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Prefaqe

THIS FOURTH volume of CDC 3C251A, Computer Fundamentals and Digital
dngnalcommnmmnonsdemusedmsystemscomrolﬁcﬂmwmmdthewoﬂdh
iLweconﬁnmmexpmdmdbuﬂdonthemtedalpxmemedinpreviousvolm.
Thisinfomaﬁmalsofamﬂiaﬁmyonwhhﬁmdmmlsthmmblﬁldingblocksfm
various systems and networks discussed in greater detail in Part B of this CDC.

Unit 1 covers characteristics of digital signals. We discuss new terms as well as some
withwhichyoushouldahudybefamﬂiar.hisimpmtammhaveabasicknowledge
of these terms in order to understand the operation of modern computer networks.
signals.Ncn,weinnodnceymmsomofthedighalcondiﬁoningdzﬁmusedm
In Unit 2, we discuss computers. We begin with a brief history of early versions of
these powerful communication devices, and then delve into some of their secrets—
theinnercompomm’sandpmgramsﬂ:atmakethcmwork.Acompmerhastohave
some means of gathering input and delivering output to be a successful ;
communications device. This assistance comes as attached peripheral devices (or
somewhatdemchedinﬂwaseofmomceshaﬁng)mdthmeby,waumswvmagein
our discussion. '
UmtBbﬁngsmhgmmatﬁkens,aﬂcompmersdo-notspmkthe’samelanguageand,
maefm,ﬁndhﬁﬁwhwcomnﬁmeﬁecﬁww.ﬂmkfmly,mmmmm
ml&s,calbdpromcols,andovemnsmdards(mhitecmrw)thatgovemhow

compntemandcomnmnicaﬁonsystemsmnstinteramwithonemotherwhelpamaﬂ ’

thisproblemWecoverMemsofhnamt,andﬂwnendourﬁnalvolumeby
disamsingsomeofthephysimlandlogialdevimusedmcomeaqompmem
together and control the tremendous amount of traffic we process.
Thisistheﬁnalvolnmeof&xeﬁrsthalf(PmA)ofyourS-levelCDC.Bymeﬁme
.ymcompletcit,youshouldbeprepared}omoveﬁghtinmthesemndhalf(PmB) :
with no problems. : _

The glossary supplement to the CDC includes terms used in this volume. This allows
: yod’msimﬂmeouslymfcrmtemsumdﬁnoughommemandredmemeﬁmeyon
might spend looking for defmitions of previously covered items. :

Code numbers appearing on figures are for preparing agency identification only.

The inclusion of names of any specific commercial product, commodity, or service in
this publication is for information purposes only and does not imply endorsement by
the Air Force.

To get an immediate response to your questions concerning subject matter in this
course, call the author at DSN 597-5161

E-mail bearden @kee3b201 kee.aetc.af mil between 0700 and 1600 (CT), Monday
through Friday. Otherwise, write the author at 335 TRS/TTMQEA, ATTN: MSgt
Timothy L. Bearden, 600 Hangar Road, to point out technical errors you find in the
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text,UnitReviewExerciss,orComExamizﬁon.Sendmgsubjectmaner
questions to ECI slows the response time.

Consnhyouredumﬁonoﬁcer,uainingoﬁcer,orNCOICifyouhaveqwsﬁonson
course enroliment or administration, Your Key to a Successful Course, and
hregﬂaﬂﬁa(poaﬁblescoﬁngms,pxinﬁngenms,etc.)ontheUnitRcview

ExunissandComeExminaﬁm.Smdqmﬁmsth&apeopleﬁn&answermECL |

50 South Turner Bivd, Maxwell AFB, Gunter Annex AL 36118-5643, on ECI Form
17, Student Reguest for Assistance. ; .
This volume is valued at 24 hours (8 points).







Speciﬁcany,ﬁgmmandtechnicaldataappwﬁnginmﬁtsland3havebeen
tepmdnccdfmmGIELazm_DMIamr,JoseC.DeLeon,Editor©l986;
teChnimldataandﬁgmapp&ﬁnginunifl have been reproduced from EIA
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Unit 1. Digital Data Signals

Page
1-1. Data Signal Characteristics 1-2
600. Characteristics and terms associated with digital data

signals 1-2

601. Synchronization methods used in specific digital signals....1-11

1-2. Electrical Interface Standards 1-18

602. Industrial interface standards 1-16

603. Types of international interface recommendations............... 1-23

604. Military interfaces standards 1-25

1-3. Digital Signal Conditioning Devices. 1-31
605. Purpose and operation of a converter 1-31

606. How encryption/masking devices are used 1-33

607. The purpose of coders/decoders (CODECs) 1-34

Da:asysimsanddigimlcomnnmiwﬁngtechniqusarethefuuneof :
Qomnmnimﬁons.mﬁmeisdmwingnearwhenvirumnyaﬂinfomaﬁonwmbe
mmdoverlmgandshondismwesashighspeeddigimldmsignﬂs.mgh{
spwddmuansmisﬁondo&snotpmsem'apmblemuni&sscostormdia-type
Ofconrse,weknowcostandu'ansnﬁssionmuic&onsdoexistinmﬂitary

to do this is fundamental to doing our job well. That is why we devote the content
ofttﬁsnnittodigita]datasignals,methods,standards,andcondiﬁoning
equipment.

Portions of this unit were developed using material from GTE Lenkurt
Demodulator by permission of Siemens Transmission Systems, Inc. Permission to
uﬁlizethismaterialisgmtefnllyacknowledged.



600. Characteﬁsﬁmandtermsassociatedwithdigitaldamﬁgnals
Intheﬁeldofelecuialmmnnnicaﬁons,dataisintwofom:s:analogdmand



BmaryszgnaLAbmaxyd:gnalagnalxsmethathastwolevels +1Vand-1V, -
+3 V-and -3 V,-l-Gde-GV,etc.'l'heterm“bhaxy”referstotwocondiﬁons.In

Nomm%ZemM).AsappmdwadigimlsignaLﬂﬁsmnsthatwhena
signaliskeyedmoneleveLitstaysatthatlevdmﬁlit’skeyedmanotherlevd;
mhdom’tremmwmemkveldMngﬂnbhﬁme.CMmo&fymglm

a.NRZfL(level).TheLindicamﬂmtheinfonnaﬁoniscomainedmthe
leveLOnelevelisu'ansmittedforamaﬂ:(orlogic one), and another is
uansnﬁuedforaspaoe(oralogiczm).l'hisismemostfrequenﬂy'used
fonnalindxeDCS.WhentheabbreviationNRZisnsedwithmna
modifying letter, it is taken to mean NRZ-L.

b.NRZ—M(matk).'I'heinfonnationiseoMedinﬁwu'ansiﬁon.'rhere’sa
uansiﬁonfromonemtoﬂzeoﬂ)eronlywhenamarkbitissent
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& NRZS (space). The NRZ-S is justthe reverss of NRZ-M.
Rm-to-Zav(RZ-S).Whmasignaluansiﬁmoms,ﬂnsignallevelmomm
oneofthcdiscrctesignallevels,bmafterapredetemﬁnedﬁme(nmmanyso
percent of a bit), it returns to the zero level.
AbanathakImasionM@ﬂ).lnAm,almmatemarks(orlogicom)are

B?pola.Bipolarisgencranymkm'mmnatypeofmdingmhasthm@cﬁbed
mderAm;thatis,'awmmy(ﬂne&level)signal.inwhichlogicmare
mpzwmdbymvolnge,andlogicmbyahmmposiﬁvemdmgaﬁve
voltagm.AbipohrsignalmybeeiﬂmRZtrNRZ.
However,thetem“bipolar”isusedinconm' with other types of signals,
also.Whenthiswunoranyotherof&nsetamsappeerinamannfamer’s
limmtme,it’sagoodidatoﬁndomwhatthemnfacunumnymms.
Atypicalbinm-ypolars'gnalismostoﬁénanNRZ-LsignaLEachm&(podﬁve
mhge)mptmaone,andmchsp@e(wgaﬁvemhage)wam.lna
bipolarNRZAMIsignaLd:emaﬂ:signaldommttemmmmvohagewithoma
spacesignaLThespacesignalmysatzemvohagemﬁlama:kbitoccms.Ina :
time of a bipolar NRZ mark bit, then it Returns to Zero,

Teletypewriter signaling. The equipment used in the transfer of narrative
information in digital datasystemsmnstusesomkeymg’_ or signaling method.
Mmahodsnmstbeunifombetwemvaionstyp&sofequipmmt.lnthc
DefenseCommmimﬁonsSym(DCS),wensetwobasicsignalfonns:mnal
Namlopauﬁon.lnneunalopuaﬁm.youuanmﬁcoadsignalsbysmding
cnuentovcrtheﬁneformmdngpnlmandbyhmwupﬁngﬂncmunﬂowfm'
spadngpnlw.qua]chmimnseGOon:ZOmAformatkmandOmA
forspaceqmem(ﬁg.l-l,a).Abiascircnitmns;bensedinnentralcﬁuﬁtsto
dmwthearmnnefromﬂ:ematkoontactmthe'spacecomnct.mwasis
nomanysetathalfﬂxecmmtvalneofthenmkcmmtoovmmsidnal
magnetism of the relay. Refer to figure 1-2. _
Theneuualsysnemhasmeimmediaxeadvamageofsimpﬁcity.hrequkmvery
Bnlewuninaleqnipmeunitisasymopum;md,ingewaLhreqmm
anenﬁonThechiefdisadvanngmmﬁomﬂ:eummﬁssionmndpomSinoethe
waveformark;andsyacsisnotsymmetﬁaLThisnmaﬂymuhshdistorﬁon
andﬁnﬁtstheuseofﬂxenentalsyswm.l‘hcrefore,youmostﬁkclyseenclmal
keyingusedwhmthedismncebemﬁ:ewmﬁnalsismhershmmchason
in-staﬁonciraxits,uibmarystaﬁonlinks,andloalﬁmgoingmanommd



o 1-5
—1 130V - 60 mA (60V - 20 mA)
a OV- OmA (OV - OmA)

NEUTRAL SIGNAL (HIGH LEVEL)

- +60V 20 mA
-,.-.. e cdectccbhecw. OV OmA
b. 60V 20mA

POLAR SIGNAL (HIGH LEVEL)

+6V- 1mA
-l.-_ e Dl Sy R R V- OmA
< . . 4V - 1mA

Polar operation. Polar transmission is accomplished by changing the direction of
cnnemﬂowformaﬂ:andspacepu]sw.lnﬁﬁssysmm,themaﬂ:ingandspacing
wrmsateretained,bmtheymfermthedirwﬁonofcunmtﬂowmtherthanmthe
amenﬂno—amentcondiﬁonsfoundinnmaloperaﬁon.lnotherwords,themark
ispmdnwdbyansingmecunmtoﬂowinonedirecﬁon,andﬂ:espaceis
prod:mdbycansingﬂ:ecxmemtoﬂowintheoppositedirwﬁcn_
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'Ibvoltageforbothisequalinmagnm,bntofoppositepolarity. See figure
1-1,b, and 1-1, c, for examples of polar signais. Low-level polar signals use +6V
lmA;higb—levelpolarsigna]suse:tﬁOVZOmA.'rheDCSobjectiveisto
eﬁnﬁnateaﬂothertyp&sofsignals,thnsteaﬂ&nginﬂxewmluseoﬂow-level
polar signals. Figure l-2isaneleaﬁmlcircnitdiagzamofpolaroperaﬁon.

In figure l-l,bandc,noticethereatetwodiﬂ"emnpolarsigna]s. One is high-
levelpolaxandﬁneotherislow-hvdpdz.lhisdiffuenceinsignallevd(high

mPoIarpdncipleofop&aﬁonhasanadvm;eovertheng:araJpﬁnciple,
bemnseitisaﬁcmdvuyﬁtﬂebynomalvaﬁaﬁmintheDCvolﬁgeorby

dshablcthanml—mpecianywhuetbeﬁnedrcuitismherlong.Fm-
exanlple,aﬁncdmhascapwhanceinhmswﬂnmaﬂ:pmgsofaneuualsignd
mbecomelongerthannomaLSincethaeisnocxmmtﬁowing,thespacepu!ss.
(no-amentoondition)areunaﬁ‘ecwdlhemk,then,ismaﬂdngbiason&w
circuit. ]

onthepﬁncipleofcnnentonandmmoﬂ',impos&sinﬁniteﬁncimpedanw
dnﬁngspaoepuls&sandnominallinehnpedanceformad:s.

polarDCteletypecimniLNoﬁcethatﬂ:esendsideofﬂﬁscimﬁthasaneuu-al :
ralay;tbatis,markpﬂsscansememmﬂowﬂnoughthepimyofﬁ:erelay,
puﬂingtheannannemd:cmaﬂ:comctmsdossthechmiﬁnonedhwﬁon
through the polar relay, causing current to flow and draw-the armature of the



receivcrehytothemaﬂ:cmAspacepulseonmesendmlayanowsthcbias
i 'gtodrawmesendannannetotbespaceconmct.’ﬂﬁsdosathechuﬁt
ﬂnoughmereceivemlayinmeoppositcdhwﬁon,ﬂnebycansingthcmceive

- armature to be drawn to the space contact. _

[ B T

Figure 1-3. Simple polar circuit.

Anaddiﬁmaladvamageofthepolarmethodofkcymgovertheneuualmethodis
thatitgimthesystem’sconuonermoreclmastowhatmigmbewmng.lnthe
mseofammlsystem,theoomﬂm;seeinganopen,downothmwifthe

- eqnipmematdledistantendoftheﬁnehasfaﬂed.l'hepolmmcthodalways

u'ansnmssomesonofbanerythatﬂ:eoonu'oﬂacanusetohelpisolatethe

pmbableuoubleinﬂxeﬁmoreqnipmenLAst&dyspacebmezyindiwesthat j
meréisasnmkmhyorthazsomethingiswmngwithmesendingdevioe,wwws
d)esameﬂ:ingoveraneuudchmitcouldindicateabadﬁne,badequipmgm
powcrfaﬂme.lnomerwords,thewholebookofpossibleuonbhsisopentothe :
controller.

Digitaldataternﬁnolog.Tomakesmeyoumdmdmetcnnsusedinthis
ten,letusﬁnnlyestabﬁshﬁnirmmnhgsbeforeprmdingﬁmher.Asyou
know,adigitalsignalhastwostats.TheseareOmI,mad;orspace,amentor
nocunmholesornohol&s(asinpapertape),andmanymorecombinaﬁonsthat
mdwaneexﬂwroftwooonnadwtorymms.

Bit. mdigimlsignms,mhwndiﬁon,stm,orpmseis'unedabmﬂydiginm
temhasbeenshortcnedto“biL”Abitisamitofinfonnaﬁon.basedontwo '
symbols,smtes,drcondiﬁonskemmber,intechnimlscthbﬁwasmzedas
beingthesmallmamountofusefulinfonnaﬁon.'l‘hisistrm: 1 bit of information
isthcamomtofinformaﬁonneededforamceivcr(pmsonormachine)mmakea
correctchoioeordecisiontegardingtwopossiblemgs(ﬁg. 1-4). The more
bitsthatamad&dtoadigitﬂsignaLthegrmrerthenumberofchoimtobe
made.Ifthwebitsaremangedinapxsetsequcncethatismdctstoodbythe
senderandmceiver,acodesetismbﬁsdenhacodesegitispossibleto
nansnﬁtcomplexmagsﬂmate]hnimdon]ybythenumberofbitsuseiln
figure 1—4,youcanseethat1bitmnindiweomytwopossiblemssags.Whena .
second bit is added, the humber of possible messages increases to four. A further
increase to 3 bits increases the possibilities to eight different choices. Eachtime a
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bitisadkd_wﬂwcodeset,thennmberofclwimishcrqsed-byaddingl to the
expon:mofﬂxebaselForexample,aéodewith7bits(2)mrm 128
possib]emssagwors_ymbols.

:

L

g

Whmweexpstthetenn“bit”withmgard_toﬁm,wehavebitspaswmd
(bls).mssimplymmsﬂmwemmveacaminnumberofsymbols,m,or
conditions in lseoond.'l'hisisthemcthodcommonlynsedindatasystemsto

Sz’gnalingmte.Thuemsevualmeﬂmdsnsedtomfertomodn]aﬁonrateor
signaling speeds. As stated in the preceding paragraphs, signaling speed is
exmmdbyﬂ:eamonmofinfonnaﬁonthatmbeuansfmedinagiventhne.
Forexample,ifwemyl,ZOObizsperseeoniwearestaﬁngdmwecanmsfer
1,200bitsinlsecondWhatwempnot5ﬁpnhﬁngiswhethegaﬂthebitsareeqnal

Anoﬂ:ermethodofmfmgmsignaﬁngspeedormodnlaﬁonmteisﬂnoughme
useofﬂxetem“baud”l.et’sﬁzstexamineﬂwdeﬁniﬁonofbaudandthmmakea
compaﬁsonofbirspermondand'bandasexpmssionsofmﬁcr:ateorspeed.

Baud. Ihewmd“band,f’bydeﬁnitim,isﬂnunitofmodnhﬁonm.Modnlaﬁon
rate expressed in baud is the reciprocal of time of the shortest unit interval in
seoond&Themitinuervalismebitinadigitalsignalﬂmnkstheshm
mnomtofﬁmc.Band,therefme,expmsesmemmdmumbhsumsfenedifaubits
are equal in length and a 1-to-1 (bit-to-modnlation)encodingwchniqneisused.
The example in figure l-S,A,showsthatallbitsamofthesamelcngth.lnthis
me,themitintervalisZmﬂliseconds(ms).Asstatedabove,bmdismc
reciprocal of time, or written in mathematical form-
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1 second

-shomstunitinterval
_ __1second -
0.002 second
= 500 bauds
| 10MS ]
*1
A | 1BT { 18T | 18T | 18T 1B!Tl
2MS :
I ! I
g | 18T 1BT | 1BIT|{ 18T J_
T 1 oms ﬁ'
! i
& B}T 1BIT B}T 18T ,—
¢ ) i
r‘+-5|ls' _ !
Figure 1-5. Bits versus band.

Baud versus bit. Wehawta!kedabombandandbit.'fhetenns “onit interval,”
“bmd,”“bit,”and“modﬂaﬁmm”mvimlwolstomecommnnimr.lhe
systemsconnnnermnstmchathoroughmdasmxﬁngofthwetermsmensme
continuous quality communications to customers, -
Tmtﬂ)leaiswwwnﬂ:etems“bandmm”and‘bhm”mnsedimemhangwbly.
Bandisanexpmssionofﬁmeofthesho:wstmhdmaﬁomBiLonﬂ:eoﬂmhand,
mesmsuggmﬁoppfﬁm;itex;nmsesthenumbmofinfomaﬁonpulswin 1

tenn“bitrate”ca:d&snoimpﬁaﬁonofaﬁmitbif’withwlﬁchtoasembh
chazactersandpoﬁﬁonbitsofanydwixedlength.Refertoﬁgme 1-5. You can see
thmﬁgnal“A”hasSbits,eachidcnﬁcalhlcngﬂz.EachbitisZminiseoondsin
length,maldngﬂxeunitintervalthcsamelhewtal;hneinvolvedforanﬂnee
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signals is lOmﬂliswonds.Ifweﬁgurethemodhlaﬁonrateforﬁgme 1-5, A, we
see that it is 500 bauds.

Since there are l,OOOmﬂﬁsecondsinasecondandSbitsaretransfenedach 10
nﬁﬂiseoonds,ﬂ:csignalingWiSSOObitspamd.Hmthennmiul
idenﬁﬁaﬁmisthesmHowém,ifweﬁgmethemodMaﬂonmandsignaﬁng

wdmgmwahknmmwmmmmwsﬂom,
Let’s say, for example, we receive 9605 b, We would need a buffer to store the
exuabits.msisaﬂedanavediawand,dependingonthebitconm
speciﬁcaﬁonsforthechcxﬁtorsysm,itcouldwuseanalamtobeaeﬁvm
I&sthantheexpeaedbhpersecondmeismned,anmdemawmdcouldalso
mseai;alm.Eiﬂaerway,yonhavea;n'oblem.
Bﬁm:mhnegﬁtypmblunsarepﬁnnﬁlymsedbysysmmdehyorﬁnﬁngfauhs.'
Rennmber,thebitconntim:gﬁtyismlyconocmedwimmcnumberofbits
received in a specific time and not with errored bits.



Synchronons.Synchrononsopuaﬁonmanesnosynchonizingpuls&einthe
signalsueam,andanbitsamthesamelengthinﬁme.hsynchmousopmﬁon,
memceivingdeviceisadjmdalnmnaﬁcanymﬂwmdofthemmtﬁng
devicebycompaﬁngthespeedofmeinoomingsignalwiththeﬁmebaseofﬁle
moeivingdevice.Thetimebasecanbeanenemaﬂysuppliedtimingorclock
signaLIheeqﬁpmemnsmgthis,methodisvaysmbleanqumavexysman
amoumofconecﬁononbeaproperphaserelaﬁonshipbetwecnuansnﬁtand
receive devices is achieved. o
hmainminingsynchtoniiaﬁon,thegouecﬁonporﬁonofthereceivedeviceacm
nponthereocivedinfommﬁontoconecttheloal&ming.honemethodofdoing
avuageposiﬁmmﬁmeofimmamm.hapafeasimmemlmgpom
isattheomterofasignalbit(ﬂmeisashnﬂarmhodof@craﬁmmarm
mmmﬁms&m&mpmt).mwmmqmme
: receivingdevicemsensebthandmaﬂ:-w-mmﬁﬁommd

isposiﬁomdatapointmidwaybetweentbeavmge'mnceofmmsimm
inthecenterofthesignalbinl‘hemceiiringdeviceussﬂﬁssmpleofdn
incomingsignalforuanslaﬁonintoauseﬁﬂfmmofintenigeme;thatis,
rqnoductionofwhatwasn'ansnﬁnedﬁgm'cléshowsemphsoﬁneoming
signalsandsmplepoinswnhmdimﬁonofﬂ:eineonﬁngsignal.Noﬁccﬂmau
bitsinthesynchmnmsdansignalmofequaldmaﬁon,nnﬁkeﬂzatofthcsm-
stopsignaLwhuethestopelemeutwaslongerinﬁmethantheotberelements.
mamcsewe. ] LT LT LT M1
SEL.ECTION POINTS i 1 1 i 1 1 1 1 ] 1 1 1 1
Aecms:rﬁma:cvgmnuse

1

i} i | S S i Ll 1
B. INCORRECT FREQUENCY RELATIONSHIP RECEIVER 5% SLOW.
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Asynchmms.AnasynduonommgnalxsanyszgnalﬂntMssynchmnmg
bimwiﬂﬁnitssignalsumlﬁsmethodofsynchmninﬁonwasaxmﬁmethe
mostcommonfomhisideuﬁﬁedbyasmnpu]scorbitatﬂwbeginninganda
stoppdseorbitatﬂneendofwhcharacter;l‘besmpulseismeognizedby
alwaysbeingaspaceandeqmlinunhinmrvalmtheinformaﬁonbits.lhestop

: ptﬂse,ontheolherhand,isalwaysammkandmayhaveﬂwsameorlonmmit
innervald:anﬂxeinfonnationbits(ﬁg. 1-7).

onlyonedlaracter'andisﬁlm@oppedtoawait;r T2ception of the next start
signal,indicaﬁngthatﬂ:emdlmisabom:' :zart. In this way, the speed
during the length of one character.
Ihcreisadisadvanmgemﬂﬁsnwthod.m'hngthofeadzchamcmmnstbe ‘
inamsedmindudelbitmsmﬁmmodvedcvisemdalongabitmsmpi:
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Self-Test Questions
Afm-ymeanpleteﬁmeqnesnnm,youmycheckmmusatﬂmmdof&em

600. Characteﬁsﬁcsandtexmsassociatedwithdigitaldatasignals
1. Which form of data, analog or digital, is processed in a continuous form?

2, Whichfor;ndfdamispr@inadisaaAfomé

3. What does the term binary refer to when it is associated with digital signals?
4. What is a ternary digital signal?

3. D&scn’beanomeum-to-zero(NRZ)szgnaL

6. WhichpanofaNRZ-Lsignalcomainsinfmeaﬁon?

7. Where s the information contained in 2 NRZ-M signal?

8. Ifthelast“matk”umsmmﬁdmanahematematk-mvemcn(AMI)mgnalwas
~  megative, what will be the polarity of the next mark?

9. Describe a bipolar signal.

10. Whatrepresentsma:kandspacepnlswwhcnyouuseneuualteletypewnter
keying?
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Il.WhatreprwemSmaﬂ:andspaceplﬂsswhenyounsepolarteletypewﬁm
keying?
IZWhaxpﬁndpleofpolarkeyingmksitmedshablethanneuualkeying?‘

13.Toa_systemsconnoller,whatismebwadvamageofusingpolarkeying
instead of neutral keying? .

14. Define the term, “bit.”

17. Briefly explain the difference between baud and bit.

18.Whaxismediﬁ'emncebetwem“overﬂow”and“lmderﬂow”inrelaﬁonmbit
mmme. m’ ;-

601. Synchronization methods used in specific digital signals

: Whaxmthethreeteunsmdhodscﬂbemchrminﬁonmethodsnsedin
digital signaling?

2. Howmanysynchronizingpuls&sareMdinsynchmnousoperaﬁon?

3. Bricfly cxplain the principle of synchronous operation.
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4, Whacmsﬁmsmasymonssignal?
5. Briefly explain the principles of asynchronous operation.
6. Howdowasynchmnonssynchronizaﬁonaﬂbctu'ansmission@eed?

7. Whatisanisochmnoﬁssignal?

AsﬂneWorldwideMilitaryCommandandCommlSystem(‘WWMC@)and
IncalAmNetwoxk(LAN)mmeintobeing,theenghwersconsidexedwhich
standard they wanted to use. Since the existing equipment on the market was
akwdysetmoerminsmdards,theywmfotcedmusethestandaﬁthatwas
avaﬂablc.Asthewoﬂdbmmemomconcemedwithsmvivabﬂhy,newmndards
weredevelopedtosaﬁsfydﬁsneed.SomeofMenewstandardswereadopwd
imotheWWMCCSandLANworldandsomewemnotAsmajormvisionsaze
insﬁunedwminthewod:cmters,eqnipmemwithinﬂzcmisupgmkdmthe
newsmndaxdsmprovideﬂﬂs“survivabﬂity”thamameoftheexisﬁngsystems



602. Industrial interface standards |
Themdevdopedfomehcuimlmndmdsusedbymmufacunusmhncrﬁce
datawminalanddatzcircuitmmﬁnaﬁngebcuoniceqnipment(l)EIARS-
232-C, (2) EIARS-422-A, (3) EIA RS-423-A, and (4) EIA RS-449,

themostwmelyi:sedDTE—to-DCEimetfamintheWWMCCSnetwork.It
appli@stoallclamofdatasaviceincmdjngmefonowing: @ R
aDedicatedbasedorpﬁvmlineservice,eﬁhertwo-wiréorfout-wiré.
Considazﬁmisgivmtobothpoinﬂo-pointandmul&pohnopaaﬁon.

mmmappﬁsmmmmmmdmmmwm

thatSnpponspeedsumeOkasinmequ—orha!f-dnplexmode.RS-BZ-Cisa
singleendedormbalmcedinmr&ce,whaeaﬂoftheinmmhangesignalsshma
oommogremmgromd(signalgmmd)ﬂ:atmbew.attheinmtface

Normauy,mblebuwecnthetwoisnolmgerﬂranSOfeetorﬁmetas,bmmay
belongerifloadapadmncereqnirememsatem Use of longer cables is
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Purposeauddeﬁu_itianafpbxs. The pins on the connector contain
drcuis,”whichatesimplepaﬂ:sbetweentheDTEandtthCE.Twenty‘threeof
ﬂmecircuitlwds,haveaﬁmcﬁon;&xemmMgmamnnassigned(ﬁg. 1-8). The
‘pmposeofmevaﬁouspinsmbeeasilymdersmodbykncwinghowﬂ:eym
gmupedThecategoﬁesaredata,clock,conuoLandoomonorgmnndlﬂds.

DESIGNATION  NUMBER NUMEBER DESIGNATION
TRANSMITTED DATA 54 @=t— 1 PROTECTIVE GROUND
ncemmaaamn-é s_{’-\t:2 TRANSMITTED DATA
SECONDARY RECEIVED DATA """"’:-3 RECEIVED DATA
mmaamnm ::::.__5 mm SEND
SECONDARY REQUEST TOSEND 19— @16 DATASETREADY
DATATERMNAL READY 20—t @@~ 7 SIGNAL RETURN
SIGNAL QUALITY DETECTOR 2‘_‘.--. RECEIVED LINE SIGNAL DETECTOR
DATA SIGNAL RATE SELECTOR a_..: :‘: ~VOLTAGE
DTE TRANSMITTER SIGNAL ELEMENT TIMING :_.: SECONDARY RECEVED Lo
9-—:3 SECONDARY CLEAR TO
P"‘ F
w,,mm@m o  Ecunaions:
2 | T B x i
<
s Received data 88 X " 104
4 Request to sand CA > 4 105
5 |Clearto send cB X 106
6 |Data set ready cC X 107
7 | Signal ground/common retum g X ;‘g
8 | Received kne signal detector
set tasting
: received 3 detector SCF X 122
3 Secondary = data g X X 1"12;
1 Tmmmmm T b 14
37 | Recewer signal element timing (DCE) oo X 115
19 request to send
21 mmm cG X 110
22 i Rng incicator CE X 125
2&4 tT:aa ) gato salector grAva X Xx » };31/112
25 Secondary clear o send SCB [ X
Figmel-&ks-m-Cphm

Dmakanganlwdsamﬂmsepinsthatmythedataintelﬁgenceﬁ'omtheDTE
wtheDCEandvicevema.lheymdividedinmwvomegOﬁm:pﬂmmychmel
and secondary channel. : ®
Ihepﬁmmychannelisthedm&annelwithﬂ:ehighmtsignaﬁngmwhmetwo
channclsshmeacommoninterfaceconnector.ltiscompﬁsedofpin2(uansmit
dam)andpinB(moeivedam).Ihcmdzychmelhasmelowersignalingra:e
of the two channels. It is comprised of pin 14 (secondary transmit data) and pin 16
(secondary receive data).



Clock leads. Clockladspmvide“clock”or“ﬁming”formedatauansnﬁssion

synchronization. Onmostdmuim,themodmpmvidmﬂﬁstimhgtotheDCEon

pins lS(ﬁmsmissionsignaldmntﬁnﬂng)andU(receivcrsignalelemem

. timing). Occasionally, on a “ -cmet”whhomamodun,theD’IEpmvid&s
&ﬁs&lningonph%(nansxnitsignaldmﬁnﬂng).

Tomaimainﬂﬁsrdaﬁmshiponasynchrononssyswm,dnﬁnﬁngsourcemnstbe '

twice_mespeedbfthedmm.WhenWemeanhSyndnmousﬁgnaLitisnot

necessary that these timing leads be connected. -

Comntrol leads. Controlsigna]samusedtoenableanddisablédatatransnission

andrecepﬁon;thcyarealsousedmindicazemeopmﬁmalsntnsmdmdiﬁonof

theDTEandDCE.'I‘hseconnolcimﬁtsincludethefollowing:

aReqmtoSend(RTS)-Pin4.msciruﬁtisnsedmeondiﬁonmelocal

dmeomnmﬁmﬁonsequipmemfordatammssionand,onahﬂf-
duplexchanneLtoconnolthedimctionofdatamsnﬁssionofthelocal

¢. Data Set Ready (DSR) — Pin 6. Sigr;alsonttﬁschmitareusedtoindim,
the status of the local DCE.

dDazaTemﬁnalRudy(DIR)—Pinzo.Signalsmﬁﬁschcuitmusedto
conuolswitchingofthedamcomnnnimﬁomwnipmmttothe

communications channe].
&ReceivedlineSignalDetector(CanierDetect~CD)-Pin8.Thiscituﬁtis
used to indicate when the data co icati equipment is receiving a

signalthatmetsitssmtabﬂitycﬁmdafordemodlnaﬁommmare

mbﬁshedbythedammmmmicaﬁonsequipmmmannfam.
Canmxonorgroundleads.'nﬁsoonducmratabﬁshesmecommongmund
-mfmeneepotenﬁalfm-anmmrchangcchmim,exceptformepmwcﬁvegmund
cirmit’fherearetwocommonorgmundl&dsmedinﬂleeqlﬁpmem.
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1. Protective Ground - Pin l.l‘hisgroundoonmctionkeepsyouﬁ'omgening
shockedWhenyouMchﬂ:eequipanItiselecnjm.ﬂybonded(ﬁsmd)
totheequipnmxﬁameandshouldbeoomdtoanenmalgmmd
mhasthegronndwheofanelecuiml;ﬂug.'rhiswiresuapmnbe
comecmdorremovedatinstallaﬁon,asreqnimdtometapplicable
mgulaﬁonsortonﬁnimizetheimmdncﬁonofnoiseinmelecu'onic
circuitry.

