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A% In entellito axd Goop opeo corumieation, $ho courco
conxioto of tho datn froo romrous dopordrents comdzetod during
fiicht. Tho moioe 10 prioordily thoreal dn oxdcin ond ie cooued
o bo otatiomrzy, ohito and gounsinn,

NOISE

lawcoo-' TRANS- N\ [recew- loecon~]
ER ‘ :\‘TTER \U ;R_> 'L—E R _J

CHANNEL ™MODEL

FiG.- 1-1
Yo trancodt inforration over ouch o costdmung white,

causaion chnemol, €00 nedon 02 oporation aro irysritant. Lirot, tho
trarmiscion rodo tiat tho irforcatioan ot bo conveyod vish higa
roliodility. Ilonso, cuccecasive Dlocko of datn are cogoded imbo
coaucnoen of binary Gigito (0e.3ep PAlco Or no pulno, ropocccostod
bty t or O rooootivdly), called codo woxdo. She cmeadins io Com
20 crouro rolinhilify and to guard anirat oynbol cabstitution
causcl by tao micoe Oocond, tho ceojuicition modo oot ¢tho oigd
cuot do auired o tho reedivor. She acpeet of cefuioition odo
At Lo of conscrn haro 10 00 Orabla officicat doceonding, vdlch dn
turn neccooitaton o hustleldso 0F tho dnstarGo in $ico 4ot witeh ouo
ccfo vord oo ~nd thn cuccocding vord bodno.

Tho prodless precontod ty $heso 400 padso of oporation
Iovo in gonoral toca hnndlod cozarntoly 1.0.9 €28c0 Imvo boon found
vialoh are odvastarecu in tho troasmicoion ©ado in Ut $Lolr wo
drzures o relativoly 1o probability of crror in tho rocoived Cato.

v

v
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[lomcvor, oo obsorvod, offlclont docoliny of thoos caden commes tho
arictoneo of o cyachronioiny irforeation of the ccaulsition cade, -
ir€erration whieh tho codon thoomolves oro 111 cqulpped Yo provido.
Ccauoncen whleh are d-sirablo ao far as aeguicition 1o concorsod imvo
nloo boom dotercimod . |

142 TRUre Oro various coyn 0 cobiovo oysehroication OQeley 4F
pyncaonisation 1o to o accomplickd by econtinally conding o portie
culny coguonce nodl dotorrdriny 1%o pkaco at Cio roodiver, tho optirm
coaeanee is tint chich I o ointryn ersas corrolntion vith cyelie
porratations of 4080017, vine, ' pocudondice (pen) cofucpso. Cuch ¥
cave formo hnave catoscerrointion furstions vhich oro crall gveryh.oo
oreopt ot tho fophaoo pocition. Thcso cocquwsezcd ean bo Colestor hy(App‘I)
o atehed £iltor ot tho resolveye Shi0 uco of p-n cotucsseoos 409lics
cithor o cocond chonmol €0 Lo used onmly fer ayrcimonication or if 0

cay eo—unication 1o cvallcodlo tha cars elmansl ¢on at €irod tracs Ag

o Gyre. coguorngs and thon, upon potification £froo $i2 reosciver tiotd
Synces oo been obtatrsd, bLozin troncodtting dotoe

Vhon tho o0l cotey gyotsn comniads of only om‘chaz:ml, a >
Sync. mtiorn can bo inocréod pariodically o can o used o prclin |
czel ¢odo wardy thoroby focilitoting oyns. without tho woe of an
adcltioml chmnmole Tor cuch applications $ho oo exllod roize (App. II)
sohuone20 Ghoco aporiodic creln corrclatiom aro cdriniged are opticun.
In tho xz:-:!;t:'a\r engo tho cofo ot be sush $int tho gyove pattorn 40 ot
liltoly to ocowr in thn dnta ccluvancesn, o condigion mi olrays eany
Lo insure.
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31 of thace Totlods, hovever doorcase $ho eapacity of tho
éata okanrol by deconding cono of tho peoer that ooald prosuonbly bo
used for data tronmiooions After oyno, hoo boom ncescnidchod o oirmplo
countor 4o cufficient to rotain 4t, 021 6l) edd tioznl oyne. pocer io
ezoontiolly waoted. “ldlo t0o tay comunlention aculdd licit thdo
vaoto of poweyr by ouitelln ofl Shc Oync. cCUCDOTD €O coan oo $hio
cyno« hoo bean obtainsd,y b0 cllitioral cormloxity nocdad for 4Hlo
nbility oy ks 1% matiior umtirnetives Dorcover, chon thco
cotunnelo are diceontined, thoro 40 no gppaross vy of candtoring .

reccived oigpal 0 doterzing AT gyice hod boon loct. >

fozeo 4 pells ub.a o ped SoLUCIeC 09 © cmb—&,rz'icr to o
phooo oodulated Dy Cho eodo v ord ooquonedgs % reecived ofgnald 4o the:
correinted (Appordir I1I) with o looally pgencrntod roplics of ¢t p=a s
cciucace upt il cerroed G,0%. con U0 Qotorcdmd, 7 then mildt 1yl
(pr=co moduloting) tho recoived ocaucacy by $10 PO Goounc, Lo
1ottor 40 roooved ant oll tho tramdtted Jomer rooiins 4o tho CCGSASCe
It 1o acococoyy fant tho prodant cciuonee rotnln tho ynee Proportics
a2 S P coqucacy y 00 tho vord oycbel ticn ig lnpt lorse coparned to
the pwn oycbol tizo, or in oihcr wordo covernol pen opoiolo aro
poecooary £oo ol cod2 ay=bod. O tho B.w (Macdriath) of tho coobinsd &
gignnl rmot bo oovoral oo groator than that noeencnyy © traecsclt ’tm
creicd Gita alomm. YhAo mothod, thoefors, jrovidas o mans for
obtinin; oync. o8 at tho cost of cdlisiond puicr, but rathor 62
incroased 1,
13 In <o f0llcing pa oo, varicas 1othodd of obtioinr onteyd
cro rovicucds In $lp lood Cunptor ~arniouws codeos vhica oro ood Lo

PUrescO 0f Q/nCe OUTHTION X0 GoreRilsdy Ce ey cOAMa~Crco €0luDy
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oxhesoral and biartsmﬁaml cndco, ofce A now clonn of codos,

called tho oclf-cynchronising codcds can bo wmytructed fron any of
tho foreer codeo o that tho e obeaduto valus of o conrolationy,
totuecn nry 0040 vord and ory coduerncs forresd £roa tho ovorlop of oo codc
vords 40 o rinlcem. Shas o loego corrolation 1o obocxved andy 4dn tho
oynte phaoo pogitions ©hn odlviow cdvantono of colf-gynahsonicing
godes io thnt tho anount and coploxtty of tho cauipnomt reguiroed Ao
reducod. Alco tho cdditiomd powor for cynce alom io not noolod.

An alogariths for corstrueiing theco codeo with ¢ho dnoired colf
oync. propartios o prosonted acl uppor bounds on the valuo of £ andk
thoroly catablicked,

DALY



2o fyrchponication ot tho transitiine toroiml se

At thr trormitding fomiml 4 10 coseatial thnt ¢ho
rarker ond chammel puleosn ocour in propor ocquanes ot wnetly tho
richt tiroa. Semu o coaoter oseillator io unod 1o control tho
overall oporation, with o Lfroguonoy oo chooon thnat tharo 1o om
oycle of ogeilia tion for cach puloo to bo tronziticd.

Tha cordrol palcco cAnh® oloo bo goncmisd by o rig
cireult drivon by 1o roptor oselllator. o siry olrcuit conotim
tutos o mldiotage doviee whorcin each otage oy Bo oither inom
tor? or an "off’ condigion vith only ornt stase 4o tho "on® conditdoa
ot o timoe Tor o 3 ehanrol PANT cyotos Gaploted An Tln. 2.1, tho
ring eircudit could ovo ¢ otosese At ths output of cach othye ono
palce 1o producsd cvory 4=¢ycleo of tho oceillotirg tavo. Thuo,
i1 0l) 4=-pulpop ore produccd Guring cadh Lrardng intormnl, wdch o
to faur patin at tho output of tho gyuohroninor. Ono path goca
tho rarier gonoroter and tho othcrd o campiing eu-mm oy tio

3 chhnrslos

e

Z+2 Sycohronination at tho recciving tormiml i

Sheno aro too bhosdie typos of recolving oynchromicorcs
1. OGtart-otop oyaclrondicor

2, Iomg tumo Oyrohronicode

2.21 Stort otop cm;gamgamn@)

ohio cotod Lo uced in coztunmication over hMa grodo
cxannolo and irwolven tromodtting coon thing - usually o ke



- & =

puleo or roriter gpneo « fn addition ¥o0 tho coosano beoarin pulcsn

0 oozvo 05 6 tico car within cach fromo intarval, oo that goton ot *
tho roceiving torciml £y bo m2do W opon and close ot the proped
Sinco.

The folloving considorotiors 14mit tho ohapo of tho

maeler pulca.

1« %he moriees puloo chould to copadlo of baing hardled
convoniontly by tho ropocniorde.

2. Tho corldr pulco caould rot o of clorter éurntion
than tho chamiel pulsen ointe thin irswconen $ho L.

3. 7o oirplify imotruncntation it £0 ndvontogoous to
mlte the imdcrval allotted to o corlior pulso cQund o
that allotted oy ofhcr pulco.

In the Pig. 2.1 3 czoce ave choon for PAN, PDNYy ard DED respoetivoly.
In oll of tho 3 eanep tho corier pulcs {or opeeo) oon by ooparated
mzy by cinple teeklmdiquens Tho moeher puloes on coparoldon ore |
uced to control tho uporation, ©F tho gymt. circult ot o rcociving
fordnal 0e3ey 40 8 3 Ohe oysten thore would be 3 EC cliroulin, all

mving Qifforend tir:o cononato «

Dirinz thy t1ro of oceurzongo of the imrirr; lov irpelsneo
ohunto epo autasatically commoctcd aeress $ho eapmcitery to boing
thair voltones prootically to gooual potantinl, reooved ot ho ool
ollooin: tho eapacitorn €0 chntge throush reoclotoro corucetod o o
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pocitive deo supidy of rolativaly hish voltasoe.

ES
Tho tloo comatont of tha LU ciroult 1o oo woea (g taoe

voltoso oereca o cagw!jtm' ronekon o preaddgnsd vales ot to
bozinsing of tho coting dntorwnl of ohonnol I, ek e neltor 4o
connsctod to a circult that gezorates o pulso oo coon oo tho volione
cerons the capacitor reaehoo Shz obovo rontioncd wvolus, Tho drouitn
aro oo deodnad that tho Gurmatlon of codh pulco 1o cgual €0 o
cating intosvale Zhe pulozs cozncrated cre fod to tho appro Tinto
ehinmrol ontcoe.

2622 lon- tizn gynehronicntion

For o J olanwo} PAT quoted with o £rooo rato of G /0
the pulce ¥ato 40 32 KO/0. If cuch @ pulco troin 80 pasocd Croush o
mrros mrd paose £1ltor cortored ot 32 0/, the oulput of tho filcr —if
will comnint of o 32 £0/0 ctmrnoldal ccopanont = shoon 40 1 . 2.2.
Thio oinucadal cave 40 uscd o control the timin; opcrationn 40 lun;

tiro oynochronicytion.

Taic componart driven o 4entngo ring olircalt.
Guceocoivo otenon of tho e drgalt aro pidtched $o tho Tax”
corlition at t.0 rato of ona awitchin, oporation pcr oyelo of tho
driving ocelllations She pulces fran tho deotages oporataf tho

reogoetivo otoo for chonnelo 1, 2 amd 3 reopootivaly .

