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K AH AJIA E E 3  n A M f lT H  C /JB Y M H  r P A M L J H H M H  B E P H O C T H

Pe3H)Me. XIpeflnoweHa (popMyjia m x  onpe,neneHHîi nponycKHOH cnocofiH O cra  
ílHCKpeTHoro CHMMCTpHHHoro Kattana 6e3 naMHTH c  fíByMX rpaflawraMH BepnocTH nepe3 
ocHOBaHHe aji(|)aBHTa, BeposiTHocTH ouiHÔoBHoro npneM a c npncBoeHHCM Bbicuieii h 
HH3uieił rparrauHH BepHOCTH h nepe3 orHom eHna BepOKTHOCTeń npaBHJibHoro h o u jh ô o ')-  
Horo npueM a a n x  npueM a c Bbicuieii h HH3meñ rpanaqHHMu B epH ocra.

JAKOŚĆ TR A N SM ISJI W D Y SK R E T N Y M  SY M E T R Y C Z N Y M  TO RZE PR Z E SY Ł U  
Z D W O M A  PO ZIO M AM I W IA R Y G O D N O ŚC I

S treszczen ie . W  pracy rozpatrzono szczególny przypadek zależności jakości transmisji w  
dyskretnym torze sym etrycznym  bez pamięci z  dw om a poziom am i w iarygodności. Ustalając 
prawdopodobieństwo popraw nego odbioru przesyłanego sygnału dla obu p oziom ów  w iarygod­
ności zbudow ano m acierz prawdopodobieństw przejść P.

K orzystając z  definicji przepustow ości sym etrycznego toru łączności jako maksimum z różnicy 
odpowiednich entropii, w yprow adzono zależność na przesył sygnału w  dyskretnym sym etrycz­
nym torze, bez  pam ięci, z  dw om a poziom am i wiarygodności.

T R A N SM ISSIO N  Q U A L IT Y  IN  DISCR ETE SYM M ETRIC C H A N N E L  W ITH  TW O  LEVELS  
OF LIK ELIHO O D

S u m m a ry . In the paper a special case o f  transmission quality evaluation in discrete 
symmetric m em oryless channel w ith tw o  levels o f  likelihood is considered. Assum ing probability 
o f correct reception o f  the transmitted signal for both likelihood levels a transition probability 
matrix. A  definition o f  a transmittancy for symmetric com m unication channel as a maximum o f  a 
difference o f  respective enthropies is introduced. U sing this definition quality o f  the signal 
transmission in discrete symmetric m emoryless channel with tw o  levels o f  likelihood is evaluated.
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npn aHanH3e chctcm nepe/;a>in qaHHbix B03HHKaer neo6xoflHMOCTb onpe^eaenHsi 

nponycKHoñ cnoco6HOCTH KaHajiOB cbü3h. IloCKOJibKy nojiyqeHHe npocrbix (JjopMyn, 

onpeaejwiomHX oth BejiHMHiibi ana npomBOJibnoro KaHajia cbs3h He yqaerca [1], 

uenecoo6pa3HO naxoxmeHHe hx ojisi HacrHbix c/iy'iaeB.

B iiaCToameñ pa6ore pacOMOTpen qHCKperHbiH cHMMerpHHHbiH xanaji 6e3 naM«Tn, b 

kotopom ana xaxyioro BbixoAHoro CHM6oJia onpeflejwercfl CTenenb ero BepHoem 

npe;iycMOTpeHbi ja.Be rpa#auHH BepHocrH npHHHMaebix CHraajiOB: Bbiciuaa rpaqaqHH (Br) 

h HH3uiaa (Hr>. IlpneM c /íByMH rpaflaqHHMH BepHOCTH uiHpoKO HCnojib3yerca b CHcreMax 

nepeqaMH jaanHbix c peni aromen oSparnoH CBSBbio c nociiMBOJibHbiM nepecnpocoM [2].

OSo3HaMHM Mepe3 X MHOSCeCTBO BXOflHblX, a MCpC3 Y — MHOJKCCTBO BblXOflHblX 

CHrnanoB AHCicpeTHoro m-HHHoro no Bxoqy xanana cbh3h.

A  V  A  V  A  V

y i . y i . -  y j .y j .  -ym .yra,

npHneM yj noJiy>ieno b pe3yaibTaTe rrpHeMa c Bbicmeií rpaqaqHeñ BepHOCTH, a yj- b

pe3ynbTaTe npweMa c HH3U]eii rpajiaqeH BepHOCTH .

