l'1 the List‘ of error (.let'et‘tion and cnrrt‘
11;; does not support a suitable l’iU1'I’l'I of

a ‘streaming: file ti‘-.ii'1sfei‘protocol‘
This term refers to 21

checl<in;._v and wlmse Lise iinproves the

example of :1 stre-.u'nin;.{ tile transler protocol is
le transfer protocols do not preform error

ith I'I'!l)[lt'_‘l'l'lt-3 operatint: in their

error correction mode of upet'.1titin_

_} was developed by the modem
de a sophisticated level of error detection

as to enhance the data file transler of lI1.l.',L'lll_L{[‘.I“II' modems.
use hy other modem rentlors. resulting in a

pI'oLltIt.‘ts_

and cm‘1‘e.ctioI‘i as well

Microconi l‘1Jr-_‘~ licensed their .\lNI’ for
ol’ manutaettlrers inL‘t':1‘})()i'atii1,§'_{ this protocol into theirlL11‘_E_>_'(‘ numher

tie farm inclustryToday, the MXI’ errt;1'-correcting protocol is considered a
standard, with over ten million modems li-.i\'i113__{ this t'eature when this hook was
published.

The .\-l_\II’ protocol was designed in L1 layeretl fashion like the (.'.)5%I l‘ele1‘t'.nc.e
model developed by the International ()i'gani'/,-.ition for Standa1'di7.ation. i\'¥NP
contains three layers instead of the seven layers in the ()8! reference model.
I’i;_»:ure -I-.4‘) illustrates. the cu:n-respondcnce hetween the 051 reference model anti
the. XI.\'l" protocol.

The MXI’ link layer is responsihlc for establishing a connection
set of negotiations that are conducted

as the transmission

hetween two

devices. Included in the link layer is a
to enable them to agree upon such factorshetween cleric

1t:\\' many data inessziges can be transmitted prior tomode (_l‘ull—or hall"--;lLIplex), l

requirin;_: a coiilirrimtitm and how much data can he ohtainetl in a single message.
established the link layer initiates the data transt'er process asAfter these values a1'e

teetion and correction through the use of a Framewell as perforinin§_r en-or tle
ehec|§in;._t scheme.

I’i;,rtii'e -Lit} illustr-.ite.s the form
si1‘nila1'itics to huth l)is_\'nt.-lirmiotis and

at ol‘ an .\'I_\l’ t'1'an"1e of inthrmation which has
IIDLC communications. ljaeh Frame

'. The E.-'sY.\' tTl"ldl";lt.‘t<:l‘ tells the receivel‘
at-a link escape {DLEJ and

following is part of the

contains three h_\'tes which act as a ‘start flag

that a Il’I(:‘:-Hit-I_5__‘{L‘ is about to -arrive, the emnhination of (1
start of text (L‘:i"l"X} informs the recei\'er that e\'er_\'thiI‘|g

data, 2-5l1Cl’l as the duplex setting.
The session header defines

hles the automatic

me-ss'.1gc. The first header describes the user
numher cal‘ data Inessages before t:oniii'tnatimi, etc.

aclditiornil information about the transmitted data which ena
that can he used between devices eon'iniuniea1'iIh‘4mtgotiatisiii ol the level of ge1‘\'iet-

with one another. C‘.L1rrentl§' there are ten versions or classes of the MN? protocol
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OSI reference model MNP protocol
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Figure 4.49 OSI reference model and MNP protocol: comparison

Link rnesscige layer

|(—E'-ession message layer

SYN DLE [STX Header Header {Data}
FSlort flag :>l<—Link ergessiofl mop flag Frarn:)lcheck

Figure 4.50 MNP block format

(see 'l‘-able 4.25), with eae.h Iiiglier level zH_l(_lll’1}_{ more .'wpl1istiea1tit)i1 and e|‘l'ieienc_\-'.

\\'hen an KIN?‘ link is estah|i.~:heLl the pri)tnL‘i)l 1'1:-£E-il.llT1t'_‘.§ that the devices on hath

1-$l(‘lI.-‘S can only opera-lte at the lowest level. Then, the devices llegzotiate with each

other to determine the higliesst t’nLltLI::ll_\_' suppm'teL'l class of NIXI‘ services they can

2-illDpt1l‘t. ll‘ :1 mm-.\If\'I’ cle.-vice is encmintered the .\-[.\'l‘ tleviee reverts tn :1 ‘dumb’

f.‘1pCl'tiIll’I§_;f mode, prox-‘idin5_: an MN}-" n'10Lle1“1'1 with the ability to be used with non-
XINT’ (.l{.'\'l(T(.‘S.

'l'l1e ermr €coi'ret:tion i;‘z1palailit_\' of .\l_\fI‘ 2lL‘tLIitll_\" tm-.urs under its Class -l

operm'im1, .\'lmlems: that are .\IN|’ et'ror control t:m1'i;'u1til)|e will thus be acl\-'e1‘tise(l

as MNI’ Cflziss 4 compliant. lfmlt.-r L'lei.°;s -l. the uetual I‘:-uriiing of data clepemlse

Liptm \\'l1etl‘ie1' this (lnta is '.-15-i_\'I‘1L'l1l'()l‘I(}LI:-: 01' .~‘-_\'m.'l'ii'<)i“1nLIi=. ll‘ the attatjllrecl tt'I'mim1l

device tram.~;rnit:a i1.~:_\-'ni.‘.l1I‘tJt1r)tis Lldtil. the .\l.\_-l’ lirzlme l‘tJ1TI'IE1t is 1-13 iI1dit‘.2lte(l in

 



 
 
 

 
 
 
 
 

 
 
 

 
 

 
 
 
 
 
 

 
 

 
 
 
 
 

 
 
 
 

 
 
 
 
 
 

 
 
 
 
 

 
 
 

 
 
 
 

 
 
 

 

  

446 WIDE AREA NETWORK TRANSMISSION EQUIPMENT

Table 4.25 MNP protocol classes 
Protocol
class

Class 1

Class 2

Class 3

Class 4

Class 5

Class 6

Description

The lowest performance level, uses an asynchronous byte~oriented half-duplex
method of exchanging data. The protocol efficiency of a Class 1 implementation
is about 70% (a 2400 bps modem using MNP Class 1 will have a 1690 bps
throughput).

Uses asynchronous byte—orienled full—duplex data exchange. The protocol
efficiency of a Class 2 modem is about 84% (a 2400 bps modem will realize
2000 bps throughput}.

Uses synchronous bit—oriented full-duplex data exchange. This approach is more
efficient than the asynchronous, byte-oriented approach, which takes 10 bits to
represent 8 data bits because of the 'start‘ and 'stop’ framing bits. The
synchronous data format eliminates the need for start and stop bits, Users still
send data asynchronously to a Class 3 modern, but the modems communicate
with each other synchronously. The protocol efficiency of a Class 3 implementa-
tion is about 108°.«3 {a 2400 bps modem will actually run at a 2600 bps
throughput}.

Adds two techniques—Adaptive Packet Assembly and Data Phase Optimization.
In the former technique. if the data channel is relatively error-free, MNP
assembtes larger data packets to increase throughput. if the data channel is
introducing many errors, then MNP assembles smaller data packets for
transmission. Although smaller data packets increase protocol overhead, they
concurrently decrease the throughput penalty of data retransmissions—more
data are successfully transmitted on the first try. Data phase optimization is a
technique for eliminating some of the administrative information in the data
packets, which further reduces protocol overhead. The protocol efficiency of a
Class 4 implementation is about 120% (a 2400 bps modem will effectively yield a
throughput of 2900 bps).

This class adds data compression, which uses a real—time adaptive algorithm to
compress data. The real-time capabilities of the algorithm allow the data
compression to operate on interactive terminal data as well as file transfer data.
The adaptive nature of the algorithm refers to its ability to continuously analyze
user data and adjust the compression parameters to maximize data throughput.
The effectiveness of data compression algorithms depends on the data pattern
being processed. Most data patterns will benefit from data compression, with
performance advantages typically ranging from 1.3 to 1.0 and 2.0 to 1.0.
although some files may be compressed at an even higher ratio. Based on a 1.6
to 1 compression ratio, lvlicrocom gives Class 5 MNP a 200% protocot efficiency,
or 4800 bps throughput in a 2400 bps modem installation

This class adds 9600 bps V.29 modulation, universal link negotiation, and
statistical duplexing to MNP Class 5 features. Universal link negotiation allows
two unlike MNP Class 6 modems to find the highest operating speed (between

300 and 9600 bps} at which both can operate. The modems begin to talk at a
common lower speed and automatically ’negotiate‘ the use of progressively
higher speeds. Statistical duplexing is a technique for simulating tull—dup|ex
service over halt-duplex high—speed carriers. Once the modem link has been
established using full-duplex V.22 modulation, user data streams move via the
carrier's faster half—duplex mode. The modems. however. monitor the data
streams and allocate each modem’s use of the line to best approximate a full-
duplex exchange. Nlicrocom claims that a 9600 bps V.29 modern using MNP
Class 6 (and Class 5 data compression) can achieve 19.2 kbps throughput over
dial circuits.
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Table 4.25 (continued)

Protocol

class Description

Class 7 Uses an advanced form of Huffman encoding in conjunction with a predictive

Class 8

Class 9

Ciass 10

Markov algorithm to represent user data in the shortest possible Huttman codes.
This compression technique is called Enhanced Data Compression. Enhanced
Data Compression has all of the characteristics of Class 5 compression, but, in
addition, predicts the probability of repetitive characters in the data stream. Class
7 compression, on the average. reduces data by 42%. In addition to Class 5 and
Class 7 data compression. modern implementation of MNP now supports the
ITU-T V.42 bis data compression standard

Adds ITU V.29 tast-train modem technology to Class 7 Enhanced Data
Compression, enabling half-duplex devices to emulate tull-duplex transmission.

Combines V.32 modem modulation technology with Class 7 Enhanced Data
Compression, resulting in full—duplex throughput that can exceed that obtainable
with a V.32 modem by 300%. Class 9 also employs selective retransmission, in
which error packets are retransmitted, and piggybacking, in which acknowl-
edgement information is added to the data. Retransmission is facilitated by
indicating in the error or Negative Acknowledgement (NAK) packet the order
sequence of each of the tailed messages. Instead of having to retransmit all
messages from the point of error to inciude the good messages, only the faited
messages are resent.

Adds Adverse Channel Enhancement {ACE}, which optimizes modem perfor-
mance in environments with poor or varying conditions, such as cellular
communications, rural telephone service, and some international connections.
Adverse Channel Enhancements fall into five categories:

0 Negotiated Speed Upshift: modem handshake begins at lowest possible
modulation speed. and when line conditions permit, the modem upshitts to the
highest possible speed.

0 Robust Auto-Reliable Mode: enables MNP10 modems to establish a reliable

connection during noisy call setups by making multiple attempts to overcome
circuit interference. in comparison, other MNP classes make only one call
setup attempt.

a Dynamic Speed Shift: causes an lv‘|NP10 modem to adjust its operating rate
continuously throughout a session in response to current line conditions. This
adjustment includes both downshitting and upshifting across modulation
schemes. which enables modems to use the highest possible operating rate a
given line connection can support.

o Aggressive Adaptive Packet Assembiy: results in packet sizes varying from 8
to 256 bytes in length. Small data packets are used during the establishment of
a link, and there is an aggressive increase in the size of packets as conditions
permit. The computations required under Aggressive Adaptive Packet
Assembly to determine the optimum packet size are performed during idle
time.

a Dynamic Transmit Level Adjustment {DTLA): designed for cellular operations.
DTLA results in the sampling of the modems transmit level and its automatic
adjustment to optimize data throughput. Once a cellular connection is
estabiished, transmit-level statistics are continually sampled using link
management packets. When necessary, transmit levels are adjusted based
on the existing conditions to optimize data throughput.
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mfurmati on

DLE Character

ETX Character

 
 

I nforrriattcln
/1/-3

/v-2 Frame Check Sequence  
  /V-I

Frame Check Se uence /L:
to} {D}

Figure 4.51 MNP frame format (DLE data link escape. STX start of text, ETX end of text):
(a) Asynchronous data frame format; (b) Synchronous data frame format

l"i5_gLt1‘e -f.5l(:1). If the uttaelied termin-L11 LiI;‘\'iL.‘(.‘ 1”.l'1lI‘Il-§l‘I'!i1'S a_\'i1:;|1rr_:tmt:s data, the

frzime formait is as imlieaiteci in Figure -1.51113}. For both frtime Formats the ftriaiie

L‘het.‘L' E-%L‘(]L1f;‘l1Ct‘. (I“C3."'a) Chz11‘:1clei‘S are ;_rener2Iteti i)_\' :1 ('R('—i(.) |')(_)l_\"|\f_lH’li':1i.

L'm1ei' .\[.\'I’ :1 special ii‘:-line called it link reques~:t (LR) that has 21 predefined
formant is Liaed to estnhlisah an e1'rm'—eorreeted connection between two modems.

'l‘hi.~; i’-I‘2lH1L‘ is 21150 Ll5L’.(_i to I’If;'}_{l')li:H.fL‘ at \'2n'iet_\' 0|" pai|'2in1ete|'.~‘. l)et\\'eL’n two '_\'].\_I’

modems. ineluL|in_i_: the inaximtnn number of‘ I‘i':irm=s that um he ()LH.'5-£T'<lI‘lI.‘iiI‘|.§_I mid

not aeI<i1m\'1ed_e:ed at :1 p:11'tieu1ar point in time, the maximum info:-:"n2utioi1 field

|eng,I1'|1 and the f':".iinin_r; mode to he used. The link I'f..‘(_]lJ(.‘:-IT fnlnitr is dewloped by

L::<in_e{ ;-1 value of one in the heacler field in the .~;_\'nehr:mmis~: Frame ’r‘u:'m-<1t fifth-‘~ti"r’ltI?.‘.[i

in I’i_;,rL1i'e —i,5l(bJ. If during i‘lt";;{i'I'[idli£)I‘1 the f‘:'mnii1g mode is Iieerotiateti for the

tI'e:r1.~.:miseioi1 of 21s}'ne.I1i'onnti5: claim the fr-dine fm':'mit iilLE':§t1'21t{.'(i in Figure -i.5i(a)
will he LE!-Sljd.

One of the nmre intwesting aspects of KIN? is its Claims ll). \\'I1ieh is designed as
an en2:hlin;,>' teL‘h11t.uin_L{)' z1i'ehiteetLii‘e. MN? (I1-mas; It} C1111 he \'ie\\'ed as residimg on

top of diffl-1‘ent mr.:udu!;Ition .~st;1nc|:1rds, such as \"_22 his, \'.32_. \-’.32 bis. \-".34, and

other E-‘»1”E1I1(‘i:lI‘CiS as well as the cit’ _,r'iire and a"c»_fm'm Sl':lI'lLi£1!'f.i!-‘. for data compression

iuuf {'!’l‘()I‘ control. 'l'hi.~: enzilnlea an MNP Cliures If) nintiem to pt'o\'ide users with

maiximiim peI‘f1.i1'111z1ni.‘e \\‘i1ih.' -.is<.~:ri1‘iit_a compatibility with 2111 reeognirxd interna-

titmul .'4t'zIT‘tL‘1tl|'(iS. I"‘i;1L1t‘e 4.52 i”LlS1']'11[E’fi the KIXP C.'.I:iee.~: If} 21I‘chit(‘t.‘tLlI‘L‘.

MNP PDUS

[‘1I‘m‘n :1 techniezil ])er'speCti\'e, mi '.\'i..\TI’ l'rdIn€"S header and ii“11‘t)1'1'n;1ti<m field are

Ctliiecl at Pi‘Ut0etJi [):IT."cl Linil [PD[.']_ The PUL-_ p1'm'ides the int'()1'1’m1ti01‘i 1'eqLti1‘ed to

define and 1’1C§,'{t'JI'i:-IIL". t'aeilitie:';, I}1':1l'l:!_9,'(,‘ communieatimis. and Il‘dl'lSf(L'l' user data

hetween modemsx. Eight t_\'pc.x* of" PD lfs are cui'renti§‘ defined. Each I1-as the general
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E”“E'““*3'j MNP Class to
Capaabtlitg

5”“ '«.r.42ms MNP 52'?Curriprra-33:‘ cm

    

5"” LAPM MNP2-4Control

Hgduiatlgn 103A 212A ~.x.22t-is H-’.3;3' '\.»'.32l:ui's ‘#34

Figure 4.52 MNP Class 10 architecture

t'm'ma1':

I LEN J TYPE PARAMETERS...
\\'he|'e LEN repI'ee:ent's the length o|‘the l’DL' in hytes, 'l"YPl{ is tl ntlmerit‘. code of

I tlimttgii 9 that iI’I('iiC2ltL’.'-‘a the t_\'pe of PDLF, while I’AR.¢\_\-'lli'[‘ERf~7 repressent :-i
.~strin;;' nt'netet.~: that |1a\'e .~:pet‘.iai l1’1L‘Lillih§_{, Both the position of the parameter in the
PDL.-' and the eotle. in the 'l'Y[’I£ octet are used to tletine the role of the p21I‘aI11eLe1'.
\\'ith the ability tr.) include up to 256 p2ll'2'I1‘t‘It‘tL‘l'5-I in 11 PDIE and define up to 256
Llif‘l:L’I'é‘l1[ PDLS, .\-']_\'P can he et'msit1e1'al)]}' expanded. in fact. it is \'e:‘_\' easy to
enhance .\'I.\iP by adding new para1mt=tet'.~s to PD LS5 or acltiimz new PIJLI5: sainee
enmptttihility with t‘xi.*‘»tiI‘I,l.{ .\-l;\'[‘ irnplententatimts i:§l’1’t'¢1il1T."xIiT'l(.'(l as the. nae of ne\\'

enhancements must he ntutually -.1greed on.

l*‘igt1re -L53 illustrates the basic t'm'mats; nf the ei§__zht .\l.\-I’ I‘D[.7:< whieh are

tI‘z1I1Sp('JI‘It"Ll within an ‘:15-i_\'I1(.‘h]‘I')I](')L£bs‘ or s§'n::ltmntJu.~: frame. Both the length and
t_\'pe fields; in each PDLI are one netet in length. L'p tn 250 (lli\l’if.'.l‘t‘l"II pzmnneters can
he e21r1‘ieel within 3 PD LT and user tlattil is ttttuehetl to the l,'[‘ I‘D[.' as :1 \‘t1i‘i‘.ll)lt?

length tie-Id up to 256 h_\-'te.~'a in length.

The Link Request PUL' is used to initiate or aelmo\\'|eclge in connection I‘L‘('|LIt’:Sl'_
'i'his PD L.' can tt'z1n.~;pm't welt pa1rtn'neters as the .\L\'I’ service class, the number of
tttessztges that must he t1eItnt_m'leci,uetl, and the l11td,\'il“I1ll|T1 anmunt of user Lltlfd that

will be et1t'I‘ietl in 21 IT|e5:S‘.ige,

The Link l_)i::e.nnne.ct I-‘l)L7 is used to l'L'*t|uc:-ll’ that the link slmultl be (lis-

ennneeted. lI1i‘t')I'i’1‘t':1Iit')l’I in the pzirmneters tie-Id imlieattes the t'ee1sm1 for the

di.~<t:r_:nI1e.etiun request.

The Link '|‘t'anst'er PDL ' is used to move user ti-.1t2I elcrnesrs am L'StE1l)iiSl’]I3L'i

eutnteetiun. l'.~1er data: is attaeltecl to this PDL’ as E} \‘2lI‘i&Il‘llL’ let1gtl'i held of up to 256
layteee. The only p-aratiteter that is included in this I‘I.)[’ is the Send Seqttence
\'umhe1' (SSN) which itletttifies the luczttiun ol‘ the eurrent PDI,‘ within 81 E-£tI‘L'1lI‘I'I of
PDL-'5; being 11':-til:-‘-I‘t‘Iittt':Cl.

The Link .-\eknr_:\\'let'ls;etnent l’l)L' is LlSL'Li to iielmnwledge the. receipt of -.1
the-s.~mgt=, l’arameters within the PD L' indie-ttte how many :IdLii[it)l"1:ll Link Transfer
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Link Request (T'i‘PE=i 'f:3r LR‘)

LEN LR P.~5.Rm“IETERS _ .. initiates er" acknowledges
a I:-Jnneetien request.

Link Distunner.-L (Ti.’PE:2 ‘fer LD')

F':=.RI-‘al“1ETERE- . ..

Link Transfer {TVPE:4 ‘fer LT‘)

| LEN | :.T—[PARAi~iETEe... ]

Link Acknewieegerrient tTVPE:S ‘fer LA‘)

Link .-'n.t.t.entiu'Jr1£'T‘r'F'E=Ei'fI3r LN")

LEN LN PA!-?»5.E“lETEREi... |

Link Attentieri ."—*.I3i<I1EI‘."'r'i€E1gEf'fiEi‘IT. (T‘r'PE=7 ‘fer Lrw'2t'.‘J

I LEE]Lr~iA Eesxnstses... |I.1ser‘ciat:1

Link I‘1anagenienttTVPE=‘6'fer LN‘)

[LEN LN F'.i’-‘«F!.f-‘\HETERS_.. I

Link Management Acknowledgement IITi.’F‘E=9 ‘fer Liflfi-i‘)

1 LETI Livmlexaennetses... |

Figure-4.53 MNPADUS

{LT} I’l.)L'.~; the l‘L‘L‘('_‘i\'L'1' can aicttcpt prior to it becr.>rriing m'er\\'he]mud. 'l'hu.~;, this
l’|)L' can be viewed as at 1‘t’]f;‘l'.‘i‘.t':1|'Iit-EIYI \\'hit;h t_‘t)nt|'()]:-I a sliding windnxv of l’}JL's.

The Link .—\ttcntion PDL' is usergi to in1'.'e1'rupt cmnnumicaitions luetxmcn the

trm1smittin;'__r and 1‘t:C{'i\'il“1£_£ Li(.‘\'iL.‘L‘, b;LICi’1 as when -:1 PC‘ Liscr initiates Ll break si§_‘{n211.
The p:11':1n“1ete1‘s within this Pl)[.' imlicattr \\'hethL=1‘ the t1":1l"lS1T]iFt|..‘Li data that W215
stunt hut not yt.-t L'iti‘ii\'L'1‘r3(_i shotiitl he (1Cii\'cI'i:Li print to the riiesszigtr interrupt, after
the interrupt. or clist:m‘t'It‘(l.

The Link Attentitan Acknn\\'1eclp:c:ncri1 PDL7 is Listrd by 21 mac-ix-'inLr dL'=\'it:e T0

21cknt'>\\'|eL'iL{c the I‘m.:L*i]‘nt oi‘ ‘cl p1‘L‘.\'it)LI:~‘i_\' tmlismitteci Lirik .-\ttI.rntit'J11 (],.\{} PUF-
.'\n‘1l')I’Ig' this pm':'::‘n(:tr:I‘R imtltitled in this PDL‘ is the SEN of the LX [’l')L‘ lweini-E
;1ck1m\\‘ict1g_r_trt1.
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The Link .\{a1izige111t:nt PDL7 is used to iinplernent '.\-'[?\"P Class 6 and Class II)

functions. Thus, this PDU would be used to direct a change in the operating rate of

a modem (luring ii communiczitions session.

The last l’DL.‘ presently delineci, Link 3-'I;=magen“1ent Ackntm-‘ledgcmem, }lE.‘.l£-

I‘1()\-\.'i{i'dgL’E'3 receipt of L1 [sink _\-hinagt.-mtsrit PDl.'. Thus the L_\'IA P131.‘ would

inchicit‘ the SSN of the LXIA being a¢:]<11m\'It:dgcd.

MNP session 1._

.—\n MNI’ session in\'r_:1\'cs the e.\'t;ha11_r._r_e. of PDL.-"s as iI1ust1‘i1t::d b_\' the time chart in

I"igL11'L- 4,54. Cfnmmuniczition is initiated when one modem transmits a Link

Request I’DL.'. The 1'ecr:i\'iiig mutiem responds with its own Link Rcqtlest I’l)L.'

permitting the two to agree upon 21 set ('.Ji"(}I)L'1":1Y]-I1\S_{ p'cll'tII'I‘lL’.tL‘I'£-3 when the (Jl'i,9,‘iI‘|.i1t0i'

returns its Link Acknowletlgelneiit PDLU This 1'i‘I|‘(;’E.‘—\\'tI_\' Iiiiiitislialting pivcess is

1'efe1'rr:d to as the ;\'l.-NI’ call est-iiblishrnent process.

Onccc 21 call is ustahlishctl the origiiizittn‘ transmits data using Link 'l‘i'e:11sfei'

I’DL's. The 1'ecei\-'e1' eIcl<1ir)\\'1scd;1es :1 specific‘ number of Link 'l‘i‘21nsfe1' I’l)L-"s with ii

Link .*\(.'i(I‘|U\\']I.Td§3,'(?I'I1Cn1T PI.) L‘, with the I'|LEIT|iT)L'l' of |"l)L's based upon iiegutiiitinns

Driginater PDU T ge Receiver

'—“——._____> _

_t_.s,_»*"'“93
Link R3 U MNF‘

<-J’ Call
Establishment

tn3——i t.—. In. 3 gl
/1?Jx

K

D3193

.\,—~_.\,~\ Phage
El

. nEIW]E
L1n'*1_§£"k""Ff_

eff

““ Link D
s,,.,..,.,«—~»13'.-E'_I1_eL~_t Session

"”‘“--—_._______;} Terrninatitm

Figure 4.54 Simple MNP session
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ti-my pre\‘iousl_\' oe.eurreL'l in the esc|1ai1gt- of Link Requests (lLII‘iI'1}_[ the. call
establishment process. The excharme of user data and L1L‘l<nt)\\-'l(*ti§1t'TTtt'I'3t:-I is known
as the tlttta phase.

At any time either modern can issue a Link l)isconnect l’[)l'. Once issued, the
sentlt.-r assumes the link is ternnnated. .‘5iinilarl_\', the t‘eCei\‘er of the Ll.) I’|)I.' also

eonsitlers the connection terminatetl upon receipt oi" the sender‘s request to
t;liSt‘.ot1tteel.

If-an error should occur, 21 motlem will transmit a Link .-\cl<no\\‘letl;{en1e1tt [’l)l.'.

rlihat l’l')[.' will tell the t}I‘l_‘_Jl|'Itll't_lI‘ to transmit Lil‘ Pl._}L.'s liol|n\\'in_g the one \\‘hose

SSX is specifietl in the l..,in]< .'\t'liI'1tJ\\'lL‘tl_uC1'|'|I;'n1; parameter. 'l‘hus. ctI‘t'n‘ mntrtrl.
while not ll'lLll(‘.;-lt(‘Ll in liiggtire -L5-l-. represents a rel-ati\'el_x' simple process under
.\lNl’.

Celiutar enhancements

(')ne tnajo1' problem that occurs on cellular transmission that is much more
pronottneeti than when transmissirm oceurs on land lines is noise. '|'his is especially
true when a user is reall_\' mobile, transmitting: Iirom a rn:_win,n__v vehicle. .--\s the

vehiele moxes, the laptop or notebook modem eo11stantl_\' elmn;_{es its p|':_\-sieal

(spatial) relationship with cellular base towers, \\'hat niiglit represent bothersome
noise on a voice call may result in an exe-e..ss number of retratnsmissions that result in

the communieations protocol l.'L‘I'fTlll"1tli'il1§{ 21 session.

Although .\I.\'l’—l(} provitles a reasonable level of cellular trztnsmission

capability, when used in a mobile environment transmission at data rates above
9.6 khps are \‘er_\' tlifliettlt to obtain. In atltliti-:m, .\-[_\'I‘ re.quires two compatible
(‘lass ll") motlerns to enhance eellular transmission c:1pahilit_v.

i{eco;'_rnizing the limitations of .\l\'P-It}, Roelawell l".l(‘lT:it.‘()I1(ltlL‘I()I‘ de\'elopet'i an
extension to .\l.\'i’-ll"! known as '.\I=_\'P-l(JEC. with the suffix initials standing for

linliarieetl Cellular. _\I_\Il’~l(.}lCL‘ can be C(J|'ISi(.lt'l‘L'Ll as a new and improxed version

of X'lI\'P-[(1 for which Roelqwell adapted the l’h_\‘sical 1.,-a_\'er so that it is ‘eellulatr

aw-.tre'. in which a signal blank eontlition oceurrin;_r when n1o\'in,L between cell sites

or when 3 si;_{n-.1! is obscured b_\-' a l'1t1iltli11g is ret:o,s_rnizet'l as :2 temporary condition.
This enables the motlern to recover the si,5_{nal when it reappears without

‘lL‘l'l"r1il‘1&1Ill'l§;{ the connection.

The aetttal operation of .\-[NP-ll}]3LT is at the Protocol layer, with that layer
combinetl with the Cellttla1'—2t\\'-are l’lt}'t-3‘ tttl l'.t_\'er in Roeltwtzll eelltllflr motlems. The

l’rotoeol ltl}-‘Cl’ is responsible for an acljustment of the motlcn'i's operating rate and

packet size bnsctl upon signal qu:-1lit_\‘ and error rates. 'l'hus. both signal blanlting
and signal qu-a|it_v impairments are compensatetl for by '.\lNP-ll)EL.‘. .4‘tecortlin_tr_ to
Rockwell. 0pt?1';1ti1‘tg rates up to "H.-l kbps are achievable throttgh the use of its
MNI‘ e.\'tt-.‘nsimt.

Enhanced Throughput Cellular

A competitive eellular-speeil'ic protocol to .\-l;\.='l’—IlllC('_‘ is known as Enhainced
Throu;;hpttt Cellular {I§'[‘C). |)e\'t=.loped by .—\'l'&'T"s |'ormall_\' owned I-’etratl_\'I1t‘-
unit, this protocol represents a proprietary extension to \'.32 his and V43  
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LA P-M

tetthn<.ilt.);_rie5. .—\n IC'I'('—e;1pi1l)Ie modem ean clumge its operating rate every five

.~.:u::conds to aee<':rnrm'>t1ate tiuetuating levels of line noise, signal strength. and jitter.

The key to pi:rfm'inaIm;e in‘ am ii'l'C.' modem is the mzmmtr by which it t1':msmit.~;

firames. The modem uses 32—b_\'1'e I'I'aine:s am] permit.-5 up to 15 frennes to be

matstmitiing p1'i:.>r tn requiring an aeknuwledgement.

While both ,\]\'F’-10l'C(_‘ ancl !'§TC l‘t:‘})l'I;T3-;CI‘t'[ important c|e\'eiup1nent.~: for

aehiex-'in;_r Itiegher operating rates am eeilulzlr tlieililies, smother often n\'erIimkeL'i

method for in1prm'ing trt1|'1s-:mi.~<s-titan is the cm1m.-etion of 21 imndern to as eeilulzsr

telI;‘ph0|1L‘. .\[0st Cttlltthil‘ mntlems are L‘.::lbi{'_’(i tn 1-} t‘e11Ll1ar teie-pimlle which re.~:uit.~; in

‘:1 small zlmount of siigriiil loss. One e.\'ceptitm to this is a celhihir direct-ci'mnect'

fe21tL:I‘e reeentl_\' il'lI!'()(ill(:L'(_| h_\- L\'lt:g,21]1ertz ('m'pm'a1titm. This inodein was manu-

faetLII'ed to connect dirt-etI_\' to the celltilui‘ telephone without reqLiirin_{._z the use of-.1

cable. At the time this hunk was written .\Ieg:I}1ea'tz (_‘.o1‘p:':r:1ti:':n's .\Ii)cIetn PC C-arcl

with 2: ttellillzlr tli1'eet—mn1':eet C'<1Ditbiii1’_\-‘ wits enpuhle of being Lesed with certain

.\-'[t)tr1I't)hI and .\inkii1 eelhthir ]')i‘I(JI'|t’.S.

As ]')I'{'\-'iIJ1lSi_\' mentioned, the KINP e1't'0I' Cleteetiim and e<.:1'I‘t:etii.m mcthtud is one of

two methodsa‘ rettngni‘/,eL| under the ITLV V.-P2 t'eCo1‘n1‘neI1cl:-ltitm. In 2lL‘tLI1I1it_\'. ‘the

.\'i\']" nmthnd \-\-"us; ree0gt‘|ized as am ;11te1'nati\'e p1‘oe.edLl1‘e Llnder \-'.'-I-2, with the

prim:I1‘_\' method known as link access prr)tnc0]—m:;dem 01' L.-\P—.\I.

Kinder \'.-I-2 the m'i,n_rin;itin;z rnwdein ti"-mtstnits an m'igin:1tm' L'1L‘.tQ(.‘.t'i{_)l’l pattern

((J]')P). The 0])!’ is defined as the hit stzqttenee

{IIUUU IHUUI II 1] Ulilflli) H1011 lI...'|1

\\'hi(:h l'(.‘}'H'l.i.‘-‘>I.‘l1tS the DC] Chm‘;-lelel‘ with even p:1t'it}', i'0]l0\\‘ed h_\-‘ 3 to If! ()!'1CE-§,

follimed h_\' DC] with odd pm-it_\‘. f'0|Im\'ed hy 8 to If: canes. .-\ \'.—l3 compatible

n1ntieI11 will 1'(.'f-i}"J()llL] to the UDP with an an£~:\\'e1' detI.=;L‘ti0n pattern (ADP), \\‘ht).~‘.::

hit Fmmint will in(.iit:::te that \'.-$2 is i:upp01'tecI or that no El‘1'0t'—C()1‘I'CL‘Ii!'l}_{ protocol

is dt.-sirt:d. If the _>\l")P is not l'Ji')St3I'\'l_’l_i within 21 lweclefinecl period of time, for whiush
\'.-I-2 111n£it:t11:= Lise it defziuit Ytlillt.‘ 0|‘ ?5l} ms, it is :-‘isSLlI1‘1eL'i that the Liisttlnt rnodem

does not fit)?-it-Bl?!-if-I V.-I-2 erttH‘-t:0:'t'ecting C;1p‘.1hiiit_\'. [11 this sittlatitm the r)t'i}_{imttin;_{

modem I‘l‘|d}' fail 1)£lCi\' to 21 non-eI‘1‘or-Cm‘t‘eCtiJ1g i‘nt.)dt' of nperiltitm, or ili it

il1ttn1'p()I'-ates KIXP. it cam then 2'iII{'3l'I]].‘lI.' to l1t:‘§___{()Ii':1U.‘ an MXI" error Lieteetitm and

(TUI‘I‘(.'(.‘I'inI‘l mode of operation.

Under the I4.-XP-M [’JI'()t'f}L‘Oi 21 difI"e1't-mt h'm11e strueture from MXP is tmed. In

ztdtiitinn, the I‘l'1:lI’I'I{‘ £_‘.hL‘L‘.h St.?(|L|l‘nL‘L‘ l.‘i'Ii.lI'ii(.'t(_‘l':-‘- are .;'_{ene1':1ted by 2: (iiH"L§l‘LfI‘II'

p0]_\'t1r)n1i;i1. Thus, .\I;\iI’ and LA!’-KI are eompletely il1(_‘t)i‘I"I}'3Ll[i1)iL‘ with each
other.

Compatibflity issues

Since \-".42 specifies UNI’ as am alt:-1'11ati\'e pmeetim-e it is e.ssmiLiaII_\- am option that

nmdent nmntttllettirersa may nr may not include in El V.-I-2 modem. '["}‘iL1::. iI'_\'tau wi.~;h
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to um1“1mt:nit:att- ttsiiig the NINI’ method of l'.‘1'l‘(}l‘ dutectitm and trortecti-:m _\'<_:u can
L-ithtrr ctm.~:ide1' ptt1‘cha-sing a modem that is :\I.\'l] Claiss 4 compatible-. or which is
\'.—l2 ::0n1patilJh.- and s<tipp:'i1't.~s the alternative t-1'1'm'—t:-:J1‘1'etttinn pmcedt1i'::.
F(JI'tL!Itk1It‘i§'. nmst l'l'1()(_'iL‘ITl \'L‘1'1t'_i()1't-E that haw; adopted \'.—¥2 !<LIpp(H'1' also support
the i1iti'_'i‘1T:1Ii\'(.‘ t'I'i'()1"-C('J]‘I't.‘L‘Ii(_)l1 pi'occdttrt.- rmirc COI‘I‘II“I“It':-I’ti_\' rt'=fc-ri't:d to are UNI‘
Class —I-.

Data compression

Ffationafe

Similar to er1'm‘ dt'-tcctir.un and £.‘.l')l‘1‘t‘L‘1'i()I1, modem inaiitifacttii-t=-.ts 11-ave incm'poratt*d

a \'ai'iet_\-' of data L‘()l]’t|)1'L'5-it-‘~it)I1 algorithms intt: their ]‘lI'Odl.1t_‘t:-‘a. L'nti1 !‘J8"J, most
t:<miprca:sim1 amrthncis, while 11-1.)1‘cst:iiti1i_a: a pi'npi'iutar_\' st‘ht.-mt= oftmu \'ttntln1', \\'t'.i'c
licensed hy that \'t"I’lLiE)I‘ to nthet mant1t'acttmcrs4. This |‘(.‘Rllil.'L"L"i in ::c\'t-ral ct’r*j};t‘m
data minpressitaii stand-.1rd:s bring inttm'poratt=t'I into mo-;|t:ms mantifactt:1'<-.d h_\-
tliffertrnt \'endm's.

In 1990 the C(II"l"I‘ pronitilgated the V,-$2 his; 1'L'Ct'J1‘t‘|T‘l‘H.’l‘1Cik1Tit)I“1 which dei'int:s a
new data L‘t)l‘l1pl‘t:5-i.‘%i(}I’1 method kimwn as |.cinpt-I-7Zi\' as an inttstnatitmai standard.
[.'I‘|]il{t: Vii-2, which cui‘it‘t~1‘i1.~: e1'r‘t>r dett.-irtitm and cr)ri't.=ctit'in and tsptrtrihes MNP
Clazsa 4- as an alternative, \'.+2 his L'i(!(:‘.‘-3 not .~:ptttriI‘_\' an a1tt:1‘nati\-‘e mttth0t'| of data
C(Jl'|1[1l'(_‘E-‘-Si0't‘| _

A data L‘{)lTl]')1't‘SSi(Jl'I }‘J(‘_'l'i’i()1't"ni]1_L7,‘ nmclem rt‘-.,~:t11t.~: in catch inmltd-.1tet'l bit ctm\'¢;_\'ing
1‘nm't.- inftirn'iatit>n than an equivalent muclein that Li(.)I?.".-‘s not (‘.£lI‘f1p1't,':-‘-t-E data. To
illustrate this cstmtrcpt E1S'.SLll1}L" that O\'L‘I' a period nf timt: the ratio of (_'i’1al‘£li.‘TL.'l‘5-i
H()\\'i‘J1,‘_{ into 21 |nt>d:3in's- t:nmpi‘t:.~;sion (‘il‘CL1iII'_\' to the number of (.I{)l'1”1pl‘(‘Sf-itftl
chatactt=rs utitput and !Ttt_)(iLli::]1't‘Li hy thc I‘I’l(')L'1f;‘.|T1 is 2:1. "l‘hi:'a 2:] ctiniprt.-ssitm ratio
il'I(.‘iiL‘ill.'ti’S that, un art-ragt-, a c:Jmpi'essait:i1 pcrftwmiiig nmduin can tra11afci' inform-
atitm twice as fast as a .~;imihi1' modem that clues not t‘timp1't-.~ss data.

}"Iut'1r:.m \-'t:11('lm's haw iI'IL"(_iI'})flI'i'l[(_‘Li data ctiinpi‘e.~.::zi::ii into their p1‘<)d‘tIt'_‘t5-‘. to

provide List.-rs with 1\\-‘U i\'{.’_\' acl\‘anta;_res t)\'L’t‘ non —cmnpI'c.wsiti11 pt*rI‘nrming modcins
—-.1 !'é'.(|Ll[‘1'itl!1 in tl“c1I’I‘:‘~I11iE-§&-3i(")]‘1 time and an altcrnativtc tn ]‘JLll‘Ci'IE1E-‘sil'Ig' hight'=r—spt-.ed

an-2| ]'li£_§i1t.-‘I’-Ct’)‘:§t TT|('}dI:!'I'1S. This 1't'ducti<m in l'1“¢lI‘l:-‘sl"r1iSSi()l1 time is prnhah1_\- the more
tihvititts of the two aiti\':ii'it't-iges as comp-atttt=d data taltera less time to he ttansmittrcd.
Coi'ict-rning thus latte ' E1Li\".'llTi."t1_$_1{t.’, L't'}t’tSiL1I.‘.I' a data t:t1iiip|'tx~‘.~:it;11 mode-n1 that t3ptri'ati:S
at 14- 400 hps and has a 2:] CtJl‘l‘L])I'L’f-it-‘-i(.lI'l ratio. This modtzm would p1'0\'idt= _\'0ti with
an cI‘t't:t‘ti\'c thrtmghptit of 28 sun bps and would probably he less exptcn:<i\‘r: than a
28 800 hp»; 11‘t(.l(iL‘1‘n since the modtzlaitirm :-iCi’|{'lT1L‘ 1‘€(_'1LIi!'{_'I;l to operate at the higher
data I'E‘t‘l'(.' is more cuniplux and h"l()]'t' ::.o:st]_\' than the mtadtilatinn methml used h_\' 14
40!.) bps modems.

MNP Class 5 compression

Of tht; two mcthtadsa 0|‘ data ttriihpi-essioii stippurttzd by the .\lit:t<>c0m .\'L-tu'ni'I<iI1§_I
Pmtncol. Class 5 is the rnmw: popular as it predates: Cl:|:ss«‘ 37. ."5int:t= each '.\'[f\']’ C|aS.~‘-

 



4.3 INTELLIGENT MODEMS 455

is dou'n\\'ai'd negotiable for compatibility‘. a modem that supports .\I.\'I’ Class 7

will t:0mmu11icate with a modem that is .\-‘INF Class 5 compatible using UNI‘ Class
5 data ctimpressioii.

NINP Class 5 speeifies that the sending modem apply two 1not|iI'is:ations to the

transmitted data stream in an attt.-mpt to redtiee the numht.-1' of hits aettially sent.

The First manipulation 01' data eompression method is 1'efer1‘ed to as run-length

encoding, while the second method of emnpression is known as atlaptive freqtiency-'

encoding. l

;\1.‘§I’ Class 5 uses 1'un—length emrodirig to ax-‘raid sending long: sequences of
i'epeated data octets. where each octet represents ei;_zht bits that can define a

character in a particular l'_‘l12l]‘tlCl.'(3l‘ set or an_\' hina1‘_\‘ value from U to 235 represented ‘
by the indi\'idual bit settings within the octet. The UNI‘ Class 5 \'e1'sion of run-

length encoding restilts in a repetition count being inserted into the data streani to

repwsent the ntimber of repeated data octets which iolloxv the first three

oeeui'i'enees of a sequence. '.l‘he first three repeatecl data octets, which are actually

sent, signal the l_’I(-)}__3,°iI‘iI‘IiI‘I§_z of a run—length encoded sequence. The next octet is .

al\\'a_\'s a repetition eount \\‘hl(‘l‘I has a maximum value of 250. If the repeated

setiuenee is only three octets in length. a repetition eount of U is used. Four octets

consisting of three repeated data octets and a count octet are thus used to compress

any repeating sequenee from 3 to 250 oetets. Figiire 4.55 illtistrates the format of

_\-l_\'l’ Class 5 :'un—lengtl1 eiieotling as well as a lieu" e.\'amples of its operation.

_\-lf\'l’ Class 5 run—len;_»:tl1 eneoding can he considered as the first level of a two-

level data compression seheme. The second level of compression is ltnown as

zidaptix-'e Fi'eqiiene_\_' encoding and is applied to the data stream at'te1' any repeatecl

data octets are i'emm'ed by the use of i'un—l:-math encoding.