Sinso Shore 40 nothing ¢o Giotirsudok 6no gyele Lron
crother, thoro 10 orly oo chaned 4o 4 that tho tdsing of tho ooten
could Lo corroct 12 mothing furthor woro domos [onco to bring tho
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raldess frao o ring clrcait ino prepce 047 solatlozshily vt (o
canmed pulcen, first, on inddeator 4o x:ceﬂcd o fotorrins uiother or'™
not tho oyoftcn 10 3o oynce £ocI, Curdng dntcrvalo Thom tho roton 10
ot 10 cyne, ths iy relatiowship balvoon the rirg cirsuid puloes crd
Tho incoming chamasl puloso cuct bo einrsed cateoaticnlly ol proe
procoivoly until the propor rolotiovdn 4o foud . ';m.a ceotion in
torzod huaatings The amting codecult porfodienlly councu tuo 40t o
rinz to okip ono ctop arl tauo cotablicacos in cusecosion thoe 4
peatiblo rolntiomaiips botueen tr recoived pualoon ard $houo soonrated
by tho rinze : >

- Ivdicater Cporotion -

A to trancdtding tormirnl tho onriee pulos Lo Codaiawed
by o 470 pimusold {cege pocitios rolulated) in o oo oy fead 10
eianrl pulces aro modalatod By 40 opocth TOWed. ook volol inoud
gircui 40 provided vith o 1-7 Li%tcr uhich attoamics (W Gy
fnauving eiat tho morkcr pulne o €90 orly oo % con ever be
ooxduloted ot s mto.

thon tho oyotcn 40 &n qynt., coch oaror pulco paoces f:.hm;h
1t ;0% amd into Te recoiving chamanl coudpmont picilar 0 tiat for
tho veieo efrouity, At (o cutyal of Min portialor ehnizal cluipnend
10 o mazros Dep LAkEcr it Lrocly pooses L=,

Unfice opomting conditlor, o 4«70 giruesid gy coeo at¢ i
output of o fldr. UL ¢ gyotos 40 oud of gyutey tho Qitcr
output io onb'amtlnny oo beooneo ghan.ol pulcen Lmotond 0f owriior .

paleco oo paccef By o oaslior pato. oo {00 ©ovo 1o roetificy ond
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thi o roetificd currcnt controlo a rcloy chich turms on ¢io "kmntin®
sircutt chonover tac crotca io ot o2 oynce Who circait operoton ot O
compavatively olor rato, ooy 10 tivenfoce. ©o it tho relay o112 havo
tlno to funciions. On eynt., tho rolay opamtss 0 W off tuo heading
circuit,

To avold tho noed of kunting, o low frouonty cqual 4o
frax::ing fmuonqy or loor 1o obtadned, by woins o rarier L.acrval
vidor thnn the ohomeol pulcco, and by cpplyin: tio recoivad pulnen
to tho Lrput of 0 AsrEow b= filtor. .o E&-10 eoponsut thus obma-.“:.,;:l
i phosoed rith roopeot 0 thn pulcen co inddentod 4n 4hko 1oy eurvo in
£43+ 242 and 1o couacod 0 drivo o pulco gomrator. Culo [ulco goncme
t2r produccs pulsco ot the rato of 8,000 por oso. which oporato
cate goporating eircaito in o marmcr oicilar to thad decerilod fop

tin D=C gtart ctop oyotate

Ths lovw frcguoney wied Ancrenros the ficing crroro, ciaw
a ¥ Gorroe orror in 810 peonlto in Jedoroo crror in 32.0C0, It 1o
used for ool I've 0f channoln ofpzo rojuirenicalic for the bep filter,

prane eorrocting notmorin, ol puloow;erarating clrouits aro propors-
tlozatoly oo otriront,

Bedomnda oppoas cround 8 or 32«1C vhon ho palpas arc
pocition modadated. If (o dep £iltor doco nof cal oharply omdush,
o poxtion of thoco oidotands vill pass through, and produce $icing orzoro.
70 nindcico thio l-2 cuppresoion notworln aro wiod in tho ehonmol
troncsd dting cquipront 0 provent Sroncrioolion of olsmal frcgucanicd -
bolow & cortain voluo, '
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28 Iosico Connidcrationn

1. Joo3 $imo gyrohronipniion -~ $ho width of tho bamd 9

ocaipicd by the intorforin; apico io ¢Runl to that of tho gync.
frequency filtor thich olsuld arnd can bo comparatively wrreye. Or tho
charosl nolno 1o inereacod oaly o (rivinl amaust by noloe Lyoo ¢4
oyntey clxeults Jo PR Jons ti0o gynce, Do 3 ad leas anico thoany

in the etart otop Oyoiom.

2. Sftors otop ayoohronication « lolco in olact-ctop oycsey 40 o200
in PP 0% It 4o bescuco tho edrca of tho roccived pulces 6o not iico
in scoro $imo bud arc cooow A% slopirge. Thio gives rice to "jidtcr
in ¢ho parkor and ekanndd pulnoed.

L 2gac o i
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3+1 Inforcntion o aynsheo nimti.on(za)

s;
Anzunn a P07 oyoten (Pig. 3e1) oith frono rate Dy (e of

| chamnolo (vosds por £rocn ) ny and [0« of D1¢s 1 per vord, including
blorkt bitos Shon tho verd rato 1o 0Py and tho bit rato 1o als 1ot
the oirbons tics=bago cooillator kave on imtability of € = |47
thore £ 15 the ooeillotor fxcquancy and Af- tho caximun posciblo
chane $a thoe Lrojuontys Agsouwno the reecoiving tlomo-booe ooeillater
mo op faotability &« 10t W ococurn $ho corot ence vhoo $ho £ald
imtahiliiw of € +¢é puddenly occurn, poriapo dus to o cuddon Gmfin-)\
ron-ental chonaos Jugt Dedoro tho puddcn Jump in Orcluency, lot ud
pouns tho too oneillatoro bovoe boon dn oznct Lrotucnsy ond p 200
cynchronipation, end that tho ooxices phace diffcronse that ean bo
toloxntod ot any tios i0 1/10 of tho duratien of a bits Then tho
ccquicition tiro %, roquired fov (his prace Zificranto of 1/10 0
L£80. to cocrmlato 1o |

-
b B o M F (6 +€63) e (3

Chio that the oyne. puloes runt be cont ot lcaot ot

tio rato s = _\? = o M“Fﬁek*e‘%) &3‘-2)

- ~ 5
Oelle nﬂthr:nt?az.’jxﬂog ang Eptér =lo , thin gives O oyns.
puloo rato of

xan o 25 por ool

Tor chardor to' I?G cuct bo dncrcanad
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3411 JIoforcation rato for the oync. rainteranso code

Think of the ornce.y palee in $orxxo of o PRI gyoten vdth o 7
vory ooall full codnlotion eapadility comyioting of a caniocn ﬁim_
dicploccaont of ¢ m coen (o - ﬁm:!.ori unzortainty in pulco
position e Tho orror in pulno position due to raricn myivo chould
bo linited o0 como reacemable fraction of wlo, ooy m

Thun cnoh pulee providcs roughly 0 bitc of Ainforraiion, £ tho
_:mfomaﬁon rato for tho oynhey malmtomingo £odo 40 opmonisatoly

217‘:‘ bita/oce. seve (3.3)

3,42 Xnformation roto for $h o cequisition rodg t-

\
ZONYLF&{_-'— €,.)

(o priori uncortainty in pulco position)y vhilo the cxwor in pulco

Dho coadous 00 dloplneciord boestoo it’;; =4

popition Guo o randon nolno Toming at he foxmor voluo of & ”ESLEE-

Thus cach pulco 1o providzg, rouchly, l.o.:;zk—ez;k) big%s of irforration,
and 0o the inforcation mmate for tho aotuinition codo 1o opproxicaioly

Fe 1,,?_2)(7-/{_{_) bz /cee. e (Bl

or 459 bito/ooc for the murorical ornnplo.

Se2 IEfoot of yrt ratio

At Yoz S/17 rotio tho acquicition tico will corsid mbly
oxeocd tho ¢, oF (5.1) (> to ¥ Siro required for tho ooml)
ir?ermation rate 40 coairalnte oronch inddroation t0 detorndm

acouioition phasale Alco the payition coror in ¢ho individunl

1
40 Car '\

syrmqpuleesmmﬁbammm&mvalmef:
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provioucly ucod, ond {oat tho oynt. pulocs ore not individually
diotinuichble Lxon athor poccivod wove £orre Dota 6f thooo
conditions ropresont ¢ doerenco Bolow the minirin gynt-oigmid
information rato vhich et bo restored comchow. The onmly €onoibdlo
sy €0 4o thio in munt oyotern 1o to pufficiontly sucrennc {$ho gynce
ruloo ratee Thon for tho Oyno. mintcrangs mad of oporation, i
- moeenrary infortntion 1o rocdvored By o combimtion of poting to

rcove faloo pualoen,y and avorasing to refuco mpicn pesd tion Crivdrte

303 Syeohronicoddon pattormn
3.31 Bit gynchmoniemtion

Tron (5.2) z, = 1fﬁ0 o 10D {ep+¢v)

8o tho oynze ot tho it rate ¢an bo ubinimd by corrolntlon

chonovor O=l or 1« bit tromitions occur with cufflcicnt {roducnoy
{39-5-Tov-os-bitofooes), ot leant one for cach intorval t ., dopensin;
on ths 2/1 satdo.

332 Pord oy-ehronication

A Aloting.dehlng pulot areangeioant L0 pod ovory word
or positivo intosor e of vordo. [in y coders loovo o blanl: BLD
opaee for omﬁe. nd tho ol of ench cord vhilo thay sezot. $lo
Maonz vt opcec areanto 0 1/ of the onlire fnfarcaticn copodity
02 thy PO qycton ‘2 o bita/coe fer oyno. ralciomnns mods orl
™ ez (*/6:) bito/occs o tho acuiottion ©do), thich 40 for

Ve,
para (inn neod bo dovatod W gynes
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In S22 oursrical oxomDlo -
Inforcation eapacliiy of PUITI gyoutony

MY = 2.5 % 205 bit/ooc.
Irformtion capacity of blanh bis
nP o 25000 ditc/oce (€or 11 = 10)

ol information mato roguired to wadntin agyne.
o 200 bito/coen. = S0 bitn/ooo. (£ron 3.3)

€0 ¢ inmforoation eapncity of (hie D.ianix bIt unicr low noice
cozdition io = pono 500 ticoo Cio enpocity nocdcds OF Coaroo

in tho preocaco of loo 871 ratles, s indroation enzocdty of

tho blonk bit 40 Jeoo tinn tho otove Ligarey but otildd cush groatce
thon nocdods.

3.32% Ucoo of tho bloz osaeg feor gyrelronichtion

te——10ot word "JI -k 2rna Co,l‘ﬁ_*_,‘
"xx"*-"x»/}(:xxxxxxx
oot significamt Hit bis

1€ il tho blrmit Dits aro rado PO tho qyne Lailo chor—vor

0ll ths I bits 4dn o vord ore 0. oo 1f tin dunmmel olomlo aro
unsorrolntod ord oprotrically diotrid uted about $k Al oendo
valuoy Ol protabhility of $ho oot oirmificzat Mt of ol ekoneolo
bedrg bolow hnlf cealo 1o ZLE_ Lloo ool (nptoeed] -
Aouming thero are ([=2) cimilar posaibilifics foor o lezs olgnie

\
»

gicant dMts (01l with tho cars order of rognitado of prodabilily ),



b

wit 14 te

tho totnl prodabilify of nynec. fallure {(oxelusive of mica) 1o

s A
oppomioatoly (1%241) = (1=1)2 % okore wo havo ncglocted tho very
crall Antorcoction probaldlitico. A 0inila r argumont follcyn A9

08 hnd cheon tho blonk Bl o o 1,

Rero, howovar, the nommption of uncarrolated oknmol
inforzation oigmils io dangerows ! It 40 mot umcor—on to coo nil
ghnnolo of o tolcoator commpotod in parallol for calitration
purposes, ond urdor th 1o or almilar conditiony our ward QUne
oehcne io cortnin to fafl. (In the parollol commcoted ease, Lollure

dous not cccux only for tho LHul1l conle levcl chen oll it are 1 ).

Tho roe difficdiics duo o highly coxzolated cham:cl
informtion pigralo ean b roooved by toiiinz $he folloving ¢oo OO0
Pipat,

1ot tho ID. 1 of chonnalo bo odde

2hio roang $nt 3o cucecocive Lronco the blonk it of ©
particulor charal 1o altormtoly O and 1. 0w 4t 4o not giffienlt
to produgs o folno gype. pattors vithin o olngle feomo, in com bit}_r
otor than tho blan’ bvig, ty ototic clgmilos If tho olounlo arvo
olcoly varyins or conoctanmi, the probility of producing aft lcont ono
£alco cot of n Bito - ohich nltormtcs Lrom cord o vord durdsy tho

el

frors 3o 127"y chich 40 vary preate
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[mmmucy of a% 1coot oo out of i bito Doing 3
= T « Probaobility of tie scot (1) « bito boing O

51w {i/"))&t e 1 -2‘:;." J

If tho e 0f chonocls were ovemy tads would cowdo
folluro of tho oyncsy but with s odd Ho. of chanmolsg, 1o oyrise
gocn not $oil Dosauna tio faloo oyuse puleo 4o o sAvon eanso}
dooo eot oltormitbo botococn 0 a=dt 1 fron fram to frarg, whileo $in
true oync. pulco decn. It Lo cocumed timt tho rocognition of (o
nyas. poattera 40 overa;od owr ooveral fromes, £o would bo rojuise
in ¢hy procovso of apoeinblo noicc. Uith tho above cohcac, tho
only vay o falce groce. pattorn eould o profucod conld bo Ly infore
ration olsmls higily earrolaged vith o fmoe {comnling) o,
vhioh 4o bolicved 1o bo unlibrly oifhce in ealilmation or in ceotunl

| ieee P

I% io thousht Uhat Sip cbove cehesr uxdng o MY
oltormting £rom vword o vord in cocdirnsion oith an 028 . of
chammalo Ay B0 o navel ono. , >

3433 Praco oyrohronination

0 Oaso rord oynce 1o coatahliched 1% f0 otil) =cecooor, (0
havo froms oync. bofora tho xnﬁz:c:: ean be otocred €0 thely comicet
Qeotimtdoin. ho DYloving cchonn oo used £od Do Cyrt «
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3337 DUniguo vord ochedo e
In thio ochoro o chomal troncito o unique cofo chichie
fordiddon % othor chamnolo ot the bostnming of cach frams. %ho
ultimato choloo of code for olirmplicity cnd oconowy 20 o atngle d4icit.
Iut oine o puloo or opoce could oxiot for vory long $iuco in ary
pooition in <ho fromo, thia 10 1ot 0.K. . Dut on cormdderin o
coding proecture oo £ind that an altermding bulco cooe? posticrn
can ot oxint for long in any puleo gocition. Odoeo o3 cltermticy
pattorn 1oplieo o 4«10 cosponont 4An a oicnad and $ho dcpat £1licrn
3o not poon 4 EC.