MaTpHqa nepexoqwbix BeposTHOcreH P qHcxpernoro m-HHHoro (canana 6e3 naMHTH c 

flByMa rpaqanHHMH BepHOCTH HMeeT bha

> ( yA' / x ' )   < {»  m/ x i j  p ^ y j /x i j ......p |y m/ x i )

p =

"""N > ~'N > í  A > í v 1 Í V ^p j j 1/ x iJ....p^yj/ x ¡ .....P ym/ x ij P y i/ x i .....P |jm / x ^

y i / x r
1  Í A " (A > > f  v  ^
J •P^yj/ x m ...p y n /xm P y i / x m

V
...p Ym/ xm

v y

(1)

f A "1
fv  ^

rae p| y ¡ /x i j . p y A i
\  y

-  B epoaT H O C T H  n p a B H J ib H o r o  r ip n e M a  c npH C B oeH H eM

a  >  ( s ,  >

y j/ x ¡ > p  y / x ¡COOTBeTCTBeHHO BblCUieH  H HH 3U ieH  rp a A a iJ H H  BepH O CTH ; p
v y

BepOSTTHOCTH OUIH60HHOrO npHCMa C npHCBoeHHeM COOTBeTCTBeHHO BblCUieH H HH3Uieíí

rpa^aHHH BepHOCTH.
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IïpeflnojioxcHM, h to  ju in  K a m o ro  nepeaaBaeMoro CHMBOJia BepoaTHOCTb npaBHJibHoro 

npHeMa c Bbicmeñ rpaaauHeñ BepHOCTH OÆHHaKOBa h paBna Pßr,

A

p| y ¡ /x i =  Pßr, i =  1 ,2 ,...m, (2 )

BepoaTHOCTb npaBHJibHoro npaetna c npHCBoeHweM H H 3iueH  rpa^apHH BepHOCTH 

oflHHaKOBa h paBHa Pht,

y  ¡/ x i = P ht, i = 1,2,...m, (3)

BepoaTHOCTb o u ih ô o h h o to  n p n e M a  c npHCBoeHHeM Bbicuieîi rpa^auHH BepHOCTH 

OAHitaKOBa h paBHa P m a x ,

y / x ¡ : Pm ax, i *  j , i =  l,...m , j =  1, ...m , (4)

BepoaTHOCTb oujhSohhoto npneMa c npHCBoeHHeM HH3uieH rpaaaiiHH BepHOCTH 

oflHHaxoBa h paBHa Pmin ,

y / x i =  Pmin, i *  j ,  i =  1, ...m , j  =  l,. ..m (5)

C  y n eT O M  ycjiO B H Ü  ( 2 )  -  ( 5 )  M a T p w u a  n e p e x O Â H b ix  B ep o a T H O C T e ñ  P i  p a 3 M e p H O C T b io  

(m x2m ) a n a  p a c c M a T p H B a e M o r o  x a H a n a  n p n M e T  b r u

^ r Pmax-' Pmax ' Pm ax^rPm in • Prnin - Pmin

PiriaxPm a x -PBr- •PmaxPrainPmin ■ ■ • PH r ■ • • Pmin

PmaxPmax ■ • • Pmax • • ■ ̂ r PminPmin • • ■ Pmin ■ Ą f

Pl = (6)

Pa3o6beM  MHoacecTBO Y  buxo rh ux  CHTHanOB Ha a sa  HenepeceKaiomHxca

| A  A  A  I f v  V  V

n oflM H oa< ecTB a Y i  h Y j  . Y j  =  | y j , . . . y j , . . . y m | ,  Y 2 =  | y 1 , . . . y j , . . . y m | .  3 th m  MHoa<ecTBaM

cooTB CTCTB yiO T M aTpH Ubi n e p e x o flH b ix  B epoaTH O CT eñ P3 h P4 p a 3 MepHOCTbK> ( m x m ) .

PBr Pmax • ■ ■ Pmax ■ ■ ■ Pmax 

P3 =  PmaxPmax Fßr- ■Pmax |> (7)

pmaxPmax - Pmax • ■ • _
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(8)

r io c K O JiL K y  B 3THX M a T p H p a x  K a x m a a  c T p o K a  aB JX seT ca nep ecT aH O B K O H  aaeM CHTOa 

j i k >6o h  / i p y r o i i  C T poK H , a  K axcpb iH  C TO JiÖ ep h b -t h c t c «  n epecT aH O B K O H  ajieM eH T O B  n io 6 o r o  

f l p y r o r o  c r o n ö u a ,  t o  p a c c M a T p H B a e M b iil  K a n a j i  » B J ia e T c a  CHM M eTpwHHbiM  [3 ].

r i p o n y c K H a a  c n o co Ô H O C T b  C  cH M M eT p iiH H o ro  K a H a n a  c b h 3 h  M oxceT  6 b iT b  n p e / tc T a B J ie n a  

B B H fle

rfle m ax H (Y ) - MaxcHManbHoe 3HaneHHe 3HTponHH BbixoflHbix CHTHanoB,

pa3biCKHBaeMOe no  bcûm B03M0)KHbiM pacnpeaeaenna.M  BepOHTHOCTeñ p (  x ) Ha mhoxsctbc 

X  BXOAHbix CHPHajiOB KaHaaa ; H (Y /X ) -  ycnoBHas SHTponH«, xapaKTepH3yiomaa xaHan

CBH3H.