In adaptixe t‘i'e(}Lienc_\_-‘ &?I1E?£.)(iil1L7 a eoinpressioii token is suhstituted in the data

stream for the ':l(.'1‘LIE1ll}'—r)C(?L1I‘l'iT‘l,£I data octet in an attempt to transmit fe\\‘er than

eight hits for each data octet. 'l'he tolcen used (‘l‘lE1l1§_1,'(.’S with the fi'et]Liei1t‘}‘ of
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Figure 4.55 MNP class 5 run length encoding (01 = 02 = 03 = repeating octets)
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Tabte 4.26 MNP Class 5 octetftoken mapping at
compression initia1izatton

Data octet Header Body

(decimal value) (MSB — LSB) (M88 — LSB)

 

0 000 0
1 000 1
2 001 0
3 001 1
4 010 00
5 010 01
6 010 10
7 010 11
8 011 000
9 011 001
10 011 010
11 011 011
12 011 100
13 011 101
14 011 110
15 011 111
16 100 0000
17 100 0001
18 100 0010
19 100 0011
20 100 0100
21 100 0101
22 100 0110
23 100 0111
24 100 1000
25 100 1001
26 100 1010
27 100 1011
28 100 1100
29 100 1101
30 100 1110
31 100 1111
32 101 00000
33 101 00001
34 101 00010

[35—24B-token headerfbody continue in same pattern]

247 111 1110111
248 111 1111000
249 111 1111001
250 111 1111010
251 111 1111011
252 111 1111100
253 111 1111101
254 111 1111110
255 111 11111110
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ncetirrence at the actual data uctet so that .~;hm‘ter It)I{€'l’lS are E-‘~LIIJSTitLltL’{I for more

h'eqL.ient1_\' uet:t1tring data t)ctets~‘._

'|“ne cninpreasinii mken used to i'ep1'esent 2: data netet is emnpnsetl r>ft\\-‘o parts: a
I'ixetI—1en;_;'th header and a \'a1'iab1e—Iength hed_\‘. The. header is three hits 1011;; and,

in general. intiicates the len;,rth of the ht';t'I_\' pmtitm at the tnI(e]‘I. 'I‘hei'e are three

:il)eciaI C2'I5-3L‘8, I‘I(_)\\'(§\-'L'I'. I—“ir:'«'t. there are two lt'JI{(.'I1:-I with a heatIe1' of U. In these t\\'r)

cases, the true length 0!‘ the ht:d_\-' is I. I*‘in:iII_\-', \\'hen the I'lL’d(IL'T' indicates II length OI‘

? and the hr:ti_\-' is 5e\'en I-hits, thei1 the actual Ien;_{th is 8.

i At initiation OI‘ data t:t)i11pi‘t.-.~‘..'si(.iI1. the t‘eIt1ti\'e t‘1'eqLIenc_\' of tiect11'I‘e1‘tce (JI: each
data octet it; 0. Fm‘ ptIrpt)s~‘.e.~‘. of fJ(_‘I'(_’I_.-"r1'I’)Ii(.'I‘l rnappilig, Im\\'e\'ei'. thtta octet {I

(f)U{J(lUE}{'}U hii1ar_\') is‘. asrzumeti tn he the I'1'lf_)St IiI'{.’(]llL’.I’l1'I_\‘ ()t‘cL11'i'in,g_ octet and is

i'ep1'esente(I h_\' the fimt iii‘ the .~:h0I'te.s‘-t tokens. data E)(.‘IIlI.‘.I' I [(.l{.l(_}I_'}['}'['lUl I)in:11'_\'} is

taken to he the r1t:xti"ntJst frt.-quttiitI_\' 0CL‘.tll'I'IT'L!I, and is !'(?})I‘(‘l-$II.TI't1'(‘('I by the next token,

etc... to data uetet 255 (1 I I I I I I I bin'cII'}'}, inititIII_\' ll.‘-§Sl1l'l1CI.I to he the T'l'lt'J.°«l

iiiE‘i'e:1i1ei'itIy occurring data octet. Data netet,»’teI<en mappiiig at t‘r_:I‘npt'ess;inn
ii'1itiaIi‘/.ati0n is 1-§I‘I()\-\'l'] in 'I'ahIe 4.26

In (}l'(.I(.‘l' tn t.’1‘1t.‘lJL'II..' a data octet, the token to which it is eui‘:'entI_\' Imlpiwtl is
SLlI'}E-3liI.'Llt{'_‘(LI l‘:'1r tI'1e actual data uetet in the data :»'ti'e-am. _-\ Ftet this .‘-§LlI).\‘fII'l1I'I(H‘t, the

I‘l'('.‘C1L1('.‘I"IL‘_\‘ of t)ccLIr1'ence nf the current data octet is II'ltZI't.‘E1!-‘st_’(I h_\' one. If the

I‘I't'.‘t1L1(;’I}I_‘_\-' 0|‘ this data octet is greater after inc1'ementin}_{ than the h't.-qL.Iei'it:}' HI“ t.he

next ITIUF‘-T. f1'et]ue1‘1tI_\' UceL|1'rir‘1g data tictet, then tI1e (_It}TI'I[‘JI't.'.’!-it-IIIJII tlJI(t'l’I:-I of the

etlrrenl data octet anti the next n'1tJat fi'et1t1entI}' :Jcct1I'rii'1g tlata nctet are excIiangetI.

'I‘he I"1‘L‘.t]Llt.‘I"lt.‘_\' til‘ the etirrent LI:-ittl octet" is then t:t)mpai'et1 tn the t'1't:(1tIt.‘nt:_\-' inf‘ the

t'Iat:1 Octet which is mm‘ the next meal I'i'e(|L.IentI_\' t)<:ctIr1'ii1,t_{ data tietet. If the

fret1Lle1‘1c_\' of the eui'i'em' data uetet is ,t_{1'e:|te1', then the t.‘t)Tl'!I‘)l'(3:~‘:-itE(.I I.'lJI((.‘I‘If-I :-II't’ once

a,t’_raiI1 .'x'\\'appet'I. TI‘|iS c_\'cIe (.'t'Jl1T.II1L1\.‘t-‘- LmtiI no more swaps are needetl at \\'hich time

the 1‘n:1p])ii‘i§I_r OI‘ data ticlets and t.‘t'}ITlpI'(.‘:-if-iItll'] t(JI\'(.‘I'l5 is eni'rectI_\' athipted I)i1f-1l;’LI on

the 1'eIati\'e frequency til‘ the data octets.

Once the (Fatal tictet;’cumpi'es:4itm token i'1'1appi1i_q:s' are S()l'I't:I;I I)_\-' t'1'et}tiei‘1c_\', the

I-‘rI3(L1llt'.‘T‘lt_‘_\' (_‘.('}LlI‘Jt HI‘ the ctitreiit character is ctmipareti to the fixed limit \':II11L.' III’. 253

(tiecim-aI). II this Iimit Iias heeii 1'eacIied. then the I‘I'(‘(,]l1t'l'It‘_\-' HI" m‘.t.'tIi'ten(‘e of each

data tictet is :<caIetI tIm\'i'1\-\'ai'tI hy t.Ii\'itiing.{ each I‘l't.‘t]ll(.'I'|(‘._\_' by 2. Ii1ttrt{(:i' tIi\'is~‘.i:iii is

used. thus an_\' i'emtiii'1tIeI' after t|i\'i:-sitm is discai'tIet1 (e._t{., 3li"2 = I}.

pl'L‘\'I()L1$iI}' noted. the repetition cotmt, the I‘()ti1'tI1 octet in 2! i'Lln-Ien;'._rth

encnt'IetI Heqtle.nce of i‘epe2'11et'I data {]t_‘.It_’I.t<, ix alsti Inappetl in ‘.1 c:‘;rt‘ip1'e=.:;::im1 token.

The token used is that \\'hich is mappet'| It} the emmt of the most t‘t'et}tte11tiy ('JccLIr-

ring d;1taoe.tet. "The. token usecl fo1'at:nti1itut'5 \\'('IllIL'I thus be tJll}tJ]. Note alm, that

tI’1i.‘i count uetel does not increase the |'I'et]Lienc_\' of neeui'i'enee of the dam nctet to

which the Luke-n is inapped. I"urthe1', the I‘t‘pt.'tI1'It.)I1!:‘-t)Ii1‘I‘lk' run—Ien_4th e.ncot1et{ data

Oetet 1'ep1'e-Seitteci h_\' the cotlnt (It: not t‘t.mti'iht1tt' to the h'et;t.Ient‘_\‘ t)I‘I)cet11'i'ence til‘

the repeated clam octet.

MNP Cfass 7 enhanced data compression

.\'I.\§i’ CI-ass T enhaneetl tlzita cmnp2'essi:_m ITJIIIILIS upon. the concept ot‘cm1ibinii'ig

t'LlI‘I—II;'I’I,(_I1fI’l L‘I1(‘t.)tIII1g' with the use of an at1apti\'e eneutiin,t_{ table that crintains a
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single column representing; each character ordered by their frequency of
occurrence. Linder K-INI’ Class F. run-length encoding is combined with the use
of a iirst-order Marltov model. This model is used to predict the probability of the
occurreiice of a character based upon the value of the previous character. with an
adaptive table of 256 character columns used to represent the ordered frequency" oi‘
occ.urrenee. ofeach ‘suceeddingi character.

Markov model

To encode a character the compressor selects a code which depends on the im-
n1ediatel_\‘ preceding encoded character. The selected code is based on the
freqLIenc_\‘ with which a character follows the previous character. For example,
the ['5l'l')l_'!E-1l“}llll.'_\' of a ‘L7 following a ‘Q’ is \'er_\' high and generally the ‘L7 will be
encoded as I bit. Likewise, an ‘l'I' t'ol|o\\‘in;,r a ‘C’ has a different probability than an
‘R‘ following, a and will be coded ac.cortling to its irequenc_\' of occurrence.

As noted in Table -l-.2?, the compressor keeps up to 256 coding tables, one for

each possible 8-bit character (or pattern). To code a character for transmission. it
uses the previous trliaraeter to select the appropriate coding table. For example,
when an ‘A‘ is transmitted the model looks under the ‘A‘ pointer for the next
character. which is ordered ac.cordin;_z to its frequenc_\‘ of occurrence. If a ‘C." is the
next character, it is compressed based upon its location in the table. The model
looks next under the ‘C pointer to rind the Following character, and so on. Each
table contains the codes for characters followinig the previous character, and is

orgai1izer.l according to the rules oi‘ I-ILIIT111-an codingz.

Table 4.27 MNP Class 7 enhanced data compression

Pointers A B C D E
Characters coded T L H O D u Up to
according to their H E O A F1 maximum
frequency of following C U R E S of 256
the previous character, M N characters
ie._. the pointer B P each

Huffman coding

In Table 4.27. each column of characters under the pointer character is ccmipressed
according to the rules of I-lul‘i'm-an coding. Huilfrnan coding changes the number of
hits representing a character when the character's i'requenc_\' of occurrence changes
stifriciently. Huffman can adapt to various alphabets (e.g., ASCII, EBCDIC, and
all uppercase} and laiigtiages (natural language, compiler code, and spreadsheets)
without being pre—informed of the data used.

l...'I'Ilil(t‘ Class 5, Huffman coding can represent a character with only one bit.
occurs often enough. In general, if one. character occurs twice as often as another.

ifit

its code is half as long.

;\-'l_\7l’ Class F is adaptive. meaning that it changes the coding of the data when tht‘
fre.queney of character occurrence changes. The compressor starts off with I10
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M42 bis

assL.:mptions about the data coding, and even learns that it is A5'iC'll;'Ent{lisl1 based

on the data itsclli. The trornprcssion tables are empty at the start of earl‘: connectitan

and are built as data is pascd. \\-'hen the data divides natura||_\' into characters and

the ‘worlting set’ of lrequent characters is not too large (natural lan_crLiag1e is good

here}. then adaptation will create a coding structure which cmnpresscs the data
well.

Run-length encoding

Multiple consecutive copies of the same ciiaracter (or 8-bit pattern) are compressed
for transmission using run-length encoding. Ill the encoder has sent the same

character three consecutive times, the encoder sends the count of the remaining
identical consecutive cha1'actc]‘s as -.1 single -l--bit nibble. For example, a series of

‘.—\'s \\'(lul(l be sent as ‘_-\A.4\' with the rcniaining number of ‘.—\'s sent as a 4-bit

nihhle. while. a series of Five ‘A’s woulcl be sent as three l-ltiftiman encoc|in;_{s of

and a nibble of binary two.

Decoding

To decode an encoded data stream. the receiving modem assumes it has an exact

copy of the sending moclem's compression data structures be tause:

(i) both modems reset their strtictures at the start of each connection;

{ii} communi ‘.E1tl0l'l has been error-free (.\-'l,\'i’ assures this);

(iii) decoding the data stream causes identical data structttre updates to match
the encoder's.

Since the recei\'in;__r modem has the same compression tables as the sender, it

knmrs which set of IIu|"|‘m-an data decodes the incoming hit stream. The receiving

modem compares the incoming bits against the I-Iuftiman codes in the table until

there is a complete match. At this time, the character is delivered to the DTE and

the table is updated.

\",42 his data compression is a modified Version of the lJcmpel—Zi\‘ method of

cornprcssion that was developed approxiinately 20 _\-cars prior to the prom ulgation

of the recommendation. The \-'.~'l2 bis compression method uses an algorithm in
which a string of information receivecl from an attached DTIC is encoded as a

\‘ariable length codeword. To facilitate the development of codewortls strings are

stored in dictionaries at the encoding and decoding device and are d_vnamicaI|_\-'

updated to reflect changes in the composition of data.

The l<e_\' to the ef1'icienc}' of the Y,-"r2 his com])ression process is its dictionary

which is d_\-'namically built and nmditied. The dicti0na1'_\-' can be considered to
represent ?‘1 -‘set of trees in which each root corresponds to a character in the

alphabet, as illustrated in Iiigure -l-.50. Each tree represents a set of ltnown strings

beginning with one specific character, and each node or point in a tree represents
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Root 3 D
Hades ‘A /.~..‘ . E J./.‘~._

"-__\ //’

TA 3‘ ‘is \D
1,’! Leaf Node ‘X

Leaf \"-\ \
Nodes ./ N. ‘\.N “\.I3

I3 R T Leaf Nude

Figure 4.56 V.42 tree-based dictionary representation

one set til‘ st1'ir1gs. The t1'ee:~‘ in l*‘i_s_rure 4.56 thus represent the SIl'Il"l}'_5:‘s A. 8, BA,
BAG, BAR, H:\"l‘, HI. BIN, LI. I), I_)F.. D0 and D06.

Iftieh rat‘ the lent" nodes :;l'm\\'n in l’i;,rure -L5!) represaents at nude that I121:-t no other
in effect, 1‘t'.p1'L.':-i('_'l]l'Il1g the l:I.*-kl L‘I’t:l1'1:lL‘.‘IL.‘1' in 1| string. (_'o:t\=t-i‘;x‘el}'. atLlepentleiit l']i.)l.Ii_'S.

1:1:-ent is-_: knmrri as 2: rent 1‘I()L'Ie'. and 1‘(‘pl‘t:S(*t‘|t':-I the first eh:-traieter innode that has no 1

:1 string.

lniti-=iII_\'. each tree in the dictinm-11g\' etiitszists. nf ti
netl to e-.1eh nude. data is rt-.eei\=ecI frum an uttaehetl l_)"l"1'C 1] :string

()I'i§_Iil1it1'.L'L'I el1::r;ieter.~: is

mot node. with 21 unique

e<1cle\\'m‘d ztasig

inuteliingg pmeess: neeurx in which L1 :;eqtreiiee uf ].)'l"E
matched :l_!.{tlil1:-§’[ the r.lietium:r_\'. This pmrress hegim; with 21 exingle £_'l']k11'k1(.‘tL"1'. It‘ the

: die.titm;ir§' entry and the entry \\-'1-1:4 nut t:re:1tt:tl sinee the lust
i1‘t\’(_)(I'dll(Jn of the string nmteliing pmeetlure, the next ['J'I‘F, ::1'i;_j_rin-tttetl eliaraeter is

=ntle(l to the strinfg. 'l"I‘1is pr-r:ee.:.<.~; is repeated under the previ-:au.~:l‘\'read and appe

ele:;erihetl eunditinm: until the maxirnuni .~:trin_<_n_: Ien§__{th is: |'e;1ehe.(l or the .~:tring.r dues:
utetl since the last in \'t')L‘tII.'i(}t’I ofnut match 2: eIietiun;t1'_\' ent1'_\' nr matches an entry ere

11;: pi'nee(lL1re-. .—\t that time the last Cl'1dI"r'ICII;‘I' appentletl tn the
and repre.~;e-nte: am ‘unm-.1tehed' eh:ime.ter while the eh-t11':1eter:'+ in

s'+trin;.{ tmttehes 2

the string maitehi

string is rt:mm-'ed

the .~‘.trin_t1 are emrtitletl as at emlr.-:\\'<n1'tl.
L'neIer \'.-I2 his the imixirnum Mrinsg leitgtli can I't'II’tf_‘{(‘ I'rm‘n (2 tn 25!) and is

l1(;‘_§_{()tI'c1lIl.Tl.I between motlems. The number nI'etitle\\'r,ai't'Ir; Ims -.1 tlefnult value of SIZ,
\\'hieI‘1 is its minimum \'L1lllI.‘.

value almve the def-.1ult value eam he 1](.‘;.T_l1T.'i:'IlL'(I ITIt‘1'\\'L‘€I’t hm mntlems.
e:~x~i the tlirstiunary is tI_\'na1mie:1ll}' mutlili:=:cI h_\' the

New strintzs are

.--\ maximum value is not, l1tJ\\'(_‘\'E!I‘. :-t])I;‘CiI'lL’i_I and any

I)urin_;: the en1n}.n'e:+sinn pme.
eltlditinn ul’ new st1'i11g:; busecl upon the e.n1‘npu.~:tir.m of the clam.

1 singgle elinraeizer that xx"-as not matteht.-d {rum :1 stringt'r_>rmetl h_\' tl}1}‘!I3l1(lIII§;_{ 2
suits in the 21LI(.IiI‘il')I1. of :'I new node

m:itehin;.{ npemtiun to an L'XI.\‘1'IJ1,L{ strin_e:, whieh re
It at the replaieernent of t-;tl‘ll1_£{5-I by L,‘()Ll€\\'()l'L'IS V.-I-2 his tl-tit-.1to ti tree. As :1 resu

1'm')t'e. efficient tlTdl'I .\-l.‘\'P Class 5
t‘.ui'1'1p1'es<sit'it1 is t1ppr0xii11atel_\' 2{} to 30"-1'.

n'e:e.~;i0ti -.mr;l probably 5 tn |{!‘.'.'ir more eftieient th-tin .\'l NI’ Cl-.139 T enlianeetl tltttaicum}
.42 his ttaui be expeet.ed tn result inemnprt::asit.m_ \\'hile the Il"lCl‘t_‘d!-§l_’L'I ef|'ic:ieney of \'

t1’:t1t‘|_\‘ mnclem m;1nti|’aettIre1',~.a prm'iclin;_{ this cup:-ihilit_\‘ in t'uture protluets. for mun_\'
mmlem tiserx the tIiI"fe*|‘tt1ie-e- l')et\\'¢;-.en \'.43 his and either UNI’ Clztss S or ('.'las:: 7

213' not he perceptible. 'l'hi.~: is l)L’CdU.'-‘st.’ intemetive neeesta tn n1:1int'r-.mit‘r.ipei':iti('mt-‘- m
i1t_L{_t~' of ini‘m‘matinn thatem‘nputers norm21II_x' in\'o|\'es queries haistttl upon slmrt str

-.-are not \'er§' sustteptilnltt in clzit-ti ctmipressitan. In em‘npz11'isstm. user's with exten3i\'L'
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l'lle transfer requii'etnente_< will find a more perceptil_ile Clil‘l‘(.‘l'II.Ti‘lL‘(.‘ fa\'ouring V’.-l2

bis. Thus. you should Ci1!‘L‘l:L|ll_\' consider their transi1'iission requirements prior to
purcliasinpg a modem that peforms data eomp1‘ession as .\-'l;\'I‘ Class 3 or Class I

may be eftieieiit as \'.+2 his for certain applicatiotis.

Compatibility issues

ililte e'Idoptioi1 of the V‘.-l3 bis 1'et‘ontinundation !'CSl1ll.'l;'(l in son'1e vendors pt'o\'idin:_{
\'.*l'2 his chip set tipgratlt.-s for their products. (_)Tl‘lL'l' \'er1dors announced that all

future products will im:ot'poI'ate \'.-l-2 bis support. :\ll'l‘it'JLl£_{l’I \'.—l2 his is the I‘

recommended standard. unlike V.-l2 it does not specify MNP as an alternati\'e

Inethod of dam co1'i'ipI'essir.m. I{eC(Jg11iziI't}.1 that o\'cI' l5 million modems have. been

sold that support '_\'lNl’ Class 5 or Class 7 data eompression, most modem

manufacture-rs have int.-orporated both LVINI’ Cliiss 5 and \"'.—l2 bis comprmssion into

I and \".Jr2 his support. \"endors
other than .\lierocorn rnay be limited to Cliiss 5, l"J(:I.‘.2lLIS¢;‘ at the time this l')ool< was

their products. _\-lieroeom ol‘l"ers both .\ I N P Class

prepared, .\l_\'I’ Classes I through -l were in the public domain and Llilfereiit

lieensin_g arrangements were applicable to the l'1i_u'l'l(§I‘ levels of the :\-[NP protocol.

-.\'lodems that support both \-',-l2 his and NINP Cl-ass 5 data compression pro\'i(.lt:

_yt.)LI with the door to the future as well as a gateway to the past. In the future you can

expect that most. if not all, data compression-performing: modems will be V.-‘l2 his

(tl_1I"r‘Jp'c!Ill3l(:‘. In the interim, i\"l.Vl’ Class 5 compatibility provides modems with the

ability to operate in a data—eompressed mode with over 15 million cLiri'entl_\-'
installed modems.

Throughput issues

.\o doubt many readers are familial‘ with the automotive section of the Suttinliiy or

Stmday newspaper in which the performance of a partietilar ear is re\-‘iewed. Such

reviews describe engine l{l’.\ls, torque, and other }3{'rl'i(.iI']‘I1E1l’1L‘t'. parameters that, For

the most part, are iI'1'ele\'ant to the average dri\'er_ A similar case can be made For

many 1'eviews of data eompression—pei'f0rrriin,u modenis in trade piiblieatitms: the

author discusses how a tile was uploaded or downloaded in so many seconds due to

the l1igl‘t opet'atit‘t5_: rate and coniplession efl'leiei1c_y of the modem. \-Vhzlt n't:m_\'
modem re\'iews fail to mention is that it is extremely rare lor you to obtain that level

of peI'fot'manee for any sustained period of time tluritig a typical eomrnunieations

session. In fact, the use of the eompression feature of -.1 modem may actually result

in an increase in the time required to tr-ai1st‘t.-i- ee|'tain types of tiles,

Althouggh a 2:I modem compression ratio means that you can expect to :-iehieye

t\\'iL‘L‘ the I11odCm's t)pe1‘ating rate for llle 11'a1tsl‘e1' opcratiims, it is iisstlmecl that you
are transfet'|'iIi§1 a standard .—\HC.'.II text file. In actuality, most information utilities

and bulletin boai'd systems store files in a compressed format, using such prograiris

as ARC. A R]. l’,—\ K. and PK/"11 P to ecoliomi‘/.e on file stot‘21.Qe spitce. .-\tteI‘n])ting to

use modern eornpression to transfer a pre\'iousl_\' compressed tile can aettially result

in an expansion of the. tile during data transfer between modems it you are using
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§\'lNP5. or a lT1t1t‘f,{iI'IEil II'I’i|‘1]'{_)\'(.‘t‘I1l.’l"1t in data transfer time it you are using the \'.+2
his data e.ompI'essit)n method. ’]'hI_Is._ :I gocati rule of thumb is to transfer compressed
files witlmtit tisiitg .\ IN ["5 data cr.iInpI'ession ii’ that is the only em‘np1'ession method
supported by _\'()Lll' modem.

Negotiation problems

As pre\‘inusl_\' indieatet'l in this section, both error detection and ctwrcetion and data
emnptcssion are ne,<._:otiated by the How of data between modems once the basic
modulation i‘12'It‘I(_l!-‘~lltIl\'ll'1_i_{ proeess is completed. This data How occurs through the
trtmsmissicm of ‘l‘I":tIT1t:‘S between modems. These ttatnes describe the settings and

capabilities ofezieh modem. A1thou,§_:l1 NINI’, \-C42, zmcl \".-I-2 his all explicitly define
how data l"1‘-a1‘nes are encoded and exelianged, significant problems can occur if one

modem that has negotiatiim features enahled eoimntitiieatiss with another modem
that either does not have such capabilities or has those capabilities disabled. \\'hen
either situation ncettrs, the nelezoti-ation ft-tune will he passed omvard by the modem
that does not have enabled ne_s_§ntiation trapahilities. If the modem is connected to an

eneI'_\'ption <.le\'iee, tlata PBX, or :tr1t)ti‘1e1' device that is data sensitive, the
I1I.'.‘_!_{()tIdlIl')i'I frame can cause I1:-woe.

l3igu1'e 4.5? illustrates one example of modem IIegotI'm'.:'oII J'.=a-arm‘. In this example at
Liser with a notebook ctmtainirijz at built-in (it-lit'ii(.‘l'_\'])t()i' uses the switched telephone.
netxmrlt to communicate in at secure manner with a mainflame computer. It the
modem attached to the notehoolt eomptitet has its negotiation capabilities enabled.

S‘."'I"ll.Ch|ECI

Telephone
NetwoI'i<

  
 

Notebook
with built-
in data

crgptar
    

 

 

   
 

 tiairiframe

Computer

  

 

 
IiJI3'I;]EIl.lEIi.i‘i-3—I'I—_—‘__\\\I‘
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l l
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“l I I
I l
l l
l l
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l"-.lEgEII_Ifil.iUt"I False
Frame deergpted

data

Figure 4.57 Modem negotiation havoc. When one modem transmits negotiation frames
and the other either has its negotiation capability disabled or lacks a negotiation capability.
the frames are passed through the modem as data. in this network configuration, the
datacryptor performs its intended operation, resulting in false decrypted data sent to the
mainframe. which results in a loss of synchronization between datacryptors
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upon establishment Ufa! tarrier signal it will initiate liaiiidsliaikingz by transmitting a

ne;'__{oti-ation frame. I!‘ the distant modem either laeks a ne,_<;otiation L"d1')EIl)lliI‘._\' or has

that Feature disabled. the negotiation frame passes through the modem as it is

assumed to represent demodulated data. Unfoi'tu|1ate|}-'. the dataeryptor also

assumes it is (lt':i‘t’1G(llililtt?(.l data and initiates its decryption operation. _\fot only does

this result in false decrypted data being passed to the inainfrarrit.- l')LIt, in addition, it

results in a loss ofs}'nel1ronix21tion l)et\\'een the pair of datae:-_\-ptors. Thus, when

the notebook user attempts to transmit a request to the mainfrarne, data is eneoded

based upon one position in d pseudo-random key sequence Itgenerated h_\' the

dataer}'ptor built into the. notebook, and decoded at the mainframe by the

datarsryptor using a different position in a pseudo—random key sequence since the j

negotiation fr-aine preeeded the data. Neetlless to say. the rnainfraine receives what

appears to be ‘gobblede;_1ool(’.

Another eolnmon example of modem 11:-gt_)ti21ti<.iii havoc can oeei.ir in a data PBX

environment. ‘When one modem transmits negotiation franms and the other either

has its negotiation eapahilit_\' disabled or lacks :1 negotiation {I:I;‘Jdl)ilit_\-', the frames

are passed thmugh the tnodetn as data. ln this network t:onfigui'ation the data-

eI'_\'ptor pefiorins its intended oper-ation_, resulting in false decrypted data being sent

to the InainfI'an1e \=\'l1ieh results in a loss of synehronization he-t\\=een dataeryptors.

[ta data l’l‘5X is behind 21 modem. the negotiation frarrie could he misinte1‘pi‘eted as

a 1‘outin,t.»: eode. and eould eause a rnisroutingz, hefore a user could enter a correct

I‘outiI‘1_L{ Code. To tzorreet such situations, _\'oLI can enahle error detection and

eor1't:etion and data t‘.ompI‘ession Features on modenis at the other end of the Com-

munieations linlt, if those tezittiies \\'eI'e pre\'iousl_\' disabled, or replace modems

that don't support those l‘I.’l|tL|l'(.'S with modems that do. A third option is to disable

those i‘L‘ili’.Lll'k::-§ on the modem transmitting the negotiation l‘I‘1-'ll'1"1tL'. llo\\'e\'eI‘. tloirlgg

so eliminates the possil)ilit_\-' of using those l‘I."clTLll'(_'E-I.

Simultaneous voice and data operations

The ;_J,t'o\\'th in 'teleet_1n1ITtI.1tiI‘lg‘ l1as I'estIlted in man_\' people \\'orl{ing lirom 1.'l"1('.ll‘

homes, aeeessing lg.-4\.\: seI'\-'eI's' and (.'0I‘p(.)I":ltL‘ In2IintI':In1trs to perforrn \\-'Ol'l\' that

might otheI'\\'ise require 21 long eomrnute into the ()l"l:[(;L’_ .—'\et_‘m“I"|paI’I}-'ing the growth

in teleeornrnuting is an inere-.ise in the requiI'ement to eominunie-ate \'erha|ly with

other teleeominuters or with staff at the offiet: \\'hile n'iaintainin,q a data trans-

mission session. .'\ltl1t)Ll}_{ll the [i1te;_»;n.itet.l Services Digital Network (ISBN)

provides the 2il)ilit_\' to maintain two separate tiontersatioris on one pair of telephone

\-\'i1‘es, enabling a voice and 3 data \'ersion to coexist simultaneoL1sl_\', the teel1n0log}'

is re1ati\'el_\' expensive in eomparison to the cost of using the analog P:'%'l‘I\" and is far

from l.i|l)l(]L|it()LI:*t. Recogrtizlllg those lin1it:itions. as well as tht: requirements of

teleeornmuters to converse sin1ultar1eousl_\' with a distant party while trans1"nittin5___I

data. resulted in the developrnent of simultaneous voice and data [SYD) capability

into certain modern products.

Currently two methods are used to provide a simultaneous voice and data

capability. One method. referred to as dtfotrtf .t:'im.n"trntt?t'm.~‘ t:oire and (fatter (D5r':\‘l‘)).

uses speech eornpression F{‘.(‘.l'|l‘I[)lU§_{‘}' to tligitize voice into a low bit rate which
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en-al)Ie:< users to C'r1I'I'_\.' on -.1 normal L.‘()I1\'L'1‘S:1ti()|] over the PSTN while transn1ittin;_{
data at rates up to 33.6 khps The seemtcl method results in the traiismissimi of
voice in its native, arialng format, while redtieing the data rate to provide separate
channels for xtaiee and cuntrol infm'matinn. This method is L‘(JlDn1()I1i}' 1‘u=.‘l"e.ri'L-d to

as un:110,g simu1taner.>us voice and data {.—\1'3«\'l)}. Althmigh .-\S\'l.) can be more

aiesthetie:-u]l_\' pleasing to 11 }istener"s ear in certain sitiuitiotts, must implementations
of :1 SYIJ eapaihility \\'m‘k digimlly to obtain :1 higher data transfer (_)['3t.'I':-'ll.'iI']g 1'-ate
L:-apahi1it_\‘. '['\m etaimnctitinr and inemiipatihie teehnique:~' for ubt-ainin_g 2|
1'}iI‘E'I1.l1T.l-1l1t;‘.(}l1!_-‘- Voice and data trainsmissimi (.‘a1pai.1iiit_\' were being -:n“i‘L'-i‘ed by

.\]i.|h'i-Tech S_\'stems and Rm‘k\\'el] Ser11iem1dL|t‘tm' .‘-i_\'sztems when this hunk mus

published.

;\[Lliti—r1‘L’L‘h ‘S_\'stem:: markets a series of DE-}\'I) modems using eodees (coders-
nieemiete) to digitize the full sps;-.etrum of audio bandwidth from 0 to .7-3{}(J Hz.

[7si11_s_: what is referred to as the XIuIti—'l‘ci:|i t-‘aLiper\'ism‘y Pmmeol (.\ISI’) for
emmnunieatinns between modems, \‘0iuc<.-, dala. and supervisory‘ infm-matirnn :.I1‘L‘

se-pa1‘atel_\' pa-;-1<eti'/.ed I'm‘ transmissitm. .—\Il three t._\'pc:-‘~ of packets are multiplexed
onto a single streeim of data which enables :1 ctmimtm circuit to stlppurt \'oiu.- and
data simu1t:mer.:i.isI)'; ho\\'e\'er, l0 eliminate potential voice distortirm voice })2lL‘i(cts
l‘t:C(."1i\"(.' priority m'er data packets. Fitzute -L58 i11i.isti‘ates the USP packet S1'1‘1I(‘.'ELEI't‘.
Note that each packet uses one 8-bit SYNC byte Iieader For sjvnehmnization.

The [I),.-’ 1.] lI'|i‘(lI'I’l’lE1t'iE_l!1i)}"T.E3iUl.Tlll(|l3Skl1'l II) {hit number 37'} and a Packet Lu-:n;__{t|1
Indieamr (Ll) fieid which ramzes in value {mm Uih to U?I5|i for data and qualified

paeicets. \'0iee packets are preset to 24- or 3‘) bytes: in length based upon the data
operating; 1'-ate. 'F'}iL1s, the [D;"I.I lnfm-mation byte is set to a vaiue nf{_J{.I]1 in voice
paeketsa.

A. Data Packet

=2-an ID DATA ___ DATA

swat: Ll E:gte1 BVTEK

B. Voice Petrket

 
C. Diialifielj Packet
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L I

Figure 4.58 Mu ti—Tech Supervisory Prtotocol packet structure
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The (_)ualifier ((,)['.—\l.] hytt.-. which is present in Qualitiecl packets, lttt?l1tlfiL‘S the

nzlttlre of the em't1n‘1:111d that t‘n]]<)\\'s that h_\'te. Tlirist: Ct'i1‘nm‘.1I‘|tl.~s tall] into three

hrmltl ca-1te;:m'ies——‘immediate action’ cmrnmsmls. 'c11g_rage stream mode ft:n"

t:(m1maI'Ids, alml ‘ii1te1'pret the l-Ul1f:\\'ll’I§.I :15’ t‘m'nInantls. E.\1IT‘t'lplL.'F‘- of ‘in‘|n‘|edi:Ite.

action‘ emmmuitls include ACK, X.-\]-L‘ X().\I, X{.')[*"l“. and ERIC.-\l{. ICx:n'np1es of

‘e:1}__{a_.r__>,'e stre:-I1‘n t‘|1t.)tle Fm" em1”1I‘n:1nL1s l|](‘llltL1L' C().\|.\'l.-\.\'I)H, \"(_)[(.‘.lC;i1‘1d [).—‘t'l‘.-'31..

while ‘interpret the l’n||m\'in,L_v as‘ emnmantls include ctanimands, respniises and
status. 'l‘h11.~.'. the .\ISI’ ftmc.-ticms in -.1 mamier similair to the lli_gl"1ea'-[.u.-Vel Data -

Link Cfilltml (HD]«L-‘.3 iummm] in that it supports command,»’1'espm1se tmn.~;rnis-

sitm RL‘L]Llt‘.nCL'.S.

.—\|rht)ugh L\lLilti—'['e(:l1’.~; l\IFiI’ pmvitles siimiltaneotis voice with data at an

nperating rate up to II’) khp:-;, the pmtneu] Li(JL"..‘£ not attempt to detect and take

ac|\'ai1ta_s;°t- nl‘ p(:l'lf.)(|5-I ml‘ \'t)i('e silt.-titre. A cm'npt"titi\'e simtrltanemis \':_>ict- and data

p1'udL1et fI‘UI‘n Rr_)L‘k\\'e|l km)\\'n as |)i;_{i'l'alL aild iI1t:r;1‘})t)1'dtetl into that \'ent.|nr's

RC28S.-\(.1l',.-'-SYI)Chi}? set lmth tligitizes \'()ltJ(_’ hill) 21 low hit 1'atL‘2I1‘ld tletettts peritatls

ol"s{1enee. enahlinsi i‘t‘n:)Lh‘i11s using the chip set 1:: shift In higlier data opt-1'-.1ti1'1__;g rates

(luring periods of xniee .~;ilen(te_ 'l'hi.~: tcchniqtte permits a \'.3-l modem u.~;im,r a

[_)i_$_ti'|'all( (‘hip set t<>t>l)tai1'1a nun-t:<'>1np1'eS5se(| d'.1t':i tralllsfei‘i‘z1tet)’r‘28_FH<hp:=. dLn'iI‘|;__r

pt‘1'Er_:ds Of \'()l(.‘t.’ silence.

Synchronous dialing language

[11 e0l17parist)n tn the II;i_\'e:»‘ colmnelmt Set that is 21 rte _frtr'rr: stm'1LlaI'd for

a.~.‘~_\'nL‘l1:'<.:nt)LIs mtaelem tipemtiuns there are se\‘eI‘al I11L‘thUd.~4 urietl tn sL.Ip1'm1'l

s‘_\'I1(.‘hI‘r)I‘|r.)L1s n1nt1t.-111 E}p(.'l'illfl()llS. The c-a1‘liest' method of '<1l_lIl)T'I'Idl'll"l_§_{ ::_\'n(:hI'm‘mLis

(lial{I‘l_L{ \\'a.~& 2It.‘(:r)rriphshed l)_\' the use ntvaln a1Lltl')l‘I‘lk1T.'t(‘ L‘k1lhn§_{ unit. In this method (If

(‘:‘~t21blisI1in;1 calls t)\'(.‘I' the PHTN at eomptlter or E1nr_)the1' I)'|'l‘: de\'it.‘e is t:n1i1'1L-eted

to an aLIt<iI‘:1atiL' Isalling unit \-‘in rm RH-361’)(p;11';1]1el)t)I‘am I{.‘_">—233 (st'1'i'.1]) i:'1te1'!‘-‘ice.

The l)'|‘l“: (ttmtrnls the trallilig unit, which dialls‘ the telephonic I1LImht'1' and Liptm

er.m1plt:tim1 passes the call tn the nmdcm. Figtire -LS‘) illtistratcs this pI‘mt::(ILii't-.

Other I11t.‘t}1ud5:i that hi-I\'L' been Llevelnped to obtain s}-'I1L‘hI't.mt.)I.I.~; tlinling

eapahi]it_\' im‘ILItle the iI1t:(n'p()1".1tiu11 ml‘ an RS-Htifi interfaiee into snnie nmdt.-m.~:,

the use of;1I1 ii1tegr-.1t-sti externzil l-((_‘._\‘pE1(_l tlimmzh which the 0pe1'-.1to:' 2-‘-tUI‘t.‘.‘~' dialing

sequences which the rnndem dials \\'hen the &'El.'lIl:1L‘hl3(l I_)’l‘].‘: I‘2list‘:< the ]-)L1t‘.I

'|‘CI‘min:Il Reat!_\' sigria-11 and the use of :1 .'~“\‘11eh|‘m1oL1&-1 tliéllimz l:1n,51LI:I;_{e \\'hit:h

Telephone
lin e

Synclmznousmodem

 
Figure 4.59 Using an automatic calling unit. Automatic calling units support both RS-232
(serial) and FiS—366 (parallel) interfaces
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combines dial control and data over a common RS-232 interface. Co1teernin;_,r_ the
latter. there are currently-' several niethotls eompctitig to become dc _,I"m‘i‘r.; iiicltistry
st:md:tI'ds_

I'I-ayes .\lie1'oeomputer I’roduets’ proposed standard is the l"la_\'es .“3}'itelii‘onous
lute-rtiaee (ll!‘5l). This interface consists of a hardware independent connection

ation program and a synchronous eommtmieations drivel’between a user's applie
commands

which directly controls the hardware. L7ncler the H81 method, di-alin;__r
to a synchrorious modem are issued as_\'nehronousl}', with the modem directed to

tion once -.1 conncetion with a distantCl'1£lI']§_{{.' into a synchronous mode of opera
cable for use with modems thatdeviee is made. (.'.}h\'iousl}', this method is only appli

can work both s_\'nchrortously and asynehronously; ltowe\‘er. it does permit the
uhiquitous llayes .—\'I' command set to be used.

A second method being: used to perform automatie

synchronous modems is based upon the use of the I{aeal—\-’adie ‘5'i}'t‘it:l11‘0I1ULlt-; .—'\uto~
Dial l.angua;_,re (S.-3t[)l.). L.7nder SADL special modem controlling I'I‘I{::-15-‘-fl§_>_'(3E-3 in

SDLC protocols are predetined. 'l'l"iis enables software
5.3. Dl, compatible

dialing operations with

both hisynehronous and

de\'elope1's to modify-' applieation programs to support the use of
modems for dialing on the Pf5'|‘N.

Tlie. third method being used for S_\'T1Cl1l'()l‘10LI.~£ dialing is similar to the previousl_\_-'
described 5~3.—\i_)l.; technique. This method is called ‘.".i)'i1eL'p', which is sponsored
by Liniversal Data '§_\'sten'is and is restrietecl to sentlin;_; dialing commands under
the hisynehi'onotis protocol.
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The integration of modems and limited—funetion multiplexers into a device known
si,<,_:nil'ie-ant henel'its to data eotnrtttinieatirms users. whoas a multiport modem offers

require the multiplexing of only a l‘ew ehannels of data. Lisers who desired to
multiplex a few higlvspeecl data channels prior to the introduction of multiport
modems were required to obtain both multiplexers and modems as individual units
which were then eonneeted to each other to provide the multiplexer and data
transmission requirements of the user. Since multiplexers are normally desitzned to
support both as}-hehronous and synchronous data channels. the cost of the extra
circuitry and the additional equipment capacity was an excess burden for many
user applications.

The recognition by users and Venclors that a more cost-e.ft'eeti\'e,
method of multiplexing and transmitting a small number of synchronous channels
for particular applications led to the de\'elopment of multiport modems. By the
combination of the functions of a time division multiplexer LTDM] with the

synchronous modem, substantial eeonomies over the past data

less wasteful

functions oli a

transmission methods ean he aehiex-'ed for eertain applieations.

Operation 

 
in is l)asieall_\' a high-speed synchronous modem with a huilt—inA multiport mode

rather than requiringTD .\'I that uses the modem's clock for data s_\‘nehronization.
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one of its own, as \\'oulcl be necessar_\' when separate modems and multiplexers are

combined. In contrast with most traditional T'D.\Is, 21 multiport modem multi-

plexes only s_\'nehronous data streams, instead of both S_\'l’IC.l'lI't'Jr'I()LlS and

as§'nel1ronot:s data streams. .-'\n atlvantage of the built-in, limited—i‘unction

rttL1ltiple_\'(,‘t' is that it is ltrss t‘.m'nplex and eKpeItSi\'e, containirtg (‘ml_\' the logic:

T‘tL'(I{.'E-‘.S:«1l'_\' to combine into one data stream information transmitted from as ft-,-xv

as two s_\'neh1'onou.=s data channels rather than the minimum capat.'it_\' of four or

t’i§!_l‘lt ehannels associated with most separate ITlLtltiplI_'.\’L‘t‘S. The data channels in a '

I multiport modern norm:tll_\‘ comprise a number of 2-l-00 bps data streams, with

the number oi" channels :i\'£Iil:1l?Ilt‘ being a function of the composite transmissioii

SpII.‘.L'(l_

Selection criteria

\\'hen ir1\'estigatiitg the potential use of multiport rnodcms for a particular

applit‘ation, _\-‘nu sltould determine the speed tsmnbinatioris and the number of
5-i(.'ltf(.‘t:1l‘Jll: channels available, as well as the ability to control the carrier ftintttion .

(mode oi‘ operation) inclependently for each of the chamtels. For example, one 0600

bps multiport modem can have as many as six di|Terent modes of operation;

l1o\\'e\'e1', only one mode can be fitnetioiiing at any given time. As illustrated in

Figure 4-.60, operatin_g' speeds can range in combination from a single channel at

‘)()('l{l bps tl1t'('1Ll_s_3_jli four 2400 bps channels.