Electrical characteristics of pins. The EIA RS-232-C standard prescribes bipolar-
Wmmmmmmfwofwmmm Transmit

gmundWhegthesignalismozeposiﬁvethanposiﬁve(+)3volts,itisinthe
space condition. (Thisisconmletclyoppositeofwhaxismenﬁonegiinl\mfm

groundpotenﬁalmnstalwaysmaimainOvoltspotenﬁalonbothgmmdpinsto
E[ARS422-A.TheRS422—Aisﬂ:eﬁrstinaseriesofnewstandardsdmignedto
replacetheRS-ZSZ-Chqneciﬁsabahnwddeaﬁcalintafapethatopmata
muchhigherspwdandoverlongerdismncsthanirspredemsor.smceit
speciﬁsabalanwdimerfaoc,weneedtohaveabalanwdcircnitinwhichthe
posiﬁveandncgaﬁvesignallinsareisomdﬁomgrmmd.&chsigmllmdhas
itsowncommongronndremmlmd,whichmamitmuchlsssnsccpﬁblcto
noise.Wimthetédmﬁonofnoiseinmisstandard,welnveﬂleadvamageof ‘
higher data rates and longer cable runs.
mm&-Aisd&dmdforappﬁuﬁononaMSted-pairmlephonewheat
distancasupto4,000feetanddmusingmcsnpm 100 kb/s. The data rate can
increase up to 10Mblsatdistanwsof40feetorlss.'l‘hismak&sitpossibleto
intcrcomcteq:ﬁpmentwithinafadﬁtywithmtheneedformodcmslhcks-
422-Asmndardisalsofuﬂ-duplexandasammtofﬁwmmeqmpmemused,
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it requires no control leads, 'I'hisstanda:ﬂwasslneciﬁmnydesignedforpoint-_to-
pointconﬁgmaﬁons,bmmbemodiﬁedfm'otherpmpm

Sometypimlsimaﬁonswhuethebalmdimetfacenﬁghtbensedareasfonm'
‘ anneintcrmneeﬁngableistoolongforeﬁecﬁvembalamedopaaﬁm.
b.lheﬁnmmcﬁngmbleisexposedtommsomthatmy

Thepmvisionsofﬂtsmndm'dmaybeapp&dmtheeﬁmitsemployedatme
inted‘acebetwecneqnipmcmwhuetheinfonnaﬁonbeingconveyedisinthefom
of bi signalsatmeDCbambandleveLmunbahnceddigitalinmce
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operateovernmowu-mgesmsaﬁsfy‘mmeeconomiaﬂyweciﬁcappﬁcaﬁons,
parﬁczﬂaﬂyatthelowerdatasignalingratm.

5 Whilethembalancedinterfaceismendedforuseatlowwdamdgnalingm

thanﬂxebalmdinmfacc,irsgenm-alnseisnotmcommdedwhucme
alheintmomecﬁngmblcistoolongforeﬁcﬁvennbalanoedopmﬁm
b. Themtuconnecungcablezsuposedtoexu'aneonsnmsesonrmthatmay

betweenmesighalcondumanddrmitoomonattheloadendofﬂxe
ablewithaSO-ohmr&storsnbsﬁnﬁedformegeneraor.
alzisnedssarywminimizemrfemncewithothersignals.
Oneimportamthingmmba-abomﬂﬁsstandardisﬂmitissimﬂartothe
RS—232-Cinmanympemmd,asmch,mnbemdfmhner0puaﬁonmder
certain conditions withgenerazozsandreceivexsofﬁ:eRS-ZSZ-Cmdatd.

RS4490paaminconjmcdonwﬂhehhcroftwostandards'specifyingdecuical
characwﬁs&cs:RS422-A,forbalmcedcirmits;andKS423-A,formbalanwd
chcuits.hgovemsthemechanialandebcuimlchmaeﬁs&‘msoﬁhemmce
betweenﬂxeDTTEandtheDCE.TheRSMQStandardappli&stobinmy,seﬁaL :
synchronous, or asynchronous communications. Half- and full-duplex modes are
accommodmianduanmnissioncanbcpoim—m-poimormMﬁ-poivaer_two-or
fmn-wirefaciliﬁes.Poim%poimanangmrsmbeeiﬁwrswitchedor_ e
&dimdMnlﬁ-poimanmgememsarecomeaedbykdimdlin&s.Nomany
;heRS-449plac&sﬁ1euansuﬁssionspwdmddistanceﬁnﬁtaﬁonsbetweenthe
terminal and the network at 2 Mb/s and 60 meters.

MostoftheimzxchangeﬁmctimaldeﬁniﬁonsgiveninRS-BZ-Chavebeen
retained in RS-449; some significant differences are as follows:

aDmmmaxomodaedupm2MNswhenmmgmebdmced
interface specified in RS-422-A.

b.RS-449Speciﬁesadiﬁ'ereminterfaceconnectorsizeandlaIching
arrangement. A 37-pin connector is used to accommodate additional
inmfaceleadsthatsupponnewlydeﬁnedﬁmcﬁonsand,also,to
accommodate balanced operation for 10 interchange circuits when it is
used.Inaddiﬁon,aseparateQ-pinconnectoriSSpeciﬁedtoserve
secondary channel interchange circuits, when applicable.
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cTenaddiﬁonalciraﬁ;ﬁmcﬁonsmdeﬁnedhﬂnding:ﬂmecircuitsfor
muolandstamsofmfmcﬁonsassodatedwiﬂlDCE;twociraﬁtsfor
-mudmdmafaumsfaﬁmcﬁonoftthCEtoastandbychannel;

‘ onecimnitmpmvideanom-of-servicefmcﬁonnndaconuoloftheDTE;
: onecircuitwpmvme'aNewSignalﬁmcﬁon;qnccimﬁttopmvideDCE
ﬁ'equencysebcﬁm;andtwocircuitstoprovideacommonrefmfor
each direction of transmission across the interface. '
dIhreeinmvhang:cﬁuﬂtsdeﬁmdinRS—ZBZ-Chavenotbemincln&din
RS449.Ph_s9anleof?:S—232-C_mmvedfordatasetmﬁng;thwc
havebeenexclndedinRS-_449tomininﬁzeinmfaceconnectorsize.
Pmtectivegmundhasalsobemexclndedsobondingofeqdpmqntﬁm
mbeimpienmmdinmﬂancewithnaﬁomlandlocalelecuidcods.
amopﬁminRS-%Z-CﬂzatpmitsﬂnonﬁsimoftheReqnestToSend

J. The definition of the Data Set Ready function in RS-232-C has been
d:angedinRS—449,andanewfnncﬁon,DataMode,Whichindim
g Toavoidconﬁ!sionwithRS-BZ-C,RSM%nsmblisheditsownsetof
Forabt&kdownofthepinasdgnmtsmddwmnemonicsusedwhhthisﬂ-pin
- plug, refer to figure 1-9. '

(r



Cirenit Cizcuit Circuic
Pin [mnemcnic Circuit Hame Type
19 1 __86 |gignal Grouna _ Common
-y} —8C___| Send Comman To DCE
20 RC Receive Common From DCE
28 IS Perminal In Servics To DCE |Control
251 __IC | Incoming Call Prom DCE
12.30 TR Terminal Ready To DCE
11.29 e 4 Data Mode X Prom DCE
4:22] 8D |Send Data To ICE [Data
6.24 D Receive Data PFrom DCE
17.35 T Texxminal Timing 20 ICE [Timing
5.23 8T Send Timing Prom DCE . "t
8.26 Y Receive Timing From DCE §
7 .25 R»S Requast to Send %o DCE [Comtzrol
[ 3-27] _C8 _ |Clear To Send Prom DCE |8
13.31] RR__|Receiver Ready .| Prom DcE &
33 S0 |signal Qualisy Prom DCE i
34 BHew 8ignal To DCE :
16 F:: g Salect Frequency To DCE
8ignaling Rate Selector To DCE
2 8T &mmm::_m
20 [ 1 filocal Loopback To DCE {Control
14 RL Remote Loopback To DCE
18 ™ Test Nods | prom DR
32 88 8elect Standby To DCE {Control
36 8B Standby Indicator Prom DCE :
3.21 —— Spare - —— —
p § So— Khi v— —

Fgurel-Q.RS-d@pinWWwﬁhpumﬁmd&eWchdm&y
‘ Association, ©1977.) . ,

603. Types of international interface recommendations
AnotheragencythatdwswnhebcuonicmMceisthehmnaﬁonalTelcgmph
andTelephoneConsuhaﬁveCommiaee(CCHT).lhisisﬁzeoﬁdalbodywhere
tebwmmnnimﬁonscanjcrsdeddehowtheyworkauossintmaﬁonalbordemh
ispanofthelmemaﬁonaITelwommunicaﬁonsUnionaTLDinGenevatbatisan
organization associated with the United Nations. CCITT publishes
recommendaﬁonsthaignideantheeomunicaﬁonscarﬁcm.ﬂowcvcrthese
rwommendaﬁonsarenotalwaysusedasawoﬂdwidestandardbecanseinmany



mommendaéond&signamtsdedwithmodpmsmddataspeeds.Somofﬂlc
Inore common ones you might find are the folowing:

V2l. 200-bls'modcxnstzndardizedfornseinthegenaalswitchedtélephone
network. : : |
V.23. 600/12kb5’:modanstmdardimdforuseinﬂxegmalswhcbdtebphone
network.

V:26.24 /12 ¥ . modem standardized for use on four-wire leased circuits.
V.27. 4.8 kbls mciem standardized for use on leased circuits.
V.29. 9.6 kb/s modem for use on leased circuits.

V.35. Data transmission a1481d>lsnsing60-to-108k'ilohmz(kﬂz)gmupbls
V.36. Modems for synchrczous datauansnﬁssionusingéo-m-IOSkHzgroupbls
Asyou.mnseefromthemany_meommmdaﬁonsandcoded&signaﬁons
mcnﬁoned,asnewequipment_isdevdoped,newstandmﬂsaredevebpedmkeep
paceandfollowtheiradvancemcms.'merearemanythatmusedbyour :
commercialcountetpats.Thoselistedabovearejustsomeofﬂ:emorecommon
omyounﬁghtencom:.meingmebasicsofhowthmeopaatemakxit
&sierforyouwlmderstandom:rtypesymmaybewoﬂ:ingwhhatymnfaciﬁty.
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604. Military interfaces standards :
Asnewelwuoniceqmpnmtisinsmued,tbemiﬁtarymbﬁshesnewstandards.

, Thsestandardsa:eusedasgnidminplanninganddevelopingnewnﬁ.limry
faciliﬁm.Herewediscussthestandmdsweuse,LﬂLSmISS-Candm,Sm

Dataleads.BothmsxnitdataonPinZandreceivedmonPin&MIbSTD-
188-Chasaposiﬁvema:kandnegaﬁvespace.Thismahsitincompan“blcwiﬂ1
memmcmnmmmmmnommﬁvom
Transiﬁonsbetweenmmktospaceandvicevermnmsttakeaﬁniteﬁmeto
minimizeemissiom.ltmaytakeSOmﬁpacemofthetomlbitﬁme(nnit
img'vaDtogoﬁ'omonebinmystatetoanoﬂwr.MSmahsﬂﬁsstandardme
secmeintemsoflnvingl&enﬁssionsthmRS—BZJC.Msrequirememgim
thedatasignalauapaoidalwaveshapeasindicatedinﬁgme 1-10. '

Figare 1-10. MIL-STD-188-C trapezoidal waveshape.

Clock leads. Listed are some of the differences in the clock leads.
1) MIL-STD-188-C allows anywhere from 3 to 12 volts on clock leads.
RS-232-C uses 6 to 12 volts.
2) Bit transition is triggered by negative to positive transition of clock.
RS-232-C uscs the positive 10 negative transition.
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Thisstandmﬂis@plimlﬂeataﬂdgnaﬁngrat&s@dhsof&etypeof
nansmissionmediﬁmuwd;fcruample,anonﬁnal%channelderivedby .
frequency-division muitiplexing (FDM), a nominal 48-kHz channel derived by

; FDM,achameIdcﬂvedbyﬁme—divisionnnﬂﬁplexingﬂDm,oraﬁberopﬁcor
» nntanicwkeconnecﬁonﬁgml-lldepicsablockdiagrmofadaratexminal

TRANSMITTED -
DATA DATA BLACK
conven. | SUAS
Wn-aa TRANSMITTER | g
TIMING TIMING BLACK| (MODEM)
DIGITAL |
& RECEIVER RECEIVER
- [manc TMING  BLACK B
(USER) QUASH-
RECEIVED RECEIVED ANALOG
RECEVE IpaTa DATA BLACK
* CONTROL UNIT, SECURITY EQUIPMENT DIGITAL INTERFACE
RED/BLACK CONSIDERATIONS, AND PER MIL-STD-188-114A
TBENG MAY BE OMITTED AS REQUIRED
* "MODEM MAY BE PART OF DATA CIRCUIT- ‘_'t_’
TERMINATING-EQUIPMENT

NOTE: CONTROL CIRCUITS NOT SHOWN
. Figure 1-11. Block disgram of a data terminal system.
Toconq:lywitthfS'ID-ISS-IMA,thehnufaceckaﬂtscmsistofagenerm

oneormomrecexversandawnmmnonrwistor,whaeappﬁablc.meelecuiw
Chaxactzﬁsﬁcsofﬁledigimlinm&cechmhsmspeciﬁedinmmsofmquhed
-vohage,cmengandt&sismvalncsobm&omdimctmsuremmofthe
genemtorandmceivercompcnems.lhegmatorchmacmﬁsﬁmford:e
gmmchmacmﬁsﬁcsformebalancedvoMgedigimlimerfacecimnits;
wher&s,ﬁlemceivetcharaaedsﬁsamelecujmuyidenﬁcalfor.boththe
unbalanced and the balanced voltage digital interface circuits.
'I'hegenemxorforabalancedcircuitshouldhavealowimpedance (100 ohms or
hss)andpmduceadiﬁ’exenﬁalvoltageontoGVOIts.nwgenmrforan
mbalanwdcimﬁtshonldhavcalowimpedanoe(SOohmsorless)andpmdneea
differential voltage applied to the i onnecting wire or cable in the range of 4
m6vols.1‘hediﬁmmakeitimpossibleforsimnhneoususeasbalanwd



602.Indnstrialinterfaeestandards
1. ‘What classes of data services are supported by EIA RS-232-C?

2 Whatdatatransmissionspeciﬁaﬁonsarempporwdbymks-BZ-C?
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3. What three distinct specifications is EIA RS-232-C established to meet?
4. What type of connector does EIA RS-232-C require?
5. WhataretheutegoﬁesdfpinsusedinRS—BZ-Cconnectors?

6. Bxi@ﬂydmcﬁbethepmpose'foreachgroupofpinscomdinaRS-BZ-C

7. Whatadvantagado&stheEIARS-422-Astanda:ﬂhaveovertheEIARS-
232-C standard? '

8. thchEIAstandardapphatoeqmpmmtufaoeurcmrswhaemfonnanon
msentmﬂ:eformofbmmysxgnalsataDCbasebandlevel"

9. What EIA standard is similar to the RS-232-C standard and can_ under certain
oondmons,beumdformteropmanonwnhRS-Z&-Cspemﬁedeqmpmem‘?

10. Which EIA standard is intended to replace the older RS-232-C standard?

11. WhatEIAsmndardoperausmoonjuncuonwnhenhermzz-Aor
'RS-423-A?

12. What type of connector is specified under ETA RS-449?



- 7 Matcbthe@cﬂpﬁonsinColnmnAwiththzircorrspondingmmaﬁonal
elecujcalhneﬂacerecommmdaﬁoninCohnnnB.ColnmnBitemsmnsed
once.

Column A Column B

__(l)lnte:facebetweentktam-t-mimleqnipm(pmmm a. X.20.
circuit-terminating equipment t (DCE) for start/stop b.X21.
transmission services on public data networks. . X25

_'(Z)Modemsforsyncbxmousdmuansnﬂsﬁonnsingﬁo-to-los- d:V.21.
kHz group b/s circuits. - ' . .

~—(3) 9.6 kb/s modem for use on leased circuits. e.V23.

——(4) 200-b/s modem standardized for use in the general switched I+ V-26-

' telephone network. ' g. V.21
~——(5) General-purpose interface between DTE and DCE for h. V29,
synchronous operation on public data networks. LV35.

——(6) 2.4 kiv's or 1.2 kiv's modem standardized for use on four- j. V36.

__(7)4.8kb/smod=mstandatdiudfornseonlnsedcimﬁts. '

_(8)600/1.2kblsmodemmurdizedforuseinmegmeml
_(Q)Damuansnﬂssimofﬁkblsnsing@-to-lﬁkﬂzgrmphls
R

_(lO)ImelfacebetweenD'IEandDCEfortenninalsopemthgin
the packet mode on public data networks,

604. Military interface standards

- Whatmﬂ:etwdmiﬁmystandm&ﬂmareusedasagzﬁdeintheplannh:g
and developing of new military facilities?
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2. Whichstandardpﬁmaﬁlydnlswithth&ner(tactimbmﬂimyomjaﬁons?
3. The MIL-STD-188-C is similar to what EIA standard?

4. thchstandardcanhaveenhcrunbalancedorba!ancedebctncal
characteristics? ' '

5. How are the electrical characteristics of the digital interface ircuits jn MIL-
STD-114A specified?

6. Wha:isthemaximnmaﬂowedsignallossyoumexpeﬁenceovertﬁepath .
betweengeneratorandreceiverwithMS‘ID-lSS-iMA? :

1-3. Digital Signal Conditioning Devices
Intheﬁmne,you’nﬁndthatsomecircuitsconﬁngintoymrstaﬁondonotarﬁve
inthepmperoondiﬁonorfomat.Whenﬂxisoccms,yonwiﬂberequh'edmmake
somcchang&satYonrstaﬁmsoﬁ:ecﬁcuitmbemadeopaaﬁonaLThe
eqmpmemweuseonmmxsommmdlgmlsxgmlcmdmonmgdem

605. Purpose and operation of a converter |
Bydeﬁniﬁon,aconvuterisadcﬁceusedtochangeinfomaﬁonﬁomonefmmto
‘another without chanmgthemeaning.lnoompxnertég:hnology,aconvermis
usedtou'anslatedataﬁ'omoneformofexpmssiontoadiﬁ’uentform.Weare
convmsattinm;whenwemdastoryandpmitinomownwordstotdl
smoneelse,webasinﬂyrelamﬁzsameinfonnaﬁonwemd,b:nputitin
wordsﬂ:eﬁstenamderstands.Wehavemytypsofoonverm.Inthe
fouowingtcxt,wediscussafewyoumayﬁndatyomstaﬁon.

Seﬁa!-to-pamﬂelconverta-.AseﬁaMo-paraﬂelmnvmisadevicethat
acceptsasingleﬁmewquenceofsignalelemmtsanddistn"bmesthemamong
mnhiplepmaﬂeloutputs.halsomptsasingleﬁmesequenceofsignalm
repmenﬁngdataanduznslat&sth@sestatxintoaspaﬁaldisufbuﬂomMost
teletype (ITY)mnlﬁplexersa:eexmplesofseﬁal-to-parallelconvcmrs.
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Amhg-m-digitaleonverter.Ananalog-m-digitalcmvenerisadevicethat
convcrtsananaloginpmsignaltoadigitalompmsignalcauyingequivalem
infomaﬁon,andvieevmaThedevicechang&sa.conﬁnnouslyvaryingvohgem
cunmtintoadigitalompuz.lheinpmmaybeACorDC,andtheompmmaybe
se:ialorpamlleLbinmyor&cimaLAmodnlatorldemodnlamrMODEM)isan
example of this device. : '

Hybﬁdmnm.Ahybﬁdconvermtakmatwo-wirecomcﬁonznd
uansfomsitinmoafonr-wheconnecﬁon,andvicevalso,anydeviccthat
pmvidshnpedancematchingbetwemcertaincimnitsmyhemfmedtoasa
“hybridconvetter.”Thehybﬁdused,ofoomse,dependsuponknOWingthe
impedanceofﬁ:eloopandthefmqmncymgeofinm&soitmpmvidea
bahmedchuﬁnlfﬂxeinpedmissmhatvaﬂable,ﬂnhybﬁdmmvidean
hnpuiectbalameatbestmdifﬁmkyiscompmmdedbythefzctﬂmwmal
digitalsnbscn'berloophybddmnstprovidéabalanceoverabandwidm
@proachinglOOkHzAnumpbofahyhﬁdconvemrisafom-wire _
. termination unit that allows 2 balanced four-wire circuit to be interconnected with
a balanced two-wire circuit.

Izvdwnvater.Alevelconvmisadevicqthatmnmhigb—levelkeyingm
hWélevelkeying,andvicevetsamsdeviccmbenemalorpola;po}aﬁty.
ConverﬁnthOvohsDCfmhigh—levdpolarkeyingmtﬁvoltsDCfoﬂow-leveI
polarkeyingismexampleofﬂﬁs;alevelconvmismecommoniyalbda
Codemnverter.AcodemiSadevieematcmmthebitgmqﬁngfora
chmctcrinoneoodehnomecmmpondingbitgrwpinginano&ercode.
Q:angingAmedemdatdCodeforInfomaﬁonlnmdnnge(ASCH)codem
Exm&dBinmyCodedDednnlInwrchang:Code(EBCDIC)isagoodexample.
'lheASC!Iisthelalmteﬁ'atofﬂncommmmniersandcompmer
connnnnicaﬁonsindnsuyinﬁwUnitedSmmmodmeannivusalcommon
language code. It has been adopted by the American National Standards Institute
(ANSI)_andismmﬂythestandzrdcodeforcompuwrcommnnicaﬁons.
EBCDICissinﬁIartomeASCH,butitisamles-bitcode.Iheeighthbitisnsed
asanaddedbitmextmdthecode,pmvidhgzsédisﬁnawdembinaﬁmsfor.
assignmmlhecodeisconsuuctedinbinmysequenceasismeASCH,butit
lacksapaﬁzybitbeuu_seanSbitsmusedforinfonnaﬁomIrsseqmof
oompaﬁngthelmsbefomﬂxenmnbetsisﬂxerevuseofthaxusedwiththe
ASC[LTheEBCJ)ICwasdeveIoPedbyIBMpﬁmarﬂyfornseinscicnﬁﬁc
applicaﬁonsandfortmnsnﬁsﬁonbetweenbyte—oﬁemedcomptmrs.

lhcmdecmvert:rdeﬁceisadedsionmahng-typeofdigimlbnngbhckthax
converts information received from its inputs to another digital code that is



'eved.lheenaypﬁoncanbeappﬁedoneithualink—by-linkbasisoranend-



Signaﬁnginfonmﬁoninﬂwcbu,'sothattheovmdinfmﬁoﬁmbe'
understood by the network switches and control facilities.
Hukenaypﬁoa.linkmypﬁmisapplhqonachlimsegmentinthe
distﬁbmdnetwork,soﬁmaninfomaﬁmﬂoﬁngmﬁnoommmimﬁonsﬁneis
mintdligiblemanmamhoﬁzedintmder.EvmﬂleovMadd:m,andmml
infounaﬁonareptotected_lhiso&tsuaﬁcﬂowwmﬁtyaswenasinfmmaﬁon

607. The pnrposé of coders/decoders (CODECs)

Anoﬂ:erehcaonicdevdopmmpmvidamﬁnalﬂlnsuaﬁmoftheindisﬁnc&on
of the line between voice and data communications: CODEC:s are electronic
cumnsthatcodeanddecodeanalogvowes:gnalsmtodxgnalagna]s.Unﬁl
recmﬂy,CODBCsmpanofapﬁvatebmnchcxchange(PBX),which,inm
washookedupmﬂwmelephonesystem.Now,beemsewchnobgicaladvmmm
bringingﬂzeoostofﬂmesemiconductorchipsdowntoavuylowpﬁce,itis
possibleminsmntheCODBtheedyinmthetdephmeseqthetebphmcﬂwnis
ablemoonvmmehnmmvoiccdﬁecﬂyhnoadighalsigmlAsatmh.digiﬁmd
voicesigna]smnansmhmdﬁkedigiralcompmerﬁgnﬂ&mditispossiblem
transmithoﬁvoiwanddaxadigitaﬂyonthesamewimsanhesameﬁmc.ln&ﬂs



M
mﬁmmgmwofmem&lﬁWbawmvdwmddm
WeseeCODECsuseddirecﬂyinthetelephonesetﬁrstwitbdigitalPBXs.When
these PBXSs use a telephone with a built-in CODEC and are connected to a data
temﬁnaloroompmer,ﬂwymuansmitbothvoiceanddatasimumneouslyover
oneortwopaﬁ'sofwirmbyusingdigitalu'ansmissionwchniqm.
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Self-Test Questions
Aﬁemmplﬁethsegmﬁmymmydnckmmat&emdof&emﬁt

605. Purpose and operation of a converter
1. What is the purpose of a converter?

2 MatchtheﬁmﬁonsinCohnnnAwiﬂ:.thecotrecttypeofconvawrin
ColnmnB.ColumnBitemsmaybensedonceormeﬂ:anonce.

Column A - Column B
_(I)Aocepsasinglethneseqmnoeofsignalelm " a. Serial-to paraile]
; andﬁstribmathem:mcngnmlﬁplepmanel ' : . .

| outputs. .Ana.l?g-to-d:gna.l_
_&)chpsmACmDCinpmandprovidaaseﬁalor ¢. Hybrid
paraliel, binary or decimal output. d. Level.
——(3) Optically provides electrical isolation and signal . Code.
__(4)Changmacmﬁmonslyvayhgvohageorcnnm '
inmadigitalougpm. . ; '
(5) Changes a two-wire connection to a four-wire
_(Qmadg‘i:mgsimm
Tepresenting translates the signal states
into a spatial distribution.
types of circuits.
__(S)Convcrtsanmloginpmsignaltoaneqnivahn
__(9)Convmsthebitgrwpingforchaxmofone
typeofdatasignaﬁngcodeimotbecotrwpomﬁng
bitgrwpingquotherdarasignalingcode.
——(10) Changes ASCTI to EBCDIC.
——{(11) Converts high-level keying to low-level keying,
and vice versa.
_(12)Worksinconjunctionwithacryptogxaphicdevice
' to isolate “red” and “black” equipment
configurations.
__(13)Convertsdigitalpu!sstoinﬁm'edlightpnls&sand
vice versa.
——(14) Encodes and decodes digital signals.
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606. How encryption/masking devices are used
1. Whatisthepmposeofanenm-ypﬁondevice?

3. Whazencrypﬁonmethodisthemostdifﬁculttoimplcmem?Why?

i Whatencq'pﬁonModisusedmsecureindivim:aliinesegxnenxsofa
distributed system?

5. Whatisamajordisadvangeoflinkmyption?

6. Ofmethmeencrypﬁonmedmds,whichreqnirmmemostencrypﬁoﬁdeﬁcé
withinatypiqﬂnetwork?Why? '

7 Whatencqrpﬁonmmodisumdmseaneseveraloommnnicaﬁonlim
simultaneously using a single encryption device e?
607. The purpose of coders/decoders (CODECs)

1. What is the purpose of CODECs?

3. Whatimpactdo&saCODECdeviceinstalleddirecﬂytoatelcphonesethave? .



1. Analog.
. 2. Diginal

3. Two levels.

4. A three-lovel signal |

5. AﬁmmmmmmMMammmum&mmm
6. The level | -

7. In the wansition.

8. Positive.

9.

Amdgnalhwﬁdzhgkmmrqumdbymvdmgcmdbgicmm
reymmdbyahmaeposiﬁveandmgaﬁvevcﬂmgs.

ll.%mwwamwwwmwwmw:
nkkmwwmhﬁem

15. Bits per second (b/s). :
16.T£=m6fmodn1aﬁonmofmmmm

s. hasynchrmmoperaﬁon,amcivingdevbeissnmdwhhambhmd;mmlymﬁlh
reeeimoned:m,thmaswpbitmkmmpandwaitmthe‘nmmbt

6. nslowstransmisn‘msped. '

7. Asignalinwhichanhitsmofeqmldmaﬂon.

8. Isochronous.

602

1. MW«WH&M&MWMWMW@W&&W-
wire.

2. Asynchmnousandsynchronomu'anmﬁmsnpmmkbls.
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3. dem.mwmofmmmwmof
4. A plug-in, 25-pin connector.

S. Dan,clock,comol,andeomnm,orgmmd. .

6. Mhﬁscmymk&gmubammmmamkmmnnmgfm
equipment status. Ground ieads establish the common reference potential.

7. It specifies a balanced interface tha:opumatmnchhigherspeedsandoverlongudm'

8. EIARS-423-A. ;

9. EIARS423-A.

10. EIA RS-449.

11.EIA RS-449. )

12.A37-pincomemanda9-pincomm.

603 .

1. Int::mﬂonalTelegmphandeephcneConsnluﬁveCanminx(Cm.

2. X-series and V-series.

- 3 (l)a,(2)j,(3)h,(4)d,(5)b,(6)f,(I)g,(S)e,(9)i,(lO)c.

1. MIL-STD-188-C and MIL-STD-188-114A. ' '

2. MIL-STD-188-C.

3. EIARS-232-C.

4. MIL-STD-188-114A. _

S. mmdmmmmmmm&mmﬁ&e
generator and receiver components.

6. 6dB.

605 _

1. Tochmgeinfomnﬁmﬁcmonefcmwmwhhomehanginghsmg.

2. (1)3_.(2)&(3)f,(4)b,(5)c,(6)a,(7)6,(8)b.(9)e,(10)e.(11)d,(12)f,(l3)f,(14)e-'

606 : '

To secure communications between a seader and receiver. .

End-to-end becanse the information is fully encoded throughout the network.

Eld—m-mdbmecncrypﬁonanddeaypdondcvhﬂmnstbesynchmnized.

Link encryption.

!nf@aﬁmhastobedxodedazachnodﬂdmnmofﬂ)emwk.mﬁnghsuswpﬁblew

intrasion.

mmmmmmmmmmmmmmm
networks have to be individually encrypted.
7. Bulk encryption. '

VR W oN o

o
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607
1. Tocodeanddecodeanalogvoicesignalsintodigitalsignals.
2 An_bphmesetwﬂlbeabbmmvutﬂnhmnnvnicedﬁecdthadigimlsigna
. 3. APBXismnwdedinordu-tousetlncﬁginln'msmision'media.
Do the Unit Review Exercises (URE) before going to the next unit.
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Unit Review Exercises

Note to Student: Consideraﬂchoimmfuﬂy,selectthebestanswertoeach

question, and circle thecompondingletter.Whenyouhaveconpletedallunit
Teview exercises, transfer your answers to ECI Form 34, Field Scoring Answer

Sheet.

Donotretm—nyonrénswermeettoECL

1. (600) Abinmysignalconveysinfomaﬁoninﬂ:eformof
a two levels. '
b. three levels.
¢. complex analog Signals.
d. complex ternary signals.

2.(600)Individnalpulseswithinadigitalsignalamcalled
a bits.
b. bytes.
c. codes.
d. blocks.

3. (600)Whatunitismoszmonlynsedindmsstemstoexpmssignaling
speed? '
a Band.
b. Baudot.
¢. Sense interface.
d. Bits per second.

4. (600) Bitoozmtintegﬁtypmblemsmp::imaﬁiycazmdby
a. impedance mismatch. '
b. system timing faults.
C. Improper equipment settings.
d. changes in atmospheric conditions.

5. (601) In synchronous data operation,
a. timing pulses are transmitted within the signal stream.
b. start and stop pulses control data transmission.
C. system timing is not of critical importance.
d. all data bits are the same length in time.



7.(602)Whattypecmctordo&stthlectmnicIndnsuyAsocia&on(ElA)
standard RS-232-C specify be used?

. a. %-pin.
b. 13-pin.
¢. 25-pin.

~ d. 37-pin.
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12. (604)'1’hestandardsinhmeID-188-Capplytownnnnnimﬁonssystems '
used mainly by
a.AirCombatCommand(ACC).
b.Ah'ForceMatcﬁalCommand(AmC).
e, AirEdumtionandTraixﬁngCommand (AETC).
d. Air Force Special Operations Commands (AFSOC).

13. (604)I'hemi1itaqstandardthatappliswlmbalanced25-pinandbalmd
37-pin connectors is the '
a. MIL-STD-188-C. '
b. MIL-STD-188-114A.
c. MIL-STD-188-300.
d. MIL-STD-188-544C.