In o tysien) 2071 oyoten with 24 oimnmilo, oines oo
ohan:vl casple requires O $4c2 olots irzluidns tho cldgodling,
thcoo 26 canples roquiro o towl of 192 i cloto on the im.
An additional or 193rd €¢ino clot 4o adled {0 poralt gyne or Leaning
tho ¢ ondo o2 tho gyotene Tho Peccdving eircult loolo for tho
oltormiting pulcomopoco pattorn ot the oo {1950d) posidlon ord cots
lociod to ¢ttt position AF it gots tho coro pattern Lo ore thon
oinht €rorons Oree lochnmd Af 1t goto oomo wrony paleso, 1t wll R
it and 42 ooy tincos 1t Soto vrong pulcoss, 46 will unloct itocdf.
o pesoitdidty of hunting pocitdonn 1o 192.

sne huntin tico = 192 x tiro of ono Lrar
e 162 & 1/6000 = 24 [eoce.
PreAns tioa = Qe @0 6 mmocos,



FRAME AL SEC [

SPEECH

SIGNALLING FRAMING

SYSTEM TIME ASSIGNMENT

Fic. 3-1

P5+DS = ERROR

PULSE
+ INTEGR- OQUT OF FRAME
: . ‘ P
C r 0‘. ATOR
l
_J

Fic. 3-2
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Lecording to the oo tcolndque i€ will 2ee: ot to ,
cuscczoivo positiorn ddriltrmconly. | ’
In the Weock dingrarr of 2ige 32 4 P orrescits €0
iooning 77 clgmi, 7 (o frorirg palco from $ho reecdviz; Gi-40 pulcoo
gowmrater. Apulee on tho 81 leod ekanges 00 ototo of 100 Aine=Cloy
vhon tho gyoten 40 in OneD.  Tho vardous poeo.itle es-dhitatings ~mo

prrariesd in tho futh tabdlo boloo.

b ] n D >
3
s 0 0 0 0
O | 1 ¢ %
Corrcot £roring
pooition \ 1 ] 1 1
% 1 0 G 0

4t tho dmoorroot frasing posftion, oo crros paloo is
go oroted cxlah chd Ko tho frooing palce D do leol for (ko provicao
pulsce

FArataticny 1=

Culo cchomo 10 vory cuceoptiblo 4o rando: moico unlens tho
ot identifiention o cvornred over o vary 1oxe Do. 0f fronco,
reculting 4n long celutoltion ¢icso. Tolo 4o tults catilnfootary
uzlicr o noico coriitions, oed 12 tho e o of emrnlo 4o lorrd,
the Zrootion 1/n 02 the infirontion copoeiSy rojuircd 4o rot 1ai;o.
Tido celico ean not ol untld ©ord Oynne » 16 cotabliokods Lor in
ordoy o Goleet o unicue vard vo card o tho bostvsdn~ ond ond

of oveny tord.



w: 0 -

- Alwotrotive crzmple

If tho rondem noico 40 cuth that ©o prohobility of ovror *
in oy B4% 1o /4 (thic otlld pives usoful yoo-no inforcation in ony
clmnml)y tho prokability thot i walquo wrd wAll bo rocoivicd
Athout orror 4o (3/4) 'y or chout 313 for tio mryricsl oxnmplo

vith i = 10, %hun tho wique cord io rocoived corrcetly in ism‘
om0 OFnse s ohannal on ao avornze of oneo cvesy 13 framn. I An
on? of the other nel cbanmolo tho :fn;m% is confitant ot o waluo
chich gives o vord difforing in only om bit £ the uniquo Jrorn
Gyn0e YO, tao protability of nmoioe ehonlyr 30 igto Chio unigon L
cord ts (5/4 )m 174 or 1/40 for tho mmarical cxploe Fuan €29
gvorase cccurrenge of (ho uniguo cerd in tho £ro—0 O Ity <o) 1o
tlroo tioes greatoer than $int peocdiblo in ony othcr cm-ool. S0
ovezasing to aocorniioh tho froxo idofification rmaont bo oony €Aoco
tho 13 frema cvarve, ard for thoe chortont cequinition tim, all olnixzoln
st bo cvoroned of—ultancounly.

Precmation

iIf tho chnneal information puleco contoln o Lrofusray >
whiich 45 10t 4000 o/ tut clizhy lezs than § B0/8 (oeg. 5800 ¢/B)
thio ry oles prodaes an oltormiting pattcrn. 0 countoruot thio,
o compliscntary cols 1o cont on tho Mmoe. Thon tho codo pattorn,
for o freluency 7 4000 ofpy will co on chnrAng ot differont
corpldng inatonts and tho roccivor il bo oble to dotoot tho faloo
altomating paktorne.



For cxampley in tho altormiting bit odd-cozd cynce,
cohery the cooond oynee DIt in coch Soamo can Do roversod 0 gdve
oltcrma Ang groups 0=0-0 cnd I=lel froo Lo 0 {rors in tho fiest
tiroo word aync. bits in coch frano,

3333 Tho hlaznk vt of cooh ward An o oo 1o ofo tho como,
with tha coneo of tho blank bits rovorsing Lroo Lo 0 Sooe Then
avernaed over coveral fromss thin schmo io d-muan o patters of
chapesl inforcation wards Golooo thoy ara coxroloted vAth $ho dogp

ratoe

334 Acguldtlon Ciro 40 connidoratly Gifforont botoocn
1., ochiovics corf-cynos indopotdently cnd {on on
¢An ool presecdics o £2rmn oyac.

Tore o correlator cunt Aoventicnts at oot I bit pooitions,
ond Lollowdng thio amotiar corrol: for Mot Lmweoticnids ot coot o ckanrs
canmol poltiorn, o o totnal of 1+ n poo~itiona.
e
za. achicvin: frano infopondently (to tho ascungy of o
diS 0ptco) ond dowiving vond-ayno. pulecs by cubdividing tho froso
gyres intorval.

foro o coxrolntor ot Aoveotl ato of £90¢ D positione
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| s
Information sizmls in all chanwle are randan (succesusive
eazples in tho same chanrel indepondent,, and indep.nfert . (Yhie

asompiion is not usually true).

$RABD



PREDIR SYISLNOTIZED DT armest?)

41 Thesco are cormeOrce cnesdind of o opocinl

Hnd. 4 portionlar f-tuplo (ALD) 10 colcoted ond callea
o gynctwrontoing profin. Isch cofio boo tho pyachroniging
profix oo ity firot A digito. Tho recadmrg I digito of
tha codes aro oo chocon, thaty in an oneoded o320y 1O
lock of A comcoutive dipits can ogroo Uit tho oyrohrom
misipy profix ozeopt blocho of A Gigito talen at tho
bordrming of codos Gegey 0f tho cymos profiz io talom o bo
1010, the 13101103900 10 on cldowed codo bat net 1GIOUIGIOLT
1010100110% ;, por 10100101110, I blocl: of U aigito >
(iooludiry tho profix P) aro wed, tho profix P could bo
chocon 0 cako larso mmber 6(0) of Glfforaat dlocko thioh
catic?y tho corotroioin. Iengthoroimz the P &cex@cnas'ﬁ!}
mcbher of "moscoge Aicits (D-P)P oxdch in tho bloek
tut olco relazed tho cornotrointao. %hus Lorx dach o, thoro
corrcopondn ooz opticun longth of profine. Froa the tablag,
thoe mmbar 6{U) io caminicod by o profiz of the 2orm 171s+410,
It &8 choun bolow that bty culteblo profin cynp. cnoodinso
tho cintoars bond of rodunfnney (49, ~ )/, con o T

appraacheds

§e2 G DINCINTI

Lt Node (b, boy =0 PA, X, %0, -0 o, x0)
g____.;—-«—-———-/
10

Thon o allowod ompicos of X, Xo, - S ¥, aro thosofor

N

ohich no A concocudive dicdts taken from $ho @-,.A-a) -Tuple

(boo o, = oA, Ky a s )
ooree tith W0 Aetuplo Pe
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Irnzing a cozgcputal rachins ohich vill ocan on dncocdng 4
reasase eipit and riny o boll chomaver i graf.,. Profiz T 0))earn.
Soch a neebins vith only A + 1 ol So, S, --,S, UF bo Geotsweibed eo
follcane

Iot I donote tho A-tuplo formod Wy tho mo b Xoeon$ roocae
digitos If ' = Py tho rocaing 4o 0 B2 in otato OC and tho Bold ount

Tir3.

Tbo maohino 4o 40 bo 4n olole Ok (K=1) 4 both of wic 1
follooing conditions bxik hold.

1. Tio loot A=T Gidto of I aro tho firsd A-D 8o
of P.

2. Tho cordition (1) dooo ot bhold for cny valuo K’c_j,f(

whe~e o < K <k.

Thug tho oftato Sk frplics that at lest K rore Cigits ruot arrivo
bofare tho boll ean rimge

5tate &
o0 0101 = P
a1 ~ 010

cablo &1
x>0} but not 0101

cithoy 2900 ox x110

Caas } ]

8 & B
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In ¢he o (§41) /s Torrescnt Giito wiler mmy bo odthor
0 or 1} 0u3sp G2 corrospomic to GO0, 1001, ond 1101,

4+3 Ztato Plogmonn of rachding

Topr Shvco cholesn of Iy th © otates 50y 51, J2,se4e are
ropresentod by nodas laboled Oy 14 244000 5iven 0 Otato 5, o th
ohich bdozins ot § ond follemn arioms of the otato Glosren roy bo
aa?nclntcﬁ.wi{m tho cogucoto a§ Mrary dizits oide 4o oncountercd
on tho arrovo of e ol to dlogren my bo acsoeintoisdth o
oslusres of biray Gi0its i ich 40 oncountored on tLo OYISTT Celes
in Pige 41 vith P 0101 tho goth chich otorto 06 Sae Yiaits o
0tntos 2544453593,2,51,054 4dn tot arder 1o sococlotod wAith $20 Bi oy
ccaucise 11051013, Thlo asoocdation provides o grou denl oy of
otarting th eoitratnto vileh kave been ploeced on 'bh;c diri%o

of oo clloo’ epioe

Imf ftato

Iot o otato O 2 ¢ ©) B0 enllcd an fond otote? i ko
Pt by, bo, - -5 hay OEXSins ot Oy rovoer vicito co. Thon €0 pathXoos%,
otortir; ot So - ot novor rotura to S {ond muot ol ot on ond'r
otato)s Cuoh o return vould inddeato an opponrancs of £ fetuplo P 4n

£

o block of digito. N
?z, P39 R PA; X, Kz, Ty X, ”I,Pz,--';PA-/

In Pige 1 tho ond piatcn oppocy a9 Coublo clyeloc.

4in othtoa o, 0

§$31 3}
ne-1id caokino

WOXS
dooerils o
158 two input ocquongcy aro ondny 4n an A=tuplo [,
tio othor onting in on Aw-fiple Fp DO put 4k tochins dn otato Sk
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0 chev that the tTo ccgucieeo cnding in T3 ond '@ corzcop 2l <o
fho come oo otato {d 10 o aigit)e N
Proof: Suppsoo
° 2 S R s A-

Yo corzeopond 10 §,p tho Joot A-Xx digito of both 11 4 O
it b2 Py P2yeessp PA=ls If 4 = pA{ktwt )4 thon §..¢ 30 tiv B
otato follovans both 110 v,

I£ @ 1o vot pA(lset ) thon tho row olchy for 13 & I[1'4 oro

8k ool 8k* vhoro both R <K owd k <K (oo chowm bolow)s ,
L Md = Xy X, - Xk, P, Pa, b el
Mmla _
- \,'9\',2—7 - =) yk, 1al)P2’) - )}’A-k;d-

% q } PA-ry awd O abed % p
Ao, Md aws M are bilh an lelle Sp
Q J# d = 1’: ' 'ﬂ\f/u

MA auws M are kilh PO A SA—/.J

Hovover thy ccqueneo of I digito vhich tdll load ©ron 03
to tin A-tuple P will aloo lcad fra (4 to PP to k' < K.
Siotlarly K<k’ thon K =K' obioh wos to bs provods

$ho casca R=laws k=A oy bo handlod by o cloiler armroms

444 _gD'xO Of_geﬁm . ) N

hn Foe G(11); 0f tho codoo vhich catiofy tho roguircronid
of ooction 442 dopeado not only on ID but cloo on tho A«Uuble jeofin P
o difforont profiumss P, P oill bo called cguivalont 42 P* con ba
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obdiolned by applyiny & cooploncatntiony or o reversal or both
(ealle@ oynrotyy tranformtions) to P

Conplezantation « 14 replocco vach dipit pl of P by 1-pi,

Noversal = It rowritco the digitoejep in rovcroo oxder (pi 1o reploced
by ph + 1 = 1),

Applicd to P = 01101, complcoontation and rovercal profuce
10010 anl 10110 -~ weapoctively.