 
  

  
 

 

' Data rate

! {modes of operation]
‘I 2 3 4 5 B

‘I —é9600—?200-~4800—2400—2400—4BO0DD:

2 -‘-m2400—2400—-2400—2400 DPS Mumpm-1
I Channels mod..."3 j——j2400—-4800 —24OD—480O bl)!
 

2400 has

Figure 4.60 9600 multiport modem schematic utilization diagram. Multiport modern with
six modes of operation is schematized here to show all possible data rate combinations for
networking flexibility

Application example

A t_\'pit::Il application ofa 28 Still bps multiport modem is illustrated in Figure 4.61.

This e_\‘ample shows a pair of i'our-channel 28 800 bps multiport modems se1'\-‘icing

two CRT terminal devices, a b;_\TIt.‘l1I'{)I‘1()LI5-i printer operating at up to 1500

t_‘l’I‘¢tI'flCtt‘l‘S per second or 12 OUU bps, and three lo\\'—spced 5_\'I‘ICl‘ll'0t’1OLlS terminals

connected by a traditional TDM. The output of the 3—t:hannel ’l'D.\-i is 21 7200 bps

s_vncln‘onous data stream, which is in turn multiplexed by the multiport modem.

Ilere the tnultiport modent's multiplexer combines the three aswtchronous
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Remote site

Central site
CRT CRT i

Leoseo “H8

4800 ‘48{JU has 28800 DDS  

 
 

 

3 chunneis
e 1200 bps

Figure 4.61 Multipott modem application example. A pair of four-charinet multiport
modems services two CRTs. a 1500 cps printer, and three low speed terminal devices over
a single transmission tine

multiplexed i2{}{J bps ehzitmels: with the three syneht'onoL:.~; unmtiitipiexeti -zshmnele
into :1 sin,c_vIe mttltiplexetl .~a_\'neh1'onous tlntat stream. .—\t the. central site where the
tiompotet is located. the multiport modem at that end splits the 28 800 hps 1-3tt'L"«ITT‘t
into four (lot:-1 :sti'e-urns: one Liam: strezttn is then chamneietl througgh :u1oti1et' 3-
trhonnei, tr2idi‘tit'm:ii 'i‘I'J;\l. \\'ho.~:e output tizlitl .-<Lre2i1‘o:< in turn are t:onne(ttet'l to the
ttomputer. The 3—eh::1‘me| '|"i')i\'I ‘l".li({*:-S the 7200 hp:; :a_\'nL‘hI'ot1ous data stream from
the ITl1li[i]‘JOI't modem and tie.inLi|tipIexe.~: it into thtt-e l2{_!lI l'!]):-5 -.isey1tet1i‘onoL1s tlotzt
sl1‘e:'Im.~:, whiush am: pais.~;t'-ti to the ttppropi'iette computer ports‘. The tematining Liitlfi
streams ptotluceti h_\' the tiemtiltiplexer in the muitiport modem -.=o'e eoimectt-ti to
three atciclitiomil computer ports. .—\s this e,\umple dL='tm,:n.~;t'i‘t1ttts, the high—speed
multiport mot1em‘s utilization in conjunction \\'i1'.1‘t other communieotions t.-om~
ponents permits :l \\'iL'it-3 tlt.-,t_rree of Hexihiiit)' in the tlesigxn oi‘ at tizttu (;01T]h‘LL1l1iL‘t1Ti()l'lS
net\\'ork.

A ft.-xx" ex:u'np1es< of muitiport modem and CiTdI'1l1t_’i L‘.I_1t‘I‘Ii'!i]’tL1[i()I‘IE~i -.i\'t1il:1bie are
listed in '1‘;-thie Jr.3>x'. It sltoulti he noted that not all multiport modem eh-aa'1ne.i
comlainatioma listed in '1‘-.1l'ale +38 1m1_\' he 'd\-'2li1i1l"iiLT For it })2ll'T.itC‘LIi:Il' \'entiot".s mo-ziem

gate thtoti;_r1t1Jt1t. .~:int:t- .~:oI‘ne \'I.‘11Li()1'!-‘~ otter only -.1that IJ}1t'.‘l":!IL'::i at the il'lLiiI_‘2l1'L"L'i :l§3',_L{1'E‘
1. whiie other \-'enr.iors rt’|'.t)' otter an addition-til—i-port multiplexer with their motieo

number of ports.

.~\1thou_:1h most 1n'.mut’:ietu1't.-

appt.-;ir.~': to he t‘m1ctiom1ii_\' l..‘&]Lti\.';|iL'!'1I.
es that exist hetween motlt.-ms: but me. Imtci to

rs of mtiltipott modems proeluce equipment that
you should L‘X::t‘L‘.i:'-‘~L' care in se.1t:-ztitttz

I;t1uipmL'n1' ht;-i:a1iI:~‘e of the Ciiffl..‘I'l.'fl1C
.-3tithoLi_Lrh the rnndei-; oi“ opt'.:‘ttlioI1 'd\".'LiiaIi3it". liort1:~‘ce1‘t'.1iI1 from Vendol‘ IiteI‘:Ittn'e.

lat-ti
Litilizaition are quite similar i‘ee'.1i‘tlltr.~;s4 of imt1tt1fatttttt'et', the number" of ports or I’.

1 multiplexer mm (iii‘i"l.'1' :ai_t1t1iIieat1t|}'. .-\nt)1het' \"rl1'ii1l1C(-‘channels :~:L1|)porteL'i 1))‘ 2
.H‘i}_El'IL|.i in some multiporfeoneerns the ti:-ze of an indepenclentiy conltolletl C:’tI'l't(_'l‘

modemsa. By toting multipott modems that permit on imlepentientiy t:ontt'o1ieL'i
cai'1'ier :-ti}-_{ll1li for L'.2I(‘i'l ehamnel, you cam combine se\‘e:'-.1| polled L‘iI‘L‘t1il.‘% and I"Lirtht‘I'
1‘etiLIt.‘e i(;'.i-'tSE‘.‘(i iine t.‘h:tt‘gL's.
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Table 4.28 Examples of multiport modem channel combinations. The wide degree of
flexibility that can be provided by muttiport modems in a network configuration is a function
of several factors: throughput, availabte modes and channels, and data rates 

Modem Muitiport speed combinations

aggregate Operating —~—-~-----—~
throughput mode 1 2 3 4 5 6 7 8

19200 19200
16800 2400
14400 4800
14400 2400 2400
12000 7200
12000 4800 2400
‘E2000 2400 24-00 2400
9600 9600
9600 4800 4800

10 9600 4800 2400 2400
11 7200 7200 4800
12 7200 4-800 2400 2400 2400
13 7200 2400 2400 2400 2400 24-00 24-00
14 4800 4800 4800 4800
15 4800 4800 4800 2400 2400
16 4800 4800 2400 2400 2400 2400
17 4800 2400 2400 2400 2400 2400 2400

18 2400 2400 2400 2400 2400 24-00 2400 2400

(.CC:0"NIU'3C71-F5-C.n3|'\J—|

14 400 14400
12000 2400
9600 4800
9600 24-00 2400
7200 7200
7200 4800 2400
7200 2400 2400 2400
4800 4800 4800
4800 4800 24-00 2400
2400 2400 2400 2400 24-00 2400

9600
7200 2400
4800 24-00 2400
24-00 2400 4800
24-00 2400 2400 2400
4800 4800

7200
4-800 2400
2400 2400 2400

S(DO3"-4O')U"I-F=L(.Ol'\3—‘-
9600

CTJU1-1'-“~(.0I'\)-*
7200

0310-‘
4800 4-800

2400 2400I\‘)_;
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Standard and optional features

A rm1_:_>jc 0|‘ St&1I‘i(1'd1‘L'1 and nptimml dzita cunirnuniczitiuns fe21tL_Ii'cs arc ::\'ai1-alnlc for
users of multiporr nioclems. ii‘1c1udi11;___r almost -.111 of the i'catL11'c.~: zivailzthic in regtllnr
non-mL:ltiplcxin_:_,r t‘l‘I(JL1t"t‘I'l':¥_: also '.l\'L1i]‘.lh1t‘ are L|niqL1c multiporr 1"n0d(‘n1 featLI|'cs
such as nmltiport C(}I1|'i;_IL1I'i1Yi{)|l selection, individual port re-sting. im;1i\'idu;1I port
di:-:]‘J1‘¢1§'. and at data cnmmunications equipment (IJCE) interface.

'["1'1c rnuiripmt sa.-1cctn1' fc.ntui'c.- permits yo-.1 to alter" the multiport coni‘i;_{L1ratio|1
simply by thr-:m'in_g 2': sxvitch into at m-w position. This il.=uLL11‘c curt be L‘Rp(_’Ci:t11_\'
Law.-{L11 for em installatinm such as the one shown in Fi;_.rLn'c —‘r.(i2 (mp) \\‘hcrL- mm-

m unications r:cqL:in.-ntents diff";-r betwccn shifts. For example. in the 1igL:1‘c. c|urin;_:_
d;i)'1i1‘m.- opL=r:1tions three loxwspccd nsymrhmnrms. ~i-801.} bps‘ tc:'mina11 cle\'icL=s with
a composite speed of 19 200 bps are S(3l'\'iCi'_'(Ll at this insreillanrion h_\' one channel of

Re.-nare site Ce.-mot site

 

 
 
 

 
 

Remote
batch
terminals

28800 bps

  
 

4300 bps
 
 4800 bps

4800 bps

TComputer
19200 bps /

 

  

 

  
Non-operating
 
 
  3 lines I' 4800 hos o

_ 0 4800 hasDaytime operations

28800 bps

    Non-operohng  
Non-operating

14400 bps

COITTDLITET
Non-operating

 
 

 
 

 

   
Muillpori
modem

 
14400 DDS

 

 
3.,ne5 Non-operohnq
0 4800 bus

I
3 lines
It 4800 bps

 

Figure 4.62 Using muitiport selector switches. Dsyy (top) and night (bottom) configura-
tions for networks with mutiport modems can be varied according to the requirements of
different operations
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l the multiport moclem. One remote hatch terminal and it CRT are servieetl by two
additional channels, each of" \\'hieh ()Dt.‘.I‘tit{.'S at 4800 bps. Beemise of daytime load

1'l.'(|Llil'(.'TI1El1iS. the second batch terminal! cannot he operated since the modem’s
maximum tlg;{l‘ttgt1tC speed of 28 800 bps has been reached. On the a::si.imption that

l the installation does not require the sen-‘icin,<_r of intet‘£icti\‘e Lisers at ni,r_rht, one
possible recontigttratiott is shown in Figure -l-.62 (bottom). The multiport selector

pertttits lmth rernote l‘r.1tt:l‘t termit't:.ils to he set'\'it‘.etl until the start of the next

btlsiltess dtt_\' h_\-' two I4 '-l-Util hps LIl'IitT‘t!"lL‘lS while e\'e:'_\'thitif__‘g else in this I"t€t\\-‘tJl‘l{ is '.
shut down.

Ntimerous multiport modems contain a built-in test pattern gt_‘1’}(':l":1|.'()‘t‘ and an

ei't‘('Jt' deteett'Jt' \-vltielt permit t13t?t':-: of 5LlL'l'I lT1()(.ll.'l'l'1:-i to determine if the device is

ii'¢1Ltl['_\_-‘ without the need of an e_\'ternal bit {:1't‘nt' rate tut-itt.'1'. The use of this feature

normall)-' permits the ittdivitlttal ]')(_Jl'l'-‘S of the modem to he tested.

Attolher option ()lTe*t'eti h_\' some t11Ltltipot‘t mot_let't'i t't'ttiI1Ltf2tctttt‘e1‘s is 21 data

Cottimuttications et'}Ltipn“1L-nt (l—)(._.'lC) ittttittatrtr. 'l‘his option can he used to it'ttegt':tte

1‘ernotel_\-' located tet‘mit‘tals into :1 mttltiport modem net\\'orl<. “'l‘tet't':as the .~itat'tt'l2tt'd

data terminal equipment (UTE) ii"1tcrt'-ace I"I’1:t_\' require data sotirees to be eollocatetl

and within a 50-foot radius of the mtiltiport modem, the DCE interface permits one

or more data sources to he t'etnotel_\‘ located from the. mtiltiport modem. Installation

of a tnultiport modem with a DCE option on one port permits that modenfs port to

be itttettaeed with another modem. This low-speetl eonventiotial modem can be

used to pi'o\'ide a new link betweeti the multiport tnudetn’s location and terminals

located at different sites. As shown in Figure 4.03. the installation of a tnultiport

modem with a DCE option on port 3 permits the port on that modem to be

ititcrfzteed with another rnotlem. This new modem can then be used to provide a

new link between the multiport moclem at location 1 and an additional remote batch
terminal wliieh is loe.-ateti at a second site.

Remote locotion one

 
 

 

Remote
batch
terrnincil

To computer
 Multiport

modern

Second remote site

To port 3

Remote
botch
terminal

Figure 4.53 Multiport modem data communications equipment option. Using a data
communications equipment (DOE) interface on port 3 of the multiport modem permits at
second remote site to share the Communications line from the first site to the computer
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'l'o ;lll€\'i:ll’.(;‘ sttlnstatiitittl ctmfu.~:ion, it shoultl be noted that ‘.1 multiport I‘r‘ItlL'lt3I‘t‘I
eoittninss El. huilt—in multiplexer which enables two or more st.-pamite data .‘-‘sll‘t’E1lT1S to
be combined for t1‘:t11smissi(Jn over -.1 single Circuit. In eontrasst, at mttltipoint
modem is l):tsieall_\' ‘.1 modem tlttsigitetl to '¢l('.l1i(_‘\"€' it‘-..1st polling ‘dL‘(]lli:-iilit)1‘1 times on
n‘1LIltip:ii11tlir1eS.

;\lu1tipoint lines. or multitlrop lines as they are also rel'en'etl to. are LI:-%L1:Ill_\'
nail zttteess trmn at numher of

iI'ISt2IllI:Ll for applications that l'C[]Ltl.l‘L’ inter;1cti\'e lermt

;;eo_tgrttpl1ie:tll}' Llifi-‘-[‘JCI‘Sl.‘(l loezttions into a central eompttte-1' taeilit}-'.
.-—\n airline reetewattion x_\-‘stem in which clispersetl l('.l‘l11il1:ll£-I l'1'lI1Ll0ll‘ll_\' 2tt.‘ce3e-.1 the

L‘t)iTl]”)LIl'Cl"5-1 tlataliuse to determine l’lig._Iht itiforimitimi and seat zt\'ail;1l)ilit_\' is at
representntix-"e E1ppliL‘dti()I'l that could use multipoint lines. Another example txmild

m where terminals are located at m'.tn_\' \\‘at'el1ottses; nnclhe am in \'e11to1'_\' contrt:-l systtt
in\'e|1m1‘ie:~‘ are

are used to report .~:|iippin;_Is and :11‘l'i\'al:-3 so that company
1-Il.'t.'(l. For either application. the ite_\' item of intei-e.~:t is that e-.tch

|’i‘aetinn of the t(}tL-ll time 2]\—'{llli’.1l..)l{.: 1:: all terIninztl:'a
1'I;’.'\‘.‘i:-ll)lL' anti

eu:mtinttousl§' uptl

rennin-.11 :':nl_\' L1.<.:t-.5 2|. small
troimectetl to the line to complete Ll t1".1I1:t21e.tinn, amtl the terminal is atltl

can 1'eeogni'/.e 1‘ne..~;:en,a_re.~: for which it is at recipient.
.—\lthou_<_tl1 most terminals eonneeteti to muitipuint eitcuits: contain at lmiter, this

lmf‘i't-:- primairily .~;er\'es to enhance Lliittl tlirougliput and is not a neee::sit_\'. For
exmtaple, eon.~title1' the situtition \\'l1e1'e am operator" is enterinr,_: data: on the screen of 21
Cl{’l' throngli an uttaelietl l<e.yliourtl. Ii" the CRT Llue-.8 not have at lmtiiit.-1'. the time it
tail;-.:.~a to tnmrtmit the tint"-ti tle.pent'l.°. upon the opcI'uto1"s .~‘.peed in typing it. l')Lu‘ingz
that time eoinmtinicatitans with all other termin:tl.~; on the line are stmpt-ittlt-ti. If the

21 l)Liffet', the In-tn.~;n“1iss;ion speed from the terminal to the cuninnter e-anterminal has
'l‘hus, once the opet'-tutor

he at at much higher rate than the taper-atrut"s typing rate.
lime filled the CRT screen with delta, the tiepresssion of £1 tramsmit key will permit the
emnputer to select and ret:ei\'e the data frorn the terminal at 1-] higher tt';tn.~:ftrt- S]‘nL‘L'u;l
2II1l_l in 2: .~‘.ho1'ter time il1lI(':l‘\'2ll.

I')u1'in,L,_: the time the openttor is entering: Lidtfl the computer is free to select uther
rennin-.1194. The wait time per 'ft';'.I'I‘t‘IiI‘tdl on the common line is tlit-teiio1'e |'('.‘Ll'L1L‘I.‘Li.
Since ‘:1 .~;io\\' operator on :1 multielrop line withotit l‘ittH‘ei't'-Ll terminals enultl ohtztin
an t1njustih'etl proportion of the total t1"-aiisitiissitnii time. H0t‘I1t_' mttltititop .~+_\-':;tems

Multipuint circuit

 
Figure 4.64 Typical multipoint circuit. On a multipoint circuit many polled terminals share
the use of common communications facilities

 



4.5 MULTIPOINT MODEMS _ _ 473

lIi(_'.£)I'p('JI‘1'IT.iI'l,‘.{l1Hl)LIi"li(‘I'€’(l l't’t't’I‘IitTc1lSl’Ial\'I:k1l1tliii—it1 time-out fe-ttttlre. 'l'l1i.~‘ time—nut

lit-;1ttti‘e permits; 2lI'1{)Tl'1(_'l‘ Openltnl‘ to _;_{:tin et'mt1‘0l Hi‘ the line ill the l'ii‘.~“»t t;peI‘:Itm‘

|'Hli.lHl.‘!"u lot’ :1 time _S__{‘I'L'&H'l.‘I' tham the time-m.|t lit‘:-lT.LlI'l..‘ pe1'mit:~'. \\‘hen either t_\'pe Ui-

termintti is LISL"L'l in the pre\'it>1i:-<l_\' t.le.~‘.e1'ihetl \\'()1'lii!1§_{ L"'!]\'iT'fJI1|Tl{.‘TiT, then m:'i|'1_\'
terminztls CL-1I‘1 .~eha11'e the \‘2Ii‘t‘IL' eommtmientinns eiretiit on an inlerlea\'etl l}‘c1HiS. The

pulling and 5elL'etit1fJ, protrienl |.l.\‘L‘Ll will lT't&-|l\'('_‘ it a|Jpeu1' tn each termimil upet‘;-t[t)t' as

if at pI‘i\';lte mnnectiun L“\'l.‘-‘-i.'L'Li i'm' hi:~' or her L‘XL‘lLI{-%i\'t_‘ use fur tramsmittinu amt!

reeeivingz L1-tam lirmn the computer. .-\ t_\'pie-til multipnint eireuit i.1SL'Ll tn emmeet
three tet'n‘1in;tl:+ is illLi.Rti‘att'eLl in l“iu't11'e -l-.fJ—l-_

Factors affecting multipoint circuits

\\'hen the anlical3ilit\' of 21 multimint circuit is heinu i|i\'e.~‘.ti<r:ttetl e;e\'e:‘alu I I. -'7‘ I

p2'l1";1I"1‘1l'_‘i.t‘I‘.H‘ \\":11‘1‘:II’ti.' eeirefttl iI’t\'('t-ili,t_T'dlittt1'. um .~:ueh pa11'21mete1'.~a are the t'espon.~:e
time ;'mc;l the tl“¢lt‘iS:tt_‘ti(Jl] rate of the ltL‘I't'l'iil1:ll.\‘.

Response time

l’1':.mi :1 hI't.>2Id \‘ie\\-point. :'e.::p::i1;~;e time is the time interval from when an npemtnr

pI'e::se.:< 2| trttnsmit l<e§' at the terminal until the. l'ii'.~;t ehemieter of the re.~:rmn.~;e

:1ppe'.1i'.~a hae.l< at that tetmin-.al. 'l'hi.-; r'e.~;pm1.~_~'e time erm.~;ist.~; of the m-any." {l(‘ld_\' timt:.~:

ats.~.:t':t‘iateti with the (_‘t_3I‘npt.)I1ent?:‘~ on the circuit. the time l't‘t|UlI‘L’(l fur the T‘t‘I{'S-I.‘-‘s:|_L{I..‘ to

tmwl tlr.m‘n the eireuit to the ezuimntttel‘ and lfiklfli to the terminal. as well as the

p|‘ne.e::::in_s,r time i‘eqLIireti by the er.:mptitei'.

Transaction rate

The ti'ansst:etirm I‘:-tie is at term u.~;et| to denote the volume of iI‘IL'|L1lI'iI.‘!-.‘~ zmtl t'e.:-;pt}1‘i.-;e:-s

that must he eaittietl by the circuit LlL11'iT’t_t_’,‘ ta .~;peeilie period at timtx This rate is

I‘tt)I'I1‘12tll_\‘ {'X['Jl‘L“c§SL‘Ll in terms; of L1 (l'.!il}’ a\'e.:'-age and as a |.’H."ril{ int‘ :1 speeiiie pt.‘I'i<:-ti of

the titty.

.'\Ll(llTl()i'|'<1l l:}1t‘[()!|'.'-3l'l'1&II2Ii-l-LTCI the tltittl lI".1I1:-=f'e1' i'tIIe.~: on 1‘t‘tl1itip()iI‘1I.'Ci1'L‘tl‘ilSil1(_‘iL1tlL'

the line pmttuecil Lt:~'etl anti its e’r'i'ieienL‘_\'. the l'I‘:t1‘t:-lt‘t‘IiSS-‘.itJ]‘t mte oi‘ the t1'It)Ll{_'Il'1E-I, -.-mtl

the tI.I1'ntI:'nI.II1t.l time (Iii the line. \\'hile ‘there are mt1n_\' liéll_'1_t11'E-‘u that enntrihttte to

mtlltipuint line e|‘l‘it.‘ient‘_\' tttilizmimi. the lit)(.'1I{~' till this :~:ectit:I‘i will he tm multipnint
mntlem elitII‘2Iete:'i.~;tie.~; \\'hieh E-‘-l'l(tLIlLl he it1\'e::ti;:,‘.ttet'i t:.: trhmin {I mn1'L' eliiieient

ft'Etl1S!Tli::‘-:-iitiI1 hi‘:.>et.\~;s on .~:ueh (_‘.il'(_'.LtiT.'t-I.

Delay factors

\\'hen il letmintil etmneetecl tn :1 emnptllet \'i:t 21 1‘nt.tlti}mint ei1'eLIil is pnllt-':cl, Se\'eI‘t1l

li1lt.‘1.()]'E-3, \\'hieh l)_\' l'liem.s‘el\‘et: 11121}-' appeal‘ ln.~:ig_{t1ilit.‘;|tit. tleettmttlate tn tlegI':Itle

1'es}'mi‘1sae time.
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1 the computer t.o a terminal on theIn the transmission of a message or poll fron
s internal clela_\'

inultipoint line, the first delay encountered is caused h_\-' the modem’
time (Um). This is the delay that would he seen if the time hetween the First hit
entering the modern and the first modulated tone put on the circuit were rrieasurtd.
For a poll tr-.msmittetl from the computer to a terminal or a response transmitted
frorn the terminal to the computer, total modem delay time is equal to two times the
modem's internal delay time (2D,,,), since the poll or message is transmitted
through two modems. In this case. the internal delay time of the modem is

2:); one would measure it the modems were placed back to backequivalent to the dc] st hit
and the time beween the first hit entering the First modem and the lir
demodulated hy the second modem were compared. This is shown in Figure —l,(i5.
Depending upon the t_\-‘pt: of modem used, this internal delay time can vary from a
few milliseconds to 20 ms or more.

<9 @

fin E
Figure 4.65 Internal modem delay time. Time difference from first bit transmitted (1) to
first bit received (2) is denoted as total internal modem delay time (2Dm)

The second delay time on a multipoint circuit is a function oi" the distance
hetween the computer and the terminal with which it is commtinicating. This delay
time is called transmission or propagation delay (DP) and represents the time it
takes for the signal to propagate down the line to the receiving: location. .-Xlthougli
this delay time is insignificant for short transmission distances, c<rast—to-coast
transmission can result in a transmission delay of approximatel_\' 30 ms on a
terrestrial eirc.uit or 250 ms if transmission occurs via a satellite.

\\-'hen a response to a transmitted poll or message is returned from the remote
al, several additional delay factors are encountered. First, the terminal itself

ince some time is required for the terminal to reco;,;ni'/..e the poll and
,) is usually a few milliseconds, but can he

termin

causes a delay. is

initiate a response. The terminal del-a_\-‘ (D
consider-abl_v longer, depending upon the design ol’ the terminal and the software
protocol used.

Since every modem on the multipoint line s

only one modem at any point in time may h-ax-'e its c.arrier on. The carrier of each
modem is turned on in response to the connected terminal or compiiier raisin_<g_ its
request to send (RTE) signal, which indicates that a nicssage is to he transmitted.
The motlcrn at the opposite end of the transmission path will then require some

al to reeo,<,rni'/.e this signal and adjust its internal timing. If the modems
and adaptive equalization, additional time is spent adapting the

liarcs the use of this common circuit,

time interv

have autornatic

modem to the incoming signal‘s ch:iractcristics.

Once these functions are completed, the modem located at the opposite end of
ar to send (C'l‘h') signal which is reqtlirctl inthe transmission path will raise its clc

This delay timeresponse to the RTS signal if a return messag_r_e is to he transmitted.
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is referred to as the request to sendfclear to send delay time (R'l'S,a’CTS) and is

Ll.'SU:.1ll_\,' denoted as DR,;_;. Since the R'l‘S/CTS delay time occurs t\\-'it:e in res-

ponding to a poll, the total I{'l‘S/CTS turnaround delay is 2DR,-(--. Dis1'e_:,ai'tling
terminal, propagation, and processing delays, the total turnaround delay

attributable to the modems is 341,, where

AMI.) = 2(DR{(.I ‘l’ Dml

Although the R'l'S;’C'I"S delay varies by the type ofmodcm used, delays can range 3

Froni about 5 to 100 ms or more and normally cause most of the line's ttlrnaround Z
tlelay.

\\-'l'it:n multipoint 1'1etworks were initially implemented, modem operating rates

were at speeds of 24-00 hp:-‘. or lower. These modems were manually equalized and

were adjusted and set at insttllltltion time. For this category of modems, the R'l1S;’

(ITS (lela_\' ranges from shout 10 to 20 ms, depending upon manufacturer, (_')\\'ing

to the :lt_l\'tlI‘It.‘(‘.I‘I‘1I_'T!t in modem transmission rates as well as new applications which

require hi,t_Iher tralilie rates and shorter response times, multipoint net\-vorlts with

-l-80ll hps modems were implcrnented. At this data rate, two types of modem

equalization are used, the manual type previously discussed and that \\'hicl‘1 is
automatically equalized. In comparison to the static nature of manual equalization,

automatic equalization permits the modem to continuously monitor and compen-

sate for clianginp, line conditions. An initial period of time is, however, required for

the modem to ‘train‘ on the signal each time the transmission direction reverses.

For manually equalize-cl modems, the RTSICTS delay time is normally between '10

and 20 ms, since they are static in nature. For automatically equalized modems, the

training time necessary for the modem to adapt to the incoming sigiial adds

significantly to the I{'[‘b',»’C'"I‘S delay time, with such delays increased to 50 ms or
more.

Throughput problems

To illustrate the effect of the increased delay on data throughput, let us examine the

transmission of :1 S0—character data block. If each character consists of eight data

bits, then the data block would contain 400 hits of information. If 2400 bps

modems are used for transmission, the actual time required to transmit the block

would be '~l(.I0,e’2-l0l) or lot} ms.

Let us assume that the l{'l"S;'C'l'S delay time of the 2400 bps modems was 10 ms

and their internal (lt‘.l‘¢J_\‘ time was 5 ms. The total delay time associated with the

transmission and i1(‘.ls'I‘l(J\\"lL‘(l§_{(.‘I‘t‘ICnt ofthe data block would then be 2 X (10 + 5} or

30 ms. friince the time to transmit the data block is we ms and the delay time

associated with the block is 30 ms, the overheat} attributable to the delay is 3(.l/(166

+30) or 15.3%. Given a modem operating rate of 2400 bps, the effective data
transfer rate becomes:

2400 — (2400 X 0.153) : 2032 bps

\'(>\-\-' let us examine the effect of tlotililling the m0t'lems’ operatitig rate to '-l-800

bps. At 4800 bps, modems employing automatic equalization originally‘ had an
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R'|‘H_i't_."']‘h‘ (lt.‘l'.1_\' time mt‘ Stl |~m;_ ‘—\\~:_c,un1in;_r the internal delay time remainetl
ern'1st':1nt at 5 ms, the total delay time to transmit the cl-.1ta bluek and ree‘ei\'e an
itt‘lu‘m\\'letl,i:eI1‘it:11t' \\-'I_1Llll.l htreiirne

2 x [in -, 51.-. lltims

\\'hen the mcstleins tipemtt- at lfltlfl bps, the time to l'1'Lt1TSl’t‘Lll.' L1 -l'Ul.l—l)i[ hluek is
-l-lltlf-l-Still or 33.3 mri. 'l‘he1'i the ::\'eI‘l‘Iez1tl at'tI‘il'1tIt:tl)le to the elelt1_\' times is l'|(l_,.-’
{'83.} + l 1”] Hr .:‘(}."J”-I. ($i\‘ei1 the n'mt'lt-'m nperutiiig rate of 48m} bps. the et‘t'eeti\'e
tlata trmisler rate hecumes

ism: [-i-E_{l_IlJI x ttsrm = ztimi l)|‘IS-

BL1St’Ll uptm the preeetling L1n2tl_\':-:l&-I. it iscalwioiis1'l1;11' the tll)lll)lln_$_>j ui‘ Ll mttltipoint
iiinitleiifs ups.-i'iiti:i_u rate only restiltetl in an insi;,;nil'ie:11it iI'1e.i‘e'.1:~.:t= in the el'feeti\'e
tlilltl transfer rate. If this situation \\'ere al|o\x'et| to persist, most data etnm'nuniea—
tiuns users \\'tIl.1lL'l i‘it-\'er henelit trim“: LIp_!_{I'é1(ll1‘l_E_‘{ the npei'atin5_r rate oi‘ mntlerns used

can mtiltipuint eireuits. Fm-tunatel_\'. mtitlem tlexelupments resttltetl in an iner ~ase
in the eflieetire thita l't':msfer 1'-ate that has £1 higzh eurresp:mtlt-nee to the inerease in ‘:1

mod e m's tipt‘i‘:1tiiig rate.

Multipoint modem developments

L'nti1 the early l‘)7{ls. tl.~.:t:rs \\'eI‘e Fm-eecgl tn tratle off the benefits derivetl frorn
autnmatie eqt1i1li:r.-.1titm with the l(}|’t_L3_l..‘I' R'l‘S;’(.‘.'I"‘:% tlel-a_\' time that \\''.is t':bt:1in2thle
tl11'ut1,=_,rl1 the use nfii modem equipped with this feature. Ft')l‘fl11‘l‘dll'_‘l_\'. many modern
mui1t|fatettii‘ers lT‘|{‘.0l‘p()I'E1I(‘Ll techniques that reduce the R'['!'%,-"C'l'S delay time

while pern"1ittin_g automatic eqtialization.
One rmint1f21etLti'ei‘ implemented 21 sn—ealIe-cl ‘5Ie21rshit't' technique \\'he1'e tluta

transmissiim l*ie._s_:ins at a Hire of 2~ltI(l bps. llf-ilI't_i__{ :1 'E'I'IULlLlldI'i(_)l'I technique that times

11:11 require extensixe et1t|:ili'/.atir.m, 'l‘|iis reduces the l{'l‘h',«'L'.’l't'-3 t'lela_\' to L1 level of
uhuut ‘J ms. \\'hie|'i is the tIel'.a_\' time nt'n‘m2illy :1.“>E~‘ut)t.‘.‘i':itL‘L'l with mantieilly eqttalized
mutlems tr-ansmittirts,z at 2-l-EH1 bps. Next. as trunsmissitm pmeeetls at 24-00 bps. the
receiving i'l'ItJLl(_‘t'I'! 'L1LIl'f}'|'E'|':itlCflll_\' e.t1tializes can the lt‘|t.‘(Jl'I1il1_£1 signal. .—\t‘ter an initial
trunsiriissitm of fu-l- hits til‘ tlzitii is receiretl zit the 2-I-I'll} bps tlaita rate, the tniiiiiiigz,

cycle is e::»mplett-tl Lll'ILl huth the sentlingg and re.eei\'ing mtielems ‘gea|‘shil"t‘ up to the
fastet +800 bps; (‘E1121 rate in emitimie transmission, \-\'hi|e this technique will reduce
the [{'l‘§-i;"C'|‘.‘r'a Llt'l'.i}.' time. the nettaal numher of (la-Ital hits trtmsmittr.-d (luring an
intt-r\'ul of time will dept-.ntl tlptm the size of the iriesszige transmittecl. This is
hetratise the first 64- hits nl'eat.'l1 ii1e'ssa_e:e tire t1‘ansmittetl at Zlllti hps prior to the

inmieiri gt:;ii'sl'iil‘ti11g T0 the —l8{}{J bps tlatn rate.
.—\nt>thea' technique used to il'IL‘I‘LId:-it: the number til” hits til‘ int})i'1'ii2iti0i“1

transmittetl \\'[l.-1 :JhT'.1‘il1t'.’tl h_\' inenrpnrzitirig; 21 iiiiei-npi'tire-ssiar into it motlem. This

iniernprtieessur is ttsetl to pet-l"m‘1n eqtuilizatimi and pmvides at very fast polling
feature whieli inerenses the ilk-11.3 1'1"-atifie transmitted Ll1_ll'll‘t_E{ :1 period of time when

enmp:-n'etl to the s1'z1ntl'.t|'tl Hell .‘i_\'stem et]ui\'alent -l-{\’(lEl bps mtitlems or the
.Qt:ai1'sliiI‘t-t§'pe mmlem. This L‘tlt'I‘]p}1I‘l:-'-011 is illllSl1‘L1IC[l in Table 4.2‘).
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Table 4.29 Comparison of data traffic transmitted by 4800 bps multipoint modems 
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Data bits

Modem with Modern using
Time (ms) microprocessor “gearshift technique Bell System equivalent

9 0 i 0 H 0
20 24 24 0
26 58 41 0
36 106 65 48
50 173 ‘I33 115

.—\ltl10Lt;:lt the use of multipoint n‘mclerns has signit'it:antl_\' d::ei'e2tsecl since their

peak periotl of Ltsage dLtrin_s_,r the Inid—l98(.ls, they can still be used effeeti\'el}' L'lI"1Cl

eet:n0n1ieall_\' to intereenneet l(J(_‘.21ti(I11S; with 1‘elati\'el,\-' law volutne tt‘amsmi.<<sim1

1‘equit'ements. IlU\\'t‘\'¢;‘]'. if you atntieipzite using multipeint modems _\‘t'J1l '.Sl1(JL|lLl

select p1‘I)Lll.1L‘IS with in minimal R'l'.‘.5fC'I‘S (ii-.'l'¢1'_\‘ tn (Jl.')t2liI‘I ‘<1 l1i_ehet' etit'ecti\'e data

t't':msfet' e.:1p:1l)ilit§'.

Remote multipoint testing

?.'.iiI‘iee it is much mt)I‘I: tliffielllt to as(_‘ertzlin the e:«tuse of pmhle1n.~; on 21 mtlltipnint

line than l_)I"l 2! ])t.>it1t—tu-point eit‘t‘.t:it, mmlem munt1tattttt1'(:I's {l(.'\'I..’l()]')l._’t_l severttl

testing fe.&tttII‘es that are either iI1t:n1‘p0I':tted into mt.Iltipt)int mmlems 01' nlleretl us

an optioll for K'.’l'l(.l-llSl.’I' seleetitnn. {ilne (If the mt)t‘e e()mmm1 testing t'e21tL11'es 0l’fere(.|

with multipeint Int.itlem.~; is remote testing. This feztttire results in L’dI.‘l1 remote

l'T'|L1ltlpDil']t I11nt.len‘t et'mt:tinin,<_r, at Llniqtle uLld1'ess_, permitting :1 central site ntudem to

rsend tltt aldtlress emit: and em‘r1n'1:tnLl signal to the remote tnntlettts on the tnultipnint

eiI'L‘LIit, \\'hiI.‘h will then plaee etteh remote site m<')L'lem into an 2|mtlu;_I or Lligitui l('J()|”J-

baeli mode r.)fr.tpeI‘atim1, Hy inem'ptn'21tiI1,<_{ an address. eztclt remote modem train then
be tested h‘m11 the remote site.

4.6 SECUFIITY MODEMS

Operation

The goal in the Llevelupment 0|" the see1trit_\-' 11mdeI'n is to iLlentif_\' :-tLttl1m'i7.eLl Ltsers

basetl Llpon the telephone ntlmher i"l'()l'l‘1 which the_\' m'i,<_rin21te eztlls on the PHTN.

To tI(:et.tmplish this goal [he seeurit_\' modern is desi_gI‘1eL'l tn 1'eCei\'e Calls tJI‘l}_{iI'I21l.t:(.l

on the [’.‘S'['N, i1"llI{:I‘I‘t'}g'L1[tE‘ the user’s itlentit_\-' hatsed upon :1 code or pat,-'<s\\'tii'c|,

Llisennneet the user and then ini1'i:tte a eztll on the P.“-‘s’l';\' to .13 pt'[‘.Cl(3l'lI‘:€€(l telephone

ntmther stored in I'I1L’l1"1I.')l‘_\' in the mudem. l‘iiI1t:e the seeut'it'_\' moclem initiates it

e-ttlllmelt to the user attempting a-Ieeess, ztnuther nmne u:mnmm1l_\' 1-I5!-§('It_‘ik'llI(3L'l with this
(.|l_’\'i(_‘t.' is at czilllmck moclem.

A C1-’tlll‘JdCk or secttrity modem eolmiitts 2: battery }'3U\\'l'_’I'l.’Ll l}t.1i"i‘L‘I' aired into which the

networlq aclministratnr enters an access code and teleplttme nttmber for users
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to dial a i’HT.\.' telephone number that is connected to the. modem.authorized

sc::Llrit_\‘ modem used, between four and twelx-‘c characters areDepending upon the

commonly available for the authorization code.
Once a network user receives the authori7,ation code and dials the number

assigned to the security modem. that device rirst prompts them to enter their code.
,-\ssumi1‘1£: the code is entered correctly, the modem then disconnects the user from
the line and originates a call to the telephone number associated with the access
code.

fiiitetz the security modem simply \‘et'il‘ics the telephone number of the originator
ld not be confused with data encryption devices that scramble

Thus, the protection of thean

of the call it shou

transmission based upon a predefined algorithm.

security modem is relegated to \-'eriI’_\-'ing that the data call originator has
authorized access code and is located at an authori‘/.ed telephone number.

Memory capacity and device access

 

 
 
 
 
 
 

 
 

 

 
 
 
 

 
 
 

 
 
 

 

 

The memory capacity and network administrator access to a security modem differ
considerably between devices. '.\Iost security modems have a buffer area th-at only
permits the storage of three to tire actress codes and associated telephone numbers.
A few security modems have the capacity to store up to approximately 20 access

associated telephone numbers. representing the ma:<im1.nn capacity of
. C.'once.rning l‘IL“E\.’\'t')l‘l( administrator access, most

codes and

devices in this equipment category

modems require the network administrator to first cable a terminal to the device to
access codes and telephone numbers assigned to each access code. Then,

accornplished, the security modem can be connected to the computer or
is difficult to modify,

enter the

once this is

multiplexer port it is designed to service. This type of modem
twork administrator to place it out of service and recablc asince it requires the nc

alter pre\'iously entered data. Then, after imidilic.-ations areterminal to the device to

to the access codes and telephone numbers to add new users or deletemade

. the net\\'orl< administrator can disconnect the terminalpreviously authorized users
and recahle the security modem to the device it ser\'ices.

A second method of updating: access codes and associated telephone numbers is
on other security modems. This method requires the. s_\-‘stern adminis-available

access code when they initially attach a terminal to thetrator to first enter a master

'l"he|'eafter. the. network administrator can use any terminal attached to ade\'ice.

m and dial the security modem via the l3’ST;\'. Once the mastercompatible mode
access code is entered. the nctxrorlt administrator can remotely enter or modify
access c.odes and their associated telephone. numbers.

Device limitations 

 
 

Since it is a natural tendency of many pe.rsons to post access codes on terminals, the
use of-.1 security modem is only as good as the policy and enforcement of the policy

use and distribution of access codes. in addition, since the securit§'concerning the
l by a callback over the f’?:'aTN, datamodern simply \‘erii'ics the location of a tcrmina
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calls are still stisceptible to illicit monitming. Other limitations associated with

security modems include the rixed telephone numbers stored in the modem's

memory, the requirement and cost of a second call and the requirement of call

originators to manu-all_\' place some modems into an answer mode to receive the

callback from the security modem.

Pfiince a security modem requires the network administrator to associated fixed

telephone numbers to access codes, this device is impractical for the traveling

btisinessman to use, .—\s an example of this, consider a salesperson who visits several

customers tlt1rin,q the day. Since a maximum of 20 access codes and associated

telephone numbers can he entered into a security modem, even if the salesperson I.
contacts the network administrator on a regularl_v schedulctl basis it would he a .1

demanding task to eontinuousl_v adjust the security modem to correspond to one's
sales calls.

The requirement of the security modem to initiate ‘allbacks can consideral_1l_v

add to the cost oi‘ the organi7.ation’s telephone bill. This is because the telephone

companies in many metropolitan areas base the cost of a call upon messag._vc units.

Since the initial call to the scc.urit_\-' modem results in a minimum of one message

unit being used, even it‘ the call only required 30 s for the user to enter his or her .

access code. !11ess:igc units can rapidly build up. For long-distance calls the cost

associated with the requirement for an initial call and a callhaek ma_v be more

pronounced. This is due to the tariff structure of lon,t1_—dist-ance calls, where the cost

of the first minute can he considerably higher than the cost per minute for

succeeding minutes. As the initial call to the securit_\-' modem is t‘1ormall_\_' billed at

the higher l'irst~minute rate, this can considerably expand the communications cost
of an or,izanization over a period of time.

Another l<e_\' limitation of securit_\' modems is the storage capacity of the device.

If the modem, as an example, is limited to storing five access codes and associated

telephone numbers a significant number of devices may he required to support a

large number of users. As an example of this consider a geographical area that

contains 50 terminals that will dial a multiplexer. Ifonly six terminals are expected
to be active at one. time. six dial-in lines and conventional modems connected to the

multiplexer would be sufficient. ll‘ security modems are I'€L]L1il'CLl. ll") devices would

be necessary, since each modem is assumed to store a maximum of rive access codes

and telephone numbers. This in turn would require 10 di-al—in lines and 10 ports on

the multiplexer. increasing the cost of communications facilities and equipment

necess-ar,\-' when secL11'it_\' modems are used. In addition, although a common rotary
could he used with conventional modems, users dialing sccurit_\' modems would be

restricted to accessing specific telephone numbers to which the modem with their

access code is connected. This in turn further limits the llexibiliry associated with

using seetu'it_v modems.