15. (605) Which of the following is an example of a hybrid converter?
a. Modem.
b. Repeater.
¢. Termination unit.
d. Line-level interface unit (LLIU).

16.(605)Adevicetlmoonvensdigimlsignalsintoinfrmedﬁghtpnlssis
a. an optical isolator. . - -
b. a cryptographic device.
C. a statistical multiplexer.

d. a digitai-to-fiber converter.

17. (606)Thcencrypﬁonmethodthazoffersmeg1&t&ctdegreeofpmtecﬁonis
a. link encryption.
b. bulk encryption.
C. segment encryption.
d. end-to-end encryption.
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18.(606)Anofthcfonowingaremthodsof=nc1ypﬁonacept
a. link.
b. bulk.
c. end-to-end.
d. single-line.

19. (607) TheuseofCODECsbdttdirecﬂyintoatelephone will enable which of
thcfollowingmbeu'ansnﬁnedsinmmneonslyoveronepairofwitm?
a. Two data circuits.
b. Two voice circuits. '
c. One voice and one data circuit.
d.Onevoiceandonételetype('!TY)ciruﬁt_

20. (&thmsofmnvmicnce,whyismeinstaﬂaﬁonofCODECdcvm
directlyintothetdephoneset_spadmgeons?
a. Dialing is easier. '
b. Less circuitry is required. .
c.DefenseSwitmdNetwoﬂ:(DSN)procms_ingisqnicker.
d.Pﬁvateb:anéhexchange(PBX)ass;sta'nceisnolongerneedeg.

l’leasereadﬂlennitmmn.forﬁniiZandeonﬁme.-)
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digital computerextendsapason’sttﬁnldngbydoingrouﬁneand
time-consuming computations. The computer solves mathematical
pmblens,sor&anddassiﬁadata,andmakslogimldecisimsamrding

inckwﬁdesignandtheuseofnewcomponm.lhscadvamhavemﬂmdin
The greater capabilities and broader uses ultimately appear in newly developed
equipment; therefore, it is important to increase Your understanding of computer
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fnndammtals.ln:vhahly,theincrmsedknowledgewﬂlhnpmveyomabﬂitym
maintain electronic equipment.

2-1. Computer Operation Principlés

Onethingthatmsxmblefmmmypeopleistheideathatawmpmcr“minks.”
CmmersdonotthbzkAcompumrisbasicauyamechanicalordmnicdevice
thatmanipulatsinfonnaﬁonnndetautomaﬁcconn'oLAcompmu‘peﬂorms
shnplemathopemﬁonsandmakeslogidcompaﬁsons._Any“decision”madeby
acompumrisbasedmacompaﬁsmofsomtype;Peoplepmvidedxechmforthc
con:paﬁsonl.et’sexp]msomeofﬂ:evaﬁmstypsofcommmdhowthcy
operate. '
608.Computerdam'ﬁcaﬁonsandterminology
Oneveryinmonamdevelopmentofmodemdigitalcommrsisthcstored :
progrmwncepzlniﬁaﬂyacompum“sinstrucdommpmvi&dbymmwable
circnitboardswithconwamgoordsdmareplnggedintovmiouselecuic
temﬁnals(phngpardwiﬁng),orbysomeenmalmedinmsuehasmagneﬁctape
or magnetic disk. - '

atgizeaboxnpracﬁmnyeverytooLincIndingapenciLbuthae,welimitonr
discussion of computers to the modern definition.
ThezmlyﬁulenginewasinvmwdbyanEngﬁshmathemaﬁcian,Chaﬂes
Babbage,wholivedﬁ'om1792w1871.Hed&signedhismachmetodo ,
compﬁcatedsnmsmdstcrcmermmsofmhstagemﬂ:emlwlaﬁons.ms
analyﬁcalenginenevetwomd,meabbagc’sidusaremebasisformodem
computers. :
Thedcvelopmentofmodemmmputersmbedividedhoﬂneemaincategoﬂes

thatwereb:ﬁlt“dmuansistmalhethirdgenszaﬁonisthecompummadewith
siticon chips.



2-3
— S
Followingisalistofhistoﬁcdmaftﬁemodemcompumr:
hl%s,meemnicnnmeﬁulintcgmorandmlmhmr(ENIAC)wasbnﬂth
_wastheﬁrstaﬂ-decumﬁcmachheandwasmomﬁkeacalculamrthanapment-
dzycomputer.ltcouldnotstoredataorpmgrams- .
hl%?,mcmismrwasmvenmhwasmtusedincomnersunﬁlabom
1953.

On 21 June 1948,tthanchwerUnivasityMaﬂthheﬁrstunecompm(tha1
is,onewhichcoulds_tomaprogram of instruction), ran for 52 minutes.

In 1958,theﬁrstworkingintegtatedcirmitwasdeveloped.
In 1960,meﬁmt“chips”(intcgratedchcuitsonchipsofsﬂiwn)werepmdnwd

In lm,mﬁamnmmbﬂtwhhmmgrawdchmﬁmwmmnﬁcnnedfor

Minis. Aminiconqmtcrissmallerthanamainﬁ'ameandmnnothandleasmuch
: dataasamainﬁameorworkasfastasﬂlesupercomputers.Amodcm
nﬁnicompuucrisstinmanydmesmmpowexfulthanthemainﬁamsofthewﬂy
daysofcompmcm,hﬁnioompumared&eignedforoncpardmlartypeofwod:,
while 2 mainframe does many different jobs.
Micros. Whenthel&csexpensivemicmeompmerswercdcveloped, many more
people could afford a computer. Present-day micros are not as powerful as larger
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compmers,bntmostcanoonnectmemaequipmentsotheycanstoreaddiﬁonal
informaﬁonandopmteiﬁpmandmnpmmachinssuchasplonersandm
Forthe:rsxze,mmwomputasaxethemostpowe:fulcompmusmusetoday
Iheymeomﬂynetworkedtopmvidcmomshadngthamegmzsﬂ:enwdfor
ﬂec&oﬁics.Today,anmnqmersamelecuomqthatis,aﬂthch'workisdoncby
puls&ofdecuidty.Developmmtworkmtheﬁrstehcuonicmachinsbeganm
mel%mmmeﬁmmmckmemymdmandwoﬂ:ommgetdistanmforme
artillery in World War I1.
'OneoftheﬁrstAmmiwnelecu'onicmacbinw,ENIAC,didﬂiousandsdf-
calculaﬁdnsasecond,butitwasnotamnecompmerbeuuseitcmﬂdnotstore
infonnaﬁonorinsuncﬁons.hwas,'howeva-,muchfaswtthanamchaanl
calculator; that is, one which works by moving gears and wheels.
n:eManchsmUniversitmekLan&ﬂyBriﬁshelecuonicoomptm,wasnot
asfastasEMAC,whichcoulddoSOOdcnlaﬁonsperwcond;however,ﬁcmﬂd
stmeﬂleinstmcﬁonsforunyingomased&sofcalwlaﬁons.Becanseofits
smmgeabﬂhy,itisconsideredmbethc_ﬁzstuueoompumr.nxeMad:Iwasbxﬁlt
withelecu'onicpartslcftoverfmmWorldWarIIandﬁrstm(forSZminuws)on
21 June 1948. - .
ModemOOmpntersarepowerfulmachimusedtoconecganalyze,'éndms
inﬁniteamountsofinfmmaﬁonrépidlyandﬁthanw—pafectdegreeof
acanacy.l'hephysicalfonnofﬁﬁsinfoﬁnaﬁoniscaﬂeddata.Acompmer
pmcwssdarabyexewﬁngasequenceofpmdseinmucdonscaﬂedapmgrm
Compmerpmgrmsatedesignedandconsuuctedbypeople(pmgnmme:s)to
performdatapromsingtasksﬂmtsolverwlwoﬂdpoblems.ﬁogmmminga
compmerismﬁaﬂdusworkbmnsemhmmpmerlmderstandsonlyalﬁnited
set of very exact instructions. ' :
Cmnpmterm.Asmedevdopmﬁtofﬁxqcompmerpmgmssed,sodid
wmpuwtwe,thewchnical_hngmgeofmemmpnmrmf&ssiouhim’tnemsary,
mlmanwrmsassociatedwhhcompmezsmdeveiapanlmdetsmdingofthem,
but 2 basic computerese vocabulary will help. )
AddrmAnaddnssisdeﬁnedasahbeLsymboLorothersetofMused
todmignatealocaﬁonorregismwhaedataissmmdlnoompmets,bina:y
signalsaredeeodedandthemsukisnsedmselectaspedﬁcsmageregister.
Bit.Informaﬁonstoredinacompuner’smemoryisinthefmmof“bits.”Bitsare
thesmaﬂesttmitofinfomaﬁonremgnizedbytheoompmsystem;asingleone
orzero,y&sorno,ortmeorfalsc.lhetmn“bit”isacomracﬁonofBinarydigm
Bus.Abusisagroupofcondnctorsnsedtou'ansfasignals,Bus&sarcoften
idcntiﬁedbyﬂ:etypeofsignalstheymy.Porexample,agroupofoonductors
myingconuolsigna]sisoﬁenmfenedtoasa“con&olbus.”nxereareﬂnee
principal buses in a computer: the address bus, the data bus, and the control bus.
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AbusenendsﬁomdxecenualprocssMgnnit(CPIDasaseﬁ&sofwimtomh
componeminthecompmsystcmandallowsinfonnaﬁontoﬂowineither

i 'on.Likeahighwaywiﬁxseverallm,infmmaﬁonisu'avelingtowardsits
' inmndedd&sﬁnaﬁonAbus’apachyisnmnedmthenumberofbimuansfmed
between&neCPUandotbercomponmts.IhemostcommontypsmIndusuy
StandmﬂAmhitecune(ISA)thathasau'ansfermteof8and 16 b/s, Expanded
IndzsuySmdardArcthne(EISA)mattansfmSZb/smdisfasterthanISA
shnplybemnseitnansfcmattwbememe,MimChannelArcbitem(MCA)
ﬁ;atalsonansfmathe&-wsmbmaﬂowshwdacewiﬂuwopmcesom,and
ﬁnany,theLowBuswhichisnnwhfasmrﬂnnomvm&malbussys!emsand

pmvidsadheeteonnecﬁmmthecpmpmcr’ssymmboafdorexpansionboaxﬂm
help alleviate traffic on the ISA bus.
BytaIhetann‘%y&e”gmemﬂyreferstoawzitofswsofdmlfmemmeigm
ﬂip-ﬂOpsineachswmgemgismr,theregistermombyteofdam;Whenabym
mmssm&gmsepmamwnducmmreqnmdmmﬁcrabymofdamat

Dmlheoontemsofwchstomgeregisteratercfenedmas“dam.”lfmemm
fomﬂip-ﬂopsinmhstmagcmgista,ﬂ:eregisteraom4bitsofdeara,
whmnwdasagcnetalterm,denommnnbezs,lcners,symbols,etc"thata
computer can produce or process.

whaxopaaﬁontopetfonn.Forexmnple,wemzywammaddamnnber“A”anda

Ancomputcrsdomtusetbesameldndsofmncsequenceofdigits
(instmaion)thatcaus_&sonecomputertoaddmymakeanotheroompmer
subtract; however, some computers do have common or compatible instructions.

ngrmAcompmerpmgmmisaseri&cofinstmcﬁonsforthccompmerto
execme.'rhcpmgramtellstheoompumrwhaxtodoandwhentodoit.lfmc
progmmseqmceiscoheremandlogiummsingthepmgmnpmdnw
Software and hardware. Compmerpmgramsaljeoftenmferredtoassqﬁwareas
opposed to the actual mechanical, magnetic, electrical, and electronic components
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609. Internal circuit functions

ﬁgmz-l.Logis'salseeﬁmofam,
It’s not easy to moveﬁomsuchadiagmmtoﬂxehardwareitse]f.'l‘heﬁmcﬁonﬂ
block di mighxmislmdyoumexpectthatacompmerismechanimllyor

Physicaﬂydmsiblexmosepmblocks.l'hisismtm.Unlssyouarevery
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Hgmez-lshowseitheraone-wayortwo-wayoonmcﬁonmotherblocks.These
intucomecﬁngﬁmdomtmprwemsinglewm.%ﬂethereisagmm
dh'ecﬁonofmovanemﬁ'ominpmtooumm,thmeaemanypossibkpazhsa
‘ signalmtake.lhemmpmerdmignermbﬁshesﬂ:emmgm
insidemdbetweend:cblocks.Chmﬁwmpmems,logimnyinwmonnemd,m
ﬂleblﬂdingblocksofthecompmer.Somechmiminthecompmermmiqnely
daignedmdoonejob,whﬂzsmdardizedckcnﬂssuchasooumers,adders,or
registers can be applied as needed.
Thedigiralcompmer’sbasicoomponmlsfanimotwogma!cmsw—those
whichstoxeorretaininfcmﬁon‘(memmydanmts)mdﬂmsewhichmake
dedsimsbamdontheinfonnaﬁonmppliedmthem(decisionelcmcms).lhme
twodassareappﬁnblewalmostmyblockinmefmcﬁomlblockdiagnmand
needfunherdeﬁnition.Eachblockintheﬁmcﬁpnalblockdiagmmperformsa ;
Inpnt.Theinfonnationnsedbythecomputerhastobe“md”mthesystem,
mdmnstbeuans]medinmcomputerlmguage(bMary).Tbinpmunitdo&tbis.
Theinputanbeﬁdinmannaﬂyﬁomakcyboardorpmvidedﬁommagneﬁc&pe
ordisk,amodm,aﬁgh:pen,amouse,amh-smsiﬁvevideowtnﬂnaLoreven
ﬁomaspe_edxmog_nitionsystem.
OutpuLThecompmersmdsremhsofopuzﬁpns,asdienwdbymepmgram,m
anomputdevioe.lheoutpmmhsmnstbemﬂatedimothed&mdform.m

Inpuﬂoutpunlnallcomputezs,llOisnndaﬂxeoonuolofmepmgrambeing
execuwd.Theinpm/mnput(IIO)wctionofﬂwcomnermvidesa
connnnnicaﬁonsmpabﬂirybawmﬂncompmerandapedphemldevice.A
peﬁph&raldeviceisananemaldcvice,snehasapmnamvisnﬂdispkynnigthat
isconmmdwthecompmer.lheﬂomcmnolsdmuansfmsbetwemthe :
compmerandpaiphemldevmm&vimmﬁeqnenﬂyusedmpmvide

theoonmcﬁonsandsoftwazetomakeitﬁmcﬁon.batamaybesemfmmthe
compmerwap@hmalineiﬂm-seﬁalorpamnelformatlheperiphmaldevice
detenninesthefmmatmdlnseﬁalfonmt,dmismsfeuedonebitataﬁmc;
in paralle] format, it is transferred many bits at a time.



M
Pﬁmarystomge.Notallofthehtafedi:nomecompmmbeuwdatone

ﬁme,normnauﬂ:canswersbepmmdatoneﬁme.Asyswmforstoﬁngmuhs
?srequh@Mmaryis?thqtswtion.ofacompmerthatisnsedforstmjng

610. Internal control functions

Thephysimlmachincryofacomplwisrefmedtoas“hatdwm.”ﬁach

' hardwmedeﬁcecmsistsofelecumicchmitsandwirsassembledtom
mmmgmmmw,amhsfmfm&mﬂ
nni_ts:acenn-alpmcssingmit(CPU),aninputunit,anoutpmnnit.anda
memory.
Cam-éipnwessingmit(CPU).lheCPU,alsomlledacennalpmcmor,isthc
brainsofthecomputersystem. It:sresponsibleforpmcssmgmfommon,wlnch
maybeaninstmctionordata.lnsuuc&ommmscdaratomoveﬁomone
location to another or have mathematical and/or logical operations performed on
it.BnmmusedwithintheCPUchipmnmsferda:aﬁnmonemgimm
anoﬂ:er.‘l'heCPUmnstbeablemeaninstmc&onsfmmmemmy,&codeﬂnir
bztamptreqm(mg).'meCFUmnstinmfacewiththecompmq’s
input/omputsection(IIO).Onemethodnsedinpmgmmsisforthe@Uto
peﬁodimny“cmck”wiﬂ:meIIOtoseeifitneedssetvice.OﬁenFOomﬁons
miniﬁmdbythepaiphemldeﬁceﬂronghthcuseofbnemtptrequm.wmn
the CPU receives the interrapt request, it halts actiononthemainprogram,
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mmevo,ﬂnmmtﬁemainprogmhmmminzpmmtbmnse
tomonimrthemofeachpetiphaaldevice.lhesoﬁwarethathandlmthc
operaﬁonofmhperiphmlisexmdonlywhenmqnired.
Thefnnc&onalmﬁtsthatletaCPUpafomitsfuncﬁonsmthcmgistas,the
aﬁﬁmeﬁclogictm’rtandthcoonuolcircuiuy.
snchastheprogmmcommrandinsumﬁonmgismr,havededicamdus&.m
pmgrwncoxmteridenﬁﬁsmelomﬁm,inmemory,ofthenextinmuﬁonwbe
pezfomxed.lheins&ucﬁonisthmplacedintheirzstrucﬁonregivtenMdby
thebszondecoder,andmwd.O&erregistersarefwmoregeneral
purpose uses. '

operaﬁonsofacompmerwhichindudsdhecﬁngandsequmcingamhmeﬁcand
logic opaaﬁons,mm’ngmcmmy,andmolﬁnginpuﬂompmam)devim

&uonghmmmnaslbmlmitismmgedbystmdpmg'rms(setsof
insm:cﬁons)dmteutheCPUﬂneexactstepsmfonqwinthepmcessingofdm

lheconnolcirminyisﬁxepﬁmaryfumﬁonalunitinaCPU.Thecomlchmﬁny

isthesame.lheconn’olseqmmceimitsinpmﬁommedecoder,then ;
genmconuolsignalsinthepmperordermaccompﬁshmeinsuucﬁonhis
mponsibleformanagingthecomdbus.'lhe:eatewir&_rmningﬁomthe
connolsequcncertoeverynnitinﬂncompmer.UsingdockinpuLs,theconml
dmﬁuymainminsthepmperseqnenccofevemmquhedforanymsingmsk.
Since the activities of the CPU are cyclical, the clock furnishes the reference for
all processor actions.

Nﬁmpmeesor.AmicroProcessorisdcﬁnedasacennalpmwssingtmit(CPm,
fabﬁwxedasoneinnegmteddrcuit(singlechip),thatempmgmm
msuucﬁom.Somemmsofmimprmmnsemomthmonechip.Remmber



a. Clock speeds.
b. Instruction set.
¢. Data bus size.

d. Hardware requirements.
e. Symbology. ‘

DaabassizaThechoiceofdmbnssizedcpaﬁsonmeimendedﬁppﬁnﬁonof
the computer. Microprocessors may use 8-, 16-, or 32-bit data buses. Some
Hardware reguirements. EachtypeofCPUisnniqncinitshatﬂwareoonsu'ncﬁon
OﬂerPUsrequediﬂ’mmwltag&sforthechips.VaﬁonsCPUs’imczml
opmﬁonsmayevmdiﬁerhemseof&wirdesigndiﬂ’erm.




608. Computer classifications and terminology
1. Who invented the analytical machine?

. Whatmthethmegwationsofoomputers?

3. Whatprede@or&ﬂ:eptesem-daycompmerwasihéﬁrstaﬂ-elmic
machine,perfomdlikeamk:ulaxor,andcmﬂdnotstmedam?

4. M@memwmmmhmﬁmdm@m?
5 Whatisconsideredtheﬁrsttm:ecoz'npntet?_

6. m&mmmmmwyawhbh?

7. Define the term “mainframe.”

8. What distinguishes minicomputers from mainframes?

9. Brefly d&scn'betherelaﬁonshipbetween“data” and “‘pmgmm.”

10. Why is programming called meticulous work?

ll.WhaIisthetechnicaIlanguageofthccompnterprofmsion?



m

12. Match the descriptions in Column A with the computer terms in Column B.

CohnnnBitemsmzybensedonlyonce.

Column A
—(1) Often referred to as “software.”
_(Z)Asingleoneorm,storedinaﬂip-ﬂop.
——(3) A master timing generator within the computer.
——{(4) Generally refers to a mnit of eight bits of data.

5) Rderstoagrwpofcondnctorsusedtouznsfasignals.

_(6)Asequenceofdigitsthatteﬂsdneoomputerwhat
operation to perform.

——(7) Ultimately depends on the design of the computer, but
genuhﬂyismadeofmethanonebyte.

——(8) A label, symbol, or other set of characters used to
designate a location or register where data is stored.

()] Usedasagmeraltmn,itcandenotenmnbcrs,lemrs,
synﬂaols,eﬁc.,thaxcanbeteprodnwdorpromdbya

——(10) Mechanical, magnetic, electrical, and electronic
components of 2 computer. :

13.Whataretheﬂneeprincipa]busesinammpmer?

609. Internal circuit functions

Column B

a. Bit.

b. Data.

c. Byte.

d. Word.

e. Instruction.
f. Program.

g. Clock.

h. Bus.

1. Address.

j- Hardware.

1. Whatmeﬁ)etwogeﬁaalclasssofaoompmer’sbasiccompon-ems?

2 Whaicomponmtwiﬂxinacompmauanslawsinformaﬁontobeprocessed

into computer language?

3. Whatconu'olsthemput/ontput(IIO)secﬁonofacomputer?
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4. Matchﬂ:cdescﬁpﬁonsmCohnnnAwnhtbemfomaﬁonpmmmgtoa

computer’s basic functional operation (or bloc ock diagram) in Column B.
CohnnnBltemsmaybeusedon]yonce

‘Column A Column B

(1) The functional block of a computer a. Arithmetic logic unit (ALU).
block diagram that applies to data which b. Contro} unit.
, mbeprovxdedfromplmchedpapa
tape,mgncuctapeordxsk,amodem, cwm
light pen, a mouse, a touch-sensitive d. An interface.
video terminal, or even a speech e. OQutput.
recogmuon system. f. Memory.

(2)'I’hefuncuonalblockofaoompmer g. Input.
block diagram that applies to data which &
can be displayed on a video screen,
recorded on magnetic tape or disk, or
seat to a printer or modem. It can also
prodncethepmperresponsethmugba
recorded message of voice synthesis.

(3)Thcsecuon of a computer which
pmwdescomnnmcanonscapabdny
betweentbecompntzrandapenphaal
device.

_(4)'mee1ecu'omccn'cmtwh1choonneas
thepenphmaldevmetothecomputer’s
1O system.

_(S)I'hesectxonofacompmerthausnsed
for storing information. ;

(6)'I‘hesecuonofacompmthatm .
snnulaeesnbtramon,nmhplimm,and
division.

(7) The section of a2 computer that decodes

610. Internal control functions
2 Whatmthefourfnncﬁonalnnirsofacomputer?

2. What is the “brain” of a computer system?
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3.

M‘

What must a central processing unit (CPU) be able to do?

] -Whyareintemxptrequests important?

Whatarethethreefumﬁonalunizswithinacenn'alptmssingtmit?

Whatcomponemswnhmacenn'alpmc&ssmgnnnsezveastempmmystorage
units?

What is the fanction of the program counter?

1 Whathappegstoaninsmmﬁononceitsmemorylomﬁonisidenﬁﬁed?

Define the flag register’s operation. |

10. What is the function of a computer’s control unit?.

11. Where does the control unit of a computer obtain the instructions it needs to

teﬁthecentralprocessmgumt&eexactstepstofoﬂowmﬂ:epmsmgof
data?

12. What functions does a computer’s control sequencer perform?

13 Whatdo&sthecomrolmrcmtryofacompmerusetommtamthepmper

sequence of events required for any processing task?

14. Whataxesomeoftbegeneraldszerenc&sthaxdlsungmshvanous

microprocessors?
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2-2. Types of storage and devices

Foraoompzncrtofuncﬁonefﬁcicnﬂy,itnmsthavesomealtematemnsof
stonngandm\nngpmgmmmsuncuonsanddataotherthannspnmmystomge
Themmevatimzstypesofmxiliaxystomgedevicwinnsetodaymngingﬁ'om
ﬁxedsnbsystemsinstanedinthecompmermponabledevicssuchasmagneﬁc
disksmdtap&e.Forammpmermmakeuseofthwcdevioes,itisimerfadeith
adiskoonuoﬂer.lnthissecﬁon,wediswssvaﬁoustypwofstoragemdiaand
how the computer makes use of them. ~

611. Disk subsystems : _
Onmosxcompmersysmms,-medisksnbsysmm(ﬁg.z-s)isoomposed of a disk
_oontroﬂer(storageccnnoner),diskmiz,anddiskpackmcomponems
sometimes have different names. Let’s look at some information about
components common to all computers.

(Z)HovideapdmaryandahematcpathfordmbetwemtheﬂOimerﬁceand
the attached storage devices. -
(3)Tmslateda:aappropﬁatdyashisuansfetredbetwemmestomgedevie&
and the /O interface.
(4)Pumishoperaﬁonstamsinformaﬁontoﬂ1echannel.
(S)Mtheaccmacyofdatau‘ansfer,l’my,orpacket.



Sincemediskisin.constantmotion,theh&dsandmedmmmustbekcpt
separatedaﬁnitedistanoe.'l'hehe_adnsuallytravels on a small cushion of air. This
iswhyitisimpommmmaintainadnsﬂdin-ﬁeeenvhonmentAmﬂpieéeof
dhtoradnstbaﬂintheaircushionspacecans&swhatisoommomymﬂedahead
mshlhismﬂtsindamageddiskpacksagd,possibly,adamageddiskmigm
both. ;

vazy,youshouldbecomeﬂlmoughlyfamiﬁarwiththemanufamm’smfmnce
mammlbefomyouopuateanydiskmi:.Nowbt’slookattbemostpop;ﬂardisk
smragedcvice,thgharddisk.

Iheharddisk,orharddﬁve,isanaluminhm-cmemaaloﬁdecoatedcompmcr
hardwmedevicethatcontainsamagneﬁzedsurfacensedmstmepmgramsand
infomaﬁon.AlthonghthehaﬂdiskmbeinstaﬂedasaneMmldevice,itis
oﬁeninstanedinammpmer’scenualprowssingcabinenhnﬁaocomputemthe
bard disk is typically called Drive C. The hard drive is a must-have storage device
fortoday’slargepmgmms.Aswchnologyadvanccmmtsconﬁnne,lm'ddﬁm
wilIbeavailableinawiderrangeofsizesandmpadﬁ&s. ;

Elasystemconcept.Aﬁlesystemisanarmngemcntofﬁl&sstomdona
segment of a hard or flexible (floppy) disk. A disk is divided into smaller, more
manageable sections called blocks. These blocks are sized as 512, 1024, or 2048
bytes in capacity and are defined when the disk is installed. The blocks are
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numbexedbeginningwithmouptomennmberofblocksﬂntcanﬁtqnthedisk
orpor&onofthedisk.Aﬁlesystemismadeupoftheseblocks.

’ iscaﬂedBlockO,Whichismeboatblock,andcontainstheinfmmaﬁonnwdedm
ioad, orboot,thcﬁhssystem.BlockOrsidmonlyonthedisk’sbootparﬁﬁon.
The second block is called Block l,orwerblock,andisanindextotheﬁle
Systemthatcomainstheﬁlesystcm’ssizeandthesimofthenentwotypesof
blocks: the i-list and daza blocks. The i-list is a variable number of blocks that

Say, for example, you want to display a file called “work.” The first thing the
systemdo&sislookinthedh'ecwryfortheparﬁcnlarﬁlename.Thedirectoxy
conrajnsmenumberofﬁxei-nodeconacpondingmthisﬁlelhedirecmrymfoms
ﬂ:esystemtolookatthei-hodecon&qaondingtotheﬁlename. For this exampie
wesayitisi-node519.'I'hesysecmg'oestoi-nodeswofthei-listandmmisthe



diskdﬁveiswman!edMostcompmersystemscontaininsmnaﬁonins&ucﬁmsm
pennanentmnoryﬂmguide,youttnmghthe_insmnaﬁonpmcedmm,
Formatﬁng.Befoteacompmersyswmmuﬁlizeanewha:ﬂdisk,youmnst
fonnatthedisk.]ustaasmveycrmnstmapoutthepropatybonndadesbefmea
newneighbo:hoodmbdivisionisbuiltacompuwfsdiskomzﬁngsystemmst
mapmaddmsingsdxemeonﬂ:emagnedcsurfaceofthedisk.lhesystem
mss.Tmcksmammdthediskinammlardhwﬁon.Sectomdividethedisk
into sections much like pie-slices. ‘

h-----—------’--------------

Pmﬁﬁoningdetemﬁnesmeblockm(su, 1024, or 2048 bytes), the file systems
ﬁ:atwﬂlr&sideonthedisk,thenumberofblod:sformhﬁlesyswm,andthe
nnmberofi-nodxass@dlhisisﬁkesayingthesubdiﬁsionphnnerswiﬂ
designate one part of the neighborhood for a country club, another for the homes,
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a third for a park, etc. A total of 16 partitions are possible; however, it is rare to
use all 16. :

'613. Portable disk systems

Harddisksmnotintendedtobeusedtostoreinﬁnitcamountsofdaxafor
mdcmpeﬁodsofﬁme.bmmbemainminedinthisfashioniseimermatedor
storedonanxiﬁmystomgedevim.Ako,thereisagreaxneedmhavetheabﬂity :
to transport data without the benefit of a network environment for electronic X
mmissim.TmspombIeanxﬂjarystoragedevimsaﬁsfythisneed.Themm



reom‘dcanberemevedwnhomseqnennalswchmg a file or a series of
ﬁhs;however,dataanbestmedmamwdmdomlyorsequenﬁaﬂy.msk
packsareremovableandimachangeable.lheyhavetbeﬂexibﬂitytomea
present needs and, yet, aliow for growth. , :
Themagneticdiskisaﬂ;indiskofmmlmdonbothsidswiﬂamagneﬁc
recorﬂingmatcﬁaLDamisstoredintheformofmagneﬁcspolsinconcenuic ,
uacksmddingm&chmrfaceofthedisklheeﬂacksmm’bhfmruding _
-,Diskspemitﬂleimmediawmmspedﬁcmsofinfomaﬁonwiﬁmmthe
needmexanﬁne&chrmd,asinmagmﬁctapeopemﬁmlndepmdemmble
disksanheusedwhhintadnngublediskpacks.lhediskpacksmmmwdon

Readlwﬁtehwd;atemomnedonanamsarmandamgedliketeethonacomb
thatmomhoﬂmmHybaweenthcdisks.TworeadlwﬁteMdsmmmedon
eachammthonewadsmmngtbebomomsnfaceandtheotherwadserwmng
ﬂlempsmface.lhus,itispossibletomdorwmeonehhersideofthédisk.
thproperﬁlemganmﬁon,nﬁnimnmmsﬁmeismquiredforthereuieval of
adiskxecord.lhewnceptofremovablediskpacksmnstbatonlytbosedisk
mﬂsmqnﬁedforapmﬁaﬂarappﬁcaﬁonmedbeinuse.Datarecmﬂsforoﬂmr ;
applications can be removed and stored.

Fluibhdisks.Alsoknownasﬂoppydisks,ﬂexibledisksmamongthenewm
enhanwmcnmofcommsysteminbmhpufomanceandpﬁce.Adiskcoated
withanntaﬂicoxideishmsedinaphsﬁcjadcetthathasopeningsfwthedﬁve
hnb,md/writehmd,andposition.sensing. Flexible disks come in various sizes
andsectioningmethods.l'hetypeusedonyourcompmermayvarywith
manufactarer. Figure 2-6 shows the parts of a flexible disk.

Hoppydisksarensedmnansferandstmcinfomaﬁonthatmbereuievedbythe
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Figare 2-6. Flexible disks.
hasalow—densitystmagempachyofnomobym or high-density capacity of

1.44megabyt&s.1he525inchhasalow-densitycapacityof3ﬁﬂldlobyws,a
double-denshycapachyofmmobytes,orahigh-dcnsityapacityofli
megabytes.

Both types can be physically write protected to prevent Ioss of data. This is
acoompﬁshedonSﬁhxchdisksbyphcingatabovegano&:hinmepmtecﬁve
jacketandon35inchdisksbyposiﬁoninga_write-pmwctswitchbuﬂtimothe
plastic case to the open position.
Heﬁbledisksareabletoﬁthstandﬂxestr&ssofrepeatednse;howevet,youneed
mtakeceminprecauﬁonswpmvmnacddentaldamage(ﬁg.Z—D.Somofthese
precautions are the following: .
* Bent diskettes. Diskettes are flexible which enables them to rotate freely
withinthediskdtim.Bendingthemredncesﬂxedisks’rotaﬁngabiﬁty.
o Creased diskettes. Folding a disk or placing heavy objects on it can cause a
o Warped diskettes. Store disks in temperature controlled conditions of 50-
120° Fahrenheit and a range of 20-80% relative bumidity. Exposing a
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diskctteontsideMung&s(suchasiﬁdimctsunﬁghtinyour
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Figure 2-7. Care of floppy disks.

