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1 Overview
Considertwo or morenetworkentities,suchas

(a) connectingpnecomputerto anotherasalink in awide-areanetwork
(b) connectingnary terminalsto onecomputer

(c) connectingpnecomputers modemto anothercomputers modem

(In the example(b), the “terminals” could take on variousforms. In earlier decadesthe word terminal
would usuallymeana keyboard-monitoicombinationwhosesole purposewvasfor the userto communicate
with the hostcomputer Sincethe terminalwas not a computerin its own right and thus could not run
programdtself, it wasoftencalleda“dumb” terminal. Todaysucharole is moreoftenplayedby PCs,such
thattheusercannotonly communicatevith thehostcomputeibut alsoperformhis/herown local processing
onthePC.However,acommonapplicationtodaywhichis similarto the“dumbterminal” settingof the past
is a networkof barcodescannersn a supermarketall connectedo a centralcomputerwhich maintains
pricesandinventoriedor theitemssoldby thestore.)

If justtwo entitiesareconnectedasin exampleg(a) and(c) abore, we call theline a point-to-point link. In
example(b), we call theline amultipoint or multidrop link.

Ourinterestherewill bea communicationgrotocolson thelink which have sometolerancefor line noise
and discrepancie®etweenthe clocks at the two endsof the link. Suchprotocol are divided into asyn-
chronous transmission andsynchronoustransmission.

The main differencebetweenthe two approachess that asynchronousransmissiodealswith line-noise
errorsandclock discrepanciesn a characteiby-charactebasis,while synchronougrotocolscheckerrors
andclockingon the basisof blocksof charactergor blocksof bits).

Herewe have a singleline, on which bits mustbe transmittedserially, thatis onebit ata time. Notethat
somesystemmustbe decidedup for codinglsandOs. We will assumeéhe NRZ-L systemwhichin metal



2 ASYNCHRONOUSTRANSMISSION

wire meansa low voltagefor a 1 anda high voltagefor a O; in optical fibers, this would correspondo
light-off for a 1 andlight-on for a 0. If the serialline is beingusedfor modem-to-modencommunication,
1sandOswill becodedwith high-andlow-pitchedtones.

2 Asynchronous Transmission

This type of communicatiorprotocolis quite common. For example,the serial portsin your PC usethis
protocol.

2.1 FrameFormat

Thetransmissiorof a singlecharactewill consistof thefollowing, in the sequencgiven:

e A Startbit, consistingof a0.

e Thecharacteitself, codedask bits, where5 < k£ < 8. Thevalueof k is fixedfor a giventransmit-
ter/recever pair. We will assume = 8 from this pointon.

e A Parity bit, setoneitheranevenor oddbasis gxplainedbelon. We will assumeven parity.

e Oneor two Stopbits, consistingof 1s. We will assumeneStopbit.
Altogether thenthe transmissiorof a charactemwill consistof 1+8+1+1= 11 bits. If uponcompletion
of transmissiorof one charactelanothercharacteiis to immediatelyfollow, the Startbit of the latter will

immediatelyfollow the Stopbit of theformer Otherwisetheline will bein Idle state,.e. a1, until anewn
characteis readyfor transmission.

2.2 Clock Synchronization

After receving a characteXincludingthe Parity bit), the electronicdn therecever aresetup to constantly
monitortheline, watchingfor 1-to-Otransitions.This explainstherole of the Startand Stopbits:

o If theline hadbeenidle beforethe charactebecameaeadyfor transmissionthe 0 valuein the Start
bit will causehe 1-to-Otransitionontheline.

o If this characteimmediatelyfollows the precedingone, this one’s Startbit will comprisea 1-to-0
transitionfrom the precedingone’s Stopbit.