4.7 LINE DRIVERS

There are Four basic methods used to connect a terminal de\-'ice to a computer.
These methods are listed in Table —l.3t},
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Table 4.30 Terminat—to—computer circuit connections 

Direct connection of terminals through the use of wire conductors
Connection ot terminals through the utilization of line drivers
Connection of terminals through the utilization of limited distance modems
Connection of terminals through the utilization of modems or digital service units 

lt is intei‘t.-stit1t_l' to t)l.1sei'\'e that ea-Ich (if the meth:':r;ls listetl in 'l"<'l-7h. +3“ l3i'n\‘l(lL’S

lot" p1'();fl‘(rssi\'L"l_\' gre-titer tlismnccs of Llutil transmission while 'll‘l(.'LlI'1'l1]g' p1':.igres-
si\'el_\' gzre-.itei' costs to the. users. In this section the limitiitinns and cost eul\'imt:rges
of the first two methotls will he [’.>[:ltTIit‘tt.'(l in tletail.

Direct connection

The first and most L.'Ct)!‘1t')I1‘1lL‘J.l lTtL.‘i'l1tJLl of }3l'I.)\'i(lit‘l,l_{ Lt data circuit is to connect at

terminal (leviee tli1'eet|_\-' to E! emnputer tl1rm.I_t{l1 the LiLili'/.a1tien (Jr 2] wire eomluetnr.

5LII']‘J1‘lSll’1§__{l_\’. I‘l‘lt1l'1_\' instzlll:-itions limit such tlireet cnimeetions to Sit feet in -.1ecnrel-
mice with terminal and computer I'I'1I-llllll‘E1I.T‘l'l.lt'(fi't-ii specificzltimis. Tltese specifica-

tions are bdS(.'Ll upon I31.-—\ |{:"-‘a-23,. and lTL' \'.2-l sttintltittls. [f the nmxitnuin
St")-feet t§t'c!l'l(l':11'Ll is exeeetletl. m:inul"aeture1's nut)‘ not support the inter’r‘:iee, _\-'et

terminals have heen taper:-Itetl in it 1‘t‘ll‘¢'Il‘tlL“ mtmner at tlistiinees in excess of ll'li'}0 feet

Iirmn at computer ()\'tL'1'SI£.t11Ll':ll't,l tlnta cahles. This contradiction l‘Jt'.‘T.\\‘C‘t"h nperatiomtl
L'lt_’I‘1‘1(“Jl"I‘c§l.'l‘1ll'l(JT‘i.‘«3 and Lisagzc and :-itttt’ItlL11‘[l limitiitinns is easily expliiined.

ll‘ you examine the RE:-232 uncl \'.2—l» .'.~'ftlI1i.lL11‘LlS, sueh stamlartls limit L'lit‘t-‘Cl’
connections to St"! feet of euhle for clatn rates up to 20 khps. Since the ileum 1':-‘rte is

im'ei'sel_\' pmportinnul to the wielth of the clam ptilstas traiismitttrtl, taking

capacitance and resistance into aicctaunt, it stands to reiison that slo\\'er terminals
can be l0(‘.klF.tf(l further a1\\'i1_\' than 50 feet from at computer \\‘ill’t0L1t’ ineurrins_r any

app1'eeii1l)le loss in signiil [1l1tllit_\'. h'impl_\' 5-ilfE1l(.‘Ll, the l()l1.E_{(‘t‘ the cable length the
\\'eal<e1' the t1'tll‘ib‘-1"I’tl'L"El_’Ll sigtml at its 1'e‘LTt'pTi()ll point ':1]'lLl the slower the pulse ri.-':e

time. .'—\s ta"-unsmissinn speed is increalsetl. the time he\\'een pulses is sltortenetl until

the m'i_s,rinii| pulse may no lnn;_,re1' be t‘i.:en,tzi'iixetl alt its tlestinntiim. This heeumes
t‘n01'c 0l)\'itiLis when _\'(Jl..I etinsicler tlmt El set itmounl oi‘ t_llSl'(H'tl()H will :1 lifttct it smaller

(less witle) pulse than an witler pulse.

ln Figziire 'l'.(‘)(). the relattiranship hct\\'r..-en tre1ns1nissit_>n speed and cable Iengtlt is
illL1.~.;t:'2itt.-ti for clistanees up to :|}.1pl'(JXiT‘t‘I':ttL.'l}' 3-‘Hill feet :-mtl speecls up to —l{') 001} bps.

This l-i,<_{ui-e portrays the t'l1t:"tJl'L’1’iL‘dl limits 01' data transit-1' speeds over an Llnliiadetl
lL'I’tj.£tl1 til‘ 22 .-\me1'it‘:ii1 \\'i1‘e 5_{'cILt;1e (.-\\\'('}_) cable. .\ lun_\' l"':tClflJI'S ct-In lTd.\'(‘ am L-Ill-"t‘t on

the rel;-iti::n.ship lnrtweeii trzmsmissitm speed and tlistainee including noise.
tlistt)rtit'm intmtluceel rm'in;_g l'll the routing of the cnlale, and the temperature oi‘

the 2-iL11'l‘0LlI'l(ll]‘i_L>_' area where the enhle is installed. The hall:-Ist of 2: fluorescent
lixt:.it't':. for i1‘i€~t;mt.‘e, cam Cdli:-it.’ I..‘t}l1E-‘il{l(_'1't1l)ll'.‘ L'li.°sti)I‘titm ()l:t1fil§lHfil trtmsmittecl over 3.

re|:'iti\‘e|_\' short ilisttmee.
The diameter oi‘ the wire itsell‘ will t1lTt..‘L"lI total signal loss. If the ct'l')SS-Stettttlttttl

areat of :1 ;:i\'en lettgtlt of wire is increasecl. the 1‘L':-ii5lJI’|t‘I;? of the wire to current
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Figure 4.66 Speed and cable length relationship

How is reduced. ']':thle -l_3l sl“1<'m's the relationship between the dimensions and

re-si.x*tanees 0fse\'eru1 types 0|‘ emmnerei:1ll_\' :l\‘zIil:ll)l(‘. copper \\'i1'e denoted by _:_:aL1,r_:e

numbers. By inere-a.~:ing the gzitige from 22 to I‘). the re.-ist:me.e uf the wire is

1‘€(lLIL‘t‘Ll by E1ppl‘0xi1n:t‘tcl_\' (me-half.
Another metlwd which can he utilized to extend the leng:tl1 of :1 direct wire

etmneetion is limitirig the number of ‘:§lf_{|1:-ll!-‘a I!'k1l'Ih'i'T‘Illftt.’(_l over the tlata link. After

the connect sequence 01' l1:mdsl121ki11;__r is ae.e0mpli.~;l'1ed, only two sigriial leads are

required for dam transfer: the 1'I"cIT‘|!-‘aH’tlt'ft‘(i dam mid receive data leutls. \\'ith SOI‘nI.-’

minor en_:_:inee-ring at hoth ends of the data link and -cm elvaihuhle de \':.)lt-age r's‘t')Lll‘(_‘I3,

the remaining sigtiails ezm be held t.‘()I']tl1'lL1()L|t-3i_\' Iiigh, pe1'mitting the use of :1 simple

paired cable tr: tzmnplete the data lirilt.

Cable length e-.-in he l"u:'ther extended la)’ the use of t:mm11eI‘u:.iull_\' -.1\'aiiahle ln\\'—

eapateituntte .~shielcled cable. The shield L‘.(1I"l!-‘-lSl'R uf L1 thin \\'|'2Ippi115__: of lead foil
:-Irmlnd the insulated wires and is quite L-lift-t‘ti\'e in retlueing the :)\‘el‘2lll tztptleitaumre

of the data ea-ihle with -.1 \‘er_\' modest inerens~:e in ;'31'it.‘e 0\-'{'.I' stantlzirtl Lm.~:.l1ieltled

‘ables. The Line of lowwcztpaeitnnce shielded Cdl)lI_’5i is strm1_gl3‘ reeommentletl when
eseveml t.‘2ll)lI:5-1 must be routed tl1i‘0liEl1 the seine limited diameter eunduit. Once the
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Table 4.31 Relationship between wire diameter and
resistance :?_T

Gauge Diameter Ohmsi’1000 feet
number (inch) at 7-‘F

10 0.102 1.02
11 0.091 1.29
12 0.081 1.62
13 0.072 2.04
14 0.064 2.57
15 0.057 3.24
16 0.051 4.10
17 0.045 5.15
18 0.040 5.51
19 0.036 8.21
20 0.032 10.30
21 0.028 13.00
22 0,025 16.50
23 0.024 20.70
24 0.020 26.20
25 0.018 33.00
26 0.016 41.80
27 0.014 52.40
28 0.013 66.60
29 0.011 82.80 .

practical limitzititm at L‘21l)lt' length 112155 been 1‘E‘¢l(‘.l1(}(_1. si;__m:1l zittentiatinn and line
di.~;tm‘tien can become signitieaant and either reduce the quitlity otid-.1ta l‘l‘1lI‘t$sl‘niS.'51UT‘t

or prevent its nCL‘.Lll't‘I:I‘1Ct". One method 01‘ ftirther extending the direct intertlm:
distance between termimtls and ilCl’}I‘["ll'.'IL1tL.‘l' is by inempuretting at line drix-"er into the

......__,._.__.
cable ennneetirm.

Using line drivers

.¢\.~; the name implies. 5. line driver is at device which pe1't‘m'in:: the function of
extending the distzmec-. 21 t:3i§_.{I‘Ii:tl ean be transmitted down 21 line. A single line clrirer,
depending upon m-.1nuf:|t:turer and trzinsmissirm speed, can adequ:itel_\' drive
sigimls m-"er distances r;mgin,«_'_{ from lmnclreclss mt‘ Feet up to at mile. One-. manu-
fzuzturer int1'm;lL:eed at line driver eapulyle of t1'21nst‘erI'ing signals at 21 speed of 100

kbps at at distance of 5(.lU[_l feet and 21 l .\ [bps signal over £1 distzinee of 500 Feet using at
typical multip-air cable.

A multittide of riaitmrs lmve. been _s_{i\'en to the \"‘dl‘l('J1IS bruncls of line Llrivers to

include local data distribution units and modern eliminator dri\'ers. lit)!‘ the

purpose of this diseL1s.~:im1 at line driver is at stzmd-ailtme I’.l(.'\'ie.t-'_' inserted into -.1 digital
I trai1::iiiie:si(Jn line in order to extend the signal distance.

In l“i_gLIre -l-.0? the distine.ti<_m hetween eiitgle and multiple line di'i\'ers~: is
1 illustrated and e0nt1'-.:::ted with limited clistanee modems: \\'l"t1L".l'1 will be explured in

‘cfieetien 4,8. The p1'in1:ir§' distinction bet\\'een line drivers and limited distzmcfi
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Single-line driver

  
 
 

 
  
 

 

 

Computer

Range in thousands of feet
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Limited distance modems

  

 
  

 

 
Limited
distance
modem

Limited
distance
modem  
 

Computer
 

Range in miles

Figure 4.67 Line drivers and limited distance modems. When line drivers are used, the
signal remains in its digital form for the entire transmission. Distances can be extended by
the addition of one or more line drivers which serve as digital repeaters. For longer
distances, limited distance modems can be utilized where the transmitted data is converted

into an analog signal and then reconverted back into its original signal by the modem

modems is that two identical units must he used as limited distance modems to pass

data in analo_e; form over a e.oi1dLIeter. \\'l1t:1'I:as a line driver serves as a repeater to

amplify and reshape digital signals.

Altlmtigli some models of line di‘i\'ers can i'l1i..‘(Jt'l..‘t'it.‘2Ill}' l'!t«t\'(.‘ an infinite number

of repeaters installed along a digital path, the cost of the additional units as well as

the extra calnlingz and pr.i\\'e1' reqL1i1'erncnts must he eensiclered. GI:r1erall_\-', the use of
more than two line t.lri\'(:t‘s in a :-sin;_{lt: digital eireuit maltes the Lise of limited
clistalltce t‘n0(lt‘ms a mum: att1‘at‘ri\'t* altt’I‘i1ati\'e.

Applications

The eharaete1'isties of line clrivers become important when one considers their

ineorpr_:ration into a tiara link. if the EIA R.":i—232 signals are accepted, amplified,

re.genei'ate.d, and passed over the SEIIDL‘ leads, tlit:_\' can he used as repeaters. If,

ht_i\\'e\'er, the line driver also sei‘\'eS as a modem eliminattjr l)_\' pI‘t.:\'iclil1g a

s_\'riehi'mim.is clock, ii1sei'ting RPl1S;’C"I‘!"3' delays and re\'t:t'sil1g transmit and t'eCci\-‘C

signals, care should be taken when attempting to use them as repeaters. If this type

of line dri\'er is used and strapping options are provitled for the I{'l"E'5,»’C'l‘L“:i (ltrla_\'

and such desirable features as internalfcxterriai trloek. it is a simple matter to
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Limited
30 ”‘ distance
floor modem 

  
  
  

  

8 ‘th CRT
ttaor terminot
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Figure 4.63 A variety of methods can be used to connect a terminal to a computer iooated
in the same building

I LTEll1\'I'.‘I‘T it to kl r‘t'[’!(".1It;‘!' h_\' setting the dciziy tn '/.ern, E-i€‘1'IiI‘Ig the clock to c.\tc1‘mi1, and
' L1!<iI’I;_1 2| short ])i_L_{T1rIii (_‘.'c11)it" to t't;‘\’L’l'S-‘-I: the signaiisa.

["i,r_1Lii'c-t-I18 iullf-iIl‘£ll'L2!-I at typical zipp1iL:2iti:_m \-\'hcrc lint: (.i!‘i\'Cl'S
Lli‘L‘I' S_\'Ht(-_‘t‘I‘| is if_‘K_‘.:ltC'f.i in the h21::ici'i1L=iit, Tiiu ti'll"(_‘l.‘

\\'0uIL'1 bu instaiiied.

In this :':t"tit:u i‘ILli](.1il1}_1[ the L‘.()t"I1p

tormin-.i1s to he icuiiiiuccta.-.ci to this computer are located on t.tit‘fci'u:i'1t flu-yrs of the
I hui1din,n__r. A rmnori: ticrminzii iI)£_‘2i1.'L!L| on the st.-com! Hum‘ of the building is :':nl_\' [UH
! ‘r'-not {ruin the cuiiiptitt-.1" and is dirrsctly c.r;niior;1u~u:t hy the use of :1 hm"—-saiparitunttu
' :iilii;"iLiL.‘(i L‘:-li'JiL‘. The svcoiid t('_"1‘ITIit1i:l] is if.)L‘.'dTt‘(i on this eighth iium‘, z'ipp1'nxinmteh'

Stir} ft-ct frmn thv C()1Ti}‘JL1’L'L‘t' and is (_'LJl1I1L’.Cf(;’(.i hy the LISL’ 01'' line d1'i\'::i‘s to uxtciicl the
.-\ third terminal. incatcd on the 30th Hour, Lists 21 pair ofHifltléti ti‘;ine<inis.~‘.imi !'k1l'I§_g'{'.

inn: :1 id1'§_'t' t1i.i1nl.wi' of line (i1‘i\-"£:l‘Sii!‘1'1it'(‘(i-Lii:-11':-I.!’lL‘(.‘ l'I‘li1t..1E_‘n]5-I fur !'i'aii1.~m‘iis.~:ion re

wotild he cnst—pi'nh ihi I ivv.

4.8 LIMITED-DISTANCE MODEMS

As the mime implin-.~:. Iimitctt-clirstzaiicc rnodc1‘m.< me t.it_’Si_$_It‘lt.‘(.[ for‘ date: ti-aiisiiiissinii
.~:hn1‘t dist-.1i'1cc3 \\'h::n L‘m‘np;n'i:Ll tn tmditir_umi| :Tmdem.~:. 'l'ht'

rein result in cirmmitiu: E-id\'i]'.‘I,t_{S in cmnp:-irison to the

cost of u::in.:.z c<in\'entionuI niodcms for the transmi.~.:.~:imi of glut-.1 over shmf
'I‘hc.<;c;-. (i:_'\'iu‘::s% imvu (‘!['}L‘I'::'IT.'iI'i§.-{ t‘:1'fL'E-I ranging: from Ht! bps to over I

cs 1'-a:'i,n,:iiig from 1 to 21} iniitss l}1‘l'I1()l't.i', Niirncs given tn tlic-st

tn":-1' 1‘c|2iti\‘ci_\'

Litilizatinn of such devic

tiistallictrs.

million lips for (ii:-‘~F.i1I1.L‘.
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clex-"ices include not only limiteel-elistzince IT‘1(J(lL’I'I’IS but such deseI'ipti\'c terms as

modern la}-'11-as.~: units. sl1m't-ninge data sets. sh0i't—h:iLil mmlems, and wire line
rnoclelns.

Rationale and status

The ratioimle tm' the use of limited tlistiimre mmlems is one 0l‘ee()tw111it:s. Since 1'-

tliey are clesigritecl to tr2m.~=mit met’ I'elati\'el_\' .~;hm't tlismmtes, tlie}-' do not require

eqL1ali7.:itii':n L‘ll‘L‘Lllfl‘_\' and other fe2ttLiI‘ee+ aissmti-at:-ti with more expensive zmalugg J,-u
leaisecl line modems. .—\ltl1r>ugh the mi_Lt1'-.1tim1 tn the use of digzital ti'an.~;missim1

facilities. e()LI].‘Jle.d with 21 :;i§1I1il'lea1nt (leet'e:I:se in the cost tll‘ em'i\'entir)1'ii1l tnoelem.-‘».

eunsic|e1'21hl_\' redueetl demamtl for limited tlistiimre ]’Tl(}t.l(_'l“I1E-E, they still i'epi'esent an

€'L‘()I1t)t']‘tlt.‘dl metltml to intetumneet tleviees within ll l)ui|L|in;_{ or eamptis zirea.

Contrasting devices

In emttrast to line r.'l1‘i\'e1‘s where one or more .':‘~l_|{‘l't (leviee:-s 1111'.’ used T.'t.'I re_eene1'-ate

Lligitttl Ll:-ltfl and extend t1':1n.~;missi:m I'&|I1§_f{T.~:. limited u;listimee mmlems require two

matelii11_;; Components, one at etieh end of the (.‘i1'etIit_ ln I'1'1{):-it eases, limited

distamee moclems enn\'e1't tligitztl dart-.1 into -analog signiiils for t1'L-ll‘l:-‘»1}’1lt'-it3ill'JI’l. Some

tleviees un the ITIE1l'l\'(:l. l1:.m'e\'eI', er.m\'e:'t 1| termii'iii|'s serial bin:1i'_\' hits into lnipulm

return to zeru siemzils tu ITt2|ll‘lI2ItT'l ti':1nsmissiun enti1'el_\' in L'll§_{lT.':-ll l"nrm. The

Litilizatiun of this type rut" nieviee ‘.tIn |)1'()\'lkl(.‘ _\-'()|.l with it direct-limited elistance

cligitiil extt;11si(}1‘| I011 l).-Y1‘.-'5.l’l‘l().\il‘; It (ll;_J_'ll":1l sL‘i'\'it:e;'el1tiI'1I“1el se1'\'iee Lmit {l)Sl._f'
C.‘-‘s[_').

Transmission media

S()l‘I']t..‘ 01' the Lli.~'<l:=inee.~'i that eztn be ael1ie\‘eL'l with llI11ll.'(_‘(l-Lll!-‘-FilT‘l(.‘l.’ Iiiocleiris :-1t'L‘

illust'i'aiteL'l in l7ig{LIre 4.0‘) when ti‘:-insmissi:m is over li|'Il(.Jk1(lt.‘.tl. lf\\'l!-‘ilfl_’Ll-}')dl1'1"H(_‘l&llllC

\\'ire ezihles. The represent;1ti\'e trtinsinissimt (ll5itdI1(‘{,’5-I illustraited represent ::

i't3hIteLl emriptisite tleI‘l\'eLl lirum mamLIfa1etut'eI‘:;' (l2Il'E1 :=l1eets ilI'1(.l Sl'It'}I.llLl he L1HI3(.l as at

guide tn the \‘JI‘i2lti0t‘|:5 in I‘i‘tetl‘mI;'l5 of &=i§_1{i1a1lin;{ and sen.~:iti\'it_\' in t‘et:ei\‘in,c_§ level

l)et\\'ee11 Lle\'iees. .-XS |'.ll!SL‘LI:<S(§t.l in !"it’etim1 -l-.'?, the .~;n'1::lle1' the wire p__flL1j_:e the greaiter

the Lliatmeler of the \\'ii‘e imtl the lu\\'er the l'I._‘.\'l:'-il.i'l‘l"1I._‘t‘. of the wire to p2i.~;sti,t'_{e Lil‘

current. The fi‘;L11'—\\'i|‘e _ig:Iti,<_{es seleel'etl lur lllLl!-‘~tt‘i11fl:.:1’t in l“igL11‘e -l-fall tire used

l becaiuse they (_'.{')I‘1'{:"Sl1fll'!Ll to the common wire six:-s L1.':‘~t‘.(l in the ['55 teleplmne
l systents, and m:1n_\' users prefer tn utilize the existing cummrm ei1r1'ier cables in lieu

of routing their own private cables. Of emarse, there is no g2'tL1}'_'C re-strietiun in

routing :1 priviite cable. and in light of the differences shmm in Figtire —l.69 between

l9- and 2l‘J—_!_{':1LI§_>,'t‘ cable, m;m_\' LI$L‘.l':-; will install ‘.1 |m\'er }_>,'dLl;=__!L" cable even \\'hen

t'ansmittin_g at as norm-.1I nite to alleviate the t'II_'L'.i::i.~:lt_\' of I‘t3C‘.E'll")llI’:lf_,‘{ if the Lldl"¢l
trz1nsmi:ssi0n rate shoiiltl increase at :1 later Lliltil.
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Figure 4.69 Representative transmission distance——mi|es per twin pair wire gauges
(unloaded)

Table 4.32 Telephone wire sizes and resistances 
Resistance

Gauge Diameter T

Circuit type (AWG) (mm) 1000 ft Loop mile

Station wire 22 1.00 16
Station wire 24 0.79 25
Station wire 26 0.625 40
Toll wire 19 1.42 8
lnterotfice wire 19 1.42 8
Open wire lines

Copper 10 4.00 6.?
Copper 12 3.00 10.2

Copper-clad steel 12 3.00 25
Copper-clad steel 14 2.00 44 

Common telephone wire sizes and assoeiatctl measuretl resistances are listed in
Table 4.32. In this table, a loop mile is a retro \\-‘hioh is used to tleserihe two wires

c:.mi1cetin;,r two points \\'l1lL‘l’L are ph}'sicall_\' located I mile apart. an important
measurement when one considers using carrier facilities for :§Ll}")}'3{)I‘1'll‘l}.J,' tlieir
liinitutl-distant‘tr transmission r::quiren1ents. If the use of existing carrier facilities is

being contemplated. 21 close liaison with the local telephone company shoultl be
cstablishecl. Common e21rrie1'sant.l their operating: :;omp:mies in some areas ma_\-' not
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be completely tltmiliar with this pa1'tieLIla1' type of l121rd\\':u‘e or the laritt strueuire

tot" the service to support limitecl—dista1nce t1'ansmi.ssion. It is also inmnrtunt that

the proposed limited-distance modem Ct'}I1fO1‘IT1S to the specil'ie.utinn.< set tortln in the

Bell Systein puhlientiim 434-OI entitled "l‘1'-msniissioii Hpeeiliezitimis tnr I’ri\'a1te

Line Metallic Cl1‘CLIits'. This puliliiqiltinn describes the sigrtail le\'el L‘I‘iteI‘ia

objectives for prix-'-ate line metallie CiI‘tTLliT{-‘- (cable pairs \\'itl'](_)Lllf ::ii,t_{i1'rll l'):ltI{'_’I‘_\' or

2II‘I‘I}'.tltl’lL‘.1I1'l()I‘t devices). In addition, the publ ttltinn notes that the telephone

eompanies |1a1\-‘e no obligatioii to p1'0\'ide private line channels on 21 metallic laasis,

l\-lost mainufacturers of limited—distance modems elea1'l_v speeit} that their equip-

ment operate in aeeordanet: with the pre\'i0usl_\' mentirmed ptiblieutimi. It‘ it is not
e.\'plieitl}' stated. _\-'0Ll may encounter delays and i‘l¢;‘lCll[l0I‘1;ll cost to ensure that the

t:':1nsmittc1' of the dt.-vice is modified to c.0mpl_\‘ with the s]n:eit'1eatim1.x‘.

Operational features

Most |imited—distamte modems utilize it dit‘t‘erenti:'|l cliphase n'mdL1h1tim'3 .~;eheme

and permit internal transmit timing; or external derived timing; from the assueizltetl

dam termimil. 'I'ht-.se devices act simil-iIrl_\' to 2: line driver. and most will

ueemmnm.t-.1te t1.)LII'—\x'i1't1 halt‘;'t'L1|| duplex and t\\'0—\\‘t1'['. hailtlduplexfsiinplex data

‘L'l".1I‘1!-‘i1’l‘liS!-‘sl()I'!, Data rate switches on some as}-'nel1ronc.iLIs units provide selectalyle

data rates mngin;.: from IIU to 38 Sill) hps, \\'hile the selectable rates of most

.~:_\'r1el1rmmu.~: units inlude \'2||'imIs ineremems of 2—llll_l bps. Lfsers often select :1

ti‘:-1l"lST‘t‘ltt'~'S-‘.i()i‘l speed only to re2ili'/.e that by the time the equipment is instaillecl

(_‘l"lL1IlRll'lg I‘l..’(1l.li‘l'LEt‘I1l.’T‘ll’.‘5 n1-,1)’ intlietlte El dititerent speed‘. tl1eI‘el'_nI‘e. the ease nt‘

dt.lji.l:-‘stlT1I..‘t‘Il’ of the unit t:ihl_)1il(l he tn\'estt;z2IteLl.
SUITIL’ it“IEtTtLl‘l"i1{.‘tlll'{_’t't-E state that their limitetl—di!st:InCt‘. I‘n0deI‘i‘1:-5 can be inSeI‘te'L'l

into ‘.1 ti'tll'lt-iIT'tl!-35-}l{)l'l line to S{.'i‘\'(.' 2|:-q 21 repe:-Itel‘, as illtistmtetl in l"l,flLlI‘L‘. -'l.?U', to

Building1 Building 2

 
 
 

  
 

Half-duplex

 
 
  

 
Limited 2-wire twisted pair cable Limited
di5mnce distance
modem modem

 
 Computer

Full duplex

  
  

  Um-"ed 4-wire twisted pair cable
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Limited
distance
modern 

Ha1f—dupIex repeater system

Regenerative
repeaters
 
  

 
  

 

 Limiteddistance
modern

Figure 4.70 Typical point-to-paint applications. It a limited-distance modem is planned to
be used as a repeater, care should be taken to ensure that shelter. at power source, and
access for diagnostic testing and maintenance is available
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Buiidingi Building 2

Limited Limited
distance distance
modem modem Computer

Limited 2400 bps Limiteddistancedistance modernmodem
 

Muitiport MUl'liP°Fl
limited l"T"“"“ — computer
qism.-we distance
modem modem

2400 bps

Figure 4.71 Multiport operation reduces cabling requirements. Using a limited distance
modem with a multiport feature. one cable may be utitized to provide access to a computer
from several terminals

  

further extend the transmission Llistainee. _—\n obvious limitutitm to inserting; such

Lleviees to serve as repetiters er (lat-.1 re_t_:e1ter:1tm's is the fact that they must be
shelteretl. in-1\‘e an ‘¢1\‘ali:ll‘IlL' pr)\\'er source. and he readily accessible for tliagnnstics
and me1inten:u1ee.. Simsi: these cnmhirmtietts are Llit'fit‘t1lt tn £lL‘l}il.‘\'{'. at locations

betweert l)L1iltliT1_.l'_{S. n()1'1TIdl utilir,-tttiun of limitetl—tlistzmce ntmlerns has their
lnmtions fixed at each end til" (1 tr;1nsn'tissim1 medium.

ii A \'er_\' desiraihle t'e-ature that is oi't”ereu;l on some units is at multiport or split
:-=tI'L'211"n feuttire. Thi.s l'e-ature. permits sex-'er:1l CtJllt'JC2't1fL‘(l terminals to utilize 21 sinszle
limitetl—dist:1nee transmission link at at considerable cost saving over the lessI
(T.‘(}'3<:t’IS1\’L‘ but more limited eapzliatltty s1n;_rle—t-httnnel (levtce. The key z1L'i\‘k1l1T:1§_{('. to

_. the e1npl0§'n1enI of :1 multipnrt limitetl—tlistimce m:_:tlem is that only one cable
[ instead of mun_\' tables can be used to service the tI'unsmi.~';sien reqttirements of

multiple termtnalls, as illustrated iI'i I-1_::u1'e —l. I i. For 1|t.lLii'El()I’t£ll lI‘Il()I‘I'1‘1‘¢l1'1I.')T‘t on the
tidxurtt:-iges of multipm-t raperatiens, the 1'e.uder is 1'efet't‘eLl to .‘5eetirm 4.4.

l 2 Diagnostics

Ditignostie capabilities \'a1'_\' both by the model protltiiretl by a nmnL1fe1ctt1i'er and
hetween 1mmt1t':1eturers nt‘ these units. .‘5mne limitecl-Liismitice modents have sell‘-

testing eireuiti'_\' which permits the user to easily (li.:l'l..’I'I‘Tlil'|I;". it" the unit is uperatting
eo1‘1'ei:tl)'; er, if it is defeeti\'e, it notifies the user of the upe.rati0n:1l status oi‘ the unit

i ' tl11'nti;.zh the tiispl-.i_v of one or more ligzhts \\'hieh intiicnte e.quipment .stntus and
alnrrn ctmclitiuns. .\lust self—testinL_§ leaitures :1\'-ttilathle with lirnitei,l-Llistmtee

modems involve some form of ll)l'.)}1l3{-ifli testing. in such H test. the transmitter‘

output of the modem is lumped back or returned to the reeei\'er of the same unit so
that the transmitter signal cam he elteelaed for errors. Other tests which are axrail-.':hlL‘
on some models include dc l)l1Sl3't1L‘i\'. in which the I‘€(.‘(.’l\'(‘.t_l tiara and eIoc:ltii'i;'_r_ is

l.'l‘llI1SITllU(';Ll hack to the limited distance tnetlein at the opposite end of the line E0
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prr.n'iL'|e an t'l‘I(l~{(_l—t'l'I(l test and ;-I remote lUt)}')l?I'.iCli test which Cain he ueetl to trig,<_rt-1'
a dc bt1s<h:1cl< at 2': remote ltieatitm.

4.9 BROADBAND MODEMS

In this .-section we turn our 2ll.'EL‘I1l.'l(JH to two t_\'pes of mtJtlt‘1T|:~s lh-at p1't)\'itle 21 high

data lI‘l'dnSI'T'll{-Sf-}l{)l! opt.-i'tItii1_9f rate 21|)p1‘:'ixii11:1tel_\' IUUU IlI'l’1L‘l~‘ 01‘ more that |‘J1'i'J\‘lLl(.’Ll

by the fastest mtitlem (le.~=igne.tl l':.i1' USIL’ :m the puhlit‘ S\\'itt‘l1t'tl l'l'3l('_']Jl'HJ!'l(‘ :'1t-t\\'t'J1'l(.

Ez1I‘lie1‘ in this t;h:1ptt'rI' l I‘L’l:C!'T't'Ll to SL1eli tlt.-vices we ttzihlt‘. and Ll'l§_{ll'2'Il Z'x‘Lll‘I.‘-§L‘1'il}{.'1' line

(D.‘5l_.) 1‘m'it'lem.~s, That reFeI'enee, whieli is atill em11m:_ml_\' LIE-3t"I;l, (l(‘I1Utt‘5a' the ].‘I:|'lIT1'a1I'_\'
applieaticm or intentletl applieatimi nlezieh t_\'pC of modem. Tlmt is, -.1 eauhle nmtlem

is tltssigiieci [Uf)I‘()\’lElC(l2.ITElTI'E1l'|SlTllS«5-ll(J¥] trzip-al)ilit_\' um l.‘&Il]lL" '[‘\' b;_\-'Sf(_'I‘I'I.‘§, \\'l1llL"EiS('}-

ezilletl tligitzil .~;i.ili.~'seril)ei' line inticlem is‘. tlesignetl to SLIp[J('J1‘[ l‘1iL{l'1~:-;pt?{‘('l L'l:1'[d

tramsinission on telephone t\\'i.~'.-tecl-pair wiring intu the home or t')fIiee_ E-"Since the

term 'broac|b;mc|' is t:ommr.)nl_\‘ used 1:: represent in tlatu tI'e1nsmiss=itin ()pe1'z1tin}.: rate

int 0:’ iilmve 1.5 .\ll)p:-5. \-rhich nmst cable amtl DSI. mmlems >$LIp|.‘I01‘[', [ l1El\'L’ taken

1-mthor |il)t‘1'tlI-33 emtl t'l:i.~;ssil'leLl them er}llreet'i\'el_v as ilJi'm.':N:rnJ::I' .u?r_:d(’J.'l.s'.

Both cable and 1')!‘-‘ml. mtitlems pmvicle the pritentiul to revoltltitmize commu-

nit::itinn_~: 1'e.e.lit1t')lt')g_:_\' as well as stibstzmtially to alter the mainnet by which we
L.‘()Il‘II‘I‘ItJT'!l_\' pe1‘f01‘m L'ldil_\' trtimmtlnit‘21tit)nS-1‘el2lt'etl 2lt:ti\'iticS at \\'01'l( and ‘.11 l1t)TI'l(.'.

Within a .~;l1m't periutl til‘ time _\-nu may be able to surf the lnteI'net’ss \\'0rlt'l \\'it.le

‘IYL.’l) via the t\\'iStet'l-pail‘ telephone‘. line or :1 Ctitlxit-1l TY ?:1l)le at 0pe1‘atiI1,i_;{ rates

lllllll m‘ mm‘t.' times ;';i'eatci‘ than tl105t: 0bta1iI‘1al‘)lt': tl‘1I'tmgh the Ll.‘-§(;‘ of :1I1altJg \'{)l(_‘L’-

griide I‘i‘i(_)(‘lL?T‘I'IS, nnler \'itleti-on—dem:1r1tl movies vi:-1 either type of media, antl use

eitlier I'I‘Ei1’l5I11lSSi()I’l s_\‘satc-n1 tn enmmunieate by \-‘nice, pierure phone or perlmp:+

even -:1 teelmology requiring iiitrgzzulayte operating nitue that will be ILl(_‘\'L‘l{'J]‘JL‘Ll
t['}TTIU'l'I'(J\\'.

C.'uri‘entl_\-'. the tlmpping of i't.-,i_r_LIlatoi'y halrriersa as well as the 2l\'ailfll)ilit'}' amtl

ul‘l1ii'tli1l3ilit_\' of niegtihyte tl'1lI‘I.'-‘sl‘I'1lE-‘-'c§l(JT| TtL‘.l’Il’I(}ll'JL;_\' is l‘uelin_:,r 21 race between cable

TV opt=.1'att':1'.=s gmcl lac-til tL’lL.'pl‘lUI‘I(' (‘IIJI‘1‘lp:‘EI’1lC'S as: thL‘_\' dtzveltip plans to enter Cilljll

ut|1er'.~s in(li.I‘:31'l‘_\-'. Altlmugh kl teIeeummunieations rel'm-m bill was |'i11-ally pa.~:setl into

law :if'te1' yezirs of t'lel);=iti:, the aetmzl ll11])lt‘tTIt3l1tt1ti(JI1 of \'uriuus :-Ispeetri of tlmt l;l\\'

ruistrs 50I1‘u:% L|Llt'ST.'lf}n.\‘ C{)l1(_‘L'IT|iT‘|_§I_ the tlt-.;;I‘ee til‘ t‘m'n}1t:titi:m that will i::CL‘L11'.

I-lmvex-'ei'. it is with :1 t'leg:i'ee 0l’t-ertiiinty that competition will neeui‘ thmtigh the LISC

(}l‘L.‘}Il1l{.":1|'1(l DHI . Inntlemstl‘1at;n't‘ the SLll1j€!Ct ()fll’1i5-‘- 5I_’L‘tl()l'I. '|‘l1LI.~:,2I_sg(mtl plzlcé‘ Lu
emnmeiiee 21 tlistttissioli of l)I'i}'r1(llf'!1-lI‘IL'l m(it'|ems; is by First re\'ie\\'in§1 the basic

ll1l‘l'il.*§tI‘LI{.‘.l'L1I'{’ (ll: tt.‘lt'.phrme :mtl ctihle 'l‘\’ Yl‘&'II’lSI’l'1l:-i.H‘i(J1’1, pl:-1t:i11,c_{ special (‘TTIph'r1SlS tin
the rI‘I{.'tl1(.JLl:§ LI:-3L‘tl tn eonneet 5-iLll)S-i(‘1'lbL’!‘.‘_-‘u to their l)ziel<l'i:me l1L'lf\\'(J1'li via different

local l()()}') t'eelmolup:ies.

Telephone and cable TV infrastructure

The L‘a1l)liI1g iiifrtisatrtlettire u;le\'elt:pet| for telephone and cable TV (C.—\'l'\')

operations represents two tlix-'er:s'e hut Ln 1| tlL.‘}_El‘(.‘L’ putenti:1ll_\' mt-r;_',rin;_v tee|moln,<_§ies.

'l‘elepl1:'me cmnp-,1n_\' plant is hiisetl upon the routing of 1”\\'lSF(_‘(l—}}£ill' wire frmn a
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serving central office to ii1di\-'icli.:al sLibsei'ibers to pro\'ide two-\\-'a_\-' communica-

tions. In comparison, cable 'I''\'' was lT1':1S(-.‘(l upon the use of tsoaxial eahle to provide a

one—wa)' transmission path for \‘lt.lt‘.(.) tlistrihtition to stihseribers.

Telephone

Altliotigli the routing of wire-pairs Llil‘L‘L‘tl_\' to intlivitlual stibseribers was long agt)

replaced in many areas l}_\' the multiplexing o'1’se\'ei‘al subst:ril'ier \\-'ire—paii's from a

common lo *ation near groups of homes or titfittes to a telephone eompany eentral

office as an econom_v iiieastii-e, 1/nultiple.xin;g maintains a tlirect path ’t'i'om the
subscriber to the central oftiee h_\- either time or frequenc_\‘. depending upon the

technique en1plo_\'etl. In aclL'lit'ion. that path is liitlireotional, enabling two—wa'\-' voice

and data to he Y]'tll'lE-i‘f‘J(')l'T.IECl from one subscriber to another via the telephone

eoinp-an_\' wiring i1‘1E‘ra1st1't1cttii'e.

l5i;zure -l.?2(a} ]‘J‘l'('J\'l(_llZ’S a _t_:erie1'al sclieinatie which illustrates the present

telephone eoinpany wiring ii1t‘1'asti'tIetL:re. Altliotigli almost all ll')]'I_9,'-(llSi.’2ll‘l(;v’.:

ti'an:m‘|ission is t:Jr1‘ie('l \-'it1 l‘lbel‘ optic Lt-al_)le, almost all local loop wiI'iI'I§.§ is (:i.Ii'renll_\-'

trarried via metallic twisted—p-air. Sinee the present twisted-pair local loop is limited

by Filters to a hamlwidth untler 3300 ll‘/., this also limits the maximum operating

rate of voice-gratle modems to i1ppro_xi1“natel_\' 33.6 kbps.

A second limitation in\'ol\'es the use of multiplexers that are :'eI’eri'ed to as a

Digital Loop Carrier(D1.C.') system h_\' a commtinications ca1'i'ieI'. Althotigli the use

of a D LC systetn minimizes the length of local loops to SL1l35CI'll)CI'-‘S, it places at limit
on the actual bandwidth olitztinahle from a sL:listti‘il)er to a telephone company

5 central offiee. This bandwidth limitation. as we will note later in this section,

ar;l\-'ersel}' affettts the potential use of DBL. modetns and must be li_\'passL'-cl for the

teelinology to operate.

i Basecl upon several field trials cotitltimetl (luring the 111it.l—l")9‘{'}s, telephone

companies are beginning to expand the use of fiber by installing: so—c‘alletl ‘liher to

the neiglibo1'hootl'. Lfntlei‘ this t:oi'ict.=pt. fiber is totitecl from at central ofliec to a

common location in a housing siilitlivision. huilclintgr eomple.\', or SlfTllldi' site. Then,

, using eleeti'ieal_;’optieal t.'o11\'ei'tei's the fiber trunk is connected to I‘(‘l:Iti\'t:l_\' short

I existing metallie twistetl-pair wirin_s',: routed into homes and rift"-ltrtrs. [_lI'ILl{':l' this

-' - concept the high l)dl‘I(.l\\'l(_'l1.'l'1 ol‘ the libel‘ enables telephone companies to eliminate

the tilterin_s__r of twistetl-pair local loops, and expand the lTdl'l(l\\-'ltlTl“J a\'ailal.)le pet

loop via mtiltiplexirig. which e.onsitleralil_\' expands the bantlwidth available for use

h_\‘ modems. 'l"'nus. DEL modems can he used on the local loop to provitle :1 much

liigher operating rate than that ohtainahle by the use of conventional twistecl-pair

wiring. I~‘igL1i'e -l.?2(h) illtistraites the eniergitig telephone II.‘.{)lT‘1p:lI‘l_\' wiring
l int'rast1'L|ctt1re.

DLEL‘ to the considerable time and expense associated with re:;al'iling the existiiig

telephone local loop lnf1"<1Sl'l'1lL‘1'Ltl‘E’. several eominunittations carriers are examining

alternatixe methods to provicle sLlhst‘i'il3eI's with high-speed traiisniission over

existing local loop t\\'isted—pair wire. 'l'wo pI‘tJmi5-iing teclmiques are known as

lli_s_:li-Bit-Rate Di_s:,rital SL:l)sci‘il)et Line (HD5514) and Asymrnetric Digital ."$tih-

seriher Line (_-\I.')SL) which are cleseribed in detail later in this section. Althotigh
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lcllflurrent |l’|fI”fi$l.r'UI3[llI’e

\\\ \
, x<- crapper —>\,f'

Legend 5 euDsa:r'1't-er

mult1'ple:<er'
EKEI electrcI—cupl.1a: cam-'erter

Figure 4.72 Current and emerging telephone company wiring infrastructure

I-IDSI. aml A[).‘5I. uses the -.*xi.~;ting t\\'isLc-d-pair local loop Czlblc inFm.~3t1'L1ctL1rL=,

lmth rcquiI‘t: spnrciaal equiprncnt at the 3ul3scril)cr's }?1l‘t‘l'I’iiSL‘.S am! at the L‘e;-.nt:'aI
office, the npa.:ratim1 of \\'l1ic.h will be cle::crihu:r.l l'rH'(‘1' in this section.

Cable TV

The L‘al)lC tL*lu\'i.~:i(_)1'I (C.—\'l"\"_'J it1FI".l.~:tI'LI(;[L11'e W35 <>rigin2|ll_\' LlL.*\'L‘l()pL=d tn })I‘()\‘iL'le
r.:r1e—\\':1_\' \'iLlc0 .-ignatl:+ tn s~:uhsc1‘il)m‘::. To do 30. its xriring infrasLrLurt1.I1‘e was

dcsigznud u::ir1,L_: -.1 true ST'l‘LlL‘.l’L1T‘(.', with si_;,rn-als transn“1ittccl from :1 heaclend Inc:-.1tc:Ll at

the lweginning of the 1'1'u: (mm b1'.'|11cln.=s for (liS1'1‘il3L1Li('Jl'1 to s;L.1b.~st:1'i|)e1‘.~:. Sigmil.-< am

main h1';1ncl1::s \\'u1'L' further .~:plltnI“1t0 ::Lltiiti(.m:1l hmnchera. with mnplifiers in.~;ta|Ic¢|
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Figure 4.73 Current and emerging cable TV wiring infrastructure

to lnzurmt .~;i,n_rn:1l pn\\'L‘1' .~:i11ce sign-.1l lE)E-‘st-3 nc.cur.x‘ Lluz: ‘m c21l‘Jl(* clistzamrc as well as fmrn
tl‘|L‘ S])llt'Ei_"1'E-1 eI1L‘nI_IntcI‘eL'l in Flu: .a'igm1l path.