Diskcérnidgs.Camidg&sarethenextstepupindisksystms.Thedisk
muidgeisarcmovablediskmomwdinaprowcﬁvewtﬁdge.Awnidgedﬁve ~
maysnppononlythemmovabledisk,oritmayinclndeoncormoreﬁxeddisksas
weﬂasthemmovableone.Diskwuidgacomcinboththemagneﬁcstyleand
d:e@timLRemovableha_rddisksyﬂemsamnotnsedmnchinmain&m
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computcrsystemsmymme,bmsmanerveisionsmsﬁﬂusedinmcﬁal(Mter)
appﬁcaﬁons.FigmpZ—Sshowsadiskmu-idgeinuse.

magneﬁcspotsasdomagncﬁcdiskmits.Opﬁwdiskscomcinthreetypw _
compact disk-read only memory (CD-RO » Write once, read many (WORM) and
fuﬂyrewritablennits.Opﬁmltechnologywmbethenenswpinoomputa .
systemssinoespeedmddmsitymbeincrusedwmcgigabyteleveLOneofthe
most promising and successful types is the CD-ROM.

Figure 2-9. Optical disk.

CD-ROM. Like the very popular audio CDs, CD-ROM for computer use is
becoming more wide spread (fig. 2-10). The disks are rigid, durable and reliabie.
CD-ROMs store information by means of laser technology. Using laser optics,
CD-ROM s store data optically, not magnetically, and have proven to be a reliable
storage medium. There is one drawback to using CD-ROM, however, and that is



onlymcmory.CD-ROMsarensedpﬁmaﬁlymarchiveimportamdatadxatisnot
expected to change over long periods of time.
lhegrwstadvmnageofCD-ROMsis&xéirsunageqpacityascomparedw
othertypestmgedevices.Asingbdiskmsmhm&edsofmegabytesofdam,
' Methanenoughmstomanenﬁxesetofmyclopedias!

WORM. WORMdisksaHowyoutowﬁmdmonthmome,buwnlyonce.Aﬁer
that,thediskbehamjnstlikeaCD-ROM




helpfu]toxmderstandthemagneﬁctapeunitandhowitwoﬂ:s.Magneﬁctape
unitsvary,notonlyfrommccompmersystemlioanother,bmalsowithmodds
within a system. StilL'therearesomebasicplincipl&sthatmainthcsame.Every
magneﬁctapemhhasatapemauermdmczhtedtapeconzpmm.

aMonitmingforuansfcrenmsbetweentheinpuﬂoutput(IIO)controHerand
b.Monitoﬁngpaﬂtyenmsontapennits. : ' .
c.Anqvvinganopemortore-dﬁignateapa:ﬁcularunit’slogicidenﬁﬁer.
d.Allowinganopcratortobamm'aqvanceonerwordormm'eonme
izpe. _
Yourmagnetictapeconn'ollermodelptobablyallowsyoumdomuchmore;
therefore,itisveryi!nponamthatyousmdythemanualthatcomwiﬂzia

tapemcordersoperatewhhampespwdof75inCMpersecond,magnedctape
transports operate at tape speeds above 100 inches per second. Since tape reels
havehnndredsoffeetofmpc,theyatetoowavytowceleramtotheproper
opemﬁngspeedinashonﬁme.Atapemsponaccelemt&sonlyasmanporﬁon
ofﬂxetapetothereqxﬁredspwddnﬁngopaaﬁon.Asepararzdﬁve,which
aeceleratesataslowerspeed,dﬂvesthetapereels.
Themostcommontypeoftapedﬁvesystemusesdﬁvewpstansmdﬁvethetape
(ﬁg.2-12).'Ihedriveapstanisalwaysrotatingattheproperspwd.Thempe
passes between the drive capstan and a pinch roller. To accelerate the tape, it is
oﬂymuytomovethcpmchmnerashondistaneemfome&nmpeagainst
the drive capstan. '
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24012404 Modeis 2, 3and 5, 6
Tape Drivas
\vmoum

; 'Fzgm'ez-leagnaﬁchpeuﬁtmNy.

Inmevacmmchamber,magneﬁcmpeispassedthronghalow-pmnechambab
betweenthcmelandﬂrtapeduvemchamsm.mgheran'pzmsmeoutsxdethe
chamhel'forcsthetapeinwalmpwheremelengmtsensedmconuolmemel
mmor.Forexanq)k,ifmeloopinmefeedchambabeoomSmosmalLthcmomr
stattstofeedmoretape;whentheloopistoolarge,themotorstops. '

The read/write mechanism (fig. 2-13), or head assembly, consists of read heads,
wﬁtehmds,erascwd&mpedmandapneumaﬁcpadmwadassémbly
conminssevm,nine,ormmewﬁtcheadsandanequalnumberofrmdhmds
momtedsidcbysidesothattapeﬁmtpassxzmderthewdteheadsandmenunder
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themadh&dstodetectanyenmsbefomthecompmertak&anyacﬁon.ﬁachmad

and write head conisists of an individnal wire-wound core. = &

WRITE HEADS
ERASE HEAD

Y

CAPSTAN PRESSURE CAPSTAN

BRAKE PORT END OF TAPE
. SENSOR

Figure 2-13. Head assembly.

, Ascnnentﬂowsthroughthewindingsinawritehead,amagneﬁcﬁeldisindnoed
aaossawﬁtegapattheboﬁomofthehuii‘hiscans&sinfomaﬁontobewﬁnen
onthetape.Asﬂ:etapepasé&smderﬂﬁswﬁteh&d,themagneﬁcpa:ﬁclesonthe
tapeamalignedbyﬂxeheadinthésamedimcﬁonasinthcheadwh-e.When
mmmﬂowﬂnoughthecoﬂwmdingreverses,themgneﬁcparﬁdwonthetape
mdheads,ar&dopaaﬁonsens&cﬂ;eaﬁgnmmofthemagneﬁcparﬁclsonthe
tape, ampliﬁ&smem,andsehdsthemtothecontmllogicsec&onforpmc&ssing.

Towﬂtetotape,thecompmerismawﬁtecommand,whichmnsesmetape
staﬁonmsmmovingtapeforward(ﬁomthesupplyreeltothetakeﬂpreel).
Aﬁerashonpansemletthetapemchfuﬂspwd,inpmdataiswﬁnentotbetape
in the form of magnetized spots.Aftertheenﬁreblockismorded(ﬁg. 2-14), the
oompmzrsendsastopcommandtostoptbetape.Subsequeutdamblocksm
mnenbymissampmc&.lfheblankspacebaweentheblocksisuuedagap.

_ Toreadﬁomtape,thecompmcrisusamdcomand,and,again,thctape
beginsmmovefommﬂ.lfamdingormechanimlmorocmns,eitherapﬁnwm
.isreceivedonthemonhorprimgmmindica:orﬁginsontheommmrconsoleof
the computer and an alarm sounds. ‘ :
Emseheadshave'astmdyDCcmentﬂowingthroughﬂxmdmingawﬁtc
OperaﬁonThisaHgnsaﬂparﬁd&sonﬂ)etapeinthesamedirecﬁonbefmethetape
pass&sunderthcwxiteh&ds.lhemfore,aﬂinformaﬁonisemsedﬁomthetape
beforenewinfonnaﬁoniswﬁnen.Dm'ingamdoperaﬁon,theexaseheadsarenot
supplied current, and consequently, the prerecorded information is not destroyed.

The tape cleaner contacts the tape and removes foreign particles from the tape
befomrecordhg.l‘hesaaperbladesdislodgeanyfomignmatedalonthempe.
Thepanidesamtbenmmovedﬁ'omthehmdamabyvawum.Apneumaﬁcpad
mamtamsprec:sccontactpressmebetweenthetapeandtheh&dgaps'rms
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F’!gu"ez-ld.-Maae!icSpotsndap.

contaczpmsmexsprowdedbymeensofaxrpmssme,whmhmmnmthmdand
tapewearbyblowmgﬂ:ctapeagainstmeheais.

Themnmllogicsecﬁmmﬁmofﬂwmnbomdsmaommm :
conuolmdandwmeomaﬁonsofthemitanddeteamrcondiﬁons.Apom
aq:plyprovidmﬂ:eACandDCpowerforthetapemﬁon.ThemotoxsmdAC

powcr,andtheoontrollogi_cboardsmdDCpower.

Caruidgereeordas.lhuemmywujdgcsystms.avaﬂablp;howem,ﬂwy
usuallyatenotilnerchangmble.Amﬁdge-(ﬁg. 2-15) contains about 300 feet of

' IM-inchtapevﬁthastmagecapacityofoveijmmionbytes.mqunite
.acceptzble.Camidgemcmdusareusedpinnﬁlywstmebmk—upinfomaﬁonfm

615. Paper tape systems

Dataﬁommainstoragembeconvcztedtoatapeoodeandpuncbdintoablank
papertapeasthetapemompastthepunchmechanism.lhcpapcr-(apemader

» -
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mdsthepmchedhol&sasthetapemovespasttbemdingmh.Papernpemay
alsobcptmmdasaby-pmductofacashregisterorsomeomerdevice.

Papertapedevic&shavebeenusedasanI/Odeviceoncompmersystems for many
years, butthey’mnotusedmnchtodayonmodem computer systems. Paper tape

i Whichtypeqfdisknnithasafastcrmﬁm—thosewithﬁxedheadsor
those with movable heads?

612. Hard disks
| A Areharddisksintemalorexxemalstomgedevices?

2. What is the common identification normally given to a microcomputer’s
internally instailed hard drive?
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3. What makes hard disks durabje?

4. Whatmtbcfmrstepsforoonﬁgnﬁngdiskﬁéragevsmce?
| < %mkaﬁhmmaitmmmmge?
6. Whatmak&supaﬁleAsystem?.

7 MmuwmeMAwmme&ngwmm
Column B. ColnmnBitemsmaybe'usedoncemmorethanonce.

) Column A . ' Cobluann B

——(1) It is the boot block. o ' a. Block 0.
__(Z)Servsasanindgxtoanindex. ..~ b.Block 1.
.__(3)Tellsd1ecompum-thephysiullomﬁonofﬁlaona "c. i-list.

disk. , d. i-nodes.
——(4) An index to a files system. e. Disk address.
——(5) It is the superblock. f. Data blocks,
——(6) A table of contents containing file information. g. Directory.
_CT)Ava!iablenumberofblocksoomainingi-m-
~—(8) Contains disk address information.

_(9)Conninsaﬁhssystem’ssizeinformaﬁon_
?(IO)detosmthecomentsofspeciﬁcﬁlas. )
_(Il)Conzﬁnsmehfomaﬁmmededwlmdaﬁhsym

8. Whatistheﬁrststepinconﬁgu:inganewharddisk?

9. Whatmustbedonetoanewlyinstallcdhmddiskbeforemeconq:utercanuse
it?

' 10. What changes does formatting make t6 2 hard disk?



13. How do you change a hard disk’s configuration once it has been partitioned?

14.HoWdo&senlaxgingonepanitionofaharddiskimpactotherexisﬁng
partitions? : . .

2. Whatadvantégedopomblediskpackshaveoverﬁxeddisks?-

3. Areﬂoppydiskdriv&sinstalledasintemalorcmmalstoragedevim?
4 WhatisthestoragempacityofaBjinchﬂoppyd_isk?

5. WhatisthestbragenpacityofaS.ZSinchﬂoppydisk?

6. What can happen if you allow a floppy disk to become contaminated with
foreign substances?

7. What is a disk cartridge?
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8. Howis'daxarwdﬁ;omanOpﬁmlt'ﬁskasopposedtoamagneticdisk?

9. Give the three types of optical disks.
IO.Whatisomdisadvamageofqompactdiskmdonlymemorg(CD-ROM)?
ll.ForMpmposeareéD—ROMséﬁmaﬁlyused?

‘ 12. Whéxisfhegteat&stadvantageofCD-ROMsoveroﬁxertypaofstoxage
devices? '

13. deo“nit@-mread-mny (WORM) disks differ from CD-ROMs?

14. How do floptical disks differ from CD-ROMs and WORM dxsks‘7 |

614. Magnetictapesystems .

« 8 Howdomagnetictapesystemsrecordandmtlievedata?

2. How are biocks of retords separated on magnetic tape?

3 Whatpmposesdomagneﬁcmpcunirsserve?

4. What common controller functions are provided by magnetic tape controllers?

5. What are the components of a magnetic tape unit?
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6. Whatpmofatapedu‘vesysuemcommonlydﬁvesthemagnetictape?
7. Howmanympemervoirsareoommonlyusedonatzpelmit?
8. Whaxmthewmpmenrsofa;nagneﬂctapeh&dassembly?

9. Whatmtwowaystbatthe_cdmpumrnoﬁﬁesanopexmorofamchaniwaIW
read error?

IO.Howdotapetmitsemsedaiafromamagneﬁctape?

2. 'What part of a paper tape deviceisnsedforcomputerouq;m?

3. Canapapertépemderaltertheinformaﬁononaprevionslypmchedtape?

2-3. Peripheral Devices

Peﬂpheraldevic&smusedmmpmdatainmthecomputerandoutpminfonmﬁon
in 2 usable form. Peripherals may operate either under the control of the CPU or
as separate, stand-alone devices. Devices under control of the CPU are referred to
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a§on-line; devices notunderCPUconuola:econsidexedqﬂ’-line.Manydevioes
canopmteineithermodé,wid:ﬂlemodebeingswitchable.Fmexample,some
temﬁnalsmnbesw&mhedoﬁ'-ﬁneanduwdtoinpmdamandrwordonmpeand,
then,vswitchedbackomlinetoreadthedataﬁomthetapeimoﬂnecompmcr.

Singethecompmerisanelebuonicdcviceandinpuﬂompmlmitsmpﬁmarﬁy

Tth/OchannelandassociatedcontrolandcomeaingnnmProvidefor'the
buﬁfeﬁng(wmpmmymge),wordinaﬁon,andmsfaofdam.l'hisaﬂowsthe
CPUtowo:kwithomeOmmnnicaﬁngdirectlywithIIOdevices,whiqhinmm,

othcrms&s,achannelmayacwmmpdatehigherdatamandbeﬁmitedto'OMy
one data transfer operation at a time. .
MostI/Odcviccsateamomaﬁc;oncestaned,theyconﬁmxetooperaxeasthe
smdpmgramdirects.Thmedevimcanuansmitdmmmceivedataﬁ'omthc
main memory section of the CPU. :

I/Odevicsmybensedforbommpmandouq;morforjustoneofm

conﬁgmaﬂonofyancompmusymandmefmcdonsitisdwignedmperfom'
We wilt consider each of the standard /O devices separately.”

616. Consoles and terminals

Somelargecomputcrsamoonsalledbyan operator from a system console like
theoneinﬁgm2-16.1'heopcraﬁngsystezr;diagnosdcmuﬁns,andother
ﬁmcﬁonsmaybeloadedorperformdviathcconsole.Asystemconsolecan
include, but is not limited to the following: a keyboard, 2 monitor, a printer, dials,
switches,andalaunﬁghts.TheprhnazyﬁmcﬁonoftheoonsoleistopmVidea
directcommxmiuﬁcnbetweenthcoperatorandtheoperaﬁngsystem.



Figure 2-16. Computer console.

Consohs.Aconsoleisamitusedbyanopcmtorforanmannalcommnnimﬁons
withthecomputer.ltalsopmvidwadisplayﬁ'omthecomputcr.l'he :

Teminals.Teminals,suchastheoneinﬁgmez-l7,havebothinputandomput
upabiliﬁsandpmvideaMstocommnnicanewiththeoompmerinan :
interacﬁvemconvemaﬁmﬂmmu.lheinpmdeviceisusdanyatypewﬂta-ﬁke
_kcybomd,bmotherkeybomdformarsandinpmwchniqmmavaﬂabl A
includingnnmeﬁckeypadsandptedeﬁned or programmabie function keys.
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Numcﬁckeypadshaveﬂmsamekeyhyomas‘addingmachinm-Expeﬁcnoed
operatozsment_ermmicdatanmchfasterusingammuicpad. Programmable
ﬁmcdonkeysmassociazedwiththefmﬁonsthathavebeenpmgnmmedand
stmedinthccompnm.Whenafmcﬁmkeyisdepraseiitsassociatedopaaﬁon

displaydarainthefonnofcbarauasandpicnnuinbotbmonochmme(one
color)orfnnoolor.ThetypcofVDUttmyounseismdcmﬂiecapabﬂiﬁsof
you_rcouqmtersystemandyourdatamwssingmds.,

mouse,digimlpad,orﬁghtpen.Béfmethcdmismlmedmthecompmer,thc
operatorcaneditoreraseaneuﬁreinpmandreentcriLOmpminformaﬁonis
wﬁuenonacleazeddisplayoraddedtoancxisﬁngdisphynnderopemoror
program control. Onceinfomaﬁonistﬁsplayed,itisavaﬂableforaslongas
. -

MVDUsaeenxsdxwkdmonnysqnamscaHed“pnels”metemx,pxxeLls
deﬁvedﬁomﬁxewords“picuneebunm”andrefetswmesmaﬂmaddxmsable
monthemonimiscmen.lt’sthepanemgmatedbythepkdswhichm
mmedonﬂmmakeupthepicuneordisplay.ﬁachpixelisconuolledbyasmaﬂ

ofthisiype.Adumbtenninamkmauofimmpabﬂi:yﬁommecpu.Anomer
term once used for this kind oftenninalwasSLAVE.Itdoesn’tmatterwhichtctm'

youapplytoyourcompmcrsystcm.Following,wediscusssomeofthe
applications in which these terminals are used.



2~-37

=] [=I=]
| R |
wel [
E BO®
] [azsaia] [ oo @@..HE @. .@ v | [t ] fasnon] [08,] [2

Figure 2-18. Terminal keyboard.
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hAndysis,thetanﬁnalisusedasmanalysismol.meopmorandmcmachmc
operatetogethertoachieveinfmmaﬁonmuievannpmdmscmingand
updaﬁng,mpeﬁleediﬁng,andwﬁnepmgmmmingordebugging.mminal
Is also used as a teaching device.
Perfmmancemwdtorbzgisbdngusedmmeandmotebyworkcempersonnel-as
maidmﬁnpxovingsysmeﬁecﬁvmss.Prwemlmge-smlemmpuﬁngsysm;
parﬁculaﬂythoseinvolVingmmoteteuninalsandtclecommnnimﬁons devices,
havebwomevuyoomplex.ﬁvenmoniwdngasystemtodetemmeifitis
funcﬁoningnormanymbecompﬁmd.ﬂowever,pezfomamemmimringhas
become invaluable forobraininginfonnaﬁonabanmeinnerwod:ings ofa
sysm.ltisusedtoﬁneumesysmmopaaﬁoninmdertocomlaeassimdjobs
inaﬁmelymanncr,yetatﬁzesame-ﬁmeanowthesyswmmoompleteon-line
operations. .

Pufonnancemonitoﬁnginvolvmthecounﬁngand,perhaps,dmingofsdecwd
events,eitha'conﬁnnouslyoronasamplingbasis.msmbedonewith
hardwareasweuassoﬁwaredeVMToaddswhdatacoﬂecﬁonﬁcﬂiﬁstoan
exisﬁngopcraﬁngsystemmaybevuyawkward.PorAirchesystems,itisnow
arequirementtopredictwhatevemswedtobemonitmedand,men,tobuildthe

Batchtemdnals.i'hepﬁmazypmposeofabatchmminalismallowusmaccess ;
wthecompmersystemjustasthcywouldviatbcsystem’slomlUOdevim,bm
to do so.from locations remote to that system. The simpler batch terminals are
normally capable of either transmitting or receiving, but cannot perform both.
functions at the same time.

Interactive terminals. 'I'heprimmypm'poseofanintcractive(ortime-sharing)
tenninalistoaﬂowtheuserofacomputersystemtouseitinamode(caﬂed
“interactive” or “conversational™) that is characterized by relatively fast response
time to each individual user request—thus the term “interactive.”
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Smwtternmals.Smmtennmals,alsomlbd“mmmgent”texmals,were
d&s@wdmowateindepmdemlyﬁom:hemainﬁm.lfthemainﬁame -
compmerbecomesinopuablcandunabletooomnnmicatewithitsva-ious

previous uses of consoles, dumb terminals, and smart terminals. Microcomputers
Willevenmallyreplaceallothcrtyp&softeuninalsinnse.

Impactprinter&PrMmrsprovidemepennanentvisuzlmcmd(hardcopy)ﬁoma
dmapmc&ssingsystemTheimpaapﬁnmmbedis&nguismd&omothertypm
ofprintembyﬂwme&odhussmpmlenmandchmctmonapage.ﬁthepﬁnt
mchanismacmallysuiksmcpagewcrwcanhnage,thepﬁmerisconsidemd
animpactpﬁntcr.‘l‘heserialprimerisﬂ:emostcommontype. ‘

Serial printers. Seﬁalpﬁmerspﬁntonechmcterataﬁm.merearefombasic
methods of operation for serial-impact printers. The simplest method uses a
mchanismsimﬂartoatypewritcr.l'hechmctersareonabanorcyhderthat
mtatsmﬁlthcﬁghtcharacterisinposiﬁonﬂebaﬂorcyﬁnderisthcnfomed
againstawbonﬁbbonandpaper.Maximzmpﬁntspeedformistypeofpﬁnmris
about 30 characters per second because of the printer dynamics. Typewriter-like
printers are noisy, but print quality is excellent.
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Awwudtypeofsedal-ﬁnpaapﬁm«nssaprbuwheelmchmaers,m
located around paiphetyofthewheaLAnannanneimpaclsthehameronto

Figm-ez-zo.Dotmixprhmr.
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Line printers. Linepxintersare,ingeneraLmnchfasterth_anserialpzinters,bmm
alsoconsidemblymomexpensive.Thezemthreepdncipaltypesofimpactﬁne
printers: drum, chain, and matrix scanning. :

Drum printers. Drum printers are similar to the serial pri -wheel printer. In place
ofthenarrowprintwheelandsinglehammcr,admmcoversthefuﬂwidthofthe
paper, with a2 hammer for each column position. The drum has one full character
setformhpﬁmmsiﬁonandonecharacterincachposiﬁonispﬁntedper
mvoluﬁomEachmtzﬁonofthedpmthaefme,primsoneﬁnc.Drmnpdnmcan
anainspeecbof35ﬁnespcrsecondor2,100ﬁn&sperminme.






chmnelmdimtheﬁneofthefonnatwhichthcsldppingpaper-feedcycleism
teminate.Asthempemovwove:thephmwio@,apulseisgeneratedbyeach
hole.ThemmnﬁomﬂnselectedchmnelissyanedWithmeomnofthe
paper-dﬂvepulsegenaatortosignaltheendofmecycle.Atﬂzeendofthe '
pﬁnﬁngcycle,thestaﬁonarysetscanbesplitinmsinglcsheetsbymmsof
decollators and bursters.

d&ignedtosaveeounﬂwmanhoursbydoingthissepamﬁon.pmwssqxﬁckly
andwcuramly.lh&coﬂmisﬂhsuawdinﬁgmeZ—%.

Figure 2-24. Decollator.

Bursters. Bursters (fig. 2-25), on the other hand, are designed to separate forms.
Many printer outputs require the use of multi-part continuous forms. After a form-
print operation is complete, a burster can save endless man-hours of work by
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contro] unit. Ifﬂaedataistobecorrectedorreviewed,itissenttoavisualdisplay
unit. |

Themaretwotyp&sofopﬁ‘mlmdnnits:theopﬁmlcharactcrreaderandthe
opticalscanunit.’rheopticalcharacterreader(ﬁg. 2-26) reads one character at a
time, while the optical scan unit (fig. 2-27) reads (scans) an entire document
beforepromsingthmughmeuseofalaserreading device.

Fxgmz-%wmm.

AnoﬂxerexmnpleofﬂﬁsmchnologyistheOPﬁcaIMarkReaderwhichscans
docnmmtsforblackar&s.msisusedintsﬁngandsmeywork.
Smming.Befmachmctermbeconvenedinmamachinempzmenmﬁon,it
mustpassﬂn'oughtwosystems:anoptimlscanningsystemandarecogniﬁon
system(theanalysisanddeoodingofopﬁca]omput).’rheoptiml system not only
govemsthespwdandﬂexibilityoftheuninbutalsodetermin&stherangeofinks
orabsenceofamrkbymeamoumofﬁghtreﬂecwdﬁommeareabcings@nned.
Fonts. Theproblcmsofmdingpﬁntedcharactetsbyamachineincxeasc
dmsﬁcaﬂywithsigniﬁmminausesinthenumberofchmctctsintheset
Ob\&onsly,thel&stexpensivemdersmﬂ:osed@ﬁgncdtomadOMyasingle
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Figure 2-27. Optical scan unit.

s;ylizeduppetmsetypeawhasﬂ:eOCR-B.Stylizingatypefontredncesme
nnmberofsimﬂadﬁmbetmencharacmsandmammciridenﬁﬁmﬁmasierfm

physicsofﬁghthnpose@edﬁcaﬁonsofpaperquaﬁty,backgmmdinks,mdpﬁm
qualitymOCRfonnsnohsﬁgidthanthoseoftbesmningmachina
.thcmdvs.amlin&ssmqnhmmabosmgmtthemmustnembemy

619. Monitors

Ihetmm“monitm”usuauymfersmtheenﬁmmsingthatconminsthecompumr’s
videodisplayscreenThcrearemanywaystoclasﬁfymonitors,bmthemost
commonistodmcn’bememintermsofcolorcapabiﬁﬁm.Thisdassiﬁcaﬁon



Gray-scale. A gray-scale monitor is a special type of monochrome monitor
capable of displaying different shades of gray.

thanCGA,butnotéshighasVGAorSVGA.

t@md;esysmmswealreadydismssed.However,VGA.usxanalogsignalsmmer
thandigimlsignalsusedbyCGAandEGA. Consequenﬂy,amonitordesignedfor

SVGA. Super Video Graphics Array (SVGA) is a graphics display system
* designed to provide higher resolution than any of those standards already

industry standard for video displays.



616. Consoles and terminals

1,

Inlargecomputcrsystems,howdo&sanopemcrgainaccessmloadpmgxm

snchasopexaﬁngsysuemsanddiagnos;icmuﬁn&s?

Whata:esomeita_nsfoundonasystémconsole?
Whatisﬂxeprimaryfunctionofasystemconsde? ‘

Whaxcomponemassociatedwithasystemconsoleisusedtopmvideanandit
trailforsystemnmniton‘ng? :

Whataretheﬁnysqmonavideodisphynnitmlbd?

Whaxdetemﬁmtheqnalityofapicnnedisphyedonaviaodisplaymit
screen? o

IO.Whaxaxetwotypsofeompumrtamimls?
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II.Whattypeofcompmerteunﬁmltak&sanofitswpabﬂiﬁesﬁomthecenu'al

processing unit?

12.Nammmeways&ﬂawnxpntaWcanbeusedinanalysis. '
13. Howdo&smonitoringplay a part in computer operation?
14.Whatisﬂxpmposeofa'bamht§mal?
15. What is theprhmrypurposeofanimeracﬁvecomputertexminal?
16. Whatmakm a smart terminal intelligent?
17.Isamicrdcoﬁzputerconsideredasmarttemﬁna1 oraciuml;ténpinalé
617. Printers

1. Forwhatpurposeamprinwtsused?

2. Whatisthetennusedtod&seﬁbethemtﬁsﬁalrecordmatedbya
printer?

kA Howmnyoudisdnguishanixnpactprinterﬁomoﬁzertypes?

4. Howmanycharact:rsarepﬁntedatonetimeonaseﬁalprimer?
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5. Whicht_ypeofseﬁalimpactpminmmakxthepapcrsuikethepﬁm
mechanisminmdofmakingmepﬁmmcchanismsuikemepapcr?

n Whattypeofpﬁnterwasdevelopedtoinuaasepﬁmerspeedwithomadding
toﬂ:ecomplexityofco_stofconvenﬁonalpﬁnters?

Z Whatmakmdotmatﬁxpﬁnmthemostpomlarchoiceforusewﬂhdata
- ? ?

8. Howdosthesmdandcostoflinepﬁmusoomparetothaxofsedalpﬁm?

9. Namethreepnnmpaltypsofnnpacthnepnnms

12.Whatisthemostpopnlaﬂypeofnonimpaetprinter?

13. Which type of nonimpact printer uses 2 high-velocity stream of ink to produce
printcharactersonor'dinarypaper? ~

14. What other names are used to describe an electrographic printer?

15. How is the operation of a laser printer similar to that of an electrostatic
printer?
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16. Giveonecxampleofapassivegzaphic device and one example of an
Interactive graphic device.

17.Whmdeﬁceismommdmolderpﬂnﬁsmmnmltheadvanceofmepaper?
18. Whatpnnter devicesepa:atmlongstringsgf multi-part paper?

19. What printer device can separate forms?

l618.0pﬁmlr.wdunits

1. Whatxs opﬁcal-chmacterrecogniﬁon(OCR)?

2 Whansapopula:useformagneucmk—d:axmmadus"

3. Nmsomof:hgoommofopﬁwlcharmmders._

4 Areopumlmdumtsconszdexedmpmorompmdmces?

5. Whichtypeofopﬁml'mddevicemdsanenﬁmdommntbefmeproc&ésing?

6. Howdoesﬂwscanningprocssometheaderdetmminethemenceor
absence of a mark?

619. Monitors

1. ‘What are the three categories of monitors?
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2. How many colors domonochromemmitmsdisplay?
3. List the four categories of color monitors.

4. Whatmdxetwomajordlarmisﬁmofcolormonim:s?

2-4. Operating Systems and Computer Memory |
Iheopdaﬁngsystemisthemosthhpompmgmmthatrmsona_compmer.

&0.0pemﬁqgsystemfuncﬁons
Herefwediscusstheﬁmcﬁonsofanopqmﬁngsystem,thdrdiffmt_
classiﬁuﬁons,andsomeofthcmorepoptﬂm-opemﬁngsystemsusedtoday.

elements beginning with the supervisor.

Supervisor. 'I'hesupervisor,orexecutive,isthemasterconu'olpmgramofme
opemﬁngsystem.hmustber&dcntinRAMbefmepmoessingmbegin.Once
instaﬂed,hismsponsiblcforﬂ:cinmgﬂtyofthcsymlwoordinates,
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inteuelates,andmmimanaspectsofthésystemsoﬁwm.lnotherwords,me
supervisorregula;esﬂxeﬂowofallinpmandoutpntacﬁvity. It coordinates and
execmwaﬂotherpmgrammﬁviﬁs.%supervisorrmsatthehighmmoﬁty

- andisproteetedfromimederencefmmuscrprognms.

speciﬁcpmgmmﬁleintoRAMbefomitexecmes,thcpmgram,Whenthesystem
ismadyforanewcommand,itdisplaysapmmonmcvideodisphythm_m
asavisua!mdicaﬁonofwhacmenterthenextcommandonthescreen.Aseach
commandisentered,thecommandprmrcmksirforvalidity. )
Transient utilities. ’I'heseateprogramsﬂmarepre-assembledandspecializedto :
perfomﬁequenﬂqunﬁedmsks.Fﬂeupdaﬁng,sorﬁng,andbacking-upofﬁl&s
meafewmsksaccompﬁshedwiﬂmansimnﬁmypmgrams.TBweprogramsm
nsual!ystoredontheeompmersystem’sharddiskandwlledinmRAMbythe
supervisorwhenmded.ManyofthemowupyunnsedspaceinRAM(evenaftm‘
theymonmﬁshtheirtask)mﬁltheyaredisphwdbyoﬂxerpmgrams.&rthis
mson,ﬂmemuﬂedwnﬂnam.and-smym&m(TSRs)pmgmms.ms
mpabﬂhyprevemsthempervisorﬁomhavingmmﬂmemimoRAMevery&me :

Classiﬁcaﬁonofomﬁngsystﬂns.Opemﬁngsystemsareclassiﬁedasoneof
four types: nmln-usamqu—pmmsmg,nmln—tashng, or real-time. ;
Multi-user. OpaaﬁngsystcmswiﬂnthisclaSSiﬁutionaBowtwoormoreusersto
runprogramsatthesameﬁme.Someopcmﬁngsystemspeunithxmdredsdreven
thousands of users to operate concurrently. '

Multi-processing. Under this classification, operating systems allow multiple
usetswruntwoormorepmgramsatthesmneﬁme.EachprogrambeingexeCtned
is called a process. Multi- i g uses more than one processor to accomplish
usertasks.Foruample,onesuchsystemuses4CPUsthméresepm,bmhave
equalaccessminfonnaﬁonmdanacheddevimandshareoneoperaﬁngsystem



621.Popnlaroperaﬁngsystems :
Manydiﬁemmopemﬁngsymaxemdtodzymmnavaﬁetyofpersonal
eompm,mainﬁm,andworkstaﬁms.ﬂaewedismsssomofthemost
popular ones. : :
MS-DOS@.LﬁaosoﬁDiskOpuaﬁngSystmwasoﬁginanydevelopedipme
l980sbythehﬁaosoftCmpouﬂonfortheIntunaﬁonaansinwsMachinc '
Cmpmaﬁon(IBM).Bemnseofitssuitabﬂity,itlmsbecomemepredominam
MgsystcmforaﬂlBM@andIBM@-compan’blePCs.WDOS@isa
expandablebyaddmgmtegmtedsoﬁwmprogmnswthemdmdua]compmer

UNK@.TheAmemeelephoneandTelegmph (AT&T) UNIX® System V
opemﬁngsysumnmnsonavaﬁetyofpetsonalcompmers,mainﬁm,
minioomputers,andworksmiom.lthasbeconnﬂwdeﬁmstandardfor
minicompmusandworkstaﬁonsduewitspowerﬁﬂmulﬁ-nserandnnﬂﬁ-msking
eapahﬂiﬁs.AnexanmleofthissystmismeBb2atyomownwingthatpmﬁdw
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manyusmswnhebcumcmmlandﬂlemsferserv:mUND{®1sthe0paaung
systemofchoiceformanysoﬁwuedevelopmntpmjecsbecmseofisﬂem’bﬂhy
andusabiﬁtywiﬂzsuchawideanayofcomputers.Wecovernetworkopmﬁng

: systemsinmoredetaﬂlaterwhenwedismsscompmernetworldngschem.

msendsomdiscussiononopuaﬁngsystem&Remembermatth&arethemost
aiﬁmlpmgmmsinstanedwitbinacompntersystcmandmnstﬁmcﬁmconecﬂy
I order for all other programs to run. Choose operating systems wisely by
cl&iﬁwﬁonsandyaﬁousblmdsofoperaﬁngsyswmsavaﬂable.