S8inco cquivalent profix oo bavo thoe cone 0(1‘:)_, 1t ocuffices |
to capute 6{7) for eve profizx from coch oguivalent elocon. Tho [o. of
oquivalent elnooeo of A-tuploo Lo found o bo

\ x{ A E(Mz)/zj}

U 2 + 2
whoro tho otralgat broclots | ] donoto "inmtoper part®. Do
A = 24 30 &4 overu detuplo 1o oQuivolont ¢ one of thy followingt
11, ‘0, '11, 110’ 10" ‘111’ 0"1, “mg 0110’ 0011, 01‘!, 0tJt.

445 20 compato ¢(l1) for o pcrticninr choice of on A-tuple profin P
£a51 Shooren 13 - '
Tor N>A,6(1) 1 tho coegidcient of 2 7 in tho

- pouey oordics of tho gomrating function -

WL ® - Q- 2=2) Wz + - -y, ZA_Q* Vg 2

(m22) (+Tz+-~ +Tp 207) =P
ror N>2A o{N) catiaficy o returrome

w41

(o) « 4 O{te1) +  sese Gh G(D=A) & O  osees (462) |
vhore

de =

»
P

{K‘ZTK—I 714:‘?27"‘)A~/'

I— ZTA'-I g K
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[Ara
Ta o [os 02 My n-tuploo vhich donerdbo paths 4o tho
otato dicrren ptartin ot £9 and onding at So.

M = . of blnary netuples Cooseribdrg patho £roa fo to
ono of tho ord otatoas Tha comvention %0 = % ong Vo o 0 v4A1l In
0&0?%0‘30

For cymplo, taidng P e 1101,
i’aa‘hi"aﬂ,?ﬂﬂﬂﬁ 31,94a"
VDaO,an,VZGS,VS=6,V4e13

In goncol, chon no> 4y ¥n counto oll netupleo for chich
tho lont A-dirdits forn tho profix P thon,
T =2"F n o2 A

{'ﬁ» o o The fom .’L‘__’_‘.;;__'_iﬁ,%fz,-»m}

h-A ploce
' Vo = V'Azh’ﬂ y M A }
' Chon 91y eseey QA=13 Ty esep VA havo becon found, G(N) y bo he

coputod TAth tho 0ld of thooren T RS

CeZe tzing P o= 1101, tho thooren otates that W = 26 (-9—6Q/—3)+6@9);,

ad e o (m2F) (222t c=)
(-22) ¢g+22) + 24

2m —=z2p29
-2 = +2%29

44511 Corollary
te Iot P{n) = ¢{A ¢ n) ¢k theoren gives o foruln for o
gonornting function.
= = s oFy 2"

h=0
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2. 6(n) nicht oloo hove bdoon cmputod Ly ompording
{G) in o pescr pordoo to get tho coefficicat of ZB'A.

452 Shoorca 2

0F 0ll A~ digit profizen, P,ths ono chich mkrs 0(1) grow
root rapidly for large U 4o P = V1...de  Slovest growth of ¢{n)
for largo 11 10 obtained with any ono 6f ti fAel profisco 11...10,
Maeesl 0y eeep 1050040, Homover for all N >Athe Dde 92 codes 6{G)
obtnined cith tho A=21git prefin 11...1y 10 rover oo great oo $in

floe Obtalrd vdth tho (A ¢ 1) = AUoit profiz 17ees 50, )

[Mﬁmq:hm A o £inod, tho cnica P = 114401 mroduesn ¢t
rooct rapid creoth of Fln) for lorre n, thin ehvico 1o nover the bost
o thon 7 4o £ix24 and A ean bo voricds Oucsy OVCTy ~0uplo vHiGh 1o
olloved for tho profiz 11...1 (A oro0) 1o aloo allowed for € profin 1i..
(2 onca ord 1 coro)s TYO comvorso 10 not XN O. ey vhon A = J o
fl = 10, tho 10-tuplo 113010 111 45 ollovad for t20 ,wofiz 1110 but not
for 111, Then $1...10 10 always 5 bettor srofin than ‘H".t.:’

Sozo mmorienl resulto appoar In Soblep 442 and 4.3« I Adis
2104 th beot profix P (face, tha ono W the lerget O(M)} oo -
curiouo dcpénﬂonm onlle it A= 3y P= 110 10 boot wntdl I 143 P = 101
10 beot for U = 15; sesy 19 Ard P = 311 40 boot thorcaftcr.
for any fixed A, tho profin 19..41 d0 ult:lnﬁtol;: L1 oot

Luo boot choice of A onl tiw correapondingly mardown €(7)
oro pAdven in toble 4¢3« Thio tablo cloo 15:3&3 tho e Nf'i" vdoh Lor oll

Py 40 an wppr h&:nﬂ an 6(7)a b



bl 442

0(17) for aificrint jpofineo

|

NOEH 10 % w Lo { o Vg %}f}?ﬂ 1610 E 101 & 130
5 1 2

4 1t 3 1 2 1

s 2 4 1 sz 1 2 2 2
6 35 -5 2 7 4 1 8 5 T s
75 6 4 12 7 2 ) 4 6
g & 1 7 20 12 s 15 9 1
919 0O 13 5 21 ) 28 10 21
028 9 20 s 37 95 52 52 39
11 36 10 44 & 65 29 ¢ 60 - 3
12 55 u 63 143 114 % VT 15 155
15 89 12 149 232 200 163 3525 210 254
w1 15 2T 516 351 25 60U 405 474
15235 1w 508 609 616 a1 308 760 €25
163577 15 927 5 1039 73 2x; 1400 1652
17610 6 1705 1505 1897 1490 576 210 9024
6w ;% _ 283 2y 2872 Co:2 5103 5757
19 576 4180 Se42 5535 fasd0 512 20747
20 10508 6764 10252 10573 232.9 161yt 20062
21 20559 42762 34025 37451
2 39549 TE552 64162 69910




Tablo

¢{7) Tor P w it o 10

g Y a g () §(s"“ 2") % n¥oa f olw) @ 2% x 10"fk

3 2 2 2 19 4 12,640 0.02746

4 2 3 4 20 4 23,249 0.05244

5 2ar3 4 6 21 4 42,762 0.105

6 3 7 10 22 5 82,392 0,190

7 3 12 18 23 5 168,616 04365

8 3 20 32 26 5 306,178 0.70

9 3 33 % 25 5 590,081 1.3¢ g

10 3 54 102 26 5 1,157,418 2.58

11 s % 186 27 5 2,192,440 8%

12 4 177 341 28 5 45226, 12 946

13 4 326 630 29 5 8,146,016 18,5

14 8 600 1170 30 5 15,701,959 35,0

15 4 1,08 2180 31 5 30,.664484 69.5

16 & 2,09 4096 32 5 50,340,524 134

17 4  3,71% ™o 35 5 112,454,976 253 .

18 4" G872~ 14563 - B4 5. _ 21647635935 _ 505 |
35 5 417,025,921 81




w 28 -

446 Rodundnney Botimtes

Iot tho oynce profix Do Yi...1 {A digits) ond dot p=4% &
Imtead of using all D-tuples vhich catinly tho conotroints of ocetion 4.2

tho st siranger constrainta.

Xy = Kpar = Kopqy = - -0 = Xpn =0
are mca. Thuo, the typicel I=tuplo hao tho eppeoramco (for A = 4)
1111 6 x X X0 XxXx0 XXX@Q .
vhere the X'e reprooont digits vhich are unrentriotod. Sine 2A
of tho A% &igits ore fixed, the Tedundsncy 1o 2A/A° ¢ 1, chich
equalo z(”’pt’“ Thio 1o of thy cane ordor of caznituvde oo that for+

N
the corma froe oncoding (::;J'fs In tablo 4.3 the beat valuos of G(I)

N : :

£oll chort o2 = by foctoro of tho oxder of 1/2. A poosiblo cavan
of thio encodinz 1o that tho wnrcotricted digito (X'%0) oy W tolxr
dircetly froa o givon blmry moocoge withocut further oncoding.

L gesrio Bl



PSTIDONTOT PIEST JVET. TOR SY CHROTIZARION

5e1 Tho cecurity of o pulco fypo coim.deatlon gyoten can bo
ingroved by tho incorpomntion of an emént of rarfconono in oo ir.m;
of tran=iocion, thich 15 not rondon, dut in detormined by'm: catrcoaly
conplex prograre Iy duplicating the progremos in ths pooots clulpe
monts $h recoivor can ontlofpato tho tiza of arrival of tho local

trommd oo« !

Sha pocudorandss puloe uyu%w"(es ) {?RP oyoton) hao &0
rodos of operotion. Ouwa 1o deolgrated uncoded operation anmd 4o
e!mmo@mﬁ ty o cocotant intercescoge poriod. %ho oyoton ean bo s
opoxatod in oither rodo, ond o £oll=0ofo fcaturo 40 providsd o wctura
the cyoten ¢o tho poriodie rcode if ¢ lceal ond rqmm unito booo:n

uroynchroniged thile in ¢ ho pocudorandon modo .

In the codod rode the tino of tronsmission and rocop 1on i
cauced (0 jitter by tho ouspatn of 4o oynchromized pacudorandon pulco
goncratora ~ aro in tho recoto unit and ons in tho local unite Sho
pooudorantion puloe goncra tox 10 an elghte n otoge oo notlie coro
re-ontrant obl £ rogioter (Appomdix ?ﬁ ) vhich producea o long 0CQUARCO
of ono am goro outputy ut o Tate Gotcocimd hy.o ohift pulso input.
The output sciuonce of the ohift ro totor has a4 very cocplicated
t@ niructuro, dut is puroly caucal in mturc. Tho cutput gequence
10 oparoted upon by o computar to cdd cdditiomd ocrenbling and
poduce & pocudoranden [d. Betwoon nere & 63 - vhich 40 uted in bimry
form, with a rco . froo gero to 63 boing goneotod cach noodml
repatition period {10,000 /»-‘@C). The durction of cach intersencage
period fo dotoroined by tho o mtudo of the Io. produced by the

corpatcr,
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In tho opomition of tho mp Oyotene 20 types Of cyachros
nieation mach bo cadntaincds the olook frequency corraters oot to P
gyeshronicod to ansurc propar interml €tins, ¢ tho psoudorzndsm puloo
couaator tuat do in ote) for the roceivoxr to corrcetly onticipato tho
sramnicoions Tho nyvten is ntarted in tho uncoded nodey and oftor
clock gyrse 1o achlovody the ayoton io ocsused to opexateo in the coded
nods by coomand fron tin lecal tranmaiteys I tho cendo gororators
ohould not recadn in otopy or 12 roccption do interrupicd for o procot
poriod, tho reeoiver cutoraticnlly Crops out of coled opomtion nrd
returrs to uncoficd opcraticn. Coded opcration ray acain bo inttisted
by comiand froa ti2 loanl trarsofittor chon con.uasdeation S0 reatorcd in
the uneoded codce T 2rd codef otart oy bo clter with tho came eodo

an thy £irot otart or o different procotorminced codo.

5.2 Syston Parnuotors

1+ Toaiml POP = 100 eps.

2. Iax. intornciange period doviation = 20 of nooiml

S5a Aocunod capoogo lowgth 20 - 25 nlee

4. Thaooage pooition quantication Interfal 30 Msee. .

5. Jpoudoranios poriod greatdr than 5 mimten

, AP
cho Qu-ntis~tion intortal donrsd dofiend oo tho
opacing in tioe botvoon tio odjocors podolblo meauaso pocliiono.

;o

gho 203 mx. doration £ren tho poriodic pesition in i
10,000 puSee  nomiml iute:uﬁeex:c $ino 20 20004 Sonl bonco tho [b. &
postblo positiom coparcted by 30 4% 4o 2000/30 o 6646
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or easce ‘of inple-entotion, these parcrotero wore
ndjusted to 64 posoiblo meosaze positions with o quantication )
intorval of jouSecrcoulting in o out. nos.age duration of 19.27 x
{ao ohoon in the above Figure 33 . |

The coesago pooition used for any particulor tramomiosion
20 @otorminad by the output Sequenco of the pooudorosicn puloo GOOTe-
tors the uncoded moscases ore altays loeated in the firat of the 64
posnible position. |

She choice of tha < @uration f£roz tho poriodic position 7

deponds on to0 factora.

1+ %ho tioo peccocary sdthin the circuitry accocioted
wvith the rantonication to proporo for tho roxt
trancincion,

2. T2 tirs reQuire! for tho regeivcr to proceso o ©coonge

and sropare for "3110 rext ore.

4%t 1.0 cpo FRP, tho duration linis fo o~ 757 amd vill bo -
rcduced oo tho nomiml PR™ 40 increncod, oinco o opacific anou.t of.

tice i required to perform gating, chifting ard counting oporntioro.