'l'hL- original l32lT‘ILl\\'lLltl1 l.1RL’Ll um (_‘.—\'I'\' es}-'stc1'm; 1".=111geLl from 10 to 55!.) Mllz,
using (1 311-17. pcr TY Clmnncl. Klultiple si;.{n-.133 are planted on n coaxiztl cable
through the L1:‘-['. ml‘ l‘:-eqLIonL:y Llivisiun mL1ltiplcxing equipmcnt at the l’L€‘.l[lt’:l1(l. with
:-L tuner in ::1Il_1.~;<:1'il)e1' set-mp lmxes used tr: :.-xt:-act the eappropriate ch-.mm.-l. This

CL'll‘:ll1‘Ig and multiplexing b‘~('_‘l'It.’l‘l’I(_' l‘('.‘Si.llTIf.‘ILl. in mu.~:1 C.'A'l‘\-' s_\'ste1‘m; pru\‘idin,g up In
83 cl1z1I1mtls tn .~:ul3scril)L-11w. Tlne entire cable in l‘r;1st:‘L1ctL:I'c 01‘ must pm-— 1 ‘J95 C.—\"l‘\-'

:.<_\'::tct11.~; mm lmseecl upon 1119 use of coaixinl cable :15 illustrutt-d in l*‘igurc 4-.?3{a).
'|'hu.- L.'.4\'I'\' in(lu::t1'_\' has lmd its &:l1an.= of trials to rest di|’ferent types of ::1Il)llI‘l,£’.

and the .~;uppm-I of t\m-way n'2111smis.~;inn by s;e\'cI‘:ul cnn"1perin;_r tc<:hniqu<':s. Om-
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tettlmiqtte inx-'oI\'e:: the use oi‘ :1 .~:.eeontl cable to prr.)\'itlt' El 1'etu1‘n path, while the

seeoncl It-‘L"i’1ntt]Llt‘ ttses -.1 tliilerent portion of the coaxial trnhle l‘)fl|1f.l\\‘it.iT.l'I to obtain :1

return path.

Both teehniqttes in\'ol\-"e £1 Ct)I’I5~‘i(lt_‘l“¢Il)lt2 L‘l"i21t‘i_L{C to the existing C.'.A'l'\" cztlaling

i11fm3t1‘t:t‘tt11‘e. For exznnple, L1$~‘,iI’I}_7 2| (\lii"i'iCl't.TT‘|t portion of the i‘1'L'(]Llt;Ti‘lt.‘_\' .~'ipeet1'tnn
for the return path reqttires the inmillatirm of hir.li1'ection:tl 2lt‘nplii'lt’.‘I'5, whilt: the use

of at zseeoncl cable requires both -.1 I‘IL'\\-' set of amplit'ie1's ant] e;1l:!in,r_1.
Ree.o_rgni7.ii1g that the Lt:-it.’ of the CA'l'\-' eahling int'r-mstrtttttttre could not

attetnninotlate the requirernems of at l;t1'g_ze: SL1l).*3CI‘il‘)t_’I' l.):.I.'-ll: for vitleo—on-tlemamd,

|1igl1—speet"l data transrnisssimi. and even digitized telephone :-ervice, cable operators
began to install h_\'l)rit'l lilac-1',-‘(:0-ax (HFC) S}-'S[t"1"nS during the |nit'l-l9‘J(ls. Lind:-.r

I-I PC at star c:1l)lin;; il'Ii‘l"¢'l:-itI'Llt.‘l'.Lll't;? is used. with iiher eahle routed train a eahle 'l'\'

E-3\\’ltL‘l1 to an optical tli.~;tri|)ution node eommonl_\' lt)(_':i‘EL:(i in 21 stihclix-'i.v.ion or

building complex. Then, coax is routed t'ron'1 the distribution node to intlivittu-.11

.~:ubsc1‘ihe1‘s.. L7nder the I-ll*"(.' ztrttliiteettue t'fo\\'11stream t'requent‘ies of St") .\'lIiz to

T50 Milz can be st:ht'li\'it.led to provide. a \'ariet_\-‘ of analog and vitleo channels. to

inelutle data ser\‘iee.'~' and telephony. L'p.~:trean1 operations are limited to the 5 A ll [:4

to +0 .\-'lHz fI'eqt1ene_\‘ hand For TL‘.l{T]7l'|t)I'I_\'. data ser\'iee:;_. and eontrol el1;mnele: used

l)_\' i1‘ttt.'I‘dttti\'t' Video Set-top lmxes.

Figti|'tr ~l.73(h) ]')l‘0\'l(.itL‘S 21 gem-ral .~.:t:I'ien1:itie of the e\'ol\'ing ('_‘..-\'l‘\-' H FLI t1al)]i11g

ii1t‘m.~:tt‘tIt‘ttiI‘e. Note that the an“1plitit-.-rs .~:ho\\'n in [’igt11'e -l.?3[l3} mu:-st hitlireetional

to enable ttpstreain trztnsmiissitm from s:t:l.)sc;ril.1ei's to he .\‘.LI[}p<)t'tt}Ll. '['ahle 4.33

t:rnnpn1‘t‘s the L‘Lll‘I‘t'.nt and evolving operating; Cl'I:1I‘3C[t‘l‘lSIiC:«.t oi‘ (_'..¢\'l‘\" and

telephone eompare.s tran:'~;mission l‘at:ilitit.=.~:, The e\'ol\‘in;: (_‘_.v\T\-' trzmsmission

n1t?t|1otl in 'l'21l)l(' 4.33 1'€‘.C|Uil‘t‘.5i ti L'l(_‘}_3;l'(.‘t‘ t1ft'l21l.1o1':Ititm. CLt1'I‘entl_\' tmtr—\\'a_\' (i_,-.')|'l‘\"

::_\-'.~;tetn.~; ln'oz1t|t:ast' fret|uene_\'-multiplexetl signals. \\'hi|e the e\'ol\'ing.1; I-II’C

infm:<ti't1t'tt11'e will still use a hroatle-a:+t transmission method for (_ll'_'li\'(.'l'_\' of lmsie

ealale \'itlt.'t> .~3t‘.I'\'it‘.t:ta, it will also t:mplt)_\' :-;\\'itt?l1ing tecl1I‘|0lt'Jg_\' It) p1'o\'itlt' rotating:

tmti deli\'ea'_\' of voice. data. and \'i(lL*t)-nfl-—t.it.rI‘t‘Ittl‘ld in a manner simil-.1r to that by

Table 4.33 Cable TV (CATV) versus telephone operating characteristics 

Operating characteristic CATV Telephone

Bandwidth 6 MHZITV channel 4 kHzi’line

Use:

Current Video Voice and data

Evolving Video. data. voice Voice, data, Video

Direetionalityz
Current One—way Two-way
Evolving Two-way Two-way

Transmission method:
Current Broadcast Switched

volving Broadcaetlswitched Switched

Media:

Current Coaxial cable Twisted-pair
Evolving Fiber + coaxial cable Fiber + twisted-pair
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which the telephone t:<_imp2In_\' tls-e.5 t:\\'iteliin_<__»; to estalhlisli ti tzmmeetinn hetween Fl

calling and 2t ttulletl part_\' for it \'()it‘.e or data eonimttniezttinms SC:-it-§lt’)I’t. .\'t>\\' t'|'iat we
hu\'e an appreeititicm for the etlrrent and e\'ul\'ing cabling in'l‘i-n.~;ti‘t1ett1res used for
C_—\T\' and teleplmne lmcatl ltmp t)pe1'-tttimis, let's turn nur aittentiun tn the hrn2itl—

haintl modems tthut will p1'm'it'le l’|ig'l’1-S1‘Jt‘I.';'L'l trttnssmissiun rm eeaeh t:iihlin;: s_\'stt‘m.

Cable modems

_.-\.~; an e\'::Jl\'in;,>' ‘f(_'L‘l’1I‘1('Jlt)g'}' there \\‘t.‘l‘t‘. sever‘-.11 ¢;lll"l"t'!'L'l'll €i1glDf.‘{.'1‘l‘r‘lg ;'lp}')1‘('J':1i;‘l’1f;‘.:~i

l)(_‘lI1§,'1' Lisetl to tle\'el0p eahle Inmlenis when this how]; wan: p1'E‘].')2I]‘I.‘t.'l. .—\ltlmt:gli eaeli

tippi‘t'):it‘l1 1'L’Sl.1l‘EE-3 in an ine:.)mpz1tihilit_\' ht.-tween t'lis.~:irnil-tn‘ \'endor |')I'()t.lL1t_‘I.E-‘-. since it

z1ppe:1I‘s that catch C.'—\'l'\_ rjpertttor will l'H(')1'{‘. than lil\‘el_\' E-‘-l.'EiI']Ll'dT'(ll'/.L.‘ tlicii‘ 0ffeI‘ln;:
hasetl upon 21 eummun ventlur ]‘11't'J{lLlCl', the intihility of clifl'erent euhle systeins to

interoperiite shnttlcl not present at problem to .'.<tIl1st:i'il3e.i‘s. In fact, even if two cable

s}'.~:tem.~; use inemnpettihle l“I‘1()Llt‘l1’lS a stIhse|'il'n:i' on one S_\'SI'(.'!11 .~;h0ult'l be able to
t3.‘{Cl‘l£1l‘I}_{L' electronic mail t-iricl operate other applications that require emmntInie:I-

I'll_)I'IH with .-stil.1sei'il1t.-1's on anotlier s_\'stt:rn. This is true as long 215 the two .~.:)'::tein.~: :i1'e

intei'cmint'-etetl h_\' ll _gatte\\'a§‘ and .~snft\\'ii:-e on each ssystt.-in stippnrts the applientinn

l.)ein_s; ttsetl b_\' each .~;uh:;eriher. 'l'hi.~: iritemperaliility eztn be viewed as ljtaing 5-‘.tITIil':i1‘
tn the Internet. \\'l1{:1'C ti pe1'sr.m \\'l1()se PC is ztttaehetl tn £1 LAN that in turn is

enriitcetetl to the lnte1‘net e-an t‘.t)mn'it.triicate with at pt:I'5011 \\'l'It'} Ltses tl Int'Jtlt"n‘t ti) tliul

Cm‘|tpLll5et'\-'t', l’I'0Llig_I§-'. tn‘ .-\I‘I1e1'it:i1 Uiiline. ln CU!'1‘t]')1ll'iS()I’1, Inotlem t:nmp:1tihilit}'
ht=-.e.ornes an issue in the use of the switelietl telephone l'1(.‘1f\\'01'l{ where modem l.1St.'1'!:'-

are able to emnmunieate with :Irt_\'<ine emmeetetl tn the PSTN as: long 21:: the. ettlletl

part3‘ l‘IEi!:§ at L2lJIT'I1'}'r1Ill.)lL‘ mmlem. Since C.'—\'l‘\_ tliital npertitimis e-an he expetttecl tn
resttlt in enhle nperattirs ennneeting the cl:-Ita pnrtimi of their net\\'m'l< to commercial

n11—line 5t?t'\'it_‘e:= sattch 213 L'.mnpt.1':5ei'\'e antl :\mt:I'it.‘2i Online as well ti:-: to the lnternet,

er)1np2:tibilit_\' between e-able mndenis t1i:=Ii1t1ft1ettIi'etl h_\' t'liffe1'ent \-'ttndnr:s is l'10l as

impnrt-rtnt tin issttt‘ 215 for l‘I'1()Llt.’l’1'1:~i cle\'elt)pt'(l for tise on the. l"t‘.'l'l1.\'. l"lt)\\'t3\'eI‘. .\‘lI'lL‘|2
StflI‘tLl2Il'tllzt'I’tit'111 will Imuktr enmpetition more me-.niin,c_rftt| for table t)])(ZI'Eltt)I'E-i and

\'eI1tlnI‘s~‘., 21 t‘t'Ji1::i(let':tl?:l:: ttrnntmt of effm't is presently-' ldtéitlg spent to 1-‘u1‘.'r1!"J(_l‘.II'(_llZtC

cethle modem 1'E‘(_‘.l’II‘J.0lHg_\'. One stitch el'fm't' is being inncle by the l[€fl“.l7. 8l’}2.l—l

\\'m'l(int{ Grottp tlntltrr the title ‘?5t2tI1tltII‘tl Pi'{}'ft)(_'(Jl lint‘ (_‘21l‘Jle—'l'\' Htnestrtl lirnt-‘tt'll‘):mtl
Ct)I'I'IT‘[“ll.11‘llt_7;«][lt)i1:-R _\et\\-nrl<'. Since. the task til‘ the [E[il_-I \‘|}2.l~'l \\’nrl<irig Cirotip

I‘f‘t£l}' not he cornplctetl lbr J-l ermsidertahle pt.-riutl of time, we will foetus our attention

on one L1I’1l'l()LlI‘I[‘.(‘tl product to tihtaili an appreeititirm for the opertitinmil C:1p‘c1l)tlit'y
of :1 cable mtitlem_

LA Ncfty LCP

One Ht the FIT:-‘-1. mutlem lTlklHLll‘E1L‘tK.ll'('_'l'S tn pI‘m’ltlt‘ 21 t.‘it}'—\\-'itle dt-'l|.'d cnmn’1L1I1it‘21tim1s

t‘2tpt1l)ilit_\' tlirottgll the tlexelnpmetit of 21 SL‘l'lL‘.S rat‘ pi'ndLtL‘t5: to incltltle :1 CE1l“1lC

modem xx"-as l.A.\'eity rut‘ _-\ntl:i\'er, .\Ii1:1:a:icl1LIt:ett.~:. \\'l1icl’1 \\'21s '.1cqt1irer.l by BID’
_\'et\\'0rl<s. l:0|_Il'l(_l(i‘Ll in |‘)‘)(l. l)_\' the satnnmer of 19‘)-l IJA'N'eit}' ha-ttl int|'m'ltIL‘t'Ll

et]ttipment' tn provitle enhle 'l‘\' co1met':ti\'it_\' to the Internet. In .—\pril I995-
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L.—\Neit_\' introtlucetl the \\'m'|d's Iltstest and least L’.\‘pl..‘!"lSi\'t‘ persomll cable T\
modem. named LCP ([..—\Neit_\' P::1‘son-al Cable TV Nlotlurn). "lfihis mntlem can he

Set to ()pe1‘:Ite in any (1 .\-{Hz 'I‘\' t‘ham‘1eI in the tI‘:ms~‘.1‘r1it 1'z1nge fl'(}I'I'I 5 to 4-2 XIHZ

and the 1'ettei\'t% frequt.-mt_\' I'2lI‘l_§_I¢:' of 5-1 to 750 Mflx.

'I'}1isamode:‘n uses Qttzldrattlre I-‘h-ttse Shift Ke_\'in,r_1(QI’H]{) nmdtllntion to obtain

:1 3}-'nm':t:trieal It) .\[bps operating rate. requiring‘ -.1ppro_\'in1;ttt-I5-’ 5 .\-[Hz of R17

hand\\'it1r.I1 in as (J .\lHz channel. L'neler QPHIC the plume of the carrier signal is

variecl 1':-u.~:ed upon the L"(}I‘I‘I]TIt)5-itti0I‘| oi‘ the t1i_s.__rita| dam to he tr:-m:x'miltu.-L1. For

exarnple, ILI E]i_§£il'e!] '1' eoultl he trzmsmiltetl by gene:".uing u 180"’ phase shift in the

e-Mrier, while u ‘'0' might be rep1'es~:t-:1teL[ by ;1 0"‘ [‘!I‘l2l§-EL" .x*hif‘t. The ‘qtlaltlrattlre’ uspettt

of the I‘m'rdLt1:-1tim1 5t‘.heI‘ne ‘l‘('_‘.SLI!tS in the ctlrrit-:1‘ being capable of !)t‘.tl’t§_{ shifted to one

of fotlr pos.~:ih]e ph;I.~.:es (IV, 90"‘. E80", BTU”) lmse-ti upon the dihir value of the. tlalm to

be tran.~m':itteti. Fi,qLn'e 41-} iHu.~‘.tr;:tes the t‘nur-point QP.‘%I§ t-oneett-11-atinn pattern.

Irnagirnarg

 
Figure 4.74 Four—point QPSK constellation

Access protocol

Based tJ:|"J the method ['8' \\-'hit‘h L‘.-\"[‘\' ch;-mne1.~: are I'0LIted on the rndin T.'I'LlI1]i and

feet'le1' t:::h]t.*.~.: thI'ntI§_1:h drop cz1|)]e3 to the 5LIh.~;t:I'il)ttI‘, h-.1nd\\'it1th is .~sh211‘etl tlmtmg

5I.1b.x‘cI'il)er.~<. In (:t)I‘11pt11‘iSmI, 21 h_)t‘;11 loop t\\'istet1-p;1i1' t:onnt‘c1'E0n t‘I'0n'1 the

telephone (.'(JI‘('|p{-il'I_\‘ central office to :1 .~=t|b:aer:'l)er repre.~':ents ti-.‘t1it':1teti hamt|\\'idth_
This n“1eans that 21t‘ee..~ss to the (1 _\l Hz ehmme] the cable modem ll!-‘-CS must he 5|:-.n'et.f

among mam_\' st1l)st‘1'iht-1'3, I'eqt1irin;z an '.1e.ce.:;s: pi't.)tf.)Ct)] tn y__:<':\‘ern the m'der1_\' How of

(‘hltil tmtn the e;|h]t'. ]«."'\:\-CjF_\'L1l1(.'l mu.~.:t Liilbhli Ihuthim \'t‘nth.:I':~: h'Llp‘pf)l'T the EtheI‘r‘|::t

C.'.m'1‘ier Heme '_\It:ltiple .—‘\t‘.t‘e.~:s,r"Collision l)t.-tt-vticm (CS.\-I.-\;"(,Tl)) |)1'r:t0c()I to
prt)\'ir.h' ti met‘|mni.~:m fol‘ tttlhh‘ S-LIh:'~‘t:1‘ibL'I'.~.: tn _£_{dil1 m'(1t‘I'])‘ tiecess tn the (a .\II [2 TV

clmnnel. To uceon1p1ish this the L.3t,\'eity LCI’ eablt: modem is L.‘1ll'.)]CI1‘] to an

T':tht’1‘nL't Ill Klhpt; ad;-Iptt'I' Ctlrtl in.~st:JH{:d in 21 pe1'.~;m1211 L‘om]‘)L1ter_ The PC 1::se.~;

5()i‘t\\':-1l'L‘ to cxlaihlish 1-I 'I1("[’;"II‘ ]"J1'UI'UL.‘()| .':'~F.:i(‘1'\' \\'hit‘.h l‘(fE-'-Llllt-I in the t‘mnpt|ter
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l3ccmnir1_g in effect :1 \\-orkstaitinrt on :1 [..-'\f\7 that can represent up to 20!} miles of
L‘.-—'\rl‘\' Cuhlc inl'I':13t1'LIL?tLn'c.

In L1ClL"llEllJI‘I tu requiring an Iithernct a1LlL1])t€'l‘ curd in each Pf.‘ that will he

cc_>nnecled to the usahlc mmlcm, the Lipgrncle of {_‘.—\'l‘\' plant tn .~‘.uppn1't alum

ti'a1n:m'iissaim1 \.-in t._d1,|.: n1od¢:r11.s‘ requires SL'\'t‘.I'dl addititmal coriipnnmits. 'l‘l1c.~se

include :1 t‘requt‘m'_\' cnnw;-1'te1', mnfigttmtiun 3-‘-l’1'\‘t’.|‘ and I'()Ll’L'{‘.1‘. |r‘i;£UF'i' 4-75
lllL1!-‘-l‘|‘}.l1fI._‘.S their L1:-EL‘ on :1 C.-\'["\' cabling: iiit"r21stI'L1ctLI1'e to prnviclc b‘«LIl‘}5wL‘I‘il)I_‘I':-I with :1

hicliruttimml ll! Mhpsc npemtin_<__r €_‘2'I])21l)lliI}' using the LA.\Et:it_\_' I.(_‘l‘.

 

HE.€5.DEND

Fr'es:1l.:enCy
s:r.m'-«‘erter'

Configure-
tien Server

2" -

I |.n1'er'rnaaL1:Jn\:\

UtiI1Lgand:’Url
\ the Internet /’_r

.~___q___j___

*’ xx
Ethernet

Legend:

 

PCP LAl'4I:it_g Ferscunaal Cattle T'v'P1ec|em er eirrnler predttet.

Ethernet Ethernet adapter r::ar'-J installed in 3 per'eer'1eI-:empI.n.er.

Figure 4.75 CATV plant components supporting data transmission

Frequency converter

The use of u t‘i'cqL1em‘}' l..‘()I1\'l.’1'I(_‘I‘ is tequirecl tn cl1m1gt.= the I‘¢:\‘t':':-st‘ clirectinn

t'I'L-qtlency tn the t‘m'\\':n'r.l Llirecti:>n t‘reqt1um:_\- and \'itt:.- \'L‘r:-id. This C<)1‘1\'I;’l‘Si()l'l is
i1.=quirLtd to enable one user to coimntlnicaatc with aimthcr as one chamnel p1'm'itle.s a
tl"clI1:-sI‘I1i.~;:-slut‘) path while J second ch;mncl is llSL'I‘.l 1'01‘ data reception. This
C()l}\'B1'Sl0H 0cr.~.Li1'.~3 at the l’1t".t€_li:‘I’I(l and is limited to the 6 311-12 L‘l'1‘dI’II’HC‘lS LIL-§(?Ll Fm"

cl;-ita, i;_:nm‘ing :':th¢_~.r celnle ::er\'it‘es. The L.-\I\‘cit}-' product that perl‘m‘ms fI'::quenc_\-'
ctmversirm is n1a1'lu-tcrgl as the L.-\.\'cit_\' "I‘m1is.\'[;1stLr1' {LC'l‘)_
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Configuration server

The t:ontigL:ratit.m st.-r\'cI' sttpports the 'l"C[’;’IP I1t.‘i\\'0I‘l( t"m'metl on the (_‘.-\T\'

euhlt: ii1t'rastrtIt:tttre. lrt Llr.>in_t_t so the st.=r\'eI' pe1't'orms atltlress rcsolutitnt ser\'it‘t:s as

well as 1m1n:i_i_1in_:_t ll’ :tdt'l1'esses for the client eotnputt-rs using eiihle lT1()£lCl11.\‘.

Router

The ftmction of the router is to eneupstil:ite Llzitti into E-il.’dl'lI;l21I'I;itZCL'l ttatttes for

tr-.msport to external nc-t\\'orl<s as well 218 to t‘L’(‘L’i\'L‘ frames originartingz :_)L£[SiL'lt' the
CA TV LA ;\'.

Operating rate comparison

To obtain an appretsiattion of the potentitil e;ip:ihilit_\' of -.1 l0 Nllaps modern. Tzihle

-l.3*l- pI‘0\'iLlt:s :1 ttompmistirt of the tilt: t1‘-.1I'isft.':‘ time ft)!‘ E1 I'll :\[i)_\-"TL? file at opt-I't1tiI1;1

rates from ‘)(ii}U bps (V.32 n1otlem') to the |_.Cl’ (.‘E1lTIl(‘ modt=rn's it} Mbps I‘dt(_‘.

Although the delta in Table —l.3—l it‘I(lit_‘z1tt:s lfl'iE1f the [U ;\Ihps oper2|ti11_1_1 rate of the
l,.—\,.\'cit_\' l.('.'l’ modem proritles a si;:ni|it:2mt re.dL1t‘tirm in tile trzinsfl-.1" time. it

.~.:houlcl he noted that the ti'tirisfei' time of 8 sectmtis is an ineith:=m'1:rtit:u|l_\' tit;-i'i\'etl time '

that will not l)e t_1btt=li1‘|t1l)lc L‘\-'(‘T‘I tinder‘ the l)L*st til‘ tti1‘t:tIt11st't1t1t:es. ln z1L‘tLldlit_\‘, ti
ttzible |110Llt51‘1’1 user will slmre the II) .\Il)p.~'a trtmsmissirm path to the lteadencl with

other t1st:rs using the (LTHM.-\;'C.‘]) access promeo]. This means your ncttml
tl'1roL1gl1pt1t will be got-ernetl l')_\' the number of other SL1l)E-tC]‘ll3t“i'S trun-s'mittin;_z dam.
In 2II.‘iLll1'it')I‘|, the oectII't'ence til‘ litl1t=i'm~t l’rtum_= collisions l‘I3SLIlT.'5-3 in each Ethernet

utlnpter using at I'}I't'|Ll(.'I|11 L‘.\'pt)l'lt:n’Ei21l l.12Ieltot't' 2Il,(_{t.)t‘itl‘IITJ to generate 21 waiting time
prior to retrans'i1'iitti11g at fratitie. Althouglt this rnight increase file tr:msfe.1' time to 10

to 2U secomls. or even 30 or mm‘t: on at hea\'il_\' utilized LAX, it still represents 2!
cm1.~sider:tb|t: iI"FI}'}l'0\’L‘.1T1l‘.‘1“11. U\'L'1' the \'.3-l 28 R00 bps tI'21I'1Sil"t3I' time of +6 minutes.

Table 4.34 10 Mbyte file transfer time comparison 

Operating rate Transfer time

9600 bps (V.32 modem) 138 minutes
14 400 bps (V.32 bis modem) 93 minutes
28 800 bps (V.34 modem) 46 minutes
84 000 bps (ISDN B channel) 20 minutes
1544 000 bps (T1 DSU) 52 seconds
4000 000 bps (Token-Ring} 20 seconds
10 000 000 bps (Ethernet) 8 seconds 

IEEE 802. 14 proposal

In at p:'op(:usa| to the IEEE 8i)2.|~i \-\'oI‘kin,5_r, Group for the use of (JAM for IIFC

(lI1\-\'I1ST.'!'L‘E1I11 {l'2lI1$l‘I']i:-1!-3iI‘)I’I. Hcientifie .—\t|-tmta noted that Q.—\.\[ is non—prop1'itctary
and \-x'2i_~: pre\'iot1sl_\- seleetetl as the litiropeitn '1‘:-lecon'1rnL|nieations St'2imlsI'tl. In the
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l'irm‘.~s r11-1‘1r11).~.:11l to the l[CI:IFI two le\'el:_~‘ :1t1111.111L1l111io11 basetl upon 64- Q.—\.\l and 256
Q.-—\.\l were defined to permit implementation tlexiluility, 13-.1.~1ecl upon the 1711'oposed
motlu|:1ti1'm Spt'*t:itit::1ti:'111::. the 1-1t'.1fi(l2lt‘(ll'/,':iti()I] of QAV for tlo\1'nst1‘e11rn tr:1ns111is-
sion \\'()lll(_l l‘e‘.SL1lt in 21 .x‘i;_,r1111lin;z rate of 3 .\ll'lz Lising 11 c11r1'ier l‘1‘eqL1e11e_\‘ het\\'een
15| .\J]-lz and T4‘) l\'llI7. spaced (1 _\II-]'/. ':l[’JiH'l to (.‘.t’)1‘l‘t_"c‘1]_')l)HL'l to '|'\' eliannel
t1ss1ig'111ne11ts.

The list‘ of 11 5 .\ll-lz sigmiliitgz rate and f1-l- ()1-\.\l \\'hi1:h enables six bits-1 to he

eneodetl in one sigmil el1;111<._{e perrnits 11 t1'1111:.:111i:1:'1io11 rate of (1 liitsilraymhol X 5
M112, or 30 ;\Il‘1ps. In eor11p211‘iso11. the use o!‘ 2511 Q.—\.\l results in the pk1(Tl{l1”1j_{ of
eigllt bites per 311111211 cl1:111ge, I‘CSlIitlt‘l_L{ in 21 t1'1111::mi.~1.Hion rate of 8 l)i1's,1"sig11:1l
el1an;>;e. x 5 l\II'l.z, or -l-U _\Il:1ps. 'l"hrot1,1gl'1 the use of Fo1‘\1't11‘tl error codillti. \\'l‘1iCh is
h1‘iel'l_\' tits:-:t_‘1'il.11':‘Ll l21T.L‘.t' in this .~‘.eetio11, the data rate tl11‘ot1;,:l1pur is salightly l'£‘:ClLICt’[l
from the 111111;le111’.~: operating 1'-.1te. This retluctiori 1'eee11h:; from extra p-a1'it"\' bits

hecsoming injeetetl into the Lint:-l 5l1‘e:11‘1‘1 to p1'o\'itle the for-\\'a1'tl error detection and
eo1‘1‘eetio11 ca1p11l.1ilit_\'.

Constellation patterns

l~‘i,1_1t11‘e -L711 llltlt-‘1l'l“d1'(;'.:i the si<,_':11:1l eonstellzttion pt11'te1'n for ('14 Q9131 lT]f.)L‘lLll'.iti1)I’l
while Fi;1t11'e 4.71‘? illtistrales the pattern for one qti-..1tl1-tint \\-'l‘1en 250 Q..--\M
l‘r11')(lLIl.21‘[iUn is used. _\‘-ote that the :-tlgllfll elemeiit coding is 1;lit't.'e1'e1'1ti;-1l qu:1cl1';1r1t

eo(li1‘1_1_1 LI!-_‘1ll1}.{ G1-213' eodi1'1,1_1 within 11 que1dr;111t. l..'nder the (}1‘:1§' code t|1e tlit‘l"e1'enee
between two E-iL11JC1-J:-ti-ii\'(: hi11;1r}' numbers is limited to o11e hit el121n;_1i11g its at-.-1te.

'[‘l11‘ot1gh the use of (}r11_\- code etieotling the most likely error dtlririg Ll(L'l11()(ll.IlLttlt)n
in whieh 1111 ineor1'e.et adjaieettt code is seleetetl will 1'e.~:ult in :1 one-bit error when
eieeotletl at the r1;-1:ei\'er. Table 4.35 cont-ai11.~: the binziry and (.im_\' e.o1;ie eq1.1i\'a|e11t

for 3-bit e11eo(lin}_Y,.

  

lmeigiriarg

C O I O O -I O 0

.-~\ 10101011 1001 100:1 0010 01101110101121 _
Q1 0 O C O O I O O f?I1. |_ 1-,

1110111111011100 0011011111111011 \-_
0 6 O 1| O I O O

0110 0111 1:111:11 0100 00010101 1101 1001
O O O C O C O O

0010 001 1 01:11:11 000121 0000 01 00 1 100 1000
Real

0 O I O I O -I O
1000 1100 0100 0000 0:11:10 0001 01311 0010

O O I C O O I O

,- 1001 110101010001 0100 010101110110 .
KEN) o 0 0 0 o 0 9 oH 1011111101110011 11001101 11111110

1- O O 10 O O O 0
10101110 0110 0010 10001001 1011 1010

Figure 4.76 Signal constellation pattern for 64 QAM modulation. The binary numbers
denote b3,,, b2,,. b1 ,1, 1:105. and the letters A,,_. B11, C”. and D” denote the tour quadrants
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lmaglnarg

000100 001100 011100 010100 110100 111100 101100 100100I I C CO O 6 9
000101 001101 011101 010101 110101 111101 101101 1001019 C O O I Q C O

.0 000111 001111 011111 010111 110111 111111 101111 100111I

(EH3 0 0 9 0 0 9 0\w—H 000110 001110 011110 010110 110110 111110 101110 100110 ::>O O O O D O O I

000010 001010 011010 010010 110010 111010 101010 100010 ’O O O O O 9 O 0

000011 001011 011011 010011 110011 111011 101001 100001

0 0 9 0 0 v 0 9 ‘000001 001001 011001 010001 110001 111001 101001 1000019 . O O C C I I

000000 001000 011000 010000 110000 111000 101000 100000‘ C O C C Q . .

(E) ”“‘“ '\.._r,-J

Figure 4.77 Constellation pattern for 256 QAM modulation {one quadrant illustrated)

Real

Table 4.35 Binary and Gray code equivalence

Decimal Binary Gray Code

0 O00 000
1 O01 D01
2 D10 01 1
3 01 1 010
4 100 110
5 101 11 1
6 110 101
7 1 11 100

For both (1-1 and 256 Q.-Xll element ending the outputs are encotlecl LISll1§__1,' a pl‘I'<1S[‘

change based upon the inputs and previous inputs. Table -1.36 lists the proposetl 641

and 2513 Q.'—\_\1 element L‘()(.ll1'l§_{.

ln atltlition to prr:posin_e, the use of (14 and 256 Q.—\.\[ for tlo\\-'nst1'ean1 operations,

F-‘at.-ientit-ic Atlamtat reeo;,r1ti7.e:;l the need for error correction and tleteetion due to the

noise levels on hrrradhand s_\'stents. In the Eicientific Atlanta proposal at Reed

5-'ao1omon Parity code was proposed using interleaving to provide protection agaittst

1‘E11'1(1(J1‘I‘I as well as burst errors. Tlttts, the clemoclulated data rates of 30 Nlbps for 641

Q.-3\_\-l and -11": .\lhps for 356 QA:\'l \\'oul:;l result in actual corrected data rates of

27.378 and 30511-1 Nlhps. 1'esper:ti\'el_\'.

051. modems

As mentioned earlier in this section. a D 1:51.. modem de1‘i\‘es its name from the fact

that it was developed to support the transmission of data via copper t\\'isted—pair

\\'i1'e on the line linking a SL111:-‘-(II'1l_1L‘I' to a central ofliee. In atttttality there is a famil_\-'
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Table 4.36 64 and 256 QAM element coding 

Inputs Previous inputs Phase change Outputs
(b5,1b-4,1 (degrees)

A” A11. 1 0 00
A” B,1_ 1 270 10
A,1 (311.1 180 11
An Dr: 1 01

3,, An. 1 90 01
B11 B,1 1 0 00
B,1 C,1 1 270 10
B,, D,, 1 180 11

C,1 An 1 180 11
Q1 B,, 1 90 01
C3,, Q1 1 0 00
C,, D1,. 1 270 10

D,, An. 1 270 10
D1 B11 1 180 11
D11 (3,, 1 90 01
D” D,, 1 D 00

of DH]. rnudems being tIe\'t-Inpetl, t;'21L‘I‘I hztving tieattures and tJ[1L'1‘L1liI"1§,_{ ch.11".1etei'—

isties tteveinped to sttppmt di|"l‘erent trzinsmissimt mtes raver t-upper t'\\'isted—p:Iir
wire Fm‘ tIiITei'ettt tt'2t11st‘I1issirm clistatmces. 'I'\m oi‘ the rnme ptipllizlr t_\'pes of DHI.

modems are IIDHI, and .-5\['.)i*'€I., both of whicii we will e.\'atmine in this section,

In our ]'Jl‘f3\'It)LI.‘:‘~ c.\'m1'iiIia1tit'J11 of I‘n:.)deI'ns \\'e Imted that their t'>pe1‘t1ti11_t1 t‘;1tt- is

limited to ‘€1pI'J]'(JXIt‘I1'11t(.‘I_\' _"i3.h khps due to the \'tJI[‘L‘ eh-.mneI i)iil'I(I\\'I(I1'I1 of

atppruxim:1te1_\' 331:0 Ilz limiting Inuit:-m t1':m.—;missicm e-.1pneit_\'. One methm.I
I‘ewgnize-.'I imtny _\'em‘s ates: to transmit" at it hi;._rhe1' operating rate was to I't:mn\'t.'

I(_)':1(iiI1}£ coils t')t‘I at sLIhst,‘I'iI)-:1‘ line, in (‘fife-.?t i|1L‘I't_‘J§il"]_I__{ the I1z1nLI\\'iL'ith on at t\\'i:~‘tt.*LI-

pair \\'iI'e to appmxiim.1teI)' I 3.1] Iz. Doing so enables ‘:1 t'I‘It_)(IL.'I'n that packs two hits
per lmud tn <,1I.‘Itdit‘I a: dam t'1‘d1‘IF~l’11i.\“c%i(lI1 rate at 2 K Ihps, while (me that packs t'uL1rI.)its
per Imtid tIte(:1'L'tiL;2tH_\' has the ptitlqntidl to t:]‘)eraIIe alt -I i\iI)ps \\'I1et1 at 1 .\II-Ix
i12inLI\\'iL'ItI1 is at\‘2Iih1I)Ic for use. L7nfm'tl1i'1;1te]_\', we do not live in it pe1‘feL‘t \\'t.>1'II.I and

the use of 1_‘)i_git-.1I Loop C.‘:tt'rier {[)L(I) multiplexers. :1 I3rit1_s;e tap on at suhseriI)e1'

line as well as the uttenu:tri<.m tit‘ high freqtietteies served as constmints which

limited a;Ie\'e1:_ipment of [)5]. mmterns. Impnwements in line ericlitig techniques

1'i_‘SLliT.i.‘L'I in the development of I'IifJ_I‘I-I)iI.'-1"dT.L’ [_')i;_:it-at 5-iizhscrilxet‘ Line (1--II')SL}

teL'Iii1c'.iI:.'ig§' dtiring the e2II‘I)' |‘)‘)t)s as 11 5i1_lI.‘).\‘I.'IIllU.‘ for 'I'1 amcl IE1 Uansmissiun
t‘;1L"itit'ies, while As_\'mmet:'ie:t] I)i,<_{it'al SLihse1'ihet' I.ine {_.-\I.'Jt-IL) tee.|1I101r.ig_\- \\'21s

tie\'e1uped to prmide :1 i’lI_§£I1-.'-§])L‘{'(.I trtmsmission L‘.2IptiI1iIit_\' into homes and nflieu.-s.

HDSL

[[l—)|‘-51.‘ represents #1 1'1":1l1E-tIt’1i.RS-iifln technique which uses :1 dihit (Tt)tII1l§_f scheme

refe1‘t'ed [0 :13 2 I3iI1aII'}', I QLI:'ttei‘m1I‘_\' {EBIQ} that \\'dS m‘i,gil1:IiI§-' LIe\'eI(JpeL'i for Lise

with ISDX. Instead nt't1'-,1nsrnittin;;on :1 single wire pair, [IDS]. uses two paiirs



4.9 BROADBAND MODEMS _ _ . 501

(four wires) to split the T1 trai1:m1i.~ssiun rate of 1.544 .\-'Ihps so that each wire pair

operates at ?8—f~ khps. Since trtiiisinisrsimi cm each \\'i1'e pair occurs at T84 khps. using

dibit coding: re.'.<uIts in the Signiiiilig (|_12ILIu;'lJ rate being reduced tn 392K, enah]in;_,r

tr:1n:;n1i.~;sim1 distuneees up to 12 000 feet to he nbminetl on 24 nr 26 §_{flL1§1(-3 wire

\\'ili’IOLlt repeaters.

In the HL11'opca1n area the fir.~at E-it.'!'i(:5-I of Hl)SI_. mmlenis developed for iil

tr-¢1n.~:mi.~‘.si<)n at 2.(J-‘IS Nlbpe required three wire pairs For a total of six wires to i

uehieve 2| ta1';zeted .~;LIh.~;criher line distance. .\"lm'u.-- moderri [CI IIDSI. in1p]ementa-
timis operate on I\\'(J-pail‘ cuppel‘ wire, each pieviding an operatin_s__r rate of 1.108

K-[laps to achieve an L'l§‘__{gi'{_';_{z1I’(? tninsinieasion rate of 2.048 _\-lbp.-5. Figtire -I-.758 I
illmstmtes the use 0t'IID51'I. to prr_n'ide'.u1 extended T"! or E1 T.I'&'Ii"l.‘-‘sI‘I‘Ii.‘:§Si{_‘:1} capaeit_\=. ~
Note thait the H'l‘L'~C.‘ is the mnemonic for an HI).‘5I, 'l‘1':1nscei\'er Unit h.)t‘.El'[t‘I;i in a

carrier's eentr-.1] office while I-I'l'L'—R represzentra the unit lncntecl at the .~:ul_1::e.I'ihe1"s

remote site. Iinth actu2111_\' rep1'e.5ent bl'U'ci.(“.)3r1d tralnsmission dt"\'i(::::-1 that opemte
over t\\'n—pai1' copper wire. fiiinee conventional TI and E1 trz:r1.~m1i.~;:;inn lines

require the use of 1'e.pcatei's at .':I})Dl‘I.J.\'iI‘J:‘ldIt‘]_\' f')Ul.}U feet, the use of IIDSI. enabler‘-

relz1ti\'ei_\-' long; tI":1l‘lSIT'Ii5Hi{)l] t1i.~;tnn:;e:: to he obtained without having to l_‘t)I'lE-}TI'llI.Tt

Silt-"ilI.;’I‘ mid pmvidt: powei‘ for rept.-1ster.~; rm the hop. ‘i=-

‘:3...
Central Office Sulzuscrilner

 

  
TEI4 lthps or 1.163 f"l|:I|:us   
  4—W'if'E 4“'."‘."iI‘B'
 

  
HTU-C

 
HTLI-F!

  
3'34 Ktnps or 1.153 Mhps:

e——>

Figure 4.78 Using HDSL

 
ADSL

As_\'mmetric Digital 3‘-‘«uh:eez'ihe1‘ l.,ine (ADSL) reprcsqents a teel1rmh_u_9__\' developed in

recognition of the ph}'.~';ie.a1] ehuraeteristies of fret1Licne_\'_ That is, since high frequ-

encies 1-Ittenuate more l'1lpi(”_\-' th-<1 n hm" treqtleneies, :-: hnger hand t.JffI'L‘[]L1t"I1Cit2S is

aillneated to d::m'nstreain 1.‘l'2II1l-il‘I1iS1-‘~i()I'I than to Llp.‘-‘utl'(_’Lil'l'] ti-m1.~;i'n:'sa.~:im1. \\-'hi]e this

reduee.s the data rate at which 2| sLIhs.:eril)e1‘ can treimzrnit t0\\'ard.-‘- :1 central office, it

restuitbs in the t'ecei\'ed signal hcing reh:ti\'el_\' high in sigiiail :-:trCt1_s___{th which I'L’t1il1CI:S

the eltect of L‘I‘()S!-Sf:-llk at the central office. This in turn enables a greater sL1hseribe.r

line transmission di.~3tanee to be 2|:;I1ie\'etl than if -.1 syn1111et1'ic21| transmission

mcthud was c.mp}oycd.

.--'\ t_\‘]')i(?:ii .—\[)SL mmiem pi-m‘it'les two ‘daittf ehaumeha. with the return channel

|m\'ir1,n_I at maximum 0pt=.mtiri_s_{ rate of SW: kbps, and results in the ::.-<_\'n1111et1'itt

f)pE1'L1til.)l'1 nf the fl1()(1L’.lTl. in 2lt‘.tL1a|it_\-'. am .—'\])§‘.iL £.‘il'(.'Llif with .-XDSI. I'I'l()(.i(..'I'I'15-I

connected to each end nt‘ :1 t\\'i.~:.ted-p'.-1ir line hi]!-‘. three ehe1nne1s—z1 high-.~:peet1

c|t)\-\'ns:tre;m'1 channel. 21 medium—speed up.~'etre;m1 ehunnel, and 21 Sl'tH‘1(.i::lI'I;i voice
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Central Elffice Ilustorner Premises

  1'’ "“‘-“ ‘_'-—._,__ Subscriber‘
’Br'oedI3and ABEL

“~ii?tW':'rk Modem tieteiiiiz
“'" Twisted Pair

  _._~»
  
   
 To existing switch-

ing facilities

Figure 4.79 Asymmetric Digital Subscriber Line. An ADSL supports three channels
tormed by irequency—a high-speed downstream ohannei. a mediurn—speed upstream
channel, and a conventional telephone channel. The iatter is formed through the use of
filters

telephone l_'h2Il'lI1t‘i. The latter is split off frmn the digital modems h_\‘ t'ilters_ which
en.-mi-es stihserihers can continue to obtain the use of a \'<,}it.‘c telephone Ch2II'|.H('_‘i on

the existing t\\'istcd~p:ii1' connection even if" one in‘ hath .-\ Dr-El. nmu.ierns fail.
I7i;_;'Lit'c 4-_7'~'J iiillf-1III'1:llL"S the basic operation of an .—\L)."_-El. circuit. The do\m:'<tt'cai11

0}‘JL’1‘L-1tin}.{ rate Llcpends upon se\‘e.i'-.1] f-.ictrn‘s. including the lengtii of the 5-iL1i)‘:‘>L‘1‘i1)L‘i'
line, its wire gatiee, the presence or absence of hridigecl taps, and the level of
i1‘itei'f'ci't-rice on the line. Based upon the faict that line ':1T‘i1{_'I'ILlk1tii_}!‘t inc1'ca.~.=es with line

length and i'1'equcne_\', while it decreases as the wire dianneter ii1ei'e-ases, we can note
.-\I);‘-'aI. pei‘fii1'ti1-mice in terms of the wire gl'|.L1_L_{(;‘ &1l'lI;i suhscriher iine clistaince.
[£:'I’IOT'iI1}_-f l)rid§__Icti taps which 1'epi'csenl sections of Lintcrmineited uvisteii-p:'ii1' Cathie
L‘l.')l1]'|l.‘(TtL‘[i in parallel across the cable under ctmsitleraition. \":11'iUL1S tests of Al)?-Bl;
lines provider] at grencral il’IL'iiIL‘:-ltilln nf their (J|)(?I':-’tiiI’L§__! rate capzihiiity. '1‘h-tit
Cfl[')2li'!iiit)' is sLn*mr1arizcd in Tzihic. 4.3?