622. Computer memory

Twofacto:sthatgrmﬂyaﬁ'ecthowefﬁcienﬂyaeompmsystemms&s
.infonnaﬁonistheamoxmtofmemoxyitcomainsandhowwenthismemoryis
managed.l'heamoxmtofmemmyavailableal_solimitsthesizeandnumberof
progmmsﬁmmnnmonthecompmer.kcgardhssofhownmchmmorya
systemhas,youwiﬂnotmcognizeitsﬁzﬂpotcnﬁalifyonmanagethisvaluable
What is memory 2 Memory refers to the microchips installed in a computer that
storeinformaﬁonforamentorlamruse.Computetshavetostoremstrucu' ions or
data when processing information or performing operations. Don’t confuse
memmyﬁthstomgedevicésdesignedmsﬁnplystoreinfonnaﬁonmberetﬁeved
laterm:omemoryAharddlskcontammg 250 megabytes of storage space does
not imply that the system has a memory of 250 megabytes.
Conmmermemoryismmsmedinkilobytesormegabymoﬁnfmmaﬁon.One
kilobyte equais 1024 bytes and one megabyte equals 1,048,576 bytes. Therefore,
if ymncomputercontains&Oldloby@ofmmory,itcanhddGSSSﬁObytsat
one time. Software programs require a2 minimum amount of RAM to work
propeﬂy.Youmgenaauyﬁndﬂmememmyrequitememsidenﬁﬁedonthe
software packaging.
IngeneraLﬁxemmemmoryyonhave,themoredatayoucanstoreinmmayat
Bnem.Youmincxusetheamountofmemozyonyomsystembyphlgging
addiﬁonalmcmoryboardsimospecialmdslotsinsideyom'computer.Fm'
exanple,youmightaddaz-megaby!ememoryboardtoasystem'mathasl
megabyteofmcmoryonitsmainsystemboard;mesyswmwonldthenhave3
megabytes of memory. - -

Computers contain two types of memory, Read-Onily-Memory (ROM) and
Random-Access-Memory (RAM). Physically, ROM and RAM are microchips
located on the computer’s system board.
Chamcterisﬁtsofmemory.l'hestomgeofinfomaﬁonisnotrsuictedtothe
mcmorytmitofacomputer.’rheaﬁthnieticlogictmir,theconu'oltmit,andthe
input/output units all may require some form of information storage.



MEMORY
© UNIT
2 ro—— Read
’ SIGNALS
3 ) . * ;
input Address i
) Y
Bufier
ouT
information
F’mMMmmitMﬁm

'I’hememoryADDRESSREGISTERspeciﬁestheselectedmmoxyword’s
loaﬁon.Eachlocaﬁoninmemoryisassignedanidmﬁﬁuﬁmmstarﬁng
&omOuptothemaximnmnnmberoflocationsavailable.Thénmnberof
avaﬂablemmorylouﬁmsisumaﬂyex;nessedinldlobym.Towmmmieam

Thetwoconu'olﬁgnalsappﬁedtothememorymitamdalbdREADandWRITE.
Awﬁtcsignalspeciﬁesauansfer-mfuncﬁon; a read signal specifies a transfer-out
funcﬁomUponmepﬁngoneoftheconnoISignals,theoomolchmitsinsideme
memory unit provide the desired function.
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'onislostAnon—volaﬁkmemorydmnotdependuponappﬁedvoltages
orcunemsmmtaintheinfmmaﬁomthemfore,mestoreddataisnmaffectedby

lhismodeofamsclassiﬁmﬁond&dsﬁththewayinfomaﬁonmbewﬁm
toorrenievedfrommemy.ﬁachwordisstomdatamemmylocaﬁon.mmode
ofaccssd%aib&sﬂ:cmnnerinwhichammthelomﬁonsisachieved

hasequenahlaccmswmgeunigthemﬁmedegendsonthelocaﬁonofthe
d&siredwoxdinﬂxestomgemedium.Youcanrelatethistohnnﬁngasongona
tnssenetape.Ifyouareplayhgasongat.ﬂ:ebeginnjngofthetapeandwamto
accessasonginthcmiddleofthetape,youhavetosequenﬁallygothroughanthe
songsinbetween.Magneﬁctap&smexamplsofsequenﬁalmstomge
media. -
Amndomaccessstomgeunitisoneinwhichthetimemquhedtoreadorwritea
wordisindependcmofthelocaﬁon.kandom&cesscanberelamdtoﬁndinga
specific song on a compact disc (CD) player. Most CD players allow you to
advanceditecﬂytoanysongyouwamtoplayWiﬂmmgoingthmughaﬂthesongs
inbetweenRandomaocessmmoﬁsarefasterthansequenﬁalaccessmcmoﬁes
bemuseanymemorylocaﬁoncanbeaddrmseddirecﬁy.Anexampleofamdom
access unit is the magnetic core storage unit, or hard disk.
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_ FignuZ-ZQ.lﬂZlby@rndommmy(RAM). .
.Thisdeviceiscapableofstoﬂng10244-bit . .enmnals. 't.h:rough
: . data words. Termi '
aretheaddrwsmpmandenablcustoaddmssanym:moryloaﬁo:oﬁ'om o

0000000000, (0, ) to 11111111 peations
| , O, 11, (1023, ) 2 total of 1024 memory locati
, DOﬁhoughDO;meﬁxeda_t_at:minalsu:gl?chmvidethemfori::pmmd}m
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The two most popular types of alterable ROM are the programmabie read-only
memory (PROM) and the erasable PROM (EPROM).

newssary,anewchipdownottmvetobedwigmd—thePROMsformenew
instmctionsetaresimplyrn'ogrammedwiththemwinformaﬁon. A
Asecond,mmfevcxsaﬁletypeofPROMfaﬂsintotheemsablenonvdaﬁle =
cawgoryofROMThemsablePROMmbepmgmmmedonce,emsed,andthen
reprogrammed. Various types of these devices are erasable PROMs (EPROMs),
altraviolet EPROMs, electrically erasable PROMs (EEPROM), and electrically
altexablePROMs(EAPROMs).Ihemaindifferencebetweenmuetyp&sisthe
ROMvaAMROMandRAMdiﬂ‘ernot only in their construction, but also
inﬂ:ewaystheyatensed.ﬁachperformsimownspeciﬁcfnncﬁonswithina
computet.

ﬂmseﬁlesnwdedtocompletemetaskandthenreunnthcmtotheﬁlecabinet
onceyou’reﬁnishedwithtbcm.lnthisanalogy,RAMactsasthedesktopby
tcmporaﬁlystoﬁngtheinfonnaﬁbnwhﬂeitisbehgumd.
Today’scompmerpmgmmscontaindozensofﬁlesnemsarytopelformatask.
For this reason,RAMsichlaysanimpc_mant role in your system’s ability to



Aspmgzamswmdmignedtoreqnimmetbanmhlobymofmémory,'the

expan&d—memorymanagaaﬂowsprogmmsmaccessaﬁmitedamountof
informaﬁonatoneﬁme,expan&dmmorycanbeslowerandmorecumbezsome

forprogmmsﬂ)anextcndedmemory.

ummnvenﬁmﬂmmoqemotuxmmMmmmmmemmbem,m
addresses,thatidenﬁfymcmorylocaﬁonswithinextendedmemorytothe



Exten&dmemoryisfastandeﬁicimtforpmgmmsthatcanuseitHowever,
manyprogramsarenotdwignedmtakcadvamageofenendedmemory.Touse
exxendedmemorymoreefﬁcienﬂy,youmedtoinmﬂanextended-memory ,
managerptogmm.AnenendedmemoqmanagerpmVentsdiﬂ’mmprograms
ﬁomusingﬂ:esameporﬁonsofextmdedmemoryatmesame'time,Somc
operaﬁngsystems(snchascenainve:simsofMS-DOS®)have.thempabﬂhym
rminemdedmry,thuebyluvingmoreconvenﬁonalmcmmyavaﬂablew
other programs. . .
Uppermemory.MostoompmcrsystemshaveanuppermemorymThism
msid&simmedimclyadjaeentmthemldlobymofmvenﬁonalmcmory.m
uppermemoryarmisnotconsidemdpmofmetotalmemoryofyom
bemnseptogmmsmnotsto:einfmmaﬁoninmisarea.Uppermemmyis
normaﬂymrvedfornmningyonrsyswm’slmﬂwam,suchasywrmonitor.

Ifyoursystemh'asa803860r80486pmcmsorandextendedmemory,som
opemﬁngsyM(suchasMS-DOS@)canuseﬂ:euppamanorymﬂ:aeby )
ﬁ'eeingnpmmeconvemionalmemmyonywrcompumforusebyother
pxograms.m:eopaaﬁngsysmmshavecenaineommandsthawnableyouto
stmesomedeﬁoedﬁmandpmgmmomsideofconvenﬁonalmemozy,usuaﬂy
inextenadmemory.hdxenmpsﬂ:sedevicedﬁversandpmgmmsintome
uppermemmymwhueﬁzymrmsmfnuy.mnmnberofdevice

i crsandptogmmsyoncanmnintheuppermemorymdependsonhow
mnchofmeuppgrnnmmymisleftmnsedbyymmsystemandtheexpanded
memory page frame, if you're using one. : _ :
Cache memory. S'ystemsthathaveaharddﬁveandextmdedoremmdmmory
canmakcnseofdisk—ca@hingprogtmstomducetheammmtofﬁmethe '



informaﬁontotbeharddislgsoﬂmeismdangu-inlosingthedamwhenyoum
off the computer. _ N '
Ifyoqdomtuseadisk-cadﬁngpmgmsuchasSMARTDrive@,a

secondaymdxe,ifoneisidenﬁﬁed.Whmtheprogmmreqm.themnporﬁm
ofﬂnﬁle,itissupplbdmprequicklyﬁumthemahgmstadofteuieyingitﬁom
Youspecifyaseconda:ybuﬁercadze,anditssize,aspmofyour“buﬂ‘as”
conmandcontainedintheCONFIG.SYSﬁlewiﬂxinﬂnopaaﬁngsystem

Ponjonsoftlﬁslxsonwuepxepmednsingmawdalspmvidedbqunsoﬁ
’ ion from their Microsoft® MS-DOS® Operating System version 5.0
User’szddedeJemcemanual,@l%l.Themlewemeinour
discussionofmemymanagementinclndsﬁndiskmﬁngsystan,MS-
DOS®,andmemrymanagemempmgramsamdbmesoﬁCorporaﬁon.
PermissionmnseMemawu‘alsisgxmfunyadnowledged.

memoxyinordertonm.lfapmglmfailsmnmbemnseofsufﬁcientnmory,
theproblismostoﬂencausedbyaWofmﬁonalmmory.

Youmnmakemmconvenﬁonalmmoryavaﬂabletootherpmgramsby
minhnizinghownnmhisnsedbymeoperaﬁngsysm,hstaﬂabledcvioedﬁvers,
andothermemory-msidentprogmms.Aoompnterpmgmmmnuseonlythe
conventionalmemrythatisavailableatmctimcthcpmgmmisstamd.lf
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memory-resident programs are already using portions of memory, then the
program you initiate cannotnsemosesameportionsofmemory. _
Therearesevualmthodsavaﬂabletoﬁeeoonvmﬁonalmemoryforuseby
programs: '

E RnnMS-DOS@inextendedmemozyinsmdofconvenﬁonalmcmoxy,if
yoursystemconminsextendedmemory.WhenMS-DOS®mnsin
exmendedmcnmry,ituswthehigh-memoryarea(mcﬁrst&kﬂobytesin
extended memory). _

- Str&mliheyourCONFIG.SYSandAUfOEXEC.BATﬁl&sotbatthey
dm’tmmewssarynﬁmmy-r&sidempmgmms.wmnﬂmopemﬁng '
sysmmsmts,ﬂ:eCONHG.SYSﬁlemnsitwhichdeviwstoinstalehich
instaﬂabledevicedxivu-smme,andcontainscommandsthatdetennﬁxe:
\ howMS-DOS_@usesmemoryandconmols files. The AUTOEXEC BAT
ﬁbisabatchprogmmd:atdeﬁmthechatacteﬁsﬁmofeachdevice
connected'toyoursystemandmalsoincludeanyMS-DOS®commands

m_emoryareainstndofinoonvenﬁanalnmnory.kmmbet,onlysysmms
mnminmgam%mormgr&teraﬂowmmthsememory

» Make sure your CONFIG.SYS and AUTOEXEC.BAT files don’t start
unnec&ssmypmgmmsthatnsemendedmanory,justlikeyou did for
« If you are running MS-DOS® in extended memory, you can move it to the
conventional memory area at the expense of losing conventional memory
space.
Freeing expanded memory. Some computer programs require expanded memory
inorderwmn.lhesepmgmmscanfaﬂifthereismsufﬁcientexpandedmemory
for them to run. Some ways to avoid this are the following:



3. Whararetheﬁveprimaryelemcntsofanopaaﬁngsystem?



4. Bﬁeﬂyd&m’behowopaaﬁﬁgsyswmelmntsmdisﬁibutedwhenthe
is initialized

35: Wherewithinthecompmermustanoperéﬁngsystcm’sexewﬁvebelocated
before processing can begin?

6. MatchthefnncﬁonsinColumnAwiththeirassociatedopemﬁngsystem

elements in Column B. CohnnnBitemsmaybeusedonceormomthanonée..

Column A Column B
+ (1) Coordinates, interrelates, and monitors a. Executive.
. all aspects of system software.

] ; . b.Inpm/mnput(IlO)manager.
_&)Dzsphysacommandpromptonmevxdeo c. File .
—(3) Terminates and stays residentin RAM 9 Command processor.

until needed. ; e. Transient utilities.
——(4) Maintains a record of all datz stored on a
_ ___(S)Insu-uascompmgrhardwamhowto

decode keyboard signals.
__(6)Intﬂpretscomnnndsandinstmctsthe

computer to perform various functions.

retrieving of files.
~——(8) Responsible for system integrity. :
——(9) Encodes and decodes all data transferred

betweeuotherpmgtamsandperiphcml
(10) Regulates the flow of all input and

__(ll)Cheeksthevalidityofinpmcommnds
as they are entered.

-2 Performsﬂenpdaﬁng,sorﬁng,and
back-up.

_(I3)0ccupi&stmnsedspmeinRAMafmr
hehgcxeanednnﬁldisplacedbyother
programs.

" ——(14) Coordinates and executes all other

program activities.



\
7 Wha:arcmefourclassiﬁcaﬁonsofopaaﬁngsymms?

8. Wlnch classification ofOperanngsystexqsallows {WO or more users to run
programs at the same time?

9.. Whichclassfﬁcaﬁqnofopaaﬁngsystemsallowssingleumtomnmmthan
one program at the same time? . :

621. Popular operating systems
1. Whnktbpdoﬁﬁnmtopaa&ngdwiﬁBM@md’wmpaﬁble

2 Whatisthedefactostanda:ﬂopcmﬁngsystemusedfornninﬂ'amecompmers _
and work stations? :

622. Computer memory

1. Whatfactordetemnnsthenumbcrandsxzeofprogmmsthatmbemnona
computer?

2 Wherewithinacomputerismemorylomted? .
3. Whatistheunitofmeasmeforcomputetmemory?

4. Howcanyouincrusethememozycapacityofacomputer?



N
3 Whmmmemotypesofcomptnernﬁmmy?

6. hwhatﬁshionmgroupsofbmmyinformaﬁmstomdincomplmmemory?

2 Whatdo&samemmywordrepresent?

9. wmwdm@mlﬁm.

10. Bﬁeﬂ_y'dw.:ribe the functions of extemal memory registers.
ll.Deﬁnemepmposeofam&mmyaddrwsmgistét. |

12. How is a specific memory location accessed?

13.W1mamtbefunctionsofﬂhereadandwriteoonu'olsignalsthatareappﬁedto
a computer’s memory unit?

14. How is memory classified?
15. What is the difference between volatile and nonvolatile memory?
16. Which is the faster access method, sequential or random? Why?

17. Is RAM volatile or nonvolatile?



»
IS.WB&WMMWRAMMROM? -
19.WhataxethctwomostpopulartypxoféhmbleROMchi'ps?

20. Describe the difference between PROMs and EPROMs.

21. What type of programs are contained in ROM?
22WhausthepurposcofRAM"

23.Whyisthempacifyofacompmu’s.RAMilnportant?

Column A Column B
___(I)Memoz-yex:sungaboveonemegabye a. Conventional.
_(Z)Reqmaammmymanagmempmg:m b. Expanded.
_G)Memxy_adkdmacon:pmbyinsmlhngmmmy c. Extended.
__(4)Memymsidingbetween640kilo@tesandme e. Cache
__(S)Notconsideredpartoftotalmory
___(G)ngmmsreqmspacmlmsmwuonstorecogmzem

higher memory addresses.

__G)Referstoﬁneﬁrstmegabyteofsysmmmmory

_Q)Immprmgeapacnybymakmgmecompmer
' think that it is conventional RAM.

(9)Norma11yrwervedformnnmgsystemhm'dware
___(IO)TempOmﬂystmpomonsofﬁlmcummﬂymuse
__(ll)Thebasxctypeofmemoryfomdonchompmus
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623. Memory management

2 Givethreewaystoﬁaeconvtionalmemory.
3 Whatmthreewaysyoncanﬁ'eeenendedmemofy? '

4. Gwetin'eewaystoﬁeeexpamhdmemmy

Answers to Self-Test Questions

608. :

1. Charies Babbage. |
2 mmmvmmmmgmdm;mmmg
silicon chips.

The electronic numerical integrator and calculator (ENIAC).

1953.

The Manchester University Mark 1.

1976. o .
Amainﬁmisamwhh‘hsmmwdmmﬁdelzgememtnbm'
Minicomiam'smdsignedfm-mepaxﬁmlztypeofwod:. ,
Damisthephysimlfumofinfamaﬁm.Apmgramgimampm_ the precise instructions it
needs to process data. ;
lo.mwmwmmyahﬁmwdmmm

11. Compaterese.

12.()f, @)2,(3)g.@)c,(5)h,6)e, (N4, (8)i. (9 b, (10} j.
13.'I'heﬁdrmbns,dxedatzbus,andthccommlbns.

609.

1. Memory and decision eiements.

2. The input unit.

3. The program currently being executed.

4. De.De.B)e.@d. (51, (6)a, ()b,

0@ N n oA W
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610.

2. The central processing unit.

3. hmnstbeahbwcauhsuwdmsﬁmnmy,demde'ﬂﬁrﬁnzymmdexm
them.

4. Maﬂwﬁcmwm&emmwmmﬂtmm
mmmesmnsofuchpexphenl

s. mmmmmmmm

6. Registers. E |

7. 1t identifies the memory location of the pext instruction o be performed.

8. mmmkmm&hmmm,mwmmmﬁm
9. Theﬂagregiscrinlﬁmspeciﬁccmdiﬁmafumamﬁmeacmhgwmm

1. Adiskconnoﬂa,diskmigmdadiskmct
2. The disk controller.
3. Fixed-bead disk units.
612. : . ;
1. m&hmumsmw«mmm
2. DriveC.
3. Mmmymmmﬁgnﬁswmmmﬁmbdngdmm
by contaminants.
g E l .'- i g m ! = : g
Aﬁlcarmgunmtmasegmunofahadorﬂoppydisk.
Small sections of a disk called “blocks.” ;
(l)a.(2)g,(3)e,(4)b,(5)b,(6)d.(7)c,(8)d,(9)b.(10)f,(ll)a.
Install 5t
. The disk must be formared.
10. Pcmamngahaddskmapsmddmssinng&emofﬁwdiskanddividshm
tracks and sectors.

II.Mgdmmesizeofthe.blmbmbemed,&uﬁlesysmmsdmwmmdemthe
disk.mdthcnnmberofhloclstobemedforeachﬁlesysmm.

LI P S
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12. The decision you make on block size deterinines how efficiently your system utilizes disk
13. You repartition the hard disk_

' l4.Tomhrgcdaesizeofonepmﬂﬁon,ywnmstmducethesizeofanodnrpardﬁm.

613. '

1 Dmanbeamdﬁumdifhehhamndomlymseqmﬁany.DmWQMgneﬁcmpe

2. m&mmumﬂymﬁmmmmmmm

3. Hoppydiskdﬁvsmbemnedimmanym&emmmwedasnmddﬂice; ;
4. A35hchhwdmsityﬂoppydiskmmnpm720mobymofdmmdahigh4m§tydisk
Can store up to 1.44 megabytes of data_ '

5. Asxmm&myﬁmmwmmwofmadmmmm
mmmmobymddm.mdaﬁgb-dmskydiskmmupw 1.2 megabytes of data.

6. Aheadaashmyocmmddsmydanonmed:shmed:sknseif,amedzskm

7. Amovzbkmgn&dcmopﬁald&monmdinaplmcdnwﬁdge.

8. Opﬁa]_dkkmﬁsusealmmmdpishthediskmherthmaradlwﬂ:ehadmrud

. Can_paa&iskqudonlymay(a)-komwmeomemdmmy_(WORM),andfnﬂy -
rewriteable.

1o.nqm6emmmdmmryumwmmﬁmmmmymmm ‘
Il.Toatdﬁychnpmdamthatisnotexpeaadwdnngeowrbngpuiodsofm
llG)-ROMshzveahrgasungcapadtydnnothertypsofsmragedevics.

13. You can write data once to 2 WORM disk.

14. Floptical disks can be erased and reloaded with new data.

614.

1. Muar&ﬂwﬁmhadwmmmmampeandmmagmﬁumof
pmalleluacksalongﬂ:elmgﬁlofalape.

2 Bygeﬁonsofbhnk(mmded)npganedimulockgaps,thampmdmedmdwnpeat

Atapemm'SYMaradlwrimmandanopmor’smlmL
Two:onewithﬁ:empemit’ssupﬂytedandonewithmemke-upmel.
Radhmds,wrimhads.mehads,tapecms,andapnmadcpad.
baﬁngapzinmdrbyﬁghﬁngupanmdimandsamdingmalm

v 0 N oW



1. The system console. )

2. Amm,mmmmmmnm

3. Topovﬁeadheammbamﬁemmdthcopuningsym

4. A printed log.

S. hmamfammwmm&emhnwmw
conversational manner.

16.Asmnmﬁnﬂiscmsid§edinmlﬁmbmhhmismmmﬂopuaﬁng
syslcmanddosnothavetordysoldyonthecmmlpmessingmit.

17. Smart terminal

617.

1. msmwwmvﬁcawmmwmdﬁmadmprowssingsm

2. Hard copy.

3. ;f&@wmu@by%&:m%apﬁmmkismﬁdaadm
impact printer.

4. Ope.

h 2 Senal impact printers using a printwheel mechanism.
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6. The dot matrix printer.

7. Versatility and low cost.

8. Immgmanyopumfzaubmmabomecxpmswe.

9. Dmm.dmn.andmamxsmmg

10. One line of characters.

u.mmpﬁmmmmmmq,mmmmmmmmm
changes.

12. The electrostatic printer.

13. Ink jet. ' '

14.1.aserandxcrogmghicpdmm.
ls.lhehsu-pﬂnma!soussanébmimlchargempmdnceacbmmimage.
1amdmmmm¢mmmmma
17. The vertical format unit (VFU). ’

18. A decoliator. .

19. A burster.

618. i

1. Am@wmdmmgmmmgmmmwwm
lenm,symbols,andmhus-hminfmmaﬁmdmmhecmnpmmed.

2 Magnedcink-chammdasmmedbywwgmizaﬁmsmpmchecksa

3. Mmmdmm@mmlmndﬁrrmdmgmmmmaﬁ
invoices. _ ’

4. Suictly input devices.

5. Optical scan unit.

6. Matswabsmofmaﬁsmdmhedby&emomofﬁgmwﬁmmembdng
scanned.

619.

1 Mmgxz'y—mle,orcolwm '

2. Two;oneforﬂ:e&ckgmmd,andonefm-dxefmeground. .

3. Colwgaphicadapm(CGAlwmsraphisadm(EGA),videommayWGAx
or super video graphics array (SVGA). .

4. Thennmberofcolcts:heysnppmandlew!ofmoluﬁon.

620.

1. wgmmwmmmmmogﬁummommkﬁlsmd
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3. Am(aemﬁwlhpnﬂmwmw,ﬁkmmgmwmmdm.md
transient utility programs.

4. nemﬁqnmdymddmcmmwmmccmswm&cmmg

. ImRAM.

; (1)3,(2)‘1-(3)0-(4)3’(5)5-(5)d-(7)&(8)3,(9)5,(10)3.(11)6,(12)8,(13)3‘(14)3-

5
6

7. Multi-user, nniti-processing, multi-tasking, or real-time.
8. |

9.

1. MS-DOS®.

2. UNIX®.

622. .

1. 'Iheamonntofavaﬂabhmanmy.

2 Wnﬂﬁnam’snﬁcmdﬂps.

3. Kilobytes or megabytes. '

4. By installing additional memory boards. .

5. Read-only memory (ROM) and random-access memory (RAM).

6. A memory unit stores binary information in the form of words.

7. A number, an instruction, 2 group of alphanumeric characters, o any binary coded information.

8. lhmughﬂnemeoftwocmolsigmlsandtwommhegisus. :

9. Conuolsigmlsspecﬁymamdkmbemedwmnsfmedomofamaymgiszm

l0.0mregisuspwiﬁasmemeofaspciﬁcmaymgimndﬂiommammy
word’s particular bit configuration.

11lammm@mmubaﬁmdammm

lzmzpmoqhuﬁm’saddmcskumsfaredm&ead&wngisu,mcmymhm
mmmmm,mmmmmmmmmmmm

14. According to its volatility, mode of access, and construction. .

15. Volatile memory is cleared when power is removed from the compurer.
IG.MWM'EﬁmmmyMommbew&uﬂy.
17. Volatile.

18. ROM is nonvolatile.

l9.hog1mmauemnlymemmy(PR0M)mdmeumblemogxamaMewymmy
(EPROM). :
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m.PROLJsmmlybe;xogammedomewhikEPROMsmbeaasedmdupmgrmmed.

Zl.mmgMMmmwmmmsﬁmmm

' ﬁ.RAMWMmdemmddewﬂoMgism&

ﬁ.HRAMkmhgemghmhddaﬂtheﬁkswdedmmompﬁshamhﬁwnthemk
cannot be completed.

24-(1)&(2)b.c.d.c,(3)b.(4)d,(5)d.(6)¢=.(7)a.(8)5.(9)d,(lO)e.(ll)a.

1. A shortage of conventional memory. .

2. Ywmﬁaemwnﬁomlmmyb;:rmthS-DOS@inmdedmemy;sumﬁning
yomCOM’IGSYSmdAmUEXFL.BATﬁhssommcydommmmymmay-
r&demmgrms;mdbyrmhgdevbedﬁmandoﬂzmydwidmmmuppu :

3. Ymmﬁaemdedmayby:mdndngtbeamumofmmmyaumdfmdﬂice
drivas;snmﬁningyourCONFIGSYSandA(HDEXBC.BATﬁlssoasnoztosmn
mneemyanygogmns;miifMS-DOS@ismminghmdmmmy,
You car move it to conventional memory. :
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_a.addmssbus,thedatabus,andtheinfo‘rmaﬁonbus.
b.addressbus,thedatabns,andtheoommlbus.
c.addxusbus,thebymbus,andtheoonn-olbus.
d.charterbus,thedaxabus,andtheconuolbus.



27.

29.

30.

3L

.C. output.

. input.

.(609)Whatisrequiredtomakeintexfacingfunctional?

a. Software. :
b. Hardware.

¢. The control unit.

d. The input/output unit.

(609)Whichinterfacingfonnatuansfetsdatamanybitsata&me?
a. Shift transfer. ' '
b. Bus transfer.

c. Parallel.

d. Serial.

(609) Which functional section of a digital computer decodes instructions?
a. Memory. .
b. Control.

¢. Input/output.
d. Arithmetic logic unit (ALU).

(610) What lets the central processor execute the system program without
requiring the program to monitor the status of each peripheral device?

a. Hardware.

b. Instructions.

<. Control words.

d. Interrupt requests.
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32. (610) Which is the part of the CPU that identifies the location, in memory, of

thencxtinsn'uctiontobepexfmmed?

- a. Control unit.

33.

36.

b. Decoder unit.
¢. Program counter.
d. Instruction register.

(611)Whatarethetwovaﬁaﬁonsofdiskunits?
a.Hoaﬁngmdnnitsandﬂoaﬁngwritennits.
b.FloaﬁngMdunirsandmovabIeMdunits.
c.erdmdheadunimandﬁxedwﬁteMdmils.
dﬁxedrmdlwﬁtehmdunhsandmovablermdlwﬁtehadnnirs.

37.(612) The four steps'for configuring hard disks include installing, formatting,

2. repartitioning.
b. compressing.
c. addressing.

d. Iabeling.



39.(612) Youanchangemesizeofpardﬁonsonamagne&cdiskby
a. repartitioning.

41. (613) When we discuss optical disk units, what does WORM mean?
a. Write once, read many. ' " :
b. Wide optical read mechanism.
¢. Window optical read mechanism_
d.Wﬂteonlyrevolvingmechanism.

42. (614)Vacuumchambasareumdonamagneﬁctapeunitto
a. decelerate the tape.
b. accelerate the tape.
c. buffer tape movement.

- d.preventmotordamage.

43. (614)Magneﬁctapecarnidgerecordasarepﬁmmi1yused
a. as primary storage devices. _
b. in place of hard disk systems. -
C. to store system back-up and database information.
d.whererandomacoessstoragerenieval capability is needed.



4. (615)Whichofthef0HOWingistméabmnpapcrmpennits? |
a. The punch is an input device.
b. The reader is an input device.

c..Aﬁerthetapeispunclwd,informaﬁonmeasﬂybechanged.
d.Papermpepunchwandmdezsmalwayshousedinme_smcabineL

45. (615)Whichofthefonowingmmi1iarystoragedevicescannotaherdataonce
it has been stored?
a.HopticaJdi'sksysmms.
' ¢. Magnetic tape systems.
d. Paper tape systems.

46. (616)Whichpartofacompmsystemincludesakeyboard,monitor, diais,
swms,andalannlights?
a.Centralprowssingunit(CPU).-
b.mealdisplayunit(VDU). .

c. Console

d. Printer.

47.(616)Theﬁnysqmmazmakeupapicuneonavisualdisp1aynnitm
called

a. dots.

b. cubes.
C. pixels.
d. prompts.