The purposeof the Stopbit canbe viewedasa 1-bit forcedidle time. We needto have theline at 1 before
the Startbit of a characterin orderto getthe 1-to-Otransition. This comes‘naturally” if thereis idle time
precedinghatcharacterbut if immediatelyfollowsanearliercharacterthenthatearliercharactes Stopbit
will sene asanartificial “idle” time.
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2.3 ErrorChecking

Whenthe 1-to-0transitionis detectediherecever treatsthis asthe startof a character It waits half a bit
time andthenstartsits clock, for synchronizatiopurposessettingit to 0.> Thereceverwill sampletheline
atthetimesatwhich themidpointsof the subsequertits areon theline 2

Notethat (underthe designassumedhere),if somehav the Stopbit getscorruptedtherecever will ignore
all succeedindpits until it seesa 1-to-Otransition. Thepointis thatthattransitionis crucial,asit is usedfor
clock synchronization.

To illustrate how this works, let us take asan examplea line with a transmissiorrate of 10,000bits per
second(Again, thisis justanexample.) Thatmeanghateachbit hasa durationof 100 microsecond$100
us). It will thensampleat time 150,the middle of thefirst Databit, andrecordwhatever valueit findson
theline asthefirst Databit. After that,it will sampleevery 100 us,i.e. attimes250,350andsoon, upto
time 950, whenit sampleghe Parity bit. (It really doesnot have to samplethe Stopbit, sincetheonly use,
if ary, for thatbit is to setup detectionof the startof the next charactej)

Ostensiblythe recever’s clock hasthe samerateasthat of the transmittey but of courseno two clockscan
be exactly the same.This presentsa problem. Supposefor instancethatthe recever clock is 7% fast, so
that100us onthatclock correspond$o only 93 i:s on thetransmitters clock. Thentherecever'sfirst line

samplingwill at“real time” (atleastfrom thetransmitters perspectie) 139.5.Thisis nota problem,since
thatfirst Databit will be ontheline from times100to 200. Similarly, we will not have a problemwith the
secondthird, fourth andfifth bits. But afterthatit becomesisky, andwe will have a problemwith atleast
the eighthbit. Thebit will be sampledattime 790.5,but it doesnot even geton theline until time 800. In

otherwords,whenthereceverthinksit is samplingthe eighthbit, it is actuallypicking up the seventh!

So,adiscrepang in clockratesof 7% wouldbe adisasterHowever, ananalysissimilar to thatabove shavs
thata differenceof under5% would not produceproblems.

So, the protocoldoesachieve its goal of copingwith discrepancie the clock rates,aslong asthey are
nottoo large. By the way, you canseefrom this why this protocolhandleghis problemon a byte-by-byte
basis.If for exampleit insteadusedwo bytesasthebasicunit, surroundedby Start,Parity andStopbits, the

amountof tolerableclock discrepang would be evensmaller Sincetherecever clockis restarteceachtime

a Startbit is encounteredandthusresynchronizeavith thesenderclock, we do not have to worry aboutthe

two clocksdrifting apartby too muchduringa datatransmission.

2.3 Error Checking

Thetransmitteisetsthe Parity bit to 1 or 0, whichever makeghetotal numberof 1 bitsamongtheeightData
bits andoneParity bit anevennumber So,if the Databyteis, say 01000011 thenthe Parity bit will be set
to 1.

Thereceverwill thencountthenumberof 1sit recevesamongthoseninebits. If thecountis odd,thenthe
recever knows thatat leastonebit wasrecevvedin error (probablydueto line noise).Note, though,thatif
thenumberof errorsis even,therecever will notsensehatarnythingis wrong,becausehenumberof 1sit
receveswill still beeven.

!Sothetermasynchronoustransmission is amisnomer
2More preciselywe shouldsaythatit will sampletheline atthetimeswhichit thinks arethe midpoints.
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2.4 Evaluation

2.4 Evaluation
The asynchronougransmissiomprotocol hasthe virtue of being simple. However, it suffers from high

overhead—2/1Dof the bandwidthof the line is beingusedfor synchronizationnot data. Moreover, the
probability of undetecteerrorsis not aslow aswe would like it to be.
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