Table 4.3? ADSL performance__ 

Operating rate Wire gauge Subscriber iine distance

i.5i’2.0 Mbps 24 AWG 18 000 feet
i.5r’2.0 Mbps 26 AWG 15 000 feet
6.1 Mbps 24 AWG 12 000 feet
6.1 Mbps 26 AWG 9 000 feet 

Opera tron

.—\DHL operations are based upon ‘L-Il.i\'dI1(_‘¢;'.(_'| tiigitail silsznnl processing k1I’t(i the
cmpir_>§'n1cnt oi’ spccia|izei;i iiigorithms to tihtnin 1“1igh darn rates on twisteti-pziir
telephiane wire. Current1_\' there are two cmnpetiiig t<:t:iii'it;li)gies used to pro\'it.ie
_.-\DFa'L capaihilities—I.)iscretc .\-lultitone (1)l\-IT) modulation and Carrierless
Amplitui;le,r'I’h:1se [C.'.AI’) modulaition. The |'iI'st techiiuio;13‘, D.\I"l", repI‘esents am
Americzin X"-atinmii h'tan(l;n'Lis Institute (ANSI) staiidzini. In cnrripmison. CI.-\]’

1-eprescnts Lt [‘|1'(J}3I'iL"i.'L't‘l‘_\' tcchrio10g}' <|c.\-'eiopcd h_\' I‘e:i'2iti_\'ne Ct‘.-t‘pnl';l1'i:.}I‘l, mm‘ an
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intlepentlent erm1pan_\' xvhieh was |‘JI'l.’.\'l(Jl.|Sl_\' part 01’ .—\'l"S:'l‘. .-'\t the time this l.')l')Uls'

was prepared CAP I1-acl been licensed to 2| number of enmmun".21ti<'ms carriers

th 1't)l1_L[l‘I(JLlI the world. Both l_).\l'l'z1ncl CAI’ permit the [I":1l1:-il1’tl.'-_‘~Sl()l‘.| of l‘Ilf_{l1-5ipL“(‘L'l

data u::in;'__r l7requene}' Divisitm .\lultip|e_\'in2 ll-‘D_\'I] to ereute multiple eh;-innels on
t\\'lSU:‘.Cl-[‘Jklll'. "l'hrnugh the use of l-‘URI the copper twistecl-pair sL.il3se1'ihe1‘ line is

partiticmetl into three parts h_\' fI‘L‘L]U(fl1L‘_\' 21:: lllllr-il.'I'}lT.'{_'(.l in Figure 4.80. F D M assigns

one ehemnel for downstream": clam uml 2: 2-‘.e(‘r_mtl elumnel for upstream data, while the

third elmnnel Frrim ll to -l ltl-lz is Ll!-iL‘Ll rm I‘IfJI‘I'|'Idl telephone operations. The

tl0\\'nstret1m path (_‘}II"| be suhLli\'i(leLl th1'rJL1gl1 time Lli\'isi¢'.)n mtlltiplt.-xin;_1: to (let‘i\'e

Se\'c1‘al hi}'_{l‘1 and low speed .~;L|hel'12umelts l'.)_\' time. [n 21 sairnilu mannel‘ the upStl'L‘21n‘i
ehatnnel can he Stll)(li\'i(lct'l.

 

-. ,-—-—---e

/'/ \‘\ /"I - ‘i‘\
I _ LOW gpeed \ / High speed -

Emgtmg Upatefim \] ‘I IjI‘_‘IWrISl_i'Efir‘r"I
Lelepliane '35“?' data If nzzhanriel
5E’r”'°9 tmemn-al l >

4 10 r1 r2 r2 fIIkHz,‘J
{high} (low) -(high)

Figure 4.80 ADSL frequency spectrum

Discrete Mulfitone modulation

The concept behind Discrete .\lultit0ne (D.\l'l") nmclulatinn is sin1il:1r to tl’I'c1lCLlE«‘~C‘L'l

in the 'l'elehit I’a1el{etized Ensemble Prutneol {I‘EI‘) murtlem s.lese.1‘iheci earlier in this

ehapter. 'l'heIt is, under D;\'l'l' moclulatinn ;1\"c1llJ.l‘Jle lmndwidth is split or

.~%l1l)(ll\’lLl{’.[l into at large number of inclepen:;lc'-nt SL1lTICl1E1l‘It’I€lS. Since the amount

of zittenuzition at high l‘1'eqL1eneies; depends; upon the length of the stibseriber line

nnel wire gzitigta. 21 I)-.\l'l' nmtlem at the eentral office must determine which
.~;uhelmi1nels are msuhle. To do an that modem semis tones to the remote modem

where they are 2mal_w.ed. 'l‘l1e remote I‘n()Llt‘ITI respmuls to the eentrul nfliee modern

sul)el"mn11el .~.‘-euri at Ll reh1ti\'el_\' hm" speed which Signifie:-1I1tl_\_' 1‘L’LlL.lL‘.(‘S the possibilit}:

till‘ the Signzil an21l_\'.~:iS }'3i_'}'l‘(}I'ITIl_’(l by the remote t‘r10det11 heing II'}lE-ill'1fL‘l']')1'!.'.‘tQ|.'l. Based

upon the returned Slgl"I:-‘tl fll1ill_\':-‘ulbi, the eentral uffiee modem will use up to 256 -l-

kl lz \\'l(.lL’ .'-‘sLll'1(.'l‘I'¢inl1(':lE-i l‘l'JI' LltJ\\'I'1s~;tI'-setm 1'1‘:-l11SI‘I‘llS.'-‘»l()I‘I. Fl-1l'1I't'1L1_g_'l'! 2| |'(,.‘\‘L-:l'SC 111;,-;1s.ur;_=-

1‘m:nl pruee.~;s the remote modem will List‘ up to 32 +—l<ll7. \\'i(le .~;1.ihel1:umels for

Lips.trearn transmission.

One of the l{e_\-‘ ;1tl\'e111teIe:es of l').\-l"I‘ is its :1|)ilit}' to take aitlmritugc of the

el1m‘aetei‘i31ies 01' t\\'i.~:ted—pair wire whieh eun \'m'y from one local l{)(_)]‘J to zmuther.

Tltis inakes I).\-"IT rmudulatitin well suited for obtaining 21 higher data l.'l"1I'()L1gl1‘[‘JL1l

than is nhtaiimlile tlimtiglt the use of Li .~;in;_{le carrier tI'E1l1S1‘I’|iSSlt)I‘1 teelmique.
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Channel encoding

'l‘lirntt,qh the use 0fQt1;tth'att1re Amplittltle .\Iutlt:l-ution (Q-'\Ml UP I0 355 Fiiifiiil
emnztellntions are fm't11t=.tl at -lkl-I7. inte|‘\'aIls. Data-: to he tr:-in-smittetl is thus
3-illl)L'll\"l.LlL‘Cl for enentling on :'+t:p;1r;1te ehtmnels and eeummed nliter tlenmtlttlntinn at
the reeei\'er.

Carrierless Amplitude/Phase (CAP) moderation

L.'a1t‘t'iei‘le:<s _-\tnplitt|tle,»’l’lm.~'.e (C.-U‘) mutltilattiun is at (|ei'i\'z1t'i\'e of Q.—\KI that \\"dS
de\'elr.>petI by l’-.11‘-ttd_\'ne.. L‘nlil<e D .\-l'l‘ uhieh :3L1l)Lli\’ltll'S the h:mtl\\‘itltl1 of the \\'ire
into 4 Icllz .~3egnIent.\‘, C.-\l’ uses the entire l)‘.lT‘t(l\\'l(ltl’l in the Lip:-stt‘L’.:1I‘t‘| and
L'l(}\\'I‘I:-:tI'L"tll‘I’1 elmnnels. Lhtler‘ CAI’ serial claitu i.-4 t‘I‘iL‘.(JtlL‘L'l by n'1appin_q Ll grmlp of

hits into 21 signal enmat-;:ll;tti:'m point ttsaingz t\\'t)-LllI‘I‘Ii:l'It-§iUi']2ll ei;_:ht—:at-ttte 'l'relli:a
(.‘(}t.‘lii'1}_' \\'ith Re-.et'l—E'.ir:lm'ntm l'iOI'\\"tl|'Ll e1'rm' eurreetitm. 'l'he hitter :it1tnm::tiet1Il§'
protects tr21n.~:mitte.tl (l:ltt't 1l_‘_‘:'t-llI'I:-l'E ll'1'1]31-lll‘lT1(.‘I‘ll.'E-3 tltle to e1'r.>.~'.~:tul1<. impulse nuisze, and
l)a1ek;__:1'r.uti1it1 noise,

liifgtnre -Hill lllLIHT1"dl.'(:'S the ('.'.-\l'’ muclulatirm pmees:s;. Once it gmup of hits are
mappetl to :1 pretletinetl point in the sigmtl ennstellutimi, the ll‘1—pl1:.l.\'L’ and
t|t1ath';:ture filters }.II'L’ tlsetl to implement the pt):-iitif)l‘IlI‘I_!3,' in the sigmtl t:mi.~;tellt1timt.
Since this technique simply 2}Ll_lL1Sl'S the almplitutle anti pl‘tE15t;'. \\'itl1t'JL11.' requiring 21
crmstiint cmwier. the teehniqtte is referretl to as ‘e:'it'1'iei-les.x:‘.

an t.:. ——>l In-phi.’-.-e filter 1
sgr'rit!::Jl ,-‘z‘:,_, :'i_fi:::"i‘ll-
mg": —>l Iltiacirature filter if “ g

Figure 4.81 Carrierless Amp|itudefPhase (CAP) modulation

 

The AIi).“5.l, tmit tievelopetl by P'.11't1(_l_\'I'lE'. list-.5 21 CAI’-256 line entle (256-ptaiiit

S-i_LImtl euntstelltltitmj tot‘ tlm\'1‘t5t1'::tIn1 upet'2ttit_)1‘t5, t1Sit1;_{ l):mtl\\‘i(lth from l2Ul;Hz to
I32"-l |{I"Iz. ’l'he composite sigiiztlittg rate is U131} kbtiutl :t!'1Ll seven hits are packed into
each signal el't-.ti'1;;e to pmviele a t.lm\'ns:tte.am t':}'3e‘t‘2lk'iI‘I,<.§ rate of (132 R lhps. l'lt)\\'(_‘\'t_'1‘,
the use of l{eetl—.“'.-iolmtmn t'm'u';.ti'tl t;*t‘I'tJI' L‘()!'I'l.fCTlt)I'| I'L’LlLiL‘€‘E-5 the aetttal pzI_\‘l(J1-Kl to

(1.312 .\ll::p:+ plus :1 64- lililps enntml channel. In the ‘LID!-‘.T.l'CJ]‘t‘t tlirectitm the P;-11'a1t'l_\'m:
deviee L1St.‘5-‘. 2| C‘.-\I’—I (3 line emle in the 35 kl lz to T2 lcl Iz ft‘eqt:ene)' ham! to nhtuin :1

ecnmpusite szignaling rate of 2-l- klmtttl E1L‘.l'()f-is I6 suhehmmels. Pae.1<i1ig three hits: pet‘
sigmal ehamge. :-in ll]‘)Sl'I'l_"cll11 line rate of ?2 khps it-1 uhtainetl, of which (14 khps is
:'l\'illli1l)l(‘ for Clfltkl.

.—\lthuu;_vh eahle t1l‘1Cl Dtiil. mt)clem;~; are in their inI‘:me_\' when eomp:1retl with more
mttttII't_' t'eel111r_ulu_gies, both types of {lL'\'lL‘(.‘S hultl the potential to revo|tttir_mi'/.e'-. the

manner hy \\'l'lit.‘l'! we enmmttnie-ate. When we lnuli to the past and think about hem‘
the \‘it;lt:‘(.! l'L‘.L‘(Jl'LlL’l‘ and penztnmtl t‘.<m'1ptttet' ll11]‘)2lL‘It‘_‘L'l our lives. we can talsu think1
ttbotit the ftittire and plan for the eumingg revnltitinn in communieatinns that wil
fJ(‘L‘UI' i'l1T'tlt1_L{l1 the use of h1'ot1tll):int1 mutlem.~:.
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4.10 DIGITAL SERVICE UNITS

At the l)i'_'_L{lI'lT'ilI‘I,Q: of the l9Tii:~‘i. L.‘()IT1lTiL|I1l(}2lTl()t'IS (_"<1I'l'l(‘l':-I l){_‘;'£'c1H 0ffL‘I‘iI1,Q L‘(:mmL1-

I’1lL‘.&.ltl{'JI’I S}'>$l'[’l’T‘I!~' (.lI‘_’.'\il,£{l"1(_'(_'l L:xt:lu:~'i\'e|_\' for the t:'211‘i.~.;Inissimi of cli:__J;i1:'1| (lanai.

Sineciztliziral ::m‘i'i(.-rs, invlmling tl1L' now—Ll¢:l'Ln1rt l)A'l'l{.—\.\', perfmim-Ll :1 consider-

able sat-:'\'i{;:.‘ tn thv inl‘m‘n1a1tir.m—pI‘0c:?S5i|1g L‘.iJI'I]I'llLII1ll.'_\' tl‘n‘t'JLLgl1 their pit';|1L"L'=1‘i1‘i;_z

L"l‘l‘01'ts in (l\‘\'L’lnpi11;: Lligitall I’Lt51\\'<it'l(S. \\'itlmL1i their L1Ll\'e1I‘Ict:InCI1t5%. mfljm‘

cnmmuniciitions t'IcI|'1'll.'i'!:‘~ IT11-l_\' l‘:L1\'(c LlL'l;!§'L‘Ll The ll'lli'[J(ll1(_‘tl(J]1 of‘ :m ;1ll—di}__!it:1l 3
:-‘i(.'I'\'l(Tl.‘.

ln l-)L.'(I(_'l'l']l'}l.‘I‘ ll)?-l. this FCC" ;L}1pt':>\’L'~Ll thtr Bvll H}':alt-rn':'~‘ lJ.\"l":\l’l'l(i):\-ilfH

digital :-i(.'l'\'l(.‘L’ (l)l,)5l. \\'l1lcl‘| \\“¢1:~‘. s|mI‘Tl}' ll'l{‘T'L"dl‘[(_‘l' L".ST.Lll')llSl"lL'(Ll lJL'[\\'L’(_'1’i five r]‘l}l_if)I‘ '

cities. Sincv tlu-.n the 5Ci'\'ic(3 has l}L'L‘1"l I‘;IpiLll_\' L‘X]‘J1‘I1"1Lli.;'(.'l to the }'1()ll'1t \\'l'1(rrc. l1_\'
l998, 111011: than lllii L‘ll'lL‘:_-‘~ llatl l.")t;‘l.'l‘J zultlctl I(_1Tl'lL‘ Dljtifi r1L-1\\'m'l\'.

Sinus the initial iJl‘l}:l'iI1§g (ll. l)DH l)_\' .3s'l'8c'l'. ITIUE-‘ii.CI"!i”I’1l"11Lll"1l(_'L1tlt)i‘JS-I Cdl'I'i(.‘I':-I in th(‘

1:5 and l§L.|r0pL* h2I\'L' I"<1I'll-l‘t‘L'l t-qLIi\'-.1lu.r1'it fzivilitiu.-.:'~'. fl-‘l'ILl2'I}' _\'0LI can L1!-ll.’ tligitnl

L1‘;':1131“|1i:=.<4i(>11 i'm.‘.ilitiL‘:i l'1'01"n N-lCl, Hprint, 'rll'](l B|'lT.lE-3l'l 'l—‘t-lecorli, as well ‘:15 l‘I'{JITI

l‘I’11lt'I}' mhn_=1' L.-:nrim‘s.

591

Comparison of facilities

With the \'0ic::-;_r,mLlc l_\'pr of zimilng tmn.~;n1i5-:5i<.>i1, l'l1I.‘. date: t1'a\‘el:= in :1 cnntinu0L|::

manner; nltlmugh it is L‘£iE-ill_\-' mnplifictl, :1n_\' noise or Lli.~‘-tmtirm almig the link is also

znmplitlecl. In ztchlitiun. the Lliltil signals l)L'L.‘0T‘I‘|{.' higzhly 2i1.'1'L‘l1li&i1't‘(l or \\'e21kenecl by

the [€lL’.])l1ITiI1t" ch-u1‘actc-:'is;tic.w miginnlly _;»;(:z1rL'(| tn \'(_)lLT[‘ t1'aI1&:Ini:;e:im1. For the analug:

ti'2It1::Ini:;sii:J11 of claim. -:xpun.~1i\'L- 'clI1(.l L.'(JI‘I'i}')ll.'X lT1(J(..lL’I'1'|S I11il:~"f be L*Inplu_\‘L-cl at huth

ends of the linlt to Sl‘1‘.l}'3c {lT1()(.lLllE1'f[.’) and I'LTC()nSl'|'llL‘I lLlL‘.i‘[‘i(.’I(ll.1l£ll'L") the cligital
e:i,s11121ls.

\\'l1vn dig'it-al t1'a11s1"11i:::aim1 facilitiirs an: [I5-iL'(l. thn: (lam: travels l'1'r.m1 end to and in

digital l‘m'1‘n with the cli,r_ril'z1l piilscs rvgcm-rzitcd at I'L‘gt1l2II' ll1lIt‘l‘\'&.ll‘cS as simple valL|e:= D
of(';I1e and ZL"I't'J. lI‘|eXpL*m;i\'c digital 1-¥L‘I‘\'l£.‘(‘ units are c:‘npl0)'cLl at both ends of the

link tn cnns;liti0n the digit-Lil sigmils Fm‘ dig-:_it:Il trzmsmission.

:\'l‘&'1“s; DDS is 5:l1'it'_‘tl_\-' 2: S_\-TI[.‘l'II'(}11(li.|S f;u.‘ilit_\' }7:r0\‘idim_: full—Lluplc.\'. point-tr:—

point, and multipnint .x‘u1'\'i::e limited to s.pi.-ml.-.4 nf2.Jr. 4.8. 9,6. |‘).2m1Ll 56 l<l)p.~:. ln

udditism tn tl1I;"_-‘xi: leaisecl-line St‘.l‘\'l(;L’5-B. .—\'l‘&'l‘ l'r1l'I't’)(lLIi.‘(.‘(l 21 .~;\\'itL‘l1(.-d Sh l\'l‘.i}.’!S cligitzll

5L‘i'\'fL:L' in F385 :15 Well as S\\'itCl1t:cl .38-l lihps‘. and 1.544 _\'ll)p:-; s~‘cr\'i(:v.~‘. that \\'CI‘(:‘ in

limited use \\'hcn this booli was prepared. _-'\C(.'t_‘l-it-I to .-\'l'& T's Switcliul 50 sc|'\'ii:e is

ol)t2IinL‘d by tlialing 21 ‘TINT number. \\'|1ich \\".|.~: m'ui|al3lc- in {)\'('_'‘i' 10!} L15 cities in

c:n‘l_\' 1998.

Rzitt.-:: fun" lca.~';i:-u;l—lim: digitzll 3:‘-L’I'\’i(‘.(.":‘~ are lmsecl p1'im:n‘il}' upon LllSUlI1L‘{’ and

tmnsn1issir.m speeds. This types r.)fdi_i_rital seI'\'iL:c is i"ll_)I'I'I'1i1ll_\' (‘mt ci‘l1rcti\'c for high-

\'()lL.lI‘I'I(.’ ll!-‘.L’i".:i that multl jus1*.il’)' th:-_' l'XI‘1I_’l1f-EC ussqmrizttccl \\'ltl1 :1 £l(rt.liL'.tItL?(l

L‘:JITlr‘I‘Il1i"llLti1tlv:inS l}1cilit_\'. In c:.m1pan'i.~;mi. pi-i::in;_{ for .*i\\'itL‘l1t‘Ll 56 l{l1p::; st‘:-\=icLr is

LlSd,’~_{l.'.’ S-‘il_’l'}§-ill.'l\'L', lTd::iL'Ll on both Ct')I'lI‘IL.’L‘tl()l“I L'lL11';s{'im1 :1n(l LllS[Ll1"lC(_2 l}(_'t\\'L.'(.‘I'i t'.:1llin_g{

ancl (_‘L1ll(.‘Ll p'¢1rtic.~;_ l-)Lll_' to the cost of tliil-5 E~‘(.‘l'\'lC{;‘. esselltiiilly (_‘.0l‘1'i:S}'3{)l1(.llHg to t.l:~‘t1gL*.

it is z1tl1'2lL‘ti\-‘c. for ranch :il)l3li tatinnsz as the l):1cl(L1p till‘ L‘1'itic21l DDS amd rlll lines.

peali-lime n\'cI'lu:1Ll 11.~‘.z1;5(- tn trlimiI1a1tt: the I'u:Ci:.x':'4it_\' 0|’ ilmtalling Lltltlllltlllfll lcnsetl
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digital circuits, and infrequent activities that may require a high data rate, such as
still—’Ertiine and l'u|l-motion videoeonfereneing and laesimile transmission.

Terrninal access to the DDS network is atreomplisheel h_\' means of a digital

ser\'it‘e unit which alters serial unipolar signals into a form of modified bipolar

signals for transmissitm antl returns them to serial unipolar signals at the reeei\'in,s_'_{
end. The \'a1'iou.s t_\'pes of ser\'ie.e units will be tliseussetl in iletail later in this
section.

Digital signaling

One of the most critical issues to be atlclressetl in the design of digital transmission

facilities is the method b_\' which binary data will be emtocletl as signal elements for
transmission. "l"|'ie selection of one eneotling method over anotlier atlzieets both the

eost ol’con.=:tri1t:tiiig transmission facilities and the resulting t|ua|it_\' of transmission
obtained from the use ol‘ such facilities.

pre\'iousl_\' intlieatetl in Etieetion l.3. there are a number of (ll_$_{it21l eneotlingg;
techniques eommunieations carriers eonsitleretl prior to seleetim; _—\ltern-ate Xlark
lnversion (AMI) with a 3(J‘.’-"ix LlLlT._\' cycle. lts selection ('.lil'l'lll‘1&'II€‘.Ll high frequene_\'

components of a signal that eoultl interfere with other tmnsmissions. and
eonee.ntr:ite.tl power in the mitltlle of the transmission bantlwitlth which minimized
distortion. In addition, as a bipolar si_e,nal it prevents tle \'olta;__re buildup, enabling

transfornier coupling which in tuI'n permits both power antl signal to be iiarrietl
over a eommon cable. and separatetl to power repeaters on a span line. .-—\lI'l'|l}Ll{{l‘1
:\.\'Il was well suited for its intentletl purpose. it is a \'er_\' simple moelulation

technique which uses unibit IL-‘I’1L‘()(lin_g, where one bit is packed into each signal
change. This means that a T} eireuit operating at l.5-H Xlhps requires the use of
the Frequency spectrum from U to 1.544 ;\[lIz, resultintt in a in-aximuin
transmission distance of noon feet prior to requiring a repeater to rebuild the

signal. Altliougzli .-\.\ll is still widel_\' tleployctl. its tramsmission limitation resulted
in the clevelopment of [--ll)SI_. p1'e\'iousl_\' tleserihecl in Section 4.‘).

\\'hen using a bipolar transmission methotl such as .—\',\-I E. a hit error oeetirs in the
form of :1 bipolar violation. "|'hus. let's turn our attention to this topic.

Bipolar violations

Bipolar transmission requires that each data pulse representing a loeyieal one is
tramsinittetl with alternating pol-arit_\‘. _—\ \'iol;-ition of this rule is tletinetl as two

sue.eessi\‘e pulses that have the same polarity and are separated by a zero level.
A bipolar violation indie-ates that a bit is missing or miseodecl. So1m- bipolar

violations are intentional and are inelutletl to replace a long st1‘i11g of zeros that

eoultl cause a loss of timing and 1'eeei\'er synehronixation or to ti'ansn'1it control

information. Iiigure 4.82 illustrates one example of a bipolar violatiori. l’i;_rLi:'t.‘

-l.82{a) shows the correct erueotling of the bit sequence (.l|l'll(llUl{l using" bipolar
return to zero signalingz. in l"-"iggtire —l.82(bJ, the third I bit is encoded as a net_,ati\'e
pulse and represents a \'l(JlLltlt')!1 of the bipolar return to '/.eru siggnaling technique
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Figure 4.32 Bipolar violations. Two successive negative or positive pulses represents a
bipolar violation of a bipolar retum~to—zero signaling technique: (a) bipolar coding of data‘,

{b} bipolar violation -__.l

where "ls are ztlternately eneocled as po.~3iti\'e and negative Voltages for detinctl

periods. In Section 4.1]. we will e_\amine sex-'eral methods used to develop bipolar

\'iolations that are used to maintain s3‘11el1rot1i7,ation when at string of eon.<set'.‘t1ti\'e

zeros is eneotmtered. Tltese methods are commonly-' referred to as zero suppression
codes.

DDS structure

DDS facilities are routed from a st:b:;eriber's location to an ()fh'ee. Channel Unit

(OCL7) located in the. carrier's serving central office. friinee there is a \‘ariet_\' of '
multiplexing methods that ean be employed by at commtmieations e2u‘1'ie1' to

combine [3135 l"aeilities onto at 'l'—e:n'rier, let us focus otir attention upon two

methods that will illtlstrate the relationship between l)l)S and El 'l‘l circuit. liigure

4.83 illttstraites the mtIltiple.\'ing E1I'I‘:-lI‘1_E{L‘I'I1L‘.{'1T within an .—\'l'&'l" set'\'it1;_{ central

office that supports DDS tI‘:1nsmissit.m at 0,6 kbps and 56 ltbps.
illlti: data st:r\'iL‘e units (l)L‘5L.'s] at the St1l)st:1‘il3c1".~: loetttion etm be \'ie\\-‘ed as

‘digital modems’ since they motltllztte the unipolar sigma-tl 1'ecei\-"eel from data

terminal et]tIipmei'it, inelutlittg t.‘.omputeI‘ ports, mL1lti[“Jlexe1' ports and ti-.’t't'nimtl

porn, into id |'I']()t.lli:lLt(_l bipolar signal stlitahltr for tI'211‘tsn‘1lSSiort on the DDS l'!t‘1f\-\'()l'l-i.

()1'i_ginall_\'. 3-‘sI."]')}Il‘:itL' Cltannel SL‘I'\'iL‘(‘ units (C5Llt~;) and [late service units were

reqttired to irttetltlee eqtlipment to the DDS nt;'t\\'orl(. Toelay, most vendors

manu|’;icture l')."'-SI‘.-s that, in effect, combine the funetitms performed by separate
DBL}; anal (I5-i[.Ts.

The user 'l"l)}Is shown in [*‘iq,'t11‘e 4.83 illustrate two methorzls by which end-

ttsers can transmit data to maximi7.e the data l1'<1l‘I(llil‘lg' capacity of clifferent DDS

fae.ilities. The user 'l‘]").\.l sltown in the upper left eorner of liigure -LS3 illustrates
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Figure 4.83 DDS multipie:-ting arrangement

how d$'_\'I'1-‘..‘}‘II'()I'lII)LI:?. [1":1l1SI‘t‘|t.'-‘sS‘it):'1 Cflll be .~;upported on DDS which is an ‘.111-
sa}'nc|1:'o1tot1s Ll"¢1t’ISl"I1iSSi0I‘I facility‘. In this cxettnple, 2400 bps £lS_\-'l'lC1'1I‘(J'l'|t)L1S data
sotlrctcs are mttltiplext.-d into at 9.6 kbps s_\'nchrnnt)t1s data .~;nt11‘ce for tr:1t't.~:rr1i:;s;it'Jt1
onto DDS via the use of a D81.” operating at 9.6 kbps. In the 1m\'e1' lctt portizm of

Figure 4.83. tire ‘).(t1<1‘:p.~s a1.x‘_\'m‘h1‘o|1I>1:s or s_\‘nt‘h|‘onnus cl-eta sm11'ces< are

mttltipltrxtétl tn: obtain -.1 Shkbps .~3}'11cI1a'nnm1:a (Int-.1 t'2H.'L' suitable fur I'I‘:lnSn’1iSSiII)I1
on [_')l).‘.-3. In both exumplcee, one p11_\'sit:n| |)]')h‘ tzircuit is used to trm1smit nmitipltc.

It)fziL‘;11 t‘.|12In1’tL-.]!~: of delta.

The sigttztls truth the: I"):-'-'«[':: are tc1'mtnutcL1 into :1 cornphztnentary ufficc cltanttel
Unit in the S|3!'\'iI'l}_3,' (‘l.’llf]':'l] I')fI":L‘L‘. ["‘l'()l']"l lhct'e, tht.‘_\' cntL'-1‘ intn 1| lT1ll||.'i]"}1E'.‘x'tI"l}.{

hiL‘I'm‘:_‘I't_\' which may t.‘tu'1'_\' \'oit:c as \\'IcH 11:4 dat:-I.

Framing formats

{)m- of the mort: intcrcsatin_s_z aspicttts of DDS is tbc mnstmixttss Ltptm its t1'mts1nis.~‘.ioI1

mtc rcsuItin;_: from the Fo1't11at.~; used to I:11CI')L']t‘. L1SI.’.I' Li-atat. [_7.~:u::' data tramsmitmd at

Sh iqlms is ittcu.-:.::eed to :1 D50 64- kbps data rate at the QC L", and that Llmittc inserts

§_II'HL1pS mltrzisting of est-\'m1 hits ol‘ L't_1Rt:)I‘n€I' data: into an 8-bit byte as illustrated in
["igzt:|‘t: -LSJr(a]. In this trttctatlittg furmatt the control bit {C} a-Itidcd to e\'er_\' SL‘\'L'l'l bits
of trustmm.-r data is set met '1‘ if the byte contains i;‘L1E{1'tJI1‘It‘1'L11'lt'c1_ \\'bi1e-n \';u1t1cot""ll‘

imlic-atc.«' that the b_\'tl' L:-:mt;tin.~‘. network ttnntml data, stitch :15. idle or m:1i1ttcnancL'
C(JL1(:E-i or ctmlm] il1f(J|'fi'N|Fil’}I'I. Hittttc at 1.3950 sigmll resttlts in Thu‘ T.l‘1-l11SI'|'IiSSiUI'1 0|‘ an 3-
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«at BBB

(bl mm-Ia
U U1

mww EIIEEII

we nmmmmnmn

mu nnmmmmmn

H

O '-J

Bvte4 fl

Bytes E

Figure 4.84 DDS framing formats: (a) 56 kbps; {D} 2.4. 4.8. 9.6 Kbps; (C) 19.2 kbps
(F frame bit, D data bits. C control bit, P&EC parity and error correction bits)

hit b_\'te 8l)l}{J times per S€'.CU!1(_'l, this frainin;',r fcarinztt I't‘.$L1lT.S in 8 lthp.~: of c::.)ntrt)|

l'>i1's bt-zing acltlecl tn the 56 kbps L‘LlS[('Ji‘I'tt‘.l‘ data rate.

The L"()1’1.‘iEl'L1Clit')I’t 0|‘ I).‘5{1::ig11;tls from the 2.4, 4.8 and 9.0 l\‘l)p:<. DDS s;L1l“:1'-ates: is

illtistmtetl in l_"i.£_{llI‘t'. -l.84(b). A5; imlie-ateti, cus;tnrner claim is inserted into 8-hit bytes

with six bits of user tlatai fr'.iinetl by 21 fratrne hit (I7) zmcl :1 etmtml hit (C). ()nt‘e 2.4,

4.8 m‘ 9.6 kbps D US data Strczims are fl'ilI1'li_'(.l, 0119 oil t\\'t) I'I'IL‘l.l'lU(lS is Ltsecl to [1l{:iL‘t‘

the framed data tmto 21 [D50 chtmnel. \\'hen ‘h_\'te s;tLtt'fit1g' is used. the frame bit is

set to ‘1’ :1I1L'l the L‘L18t01'1’]t':1‘ ILl'¢1l'J z-Ire rcpeateti the 1‘t:quirccl numl)er of times In c1'cz1tc

:1 (34 kbps DESI} signal. Thus, the 8-bit byte Ct)nI:1iI’Iin_L‘, six bits of :.1.~'.e1' data is

repeated at 5. I0, and 20 times to en;-tble 0.6, 4.8 and 3.4 ltbps |_)|i)S tlaitzl tn ht:

placed on al 64 l{l)pS t:hanne-l. \\'hcn the F bit is set to ‘l‘ the fmnnt‘ l:UI'I'E'Idt illtlstmtetl

in I’igLt1'e -l.8—'l(l)_}, is :'efc:'I'ctl to as :1 l)t5(.J—.—\ format. 'l'hu.~;, USU-.-\ tl-um L.-an l)_\'pass

the first level 'I'D.\l illLIl-‘~tI‘dt(:t.l in l~‘i_Ltl11't‘ 4.83 and ht: Fed LlirL*L‘tl_\' into the settc.n1tl
ll.i‘\"(’l 'l‘i.).\l.

The SL‘L‘.t'Jl'I('l I‘t‘|CIl1t)(l of ])l'cl£‘i1‘I}1_ 2.4-. 4.8 or 9.6 l{l)I‘}E-3 II)D.‘3 data onto -.1 [).‘S(l clmnntrl

in\-'t.)l\'t;‘S Tl1(_‘L1St‘.t_)fTl1L‘ l'lI'St lt‘.\‘t:l 'l‘l )i\l illttstnllecl in l‘li};_{L1t'I: 4.83. “'l'tct1tl1ist)t:t:tn'5,

l‘i\'t: 9.6, ten 4,8, or t\\'t.'nt_\' 2.4 ltbps I"m'n“1attt-id sigltttles are mtlltiplext.-tl tmtn at single

USU channel. Tu (_ll5-i'fil'|L{|.1l!-‘-l'l htrt\\'een the rept:a‘t.ing of tin: S;iITie Llatttt rcbtttlting I‘1'0m

byte .<'.ttII‘ling dI1(.l the mtlltipltrxing til‘ LliffeI'L‘nt DDS :<i;.;t‘|:1lR. the l'1‘ttn‘1ing_{ bit is

ellteretl fI‘t'11‘n all UI)i_'t-I in l)_\'te :-i1fLIl'll'lI'Ig tn :1 b‘«LIl)I'iI1”l.' llI"cIi'T‘Ii!“1lL_{ pattern to intlicate multi-

ple-xiiig of tlifferent D [)3 data .~:ou1'ces. \\-"l1u.‘n this |‘rzm:1in_; pattern nceL1r.~.:, the

I‘L"SL1l1Iit‘l{._: f1‘:m‘iin,r_r ftmnat is re|’erretl to as :1 I330-B Fmmat. ()lwiuL:sl_\'. DSU-l3
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WIDE AREA NETWORK TRANSMISSION EQUIPMENT

more effieietit than I):-'a{}—.~\ i‘m'inatt'i11;g as the hitter wntlld require 20fm'n1;1ttingi.~:
hih: the further \\'tml:.l rt-quire

l'J‘.'r3U channels In transmit t\\'ent_\' 3.4 khps Si§_{l1‘¢llS. \\'

only (‘me Dlfit} (_‘ht1nnt*.1.
']'he intmduetiun of |‘).3 libflfi I')D.‘_% 5-:eI'\'iCt' reqizired at suhstatntiai f1'amin;,r

fm'nuIt eh-tm;1_'e to accommntlate this thtta rate. .-\s illtistrated in I-‘i_:_:t|i'e +.S4('c), five
L1 to t:ur1')' 19.2 khps ::ustm'ner tiara since three bytes are used forhytes are n:qui1'e

etiun fumrtiuns. In this fmrnitig forrmit the frzinie hit in eachpa11'it_\' and et'rn1't‘m‘1‘e

b_\'te ("hit I) results in at ‘O1 100‘ 1'epe:1tin;_r pattern. '|‘\\'e]\'e hits of CL1;-:tt'm1er tletta am:
phteed into two six-hit _L{1't'Jl1ps-‘. euntninetl in bytes 2 and 3, 1'esu1tin;,r in 12 {IEIILI bits
be.in_;: em‘rietl in e\'er_\' fi\'e—h_\'te g1':>up of +0 bits. Thtts, the use of the (H khps I.)S(l
eh-tmne] pmtltnees an eiTeeti\'t.- data rate of (14 X 12,141}, or 19.2 kbps.

Signaling structure

_-\ mmlilied hip:J1;n'sigm|1in;_;r STl‘L.IL‘['11I't.’ is used on D|).“% fattilities. The rmrditicattiutt
ti!‘ return to '/.em .~;igI‘I21h11§_{ results in the i11serti:.m oI‘7.e1':.: .~;uppression unclesto hipo]

st1‘ing_=; of six or more zeme is enrcotmtered.tn mztintnin synt‘I'n-ntiimtimi \\'1'1ene\'e.i' at
(I}ther\\'i.~;e. repu.--titers on the span hue routetl hetween the L‘.'r1!‘t'iEI' office mid the
ttttstemer may not he able to nhtnin elnt:!<i1'1;___{ frtmt the sigllztl zmcl enultl then lose
s_\'r1c:hrmii'x_atimi with thesi_1_rm1l.

To ensure A minimum ones densit_\_-'. at 2.4. 4.8. 0.0, zmcl 19.2 khps ;m_\' seqttcnee

0|‘ six etmsettutive zems is eiimcled as U{l(}Xl.'} \\'herc

U tlenntes U \' tI‘2I1'is:11itt't:t1 {hin:|r_\' U}

.»\' denotes at zero or + nr —- ,-'I Y, with the polarity determined by L‘0l‘l\'€_‘l1ti(Jl‘I2l|
hipolair ending
I" denotes —i— nr — .-I \’, with the pulm‘it‘\-' in vioiatimt of the hip(Jh1t' rule.

l*‘igL11'e 4.85 illustrates the zem :-i!.1[)p1‘l.':-‘it-‘.i()I‘I seqtlence List-Ll to suppress ‘:1 string of
six t_‘0I‘It-‘~Ct.‘Llti\’(‘ '/.ei-ms. F01‘ 1'1‘-.msmissi:'m at 56 khps, any seqttentte of St.’.\'€11
emiseeutive '/.e.rus is enmdetl as U(}{J(lX(}I-".

Fnrmnt; 000309‘

Utilization

last binary one negative

000000 encoded as:

last binary one positive

000000 encoded as: 
Figure 4.85 DDS zero suppression sequence
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Timing

l’rct‘i3e s_\'nchronizatimi is the lie)‘ to the sticcess of an z:ll—c.ligit::l |1t_‘l.'\\'()I'l§. '|"imin3._»:
t-nstircs that Liam bits Me gent-reltetl at precise inte1'\'21l5, interlczavetl in time and l‘L‘E1L'l

out at the rec:-i\'ing end an the same interval to pren=_-.nt the loss or gmrhling of claim.

To uccmnplisli the m-'-.t:c:=.<s:1r_\' clock .~;_\=nchmnizatitm on the .«\"l'S:'l‘ (_li§_{il'1:ll

nt:t\\'oi'k, -.1 master clock is usual to SLl1')p]_\' A |:ier21rc.l1_\‘ of timing in the T1L.‘t\\'t)1‘lx',

Shtauld :1 link to the mam-tux" (.‘l(.)t‘.l{ fail, the nodal tirningz stspplies can upccrattr

indcpenclently for up to two \\'L‘.(;‘.l(S witlmtit [.’X(.‘t'SSi\'I': slippzigt‘ during lJl1l':1,L1_’(.‘r-Ta. In

l*‘igL11‘t.‘ 4.86, the l1iCI‘e1rcl‘1_\_‘ 0|‘ timing .~';L1]’)plic:'< as linked to .5\'l'&'l"5 T'l'ld.\‘I't‘I' I‘L*fert:nL‘t'

{.'l(H.Il< is illustrzitecl. As shuwn. the E%L1l‘J$-‘»_\'t«stL‘I'I} is 21 trcelikc m:t\\'u:'l< t‘<mtainin;.z nu

t:In.~strd ltmps.

Hester
reference
clock

 
 
 

Nodal

ti minq
supplies

Local 11‘ mi ng
supplies

Figure 4.86 DDS timing subsystem

Service units

\\'hen DI.')E% xx-"ans ii1r:'r:dt1i;t-ztl, both a elmnncl f:i{.'1‘\-'i(.‘I’;‘ unit (_CSL') and 3 data ::cr\'ict'

unit ('DH[_'} \\'crc rt-qLIi1'cr.l to terminate £1 D138 lil'IL’.

The l'J1".i[..' t'(m\'t:rt:< the Signal froth tlalt:-1 tLrrmiI1:1l (;t]uipn‘u.-‘nt into the l)ipt.Jl;!I‘
fornmt used with DDS and '11 facilit'ies.

The DIJS I‘r121.~'.tcr I'efcI't‘t1::e L‘l{3Cl\' is an 21t()‘iT1iC Cl()Cl-Z that is ittrtttlmte 10 U.U| p':i1't

pt-3:‘ million (PP_\'l}. This: clr_)t‘l< \\'a.~‘» i1"ISt£lllI:L'l l3_\' A"l—‘&"‘l‘ at llill5bt)r:;), .\'[is.~:t)u:'i,

\\'hiCl‘| is the ,<1ctJ_gr-apliic ctintt.-I‘ of the L:‘!"1i1.'('.(i 3"imte5s and \\'l‘m.<c lmtaltinn L‘l'1S1..lI'(_‘.S :1

minimal \‘::l]'i2lI1L‘(_‘ in p1'upt1;_v2itiun {l(.‘lk1_\' time he-t\\'een 13135 tmdcs ctmnectetl tn the
t11E1S1'€I' reference clock. The 1m1.~:tm' ref;-renrse L‘l(J(_‘l( oscillates: at :1 rate lmown as the

l'Jz1SiL‘ saysteni reference freqtiemsy and is the must il(‘.I.‘.l1I'E1[i:‘ of three timing satatirecs

Lmtrtl by tligilail llicilities. The uthvr two snLm:es ml" timing irurludt: (ill:-lI’tI‘lt"l lTaI’Il(E-3

and loop timing \\'|1ere ch':::kit1g is t)l)I11iI1(-:L'l froni 2: high speed t‘iI'(.‘.lIit.