48. (617) What is tbemostaommontypeofpﬁnterin use today?
a. Laser. 3
b. Serial.
c. Nonimpact.

d Electrographic.
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50. (617) What is the difference between electrographic printers and electrostatic

= 9 o

b.Elecn'ostaxicpﬁntersdeposhanelecuic;lchargeonadrum.
c. hicpﬁntersdepositanelectrimlclnrgeonpaper.
d.EIecu'ographicpﬁntersdepositanehmiwlchargeonadnnn.

51.(617)Whatdeviceisusedonolda-modelprinmerstoadvancepaperfwd?
2. Burster: ‘ - X :
b. Skipper.
. Decollator.
d. Vertical-format unit (VFU).

52. (617) Which printer device is used to separate forms?
a. VFU.
b. Burster.
c. Skipper.
d. Decollator.

53. (618) Which of the following‘us&sam;co’gnitionproq&sstou'anslatemachine-
a. Bursters.
b. Decollators.
d. Magnetic tape units.

54. (618)1hedeﬁcethatmdsancnﬁmdocumanbefompmmshgitisan
optical '
a. scan umit.
b. mark unit.
C. page reader.
d. character reader.

55. (619) The first color graphics display system designed for personal computers
was the
a. gray-scale.
b. video graphics array (VGA).
¢. color graphics adapter (CGA).
d. enhanced graphics adapter (EGA).
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56. (619)Whichdolorgraphisdisplaysysmnoﬁ'ezsﬂ1ehighwdegreeof

resolution?

a. Video graphics array (VGA).

b. Color graphics adapter (CGA).

¢. Enhanced graphics adapter (EGA).

- d. Super video graphics array (SVGA).

m.(&O)Thedasﬁﬁcaﬁmofopemﬁngsymsnmnynwdformvigaﬁon
- applications is
a.q_mlﬁ-

61.(621)Whichofthefonowingope:aﬁngsyswmswoﬂ:sonlyoncompmers



63. (622)'I'hememorysmragelocaﬁonforonewordiswlledﬂ1e
a. ROM. ' _ .
b. cell.
C. track.
* d. sector.

64. (622)Whichsecﬁonofammnoryunitspeciﬁsﬂ1esclectedmemmyword’s
-location?

b. Non-volatile.
¢. Magnetic core.
d. Magnetic disk.

66. (622) The major difference between read-only memory (ROM) and random
access memory (RAM) is that ROM is :
a. non-volatile.
b. expandable.
C. extendable.
d. volatile.

67.(622) A computer’s conventional memory is located in
a. its first megabyte of memory.
b. the memory area above 1 megabyte.
C. the first 64 kilobytes of upper memory.
d. the memory area between 641 kilobytes and 1 megabyte.
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68.(622)Enmdedmemoryis

2. memory above 1 megabyte.

b.panofﬂaeuppcrmcmmy.

c.thesameaexpandedmemory. ,

d.ava.ilableonlyoncompmerswith80386pmmsorsorgreamr.

69. (622)Whattypeofeompnermcmozyrednmthcamountofﬁmethe
computer spends reading data from the hard disk?
a. Expanded. . S
b. Extended.
c. Cache.
d. Upper.

70. (623)Ifacomputerprogramfaﬂsnomnbwanseofinsuﬂiciemmcmory,ﬂw
most likely cause is a shortage of
a. conveational memory.
b. expanded memory.
€. extended memory.
d. upper memory. -

" 71 (623)Inordertouseextendedcomputermemdy,youmnst -
a.mnMS-DOS'@inemdednmory.

b. run MS-DOS® in conventional memory. )
c.installanextendedmemgrymanagerpmgxm
d_loadaﬂdeviced:ivetsinconvenﬁonalmemory.

Pleaserudtheunitmemforﬁnitliandmntinm.é
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systemsofwhatseemslikejustafewyearsagoto_becmneaomalissuein
wmpuﬁngmanlevels—ﬁomﬁmnpmonalwmkstaﬁonstolargemainfmme
comandpowafddaktopmimompmmlongmbﬁshedfonnof
powerinacenualloczﬁonandusmateleoommnniaﬁonsnctwo:ktoanow
‘Temote users to access the central services.

Mostwmpmrnetworksemdovasevaa]geogmphiauysemeshx,md
conmquenﬂy,usemﬂitarycircnitsorcircuitsbelongingw,orlwmdﬁcm,a
comnerdalagencyminterpomthem.Byknowingthebackgmmdofsmndmﬂ
networkamhtecnnuandmabasicknowledgeofpxmoeolandequipmem
interfacereqniremnm,maintainingthewmmnnicaﬁonssystemnsedmbe
simpﬁﬁed.l'hismitpmvidsyouwithalookatMeearusmhclpyoubener
understand our computer communications networks.
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3-1. Protocols

Let us imagine, for a minute, that no traffic laws exist. There are no red lights,
stop signs, or railway signals. People can drive on any side of the road and as fast
astheywish.Thatwillnotworkverywell,willit?Weneedlawsornﬂes to
ensure that traffic moves safely and efficiently from one point to another. The
sameismxefordamoommmimﬁons.lndmcomnnnﬁcaﬁons,th&senﬂm,caﬂed
protocols, cnsnrethatdataispaswdﬁ'omonetcmxina!toanotherwithouten'or

- and in the most efficient means possible.

This section is devoted to describing asynchronous protocols and two of the most
common layer 2 protocols: IBM’s character-oriented binary synchronous
communications (BSC) and IBM’s.bit-oriented synchronous data link control
(SDLC). Also introduced are the two standard packet-oriented protocols, the

- Internet Protocol (IP) and Transmission Control Protocol (TCP) which interface
upper layer and subnetwork layer protocols. BSC was first introduced in 1964 and
is the most pervasive protocol in the industry. Newer, more powerful protocols are
becoming increasingly popular. SDLC is a member of this group of protocols.

Two other members of this new group are HDLC (high-level data link control)

and understanding. SDLC is a good springboard to understanding other protocols.
There are many protocols available for many uses, but most provide some form of
error control. Forthisreason,welookatsomeoflhewaysen'oroontmlis

performed.

624. Error control techniques

One of the most important functions of a protocol is error.control. You should
remember that error control is simply an attempt to provide fauitless
mmmnnicaﬁomEmorsinevimblysﬁpthroughbm,vﬁthcermintecbmmwe
can catch nearly all of them.

Error detection is usually done by one of the following four methods depending
upon the functions and code: (1) vertical redundancy check (VRC); (2) s
longimdinalrednndancy check (LRC); (3) checksum; and (4) cyclic redundancy
check (CRC).

Verﬁmlrednndancycheck(VRC).Asmhincomingchamctcrisreceived,
VRC checks it for odd parity. (BSCASCIIusesoddpmity.)Oddpaﬁtymeansthaz
thcreisalwaysanoddmnnberof“l”bitsinthebitpattemformhcharacter.
Outgoing characters are checked prior to transmission for odd bit count. If the
count is even, thetransminerinsertsa“l”bitinthepaﬁtybitpositiontomakeit
odd. Thus, all characters transmitted have an odd bit count. A receiver detects an
error when a character contains an even number of “1” bits.
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Hgme3—1iﬂnsuamboﬂ1VRCandLRCchecking.thVRC,me“1”bitsm
addedverﬁcallyandmepaﬁtybitsmead&datthebottomForexample,me
verticalrowonthefarleftis1100101.'I'hischmcterhasanevennnmb=rof“l”
bitssoa“l”paﬁtybitwasaddedtomakethechmodd.Notemethird
vaﬁealmwﬁomtheleft.BecanseﬂxecharacterlOlOOOlhasanoddnumbuof
“17 bits already, a“(}"paritybitwasaddedsoitwonldremainodd.VRCisabom
90 percent effective in error detection.

LONGITUDINAL CHECK
10100 1 1 0]
1001 01 0
11000 ©

0 01 1 1 0 111
1 000 10 0

0001 10 1

o o

11100 1 1

AOMIO r»0--Im<
o [~}

(-] o o
C

~h

11 00 0 1 0
VERTICAL PARITY BITS
Figare 3-1. VRC/LRC checking (edd parity).

Longimdinalredundancymck(LRC).WhmeVRCcheckschatamforodd
paﬁty,IRCchecksanwﬁmhorimmallmewithinabloekforoddpmity,ﬂ:c
countbeingmadeatbothmenansnﬁmrandreceiver.nﬁsmethodisusuany
donemaddiﬁoanRCtohnpmvcmconnuL-Whenﬂ:ecomolcharaaers
HB,Em,mEIXappw,indiuﬁngtheaxdofablo&,thisconntbecomthc
BCC(blockcheckchm)andistansmhtedtotberecﬁm.lnﬁgme&l,the
emabits,whemmquimd,aeshownontheﬁghtofthemnsuaﬁon.Asain-ifwe
look at the top row of bits, we can see 10100110. This obviously has an even
number of “1” bits so the “1” parity bit was added to make it odd. -

At the recejver, thie BCC count is compared with the transmitter’s BCC count.
WhentheyareequaLthepreviomblockwasm-free.WhentheyareumquaL
the receiver requests a retransmission of the previous biock. VRC/LRC is only
available with the ASCTI character set. It is not available with EBCDIC. VRC,
when combined with LRC, is about 98 percent effective. .

Checksnm.lfanenendedASQIoodeismed,thereisnopaﬁtybittousefor
error control. The extra bit is part of the code. For this reason, another error
detection method was developed.

There are different methods for calculating a checksum, but we will look at the
methodusedbyoneofthemostpopularPCtoPCpmtocols,XMODEM



34 :
——_*-_““ﬂ__“___“_“_
XMODEM sends data in blocks of 128 characters. These characters are put one
on top of the otberandaddedtogethcrjustlikeanyaddiﬁonproblem.'rheanswer
is then divided by the binary equivalent of the number 255, Now, we do
someﬂ:ingﬂmmayseeﬁ:nalitﬂestrange.Aﬁerdoingaﬂthis,wedisregardthe
answer. That’s right, wedisregardtheanswer,bmwekeeptbemmainderandthal
becomxourmcksnm_ﬂereisasimpliﬁedexampleusingdecimalnmnbers
rather that binary.

476 Answer ignored

773 . 255)2846
901 2550
+696 296
2846 255
41  is the remainder and
becomes the checksum

- Cyclic redundancy check (CRC). The CRC concept treats the binary string of
mmdmmnmmedmtheﬁameaddress,comLmdeomaﬁonﬁeldsasa
single, long binary number and uses that number as a dividend in a division
problem.'l'hetﬁvidendisdividedbythebinary divisor represented by a standard
binary sequence. This digital operation results in a binary quotient and a
remainder (which,becanseofﬁxesizeofthedivisor,maycontainupto 16 bits).
Thisdivisimpmc&sstaksplaceintheuansnﬁneratthesendingcndofﬂxeﬁnk
The 16—bitremainderisanachedtotheﬁ'ame(packet)astthCC(blockcheck
chmacter).Whentheﬁmisreceivedatthedistamend,theBCCisdiviMby
ﬂxesamedivisorasmdbytheuammitﬁngendihemmaindcrcompntedatthe
mceiveriscomparedmtheBCCreoeivedwithﬂledatawertheﬁnk.Iftheym

the same, it is presumed that the data was correct. If th differ in any bit, it is

MESSAGE = 108436 = DIVIDEND
DIVISOR =41
DIVIDEND/DIVISOR = 108436/41

| QUOTIENT = 2644
REMAINDER = 32
TRANSMITTED MESSAGE = 10843632
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AT THE RECEIVER

RECEIVED MESSAGE = 10833632
DIVIDEND/DIVISOR = 108336/41

QUOTIENT = 2642
REMAINDER = 14

G:aracter‘-orientedpmtoeol (COoP). BSC(binazysynchroﬁom
commnnimﬁons)isachmaaer-oﬁemedmooolltmdmmtomolthe
ﬁnkandtotqnseminfonmﬁon.W‘nhBSCandothaﬁneprmoeolsofﬂﬂstype,
“handshaking”isthetenncommonlynsedtod&c:ibetheianOnbaween '
Stations. Typially,thefollowing infonnaﬁonisexchanged;

® Message available for transmission.

® Start of text transmission.

¢ Acknowledgment or rejection of the text.

® Detection of errors.

enquhy(ENQ)manotherlouﬁmHﬂleotherlomﬁmcanamptam&ge,h
acknowledges (ACK) the enquiry. Throughout the handshake sequence, each
acknowledgment is alternately numbered one and zero. :



initiate the exchange; the response is ACK 0, even positive acknowledgment. The
sender then transmits SYN characters followed by the message block.
Whenthecomputerlooksatthemmsageblock,itdetectsanmandEansmitsa
negative acknowledgment (NAK). The terminal then retransmits the

block. This time it is error free, and the computer transmits ACK 1, each message
block, and the terminal sends SYN followed by the message. The transmission is
enorﬁeeandthecmmermspondsﬁ&ACKO,evcnpositive acknowledgment.
Sincetheterminalhzsnomommsagstqtransmit,itsendstheendof
transmission (EOT) character. Unless the computer has something to transmit to
metemﬁnaLthiscompletesmeexchangeandﬂ:ecompmcrdiscomectsﬁomthe
terminaLIheuseofoddandevenACKspmvidsaseqneﬂﬁalcheckfortbe
series of replies.

BSC control characters. Tabie 31 lists the BSC control characters along with
their meanings and functions.
Message block. A message block (frame) format is shown in figure 3-3. Each
transmission in BSC can contain up to three elements: :

(1) A header.

(2) The text.

(3) A trailer (BCC).
The control characters used to identify these elements are as follows:

* SOH, indicating the header follows.

e STX, indicating the text follows.



M

* ETX, indicating the end of text, or ETB,

indimﬁngtheendofmemssage

block with the trailer followi
memmmwaﬁﬂ
nmm&wdm:smdaa

STX Start of Text memﬁamdam

ETB End of Transmission Block Indicates the end of the taxt biock starting with STX or SOH,
msmmmmﬁgumbmm
ACK, NAK or optionally WACK or RV1.

usnTs End of intermediate Divides 2 message for error ing purposes without the

Transmission Block ggmmiagbysl%rxaccsw_ gaumsegrm
check count o 2ero. or is
m faxt blocks, but STX is required I‘amwe'g
" by text. .
ETX End of Text Terminates a block with SOH or STX and the end of
of blocks. i
:seqpmo ﬁmmmm
EOT End of Transmission MMNMbWM
¢ naither transmitter nor receiver). Also a fransmit response
&:apollandmabms‘g!ubramgn

ENQ Enquiry Bids for the line in a poi int and muitipoint connection

mg.::gs maam

ACK Aftirative Acknowledgment | Previous block accepted and error-free, receiver ready for next

. mwammmm«man
. ) . - ®

SOH Start of Heading Tmmmmmmm
iﬁumamahomﬁ:gaﬂm‘uﬁydum

NAK Negative Acknowledgment | Previous block unacceptable and retransmission required. Also a
mmbasﬂmanﬁ d

TID TmpéfatyTedDehy mewybm,mwmb
maintain connaction. s«ummwmm
bmmwﬁm&iﬁaasmahm.

AVI Rsverse intemupt Sent to a transmitter a recaiver in place of ACK indicating
umma@muymmm

Wi it Before Transmit Previous block accepted -free, but receiver not ready

ACK &w ummmw&“b%%wmw
Mbmwammﬁt&?wmmm
mmwm‘m" )'netuuk) '

DLE Data Link Escape Prefix for control during transparent mode. Control

) ammemmummmmwwom

DLEEOT 5 for T c ine when all

Disconnect Sequence for a ’r:uunadm&a::ad mmmﬂaggas
disconnect.

Pt () TR TS S0 o) st (o p e e,
mmsmnmwﬁmmws
mbtmcn

Table 3-1. BSC Control Characters.

Aspreviouslydscn'bed,twoormoreSYNchmamsareusedtoxtablish
charactersynch'onimtionbetweensenderandmceiver.ThemxmberofSYN
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charactemusedvaﬁ&ewithdiffemmnetworkséndappﬁmﬁmThethreeshown
in figure 3-3 are one accepted pattern. The message block follows the SYN
chmqters.

SYN | SYN | SYN | SOH {HEADER | sTX | TBXT ETX | BCC

MESSAGE FLOW
E——————a

Figure 3-3. BSC message block format.

A message consists of one or more blocks of information. Each block contains a
-textandtrailer;theﬁrstblockcomain_sﬂzehwder. Typically, a beader contains a
chmcter,mchmacters,ﬂmidenﬁfytheoﬁginaﬁngmmceivinglomﬁonmdthe
pﬁority.l‘hisoouldbealbdtheaddres.ASOHchmcteridenﬁﬁesthe
characters that follow as the header. :

Ihetextporﬁonofmemsageblockisidenﬁﬁedbyamdingmchmcter.
Ashortm&ssagemayonlquuireasmgleblock,bmalongmessageisbmken
intoanumberofblocks.lntheex@pleshowninﬁgme 3-3, the message consists
of a single block and is followed by the end of text (ETX) control character. In a
multi-block message (fig. 3~4), the Iast block of text is followed by ETX. The
trailer consists of the block check character (BCC). This character contains a
comtfmmorchecking.Astheblockismmued,boththesenderandreoeiver
generate a count from the block. At the end of the block: the réceiver compares his
or her block count with the sender’s BCC character. If the two do not agree, a
NAKchamcteristransuﬁttedtoﬁxesender,mqlﬁﬁngthcblocktobe
muansmitted.lftheen'orpetsists,apmetnmnberofattmnptsismadeto obtain
an error-free block, then the transmitter aborts. ;

SYNSYNSOHHEADE?S’IXTEXTWB.BCCSTXTEXT'EIXBOC

MESSAGE FLOW
———————

Egm“.Ahngmﬂ&Mmge.

Long messages. Long messages are broken into a series of blocks for
transmission, as illustrated in figure 3-4. Each block of text, except the last, is
followed by an end of transmission block (ETB) character or an end of
intennediazetansnﬁssionblock(ﬂ'B)chmaer.ETBrequimsamsponseﬁom
the receiver and causes line turnaround and the BCC to be sent and compared.
ITB divides thcm&ssageforermr—checkingpmpos&sand does not require a
response from the receiver. After the first ITB, an SOH is not required before each’
block of text. The last intermediate block is followed by an ETX or ETB
character. As each intermediate block arrives, its BCC is compared with the
receiver’s BCC. If an error is detected in any intermediate biock, no action can be
taken until ETB is received, then all intermediate blocks must be retransmitted.



(1) Format detection — a check for control characters in proper sequence.

(2) Time-out sequences — a check for continued transmission to prevent an
indefinite tie-up.

3 Transmissionexmrdetecﬁon—achecktbatthemceived bit count equals
the transmitted bit count.
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° SmﬁonAddxms—idennﬁmﬂzeouﬂyingstaﬁonthaxisincommxmimﬁon

® Hamechecksequm(blockcheck)—usedtodeteauansmissionenms.
® Hag—ﬂ:cclosingﬂagforﬁleendofaﬁm )

FLAG | ADDRESS| CONTROL |INFORMATION FRAME CHECK | FLaG
o1t11110 8BITS 8 BITS FIELD 16 BITS 01111110

MESSAGE FLOW

Figure 3-6. BOP frame format.
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mmmmmmsmy'lmﬁngfmmﬂagmmfonm
bythestaﬁon’saddtmDnﬁnghnsinmageﬂow,asedsofﬂagsmbe

ﬂmsesmdmﬂlepﬁmaryhasanhoﬁmdmuansmit_lhcaddr&ssﬁeldalways
mrainsﬂkaﬂdlmofmmrymﬁms,wthoseofapimmysmﬁm
Control field, mmmdﬁddcmmnsthemmmandsandmmqmed
formolofadmﬁnkmpimysmﬁmmtheﬁddmwmmandamdmy

(l)hfounaﬁon—"ﬂneﬁanemntainsinfomnﬁm. .
Q)Supuvkmy—theﬁm.comainscommandsandmspoma
G)Ummhaed—&nﬁmmcomainscmnmandsandmponsesandmayconmin

Hﬁsneﬂ:odofﬁmneseqmcmmﬁngpwidesfcrﬂwdaecﬁonofdupﬁmmd,
nﬁssing,ormﬁmﬁmﬂetectedasinconmﬁyrec&vedare
A3—bﬁcomdﬁeldaﬂowsupmeigin(0m7)ﬁmwbeuansnmdwithoma

Whmaﬁmisreoeivedatasmﬁon,theNsismmpmedwithﬂxesmﬁon’sNr,the
ﬁameanmthesmﬁonisexpecdngmreceive.lfthcyareequalandﬂnﬁamem
sequencedo&snotindimtemeuor,thcﬁmisaccepwdandthesmﬁon’sNris
npdated]heNrintherweivedﬁameisoompmedWithmcstaﬁon’st(theemmtof



Control field unnumbered formar. Astaﬁon’staﬁdNrcomtsarenotchangedwhen
meconnolﬁelduswthcmnumbaedfomat,bmﬂnﬁamemcomaininfonnaﬁon

, Whhomregm'dtomemdandmceivesequemecounrs.Comandsthatchange
mod&smettheﬁmesequmcecmmttown.omwcommandsandmpons&s
previouslydiscussed,onIyPandFmewmaimdinﬁﬁsfonnm.TableS-3mmainsa
listofoommandsandr&spons&savaﬂablewimmLC,inaddiﬁontoPandP.



' N 3 Tk ion Aummﬂrespmsemidenﬁfyamnseqnmced

inﬁnmﬁonﬁm.hisnotmowledged_

A command msetthexecdvingsecondaystaﬁon

Set Normal R Mod imonmlresponscmde.hﬂaysinﬂﬁsmode

mﬂitteceivasaDlSCchlMconnmd.m
mdmnseisNSA'IheNs'andNremm
are set 1o zero. no unsolicited transmission is
allowed.

ROL

CMDR

Aeonmndnsedintheloq:couﬁgmﬁonﬂm
seqlmanyreqmuchsuﬁoninﬂnlocpw
um&ifithsanydﬁngmuaanRPGAis
sdeaiveinﬂneslaﬁonsitaskstoum, but still
travels around the Joop.

Table 3-3




“ﬁthnomuicﬁononbitpattems,itispossible for 6 sequential bitsto be 1’s,
ShmﬂaﬁngaﬂagbitpancmWhichthelinepmtocolsem(non;mspamnt)asa
closingﬂagmterminatetheﬁame.msispmvenwdbymeuansnﬁnerinserﬁnga
0 after t5e fifth l.l'heinsertedOisthendeletedbythereceiver.

meecheckseqaence(blockcheck)ﬁeld. This field is 16 bits in length and
preoedsthedosingﬂag.Wheninformaﬁonispmsemintheﬁmne,hfoHowsthe '
information field; otherwise, it follows the control field. Its purpose is to detect

Closing flag. l'heclosingﬂaghasthesamebitoonﬁgmﬁonastheopeningﬂag.
It terminates the frame and completes the frame sequence check.

Packet-oriented protocols. These protocols govern the characteristics for
transmitting messages through packet switching networks. In Ppacket switching,
messages are broken down into smaller groups of data and control characters,
called “packets,” which are individually addressed and transmitted through the
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netwoﬂ:&Networkchanmlsmoccupiédonlydlningacmduansmissionofme
packe:sandﬂnnrdasedmomermﬂic.IMDODstandardpacket-oﬁented
_protocols are the Internet Protocol (IP) and the Transfer Control Protocol (TCP).

Internet Protocol (IP). 'Ihelntcmet_l’rotocolisd&signedtointerconnectpacket-

hosts,mayrwdemthmthesamesubnetworkorconnecungmbnetworks
Applications. 'I'heIPislimitedto;rovideonlythebasicﬁmctionsmaryto
deﬁvcrablockofdata.Eachdatagramishandledindependenﬂyofanyother '

‘dmﬁnaﬁomlfthedwﬁnaﬁonisahostonadiﬁeremsnbnetwod:,msendsthc
daxagmmmalomlgamway.lhega:ewaythenscndsmcthmmthmghthe
nextsubnetworkmthedamgmm’sd&sﬁnaﬁonhost,ortoanothergareway,if
nmsary.’l’hns,datagramsmoveﬁ'omonemmdnletoanoﬁzrﬂnongh

Upperlayerservica.lnmﬂcrforthel?toperfonndmummﬁssion, it must

; interface%upperandlow«hyerprotocols.lﬁsintetfachghvolm

pmvidmgminserﬁmmmeupperhyasandreceivingcummm&om

melowerkyers.Ihenpperkyerscrvimthattheintemetpmmcolpmvid&sm
internetwork datagram service, deﬁveryservice,vh'nnlnetwo:ksexvice,anden'or-

Teporting.

a. Datagram service. The Internet Protocol provides a datagram service
betwemsimﬂarupperlayerpmtooolsinanhtemetwoﬂ:ingenvimnment
Adatagmmsaviceischmcterizedbydatadeliverytotbed&stinaﬁon
wiﬂmon-zempmbability;whichmssomedatamaypossiblybelostor
dupHmted.ThelPdatagmmservicedownotnec&ssaxﬂypzmemdamatits
dsﬁnaﬁoninthesamesequenceitwassuppﬁedbyﬂ:esource. ’

b. Delivery service. IP delivers received data to a destination upper layer
protocol in the same form as sent by a source upper layer protocol. IP
diswdsdatagmnswhenitlacksmfﬁciemzesomcesforpmcessingthem
IP does not, however, detect datagrams lost or discarded by the
subnetwork]ayer.Aspanofthedelivayservice,IPinStﬂaxesupperlayer
protocols from subnetwork-specific characteristics. For example, IP maps
intemetworkaddr&smsuppliedbyupperlayupmtooolsintolocal
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addresses used by the local subnetwork. IP additionally hides any packet-
size restrictions of subnetworks along the transmission path within the
internetwork.

c. Virtual service. IP provides upper layer protocols the ability to select virtual -

- Detwork service parameters. For this function, it provides a general set of
commands for the upper layer protocols to indicate the services desired.
Thus,mclqaperlayerprotocolscanselectoeminmoperﬁ&softheintemet
protocol and the underlying subnetworks in order to customize the
transmission service that best fits their needs. Virtual network services
available include subnetwork service quality parameters and service
options. Subnetwork service quality parameters infiuence the transmission
service provided. by the subnetworks. These parameters include the
following: _ : ‘

* Precedence: attempts preferential treatment for high importance datagrams.

o xansmissionmode:datagxamversnssu'msn'mmodeauemptsto
minimize delay and delay dispersion through reservation of network
resources.

* Reliability: attempts to minimize data loss and error rate.

* Speed: attempts prompt delivery.

» Resource tradeoff: indicates relative mportance of speed versus reliability.

- Subnetwork service options include the following:

e Security labeling: identifies datagram for compartmented hosts.

» Source routing: selects set of gateway IP modules to visit in transit.

. Mﬂ_ingrecordsgamwaymmodlﬂ&sencommdin transit.

. u'eamidenﬁﬁéaﬁomnamesreservedmpmusedforstreamservice.

» Time-stamping: records time information. '

e Don’t fragment: marks a datagram as an indivisible unit.

d. Error reporting service. IP provides error reports to the upper layer
protocols indicating errors detected in providing the above services. In
addition, certain errors detected by lower layer protocols are passed to the
upper layer protocols. These reports indicate several classes of errors
mcluding invalid arguments, insufficient resources, and transmission
€ITorS. Theerrorsﬁzaﬂ?mnstrepontoupperlayerprotocols are to be
determined for each implementation. '

Lower protocol layer provided services. The required interface services to be
suppi::3 to IP from lower layer protocols are transparent data transfer between
hosts within a subnetwork and error reporting.

a@. Data transfer. The subnetwork layer protocol must provide a transparent
data transfer between hosts within a single subnetwork. Only the data to be
delivered, and the necessary control and addressing information, arc
required as input from the IP. Intranetwork routing and subnetwork
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operation is handled by the subnetwork layer itself. Data may not
newssaﬁ!yaniveinthesameordcrasitwassuppﬁedtothesubnetwork
layer, nor is data guaranteed to arrive error free.

Basic model of IP operation. Thefollowingillustrmhowtheintemetprotocpl
suppons'adamgramuansnissionﬁnmonenppcrhyerprotocolmmother.ln&ﬁs :
exampleanupperlayerpmtocolinﬂostAissendingdmmaﬁkepmtocolin'
HostB onanothersubnetwo:k.lnthismse,boththesomanddsﬁnaﬁonhosts
are on subnetworks directly connected by a gateway. '

.I)W‘nhinHostA,thesendingnppcrlayerprotooolpass&imdatatothe
int_emetprotocolMle,alongWhthe&eﬁnaﬁonintemetaddz&ssand
other parameters. '

2)The]Pmodlﬂeprepare_sanilnemetpmmcolh&derandamh&sﬂleupper
layerpmtooolsdatatofonnanintema@gram.l’hen,themmodule
dewnninasalomlsnbnetworkaddrasfmmﬂwd&c&naﬁonmmmet
ﬁdrss.lnﬂﬁsexample,itistheaddrwsoftbega!ewayconnccﬁngtothe

3) The subnetwork protocol creates 2 local subnetwork header and attaches it
tothedatagmmformingasnbnetwockpacket.msnbnctwoﬂ:pmmcol
thenuansmitsthepackctaa-ossﬁnloalmbnetworktothegateway.

4)11npacketanivmatﬂxegatemyﬂ:atconnectsthetwosubnetw«ks.ﬂere,
the local subnetwork header associated with Host A is stripped off and the
mmainderofﬂ)epacketispassedtothcgatewayintemetmocolmodule.

5)TheIPmodnledet=rmMﬁ'omthed&sﬁnaﬁoninlcmgtaddreSsintheIP
h&derthatﬂxedatagrmisintendedforahostinthesubnctwork
associated with Host B. The IP module then derives a local subnetwork
addmssforthe&sﬁnaﬁonhost.l‘hataddrwsispassedalongwiththe
datagmmtothembnetworkprotocolforthaxlocalsubnetworkfor
delivery.

6)1‘hedsﬁnaﬁonsubnetwork’ssnbnetwoﬂ:protooolbuildsalocal
subnetwork header and appends the datagram to form a packet for the
destination subnetwork. The packet is transmitted across this local
subnetwork to the destination host, B.

7)’I'hcsubnetwozkprotocolofthedesﬁnaﬁonhostsuipsoﬁ’thelocal
snbﬂetworkh&derandhandstheramainingdmgramtothedwﬁnaﬁonm
module.
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8)1hedsﬁnaﬁon1?moduledetennin&cthattbedatagmmisintendedforan
upperlayerpmtocolwithinthishost.Thedataportionofﬂledatagramand
information from the IP header are passed to this upper layer protocol.
- Delivery of data across the internetwork is complete.
This discussion does not include all aspects of the Internet Protocol. Some of its
parﬁculars,snchasintemetnamingandaddrssing,amcoveredlater.

Transfer Control Protocol (TCP). The Transfer Control Protocol is a reliable,
ordered, full-duplex, flow controlled connection-oriented transport protocol for
use in packet-switched commumication networks and internetworks. TCP appears
in the DoD protocol hierarchy at the transport layer and is designed to support a
wide range of upper layer protocols so they can channel continuous streams of . i
data to like upper layer protocols. TCP breaks down the data streams into portions
which are encapsulated together with appropriate addressing and control
information to form segments (the unit of exchange between like TCPs). In tumn,
TCP passes these segments to the DoD protocol hierarchy network layer for
transmission through the communication system to the distant TCP.

Network layer provisions. The network layer provides for data transfer between
hosts attached to a communication system. Such systems may range from a single
network to interconnected sets of networks forming an internetwork. The
nﬁnimnmmqlﬁmddatamferservicéislknited;daMmaybelosgdupﬁcated,
nﬁsoxﬂexed,ordamageddnringu'ansmission.Aspan of the transfer service, the
network layer must provide global addressing, handle ronting, and hide network-
specific characteristics. As a result, upper layer protocols (including TCP) using
the network layer may operate above a wide range of subnetwork systems.
Additional services the network layer may provide include selectable levels of
transmission quality such as precedence, reliability, delay, and throughput. The
network layer aiso allows data labeling, needed in secure environments, to
associate security information with data. :

TCP design and mechanisms. TCP was specifically designed to operate above the
Internet Protocol (IP). Originally, TCP and IP were developed as a single protocol
providing resource sharing across different packet networks. The need for other
transport protocols to use IP’s services led to their specification as two distinct
protocols.