53 In tho docoribod equipment tho ‘multiple’ pulse meocaje
typical of o puloo code comrmniction gysten 10 reploced by o rach
sdrdldr nosoo otructurc, In uacoded operation thn mopon o co-noliots
of o vile pulge of 1 /MW durntione. During coded oymw the .
megonso conclots of two puloso of ufee quration opaced § .~%C gpart \
in ticc. The doudble puleo inforns tho coding controllor in s

rocoiver that the' franaminoiony aro ¢oded. Zhio clcplffication fo
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irrovalent 40 ¢ho opormtion of ¢ho oyotcse.

Trancoitior Opcration (Fu}. 5-1)
1e Codsd THds Oporotion

Tho timiny of the tronmdtter wilt 10 controlled by o 10D K=C
ahtfs puloes oossea a clodt cocillator ond tho fregquoney aivider chain.
A burst of coven 11 O-C chif pulcon caules o oirien of coven om ond
gero pulcas €0 bo soncomted ty the codo ponoratore Ehe-&g*eh oix |
of teoe pulcced arc uoed to ropresent o’ Uoe Sron goro 0 63 in bimuy
notation (t.o severth puloo is dicocarded to . rovidd ndditioral y
cocurity noninol cods treaiim;).  This . 40 Skan read Lo S
procot counter cnd otorod thoroe (Until tho ¢imo of tho 101-cps pulco).

Tho counter 40 a oponific tyo wilch owplics an catsat then o

profoternired “o. of counto koo boco recelves; in this ongoe 2

procet To. 45 G3 (ccro 4o comvidered o ..) Tho 101 epo puloo cauocs
3 <0 pulscs o bo atol L:nto tho cou Ror « Lere $hoy cro cou.tod.

ao the lcn;-:ﬁ‘tx of tiro hotwoca thn 101 opo puldco oid tho presol
courter autnut pulse io dotexmined hy the diffcronco botwoon 63 ard tho
be Pcad into tao countor from tho code cenomatore Thio time delay
dig2crent for eonch oogonso ond io dotcxmiacd by tho cuthus of tho

coda goncratary £ o cutput sequonso roproetonto o large To. tio
@2dny 4in ohort and 1f the codo pomrotor output 4o a onlil mmbox

tho dolay ©ill b0 corzeapondlnzdy 1.:n7.

Tho outzut frea the counter trig ere & Goto gemrater taleh
sclects o ncxt 33-RC pulce in @ coinccdoms ccreuit o trig or the
outsut puloo generator. In offcct, tho deloy cuchanicm moroly

fGoteroingy vhich azo of $ho clock controllcl 33«00 pulces will bo used



w; 33 =
to Srigoer tho outpute In coded oporation s poleetod Srigror
puloo 10 nlso dolayed 4 4sc by o delay lime ond coucod %0 POtEiyer |
tho output pulod conerator giving rise to o doulle cutput pulso,

»

2+ Uncoded modec oporation
Here ¢ho 1.3 = cyclo sigml 1o uced to wrigcer o gato
gencrator vhich gcleets the Lollo7ing 3380 pulco in o coiucodonce

circult to trisger the cutput pulos gonorator.

Necoivor Opcration (F.?; -52)

‘(
flere tto noo bhloeln are oddod, (1) Puloo scloctor 10 roplaced
P4

by ihs bloelt carked coding controllcr apd thoro 10 on? additionnl block
docismted tino dosorindimtar.

1« Uncoled nods

| Horo tho tromeaiticr amd recoiver clod: cources aro in
gynchronticn (in gaoe) and thy arrival of the trarcmittod pulso will
goincido vith ¢ho intormilly generated 33-HC puloe goted Lroo e
frogusney dividor. Sho tine doserioim tor ochoelnd the tie coincidonce
of tizse t0 pulceo ond generated en orror voltoge of op roprioto oign
A2 thoy ave not oxnotly coiveident. %ho arror oigoal 3o opplicd to the
rocoiver closk oourco (o voltaso controllcf oocillator) forrdns o
clocod=lony oysten chich caintnino pulco eoimié@eo. Thon tho cloek
gourees are in éym., {ho *101-cycio cutut £ren the froquoncy Givider

'smmm tha receiver omablo nto.

.2'. Ooﬁad Mﬂ ‘ AN
The coded pescage otructure, conaioting of tho 1 | pdee: paloces
opaccd 4w Mupart, 16 somed by the coding controlier vhich couses the
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rcociver unit ¢o bo gTitelnd into coded opcration. %ho ovitcning
operation io comploted by thoe tiny of crrivel of tho noxt rosonse
and thp transmittor ond reocoiver codo Gororatoro ore reniny 4n oync.
and thn jittored ocutput Lo ucd W Wigier tho rocolvor eradblco ¢ntos
Coded oporation vill bo mintai:efl untll o prodetermined mmbor of
ncazxges £all $o bo reeedveds S0 resont gyoton reguilres tin

lown of 25 neocnpen  ofore reversion to uncodod operation; thio 40 o

fuilesafo feataxro ohould Do code gomrators becoro unjynchronlecd.

Pooudorondon pulco poroyntion , {

Tho ornet tisro of tramalesion shoald be unorcdfetable to
all oxespt tho intondcd rocoiver. POG 16 8 dovico which io camblo
of otoring tho tininy imformation 4in digital fome If tho rocuive 4o o
have o mrrow erallo pate to protoct 1t £ron spurioun oigmalo, je::ﬂ.n;;/
noige, information abosut tho excet ¢inen of wwanurlosion ig otored
bsfom g in tho PPC.

PR35 49 o ohif¢ re iotc which reado out the otored inforiae
tion in szrinl fom vhen interrogontod by serdal ohifl pulceo. Tn )
output of tho legt gtage of the ohift rogiotor 15 conbinod with tho
outsut of on fntarrodinte otage waing aparopriate logic amd tho
recult 1o couced %o reoater the £Arot otage of the rojiotor, ZFalo
tochniquo porrits tho gonoration of o repotitive soqueneo of
puloeo of I0. 2 -) vhcre 0 10 the 0. 0f otazes in tho shift resiolter,
AC lonz oo the cequonce 10 not repeated the output canrot in pen.sal

N

vo precicted and thorefore no o randos quality. Thore are 3
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irportant focdoro cidah dotozainn ¢ oxnct tiro otructurc of tOn

outsut ooguenco. }

o Sho indtiod cordition - {orisdimdl cojuoned oot into

tho ol €t ro totor,)

2. Tho typo of logie used to eomdim tho ocutielse

3. Tho Qacxition of tho fiop on tha o) g8 resioter;
1.e o vhich of tho inmtormndinto ¢tagos 1o vacd
ot ovary €ap or tho chift rosiotor «dll provide

0 usablo HoguonNeD. ‘ y

I2 {wo poocuforandon puiee o rators oxo oot wp vith G
abovo nentionzd factoro idoatical ond i2 € oy ocre eused o ohifls
in pyncaronion, tinir cufints will bo fdentiend ot all ¢1-o.

Ior o Dousopotitivo coguenco of 5 niae Cumtion it n
chnico of 64(:26) poondblo pooition for cach nasone, o 180,000

G1.71% ocQuoneo 40 roquired.

(SM.) (¢o w%i;) (100 1";"‘5#) (¢ Eﬁj’.ﬁ) =80, 000 L& .

o 18 oo o reontrant ohift roristory, cooprioing of
10 cogmotio coro tablo Lezory unito, vith DoGuly » 2 lesie will
goasrato o pejusage 62 262, 143 bLIto without rorctitio . ‘:‘jm 1an%
6 ofages providy tho oir Linary A (s macstcory €2 42tz 6 0. £oen
oo 00 63. Tyimotic caro type ehift resiotoro vidl oncmato ot chifh

rate upto o foo hucdred HG/0. Sho lodc ciraui; 10 o Aiffcronco
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crplifior thich porformo otulo-~2 cddition cocording o tho mulcos
0¢0 = 3 1¢0. = 1 '

0O+1 = 1 et = O

5«5 Adaitiomd Seranblinm Tochnigquen

Tho atove chift ro;ioter 1o rucceptiblo $o ccrtnin tochaicuco
of codo breakeing oo frhg provido high cccurdty crninot codo=tweaking
additiorml gperanbling 1o opplicd to the output of tho pocudoreadon pulco
conosators Suo cutput ccquonco 1o talion An groups of 6 pulcesn; vhich
oaro oparnted upon by the counter to produce & singlo offeet (comwertsd
to o bimry “be ord cubdizcotsd £ron 63)e In pddition, end or rore
pulces aro pericdically dropsad froo tho goncrated coiuonce. Udth
the 18 otono oMt rosiotor, ono oan afiond 1o thiow mny pulcos, oo o
I, of only 180,000 io noccunary for 5 piu. of normropented traniiie
gr.:ion. Sho proooent foxo of cquipzent is donizgned €o ahilis o oovo.
pulco cegjuensa froa the pocudorandos puloe gencrator £or oveory CCoC U
trancuiosion. Ofx of th? pulges nro rond into tho counter and tho
sevonth in dicearded. Siatn there 1o oo one-10-0n0 copreapondonoe
botooen tho cutput of the poeudorondsa pomre tor aml tho mocon 0
ptructurc. The ropotition poricd of jittarced masoage structice io
6.2 dmtca.

Conadder o couonce of 9 puloon (Olo outsug cojyuwenso (111

alrays do an 0dd D)
1 1) | y )

{ 2 2
4 - ~
I wo form groupo of 3, there are only 3 poscible aifﬁfemt\:t

groups becousd group 4 s coxmo a9 group ond.
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In ¢ho 2nd cago 5o e (0. 02 groups cqunls the co u.:smo‘
length 100018 fece ©9 In t1o Urxd cago 44 10 34 bocowmo of $lr {foctor
5 being scmon €0 G cogucnes longth ard € Ddoe 0F pulces por

grcape.

Honeo, thon Qo ccyvonso longth ie not ovenly divf.giblo by
$o To. 02 pulcen pér [roup, thon the Do of umrodcateld roormnes will
bo groator. I the ocquonco lemzth 40 ovonly diviziole {co im enco §)

tin o, of umropcateg trancainaion in doterrdnnd by tho qusi%:nt

AppAyinz above ronooning, dvevdng € palces from the PRP
genator for cach trommocion ond dineardir3 two would reoult ino
Jittered mescage poriod of 43.6 nirmuton. On the otho baud, o 15 otavoe
chift rosintar will provido n Set mine run uoins B cut/ut in

oEouna of cixne.

Tho ouSput psoquonso fron the ohift repioter (Pigséd) 1o
an $torativo Doolean pcquonco outisfying o Mawar (Todulo - 2)

reourcion cguation of $0o tormo. Thio oy bo cxmresced in goncral oo
K = Xna + Kn Q\Mﬂl 2)
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ov v M conkyrolion o P ey \

e = Koy = Xn—ge (med.2)
%,, con bo O or 1 ond roproponio the oulput of tho lojie

eircuits.

Dolay ond 08d property

A soquenco ), dotainod from te X ocquonce by cdfing $6 A,
4 delayed veralon of itoolfy, cuch that V| = X+Xj.r caticfics the
orl inal recurnion cguation. Timp Y io iGon¥icol with X, cltbouch
chiftol in tirc. Thin delay-nnd-add proporty of ociucncco orzated &
by linear logic offaro o o #oﬁ:aer the opportunity of treakirs tha
codes 80 additioml cophiotication 1o cdded 'y uning the scguonce
in groups and pcriodleally drop.ing paiocs £rm the ocQuence imotesd
ot cmibinin{; coro variabloo in theo lojiec eircudt.

Y0 130 {0 gyoton core cocuro 2o limwy adder of (ix
losic circudt 4o yoplnest by o Dincoy rulsielier operating covordainy

to the ralec. 11 =t Ox1e«0
120 = O Ox0=0 >
Fhin rates tho p ccadornvdon romoration Yronldmoort

Cho otloy propertico Cootrnblo for ¢xdirg are (alonz4dth
cocuzdty ) (1) rondom anpcaranse {2) the rars 20 near raste longth
(oo _lonzth 25 $oxeo vhere n 1o sho To. of hift rodater oo on)

ol (3) An outesorrolation for oug ective of random .oilco. Tho codn
problco 10 tint of testin: tho roculting ocGusize to wako certain

that it poooceoco tho abovo mantioncd desimbla proportdicoe
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546 Applicationn

i1+ Indor - Hero tho oynce problen is ad,mjxlcr oinc tho
tramoittor and receiver are ot the seme location amd & peporato
pocudorandon gomymtors are not strictly rogquireds BRocelver enabie
gate informtion can bo Gdbtaincd dircetly from thy tranomittor codo

gorarater and dolayed appropriately for range trociin .

An cdvontogo in nddltion to pccurity ocomideration io tho
elininz tion of ronge ambiguity omd blind epoto which are Anharonmt in

a constrot PP oyotem }

Anathor cdvantase s Aty rotrofit potcnticl, If (ho
reeodver canudt proccos the reed. mescago at pscudorandom $imed,
the mz3:iase ny bo otfored upon reception ond proccaced poriofienlly.
Thioc otrentinlly édolayo tho nmogenso ono nominnl perdod which 4o of

1ittle comscquonce in oot coorunication gyotcns.