'l'ht' DESK interfeiee to the [')"I‘l-I is !cIL‘.COI‘I‘I|.)li!:1l'|l3(‘l by the use nf at ::teu1da11'd 25 pin

I*l],—\ RH—232;’\".2-l female connectm on the 2.4- lchps to 19.2 khps units. The

 
 
 
 
 
 
 
 
 

 

 

 

 
 
 

 
 

 

 
 
 

 

 
 

 

 



 
 

 

 
 
 
 

 
 

 

 
 

 
 

 

 

WIDE AFIEA NETWORK TRANSMISSION EQUIPMENT

Table 4.38 DSU interchange circuits

RS-232 interface {DCE) v.35 interface (DCE)

Pin Signal Pin Signal

1 Chassis ground P Transmit data (A)
2 Transmit data 8 Transmit data (B)
3 Receive data Ft Receive data (A)
4 Request-to-send T Receive data (B)
5 Ciear~to-send C Request-to-send
6 Data set ready D Clear—to-send
7 Signal ground H Data terminal ready
8 Carrier detect E Data set ready
9 Positive voltage B Signal ground
10 Negative voltage F Receive line signal detect
15 Transmit clock Y Transmit timing (A)
1?’ Receive clock AA Transmit timing (B)
20 Data terminal ready V Receive timing (A)
24 External transmit clock X Receive timing (B)

U External transmit timing
W External transmit timing
L Local ioopback
 

wirlizlnaml. 56 kbps LiL"\'iL‘{_‘ iitilizcs -.-1 3—l pin l"l‘L.‘, \'.."-:5 {\\'im*.hcstcr) tom-t-ile type
connector. 'l":ri.1lc 4-.38 lists the RS-232 and \'.3S int'e1'cl1:ii“1ge circuits cmmnoiily-'

LlSL'Ll by most I).‘ri1..'s. Hinr:t.- l'J'l‘l€s m'L'- nm'rmill_\' uttaclictl to the 1).‘-¥L_, thc l21ttt:i"s
iiitci-face is imrmzilly cont'igLii‘u;-Ll as data cornmtinit-ntions cqtiipmoiit (DLIIC) by the

' .- I'|‘lL1‘l‘1i_Iflll_‘Tl1I't‘_’1‘.
_ l Prior to rlero_:_rLil-.-ition, the L"?-'a1_' was Dl'()\'i(iL‘(i by this communicatirms l_‘1:1I'I'il.'l',

._ \\‘hilu the l")Sl...' coulcl his ohtainul from the cztrriur or front third-p-.1rt_\' S('Jl1I'C(f5.
ll 'l'his 1'csi.iltcd in an t_‘I'|{.i-LIEU!‘ ccinnectioii to the DDS no-t\\'ori; similar to that

illustratct.l in I'l‘lI.‘. top portion of l’igL11'e +87 \\'l1{‘.I'L' the CSL' T.'l‘_'l‘1"i'llI‘l'dtt:'(l. the carrier's
i‘our-wirt* loop and the l)Fi[i was ca-ibled to the C51,’. In this ct)nfi;:Liratio1i the CS[_'

l tt:rmin-att.-s the cm-1'ie.i"s circuit, In aitldition, Eli si_-paratt- CSL' was designer] to
I pcrl'm'm si,<__rn:il raga"-.i1o1';1t'ioit. 1T|£_‘Ji‘llt(')1‘ imtomingz signals to detect l'aipr;l-an’ violations

and pusiloi-in remote l(JiJ}‘!l)':1(.‘l§ rusting‘. l:'it<:i‘f-.1cinsg hem";-on the DB1." and C.‘.'iL.' is
nccomplislieul hi" the use of at I5-pin llrmaile I)—t_vpe t‘oni1cctor \\'hich utilizes the

1“-mam] tvisted—pair Hire
Equipment

1;.-mine} twisted-pair vi re
Equipment

Figure 4.87 DSUXCSU connection
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first six pins, \\'l1¢:i'c pin 1 is signal ground, pin 2 is ‘ci‘l.'i1tll>i iI'lLli(‘.i‘Il.'(Jl‘, pins 3 and -l- are

the receiw: {~‘i}g[l‘Ifil pair, wliile pins 5 and (1 are the triinsmit sign:-11 pair. '[‘:.>da}' must

ctinirniiniuitiuns L":1l'I‘i(.‘l'S and ll‘1i1’Ll-pdl‘t_\' \=cmlur.~‘ i‘m:11Lif-.ic1Lii'e Cl'JrT1i)i[‘l{?I.l I)Hl.'f

C5L.' de\'icc-:4, in1eg1'-citing tlic ilumgtirms of both tli_'\'it_‘L'5-‘u intn tl cmiiiiwn l‘IOLISi|ig

wliicli is p:J\\'ci'L*£l by :1 cumnmn pmw.-1' .~;Lippl_\'. 'l'l1i: lmnrr pr.)1'tirm oi’ ]’i;__:;L11'e -L37
illi1str:=uc'-5; the cminectiun of £‘I'ltl~Ll:-‘-Ci’ 1't‘I'I‘I‘IiI'I'c1l i.-qiiipmcnt in l)l)f'.i iiraing a

ca'>1‘:1bim:d T)!‘-§l_"i’CHL' unit.

DSU/CSU iesrs and indicators

'l"hruugl‘i the Lise of inrientimia-il l*iipul-L11" \'ir.>lati<.ins, the lJE'3L.';’C.‘5L.' can ,-_zem==1';1t<: 21

rcqiirsst to the ()C[.' for the limp-lmck of this n.=cu:i\‘ed signal (into this traiiisiiiir

circuit or it can iiilerprel DDS nu;-twm-lc cmiizs and illmninutc 1':-.lc\-'2: nt i|1Llii..‘i1t(Ji‘£-3 on

the (.llf\‘i(Jt‘. \Vl1e1‘i i'.'l’II_’ l:')<'J]‘i-lmck liiitmn on tl'!(‘. i-)S[.';'{L'SL.- is ]1I'('.‘.‘3'{'§L‘Ll. this di;\‘iL‘.L‘

will gi:i‘1t'-.i“.11'i': f:'>L11‘ SLiCL‘.(:SSi\-'{: I'(.‘}"J('_'titi()l'lS-‘i (Ii: the .~;cqLi<3nCc (If3(l_-“.3 l’, \\‘l1L'n 0|)Lri‘:Itil1g

at clam rates up to 19.2 kltips rir _.\-'l'iBU_\’Iil-' at 56 kbps, wlierc

B clenotcs -l- til‘ ’.-“Ti V, with the p(Jl'c1I'it_\' (lt3t('I'I‘ninL'Ll l)_\‘ l‘Ji|')()l:lI' (‘.t)Liil)g Fm‘ :1

bin21r_\' 1

.7\’ Llt’mJti;‘5 21 U V i-0|‘ L:0i:liI‘1g of l)inaI‘_\-' U or H, iluptriuliiig upon the i'cqLiii'i:d

polarity of 21 l.1ip(_ll£Il' \'iol:iti:.ir1

l-7 Llenoti;-55 + 01' — kl V‘. \\'itl‘i flu: |)l')liH‘it_\' LlL:fL‘I'mim.*Ll l')_\' tlic L.'m_lin;_{ Hi‘ ii liipiiliir
\'i<'ilatimi

N dem.ites :1 (Ir) not care i;r.inditir_m \\'l‘|I.’.i‘L’. this coding for :1 liinm-y 0 Eli‘ l):[I1'r.1r_\- I is

':1CC.L’}_‘it'<1l.)lL‘

ln I3i_I__{I.1i't‘ 4.53 the l_)[')E'5 lr_mp—l321(tl\' 6-bit Si:q{ii.‘nL‘(: is illlli-‘-tI'L1t(.‘Ll ill)!‘ Lidtfl rates 2:1‘

or Lll‘iLlt‘I' l9.2 libps. .\"otc that the S(’(]li(FI‘l(.‘L’. I'I‘1l!‘i!:‘-t‘I1ittctl is ¢.lvp¢.-ndcnt upon \\'l'IL‘tl'i('_'1'

the p1'e\'imis bin:i1'§‘ 1 \\-'-as t1'2Insn1ittcd as :1 p¢.isiti\'L- 01‘ nI._‘}.-f2lti\'(_‘ vnimgc.

Otlier l.')l[J(JlftI' \'i<.ilatinn scqL1r.-.i1ccs LISI’.-’.(‘l by l.)l._).‘5 iiirludc an i(.lll..‘ scquericgis wliii;-li

inclicatcs that a DTE does not l'l'c1\'L‘ data to transmit. am mir-of-.~;cr\'icc sI:qL1cni_‘c arid

an mit~of—frz1mi: seqL1i-slice. The idle scuzlm-:i1i:.c is gciicrnta.-ii l))-' the l'):'S[.7 while the

nLit—0f—sci'\'ii;c and <iLIt—nf—f1'21i1iL‘ snrquciiu.-s imlicaitc :1 pI'()l‘)l::n'1 in the D[I}t'-5 nerwnrle

last I positive 0

HA

last 1 negative 0j: 
Figure 4.88 DDS ioop-back sequence (data rates up to 19.2 kbps). DDS loop-back codes
are intentional bipolar violations



 

 

 
 
 
 
 
 
 

 
 

 
 
 

 
 
 
 

 
 

 
 

 

 
 
 

 

 
 
 

 
 
 
 
 
 

 
 
 

 

514 WIDE AREA NETWORK TRANSMISSION EQUIPMENT

and are generated by the 1'1('_'t\\'Ell'l\' and used by the l.):-EL‘ to illuminate an

apprupi'i-ate indicator on the Ll£.'.\-'l(.'{.'.

DDS H

l)urin_e; l*)«.\.’8, .—\T&'l' introdtlced 21 new versinii til’ its l)l')S facility commonly
referred to as DDS ll. One of the I<e_\= advantages of Dl).‘*i II is its capabilit)' to

provide a diagnostic channel almt;_.f with the primary subr-ate channel. This
cliagmsstic channel is obtained thruu_s___:h a mtidificatam to the framing used h_\' [3135-3
and requires the use of special D81." _i’L‘.!-a'L' that support the new channel.

Thrriu,gl1 the use of l) US l l, end-users can perform nr_:n—disrupti\-e testing or use
the channel for nt‘;t\\'()1'l{ managen'ie.nt purposes. The key to obtaining the ability tu

derive a seenn:;lar_\' channel on l')Dt-3 is the use of the network control or C bit.
ln crinx-cntinnal DDS the C.‘ bit, which is hit. eight in each DDS 8-bit hyte, is

transmitted as a binary one whenever a D'|'li requests access to a channel by
turning its request to send (l{'l"S} si,c_tna| mi. \\'ith the C hit C(.‘1I‘tl'l1'1l1(JLl.\‘l_\' set to a one
the D'l'l'.-I can transmit an unrestrictecl stream of data to include continuous zeros

since. exery eighth bit will be autun'1at'ically set to a £)l}(_’. By r<>hhin;,r this bit mice
every third byte. A'l‘8;T established a \-'irtual path for diatznnstie use.

The diagnostic channel data rate for Sf: l{l')}').9- DDS ll is obtained by multipl_\_-int;
the full DE-ii} rate of 6-} lthps by I I8 which represents the C‘. bit‘s pnrtimi of the 1):"-El")
rate to obtain 8 ltbps. Next, since the hit robbing occurs e\-'er_\' third byte. the

_ resulting: data rate becomes lilltlil X 3., or 2t')(i{i bps. Similarly. clividimz, 2606 2,-*3
il" ‘ bps h_\‘ the number of 19.2, 9.13, '-l-.8'nr 2,-l kbpis channels multiplexed (mm a l').‘-"it"!

channel results in the clia;_};nostic data rate for D [)5 l] at those data rates.
.»\"l"C\"[‘ added diagnostic channel capability thr0u;1hnut the l)l'J':'i t‘]t'T\\'()rl(.

_ _'—\ltl“1(')Li§_1_l‘I older ]_.)E'iL.-_."lIC‘l";L' devices can support transrnissitm on l)l').‘5 ll, tlitise
' = dex-ic-.es cannot supp-:irt the. use til‘ the t‘»t_‘L‘.(J1'1Llk11'_\‘ channel capability provided by this

mnclificatinn tn DDS. Tr; do so requires the Lise rut" newer l)SL.',»’L'ISL.' L'le\'ices that

suppm't the multiplexing of diagnostic data nnto e\‘er_\' third C bit position.

i Analog extensions to DDS

' l .-\Tt"3cT pi-nvides art 83 I .-'\ data auxiliary set which allows arialngg access In D IDS for
customers located outside the [JDS scr\'icin5_r, areas. The 831A connects the 17.].-\

RS-232 inte.rt}ices between a data service unit (5{lU.—\—t_\'pe) am] a \'u:iice—hand data

set or modem. Tlte 831.5; contains an 8-bit elastic store, control. timing. and test

circuit.s which allow loop-back tests toward the digital network. The elastic store is
i a data l)uft'e1' that is required by the l')HL‘ to receive data l’rom the modem in time

with the ntmlenfs rceei\'e clock. Tlie data is then held in the elastic store until the

l)L‘il."s transmit clock reqtlests it. Thus. the buffer serves as a mechanisin to

uvercrime the timing: Lli|‘|‘I:1'et1ces between the clocks of the two devices. In the
re\'e1'se Lli|‘ectitm_. nu buffer is required when the D5l."s recei\'c clock is used as the
mudem's external transmit clock. \\'hen the modem cannot be externally clocked or

when one lJHL' is connected to at secrmd l').‘.-El‘ nr a l)'l'l:Z that cannot accept an
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Dotcl
service
unit lDSUi 
  

Computer

Figure 4.89 Analog extension to DDS. in order to obtain an analog extension to a digital
network, a device known as a data auxiliary set, which provides an interface between a
modem and a service unit, must be installed

external (‘.ii.)(‘i{. kt SL‘.L‘f)T"l[i elastic stm‘c will he reqiiirccl. Fi§_11l1‘{‘ -LS‘) illiistwtcs at

typiisai arming cxtciision to it DDS .~'.r.=1'\'icir1,§_v area.

Applications

(iiS{'LI>iE-§L‘(i in pl‘-;'.'\'int.ts sections, the requirement for I‘l‘l0ii£‘l'l'1:a' in an off-nut aiming;

extension Cfilliti m.-gate ;-1n_\' real savings, gained in utilizing DDS. .-'\ m:two1'i:

e:i'i'z1I1_:zcim'i1r in the form oi‘ Figure 4.90, on the other hami. I.Tt.llIi(i easily ':iL‘i1iL‘\-‘l..‘ the

itigit—|)icI't'¢.ii'i1121I1cL’ L.'i'l'r1'l'EtL.‘l'l;‘I'i:-iifiCE-i iIti1e1‘r;’Itt in 13135 \\'i‘riiL' t'L‘.(‘itIL‘in;_{ the <)\'i:t'2Iii costs
of c1‘t:21tii1;_{ t\\'ri indi:p(:nLii:r‘1t (iala links.

DDS city A DDS citv C

4
   

Doro
service
unit iDSUi  
 

service
unit (DSUi' 

Off-net city 8

Figure 4.90 Multiplexing over DDS utilizing split stream units. An inexpensive split stream
unit. or limited—funCtion synchronous multiplexer. can offer considerable flexibility when
interlacing into the DDS network
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Table 4.39 Spiit stream unit modes of operation 

DDS rate Mode SSU Channel Data Rate

1 1 2 3 4
9600 1 9600

2 2400 7200
3 7200 2400
4 4800 4800
5 2400 4800 2400
6 4800 2400 2400
7 2400 2400 2400 2400

4800 1 4800
2 1200 3600
3 3600 1200
4 2400 2400
5 1200 2400 1200
6 2400 1200 1200
7 1200 1200 1200 1200

2400 1 2400
2 600 1800
3 1800 600
4 1200 1200
5 600 1200 600
6 1200 600 600
7 500 600 600 600
 

1\r

Thisexz11nples1m\\'s the. List: of 21 device nmrketed by .—\'I ac
sntan1tufit(SSlU.WWu3H5L'isshnflartothernuhhflexm'huxwpnnuedinning“
nhsnlett: Bell Sys1en1 EU‘) clatu sets, in that the user can select \'zn'inus e.t'nnI,1itmtir:ns
tfi dau1transfin'taus on up to finn-indhidud ehanneh. up u)the|nuxhnun1

eupahihtytfitheIJIDH1ine.'FheE€SLip1ugstHreefl§'hutiflie[JSl7,uifl1opernHnna1
:-‘.L'l.'1i!'1f_{S :11 :_n1e-halfnr mie—qum‘ter the speeiiixzd [)I)h' tlntit rate. The unit provides
hieal hnap arul ren1ute hn3p testhig of each inch\ithJa! ehzntnelantd very effectively

1 lflts fl1e huur speed restflctunis ofl3[)S serviee.'Fahle 4.39 hsls fl1ec1peratknnd
'| modes cit‘ .“'¥t5'L's ciesi,n_r_ne.d For use on 2—H}U, 481.11}. 2-mti 9001') bps DDS circuits.

()f course. yet: can aim; nbtnhl n Varhny tfl’tnLfltfiflexers niuntuhetured in‘
hidependern eonuhznfieafinns venchns flnn can he used htlfluce of 55173 Since
DDS is 21 s.yneh1'tmous |1et\\':)1'k that operates at 21 se.1'ies of fixed data rates, ynu ealn
also ernplny multiplexers as A nu-arts tn uqmieentmte (late for etnnnmnieatisms over at
DIJS fine. You can aha use nufltnflexers uucnnven asynchronous data hum

s_\'nehrm1oL1s data stn-2|n1 that is emnputihle with the data thrmatt for \\'hieh l'.).‘-':L'.~s

1" which is I_“¢lHL’.(i'.1t'-ipiit

' are de.signe.t1.

Kilostream service

Altlmtnpgh British ']'e1<:t:mn‘s Ki|r.)St1'eat11 service is similar to DDS. thei'e are
se\'er:1l si;_mitit:-.mL d‘-lH‘t‘I‘L‘.!'1(.‘(.’S that \-\':n'rant l1iSL‘.L155-Ii£)l1.
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———————— —— > Transmit tTl -----
D — — — — — — - — ——< Receive {Fl} ---—— N

———————— --2» Control lCl ———-—
T ———————— —-< Indication (ll -———- T

— — - - - — — — ——< Element timing (Sl --—~-
E — - - - - - - * *- Signal ground (GI ----- U

— - — — — — — — —— DTE common return (Gal —-—-—

Figure 4.91 ITU X.2l interface circuits i

I

—— 8 bit envelope --—

BIIIIIIIIIII s

Figure 4.92 Kilostream envelope encoding. (A Alignment bit which alternates between '1‘
and ‘O’ in successive envelopes to indicate the start and stop of each 8-bit envelope. 8
Status bit which is set or reset by the control circuit and checked by the indicator circuit. I
information bits)

The British 'l'e|eci)m customer is pI't)\'i(lt‘L'l with an interface device which is
 called a net\\'orl< terminatintg unit {.\"'l'l..'}. whieli is similar to a DEC. The \"l‘l..7

provides an ITU iiiteitace for customer data at 2.-l. —l.h’, 9.6 or 48 khps to include

pei'foi'init1;_z data control and sL:pei'\‘ision, whiith is known as structured data. At h—l

kbps. the NTU pi'i.)\'ides an ITL' iitteitace for customer data without perfo1'mii1;_,1'

data control and stipervision, which is known as unstrtictured tlata.
The. ;\'TL_ controls the intet'l'aci.' via [TL-' reeommendation X..7.l. which is the

standard intettace fol" 5_\‘I‘tL‘l'll‘()nt')LlS operation on public data net\\-'o1'l<s. .—\n optional

\-’.24 llTtL'1T'dL‘[‘ is available at 3,—'l, 4.8 and 9.6 bps while an optional \".35 intci'fae.e

can be obtained at +8 kbps. The X2] lt‘lII;‘.I'ftiL‘.I.': is illustrated in I’igL11'e —l.‘Jl. I'll;-re
the control circuit (C) indicates the status of the t1':msmitteu;'l infoi'mation—data U1‘

signaiimz, while the indication circuit (1) sigznais the status of information 1':-.cei\'ed
from the line. The crmtrol and indication circuits ctmtrol or check the status bit of

an 3-bit enw;-.lope used to ft'}ll11t' six information bits. I
Customer data is placed into a (3 -3- 2 format to provide the signaling and control

i1tfoi'tm1tirm t'equii'etl. This is known as envelope encotliitg anti is illust1'-ated in
l’it:Lire 4.‘).7.'.

The .\'TL.-' }_1c1'fm'ms signal eon\'ersion, cltaI1;,rin;; unipolar !‘lUl'l—I'{'tlIl'I'| to zero

signals from the \'.21 ll‘Il'l.‘!T:-ICL‘ into :1 di|)l1asu;: \\'.-\l, 2 encoding tiormat. This

enstires that tlierc is no dc content in the sigznal transmitted to the line, pi'r_>\=ides

isolation of the (‘lt’(TI'l'{)l'li(‘. circuitry l_l‘0l‘t1 the line, and p ro\'ides transitions in the line

sitzttttl to (;t1z1l)le timin,t_{ to he t't.‘t.‘m'e.:'e(l :It the distant end. T‘.il':lc -l-.-l-ll lists the \"l‘L_

:.:peI'ational L‘.ll2ll'.'cl(.‘.f(‘l'lSl'lCS oi" Kil0.“.‘itl't'&lt‘t‘J.

The Kilo8tream network

in the l{ll()Stl'Ci1t11 net'\\'0rl(. the i\lTl is on a L‘1tst0mL‘t"S Drerttises are rmited via 21

digital local line to a multiplexer (J[)l:I'LilIil"1,L_' at 2.U—‘l8 Ubps. This dam rate is the

l§Lir0pean eL1L1i\‘2'|lei‘it ml‘ the Tl line in the L._nit{'(i States tltat operates at 'l.5¢l~¢l
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Table 4.40 KiloStream NTU operational characteristics .__.
 

Customer data DTEINTU Line data rate NTU operation
rate (kbpsi interface (kbps)

2.4 X.21 12.8 6+2 envelope encoding

 

4.8 X.21 12.8 6+2 envelope encoding
9.6 X.21 12.8 6+2 envelope encoding

48 X21 64 6+2 envelope encoding
64 X21 64 No envelope encoding
48 X.21 bisN.35 64 6+2 envelope encoding

2.4 X.21i"v'.24 12.8 6+2 envelope encoding
4.8 X.21l'V.2-4 12.8 6+2 envelope encoding
9.6 X.21N.24 12.8 6+2 envelope encoding

DTE NTU  —- 2.048

l -- Customer premises ---l -Digital ——— ll_ocoI telephone l Digital
local line exchange or tine or
system customer's rodio

Drernlses system

Figure 4.93 The Kilostream connection

;\-(bps. The multiplexer can support up to 3| data sources: and m:t_v be located at the
local telephone excl}-.m,;e or on the etistomefs prernises if trnlilie _iu.~:.tities+. It is
t_‘t)l‘II‘:f:t;‘U;‘.(l via at clieitzil line or 2: radio sy.~:ten'i into the British 'l't.-leeorn liilofitreani
network 21>: illustrated in I’i_gu1'e 4-.93.

L'nlil<e true C.‘.IrII"l", the 2.048 '_\ll3ps 'l'—earrier used For I'{il:_:.‘3':ti'em"n LI3:§L‘:~' 3| l").‘-ill

(_'l1;-'tnl1t'll-3. Norm:-11, ("l7.P'l" uses one channel for synehronization lframitig) anti 21

seeoml chminel for signalling. Since. there is no direct voice sigtiailirig on
KiloStrc:im_. time Slot "lo. which normeully woultl t‘all‘1‘)' that inforntation. can he
I.t.~it‘(l for daeta. I-‘tom L-1l‘i examimttion of Figure -l.‘~)-l, the l‘€11LlCl' will note that 2| Dlli

operating rule of 2.4. 4.8 or 9.6 lqhps re.~:ults in at line rate of 12.8 l(b}.1'_-1, wltieh is
precisely one-fiftli oi‘ the D30 64 kbps. Llillfd rate.

4.11 CHANNEL SERVICE UNITS

.—\ ehamnel :;ei'\-‘ice unit (C"SL') is J t,‘E‘.~t‘t1‘IT1L1nlL‘k1llUI1S tieviee Tlltll WI]!-3 tit.-\-elopetl to
terminate 3 Ti line in Nt'i:'tl1 .'—\me1'it::| and an El line in Europe. .‘-"aince al('l1lt£l .~:er\'ice

unit (l).‘%I_’) commonly ineittigles 2| built-in CSL‘. it is nattmal for mem_\' reatlcrs to he

eonlusecl with re.~;pect to the use and operating elm1':tcte1'istit‘s oi" C'.b'L.‘.~:. To allevizatc
this potential cmifttsion, let us; L'llSIlI1gLllE-ill between motlern stitntlailone C_'!'5L':a :l.!"1Ll
('_'H[.7:-: huilt into l)."5L's~‘..
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Comparison to DSUICSU

.\-Iodern C.‘-‘aL's clesignecl for operation on Tl or Iii tt'tIt1sn1issioI1 facilities perform

all of the functions pre\'iot1sl_\' (lt‘SL‘.I'll)L'(l in Section 4.10 for the LfE'.'aL' portion of ti

[.75U. 111 ‘cldtlitimt. a snmtlalone CSL' will F1‘-arne data for transmission on 'l'l;’l.§l

facilities and sttppress .~:trings of binary ze.ro.'s, which. if not suppressed, could result

in the loss of tiI'nin;_{ by repeaters on :1 'l‘1;’l:Il local loop betxveen a SLll)SCl‘ll)t".l‘ and :1
carrie:"s central olihcc .~‘.er\'ing the stihscriher.

'l"oda_\', most 'l' I I lil multiplexers. routers and other Llcvices that operate at 1.5-I-4

Klhpso1'2.ll-l-8 1\ll)ps int‘lt1tlL' an option for H htlill-in DHU. .-\ Standalone C51‘ is

thus required to perform line termiI'1ation lunetions as well as liramin;_;{ and zero

stippression. I*‘i;;r_ure -I-.‘.):'-t illustrates the use of C‘.".w'['-s in a T1 network segzment.

To understand hon" (.'.Sl_.7s operate, we will examine the framing structures used

on ;\7orth American and F_L[I'(J}1{.‘ElT‘I 'I‘—earrier facilities, as \\‘ell as several methods

commonly used to suppress strings of zeros. Here we will use the term ‘T~e.ar1‘ier’

to collecti\'ely refer to a T1 line ()}”)L.'t'titlI1_L’ at l .544 .\[hps in Nortli America and an

If] line oper:itin_x__: at 2.048 .\-lhps in Europe.

1.5414 Naps 
Figure 4.95 Using CSUs on a T1 circuit. A standalone CSU used on a T1 circuit
terminates the circuit as well as frames data. performs zero suppression, and recognizes
and generates alarms

North American framing

D4 framing

In North America. two 1'1‘-aiming tormztts are used on Tl lines: l)-l- and RSI’.

In North Arneric:-I the T1 signal represents a composite of 24 separate D."§t.l

channels. each I‘(_’pl‘L?‘c§L’I’:T.'iI’i;3; one l’(.'..\'l encoded voice signal digitized at (>-l- kbp.~:..

The 24 channels in a T1 signal are multiplexed in a round-robin order to ensure

each channel is transmitted in turn and that c\'er_\' channel receives a turn prior to

:m_\; channel recci\'in§.{ a second turn. To denote the begitiiiiiig of each sequence of

2-l‘ cligitiztrtl IJHU channels a special bit called the Frame hit is prefixed to the

beginning of each mttltiplexing c_\-‘cle. Since each l)S{} channel is encoded into a

l’(J.\-I word Lising eight data hits, 2-} D50 channels represents a sequence of 192 data

hits. The Full pattern of one frame bit :-mcl [92 data bits is called the D51 (tliglt-til

signal level 1) Frame and rcpresetits a total of "I 93 bits. Since SkITn])llI‘|}';’ occurs 8000
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A

fl@@1@IlE@I3I‘center!

I Frame = l frame hit followed bu I92 data bits ‘
Superfrnme = frames F1 through F12

  
 

EEEEHE
IIIIEIHIIEEEIIII

Terminal Framing Ft IIJIUIU
Signal Framing I’: not I I I]

  

Figure 4.96 D4 framing structure and framing pattern. The D4 framing pattern represents
the hex characters 8CD which are continuously repeated. (a) D4 Framing Structure, (b) D4
Framing Pattern

times per seeoncl, I93 hits x \’{}{}0 samples per sercrnnd results in the 1.5-H _\Ihps

ope1';1tiI1;1 rate of a Tl eireuit. As this operating rate include 8000 frame hits, only
the. remaining 1.530 _\ll)p.~; is -aetttally ztvailalale to the L1.se1'.

One of the nmst popular methods of I’a'ai11ir1,t_: the D591 signal is eelletl D-l framing.
This I’|'2:ming technique tnltes its name from the A'l‘&'[' D-l tJl'l':1|'ll'lL‘l l)£lI]l\' used in

that (‘.()T‘I1l11lll‘llCLlll()n:-; e:m'ier’s neI'\\':':rl<. l_='ntle1‘ D4 framing the Fmatte bits in 12

L‘()l1&-i(.'C|.Jl'lV'L‘ fI‘a1ne.s are ,(_{I'()1_l}){'Ll tt);_:ether to form El sL1pea'f1‘ame wlmse fnune hits are

used to form :1 l‘t"pt".JtiI1}_{ pattern. liigzure -I-.‘.J(: illustrates the [)-l- framing strtteture
and Frm11in_t_t pattern. ['mlt:1' D4 liI':tt‘ni11,§_{, the |.5—l-l _\[hps data stream must meet
the following reqtlirements,

(i_) lt must he enendetl as :1 hipolur, .—\.\Il. non-return to zero sigmtl to ens<1.1t‘t.‘ that

the xigmtl has no dc component and C1111 he tmns~‘.fm‘me1' eoupletl, permitting

the eireuit to ea11'r_\' p:'>\\'et' lea‘ the I'epe;-Iters.

(ii) Eaelt pulse must have at 5(l'5-1. duty cycle with a nominal \'o|t:1;,;re of 3.0 V.

(iii) There en.-in he no more tlmn I5 etmseetltive ‘l'}‘s' present in the data: stream,

which (_ll_'l:Jl1I..‘.'-‘~ the minimum l’s LlL‘I’tt-3l[_\' of the eireuit.

(iv) The D-l t'1'L1mingz [TdI’tt:‘.l‘1‘1 is embedded in the LI-at-.1 .~:tre:tm.

The l'm:"r1i:1_t_r_ hits in the l')—l- supet‘l’:'atne l..‘{)l']>i'l:'il' of six F. (termimil Fi'2|1t1i1t;_1') bits
that are 1.1.‘-‘~t.‘.[l to s}'neh1'nni7.e the hit :'"il.'l't‘;'l|'T1 and six 1'". (sigxnal ft‘:-itning} hits that are
used to LlCl‘lI‘IL‘. multifralme l}t'JL1!1LliI]‘l(_‘S.

The 1'". hit et)11Ve}'S 21 pzttterrt nf2Iltet‘i121tiI1;_{ ll'.~; anti 1'54 (llllllllill. \\'l1it‘h is used [0

define frame hoL1n(|:1rie.~a. enabling one slot to be distinguislietl from another. Due

to this. it is also lmown as 2] fratne ztll_51l1l‘|}C‘111' sirgnatl. The F5 hit ermveyrq a pattern of
001 l 10, whitrh is used to define rnultiframe l‘mut1d21|'ies. This t;‘.n21l‘Jl€S one frztnte to

be tlistingtaislitttl froth emother. perrnitting ttattties (1 and 12 to be iLlL‘1"Itll'l{.'(l for the

extraction of their Slgl11lll1‘l;_{ hits. Note that the enntposite D4 ft‘;-miiiig pattern

t'ep:‘esents the hex el1a11'a1etet‘s SCI.) \-vhieh are eo11tinu0L1s|_\' repeatetl.
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Extended superframe format

A key limitation of the D4 Furmait is the fact that nhtaining :1 eommtinieaitions
ttapiibility between tlt’\'lCi:S on 21 TI circuit Fm" testing" or ermtrol pu1'pn.~;es i'et'1L1i1'ed
the use til’ a D80 time slot. '|‘0 ‘<lllL"‘\'l1'lIL" this problem, as well as to provide the TI
Ln-;er with aitltlitiunal e2ipi1hilit_\', .-\'l"&’T intmcluttecl an exteritled estiperfriirne fonriait
in early I985. .-'\ltht:-ugh this new liI‘JI‘I‘IlT‘l_L{ turniiit require the II’I‘c‘~I}llll'ltlOl1 of
equipment that :'<uppni't.~; the fruine fm'n1-.it and line consequently been slmx-'l_\'
iiitmclileed, h_\' the late 1‘)‘)I)sa 2: n1iijm‘ity of TI circuits in .\'0rth America :;<ml’nrn'ied
to it. E\'entuall§', the extem'lz:d .~sLIperfr:in1e t‘m'm:it can be expetcttttl to replace Ii)-I
Fmrniniz.

Dentiteel as F} Lllltl lifili, the extentletl .~it1]".-I.-‘.l'l'-1'éll'l’1{:‘. t‘-:n‘rn2it e.\'te.nd.~i D—l l:l'tll'[1l]'[L{ to
2—l- C()I‘l!-_‘-[.‘(_‘LI1'l\'(.’ fr2iim- hits: lil to F24 as illustrntetl in I-'i_igu1-e 4.‘)?

Unlike D4 l‘1"c1lT1Il'IL' in which the I 2 l"!'tlI'nll'I_L>jl')ItSli()I'l"r1 21 .~<peeitie repeating pattern.

the 112517 pattern can \'an‘_\'. lifili‘ eomsists nil" three‘ [_\'pe.\‘ ml" frarne hits.

@@§° -
D

1 Frame = I frame bit 1- I92 data bits

 

I Extended Superfrarne = frames Fl through F24

Figure 4.97 The extended superframe

Derived data link

'|'he RSI’ 'tl‘ bits. which l't'_“{.1I'(.‘l-‘~I..‘1"l1.' -.1 tlerived (l::I1.'c'l link. are L1.‘-‘>l.’(.l by the telephmie

emnp-an_\' to pei'l‘m‘m such functions are net\mrk mcmitoring to include er1‘o1'
pei'1"u1'miii1ce, 2ll'd1'I‘t’I _Q,'L,‘I‘l|_‘1':-'IT.'l{)1'1 iintl rec:mtigiireitiam to be pzissetl t.l\'L‘l' 21 ll link.
’l'he ‘tl' hits appeiir in the odd iirmne pnsitirmaa, e._.r_,r., l, 3, 2 I. 23. Since they are
L.lE-lti'Ll hy 12 of the 24 fI';iri1ing hits. the ‘d‘ hits represent 21 4 khps data: link.

Tlie data link l‘u1'meLl h_\' the 12 ‘(l’ l‘1"dlT1(_’ bits is ended in tn lii;_:her le\'el that-.-i link
eontml (IIDI ,C) pmtueol t'm':'nat l<nm\'n its HXQS. liiiztire 4.98 illLn~'t1-ates the. data
link l'<.n'rn-at L‘.1II'1'IE‘(l h_\' the ‘tl‘ I?-its.

One of the prim:n'_\' ;__:0;Il:: in the t|e\'elr_ipment of the IEXQ5 pmmenl \\‘i'lS tn
pmvitle tl nietzhanisni tu ttxtrattt 'pCl'liU1‘l‘nL1l1(Tl'_’ i11f(.:i‘i1'1:iti<m frmn £11517 Cl.')F|'IpLltll')lt‘
C‘5..iL3:z. Doing so '<1ll(J\\'S circuit ('|LI':1lIt_\-' I'nf)!]ll.'(lI'I!’l§__3: without taking the circuit out of
5:‘-(.’}'\'I(.‘.(} and is it mujm‘ zitlwiritiigze of l7.b'l7 over D4 frinningz, Htaintlatd maintenance

inessiiges that are defined in .—\'["&'l".~: ptihlieiititm 5-‘I016 ineltule inttssziges that e-an
rctum pe1‘t'o1‘rn:1nt:e cl;-itzi emicei'nin,t.{ the numher of (_'l‘]‘OI't‘.tl .‘-‘-t‘COI‘l£l5-‘u (ES), several)’
I.3'['l‘()l'(_‘(l. seemicls (S158). amcl failtttl 5e:_‘0n(ls (1753). .—\n L‘l‘l‘()I‘£.'.<.l second is a SCl.,‘()l'l(l thzit
contains one or more hit (:‘.l‘I‘f_)l'S, while a se\'e1‘el_\' errored .~;ec0nr.l is eimsitleretl to his
L1 .~'iec.ond with 320 01' more bits in error. If ten C()1‘ISL‘L‘Lltl\'(.‘ se\'e1'el_\' er1‘01'e-cl SeL‘.€}l1Cl5
ocetir, this ei'mu;lition is. e0m:idei'ei.l as :-1 fuiletl sigiizil state. Then, e;ieh signzil in :1
‘failed signal state is (T(l1'1.H‘lI'.l{.‘I'(;'(l to he :1 failed seeuml. '|'-uhle 4.-lrl stimimirizes the
standard ‘t‘I'IE1ll1lIL‘1‘IdI1t.‘L‘ iiiessiiges trzinsmittecl on the ESF data link.
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MJDITIIJNAL FRAME
H FORMATION CHECK

SEQUENCE 
<— information Field —->

N

(T—--—-: One Data Link Frame i
Figure 4.98 ESF data link iormat

Table 4.41 ESF data link maintenance messages

Send One Hour Performance Data

Upon receiving this command the ESF CSU will supply the following:
current status, elapsed time of current interval, ES and F8 in the current 15-minute
interval, number of valid intervals, count of E8 and F8 in 24-hour register, ES and FS
during the previous four 15-minute intervals.

Send 24-Hour ‘ES’ Performance Data

Upon receiving this command, the ESF CSU will supply the following:
current status, elapsed time of current intervat, ESs and FSs in current 15-minute
interval, number of valid intervals, count of E85 and F83 in 24-hour register, and E533
during previous 96 15-minute intervals.

Send 24-Hour ‘F8’ Performance Data

Upon receiving this command, the ESF CSU will supply the following:
current status, elapsed time of current interval, ESS and F83 in the current 15-minute
interval, number of valid intervals, count of ESs and FSs in 24-hour register, and FSs
during previous 96 15-minute intervals.

Reset Performance Monitoring Counters
Upon receiving this command, the ESF CSU will reset all interval times and ES and
F8 registers and supply the current status.

Send Errored ESF Data

Upon receiving this command, the ESF CSU will supply current data present in ESF
error event registers. Each count represents one error event (65535 max.).

Reset ESF Register
Upon receiving this command, the ESF CSU will reset the ESF error event register and
supply the current status.

Maintenance Loop-Back (DLB)
Energizes upon receiving the proper code embedded in the 4 kbps data link. This loop-back
loops through the entire CSU.

Error check link

I’1‘ame bits 2, 6, ll}, H, 18 and 22 are used for :1 CRCJ1 code. The (1-hit t:_\'ciic

l'E![lLll1(i'clI1C_\‘ cht-.c1< sttm is used by the i'ecei\'ing cqttipment to measure the ci1'cuit's

bit error rate and 1'cp1'esei1t's 2 kbps of the 8 klaps training rate. The CRCZ6 code

yields an £1(.‘(‘LIl‘2lL‘._\' of ‘J8.-l-‘.'-1. and the occtirremse of a mismatch between the l()t‘:1ll}'
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L._rener;1te.tl cheek hit seqtienee and the received cheek hit setiuenee 1I'1LliCL’l'[e‘.'.-5 that one.
or more hits in the extentlecl 1-.‘~Ll[‘!L'1'i\l'2I1‘{‘It' are in error.

'l'o L‘()l'll‘()]'I"["i with I''..‘%}‘‘ (_'RL'—fi eoaiing -and reporting: reqtiirements. the use oli i-in

EH1’ eoinpzitihie LTl1zlI1I’IL‘l service unit is reniuirecl. This C.":'-$1." not only _$__3‘,'{_‘.l']i._‘I'&lT.'L‘.f-‘- the
CRC’-(i but must also he e-up-tihle of tleteetin;;r CRC errors -(incl storing: :1 CRC error
count over 2| 2-l-hour period. I351" eoinpiitihle (.'.t'5L.'s contain liuffer st:.it‘uge which
enables the Ll('\'iL‘t‘ to store current line status inforination, 11‘lt.‘lLIL'li1‘t§_{ all error events
and erroreti t1l'1Ll Eltiletl seconds for the eurrent 15-minute perioti and the previotts

‘)6 l5—mintite periods that represent the prior 34-hour period. To enuhle the (.'.t11‘l'iC|'
to retrie\'e this chitin. us well as to reset any or all eotinters and :ieti\‘;ite o1‘ LlL‘}It_‘ti\'1lTL’

loop»l'>;1cl< testing; on the loetil spun line, the (TEL: nitlst also ha-i\'e the ;ihilit_\' to
respond to net\\'orl< eoninmntls. .—\n ICSF eonipatihle C2'r'al' must thus have the
LTd|'):Il}lli1'_\" to send and receive tliitu l)1lE-lL‘I_l upon the BXQS formation via the -l l{l)})S
Lliitn link.

A competing 1-iI'}II1Llfil‘Li frorn the ’|'ll§l eonnnittee requires the CF-L‘ to hroatle:tst
this inforniution All oi" the time iristeatd oi‘ upon request i'i'om the ezirrier. This
E5F:I1‘l{l;1I'tl is (iL‘:‘-i}.{1H.'Ll to overcome the potential problem 1'0.‘-5LIll'iI'l_i__J,' front on

liite-t‘ex:.rli;ti"t5_ze ('_.'.iu'rier {ll-EC) reset1in_er ('h‘[' registers prior to at l,oe.al Exelii-ange
C.'.ti1'rieI‘ (LEC) ret1tlin_$_{ the CHI.‘ t'e_L_!ist::1‘s.

The pre\‘iousl_\' mentioneti eoinpeting stztmlurcl is oi'liei:1ll_\' lmo\\'n as ANSI
TI.-HJ3. L.iI1tl(,‘1‘ the 'l‘I.'-H13 St2II1L'l'c11'Ll per-i”oi'i‘nzinee reports are trtmsmittecl e\'er_v

second t-incl only three seconds of historieal (late: are 111;-!il‘It:«I11"tf;‘.L'l, ..-\ 'l'l.4i}3
compliant (jSL' tratnsmits 21 }‘)i'_'l‘lifJ1‘I‘l1'¢1l1Ct: report of 112 hits about the current
seeonti aiiid three previotis seconds e\'er_\' seeontl. 'l'hi.~; report eontains at rem_ge of
(.'I{LI—(i errors. iii‘-nine bit errors, bipolar violations and other error event
i11io1'i11atioI1 for each second.

'|'he l<e_\' lllliliL‘I't'l'lCl..’ hetween A'l‘Sc'l‘ Publieaition 5-mm and the ANSI 'l‘| .-i-{)3
E.‘-5|’ ]']'1ti'I'l’|E)(_l is in the philosophy‘ behind eaieli CHI’ method since both use the -1-

kbps data link for tr-.ins1nitting peri'oi'intince reports. .—\T&'["s philosopliy is one of
in—iine que:'_\'—response under which ptirtimeters are <'ii'g:,ani'/.eL| into pL':‘lit'JI‘l'I1£1nL‘.t’:

Table 4.42 ESF framing pattern___ 

Frame bit Composition Frame bit Composition

1 d 13 d
2 C1 14 C4
3 d 15 d
4 O 16 0
5 d 17 d
6 C2 18 G5
‘I d 19 d
8 0 20 1
9 CI 21 d

10 C3 22 C6
1 1 Cl 23 d
12 1 24 1

d = data link
Cx= . CFtC—6 bitx
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registers for 15-minute interx-::l.-<_. and can be stored and retrieved For up to :1 24-

l‘10l1]' period. In eotnpurison, under .'—\.\7.‘.il 'l"l .-l-{l3_ [)1-ll‘:-lITIE‘.tL‘l'S are hi'<r.ide;ist e\-'er_\'

second and store only three. seconds of dam. Altltotuzh A'l‘C\"l‘ and several

eonimtmieations carriers support both methods. .—\'l‘&T' appezurs to be Inigrztting
to\\'nrds the ANSI method even though that method does not maintain historical

dam. nor clues it t1||o\\' user access to I'(.‘}_{l.'-3III.‘.I‘S.
i

Framing pattern I‘

The third t_\'pe of frmne hits are used to generate the ft'arning p-.1ttei'n. l"[ere. fr:1me §
hits 4, 8, I2, 10. 21} and 24 are used to generate the FL. rI'2iI'l‘Iil'I_$_{ pattern xrhose i

composition is (l[l|(l1 1. These six hits restiit in a 2 l{i‘)])S fran1in,<,_: pattern. In Table

-l.-‘r2 _\'oLt \\'i|| lind at E-i1lI‘I':IT|dI'_\' of the E35}: frtlrning pattern.