TCP builds its services on top of the network’s potentially unreliable ones with
mechanisms such as error detection, positive acknowledgments, sequence
numbers, and flow control. These mechanisms require certain addressing and
contro] information to be. initialized and maintained during data transfer. This
collection of information is called 2 TCP connection. The following describes the
purpose and operation of the major TCP mechanisms. -

* Positive acknowledgment with retransmission (PAR). TCP uses a PAR
mechanism to recover from the loss of a segment by the lower layers. The
strategy with PAR is for a sending TCP to retransmit a segment at timed
intervals until a positive acknowiedgment is returned. TCP uses a simple



andmretransminedbythesender.TCPassignsaseqmcenumberto
eacheight-bit-byte(oaet) section of the data stream. These enable a
receivingTCPtodetectdanicamandmn-of-order segments.

e Flow control. TCP’s flow control mechanism enables a receiving TCP to
govemtheamomtofdmdispamhedbyasmding'l‘cn

* Multiplexing. TCP employs a multiplexing mechanism to allow muitiple.
upperlayaprotooo]swithm“inglehostandmnlﬁpleprmina

_ uppcrlayerprotocoltonseTCPsimultaneously. :

o Upper layer protocol synchronization, When two upper layer protocols
wishtocommmﬁcate,theyinstmcttheirTCPstoiniﬁaﬁzemd :

Comectionclosingmnhappeninmways-—-a,gracefulcloseoranabon

Agracefnlcloseumaﬂnee—wayhandshakeprowdmetocompletedm

exctnngeandcoordinatcclosmebetweentheTCPs.Anabondoesnot

a]lowthiscomﬂinaﬁonandmaymltinlossofunacknowledgeddata.
Basic model of TCP operation. The following provides a walk-through of a full-
duplex TCP connection opening, data exchange, and connection closiqgthat
might occur between two upper layer protocols, ULP A and ULP B.
Anboughnotdepicted,theDonmtoeolhimhynetworklayeruansfersﬂm
information between TCP A and TCP B.

1) ULP B issues 2 PASSIVE OPEN to TCP B to prepare for connection
anemptsﬁnmoﬂnrupperlayerpmtooolsinthesystem.
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2)ULPAissu&sanACI'IVEOPENtoopenaconnecﬁontoULPB. ,
3)TCPAsendsasegmenttoTCPBwithanOPENcomrolﬁag,caﬂeda
. Sm,mnying.theﬁrstsequencenumberitwinsepdtoTCPB.

4) TCP B responds to the SYN by sending a positive acknowledgment, or
ACK,markedwiththencxtsequencenumherexpectedfmmTCPA.In
the same segment, TCP B sends its own SYN with the first sequence
number for its data.

5)TCPArespondstoTCPB’sSYNwithanACKshowingthenextsequence
numbcrexpectedfrom'I‘CPB. ‘

6)TCPAnowinfonnsULPAthataconnecﬁonisopento[H.PB. '

7)UponreceivingtheACK,TCPBinformslH,P-Bthataconnecﬁonhasbeen ~
opened to ULP A.

8)ULP'ApassesdatatoTCPA-foruansferacrosstheopenconnecﬁonto
ULPB. T

9)TCPApackag&sthedatainasegmcmmarkedwiththeament“A”
sequence number. ‘ :

IO)AﬁervaHdaﬁngthesequencenumber,TCPBaooeprsthedataanddelivers
it to ULP-B.

JI)TCPBacknowled'g&sanmoctetsofdatawiththeACKpmcﬁbedtothe
sequence number of the next data octet expected. :

12)UIPBpassxdatatoTCPBfortransfertoULPA. _

13)TCPBpackagmthedatainasegmemmaﬂ:edwitha“B”wquence
number.

]4)TCPAacceptsd:esegmemanddeliversthedatatoULPA.

IS)TCPArennnsanACKofmerweiveddatamarkgdwiththesequence
number of the next expected segment.

16) Suppose, however, this segment containing TCP A’s ACK is lost by the
network and never arrives at TCP B. )

17) TCP B times out waiting for the lost ACK and retransmits the last
segment. TCP A receives the retransmitted segment, but discards it
becausethedataﬁ'omtheoriginalsegmenthasalmdybeenaceepwd.
Although the segment is discarded, TCP A re-sends the ACK.

18) TCP B receives the ACK. :

19) ULP A has sent all of its data and closes its half of the connection by
issuing a CLOSE to TCP A.

20)TCPAsendsasegmcntmarkedwithaCLOSEconuoIﬂag,calledaFIN,
to inform TCP B that ULP A will send no more data.

2])TCPBreceivestheFﬂ\TandinformsULPBthatULPAisclosing.

22) ULP B completes its data transfer and cioses its half of the connection.
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23)TCPBsendsaﬂACKofTCPA’sFﬂ\IanditsownFﬂQtoTCPAtoshow
ULP B’s closing. :
24)TCPAreceimtheACKandFﬂ\T,ﬂzenrupondswithanACKtoTCPB.
25)TCPAinformsULPAthattbe60nnecﬁonisclosed.

26)TCPBreceivwmeACKfromTCPAandinfmms ULP B that the
connection is closed.

mmndingﬂnechmarensuauymemﬂjmocolmedARhoughASCH
codudeﬁnespecialconnolchmcms,ﬂ:eymnotusedunlwsamorecomplex
protocol is used. Today’s asynchronous transmission still remains character

'ITYemnlation.Teletype(TTY)emnlaﬁonisoneoftheold&standsimplwt

protocols. This same protocol is known as TTY compatible, XON/XOFF, ASCTI,
andAsync.Themmmanyprmooolsofﬂﬁstypethathavethcsamempabﬂiﬁm,
Madiﬁ‘eremname-Aﬂhavethesamefeaunesandarcuscdforkeyboard/ptm:er
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terminals such as Model 33. Model 33 is used between terminals and nearly all
mini mainframe computers.

TTY emulation has the following features:
a.Us&sanaSynchronousASCHcode. .
-b.Canopezatewithodd,even,ornopatity.
c.Opemz&ateitherhalforfuﬂdnplex(onewayataﬁmeormscndand

receiveatﬂ:esametime).
d. Has block parity option.
e. Sends all data and text as one block.
_ﬁAlldatabeginswithanSOH_(startofheader)orS’IX(startoftcxt) :
character. ‘
g. Data ends with EOT (end of transmission) or ETX (end of text).
IL'I'hereceivercaneithersendanXOH-n'ansnﬁtterpanse,orXON—
iTenormorezerosinsucc&sionindimteaBREAK.Ifthisoccmsthe
transmitter stops transmitting. |

XMODEM. XMODEM, or one of its many variations, is the most widely used

asynchmnousprotocoltoday.ltsprimatyuseisfortheuansferofdataﬁl&s

betweenmicmpmcegsors,bntithasmanyusw.Thepmtocoldesignatésone :

XMODEM is not 100 percent compatible with other versions. For instance,
QMODEM is designed for packet networks. If used for satellite circuits, it
degradeseﬁciency25percentt050percem®etocircuitdelay. Other variations
are YMODEM, which sends data blocks of 1024 characters, and UMODEM,
which is for UNIX computers.

KERMIT. Another asynchronous PC protocol is known as KERMIT. It was first
developed by Columbia University and can be better or worse than XMODEM in



w
efhiciency, depending on which version of KERMIT is used. Unfortunately, there
are about 150 different versions of KERMIT, so compatibility problems still exist.
ThisisnottheonlyproblemwithKERIvﬂT.Themisanenendedpacketfonnof
KERMIT available; however, it is compatible with KERMIT either. Here are
some of the features of = -

a.Asyncm-onoushalf-dnpiexoperaﬁon.

b. Uses a variation of checksum.

¢. Works with any code.

BLAST. BLAST stands for BLocked ASynchronous Transmission and is
availableonawidemngeofPCs,nﬁcrooompmers,andopmaﬁngsystems.There

624. Error control techniques

1. What is error control?
2. List four error control methods employed by protocols

3. What does “odd parity” mean?
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4. How effective is VRC?
5. ‘Which two error control techniques are usually done together?

6. Which error control method is employed by the PC to PC protocol and
XMODEM? _

7. WhenweusechecksumandCRC,‘whatdoweuseastheen'orconu-oloode?

8. What error control technique is most effective for data blocks greater than 512
Characters? Y

62S. Protocol types
1. ‘What are the three general categories of protocols?

2. WithBSCandotherlinepmtocolsofthistYPe,Whatisthetenncomonly
used to describe the interaction between stations?

3. %axazethcﬂnecclemtsofaBSCu'ansmission?
4. What control characters precede the text?
5. What is a BCC?

6. When we use data transparency, what is the use of the DLE character?
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7. thinthecharacter-oﬁemedpmmooLwhatnsponsepmmprsthesenderto
retransmit a previous block of data?

8. What are the two most widely used bit-oriented protocols?

9. Whatisaﬂagﬁeld?Whatisitusedfor?

10. What character is recognized as a flag?
ll.Wha:infonnationisintheogntmlﬁeld? "

12. Compare the bit configuration of the opening flag and the closing flag. |

13.'How does the internet protocol process a datagram through a subnetwork
whose maximum packet size is smaller than that of the datagram?

14. What services does the internet protocol provide to upper layer protocols?

15. What aspect of the internet protocol provides the ability for upper layer
protocols to customize transmission services?

16.Whatservic&sdoesthehnmnetpmmcolmquireﬁomlowerlayerpmwcols?
17. What generated the separation of the internet and transfer control protocols?

18. List the services provided by the transfer control protocol.
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19. Under the transfer control protocol, what coMon closing method can cause
unacknowledged data to be lost?

626. Asynchronous modem protocols
1. What caused a renewed growth in asynchronous protocols?

2. What type of parity does TTY emulation use?

3. 'What happens if TTY emulation protocol receives 10 or more zeros in
succession?

4. How many characters are in a block when we ase XMODEM?
5; Whazsignaldo&sareceiversendtotheuansmitterifaneuoroccms?
6. What are the two advantages of BLAST?

7. Which modem protocol is capable of setting up two channels between PCs?

3-2. Standard Systems Architectures

The two main architectures in use today are open system interconnect (OSI) and
standard network architecture (SNA). Even though OSI is trying to become the
international standard, SNA was created by IBM, the largest computer company in
the world. Both have similarities, but are not completely compatible with each
other. In this section, we discuss both of the architectures.

Some material used in lessons 627-628 was taken from The Handbook of Data
- Commumications and Computer Networks with permission from Petrocelli Books,
Inc. 3
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627. Open System Interconnect (OSD

Aswasmﬁonedmier,momoolsmowmfomauonmsfermughmemeof'
: acon;monsctofnﬂworstandards.Oneofﬂ:emostcommonpmwcolstandards
inopaaﬁontodayw.asdevelopedbymelnmaﬁonal Standards Organization
(IS0). ISO’s main purpose in fife is to standardize. ISO has developed a common
code set, or protocol, whichmbeuﬁlizedbyanetwork.lﬁmm,-thepmtocol _
allowshetaogmewssubsystemstouansferinfomaﬁonbackandform.m
pmmldevelopedbylSOwasbasedonamodelcaﬂedﬂ:eOpmSystems
Interconnect (OST). Remember, ISO developed OSL The model developed used
theconceptoflaycxing.Sevenlaye:sweredmignedtoacoompﬁshdiffemm
ﬁmcﬁons.AHsevenlayersfonnthemﬁre;mtocolsysmm,whichisgmemuy
refmedtoa‘stthSIszﬂteofpmtocols.

The OSI model. The OSI mode! is broken or layered into seven distinct
mgoﬁesorhyets.ﬁomtoptobottom,ﬂnymlistedbelow:
" (7) Application.

(6) Presentation.

(5) Session.

(4) Transport.

(3) Network.

(2) Data link.

(1) Physical.
Exhlayerhasspeciﬁcfuncﬁonsandar&sofconnol.l.et’stakeacloselookat
each.

Ihephysiwlhya.Thepmposeof&wphysicalhyerismpmvideamechanidal, ;
elecuicaLfmcﬁonaLandprocedmalmmsmacﬁvazc,maimain,andd&cﬁvate
anacmalphysimlcomction.Physicallayercomqnems such as terminals,
modems,andmnlﬁplexershavetobeinmonnectedbymeansofaphysical
mdhmﬁTakethcphonesystmforinstance.Thetcbphonejacktbmpmgsinw
;hcwaﬂisamhanicalstandmdthetelephoneindusuyhasacocpteil'hc
decuimlsupavisorysignalsuaversmyhmmblemmdumysmdardsasweﬂ._
lhesmneholdsmneforeompmerconnnnniuﬁon;astandm-dphysimlmedimn
must exist in order to interconnect physical layer entities.
Thcphysicallayerisconcemdwithhowbimofinfonnaﬁonareacmally
transmjmdoverthephysicalconnecﬁonbyestabﬁshing(l)daxauansmission
techniques, (2) the data channe] characteristics, and (3) sharing of the physical
mdinm.Datan'ansmissiontechniqnesofconcemarcasynchronousor
synchonousﬁming,andthevaﬁoustmofdataeneodingemployed(AM,m
Pm.Thedmchannelcthﬁcsofconmmthetypesofchannels
available (half-duplex, full-duplex, analog, digital, or without conditioning). The
physimlchannelisacosﬂymourceduetothcnanneofthehardwareinvolved;
therefore, sharing the physical medium must be employed. The three sharing
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techniques employed at the physical layer are frequency-division multiplexing,
time division multiplexing, and statistical time- Zivision multiplexing.

The data link layer. The data link layer provides the grammar by which machines
converse with one another and serves as a vehicle for information transmission_ It

time, communications break down, To assure the integrity of the information
transfer, error contro! is mplemented. Finally, there is a polite and orderiy way to
end the conversation. '

BUSBAND _WEE FUNCTION
(THE TELEPHONE RINGS)

HELLO?
HELLODEAR «INTMALIZATION -
SORRY, BUT! ' ’
WON'T BE HOME "Lsr"-’g‘é{“’
UNTIL 6 OCLOCK DESIGNATION
CAN DINNER WAIT?

NO! DINNER CANT

WAIT UNTIL 8 O'CLOCKT
NOY 1SAID §
€0CLOCK ERROR CONTROL

WELL 1 GUESS SO.

PICK UP SOME KITTY

UTTER ON THE WAY

o

OK, BYE.

BYE FINALIZATION

Figure 3-7. An example of a data link protocal,

This example has explamedsomeofthemoreimportantfeannm of the layer 2
protocol.

a. Initialization and finalization procedures.

b. Talker and listener designation.

c. Error control to assure the integrity of the inform=:ion transfer.

Data link modes of operation. The layer 2 protocols perform the above functions,
but they also operate in three different modes:



qusmmwm

Theasynpmmousmbahncedmode(ﬁgw)isnonmnymfenedmasme
“asyndnonwsmponsemode.”ihetenn“asynchmxs”nnphsthatponmgm

(MASTER)
(SLAVE)
TERMINAL HOST
Figure 3-9. Asynchronous unbalanced mode,

,lheasynch:mousbalanwdmodc(ﬁg.LIO)isusedfordatacomunimﬁon
betweentwohostcomputmihem"balanoed”impﬁesthatthereisno
mastet/slavemlaﬁonship;thecompmersmlogimﬂy equal. This mode of
operaﬁonisneverusedinmemm&-point environment.

(HOST) (HOST)
PRI — SEC
SEC | PRI

Figure 3-10. Asynchronons balanced mode.



‘The network layer protocol can provide two different types of services for
delivering a packet across the network. These services are virtual circuit and

assured and sequential delivery of all packets sent.

thalcircmrservicecanbecomparedtothetelcphonenetworkWhenusmgthe
telephone network, 2 full connection must be established first before any
informaﬁoncanbesentﬁ'omonepointtoanotherpoinLAﬁeraﬂinforma&onis
sent,thcconnectionsmustbetakendown.lnvirmdcimﬁt,service,afun

deﬁveredAﬁerthemmcis&tabﬁshedaHpackersforthatsssionmns:bcscm
through,;henetwoﬂgnsingthembﬁshedmme.mkeyinvhmalchmhservice
is that all packets sentbyanscrforagivens&sionu'avelthesamcmntethmugh
the network. '

Datagram,ontheotherhand,isliketheposta]serviee.Whenleaersaresent
thmughthepostalsystem,meymustcazryacompleted&sﬁnaﬁonaddrwsfor
delivery. If letters having the same destination address are mailed at the same
time, thereisapossibilitythatnotaﬂthelettersu-avelthesameroutetothis
destination. Letters may be lost by the carriers, etc. In datagram service, packets
do not travel the same path or route through the network.

The transport layer. The transport layer, or layer 4, seiects the route a message
takesbetweentwodamterminals.l.ikethemailsystem, you are not sure how a
letter gets to its destination as long as it gets there reliably. The transport layer, as
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thenamehhpﬁm,deteminshowthemwsageisuansponedandasmestheend-
to-endﬂowofcomplctem&ssags.

nﬂw.hxﬁng&esign—mmlogmmoms,ammquestsﬂ:cﬁmbﬁshmemofav
msionbetweenamnninalandaoompnmr,bmbefomﬂles&ssioncmbegin,such
thingsaswhou'ansmitsﬁtstandhowlongtheuansmiuerwiﬂuansnﬁtmnstbe

AﬁerlayerSstabﬁshesas&ssim,itmainminsthés&sionmﬁIﬂmnsermqum
thatitbebrokm.lhisisumallydonewithmeBRFAKkeyorESCkey.Ifa
swsionsomchowgetsbmkennnmnﬁonally,hyersmﬁsh&sthe

Common application service elements (CASE) — Standards for logon and
password identification, plus restart, checkpoint, and backup procedures.

Message oriented interchange systems (MOITIS) —Standards for interconnecting .
message exchange systems. ;
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Job transfer and manipulation (JIM) — Standards for transferring batch jobs
from one computer to another.

Office document architecture/office document interchange facility (ODA/ODIF )
— This allows users to transfer, edit, andrennndoannemsonsystems with many
: users.

File transfer, access, bndmanagement (FTAM) — This allows access to files on
another computer. .

628. Standard Network Architecture (SNA)

System services control point (SSCP). The SSCP is the portion of the access
method or control program that contains the network’s address tables, name-to-
addressuanslaﬁonmblm,muﬁngmbl&,mdtheinsuucﬁonsthmdealvdththose
tables. The SSCP establishes connections between nodes in the network that wish
to communicate and selects routes for commumications between those nodes; it
also controls the flow of information to ensure that the network operates
efficiently. In other words, the SSCP controls the network.

Some SNA petworks have more than one SSCP. In a network with a single
mainframe host computer, the computer may have two access methods operating
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indiffezammrﬁﬁonsandconnoﬂingsepmamnetwo&sdevoted,todiﬁerem
appﬁmﬁon&lnnetwomkswithmorethanonehostmain&ame,mhhostmayhave

Amajorexcepﬁontoﬂ:enﬂeofpecr%pem-commmiuﬁonsamongsscmis
memleofthegatewaySSCPinthenewSNAwwoxkimemomecﬁonf&mrc.
ththatfeagne,anmnbe:ofotherwiseindependentSNAnctwod:s

andservesasanenuypointbetweenﬂ:enetwbrkandmcormorelogicalnnits

supported by a special type of logical unit.
Logicalxmiz(LU).TheLthsanendusermthenetwork.Suchanend
nsermaybeanopemtoratatenninaloranappﬁaﬁonpmgram.lheappﬁwﬁon
maybeadataennytaskmnningatatanﬁnal,admbaseupdaxenmningina
host,oranypromsthatmasanmdpointtoanSNAcommzmicaﬁon.The
logicalunitcompﬁs&sthoseporﬁonsoftheapplicationpmgramandﬂze
commnniuﬁonssoﬁwamthatpassanduansla:einfonnaﬁonﬁ'omthenetwoka
the application. The logical unit maintains and transmits certain information about
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PathsnsedtoeonnectSNAnods.SNAdeﬁmahiemnhyamongpaths
betweenno@tocmtainboﬁ:physicalandlogiml components. Devices in an
SNAnetworkmnbeconnectedinoneoftwoways:overahigh-wd

input/output channel Or over a synchronous data link control (SDLC) link. SDIL.C
isadatalinkconu-olprotocolthatwediscnsslater.Inthisl&sson,weonlydiscuss

Transmission groups. Parallel SDLC links between two SNA nodes can be
anangedlogicaﬂyintouansmissimgroups.Au'ansmissiongmupcompﬂs&s one

ﬂianonehostormomthanoneoommnnimﬁoncon&oﬂerusemsnﬁssiongmups
between the communications controllers and peripheral links-between the
communication controllers and the terminal.

In such a network, au'ans'missionmayberoutedthmughmorethanone
communication controﬂeronitswayfmmthesourcetothed&stinaﬁon.hspalh ‘
consistsofthechannelﬁ'omthehosttomecommnnimﬁonconnoner,oneor
more transmission groups between successive communication controllers, and the
peripheral link between the last communication controller and the terminal. In
SNA, the position of a path, not including the peripheral link, is called an explicit
route. Note that the explicit route does not specify individual links within the
transmission groups. The explicit route defines the physical characteristics of a
specific path between two sub-area-node end points in an SNA network; the
collective name for these characteristics is class of service. An explicit route, then,
is a specific path between two end points that offers a specific class of service.



mutebetweenanytwoendpoinm,thelastcommunimﬁonconmnerinthepath
conmctsthcdesﬁnaﬁonendpoimoverapeﬁphcrallinhThcexplicitmuteﬂms
selected remains in effect for the duration of the session between two end points.
The individual transmissiongmnpsthazmakeupanexplicitromeareredmdant
byd&dgn;uchmncmminanmnhcrofphysimlhksthatcanseweasbach:ps
foroneanotbet.Someﬁmes,however,anenﬁmHansmissiongronpcanbecome
unaveilable because of link failure or controller failure.

Virtual routes. SNA'’s specification of the paths between sub-area nodes contains
oneﬁnallogimlelemennlhemsnﬁssionsinagivms&aﬁmbetweentwoend-
pointscanhaveoneofﬁneepﬁmiﬁ&s.Auansmission’spﬁoﬁtygovemsits ‘
dcgreeofmstoanexpﬁeitmme.thintheboundsthaISNAusestoensme'
thatalluansnﬁssionshavefairamstoagiven explicit route, high-priority
uansnﬁssionshavebetter(moreﬁequcm)msstotheexpﬁcitmmﬂmn '
medium-priority transmissions; medium-priority transmissions have better access
than low-priority transmissions. A session’s priority, plus its explicit route, is the
swsim’svhmﬂroum.l‘hevkmalmmedcﬁmthemmpletelogicalpaxhbctween
thesub—atu-nodeendpointsonanSNAnetwoﬂc.
Layeramhitecune.lheconnmmiaﬁonspmcaswithinSNAisdiviadinm
fmcﬁonalmmhofWhichpassesqammandmceimg@mﬁomonlythc
hyersimnndianelyabovcandbelowitinmemhitecune.Amssagcpasing :
betweentwomdpomtsmstpéssthmughanhyeminthesendingnodeandagain
throughaﬂhyersinmorderhthereceivingnode.lnsomemhﬁeamu,a :

Ihedivisionofthecommnnicaﬁonpmmshnohyersanowsnetworkmhheasa
gxwwofﬂenbﬂitymupdaﬁng,mﬁsmg,mcouecﬁngthewmmmicaﬁom
procs&D&signcrs,andsomeﬁmsusas,canalmtheptocessatonelayu :
withoutaﬁ‘ecﬁngtheotherlayersaslongasﬂned’nngsdonotaffec'tmeway

' informaﬁonispassedmandﬁomdxealmedhyerand_imadjmlayersinthe

aichitecnne.nﬁsisuueaslongassuchchangaareconsistcmthmnghomthe
network.Thehyerarchiwcnnealsopcmitsmeonuighmubsﬁmﬁonofoncsetof
protocolsforanothcratthelowerlayers.Tothepromssatagivenlayerofsnch
atchitecnne,alllmlzyetsmsﬁnplypmof“thcnetwozk.”lnsomc
implementations of the layered architecture, processes at the upper layers are
programmed to select which set of low-level protocols is usad for specific

In descending order, SNA’s seven architectural layers are listed:
(7) Transaction services.
(6) Presentation services.
(5) Data flow control services.
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(4) Transmission control services.
(3) Path control.
(2) Data link.
(1) Physical.

At each end point of a transmission, ahmsagemustpassthroughallseven layers.
At each intermediate node, such as a communication controller, 2 message must

Data link layer. The data link layer of SNA is very similar to that of OSL, so
~mtherthanr&smedmﬁnkﬁmcﬁons,1et'usexamhmaptotwolforthislayer. o
Synchronous data link control (SDLC) is one of the datalinkpmtocolsdeﬁne,dby

SNA.

b. A field for contro] information that defines the purpose of the frame.

c. Twosequencennmbersumdmensm-ethatﬂ:cfmmehasbeenreceivedin

proper order among other frames in a transmission.

d Aﬁeldcontaininganyhigherlayerdamﬂntthcﬁ'amcmighxwry.

e. A cyclic redundancy check (CRC) field for error detection.

[ A final flag. '
InSDLC,theﬁnalﬂagof'oneﬁ'amcmayalsoserveastheiniﬁalﬂagofthenext
frame.

TheSDlerame,asinterpretedbythedamﬁnklayer, contains no routing
informaﬁon_'IheaddressintheSDLCﬁ'ameisthatofthem&sage’s secondary
station, which might be the routing node in the middie of a multi-node path. The
dataﬁnkheaderandu'aﬂeraresﬁppedﬁ'omtheﬁameandrecreatedatcvery




nodetbenmsagevisits.ljkeannkprotocols,SDLCgovmnsthe
transmission of data on a single link.

useofmenawozk’smsnﬁm@fadﬁﬁsdo&snoidepmdonarbiuﬁymessage '

negoﬁmethesizeofapacinggronpatthebcginnmgofthes&ssion.Apacing
groupistbelargmmmberofmagsthatthenanmitﬁngNAUcansend :

-befomitmceivesapacingrwponseﬁomthereceivingNAUtemngitthathm

rwmesendmg,Sqndhglevelpacingocansinmosmgwdongasssion’smme:
betweenthehostNAUandthccom:mmimﬁoncomllerandbetweenﬁze
communication controller and a peripherally-attached terminal NAU.

lheuansmissionconnolscrviwslayeralsopeﬁormsenmypﬁonwhentheusing
application program requests it. SNA offers two types of session level encryption.
Mandatory encryption causes the encryption of all messages within a session;
selecﬁveencrypﬁonenmyptsodymosemssaguidenﬁﬁedbyanendphemddm




message before it passes the message along to the path control layer.

 Data flow control services layer. This layer handies the order of communications
' Withinasessionby&stabﬁshingchainsandbracketsofdamandbymainmnjng

Whenanenoroccm'sinonemmsageofachain of messages, the receiving node
notifies the data flow control layer of the sendingnodeandthesendingnodc then:
hbldstheremainingporﬁonofthechain.lftheLUdewczstheemf,itisa
pmtocolviolaﬁontha:cm:sedtheemr,andtheswsionistenninatedlfthc

The three send/receive modes thazthed_ataﬂowoonn'olserviceslayer&ctabﬁshes
and maintains are full-duplex, half-duplex flip-flop, and half-duplex contention.
Infuﬂ-dnplexmode,eachparﬁcipaﬁngLUmntmnsnﬁtatanyﬁme, whether or
not the other LU is transmitting. In half-duplexing fiip-flop mode, the
participating LUs u'ansmitaltematel_y; at the end of a chain, the LU currently

for Program-to-program commumication and controls conversation-level
communication between transaction programs by doing the following:

a. Loading and invoking transaction programs. )

b. Mamtammg conversation send and receive mode protocols.

C Enfomhgmmvsrbpmmetamagemdsequcmingm:ﬁom.

d. Processing transaction program verbs.
Transaction services layer. The transaction services layer is the highest
architectural layer defined by SNA; it implements service transaction programs in
an SNA network. Services transaction programs provide these services for end
users of an SNA network:

a. Operator control of LU-to-LU session limits.

- b. Document interchange architecture (DIA) for document distribution
between office systems. .
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c SN_A distribution services (SNADS) for asynchronous data distribution between

distributed applications and office systems.
- The transaction services layer also provides configuration, session, and management

' operaﬁon,andupgzadeplans.lfyouazeanSNAuser,youshouldexpecz
_mchhecunewngWimmedeﬁnhcdedePmentofaddi&malschicesﬁHDughom

627. Open system interconnect (OSI)
1. Whodeveloped OS? '

2. Ijstd:eﬂn'eemodmofdatalinkopexaﬁon.

3. Match the OS] layer in column B with its description in column A_ Column B
answers may be used only once.

) Coluonn A Colurm B
—(1) Controls the operation of the entire network. a Physical
_(Z)Dmlsdirwdywiththesoﬁwareappﬁmﬁonpmgmmdm b. Data fink.

Interact throughout the petwork. ¢. Network.

_G)Wamewﬁmcﬁmmmm d. Transport.
nmnstoa:tivam,nnimain,anddmcﬁvmanacunlphysial €. Session.
connection. . f. Presentation.

_(4)Assmwthemd—m-mdﬂowofcompleemgm. £ Apphication.
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628. Standard Network Architecture (SNA)

1. Whatisthesegmentofthcprogmmcodecaﬂedthatmpzmemsaspeciﬁc
device to the SNA network? :

2. Which NAU establishes connecﬁonsbctweennodminanSNAnetwoﬂcthax
udshtocommnniwewiﬂ:mhother?

3. Which NAU is part of the control program that defines a collection of services
available to the SNA petwork? |

4. Which NAU is used to pass and t-anslate information from the network o the
application?

5. What is the main purpose for an SDLC link? R

8. Why-are the individual transmission groups that make up an explicit route
redundant by design? :

9. Why did the network architesss divide the communication process into layers?

10. What are the seven architectural layers used in the communications process
from start to finish?

11. Which layer handles flow control for the communications process?
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12. Which layer handles encryption for the communications process?

13. What are the three send/receive modes established and maintained in the data
ﬂoyv control services layer?

14. Which SNA Iayer has the responsibility for defining the protocols for
program-to-program communications? :

.15. Which SNA layer provides configuration, session, and management services
to control network operation? -

3--3. Digital Interface Devices
Digital communications networks have become quite elaborate in terms of _
technological advances. Consequen_tly, they require a lot of equipment to make the

Somematerialusedinthislessonwasdevelopedusinginformaﬁonﬁ'om GTE
Lenkurt Demodulator with permission from Siemens Transmission Systems, Inc.
and The Handbook of Data Communications and Computer Networks with
permission of Petrocelli Books, Inc. Permission to use these materials is gratefully
acknowledged. . . ,

The fanction of 2 modulator/demodulator., The modulator/demodulator is
commonly referred to as a “modem.” Modems have been referred to as “

sets,” “line adapters,” or “subsets.” The goal of a modem is to permit terminal-to-
computer and computer-to-computer communication over a telephone line. The
primary function is-the modulation/demodniation of carrier signals so that digital



modemsareusedforlow-andwinm-speedMSmissionugtoappmximately
1,800bls.1'haearealsoothcrtypmofmodemsnmdaﬁertheirusage. Short-
hanl modems handlehigh—swddatauanmissionovershondistamﬂigh-
wd,special-pmposemodemsoperatingat%kor&kblshandlecompmer-m-
computer data transfers or transfers between special-purpose terminals and CPUs.
However,64kb/sisnotthelﬁghendofmodemﬁmcﬁon.bamuansfexsinsome
instancesmayoccuratmtesashighas 1.5 Mby/s.

Anotherwaymclassifydazamodemsisaccmﬂingmthetypeofbitsn'wmused—
paralle] or serial. Figure 3-11 iﬂustrmsthcdiﬁ'erencebetweensedalandparanel
bitstteams.Seﬁalbitsumsaxemostcommonlynsedsincethedigital
informationmnbemodnlatedasitcom&sﬁomthedigitalmachine.Aslongas
sufficient bandwidth is available for transmission without degradation, a serial bit
stream can be used.
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(Repmdncedwith&epernim‘onofGTELenhn-tDamduhtor)

If, howe\"er, transmission is to take place over bandwidths that do not have
tmiformuansmissioncharacteﬁsﬁcs,asezialbitsueammnbeconvmedwa
paralle] bit stream. At the receiver, a paraliel-to-serial conversion takes place. This
technique is often used to transmit data at 4,800 b/s and higher over a voice
channe].

Parallel channels with their longer symbols provide better correlation of fade and
phasefactorsandmnlﬁpaﬂ)delaydistorﬁoninmepmpagaﬁonmdinm(mdioor
cable). However, the complex circuitry for parallel transmission makes parallel
modemsmorecosﬂy.lheymalsolsseﬁciem,sincebandwddm&uwdfor
ﬂankingthcbandpassﬁltersineachchanneLForthesereasons,sedalmodems
have been accepted as a standard.