Lot
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6. A mothod to chorten th timo roquirod for the fromo
ocparation in the t.4.0. doltn cndxﬂaﬁnn(a” gyotea 10 doseribode
Cploying ouccessivo "% no the nync. pattern, the oyotom doteoto
tko syoc. chammel out of thy delfta rodulntcd inforrmtion pulses vhich

oocur at tln rato of cno nlf in overnso.

Principleo of oporntion

Pirot, the puleaso in ono frage poriod aftoer tho gtart of
hunting are otored in thoe couory dovies, and in the pocond fromo,
th ptored pulpoos oro road outy $aken the logienl proGact on the
tizo divicion tnoic with the inceiing pulees which bolon; to tao
occond frama, ord tlm reosultont puleed arc plored in thy ocrory
dcvico. %o otorcd pulses croe thom read out in tho 3rd fromo, and
the resaltant pulsco arc otored in ¢he ncoory dovices T t.o
c—o oporotion 1o porforced oucconsivoly until only omo pulco in
ono frono 1o idontifizd d0 omiot idn tho voooxy dovicoe Ulth .10
arran-cacat the gpeoch ulcoeo uliich by naturo 4o mot al.t::sya appeay
in gvory Lrooo are ornscd out of tho cimory dardng the cucccoaoive
opcration and thy sync, pulse walch appoors in cvery frome is >
f£4mlly oxtractdd. Thioc rothed mokes 1t poncidblo to tako corrolation
of coch ehnonal dn paralicl on tho tira-divicion Baois eo that tho
timo rcauirod for oyne. bocosoo ghordor than that in oxiofing

oyatcIle

Tige 6.1 nbhoo o blochk dlogynm of tho pyotcme Sho oynce.
pulee oxtrootor, vhich eontoing a neaory dovico with the copacity of.k_
ono frarc, oxtrocts tho gynchromous pulco fron tho informtion pulcco

takinz tho corrclation of cach fromy after the otart of hunting ohe

LS,
L 7T UBRARy UNIVERSITY or RO

Fa Vot YV Ny
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Tho oyno. dotector obacrven tho otato of the mecory douvice of
tho oync« puloo extractor, 1f only one puloo rocirculates in tho 'i_
cenory dovies confirsy tant the oyns. 4o eotablichmd. I'tons ore
provided to mininin it cvon 12 cueceeding aync. pulse happom to

1

Gisosoar duo 40 tronscincion disturbancan.

oot gync. -~

During the extractios procens, thoe resiroulating palco
in the cenoxy dovies 1o loct becnuse of thp orror of Cho cync. pulco.
The logt oyno. detcctor obzoarven woothor no puloe io rceirculatin: |

in tho ncoory dovicde £

IrIOnIouc gynt.

In thio eaco one of tho inforcatior ehanicls 4o miotclen
as tho syno. chanicl. Tho crroncous agyne. ditoctor utilizes tho foet
tint tho probability that "O" occuro in the sync. chanrol 1o sufile
ciontly omail ao compored with the probability that POP cceurs in tho

informtion chan. cloy whi ¢h 10 ono-inlf in deldh nodulntion.

Chon tho lost ayno or tho crroncous wyus. 1iv detoctod, %
hunti oy 1o storted asain by o huntin: infitiastor ~hich fumltintes the

operation of the sync. puloe extractor.

642 Syoten Mocerintion (g G.2)
Dk 40 o mognotootrietive doloy lime with the camacdiy of

one frarces Thor hunting 1o reguired, 1 4o cot 72 opd tho "countor

to T+ 1" oro rocets. G2 d0 Oopansd by the cot output of ITY for only\

ong frame - fier tln otart of unting ang DL glores the inforoation
Quring tho periodé TDY 40 roset by tho Yot appeardng output pulse of

after the otart of huntin; ond oo the result 62 40 clocnd. Tous $ho

8 snPmrmeni s 5ol sasm R s Bemrmrm E o ovdivarendt due TP el dan mrmml mmema B b A e S
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lozicenl produets of coch chnan)l afer tho otart of humting aro \
succecsoively talzen of 61 co that ¢lo ehanaolo in chiteh ™Y guocecdo
cre vritton exelusdvely into L. Fho "countar t0 1% (ohore 7 4o Oho
. of ckennclo in ono fromo) counto o cloel rulte cocuring in cvery
chanrel ond 10 resat whan the cutput pulece of DL cppearo, chaich ol
rcaeto it. Thus, tho firmt appooarcd output I of the “couwstor to ~ot®
chero the otato of pynce and cots 12 vhich indicates ¢t comm&x'mm
of oynie ALtor tho estadlichcont of oync., the "couantzr %o 7 ¢ 1% in
regot by Sho oyne. puloo roelvewlating in Die he sot outpus 0f D a:r..u

ths output of tho "eountor $0 J + 1V avoe utdiliced for chnanl ¢ purrtica.

Onco 172 10 oty 3 1o oporcd end oo o reoult, the gyoce
pulse peeiraulated through G3 and 4o hold, oven 4P tio oynce pulco
coco rot arrdve ot 1 in eopo tho oyne. pulso cccidently hocoms Y07,
Yhorefore gynz. puloc can alunys recirculsto ia DL, 4dnrough 61 wheon A¢
orrivea correetly, or throush G35 whon 4% hap.cooy to bo loct by croov.
Thic 1o to gtablilico the oyne. within o cortaln oxtoat a.niacs 9w enso
that tho oyno. pulog boessos YO y orwor (ftor the gyne. oo been

aotabliobnd.

1ost _uynchronigation dotcetion

The oyno s dotoctor alzo corkn ao o loot cyace dotoctor
utilieiny tho foot kot tho confiroation of tin cyne. cad tao dotoction
of tho loat pynec. &0 not ccour ot the z:u:a tirc. In (o oyotc of
Fige 6«2, tho loct oyro, 1o indicnted by tho output J 4+ 3 of tho
Roguntor to 7+ 17, Sho prescnec of tho cutyut U ¢ 1 iadicates that &
©o pulce mcimnlam in ML, dne tae "countsy to J 4 17 chould be

renat dn 7 cou 0 or loan, 1 aff lezot one puloo is reelrculating in Dh.
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Tho oubtput I ¢ | resoto the "counter 0 I ¢ 1" cnd soto File Althoush
\

FT2 10 cot by tho cutput 7 of the “countor t0 7+ 17, 1t 10 recot ono

bit laotor by tho cutput {1+ 1 of thy countor t© I+ 1%. And thus tho

hunting is initinted acnine

Ixromoug Synchrorization Dotogtion
The output of €3 oppears vhen oo error ("0") ocours  in the

chonnol suspectzd D bz the sync, chanacl, and trigsers WM chich
generates the output puloo with the tadth of n2 frasca. Thus the o
of crrars of tho puspscted oynt. pulce in n2 fruxmas 4o counted by thp
“ecounter to nt - 1", If nt orrors arc dotoctod in n2 Buzcc:z-aivc
fromme £ron tho firot error pulto, a pulno appears ot the output of GY
and ind:mtm the crronsoua gynos The "counter to nt = 1" 1o rcopet
and FI2 which 1o provided to indimte the cotablishmort of qymo. 10
olco reaot and tho hbunting 1o ctarted asnine. Hovovor, 3£ 4o orroro
of the oync. pulpe arce less thnn oty 1t 10 asouncd that sync. pulse 1o
accidently lost and the frers caparation io corroct. Thercforo, tho
feountor 1 nl ~19 1o regset by the trolling odge of tho output of (71 @
)

prevont S accumiation of th counts of orroro.

As for the nmorpry devico, thore one frono cowicts of
large to. of bito, o mgnotootridive delay 1ins misght bo rore
ceorpmicnl than a ohift chift regiotcre But a ohift regioter nicht o
convariont for tho confirmation of the oync. or the defeotion of tuo
loot oync., oincy the comdent of tho peoory can be continuously reond
in parallel, Thio 1o nloo uscful, vhon the gynce pulcz a0 consi ted.
of severnl bits, to doteet the patterm at the imput of tho menory dwvico,

choraelervlies.
6.3 Improvcaaat of ggne. gvory chanssl by pottem ultcmg_igg(ﬁs §)

In the pystca nontionsel abotvo, the $imoe roguired Lor oync.
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dcpents on how long 17 guecscdo in the ehnmmlo aroept oynce cnn.ole

\
ohalo 1o &o Co thy oiatictlienl proporiios of thd of rol.

Bince tho paticrn thich diotusdo (o eotrbdliolront of gync.
16 11eely if thin patitorn 48 altorcd to the patiorn 11e.e10 ot tho
trensoitiing ona such an armnraont (Pl 6.3) vdll ohorten ¢ho tire

rosulred for gre. vith como decvoaco An §/0 ratio.

An orr.n oot for paticen altcrtion

In $ho crransomcnt vhon &8 "1 caecescedo ¢ tines ino .
chanial, ™" anpaern . ¢ Ry end of cnch doloy 1imo end oo o reculs o
palca appssyo ot oto €1, Tho pulco 1o dnverdad by o imveritor Iy
tiho £ifth "1 40 1 hibited of ;%o 62. Tio information palaocn thuo
pltared are cime s with tho oyoos pulcs at th2 ;nto C3e Conorolly wo
‘2@ {D=1) dolcy linza to clter tho poatlorn L'—m—l o "T}’ lotat tho
opran—zont esmares the oyncs to bo cotabliched wihin (o + 1) froses,
in ¢he cooo ¥t 1D OyoCe PUloS DOC 0 emurs. St 130% cpmoe oy tao

CITOROoUD Cyace oan clou Lo @ feeton corlice,

LB St der e d

D e d
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ANARRANGEMENT FOR PATTERN ALTERATION
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SYCCTIOUIN I COS

Tol Dzed M Codinn

Asrume tho dota to be tmuonitted aro ptored on on cndlesd
paper or raomctic Sonc. IF ¢ fapo 10 drivon post tho rendimy oo
at o cormtant volocity, tho output of tio roesiver { o topo roader )
vould gorrecperd to tint of o £ixed or comtant doto rote ehmrol.
¥ thy worde on the topo wore ouucl in lon th, thero would b wo
Foquircnent for oyre, cxeopt for an neourato clock. Turticrcoro, if
thae tape wroe ériven with o v:mi.abic volocity, tu¢ in g dotor=inicticslly
controllicd rmanmicry in principle o now varluble rato clociz could bo
@osined that could cutomasically incerd Aivinisas or ccx=n botmcon”
the voxrds eoonntlng £200 €2 0po rooder. Lomeven, if tho volocity of
o 200 wors o randn ocess thoro would oo lorrer cxiot o vy to

srodiet rith eort Ay Sk position of o comta.

for ¢» randemly v.aichle pote elqnncly oyre. can o
ceideved only Wy oncoding, ond eoiscuuaiatly only by o reluction ia
charwl ¢ posity . Tor owch o chnarnl, $in oynce cryor ic oo x:ns&ix an
QrIST 0 nd{}i‘hiw mizce 0T 6 chnusa)k corrccponding to o tapo driven ol
w4tk conotant velocity, but otoprod ut randen tincs Loy ramad >
fntarvals, commefree encodag®ould pess to bo myecpoary in arder to
entublioh ¢hy coxy with coxtality.

7.2 Commfroo coden 107 20)

Tha cncodinz is o 1liot of U=tuplec co chocon that any
ovorias forcnd fron one cods word followed by amther difforo in ot
loaot one gymbo. £froo any word in tho eode dietlonzsy. If the

rocoiver otarts to docodo wion 4t 4o out of gymchronicnm, thon 4t
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oleays lookn aftor an I=tuplo (ccfc) vhich 1o not ono of tho codeo 4n
tic Uiots ALY ot moot T - ¥ Qigit ticooy amd 8 oot -1 faloo {
otardo, theo rocoiver £indgs ¢he corrvct oyrchronion.

B .aplo =53 o liot of pix S-tuplen:

01000 01110
01100 01011
01010 ot111

2blo encoding hao o redunisngy

a‘!-loaaﬁ/s = 0.48

Delbrick, Golomb; Coxden & “eleh found the uwy.or bound on
ther To. of colen chich o cormo=Ireo cneodin; ngy coatain, thich On

pimplifieation io given by -

G < 3,\—: - ..(1)

Pron (7.1) & rotuntangy ot lesod . (oot 0o Igy, VK 4o roceacory for
a cocea=fyoc onording uodng i=tuplco.