OnpeflejiHM cocTaBnaiomHe cjsopMyjibi (9) a na paccMaTpHBaeMoro K a H an a . 

ycaoB H aa 3HTpOnHH

H (Y /X ) = - P bt log, P b t - P u r  log, P ht - (m-1) Pmax log, Pmax - (m -1) Pmin loga Pmin. (10) 

BBeAH o6o3Ha'icHH«

(9)

{p (x)}

n = P ßr/P m ax , 

k = PH r/Pm in,

4>opMyjiy ( 10) M05KH0 npeacTaBHTb b Buße

H (Y /X ) = - Pmax logjn" - Pmin loga k* - (m +n-1) Pm ax log,Pm ax - 

- (k+m-1) Pmin log, Pmin.

3 H x p o n H H  B b ix o A H o ro  C H T H ana

(13;

(H )

( 12)
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C yneTOM ycnoBHH (2 ) -  (5 ), (11)  u (12) ypaBHeHHfl (15) h (16) mojkho npe/xcTaBHTb b

BH«e

Yj I ~  Pmax l (  P (x i )  +  n p ( x j ) )
i= l
.‘*j

P yj = p, Z ( p ( x i) +  kp(xj))

(17)

(18)

riocKonbKy b CHMMeTpHHHOM KaHajie 6e3 naMBTH riponycKHaa cnocoÓHOCTb Kauana 

aocTHraeTca np n  paBHOMepHOM pacnpeaejieHHH BepoaTHOCTeñ e ro  bxoahm x  cn m a jio B  [3], 

to b paccMaTpHBaeMOM cnyn ae

p (xj) = l/m .

T o ra a

yjV y

m +  n - 1 .

m

m +  k - 1,

m

(19)

(20) 

(21)

H('Y) = - ( m  +  n -  l ) ? ^  loga E ± i L _ i  _  (m  + n -  loga P ^
m

-  ( m +  k -  lJPmia loga m 1 -  ( m +  k -  l)Pmin loga Pn
m

rioACTaBHB (1 3 ) h (2 2 ) b (9 ) nonyHHM

«n
C — Pmax ^°8a . \  m+n-

1 n - l  1, + _ J

_1 "*■ ^inin lo g a
k k

1 +
k - 1

m + k -l '

(22)

(23)

m /  k m

IIojiyHeHHaH cjiopMyna no3BOnseT oripe/iejiuTŁ, nponycK Hyio cn o co 6 n o cT b  ÆHCKperHoro 

CHMMerpHHHoro KaHajia c jxByMsi rpaxtaunsiMH BepHOCTH. B Heñ m  -  ocHOBaHHe aji^asH Ta, 

Pm ax h P m in  -  BepoaTHOcra om nöoH H oro npneM a, npH KOTopoM npHHHTOMy CHMBOJiy 

öyayT npHCBoeHbi coOTBeTCTBeHHO Bbicinaa h HH3inaa rpaflapna BepHOCTH, n -  

KoatpipHUHeHT, noKa3biBaiomHH b o  CKOJibKO pa3 BepoHTHOcTb npaBHjibHoro npneM a c 

ripucBoenHeM Bbicm eß rpauau m t BepHOCTH npeBbiiuaeT 3HaneHHe P m ax, k  -  K03(j)4)H~ 

UweHT, noxa3biBaiom HH b o  CKOJibKO pa3 BepoaTHOCTb npaBHjibHoro npueM a c 

npHCBoeHHeM HH3uiefi rp a n a m m  BepHOCTH npeBbiiuaeT BepoaTHOCTb Pmin.
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Pe3M3Me

B CHCTeMax nepeflam t ,naHHbix c  p eu ia iom eił o6paT H oił CBS3bio h nociiMBOJibHbiM 

nep ecn p ocoM  HaxoflHT npHMeHeHHe npneM c flByMa rpaflaunaMM BepHOCTH. IlpH  anam ne  

t 3khx CHCTeM Heo6xoflHM a oitem ca nponycKHOii cnoco6HOCTH KaHajioB, o6ecneHHBaiomHX 

TaKoił npHeM. rioKa3aHO, hto nponycK Hyio cn oco S n o cT b  .HHCKperHoro CHMMeTpnHHoro 

KaHana 6e3 naMaTH c .pByMa rpaaauHaMH BepHOCTH mobcho onpeflejiHTb no (jjopMyjie

r.ne m  -  ocHOBaHne ancjjaBHTa, P m ax  u P m in  -  BepoaTHOCTH ouiHGoHHoro npHeMa, npw 

k o to p o m  npHHaTOMy CHMBony 6yayT  npHCBoeHbi cooTBeTCTBeHHO Bbicm aa h HH3uiaa 

rp a fla u n a  BepnocTH, n  -  K03<j)(})HUHeHT, noKa3biBaioinHH bo CKOJibKO pa3 BepoaTHOCTb 

npaBHJibHoro npHeMa c  npHCBoeHHeM Bbicuieił r p a ja u n n  BepHOCTH npeBbiuiaeT 3HaneHHe 

P m ax, k - Koa^^HuweHT, noxa3biBaiomHH b o  CKOJibKO pa3 BepoaTHOCTb npaBHJibHoro 

npHeMa c npHCBoeHHeM HH3uieił rpaaauHH BepHOCTH npeBbimaeT BepoaTHOCTb Pmin.
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