Howthelinedriverfnncﬁons.Asynonymousmnnforline driver is “line
adapter.” The function of the conventional Fine driver or line adapter is to modify
(or act as an interface for) the various electrical voltage and current levels that
may exist between the communications channel and the different hardware
communications devices. A line driver is a black box that takes the digital
electrical signals from the DTE and amplifies and possibly reshapes the pulses so
they can be transmitted farther than would be possible with RS-232-C standards.
This reshaping is done by using a line driver to transform a normal data signal to a
specialbalanwdlinesignaLThebalanwdﬁnesignalcanbeuansmittedover
much greater distances than the standard interface signal. Most standard interfaces
(EIA RS-232-C and MIL-STD-188) have an effective operating range of less than
IOOfeet.IJnedﬁversusuaIlymnhandledataspwdsofupto9,600b/sor 192
kb/s, and they can transmit over distances of up to several thousand feet or even
longer.
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Line drivers are inexpensive compared to conventional modems, but they do
require DC continuity on a pair of wires. “DC continuity” means a circuit appears
tobeaconﬁnuouschmﬁt(ratherthananopencirmﬁt)toadirectcmmnt This
usually means a continuous metallic circuit—a circuit made of wire that is not
interrupted by devices such as amplifiers, transformers, or capacitors. Many

circuits in the voice telephone network look continuous to a voice signal, but look

DuﬁngthepmwssinginanetworkSWitchingnode, information can be stored in
tempomymemoryﬁuthatprocasingisﬁnished.mtempomymemorycan
thcnbeusedbyanyotherprocess.Foreﬂicientandoonvenimtmanagememof
memory,aporﬁonofpmnarymemoryisparﬁﬁomdoﬂ'asﬂ:etempomymemmy.
mistempomymemoryisfmtherdiﬁdedinmsmanerpiec&sauedbuﬁerstmge
units. Somcsystemsﬁnditconvenienttodeﬁneallbufferstoragelmitstobeof
thesamesize,bmomcmpmferwdeﬁneafewstandardsizcswithabnffersmmge
mhpooanghﬂerstomgemhsof&chsiz&Buﬁ‘erstomgemitsarethe
basic building blocks for data before it is transmitted to another destination.

Thesizeandnmnberofstorageunitsinthépoolarespeciﬁedbytheuser.For
intemalmanagemempm'posm, lzmmaddedtotheuser-speciﬁedunitsize.
Thus,ifausersPeciﬁ&saunitsizeofGObyt&s,thesizeofthemitis?Zbyt&s.The _
user does not include the extra 12 bytes when defining the buffer storage unit.

A special process called buffer management, also known as memory management,
is certainly one of the most important functions of the network controller. The
controller acts as 2 monitor to the buffer pools by managing the buffer system
used to store messages during transmission to and from the network. A
transmission needing a buffer sends a request to the buffer management processor,
~which allocates an available buffer to the requesting transmission. When finished,
the requesting transmission releases the buffer so the buffer management
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processor can mark it available. The buffcrmanagementpmcessissometimespan
of an operating system. %

There are a great number of different buffering strategies, each useful in a
particular environment (fig. 3-12). For instance, the use of linear storage buffers
isappropriaxewhenmeenentofthemessageisknownandthe buffer storage can
be allocated in advance, whichisoftenthecaseforoutpmmessagm.’meuseof
circular storage buffers is appropriate if several messages of undetermined length
are to be stored before one of them is processed, which is often the case for input
messages from typewriter terminals. Finally, a pool of chained storage buffers
shmedamongagroupoftemﬁnalsisappm iate if the message sizes and arrival
tinmvaxyoverwiderang&sandmnnotbepredjctedin advance. Two or more
storage buffers arechainedtogetherifammsageexwedsthelengthofasingle
storage buffer. : : ‘ ‘

In most cases, however, the length and time of arrival of a2 message cannot be
predictedinadvance.lfyouuselinearstoragebuﬁers, allocate a storage buffer at
least as Jong as the longest expected message before transmission can begin. Since
mostmsagesareshonerthanthelongestexpectedmessage,thereisa
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Figure 3-12. Buffer storage allocation.



~ Although a chained Storage buffer system is highly efficient in its use of storage,
relative to linearandciri:ularstomgebuﬁersystems,mthercompﬁcated input-

Purpose and characteristics of circuit switching. One of the biggest issues in
Detwork architecture is the choice of switching technology. Let us look at the
fondamentals. Circyit switching ess

of deciding how to share the communications facility. With point-to-point

different aspects and offer a variety of service levels.

The best example of circuit switching is a telephone network. If two users at
. distant Jocations need to talk to each otberonlyoccasionaﬂy,itisnotcost

Because of the way in which current voice-grade networks are implemented, this
results in significant inflexibility. Second, the circuit is established by a special
signaling message that threads its way through different switching centers. Third,
this circuit (beingatotalpath)issubjecttothespeedandcodelimitaﬁonsofthc
slowest link. As stated, the total path remains allocated for the transmission,
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regardless of utilization. Circuit termination happens when the circuit is dropped;
each line and switch is returned to 2 pool of available circuits.

Circuit switching has three advantages:
(1) Circuit routing is simpler.
(2) The discipline is the most widespread today.
(3) There is the possibility to attach terminals with different characteristics.
There are, however, many disadvantages:
(1) No automatic retransmission.
(2) Switching failures fatal to the traffic present at the time of failure.
(3) Inefficient to “bursty” traffic.
~ (4) Voice-grade lines.
(3) No record keeping.
(6) Long setup time (with traditional circuits).
(7) No speed- or code-matching capability.
(8) Relatively high error probability.
Since there is no particular preoccupation with error control in circuit switching,
errors filter through more often than in the other switching disciplines.
We must emphasize that many of the problems of circuit switching (connect
times, bandwidth, conditioning, voice and data incompatibility) are common to

A concentrator, quite similar at times to a multiplexer, is often referred to as
“concentrator/muitiplexer.” Technically, concentrators differ from multiplexers in
several respects:
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a Theyareon]ynwdedatoneendoftheﬁhe,nnlikemnltiplexers,whichm
needed at both. :
b. 'I'heup-lineorcompositelineconsistsofanumberoflinm; with
mlﬂﬁplexers,thecompositeljneisnsuauyasingleline.
¢. They may have much more capacity than muitiplexers, handling up to 3,000
or 4,000 Iines.
d 'Iheygenerallydealinasingleprotocol,usuallythenaﬁveprotocol of the
, host. :
Data concentration is a logical function that combines a series of communications
_linksintoonephysica]ﬁne(ﬁg.&IB).'Iheyuseashaﬁngandswitchingscheme
inwhichsomenumberofinpmchannelssharmasmaﬂernnmberofoutpm
channelsonademandbasis.l’hiscanbedonewdthbatdware(mnlﬁplexers)or
with software and hardware (processors). Consequently, it is not possibie to have
aﬂcomennatormbscdbcfsnsingthekphonmﬁmnlmmous}y.Forﬂﬁsmsom
staﬁsﬁcsandqueumgplayanimportammleintheplanninganduseof
concenu-atorsinananempttoensmethattrunksareavaﬂablewhenneeded.

LOW SPEED UNES 10W SPEED UNES
[~ HIGH SPEED LINES
CONCENTRATOR CONCENTRATOR
TITIY TITY
LOW SPEED UINES LOW SPEED LINES

commercial facilities normally refer to are “P(.01),” “P(.02),” “P(.03),” etc. The
term “P(.01) grade of service” refers to the probability of access (or availability)
that 1 calloutoflOOmaybeblockedduetolackofaﬁ'eeuunk;thnstheuser
would in turn receive a busy indication. Similarly, 2 P(.02) would mean there is a
probability of 2 calis out of 100 being blocked due to lack of a free trunk
Therefore, you can see why the military leases the P(.01) service and also
maintains its own equipment to this standard.

With a multiplexer, the grade of service of the central office is not affected and is
only a function of the traffic loading; while with a concentrator, the grade of
service is a function of the central office traffic loading and the traffic loading at
the remote concentrator.
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Both multiplexers and concentrators regrbup low-speed lines into a high-speed
corresponding to an equal number of terminals that are muitiplexed into M-line

1
2 &
3 %
4 \ .
Z HIGH LINE
» \ MULTIPLEXER ?,
m-1 / lm: TIAES.OT
m : FREQUENCY SLOT
NORMALLY
ALL LS Flg—:n:omr
SAME SPEED

3 HIGH SPEED LINE
% CONCENTRA {6~
P 7"—— UNIT: MESSAGE
” BLOCK
MDED LINE WITH MEMORY ' ETC.
SPEEDS AND SOFTWARE
CAPABILITIES

FigmB—l&CompaMofmlﬂﬁplemrmeonm.
(Repmdneedwi&theperm’mionofPetmedEBooh,lnc.)

630. Access interface devices ,
Data transmission and reception requires more than the system interface devices
previously discussed to service network and internetwork communication. For
messagenafﬁctobesuccessfnuypmcessed,itmustnavigatethroughvaﬁous
network connections and architectural protocol layers. This is accomplished
through the use of access interface devices designed to handle such tasks as
message handling and routing, protocol translation, error checking, security,
retransmission, and user services. Some of these access interface devices are
briefly coveredhereandmanyofthemarediscussedinmoredetaﬂlater.
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Portions of this lesson were developed using information from Introduction to
Local Area Networks-second edition, ©1986, provided by The Information

cndprowssorideallyassmnesaﬂtctminal,m, buffering, message handling and
contro} functic: -. permitting the central computer to concentrate on 1
mformation. T:.- “NPs ac~antage is that it accomplishes tasks that the host
computer woui< stherwise have to do. This allows the host computer system to
concenu'ateonp:omingbatchprogramsandpmdncinguseful output. FNPs
routinely perform such duties as serial-paralie] conversion, packetizing,
multiplexing and concentration, network access signaling and supervision,
protocol conversion, error control, and diagnostics.
Hubbing devices. These interface devices multiply digital nput signals so as to
make several outputs available for transmission to a2 number of different terminal
stations. They are often used on news, weather, and party-line, order-wire circuits.
Older versions were usually made up from a number of relays. The newest
versions are all electronic, full-duplex, solid-state units. In operating principle,
theyamliketbefom—orsix—waybﬁdgesuSedonanalogvoioecimﬂts.

There are various models of data hub repeaters available. Generally speaking, they
are up-to-date, digitized, solid-state devices, consisting of a series of plug-in

We describe one model used in an Air Force satellite data collection system. The
hub is an equipment unit of the ground communications network associated with
this system. i: is known as the Model 820 data hub repeater.

This 150-baud repeater facility provides all functions required for a four-wire,
half-duplex-operated, eight-circuit data hub. Each circuit leg has an input and an
output port. Signa!smsenedintoanyinpmponarerepeatedataﬂoutputpons,
including the output port associated with the sending circuit. ,

Incorporated within the repeater is an open-loop annuller. The annuller prevents
complete interruption of the hubbing facility in the event of trouble on one of the
circuit legs (open loop) or in case of failure of 2 portion of the repeater circuitry.
After 2 momentary interruption (1 to 5 seconds), all circuits except the fauity one
function normally. In addition, the annuilier display panel gives immediate
identification of the failed circuit. :



wt@her circuits that carry data all over the world from a central location. Another
application is the critical-control, order-wire network used to coordinate with the
Defense Information Systems Agency (DISA).

totally on how the network in question is designed.

Gateways. A gateway is the connecting link between two separate networks. The
present data services are based upon providing a physical data channel with a
dedicated bandwidth. Thiscanbcpermancnﬂyleasedasapzivatelineor
periodically accessed as a switched offering, but the crucial issue is the provision
of gateways that permit different line disciplines to be attached to the network.

The gateway may be as simple as a telephone circuit linking the two networks, or
it may include complex hardware and software to allow messages to move
between two otherwise incompatible networks. Among the advantages of
gateways are uniform access 1o a variety of resources, uniform access to
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spedalizedmoniws,andthehwercostmnlﬁngﬁomhzvingasinglcacms
pmmoﬂurlocalnetwoﬂrs.Onedisedvamageofﬂ:egatewayappmachmaybe

1i shility | of possible difficulties in find hi
eqniva]emsetsofservic&satanlevclsofthestandmﬂprotocolmodd
hwrwnnecﬁmoflomlnetworksmaybeommewmphwediftheindividual
networksopmatdiﬂ’cmnspwdsorifmeyhmdiﬁawlevekofseanity.ﬂ
dnnetwoﬂ:smimompaﬁble,thegatcwaymaysnpplycode,pmmcoLandspeed
convexsionmgotherfmcdons.GatewaysmayalsoperfounelecuimL

T, OF user-to-user translations; perform complex routing; or even initiate
commnmmonomooneoftheanadledmod:s.nmedmaaenmm

hgmaLﬂxeusasofdaﬂwmmiuﬁonsservanstwﬂfor&enetwmkto
provide'awidevaﬂayofsexvimﬁumﬁ'ontendstomainﬁm.msis
wcondedbyintanalgmwaycapabiﬁﬁm(fmcﬁonalcnﬁﬁs)andbytheoﬂm '
servimﬁ:enetworknmstoffer.Stzmdbrieﬁy,agatewayisapmhoffaed

. the necessary transformation from one protocol to the other and thus allows the
exchange of information.
Inthisregard,twoldndsofgatewzyscanbeﬁenﬁﬁed——media—convemionand
netwcﬂ:,pahapsmﬂ:eenvel@e,gewateanewmvdopeandmuﬁng
infcrmﬁon,andforwmdﬂmmgemanothummemmeisobtaimd
ﬁ‘omthefactthatthenndiachmnelsnsedbythediﬁmmtwoﬂzsmaybc
different. A media gateway is at the core of the internet service.
Protocol-translation gateways translate a protocol used in one network to that used’
i another, generally for two networks with protocols of similar code sets. It does
so by mapping messages from one protocol to those of another, a task that '
incrus&shdifﬁmhyasweriscinﬂ:epmtooolhicxuchyandsknpleme-fm—one
mappingsbecmnennlikely.Oneappmachmthismappingismpmﬁdegneways
ﬁ:atmapﬁomanctwork—dependentprmocolwasmdardinwmetworkpmocoL
and the reverse.

Network bridges<. If your network architecture is laid out into various segments
ofthesametype,abﬁdgehdpsyoutoconnectbetweenthesegmems. This is
usedforhomogmousﬂogimﬂysinﬂlar)segmcntsandonlypass&sdatatothe
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segment if that Segment needs it. The bridge blocks or filters information not
required for a particular segment.

opexaﬁonstoconnectatezminaltothebasebandcoaxialmainwble.ltis .
physically plugged into a hole drilled into the coaxial cable and may be remoted
uptoSOmetersfromthetcrminalitselﬁInsomeappﬁcaﬁons, the transceiver
provides services such as signal conditioning, impedance matching, and reaction
to network traffic collisions. s

Repeaters. The physical media employed by your network has limits in the
distance it can hold a signal. A repeater is used to regenerate and retransmit the
signal to extend beyond the physical limits of the media. Repeaters are among the
least expensive and most common equipment in a digital transmission network.
They're subjected to the manifold slings and arrows of the environment, and
they're vulnerable to rough handling between manufacturer tune-up and network



rouﬁngmssagesis.gssigned&anin@edimn@manetwmkthatdet:mines
if the incoming should be seat to its network and if so, to which node

- they should be addressed. :
Romasmdevdopamapofthemtwoﬂ:byexchanginginfmmaﬁononwhich
nohsandlhkswithinﬂnenetwmkaeauiveandﬂméelwﬁngarmfor
sendingthe'mmsagumﬁwapptopdatemdwbasedmﬂwmmoﬂtmap.

Senufpmmor.mme-hmofahmlmnetwo:kisthem.hisusuauya
highendcompmﬂmhasahlgcazmuntofRAMandhmddiskstoragespace.

eonﬁgmedmstmemomm,mchaspﬂnm,soﬂmaﬂ.themtwmkmershave
access to them.

Disk server. TTﬁsisacommmdiskmgesyswmmaedmtheLAN.Umauy ‘
ﬂnsedevicesmparﬁﬁonedwithmchnserhavingapa:ﬁcnlarmgem
mhmmﬂnmmwmmmo&rm’ﬁmm&
mayalsobemovedbetwwnnsetsﬂnoughthedisksaver. _
Fﬂesma.AﬁIeserm’isusnaﬂyaninteﬁigentdisksaverthatmpmvide
smmgeanddataconvexsionWhenmsingtheﬁleservcr,nsetsgmeraﬂylog
mastysymmmdminmﬂﬁrmskveLUsingﬁmﬁlescm,ﬁlm
anddatacanbemovedbetwmusersorsystemsandmﬂmdmnm:hﬂ:e
opexaﬁngsystemsinthevmioususas’nﬁaocompumlheﬁlescrvermalso
provide electronic mail and other services.

Application server. Application softwa:epmgramsa:einsnamdinanapplicmion
servertobemadeavailablemnetwoﬂ:nsasonanas-mededbasis.Thisauows
for the sharing of these programs andpxcvemsmhuserﬁ’omhavingtoinstaﬂ
themontheirindividualsystems.Whenansermﬂsapmgmmfmmthe
appﬁmﬁonserver,onlytheprogramﬁhsneededmperformaspedﬁctaskare



the user closes the application, the program files are removed from the user’s

- storage.

Communication server. Communication servers are designed to connect
terminals, printers, or other non-intelligent devices into LANSs. The server may be
thought of as a microcomputer with floppy or hard disk Storage.

Each device connected to the network must be abletocommunicateMrequired
electrical and protocol standards. If a user Wants to connect to the network using a
“dumb” terminal, then some levél of intelligence such as a2 communication server
must be placed in front of the network connection. In this instance, the server
provides services such as echoing characters, buffering data, assembling packets,
establishing network channels, and matching electrical and protocol interfaces.

Print server. A print server connects printers to a network for resource sharing
among users. They usually include a memory buffer (print spooler) that accepts
files, stores them in 2 print queve, and prints them on a first-in/first-out or priority
basis whenever the printer is available. Some software packages allow users to -
select, or capture, specified network addressed remote printers. In this way, the
user can select the location for the print Jjob to be accomplished. Generally, all
printers in a network have an identifiable address which allows print-requested
data to be directed to them. - _ : :

" This ends our discussion on digital interface devices and also signals the end of
this volume. We began this volume by covering digital data signal characteristics,
electrical interface standards, and conditioning devices. From there, we introduced

you learned about the different types and how they work. Finally, we showed yon
some of the protocols, architectures, and digital interface devices used in data
communication processing. This also ends the first half of the S-level course so
good luck on the course examination.

Self-Test Questions
Afteryoucompleteﬂ:wequ&ions,youmaydleckyonranswersatﬂneaﬂ of the unit.

629. Systems interface devices
1. What is the primary function of a modulator/demodulator?

2. What type of modem do you use for high-speed data?
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3. Whatis the determining factor as to whether a serial-bit-strearn modem is used
over a parallel-bit-stream modem?

4. Whichmodemhasbeenacceptedasthestandard?

* 5. What is the function of a line driver?

6. ka%ggehéeomofaMqumga.@mMﬁM?
7. Whymustﬁnedﬁve;sbelowmdwnﬁin'ausu’sbuﬂding?

8. mkwmoseobeﬁa?

9.. Whattwoitemsmakeupthebuﬁefstomgeunit?
10.Namemediﬂezmtbuﬁaing5#amgiesmmmused.
11.Whydoamntsystemsrefrainﬁ'omusingﬂxechainedstomgebuﬁersystem?
12.Wh;tkmepmpow§stwimh¢s?

13. List the three basic chmﬁsﬁcsofcirwitswitching. ,

14. What term do we usewhenacirc:t.ﬁtisdroppedandremmedtoapool of
available circuits?

p—

15. What is the purpose of a concentrator?
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16. Why is it more economical to use a concentrator instead of a multiplexer?

17. What must we consider as we Plan the use of the concentrator for service to
remote stations?

18. What is the main difference between the input signal of a concentrator and the
input signal of 2 multiplexer?

630. Access interface devices

1. What access interface device relieves the host computer from baving to handle
Inessage and network control functions?

2. What conditions warrant the use of a telegraph hub?

3. In a data hub, what device prevents complete interruption of a hubbing facility
- when one circuit leg fails?

4. Whemi.sthenetworkinterfaceunitphysicauylbwedwithinthesystem?
5. Wharisthepmposeofthenetworkinterfaceunit?-

6. Whatismcantbydhec;-mcmoryacc&ss?

e Whaxisthepm'poseofagateway?A

8. What are the advantages of a gateway?
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9. Why is protocol incompatibility a major disadvantage of gateways?

| .10. What are the two types of gateways?

11. What is the purpose of a network bridge?

12. Why are network bridges received so favorably by financial managers?
| 13. In what types of configurations are multidrop networks available?

14. Match the functions in column A with their associated access mlerface devices
in Column B. Column B items are used only once.

Column A ' Column B

_(I)Connectstenninalstonetworkcablingand a. Transceiver.
provides impedance matching. b. Media access unit.

_(Z)Stor&sﬁlmina_queueandprimsthemona c. Repeater.
first-in/first-out or priority basis. 4R :

_(3)Provid&slom1ar&anetworkusersthemms . Disl i
to share software programs on an as-needed = AL
basis. f. File server.
— (4 Provides protocol conversion between &- Application server.
B terminals and network backbones. h. Commimﬁon server.
— (5) Provides 2 common Storage area for local area ;. Print server.
network user data files.
— (6) Recreates attenuated data signals.
—— (7) Selects message transmission paths using
network mapping. _
— (8) Provides local area network users the means
to exchange data and has intelligence.
— (9) Connects non-intelligent devices to Iocal area
networks.
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Answers to Self-Test Questions

624

1. Anancmpttoprovidefaniﬂssoommmﬁ‘mions.

2. (1) Vertical redundancy check (VRC), 2) longimdinal redundancy check (LRC), (3)
checksum, and (4) cyctic redundancy check (CRC).

'Ihaeisalwaysanoddnnmberof“l”bitsinmhchmm.

- About 90 percent effective.
VemcalmdnndancyCh&k(VRC)andlongmdma!mdmdancychcck(LRC)
Checksum.

'Iheremamdcrofthemiaﬂanon.

- Cyclic redundancy check.

625

Character-oriented, bit-oriented, and packet-oriented.

Handshaking. B

Theh&der,texx.,andu'aﬂcr(BCC).

SOH aad STX.

A block check character used for error control. .

Itallowsthereemverwrewgmzewnnolchmctcrsassoqa:edwnhmemge Until the
recerver receives DLE, it 1gnores the control characters.

7 NAK—datanotaowpted,reuansxmtprevxons biock.

8. SDLC and HDLC.

o. meﬂagﬁddisﬂxeﬁ:stchmcwrofaﬁmne;ﬂ:emverm1ttocountdowndxcmommg
bit stream to identify the fields within the frame.

10.01111110.

ll.Ihcconnnandsandrsponssrequimdforcomlofadmﬁnk.

12. They’re the same.

.13.nmksmedanmdmmmnam,mlbdmmﬁamm,aﬂmmmsme
datagram at its destination.

14.Inmdaragmm'savice,vixmalnaworkscrvice.andmmporﬁng.

15. Virtual service.

lG.TmparentdmmsferbawwnhosswidﬁnambneWo:kandmormpomng.

17. lheneedforothcruamponpmmoolstousethemmmprotocolssemm

. 18 Error detection, positive acknowiedgments, sequence numbering, and flow control.

19. An abort closing.

626

1. Personal computers (PCs).

2. Odd, even, or none; has block parity option.

® N v oA W

I .
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° 'IhisinditrnesaBREAKmdmctmnsmmcr' Stops transmitting.

128.

NAK.

Anversims;uewmpaﬁblemmoﬂmandisefﬁdmcyoversaxeﬂhem.

Relay Goid. : ; '

627

1. The International Standards Organization (ISO).

2. ;?mmmmmmmwmwmmmmmmm

Nowuaow

3. (I)C»(Z)g,(3)a.(4)d,(5)_b,(6)f,(7)e~

628 ‘ |

Networkaddlessableunit(NAU).

Syswmsarvimconn-oipoim

Logical unit. .
hisnsedwmwmmmimﬁonscomﬂersmoneanom,tbtﬂmina]duswrcoml
nnim,tobmhwminazs,andmsomemdividnaldisphydm

6. Commmication controller. ' ’

7. ‘Communication controlier and clqu. .

8
9

vos W op e

- To serve as backups for one another.

i Toaﬂowfmgruzrﬂexibﬂitymupdam,mvise,mdmakemuecﬁonmthemmmmimﬁm
process.

10 The physical, data link, path control network, transmission control services, data flow control
Services, presentation services, and transaction services.

11. The path control layer.

12. The transmission contro] services layer.

13. Full-dupiex, half-dupiex flip-flop, and half-duplex contention.

14. Presentation layer.

15. Transaction services layer.

629

1 Thepﬁmmyfnncﬁonisthemodulaﬁonldcmodnhﬁon of carrier signals so that digital

informationmnbetransminedovcrananalogcommmimﬁonslink.

Synchronous modem.

Bandwidth of the transmission media_

Serial modem.

To modify the various electrical voltage an. ::rrent levels that may exist between the

communications channe! and the different hardware communications devices.

6. Abalancedlhesigna!ismpableofbeinguammimdovermnchgreamdismnces.

“os oW



ll.Tohavenetworksthat&cideonbowtoshareaoonnnunimﬁonsfaciﬁty.

13.Itinvolmﬂ1embﬁshmentofatomlpathatanini&aﬂons;thecirmitis&tablishedbya
spechlﬁgnahngmsageﬂmﬂnadsiswaymmughdiﬁamswhchmgm;andhis
subject to the speed and code Emitations of the slowest fink.

14. Termination.

,15.hisuwdasaswitchh:gdevicethazptovidsforconnec&om between a large amount of
subscﬁba!insandasmallamountoftalkingmks.

16. Only one is needed at the end of the line, and it can handle more fines, ‘

17. Its efficiency, reconfiguration capabilities, configaration of fine interfaces, diagnostics, and
traffic loading. .

IS.Thehqomhgﬁnsofamlﬁplmmﬂ:esmspeeimdmcincominglhsofa

concentrator may be various speeds. E

4. Itislowedbetweenthehostcompmerandthenetwork_
s. hacsasanodeandbeconmthepointwhutaﬂﬂmteuhinalslinkwithmenm

7. Toserveasaoomecﬁnglinkbctwecﬁtwosepmmenctwmks.

8. Hovﬁsnﬁfmamtoavmmofmmﬁmmwmmmd
ﬂ)ebwacostrsulﬁng&omhavingasinglempmtooﬂmlowlmm

9. Possible difficulties exist in finding matching equivalent sets of services at all jevels of
protocol.

10. Media conversion and protocol translation.

ll.Toservcasaﬁcpoin:foramulﬁdropmorkwhereacenualprocmngmitcommnnim
wiﬁ:manymodemssmuedﬁn'onghoutahrgegeographimlm

12. Network bridges minimize line costs while providing each remote operator with a reasonable
approximation of an on-line interactive environment

13. Two-wire and four-wire.
14.(Ma, (2)i,(3)g, @) b,(5) e, 6) c. 7d.(8)f, (9 h.
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Unit Review Exercises

Note to Student: Consider all choices carefully, select the best answer to each
question, and circle the corresponding letter. When you have completed all unit
Teview exercises, transfer your answers to ECT Form 34, Field Scoring Answer
Sheet. .

| DonotretnmyonrapswersheettoECI.

72. (624) Vertical redundancy check (VRC) performs error control by checking
a. character for even parity.
b. character for odd parity.
¢. block for even parity.
d. block for odd parity.

73. (624) Longitudinal redundancy check (LRC) performs error control by
checking each data :
a. block for odd parity.
b. block for evz.: parity.
C. character for odd parity.
d. character for even parity.

74. (624) Which data error contro} technique is most effective for data blocks

greater than 512 characters?

a. Longitudinal redundancy check (LRC).
b. Vertical redundancy check (VRC).

¢. Cyclic redundancy check (CRC).

d. Checksum.

75. (625) All of the following control characters are used in a character-oriented
protocol except
a. ETX.
b. SOH.
c. SOX.
4. STX
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76. (625) Which protocol type is based on bit positioning instead of control
characters?
a. Character-oriented.
b. Packet-oriented.
c. Block-oriented.
d. Bit-oriented.

77. (625) The information format is used in the control field of a bit-oriented
protocol when : '
a. the primary station transmits data.
b. information is transmitted between primary stations.
¢. information is transmitted between secondary stations.
d. information is transmitted between primary and secondary stations.

78. (625) The internet protocol (IP) transmits blocks of data in the form of
a. complete messages.
b. datagrams.
C. segments.
d. words.

79. (625) The transfer control protocol (TCP) transmits data in the form of
a. words.
b. segments.
c. datagrams. |
d. complete messages.

80. (626) What asynchronous modem protocol is the most widely used protocol
for data transfer between microprocessors? -
a. BLAST.
b. KERMIT.
c. XMODEM.
d. XON/XOFF.

81. (626) Which of these modem protocols would you use on a circuit if you need
two-channel capability?
a. BLAST.
b. XMODEM.
¢. Relay Gold.
d. TTY emulation.



82. (627) Open System Interconnect (OSD) layer two operates in synchronous
unbalanced mode, asynchronous unbalanced mode, and
a. isochronous balanced mode,
b. asynchronous balanced mode.

c. isochronous unbalanced mode.
d: bisynchronous unbalanced mode.

83. (627)1ntheOSIvirma1circnitservice,thenetwozklayerprovidw
a.onlysequenﬁaldcﬁvexyifreqmted_
b. no sequential delivery of packets sent.
c.virmallyﬂzesameservioeasdaIagnmService.
d.sequemialdeliveryofailpacketssmtthroughthesubnetwark

84. (627) Which Open System Interconnect (OSI) layer provides data compacting,
code conversion, and data encryption? ' -
a. Sessions layer. )
b. Transport layer.
c. Application layer.
d."Presentation layer.

85. (628) Which component within the Standard Network Architecture (SNA)

b. The physical unit.
c. The system services control point.
d. The master internetwork control point.

86. (628) The Standard Network Architecture (SNA) component that represents
an end user to the network is the .
a. logical unit. '
b. physical unit.
C. network addressable unit.
d. system services control point.

87. (628) A communications controlier selects the individual link that will carry a
Pparticular message on
2. transmission groups.
b. explicit routes.
¢. virtual routes.
d. SDLC links.
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88. (628) On a complex SNA network using more than one host computer, what
connects the communications controllers? .
a Virmal routes,
b: Sub-area nodes.
c. Peripheral links.
d. Transmission groups.

89. (628) How many architectural layers must a message pass through at the
sending and receiving node? : 3
a. One. '

b. Path control.
c. Data flow control services.
d. Transmission control services.

91. (629) Which modem is more adaptable for high-speed data use?
a. Isochronous.
b. Synchronous.
c. Asynchronous.
d. Bisynchronous.

92. (629) Which operational requirement mandates that line drivers be used on
circuits within a confined area? )
a. It uses the power source at the user.
b. It has a large inherent signal loss.
C. It causes distortion if overdriven.
d. It requires DC continuity.

93. (629) Within a telecommunications network node, messages are temporarily
stored in areas called
a. rapid-access memory units.
b. transient memory units.
c. buffer storage units.
d. virtual disk units.
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94. (629) The line switching method that involves allocating a total path for

message transmission is

- @ packet switching.

b. circuit switching.

C. message switching.

d. dedicated line switching.

95. (629) Concentrators dlffcrﬁomnnﬂnplexers in that
a. they are only needed at one end of the line. :
b. they generaliy deal in multiple protocols.
C. their up-line consists of 2 single line.
d. they handie fewer lines.

96. (630) What network access device relieves mainframes by performing routine
mskssuchasmssagehandlingmdnetthkconu'ol? '

97. (630) Which interface unit is located between 2 host computer and the

d. Code.

98. (630) Which is the connectimg link between two Scparate computer networks?
a. Network interface unit. -
b. The combiner network.
c. The hubbing unit. _
d. The gateway.

99. (630) The network access interface device that establishes a path between two
dissimilar protocols is called a
a. gateway.
b. bridge.
C. router.
d. hub.
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100. (630) What are two types of gateways?
a. Media conversion and protocol translation.
b. Protocol transiation and format matching.
c. Media conversion and level transiation.
d. Level translation and format matching.

101. (630) Multidrop network bridges are available in which configurations?
a. Two-wire and six-wire. »
b. Four-wire and six-wire.
¢. Two-wire and four-wire.
d. Six-way wire and nine-wire.

102, (630) What type of interface device is used to recreate attenuated data
signals? .
a. Amplifier.
b. Repeater.
c. Router.
d. Server.

103. (630) What type of server is used as a shared storage unit for network users?
a. Disk. ' '
b. Print.
¢. Application.
d. Communication.

104. (630) The type of server that allows users to share software programs is
a. a file server.
b. a disk server.
C. an application server.
d. a communication server.

105. (630) A device that connects printers to a network for resource sharing
among network users is a . ‘
a. gateway.
b. print server.
¢. hubbing device.
d. application server.
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