' .
T+2% Index of co— froodo

k2 codep uhera any overlop dlcogroes ;Ln gt least p ogdsitiono
fron arg cody word, arc ooid 0 Inve an index of commny Lfrocdan pe It
has baon chomm that p inorecceo at loant proportfomtoly vith the Do.
of codo wardn. A0 on cxomplo, o dictiomry containming 256 words no besn
ohtairmd with p = 34, Iocause of the rathor low ¢orrelation vtmcon
ory ovarlop ard ¢ode wrd of theve codeny oype e can bo obtadncd guito ree
pidly oven ot tho threshold oigmleto-ndico conditionvs Aloo A wo
foand that over a contl.woun chan.ol 1¢ would bo nooopcary 0 uos o

ocequence of o rozimtoly 16 symbols as a profin Co each woed to

~
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achiiovo gynme D tho 200«comd dioticaozy oo ropitly o 40 poooiblo
Iy .oirg tho diotiorry coaw{Evo. : ‘

Cho commwCFoo Cyee » mathod poecsoitates Sncroccod coopiaxity
at ko rocoivers Toeh oyros. pocition cuot bo obsorwed oimlioncounly 4n
ordor to obinin cyoo. in tho odndror €iroe It there aro cituntiosn in
chich aﬂﬁiﬁio:ﬁl roeciver eonplonity 40 o coall prico 0 pay for oogo
roplid (yntey Porflicuicyly oion 43 ean bo ochicved withoul orponlizs
ary ortra peror ond GAthout dncreanin; €10 coplonily 02 (e toon—dttor,

To31 Crthororsl codcs (a2)

Thaoo ¢odrn ara Loed for trantiiondon oodo 6L GoIntien.
Toro tho croco-corrclaticon, 243 bDotoocn €0 dth and 3o jth woxd b
1donticnlly coro. Tor (ouosinn chanwdl o 0phic codon oo tizoo
~ in vidch Pij “'?'g.T « IDoover for lor, o valucs of D1 4hio io
cocontinlly the ertacsomi ocitvatien, Tor €linso codeo tho proloblidyy
of an ceror oo tm':ta oz $0 Coercnso omponsotinlly cith n -Ja;zN :

Eandddih occaiansy

I£ 0 6ot Of 2 eofio toPEo 15 B bo arthogoml, codh Cord )
raot contoin 2" tyibolop 1.0., Shero aro 2 saddntorvalo Gurdnz chich
tho coxd oy bo ot odithor the + 1 o2 » 1 lovols. Inch opbol 40 of

auration Y ooeo.
2

I£ o pastiouwios el phaco cofulotes o pleesical esorice
Sin wite 19 40 pasoiblo 0 have othoar oimicoldal earricen ot

20V
2 v
wy/a2h 7 (

Cithout intozforin;vita tho given oigealy poovidad © o

w-t+ =+ +t2,- -, )

o caltiplo of 1| QTT ) » bocauss ovor ary gAven cubeintorval N/

nr
I Siwrenftue 22 )6+ aTde -0 (vo2r22,)

WT/ /oW



o thoy effectivo 7 copilod bty tho crammel in -;:—:_ sasi hornco
bacooo im2inito agyoploticnlly wdth n. ' {

Amothcr charcetoriotic of tho orthosonal codo coto 49 vt

ths polco componsris of tho corralotér outputo ave mutudlly Andoponicnts

732 Cozatruction of birory orthomoml codea

o codo vords arc orthoronal Af tho e of gyrootrical
pocitiors in vhich tIxy aro cifdlor cauilo tho . in <hailch thay axo
diozicilor ox Z‘KW Y=o

=1
A oinlo bAG of informntion ooy U0 sormd by celecotdng £ran a{

got of two crtbooml odo vords of tuo oybolo coch

0 0
0 ¥

o bito ciciat o cont by uciny tlo csdo cord Co

00060
G101
0011
0110

It should bo motod that thio cot can By conctzueted b
omtording tho pot for ozo bit Loth korisontally and vortiesdly. Tio
lover richt harnd cgunro 40 £111cd by tho esplinsato of thooo wrlo.

20 provo that tho comdtrustion yieiés an orthosomnl colo
.
sot ot cach otop, ooousg that ouech o congtrvetion cxdolo foor I BAtc.

Thon for I + 1 bits, ortorting tin 2 worés vortically yiclds o out

of 2II * 3 wordo wm::&i ox0 all otiospaaly Ozoept Un¢ onek vord da
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cxtoriing tho cordo horisantally, tho wppor kalf of tho cxtonciono
10 tx cooplicomt of tho lower mls, Timo cach pair of vords in Gn |
roo oot Bon ob ooy oistla » ooynbols oo 4 oo dlosinilor oncs.
onsoy the oot is orthosoml.

7+4 DBiorthosonl eodon (or Rocd ifuller Codos)

Tho cofics arc £o mred boeawse tho corrclotion betwocn ony
tro codo vorde 40 olthor gord OF CAM 0 OnCy 1404 tIE Toe Of
poxitiorn &n uvhich corrcoponddr; oynbolo of to ol voxdo cf 17 opobalo
arc difforcnt io oitker 1/2 or W (Theco codeo oo Imoun to oxiot for

all = 27 y Sor all Yz ord 4O contain ?.N::*e:eﬂo).’ : 4

Thoy can bo oacratod Iy taldng o cot of orthasonal coéan
and oddins to 46 tho copliceats of cach words. A biortkojoml cody Jor
SV dts oy bo corpiruetod £roa o precoding orths pml codo for 2 Bit.

0000 LR
0101 1010
0011 1100

oYt o0 100%
| X

no cdQuariaso ovoxy correopondiny orilosonal pot do thnt it
reguiros oncehnlf oo oy oyodbolo por cods words Thuog tho LU
rooulred S0 fromroit tho ooro Doe. of bit/oce. io cut in kndf. Qlco,
tho cvereoo Pij coons ol) tho codes 4n o oot of 2" wordo 1o -‘/2n_i‘€;::.@a
aro is an(?:f-\) 27 patxoe Tho paj'c cxo -~ for g™ poico,

ond coro for 0ll th rosie

_\
o the overnse correiation io thvh=2

8010 o bMorthosomnl codes hove cqu 1 Doe of poros cofl ooUT.
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Alloly, thio nocurcs (iat tio reéuinting oirral vill kovo ooro £ooag
honed 01l £ ho posey in tho eorrior ill Do codulatod. {

7¢5 Solf oyrchromiolin: codon (57, 30)

Y0 mo thn eccdoo 6912 oyneheonialng, ono wy 40 €a
solcoet o Alotionzry £roa tho comn Oroo dlcticneoy, with denired
crior corrooting proportics. At loo 970 raties p 10 dediroed to ho
lar o and alsp that 280 codeo B0 oode ooro roduninnt $0 colicvo B
dcoired crror corvottion. Or o corme-Iroe dioticurry con Lo
soleetod fron o dietiomry whilch posseoccn tho neseninry orror
corrcoting capabilitics. Cimso tho coror corrocting proportics o or
timry eads oro uraficoted %y a cemp lfromatation of th ith gy ot
or Iy o porrataticn of tho 48 ord jth oyobolo of om::y edlo word, tho
cofla ean Bo rado cco—a-froo by £ER porfordin oitior operation or o2
pocbimation of owh opcraticso. ITut coveral conidions oy bo irpenad
npdn ths solf gyrn. coldos
1« %ho cupeeted or comdcun Sino ncecasory Lo
obtain gynce oot bo omdl.
2+ S0 crror mhabmw in tho oyeo . operation N
=0t mot be Arcrooced with o resultlag docreane -
in ths information rate dud to tho cdditisn of '
colf oync . progerticn.
S« Db rodundanay chould bo introdicced, LOF purp.oco
of Cync.
oo Moitatiorn o222 $0 1ndiento $int colferyoz. 40 Mt
practicu:lo. Oinay caeh ecrzcefly dotocted cord comeyd em:ctly'h:egm/v
bito of inforation, ond eirco (cocordins to 3) oo rodunéamy 4o to be

cddod o focilitato the ounc. proccosos theoo n blSo tunt carrcopond -
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% n d18o of dnta itri'érz::a tion. Thus oo a.0 o curplun bito
avalla 1o 0 ecarcy th2 o 7. i Luooation, Dut an elase inspretion (
co find toat the asyachronoup orcor probalilit, io éxcator a.d thas
concoquentl s tic info.ratlon £oo 10 lcoo t¥an tnt pocolblo «ith tho.
oo eharol at i oo 9/7 rotlo ofter oyme koo toon obtalind. §2io
Giffcrc:zc:: botwoun the oyne. cuf coyne iofor ation rato ropscoonts o m‘;‘.o
ot videh £t 40 Sheoraticolly poooiblo $0 pond gyue. Lrfaraation vithoud
violatir: any of the tasic principloo of irfarcntion thesry. A ooy
o utilise como of thio grme. capacity for orthojonal e2des in
derexribod bolow,

751 A sudelazo of ordhogeonal codeo o tmt coniotin of o
coquenen of valocs of Qasatdon T/7 ond comstant +vo or =ve crplitudo. Ta

[l =« 4 cucli o cofn dioflory oy do roprecoatod oo Followd sw-

11113
1 1-1-1
1=lalt

et ouch codes onint for oll vnlues of U s io
opparcat by Ghsorvirg tint, Af A doon DX i a 2 1at.1x wiooo N
rows rapregont tho mrﬂo of cn obthosonal codey thon D koo tho
caro preperdion bul olth T e 2:3 + ¥

whoro Do ﬁ _2 {743}

A3 Chore =A 1o dotnined by roplosis; 30 1'c of 4 Uy «1%0 acld o

-1 'c by 1'0.



-t 52 e

Theoo mﬁpn nro roforred o ao N.imy coéoo for obvicus
rcasono. 18 the dth card of A coacioto of tho ayholo i?;\ § L
cubotitutins X = L (|- g5, ) for i,[u yiclds o
cotriz A' connlcoiing of onel and 8o0rogy tho conwntioml Linnry gyrbolo.
Sno corrolotion

: A . ™ ¢
fg = F %, LEL SR E )eexl)
= Ay - Dy _  N—2DY
N

Uhoroe Ald 40 tho 0. of timo o coryoopondiiy oyobolo of

tho 4th and jth vordo oro An agrec=oil, mﬂ DiJ 1o Lor Qicagrocicitoy

Tor awy civen voluo of Do 27 tharo arey in'concnl, Cany
diferont orthopmal codco. Different rorbors of Shin eloso aro
then ovoluntod geeording 0 thdr gync. propertico on i eritorian,
ﬁnﬁ 'i:hé orozo=-carrolntion thtoon eny out of phooo gcyucnee
roecived ond oy of € pocolblo An- oo ceguonees 10 uniternly
ooalle

Gineo o conoty .Ant Lo {0 bo ploced on tko coquoned of ko
wordo $ronocd ttody the wordo oy be tvnzocdtted in cuch a way that o
andom ?ij cecura with high rosulardty. Conocguently, it io tho
cazdonn veluo of thio pij ot 1o €0 bo oinimdcod. Thuo 3% f'plam
10 the marirm oheolute walun of tio corrolntion botoo n o codo vord
cnd o poguoacs Lormcd frem (hie overlap of o colo wxdo, 44 4o

deoirold tint

,(O’w ‘*lNFNL‘D\w be o W, Qo Asner Lok

A

WA - (DML,&NTDVMX) = bn be & '\M»x



Oorolder 2w a binory entoding reprccontod by o catedz A, ‘
tho rowm of cvhich form the code woado. I8 will bo olicrved that thio
corralation botweconary o rous io utalww b, oy arbditrory
peroutation or cenplincatation of tho oolucmy of A, Tut 1€

O =X, %, —- % b=, By amd e=7, LA o
aro throo codo wrdo of A, 1% Lo avidont that tho corrolation botooon
K, Ray =5 &m0 PR, Brbt, -5 By G4 Y, %, 1 s,

in corarnd, vorinet vhay o pth ol qth elosonts of theen poTe 620
intorebancefs Thus thore 10 0 loprge oloeo of clm@ﬁ wy opumtions
on 4 childy leavo &8 Lovoriont ao $ar o o 410 opcration 4o the ta rz::i{-
polon n:ﬂo in concorned Lut vxieh tay pooult in quito digforo.d cados
L£rom tho oync. polad of vicwe In tho gpodial easo of orthosencd

colcs timre 10 caothor cudh oporation vhich nivald Lo pntols Cinco
1o eorpoln ti0u butmeon ary 20 ordo 40 2oro 4o fio cono, D
alotiosayy resulting thea any o oll of €0 godo wsds oo oomnlls
nozded roming erdbosoml. Thio opcration, Deoewor, svidently esuld

oltor tha avove rentloncd coyncazonsun corrointion.