CEPT PCM-30 format “

Ci§l"[‘ PCNI-3!) is at PCKI Iiornmt used For time division multiplexing of 30 voice or

data circuits onto a single twisted pair eable using tligital repeaters and is primarily

used in Etn‘t)pe. H
The standard Cl-IP"l" frznne is 32 ehamiels X 8 hits;'ehannel or 256 hits. \-\-"itl1 8000

samples per second. the (IIZPT data rate becomes «SUUU X 256, or 2.048 3-Ihps. I\'ote

that under this format there are no trziming bits added to 21 frame as done under the

North Amerietm Tl formant. This is heeatlse the framing: bits are carried within

speeirie time slots. Tlius, ti l7,urope-an C5 L' must examine hits within 3 specific time
slot.

Frame composition

Each CEPT PC.\'l-30 1'1-time consists of 32 time slots to include .30 \-‘nice, one I
alignrnent and one sigitzulirig, with each time slot represented hy eight hits. Since

each F-‘C31 elietnnel is saimpled 8000 times per second, the standard (ITCPT-30 data

rate is 32 X 8 X 8000, or 2.0-I-8 :\llJp!:‘-.

Alignment signal

An ali__tzImient sigtieil (001 101 I ) is tnmsmitted in hit positions 2 to 8 of time slot 0 in

alternating frames. This signal is used to enable eneh channel to be distinguished at

the receiver. Bit position I in time slot zero e.m'1'ies the [t‘ItI..’T'I‘Ii1tl(ll’1‘¢'ll hit, \\'l1ile

ttantes not containing the f1'21me alignment signal are used to carry N21tit';t1zil and

International sigzn:Ilin_L§ and :lldI'I‘n indication for loss of limme nli_t_znment. Figure
4.9‘) illtistt‘-ates the composition of the (L'1'CP'l'—3(') l'rtu"ne and mL|ltif1'dme. where the

multitirame consists of 16 F1-'..um‘s, numbered from fmine (J to tirznne "[5.

To ':1\'oid imitation ofithe i"|"¢lI'I'll.’ z1li,qnt‘nent sigmll, alterltatilig i"1‘k1II’.tlJS fix bit 2 to at

1 in time slot '/.ero which is the reason why 21 I is entered into that bit position for
odd time slot ('3 l"|'IclI'I'I{'.'S.
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16 Frame: = I Hulliframe

Elllflflflflfl

32 time slots

per frarn

  
 
  IEIIIEIEBEIEIIEIIEIIIIEIEIEIEI
\ -

F|'IrI'I¢_ _ l"lu1t1frame
Mignment Stglul Mignmen! Signal

flflflflflflflfl even frames flflflflfi frame 0on \___"j‘;

PAS ms

EIIIEIIIIEIIIIIIJIII odd frames BEIEIEEIE frames 1-15

Figure 4.99 CEPT PCM-30 frame and multiframe composition (i international bit, N
national bit. A alarm indication signal, FAS frame alignment signal. ABCD ABCD signaling
bits. X extra bit tor signaling, Y loss of multiframe alignment. MAS multitrame alignment
signal)

CEPT CRO option

For enhance-cl error monitoritig e.z1p:ihilit_\‘. CF.P'i" l’C.';\-I-30 inelutlcs :1 CRC-—lr

option. L'nLler this optitm, 21 group of eight frames ltnown as a :suhmultit'rame
l (S3.\ll7) is treated as it long binary nurnhei'. This number is multiplied by X4

illliliilil and L'li\'i(l(.‘Ll by X4 -l— X—l I (_l{l(}| 1}. The ft:nur—bit rermtimlei‘ is tratisinitteel
in bit position 1 (_l bit in l’i,«_rL1r'e-l.99) in time slot zero in even fraines \\'l‘1iCl1 coritain
the frame alignment signal. After the receiver eorripiites its own CRC‘.-+ check it
uses bit position I in time slot zero of frnrrics 13 and 15 for CRC error performance
reporting. ']‘:ibl:: 4.-L7: sL1mm:n'i7,cs i'l()\\‘ these hits are use-cl for CTRC error
performimee l‘{.‘[)UI'ti11g pitrposes.

Table 4.43 CEPT PCM-30 CRC error performance

reporting ._._.e_

Bit 1 Bit 1
Frame 13 Frame 15

1 1 CRC for SMF i. ll error free

_ 1 0 SMF ii in error, SMF I error free
0 1 SMF ll error free, SMF l in error
0 0 Both SMF I and il in error

i  o
i
l

i T-carrier signal characteristics
' As pre\'iousl_\-' diseussetl, there are se\'eral utl\-‘aittztges to transmitting 'l‘—t:m'rieI'
' sigziials in a laipuiar alternate mzrrlt innsrsion (AMI) fonmtt, inclLtdin;: the absence 01'
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a dc component to the signal and the ahility to ohtain clock recover_\' from the signal

in an -.1ll—ones condition. Unfortt1nate1_\', the tliSE1Ci\"dl1Y.'«‘lg,{I: associated with this

signaling method is that a sequence of spaces is encoded as a period of zero voltage ‘

or no signal and repeaters on a span line cannot reco\'er clocking without a signal l!

occurring ex-'er_\' so often.

For repeaters to properly recover eloel(in_-s,r, a certain number 01‘ binary ones must

be contained within a transmitted signal. The process used to ensure a minimum

numher of ones flows on a TI or E] line is called zero suppression and is peri'ormetl ;

by CSL.'s. Since North .—\merican and European approaches to this problem differ,

we will examine the encoding methods used to ensure an appropriate signal [

contains a minimum number of l)inar_\‘ ones for each location. ' '

North America

In North America, AT&T publication (i2—l'l I sets the ones clensity requirement to
he ‘ii’ ones in each window of 8 X (N — l") bits. where it varies from I to 23. This
means that a Tl carrier cannot have more than I5 consectitive zeros (it = l) and

there must be approximately three ones in ct-'er_\' 2-l- consecutive hits (it = 2 to 23).

Two methods used to pi-ovitie this minimum ones density include binary 7 zero

code suppression and l)inar_\' 8 zero suhstitution.

Binary 7 zero code suppression

L-'n(ler the binary T zero code suppression method a binary one is suhstituted in bit

position 7 of each time slot if all (_‘i§_{l‘1t positions are zeros. An example of this

method of ensuring a minirnurn ones density is illustrated at the top of Figure

4.l[l[}(a). Although it might appear wiser to select the least signiticant hit for

inversion. this cannot he done since the setting of a frame bit to zero when hit

positions 2 to 8 in the previous time slot were set to zero would result in a string of

lo consecutive zeros if the hits in the time slot following the frame bit were zero anti -

bit position 8 was used for suhstitution. Figure Jr. l{}(]{h) illustrates this worst~case I
scenario which explains why hit position I in each time slot is used for bit \‘alue
in\-‘ersion to ensure 21 minimum ones density.

If a tlata channel contains all Us, the data can he corrttpted due to B? zero

sLIppI‘esS-ion. 'l'l1erei'ore a data channel normall_\-' is t‘est1'ictC(l to se\'en usable data
hits, with one hit in the data channel set to a '1. This prevents the data channel from

hein;-_r eorrtiptcd, hut also limits its data rates to 56 kbps.
\-Vhen one hit is set to a 1 on a 1').‘5{'J channel. the channel is known as a non—c]ear

channel. The 56 kbps on a non~cle-ar channel is also known as a l')S'».—‘\ channel.

.—\ 'l‘l clear channel is one in which all 64 libps in each D80 are usable. On private
mictot-\'tI\'c systerns. B7 ZL’I'() code suppression is normally‘ not requirctl, permitting

clear cliannel capal)ilit_\‘.

Binary 8 zero substitution

The binary 8 zero substitution (B8223) technique was developed by Bell

Lahoratories and is now sanctioned by the lTU for use in North America. 'l"his

IV- a
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A

If this byte composition occurs

D111 M12 bit 3 £3114 bit 5 bite
0 0 0 0 0 0

Result of B7 zero substitution

bit I bit 2 bit 3 bit 4 bit 5 E3116
0 O 0 O 0 0

 

 

 
bit 7 bit 6

I 0  
DS—EI Frame 24

 
D5—IJ Frame]

bit 2 b1't3 D114 bitS D"It6 bit? b1't8
O 0 0 O 0 O 0

I0 I I2 13 l4 l5 I6

Substitution bit to a '1' _T

   
9

Figure 4.100 B? zero code suppression: (a) B? zero code suppression example; (b)
worst-ease scenario

method ofei1sL1rit1g :-: minimum ones density was plziced into operation during the
mid I‘)8{}s aim] otfei's :1 sigrtiifittnrit imp1'o\‘e1*m.-i'it over binary 7 zero cocle

su[.i|):'essimi as it hoth maintains a: minimum ones clensity and uiso pl‘0\'ities a
clean‘ ehmmel ::.npa:hiIiL_\', permitting eueh DI-ii.) e}mnne| to ea1'r_\' alum HT 64 klaps.

Under B8735 I..‘E)(,iiI1},;, each ei;_»;ht eonseeLIti\'e Us in :1 byte are removed and

replaust-.d h_\' a B8.’/.8 etude. If the pulse pl‘(3L‘€‘tiil‘I}.{ an all-zero byte is positive, the
inserted code is (.JUl'} — U — + . If the pulse ])l‘L-:LT(.‘LiiHg an aII—7.er'n byte is nt.-gative,

the in.-aerted code is-: 00:.) — —;— U -— . FigL11'e —1+.1Hl illustrates the use of 138233 cotlirig

in which an 311-7.:-ms byte is I'cpht(:ed by one of two hina1'_\' codes, with the -.1etu-al

code Lssed based upon \\'hether the pulse pI'et:et1irig the aii—'/,ems byte \\'El5 positive 0:‘

neg‘.|ti\'e.

Both t3XJ]‘t’|])iL.'&-i 1'e.H‘t1it' in hipoinr viulaltitms neeurrin5__: in the i'oLn‘th and s~‘.e\'enth hit
}‘}f'Jh‘i1i(J1"1F-. Both t_‘21I‘I‘it'1' and customer equipment must recognize these codes as
legitimate sigxinls and not as bipolar Violaticms ut‘ errors for B825 to work to enable
:1 1'eeei\‘er to I'tft.'(}}'_{‘l‘liZI?.‘ the etude and resto:'e the o1'ig'in-«ll eight zeros.
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Pulse Preceding
All —Zcru3 Bgle Ml—Zeros 8—Bit Bgte

Bit (H) nit I an 2 Bit 3 Bit 4 Bits am; an 7 an a

“fl*’?fl—u—\_rn

”W L
Figure 4.101 13828 coding 1

Europe

In ELI1'opc tin‘ high tittn.~_~'it_\' bipolar 3—zt-ro ma-1ximLm1 (HDB3) (.‘()t.]1ng is uretrd l)_\' .

CE§’'[‘ I’C.\'[—3{} to obtain an minimum um-5; tieitsity fn1't‘Ioc:}( 1't-co\'ttI‘_\' from I'(:t_‘L‘1\'<_'I;1 '
(lam. L-I'i£1L'l' H 1) I53. this t12Im.~‘.tI'ct-ilri to he I.'I'21I1:%mittct1 if-i n1oni’m1't:t| I}n':iI'1_\' group of __

four l.‘()l'1!:5(.’L‘1.Ii'1\'L' 'z.t.-:'os. .—\ four-7.cro group is then It-p1:1tt::ti \\'itl'i an HDB3 code. 5 I‘

Twt) tiiffr:.I‘t.*nt H 1 )H3 (T()(_1(_‘t-I art: used 1't')e11&:LlI‘eti12It this i)i|)0iar \'it)i:1Ti()r1 ptliscs from
2Idj21t?cI1t fotll‘-zero }_{'I'(Ji.1['3S are of t';[‘JpoSire p0iaI‘it_\‘ as iI1dit.‘&itt:d in ]*‘i;_{t.:re -i-.1112. T11: "

strlttution of the I-IDB3 coda: is basecl upon u'httthc1' thttrtt \\'-as an odd or even

I1lImht.’r ()i"t)TiL‘E-Q since the [2131 bipolar \‘i(:J1:1tit'm {BY} tJt?L'.LII'I‘t‘t1. Ifzm odd :'1L1mbt".1‘ of

ontrs ()tI(‘i..1I‘I'L‘I;i .~;§nL‘c the prc-:\'ioL:s. bipolar violation. the coding mctimd in Figttre

4.102 (an), is tiscti to repiatse 21 seqtience of four zeros. if an C\-‘L.'l‘I ntirnher of ones

t)(.‘C|.II‘1't.’d .~_:i11t:L= the pr::\-'ioL1s bipolar \'i0ik1i.'it)I1 the ctitling mt-thoti in l7igtirt'- 4.102(1)),

is u.~.:<:ti to i'c-pizitru L1 SL‘C_]Ll(':1'ICt" of four 7.u1'os.

an I an 2 Bit 3 Bit 4 3Odd number of

A 1': after last BVSS | I
0 0 O BV

Even number of

I‘: after hat BVSS | | | I
P 0 0 EW

Figure 4.102 HDB3 coding (P polarity bit, BV bipolar vioiation}

4.12 PARALLEL INTERFACE EXTENDERS

\\"i1t%n an application l:l‘i‘iSL‘.S that will requirv i'l;1l'L"i‘1 pl‘0C(_‘S!-111'I,l_{ at -.1 site rL’i’Ti()|.'t3})'

located i‘l't)1'l"l 21 muinI"1'aI’nt3 tton1pLlte1', 5e\‘t.‘I'21i ?'IppI‘Oii(_'h{_'5-i (tam be c0n.~;idI:I‘t3t'l to

sL1tisf_\' this rcquirL‘m<:11t.
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A traditional approach is the establishment of a remote hatch processing

operation. The estal)|ishment of this type of opemtion normally requires the
pi-oe.tn'en1ent of se.\'er::l coinmtlnications components in addition to the remote
hatch terminal. l"‘irst, at rornmunieations controller must he installed and interfaced

to the computer it’ such a device does not already exist at the computational t'aeilit_x-3
'l"hi.~s controller, in conjunction with the cornputer, pertorrns such tasks as ch-araeter

assen1hl3' and dis-asseml_)i_\', tr'.=i:“1sinission error checking l)_\' ,t_§e.m.rrati1‘ig,r Cl‘JL’.(.‘l{
characters from the recei\'ed data blocks. and comp-.n'in{_= the check character to the

eheelt character generated by the remote hatch terminal, as well as perl'orinin_g
numerous t1".1fl-ic in:=tnt1,qe.n1er1t functions. Next, a teleproe.essing softxvare module

will he added and integrated to the computer's operating: system to perform and

eontrol the transmission discipline. This sot‘t\\'are m;':_\' not only he eostl_\‘ but may

ailect computer performance since it t_\'pie-.ill_\' requires hundreds of thousands to
millions of or more t‘nemm'_\' lt)L‘dti()I1s. Last. [1 tI'ttI'tsmission meelittm and either 21

ill}-_’l'l-S]‘1L"('_‘Ll modem or l)Hl' to traurisla-rte the signals into an '.1L‘C£3})l'E1l)lL‘ torrn for
transmission must be installed. This tra-:lition:il remote b-.1teh proce.ssin,n_{ operation

is illustrated in Figttre -l-.l{J3.

Central site Remote site

  
 
 
  
 

Transmissionmedium
 

     
High-speedHigh-speed modernTeleprocessing modemsoftware  

Controller
 

Remote
butch

Computer terminal

Figure 4.103 Traditional remote batch processing. A large portion of the computer's
memory may be reserved for teteprocessing software

.—\r1oll1e1' problem which nm_\' arise is the comptitihility of the remote batch
terminal to the computer system alre-ad_\' installed. it the terminal ohtaincd does not

supp_ort the protocol ofthe eomputei"s teleprocessing sol‘t\\’:t1'e an ernulator may be
required to prnvicle an aeeeptable transmissirm lit‘|l\'. In any event, t1'ansn1ission
frorn the computer to the terminal will most lil<el_\' require eode conversion, since
most terrninals cannot aeeept the eornpute1"s rmtive eode. Realizing these

problems, a device \\'a.~; introduced which permits transmission from selected
computers to a \':tt'i(.“[_\‘ of computer peripherals without the necessity of the
addition of special teleprot:essing software or a communieations controller. This
clexiee. is called a parallel interface extencler.

Another application that can require the extension of the parallel interface of at
mainfr;-one computer channel ln\'t:l\'es the connection of remote L.—‘\.\‘s and hig_rh-
speed periplteral devices to :1 cent1'-ally located nmintlraine. Fiinee the device in effect
extends the parallel channel of the mainframe, another name for this device is at
el1-.1m1el I.'_’XI.'(:‘.I] (let.
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Extender operation

.-\ parallel interface or L3l‘ld]‘II‘ll.'l extender is a tlerice which translates the parallel

pmtoeol of an inpttt,-"outpLtt or channel (IEO) channel from such Llf;‘\-‘i(.'I'_’$l as a

eomptlter in‘ selected computer peripheral units into a serial protrienl which is
suitable for transrnission over a normal serial commtiniisations link. At the otlier

end of the link, another parallel interface extentler or similar operating cleviee

translates the serial }'}l‘(Jl‘{)(I(}l li'mnetl h_\‘ the. first parallel interface extender hack into

  

t.
the original parallel p1‘{)I'(Jt:()l wansmittecl by the I,e"() channel tor reception by

cle\'iees similar to the stamlartl periplterals usccl for local data processing at a 1
computer center‘. Frmn a l)t'(J21(l \'ie\\'point', a parallel interface extender can be I-

eomparetl as hein§1_ simil-.1r in perfmmattee to a multiplexer, cmnhining the data

from a nttmher of leads of the parallel I;’(..} L.-hannel into a singgle hit stream for
transmissimi over Id serial eommunicatimis lifili, as shown in Iiigzure Jr. I0-l.

Parallel Parallel _transmission Serial transmission

% transmission / ‘-
T ' .

no Parallel Parallel ::i'1i°h°'°' I
computer interface interface

°h°""°l extender extender C”Lead rt computer

Figure 4.104 Parallel interface or channel extender operation. Operation is similar to a
multiplexer. combining the data from a number of leads from a computer or peripheral HO
channel into a single bit stream for transmission

By peI‘n‘littin_L»: 21 txnnputer to utilize its regular U0 channel when emnn1unicatin_t1

with :I I'cmott-iy located peripheral device, the necessit_\' of obtaining specialized

ctmimtlnieatinns sc>t't\\':1re is allL‘\'iatu._'(l. and communications with remote pt-.1'iph— _
oral units can then take place with the same sot"twarL'- which is regularl_\-' List.-cl for

etitnmtlnicating with the local peripherals at the e.ompLtter center. Depending upon

the computer eoriiiguratimi in use, -.1 parallel inte1't'ace extemler TTIE1_\' I'L’.Llll(T£’

ttp(‘I‘Ell'iI‘lg.{ s_\'s‘tcm software requirements frmn lit to 3(}'?-in or more, when enmparetl

with t‘r.iii1n1tli'1ieating to remote t|e\-‘ices hy using :1 line CI.)I1l.'l'()llL‘I' and the. t'eqL1iretl

teleproe.essing sot‘l'\\'are motlules. .—\m':ther aclvantage obtained throttglt the use of

parallel interface extenders is the ability to p1‘0g1':tIn remote appli ‘ations in I’n1'tt'an,

Coho] and other higher level |an_5_:L:ages. as well as in ass:-.-ml.ily lan_:zLra;1e, using: the
R F,.4\l'). \\'Rl TIC statements of Fortran and Coho] or the Gl€'l" '.-1l'ILl i’L."l‘ mat‘t'r)s of

nssenihly language to ])E!I'ft_‘1l'l11 input and otltput remote ptrriphctal titlitttions. ln

dLlLliti()l'l to the translation of parallel to serial and serial to parallel data, to pet‘i‘m'n1

rct11tite pcriplteral ftmctiutis flu‘ Lltrvice et'1L‘0(lt:s t;(t111ttn1nLls anti stdttls inft)t‘t112ttit)tt
into a serial bit stream at the transmission end of the linla while the (lI:\‘i(:L’ at the

1'e(:ci\'ing end 0|‘ the link p::t'f‘tn'ms tl {lf.‘C()L'llI1§3,' fltttetiim to I'L’.L‘UI"l'c‘sTl'L1(.'l' the m‘ig_{inal

(_‘0t‘1'tl"r‘l2lI’I(_lb'., status. and data l)trFi_t|'L‘ passing such itilrtt't1121ti(1:1 tn the ren”1(ttE'

peripheral unit.
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Extender components

A parallel interface extender consists of a control unit and one or more line module
§.{l‘0LIp.‘>', as shown in Figure -l. I05. The control unit ol‘ the extender ecmnects to the
multiplexer channel of a tfiompttter and emulates the Functions of several peripheral
control units, such as card readers. card punches, t‘I1Et_£{l1L‘tlL‘ tapes, and line printers,

thus s;L1ppoi'tir1,f_._: the eomputet"s standard software. as pre\'iot|sl_\' mentioned. Eaelt
line module group is connected to the control unit of the e_\tencler on one side and

pl‘('J\‘l(ltlS an iiiterfaee for the connection of deditrated, :<\\'itehed. or leased lines on
the opposite side. The line module contains all net'ess21r_\‘ line eontrol and error
control components, as well as a huilt—in modem which alleviates the neeess-it_v of

having special C()I‘t"|I‘t’ILll"llL'altl()I1S software such as {I33-I’s virtual telecommimieations
ateettss metltod (\"l‘.=\l|) or syiicltronotls data link control (.‘5Dl.,L1}. a eommLmiea—

tions t‘.oI'1t1'olle.1‘. line adapter, and a separate modem. For alternate hi_ah-speecl data

tI'an.-efer in either direction. half—tlt:plex line modules can he used while I‘Li||-duplex

line modules provide data trans’rei‘ in hoth directions at the same time. For data
t:'an.~;l'ei‘ over the switched network, hall‘-duplex line modules ‘are norr1"iall§' used

while either halt‘-duplex or liulhduplex line modules can he used with dedicated or
leased fr:L11'—\\'it'(: lines.

Control

unit ' Figure 4.105 Parallel interface extender components. A
parallel interface extender consists of a control unit and one or
more line module groups. In addition. some manufacturers
provide modems or DSUsfCSUs built in to the device

 
Application examples

One example of the use of :1 Parallel interface extender is at product that connects to

an lB.\l s}'.~:t'ein central pi-oecssiitg unit via the system's h_\'te multiplexer channel
and can he used for such diverse applications as permitting two computers to
communicate with each other in their native code, as in l"i_L{ure ~l.IU(i; or it can he

tt.~:e(.l to trnttttect 1-I t.‘omputt-I‘ to at \'a1‘iet}' of local or t‘et‘m)tel)-' l0ttateL'l pe1‘ipl‘t{:t‘al L1|‘lltS_.

Dedicated. switched
orleased line

lEll'vl Byte Byte
mainframe multiplexer multiplexer
computer channel channel 

Figure 4.106 lntercomputer communications using a parallel intenace extender Using a
parallel interlace extender, the parallel transmission of the byte multiplexer channel of a
computer is converted into a serial data stream for transmission
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Remote computer

 
  

  

 
 

  
  

IBM
mainframe
computer

Byte
multiplexer
channel
 

 

   
Byte
multiplexer Remote peripheralschannel

 

 
 

Local
peripherals

Figure 4.10? Local and remote peripherals as well as computers can be serviced.
Through the utilization of a parallel interface extender, remote peripherals as well as remote
computers are referenced by the central computer as if they were local devices

as sl10\\'r1 in l“i;1LII‘(c -l_lU'.7_ ln t.*x;|n1ir1ing Fi;_{Lt1'L‘ -l-.107. Imte tl‘1L'- ilttegglfltiotl of a

LAN adaapttar into one of the rcimmr purul|i:l intcrllicc cxtc-mlisrra (cl‘ia1nm=.-l cxtemlm).

.‘3on1c (‘.\'1'.t.'l‘I(ll.’1‘$ stippurr the mlclititm of 'l"oki:n-Ri11,<___v or Ethernet LAN modules,

permitting i‘cmotc L.~\f\'s as well as rcrnmc peripl“1e1'a|s zmcl remote insinfl:-Itnes to

he lntctfltlttrtl into al Lt(.)mmtm net\\'t)I'l< iI1f1'aSt'r'LIctLtr‘L*.

SL:ppo:'ting (lam rrzimzinission rates from -l8{}(l bps to 2.0-l~8ml)ps. the parallel

iI‘l’E{.'!'fE1(TL’. c.\'tCl1dI:1‘ pL*rn1its :1 lL’\-‘Cl nl‘ Llata lfl'i1I1Sl‘(.'l' that Celn be I'll‘.-'I'[('_Il’ll31‘..'l to the E
op¢:1'2Itin;z speed of most pcripl'1crnl Ll('_‘\'iL‘L‘5. Parallel imcrfztce extenclcrs pcrrnit

}_1cr'tpl1&‘r2lls to he tt‘i1ns~'.ft'1'I‘(:tl to l'(,‘ITI()'fL’ lnt::Iti(m.~; lnr v:)Il”1Cl' E‘l]‘)pllC'c'll.'lUl'1S that‘: those.

m'i§_{iI121ll_\' |‘L:qL1i1‘L’tl; l'll.'l‘I(Tt.', the Lrstr of :~'LlL‘|'3 i'_'(]LliI}I"I}lI‘I"1l.' \\'i:ll'1"i1l‘1|.'5 fLt1‘tl1L“'1' t’xL1mir1‘c1—
titm.

REVIEW QUESTIONS

4.1.1 \\'l1:1'r is the cliffcI'cn::c hL‘t\\'cc11 zm m:oL1stic u.;nLiplcr klhtl 'rI iI‘JE_)LlL'!'!] with rtzspcct to their’
line (.‘:'mnt'ctit'm.’

4.1.2 \‘t'l1-at clrncs the term ‘Bull ‘:-'>,\'sl'::m' con1p::tiliilit}' moan wltcn Lli.<::ii.~a.~:iiig the olu-r:iti:'n'ml
cl1aI'actL-1'istics of t: IT'I(J(ll"IT1?

4.1.3 If an m'igin:1'r:- nmdc acoustic coupler mmsmits ti malrk at f, :mu.| :1 space at I‘; amt
rece_-i\'e.~: 21 111-Ml; all I} and at :-3[)Ll(.‘.L‘ zit f4, what \\'()l.llCl be the L‘{}1'l'(3:§|')()I1E.lll‘|}.{ l'rcqLLcncie.~s of an

:'m.<u-“er mode L‘uLiplCr tr: cm‘.L1rc Ct)l'I1i‘I‘1L|l‘llC:3tlOt1:-‘i comp2iI'il1{|ir_v?
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4.1.4 Dismiss the u:0n\'enti<'ma] Litiiization tit‘ migiiiute aml '.m::\\'er mmie. e<':L1p|e1's 1-IUCI
t’l‘t0t'|CtTn_<.

4.1.5 \\'|1y is. it more likely {him not that an Arnerieaii ilsiiig hit; 01‘ her prrrtuhle perserna-1]
emnputer in liiimpe \\'01l1t.i not he able to c<:mmL11iie:'ite with 2: esmriputer located in 1‘lLi1'n]1e?

4.2.1 \\'h:i1 is at eurriet saiumil? By itseif. l1{]t'H it con\'e_\' ':Il1_\' i|iI'¢.:I-niation? '\\'11)'.“

4.2.2 Ilnw can the eIiui';1eI'ei'ie;tie:e of 21 L‘EII"1‘iL'I' sigiia-11 he ;-illered?

4.2.3 \\'h'at is the differeiiee laetween it hit per .~;et:oi1<'1 zuid ‘.1 1)-mid? \\‘hen emi they be

eqI.:i\".1lent? \\'hen are [111-_‘_\' not eqiIi\".1Ient?

4.2.4 \Th-at is the '_\__\'([LI1SI relationship and \\'h_\‘ f.1()K:.‘i i'L i'ec1uii'e mmiem c1e:.‘i§_rne1‘.~; to LIc\-elrzp
muitilevei plia-se--shift keyiiigg nmc1Lilati<_m 3-‘-C11L‘I‘flL’$ for [TIOi.1L’.l‘l'IS to operate at high data I".ire_a'-."

4.2.5 \\’|iat does the si_L§n-.iI emisu.-II-.Lti:'in p-.tttei'n of a modem |‘epi'e:¢ent? \\'hat is the I'IfJI'I'I‘lkI1
rel-.1ti:m.~;}1ip between the L|en.~*.ity ml" Lhe S1_L[I'I1l1 etsm-:l'ell:i1imi pattern and the sLiseeptihi]it_\' of 21
mmIen1 tn trait:-:niiss5i:)ii imp'.Ii1'rnent.~;?

4.2.6 ['Jiseii.<:.~: the Lii1Tere11ee heI.\\'een 'I'i'eI]i.~‘.-emlecl l'l11’)I;1lIi'<lfil'JI'I ll]'I€_1CU]'I\'I;‘l'I1'1(.l1I&11 qLIa(11'}l1.1.II‘I.‘

ziniplitutle mndulmitm with res:peet to the det1.~‘.ity ml" the :5-1_L{1']'r'i1 em1stt-lltitimi :1nd the
.~;LiseeptihiIity of E: modem L'!'I11)1I_)}'i1‘I_E-_{ ea-ieh ]'I‘l()L1LJ1}1T.iU!'l teehnique It) trziiisriiissitiii
impalirmeiits.

4.2.7 Ilmv eciiultl _\'m| m:e -.1 I'L‘\'I."1'SL‘ ehaniiiiel? “'11:-it is the dit'fe|'em:e het\\'ee11 3 reverse‘
e11:-nmei arid in .~:ec(mLI:ir_\-' chemise]?

4.2.8 Wliat is; 21 mLIiripm't muL1en'i and under uh-.|r i..‘il'£.‘L1ITI.‘:'1'111'IL'i.‘:'-I I-l11{Jtl1L'1 you L-misider L1Ri]"I_L_J‘
Ihi:-1 L1e.\'iL‘v.-.?

4.2.9 \\’h_\' &'lI‘L’ Bell Systg-1'11 213-t_\-'pe inotlems :1pe1'ziti:'ig at I200 bps S-‘s(JlT!(.'1‘i]'I‘lI;‘:‘-‘- eomp-.1tih|e
with \_.22 I'I'l(K1I;,’I11.:-‘- while :11 other time:-: t|‘1c_\' are imgmiip-.itihle?

4.2.10 \\'h_x' are Bell t-i‘\'.<:1ei11 302 type ITl(l(1E'I‘t‘l:'-G 1I‘|Cl)IT‘l})L'IYi1)1L‘ with ]'1‘L.' \'.23 |Ti:.iL1ei'n:a?

4.2.11 ['JiseL1s:s-3 the L‘(II}’lpElIi1Ji1il_\' of em I'1'L' \'.2E': modem einpluying LI pattern A phase
ehzinge with fl simii-.11‘ mmjem n::in_r_{ the pattern I’. plmsse t‘h'.in;_r_e.

4.2.12 Iixpliiin \\'h_\‘ the V2‘) 2-'-I.f_{11iI| l.'.‘0I’l5‘-tL‘i1:1tiE}l‘1 pattern forms. :1 mirror Il'ITiIgIL‘.

4.2.13 \Vh'.tt are the key <liffei'eiices between the I'I'1' \'.32 and \'.3'-.1 his. ]'nl.)L1I.'1‘I'l$ with
respect to their upe1':iiiii;z_ I‘Ht(¢.~s and fullbaeltffall-fr)1'\\'ard etlp-uI1i1it_\‘?

4.2.14 Dm.=.~‘. the \_.32 terhn i'epresent .'m inclu;~;t1'§-' .~=t'.1Iid-.1111 iiimieiii?

4.2.15 \\'h\-' do some \'.3+n10dL-ms have -.1 maximum 0 emtin I rate :'1t'28.8 H) is while other. P 1-. 1
\'.3~I 1'I‘1i'}£.‘1L‘I'I1S e:m operate at 33.6 khps?

4.2.16 \\'h-at is: the rn:-ixinmm npen1ti11;1 rinte of ii 36 khps rnmh.-n'i \\'I‘lL']'I -.1 1'ta11s:nis.~aimi path
1'1()\\':-'. I_1\'t,'I' two flI'1l!1i_I,{{—L11{_‘Ii1“:11 erm\'e|‘5itm points?
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4.2.17 .-\:=.sL1me two T‘nt'J(_l(.’.IT1S eutmeeted to u leasecl line have both local and tllgzital l(.!l)}'J~l_)dCl(

st-It‘-testing |‘e.eItLI1‘r;-H. If e1_1r11nu|11it:e1tions were (ll:-‘-k1l3lt.‘Ll, tlisetlss the testra _voLI wutlld
pe1‘fm'm to determine if the line or one nr lmth mmlems e-.IL1sed the e<m1mLInie'.1ti0ns 1
F-.1ilLIte.

4.2.18 \’\'l1:1t is u \\']':.lpE1I'0Lll‘ILl unit? \\'l1en \\'0LllLl it he tasetl?

4.3.1 \\'h-.11 are the three funetionrs }'JI"lI‘I1fl]‘ll_\' 'c'I:'-i.\‘{_l(.‘l}lIl..'t.l \\iLh intelligzent mcaclems? ‘
I

4.3.2 \\"h}' e-an the term ‘l-l'.I}'ess eump:-1til3le' be 111islc=::ding?
j .

4.3.3 \\‘l1t1t are restllt emlen.‘? |

4.3.4 \\'he:'r eomnmml line entry \\'nul:'| _\'ULI use tu set the carrier \\".:it time M2111 intelligent
n'I(J(lt‘.ITI tn l2{J 5?

4.3.5 ['lu\\' clues am intelligent modem em'reet eleteetetl et'1‘nt's? I

4.3.6 \\'ht1t is the jT1I.ll'§f!()Hf.’ {If llmv Ltmutrnl?

4.3.7 l)ist':m+.*s three |1113tl‘ImlS Ilmt are used for How enntml.

4.3.8 At what level cltzes; the _\'INI’ protocol pe1'F(Jrm e.1'm1' detection aml eurreetinn?

4.3.9 \\'l1-at is the tliffmenee |7:et\\'een \'.42 emtl Y.-$2 lnflu?
I

4.3.10 l-hm" does I‘LI:1-len5_{th ::nem.liu;_r funerinn under _\lXl‘ e.!-cm‘. 5?
i

4.3.11 \\'hut is the rn2:_1':.n’ |_‘n'<.>l.1le.m :1I'l'eet.im§ trarumnisasitatt on -.1 eellul-.Ir facility? 3-

4.4.1 \\'hut are the uLl\':mt;1,<;_{es; nml dlS3(l\'Llt1ta1g(:S in Ll.‘-.‘-lI'I}_I multipmt n1r.u.|ems iI1ste:I(l 0|" I
H1"}')dI".-llt‘ nmclems and multiplexers?

4.4.2 \\'h:1t funetimu does -.1 DCE option pe1‘fm'rn.‘ l‘l:.1\\' would you obtain 2| IJCE option ”
thrmlglt the use of an eable?

4.5.1 \\'l1-at is the Ice)‘ tliffe.renee l_1L"E\\'I.‘¢:‘.l'| multipnint m:'1clem.~‘. and co11\-‘entiomll motlrclns?
Di:seuss5 the tliftt.-rt:11et-s in I'lI1'U1.I_g_{ll}'_}I.II (Jl'l1‘$1ll‘lt'fLl on L! mullipnint eireuit as the '<I\'t.‘]'?l§_{I’.': l)lI_J(.2li
size tr:-111sn1ittetl i11t:1-e:-mes. -

4.5.2 \\'l1_\‘ is the effect of multip0i11t moclelnra on .~u1telllte ei1‘euit.~s minimal?

4.6.1 How does a seeLI1'it_\' nmdem t.:pemte?

4.6.2 \\'h::t tun gluten elements \\'UL1l(l -.1 1"|t'l\\'(':I'l( :1clministI'-.It0r enter into 2: St’.(‘.lll‘lt_\' modem?

4.6.3 Di:-aeuaas l'\\':) li:‘|“1iIflti0i‘I:-I aismeiattetl with the use of see1Irit§' mntlems.

4.7.1 I)i.<eu.~;sa the I‘Cl:1tl{Jl1Sl'1l|'! between the tlatu rate. wire gauge, and tr:-1n.~‘.n1i.~‘..<:iot1 distemee,

4.7.2 Vflualt is the differe11ee hetween -.1 line (l1'i\'l.'T am] an limiteel—(li.~;tanee modem.’
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4.8.1 l)isL'I.1.~;s thc Ll1lifl'_‘l'L‘.l"|(.‘t’. hct\\-‘L‘t:r1 line tlrivers and 1in1it<=.t'1—cli:st-(mu: niuclcnis with 1‘-cspect
I0 lT1il{L?111I1,‘._{ cmnpnncnts.

4.8.2 [1 you are-. using 26 :"\\\"G (.'EIlJl(‘., what res‘.istz1i1cc would )"0LII'I1‘2'I.I1‘3ITIlE<S1f)11 l..'l'lL‘(}l.1ntl.'.'1' if
the cahlc tlisttinct: was 2001) ticct?

4.8.3 \\'h:-tl is thv priniary hum.-fit lrrmi the use of a multiport limited tlisl-.mi:c imulerii?

4.8.4 .-\SSLll'nf.’. }'r>ur m';__za1iizati<m 1121:; eight tcwminals that rt-quire 1-1 I_‘(iI111f;‘.l‘1.1l'JI1 In this
L‘()I‘I‘t}'}ll1L"l' :<_\'sati:i'r1 1£)(‘.il1'l':{_1 in the samn: building (:0!) feet distant. If t1‘Jt' tei'minal.~'a operate at
240:1 hp.-5 zintl can :>nl_\-‘ tr-an.~';mit pulrstrs 41)“ feel lat.-l'm'c the pLIl$(.’:-3 1.')I.‘L‘t}I'l‘I.(_‘ {.11$[t'}I'1'L‘L1.
(1t?l'i".l|‘I'I’liI‘tl_‘ the must t.-cumimitr method to cmiiicct the tcrmin-.il.~: 5,-_|‘1\'L'.T1 thc l‘oll:'i\\'ir1;__r cu.‘-:t for
<-qtiipimsnt aml t.‘.:Il)lCI

uuhlc cost per that S 11.51}Si [}l_!.U0
linc (11'l\'L'I'

ESESIJIJD
mnltiport l1I‘t’111'C'(1-(.11i.‘it11I‘|(.‘.L‘ T'I‘Il)(.1Ct1'I (4 port)

4.9.1 1.i}{’5.ilI1'i1)L‘ two limitations that can restrict transn1i:4sim‘i on 2| .~'iih:ecrih:-.'r l1i'|L'. to 33.6
l(l)p:-3.

4.9.2 \\-'hy are 111-.Iny cable '1‘\-'' six-'s:tcn1:a Iimitu.-d tn :1 ul'|1l'.11f(_'(_‘.l'1(l1’1':I1 tt'z111si':1is:sim1 L-ap'.il)ility?
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'l0RAf:':E-T. However, en1erging gigabit Etluzrnct does not provide a 10-Fold
processing increase alnove Fast Ethernet, as the former uses several techniques that
alter the minimum length of frames and transmits 21 sequence of frames from a
\\-'{JI'kS[‘c1tiDI‘I (referred to as packet bursting) to extend its transmission distance.

Thus, there is no direct correlation between the frame processing capability of
gigabit Ethernet and Fast Ethernet.
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LOCAL AREA NETWORKING

PROTECTING LAN RESOURCES

A Comprehensive Guide to Securing. Protecting and Rebuilding a Network

With the evolution of distributed computing, security is now a key issue for network users. This comprehensive guide
will provide network managers and users with a detailed knowledge otthe techniques and tools they can useto secure
their data against unauthorised users. Gil Held also provides guidance on how to prevent disasters such as seif-corrup-tion of data and computer viruses.
1995 O 4?1 9540? 1

LOCAL AREA NETWORK PERFORMANCE
Issues and Answers
Second Edition

The performance of LANs depends upon a large number of variables. including the access method, the media and cable
length. the bridging and the gateway methods. This revised textcovers all these variables to enablethe reader to select
and design equipment for reliability and high performance.
1996 n 4'31 95926 5

LAN TESTING AND TROUBLESHOOTING

ReliabilityTuningTechniques

Network testing is becoming a major requirement in corporate, industry and government computing. This book focuses
on networking systems and the testing tools on the market today.1996 0 4'31 95530 It

HIGH-SPEED NETWORKING WITH LAN SWITCHES

The demand for switching is on the increase as higher bandwidths are required from LANs, the internet and intranets.
This book focuses on different types of LAN switches and how they fit in with current network devices.199? 0 4?1 19444 E

VIRTUAL LANs

Construction, implementation and Management

Virtual LANs allow network administrators to group users in a logical network rather than one based upon physical
location. The book examines this new way of setting up networks from an intermediate level.199? it 471 1??32 B



LAN MANAGEMENT WITH SNMP AND RMON

1995 it 471 14736 2

 
TOKEN-RING NETWORKS

Characteristics, Operation, Construction
and Management

This timely book provides the reader with a com-
prehensive underslanding of how Token—Filng
networks operate, the constraints and perfor-
mance issues that affect their implementation,
and how their growth and use can be managed
both locally and as part of an Enterprise network.

 

 
 
 
 

 

ETHERNET NETWORKS

Design, Implementation, Operation and
Management
Second Edition

1996 III 471 12?0E X

NETWORK-BASED IMAGES

A Practical Guide to Acquisition, Storage,
Conversion, Compression and Transmis-
sion

This practical guide explains the methods used to
store images electronically and discusses the

 
 popular image—based applications. such as sto-

rage. conversion and compression.
199? ii IIT1 9?35? 2

1993 0 4?‘! 94041 0

 
 

REFERENCE

DICTIONARY OF
COMMUNICATIONS TECHNOLOGY
Terms, Detiniiions and
Abbreviations
Third Edition

1993 B 471 9T51E E (Cloth)
0 -W1 9751? 5 (Paper)

THE COMPLETE MODEM ,
REFERENCE -' I

Third Edition ,—,
199? 0 471 154571 1 

ABOUT THE AUTHOR

Having gained a B.S.E.E. from Pennsylvania Military College, Gilbert Held majored in computer
science for his M.S.E.E. from New York University. He also holds an M.B.A. and the |'vl.S.T.M.
degree from the American University.

Gilbert Held is a Chief of Data Communications for the United States Office of Personnel Manage-
ment. He serves as a consultant to a number of companies and teaches several college courses in
Computers and Decision Theory. Management information Systems and Data Communications. He
is the author of a large number of books and articles.

The only person to win the interface Karp award for excellence in technical writing twice. Gilbert
Held is also the winner of the Association of American Publishers Professional and Scholarly
Publishing Division award. He has been selected as one of the Federal Computer Week top
100 professionals in Government, Industry and Academia who have made an outstanding contribu-
tion in the field of computer science. He has also received several Government awards for excep-
tional performance.



Operation, Utilization and LAN and WAN lnternetworking

Fourth Edition

Gilbert Held

4—Degree Consulting, Macon, Georgia, USA

Data communications continue to grow enormously as a key part of

telecommunications. Technological advances mean up—to—date

information is essential. This fourth edition of the popular and

authoritative text Data Communications Networking Devices examines
the characteristics, operation and applications of the devices used to
construct a data communications network. it enables readers to

operate and utilize the networking devices used in the design,
modification or optimization of a data communications network.

Features include:

Extensive coverage of the fundamental concepts of data
communications

New sections on ATM/broadband networking, LAN/\NAN switches

and new examples of network integration devices

Examination of the specialized devices such as security devices,
LZW compression and voice digitizers

Discusses the different types of networks, network architecture
and the flow of data between several networks

Questions at the end of each chapter to assist understanding.

More than a comprehensive reference book, Data Communications

Networking Devices is ideal as a self study guide too. It is essential

reading for network managers and telecommunications engineers,

data processing managers and information system managers.
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