Gupposs oo arthopomil codss 4 ond By contoluing S ond 5
TRrcoy Foopaetivolys oo Dooen f0 exist amd o hovo $Io property ot
eorrcopondlng dlortasoml cods AV{=A) 10 oud tint Il >o ood E7(=3)
ouch vt v o Qinn concddcr tho oo otraction o ~(Ax Q)U[-(Axg)]
oiore ® 40 o kroncelor produst doficcl oo ilotn s
AXR = (aig)x{bkw)
e B oy B - .- . arme

:[:mg am2 B - o o MM8]§(70
Ao an ITUTeoteis and D Lo o IXU catedne  Doro AL ac? I aro
oifioe +1 or = Yo T0U L] donoto o JUhzew of § aml B

romcaang tho vty o2 N U=n Ao N
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Comider cny 1o orbitrary rown of (Ted)s vise A, aup, @ipmp
) i

#—h [ a9 - -. j[ Jlgm,a}iﬂh,-‘_c?"“&
Nl 1"'10_. - Q/MM :

. fhon 1f K #wctheso o0 rowuo oxe cortainly ortbogoml
due to tho orth-gomdiyy of tho rous OF B

Gells (?.4) o: . tlco bo vritton oo

A [ ] [l‘ll ’ é};_.' - ., by
L' 2 = .
by, b/vg_} "'bﬁ’”j - (7 S/

any too rows of (7.5) ore

& bry , XU bk,, _ ), X b

°<-}. bt o()‘bm.,” - — ,"(J' bn
vhich oro oloo oxiboromd € ¢ £ ;', 22 to the ortho omlity of the
oo of fe But an imopection of (7.4) and (7.5) q deldy rovealo,
thero nro m 00 4lctinot rovs of ATl forchich both § = J and N = Ma
Henco oll 2coo ol &4 x B3 nro cutully orthosoml. |

%he comtruvetion ¢y (A @ B) U(=A x D)) 40 ¢tona
blortiogomal code in i ch tho folloxdng represonts o fyplosl cord:
L
Ik =1 /@L-):f.ﬁ;/ S o S (> 29,
For oll biraxy orthosoml dictionorics cmntiming [T e 2°

cordo note that 2% =2"nm thaty oined coden oplot ity o valwn

for no 4y 54 64 7 (00 cuch codoo cxiot Lor valuco of B < 4), thoy
can bo obinined for all lomor o by rocurroions Alco o cooller

dlotiorzy of losotian 2° = 256 wordo can bo forod 1y thin method.
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The ‘csraes: cro of e forn {
Co CT 31
s o Boyio gesrrated £rom B 4o tho ume @-oi Geseritod carlier
[7+3)s ord the produst irdtcates tiat cach column of D' 4o rultiplicd
. by o corrooponding coponent of Ttuzle 0. Tho catriw B i g
orthogoml code givon earler {7.2).  Thus it remmino only to 1io¢ tho

Detuplco O oo $0 obtaln tho indicatod values of P,

2Rel I = 16, P16 o 2
¢ 1€ = Nl ~lpgr—=p =1 =1=11=201-1-1=). /
e 2 3 32, pPI2 =6
€ 2 2 = ) vy = =0 === ) == )= === )
— =1 =1-)
a 2}
16 _ 2
32 c
oblo Tat
64 34
i
128 34

tatla (7e1) oyn rigoo tho eonstouotion of cedos £or €30
4 walues of 0 ond tio values of pll attolosd Ly thoye DUoto G, O
De 120y IPf x < /3,

Shun trn difforomd Dotooaa tho Anephneo ¢ad rax. cubt-ale=phnso
cerrolatiorn io approxicatoly ono=half tho walue obtmimtle witha ™

pocudoennicy oo wmces DUoVers ¢85 cfon 69 oynss 40 obtnlmd, o



¢ofco cro adle to tramszd¢ information Wtud oy chano in o
cerunies tHlon oyoton, o otaten.nt chich cortadnl, Cors not opply

f£o tho D= SOUUINCSG e

COCN0Y0)

Coding of infrontion Amto coto of ocquenecs glinroetoriced
by 1o ercop=corrclation cocftolento hao ¢.0 effvet of rodusin; o
crror probabilitics ot tho coot of ozzgm.tm tho Wm for o £irca
rate of Grarorimsion. If tho tiro allotted poar bit i0 2 coeco. oo
the . of bito per code vord io n, the teurario-don ratec 4o #‘M‘/fu

. 2" " _
oF = Werdef,end tho offectivo Landvidth o o s BT

n
orthoml eslon and —2'1:-\—__,—:}_ Cls- £or bHlowacgonal codes.

I£ five biis of information ore 3o o cent i th o word
erzox probability of 107>, tho umo of a bi-ortheseml cole cord ili
roducs tho reinixed

Tcoolvo® od-rnd cacr; 7/oit
ooice povce/Sarivddin

rotol 7 5 Che

upder tint relyuired for oloiler porfomoneo vith bit-ly-Dit
dotostion. I€ 10 bty cvo to bo cant with thy o word cgror \
protadility, blorthogornl gncoding roduccs the ratio requirod
olthout creoding ty 5 db. orthosoml eodes ore very neoxly oo |
uffcetivo as bi=arthosonsl coden for W Osbhut reQuire tuieo oo

cuch bodvstie | |

\

Teeh vorl redns to o fomo An the invootigation of
eodes vifa cold oynehyonising properilca. Tho ropulty obtudnsd
N

i th b-orto-.rndl codoz tord to indients, hozovwor, that o oy

b quitr o practical mothoed for cehiovin: celf oyncaronication.,
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Joginition
1ot 0{t) bo oy phycierl cowofora cnd 440 Forcricr tranciom

(w opeetimum) be S(4a e
= Jee et gy

Chon o filter chich 10 catelnd ¢o 0(%) 10 , by definition,
ono with irgulco rcosone o) = ka(d-T) =

vhore I & T are orbitoary cawlonb .

rarofor fumotion cf ti matekod Liltor ’
WG =) - [ wo &M
_ ok fMSCAJ‘) gém%cdz
= ¢ g f NS )
whtd: Cron (A=1) bocomao -
= ks(~4>7) -éém:m; k &*(g,axr—;t)'éizm.. A-2

L+04 oxeopt Lor 0 poooible aapntr.zab cd doloy Zactor of ¢

fom RE T2, tho trarofor function of o mtekod £tlter 1o
tha e plax conjuscto of tho ppoetrun of $io of ol to chich 4%
4o ratelnd. Tox thio reacon o cateled filtor 1o often cnlled o

conjumte £1i1ter.
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APTTUDIX 1T

BARCR araurens {on oors)

These aro cequonces of omderc «  huvlig ead 2, = 4
ond pogecooing the auto correolaotion funotion

r~K
E“: 7N 2 3 = C‘K = { ,\0/ > X} ‘F’b’,(:"z) -.)A/-_/.
t= dox =0 .

The enly knem polutions ore opyusnees of length AN
= \, )“) %/ L‘) 6,‘7) ")'3.

or Neven . We  nmuck Dace
Qe+ Crk = I % Wtk =g (ks 1)
N 2
M Lrer Z:&l = N we A
=y
N N
'O e wirk = M
Keg t=
~ N N
2 2 otk = T 5 =, - N
K=o =l =l J=r
o K =X W

8ineo ‘éx.; 1o on integer we Tadt bave U o parfect cuare
{omennt 1 = 2), or the Burher cndes of oven length ot bo a

parfect oQUWAro.

It hao bteca verified that there io no karker cod
-of lompth 16, Thio lavep U = 36, 64, 64 ao tho only posole
bilicsien for 1< 100, vhich 10 about the linitiny length for
practical uscfulneso.
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Ioote ccwnd enbion oroten rodeld

If tho moise 1o ptationmy, vwilds and ,puscion, tho
proir-dility computor concioto of Pl mtmhﬁm (4. £~1.) uiich
mdtiply the dvooming oimal By ool of the 2® atoree or locally
gonc atod repliicng of the posoible tronoltisd woriso, doteorato
over the (ronomisodon intorval, and are cocplcd at the omd of thio
timoe Tho catmut of the hth corrolator, widch correziomia to e

nth vord e ,

nT
J} () Y@ de- , whre Y@ - @ + MO
Zufy 30 ¥ recoived ol ml, o¥l I{€) 1o tho amamel mowce (L. L2).
12 4ho 2° vords wore o priorl all cqundly likely ¢o be tromzitiod

vith equnl ormr:” ; Le0ey P{m) = D x3) anl

nT WT o . .

5]
the confitional probability tint vao sont, given ihat y vao peeclived
io proportioml to tho cxponoxticl of tho output of the Kkth

gcorrolotcr.

hT '
P(*h) = ue/vof (W Yodt o (A

$ho docision dovice then exacdmo all tho corrclatar
outiputs end golects tho eavefora X (b corscopouiding to e mxlna
corrolator catpuss Thic io koo oo eaxirun likelibood detcction
-prd ean be ohorm to cininigo tho probability of crior vhon all (o

cicsalo ore cig cQunlly ufmly_ ead contodn onwal ecoxsico.
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in order €0 aciicvo lcow probability of crror, ¢t Crodo-
corrolation coofficionts coons all palrs of w o do chould bo rado ao L

1ot ao pogsiblo.
AT
( é W 2 @) ot
= 2. 2 ' e *5
[ ‘L‘)u—zg@g o’t-'th ‘L}(b’ 0“:‘]}"" Q j

Tho wcopt pogsilblo valuo of P io - 1. Igoover, thio

10 oaly whea L of tio wardo in 1 €0t 1o w0 (n = 1) or @P=2.
In thio o230, 12 2= -x;a;,, f= -{ and the voric arc cnid o bo
antipo@al. If 0ll 2'%0 arc pero tha oot of words 4o then oaid o be |
ortiow oml. ’
Decz: of (oo Dito of Lrform $ion are troncrddccd Ly
gcloeting ors of o odt of § biocy eodo ordus %<0 6ot 20 ortio-
coinl éinc: tho wordn grite: botio n o $ and = 1, ard £t 20 caolldy

vorificd thn €

27
dj 2 Y@ dt =0 ,/;,,L\Q/
Fhone modulotion of K&iWf by rm rodiam vhea the cor '
10 o4 -1 1evol 16 cautmlont to amlitvide modulaticn of the enrricy

Iy +1%0 ang ~1%0,

AT tho recoivor, (ho nodpy ol anl io domoduloted cord €3
£0 4 ¢o rrolaforc. Only tho l-f- coopo.onto of theso inputs 1o chrwm
in (Tige A=3). Actunlly tho corponemt contained nt o froqueasy of
2vrad/coce 30 olinimted by the intogrator provided v s u multdle .

waope n io tho . of bi.o/ ord.
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Pecause the cole words are ortho omal, the cutpuis of
all corrcintoro, excedt the one corresponding to the vord cent, are
zero in the aloeres of woise., 1I£ ¢rlo woro wot € e caczo, the oiwe
roe outsut of the ith correlator rould be prop rtionil o

fTaqb‘:) o ® M when A Mh werd  wao Aund,

It ohoul” to moted tiat cultdplication of the odiltive
zoico by the loeally renrrate wordn (arbitenrily by + % a:za‘ -1)
dooo not alter itn white gavsnian otatistics eimeo i¢ doen ot
alter the tot order dlotrid ution, nor docy it render them
correlateds

In cea . aly 1€ n bito arc tramitted as oune WOIdy t‘x:ae
intecration time L0 =Je¢ The integmad nd {lucuiarge filter is
as~umed t0 producs an atten atlon of 1/n7. Thus the sl anl wlll
prodice an oub.ut at time 2 of e(x?) = A4 providel that alis a
mltivle of 1, .
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Shift Te igtar Codes

Shift registers ith lincer modulation foed boek loyic sroduce
eodes whlch kave tso lovel outocorrolation iusetio 5. i ti% ve dster
hao length n and the codo 18 of marimnl lengiby 2™~ , tiu lever level
wll b _;}T_:, B )e bus o et of Y soden ith u ifom
ue tdvo pij can be coandtructed Ly taking all abifted ryplicss of onn
mariral lengih egnift reister etgueﬁces, Qe_ep ¢ 806 of geven code
warda eon be gecerateld by takin oll posnible cuults ©Ff L8 scfusney 7
fron a 3 ota ¢ sldot resioler with lirear logics TUhe elgnia code (vd
in thio £1. 15 the O weotar (U0L2.53)e The pij amors oll weaviblo

pairs ic

1101001
1110100
0111010 |
0011101 (A€
100111 0
0100111

1¢CTuott !

Chize reisters can bo used €0 Jemerate erti osad axd
blortizroml codes quito 3ITp1Ty 6a4 49 If 8 Ber0 18 udded o rrwérg
ward of tho set of & (ALl o} to the O vuctor, o 0o% o ei il

rihz el cod vords io Gbtoloed. Iy taiing the corpluwnted out ut
of th chift ragiste., tto camplemutory orthogonal codo et is olso

Gbtaired.
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01101001 4
011101 .0
Orthose oode pet
001143010
00011101
01001110
00100111
01010011

00000000

Thio cxaolo cun b2 gonsrailoed 1 oy [oe 04 bitce €0

that thlo 40 not tho cnme oot 0o that in ol 1-4 .

%0 G-oonntrato ow olo_antly caldft rojiote » esded con t2
uncdy considzr the cons in which thio sequeanso 1001 fo to bo Granc=itted
by o bl-ortho ondl coodo soguenes. %ag 1ot 4l 1o Srococitted
ir-odintoly, vbilo the aicito GO amo loaded fran right 40 loft ioto tho
rosiotor of (fiz.5 %), chich 10 mdo to circulnte, nd tho conpleacntnd
output dirits o€ the shift rosistor, are transrittcd. o ho tkolo .
trorondtted ocquenco 10 11100010, ono of the wordo in tho abosvo oata. ,.
32 b Iob aigit bad oon o coro, the unconplcnonted cutput digito of
thy ohift rezistor vould have been teansuit tod. i}fmcc, omca poooiblo
cmi-;t!.o;; of four blroxy diclin would gororate a difforcnt verd in

£ nete

LA
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