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xvevadi kodebis dekodirebis modificirebuli  

stek-algoriTmi waSlebiT  

Teimuraz mTvralaSvili 
saqarTvelos teqnikuri universiteti 

reziume  

ganxilulia xvevadi kodebis mimdevrobiTi dekodirebis modificirebuli stek-algoriTmi 
waSlebiT da misTvis damaxasiaTebeli Tvisebebi. naCvenebia Secdomisa da waSlis 

albaTobaTa gacvliTi Tanafardobebi. miRebulia araswori dekodirebis albaTobis zeda zRvari 
umexsierebo simetriuli arxebisaTvis. damtkicebulia, rom SemoTavazebuli algoriTmis 
meSveobiT SeiZleba Secdomis an waSlis albaTobis eqsponentis maCveneblis raime fiqsirebuli 

T sididiT Semcirebisas, gavzardoT Secdomis albaTobis eqsponentis maCvenebeli imave T 
sididiT. miRebuli Sedegis safuZvelze dadgenilia, rom Cveulebriv stek-algoriTmTan  
SedarebiT modificirebuli stek-algoriTmis meSveobiT SeiZleba mivaRwioT Secdomis albaTobis 

eqsponentis maCveneblis orjerad zrdas gadacemis nebismieri siCqarisaTvis (0-dan 
gamtarunarianobamde), maSin roca dekodirebaze uaris albaToba rCeba igive sididis.  

sakvanZo sityvebi: xvevadi kodi. stek-algoriTmi. dekodireba. Secdomis da/an waSlis 

albaToba. 
1. Sesavali 

 cnobilia, rom xvevadi kodebis aRwera SesaZlebelia gisosiseburi diagramiT (gisosiT). 

Tu q–obiTi xvevadi kodis siCqarea r=k/n, xolo ν–kodis mexsiereba, maSin t (t≥ν-1) drois 
momentSi gisosi Seicavs qk(ν-1) kvanZs. TiToeuli maTgani calsaxad Seesabameba makodirebeli 
registris mdgomareobas. TiToeul kvanZSi Sedis da misgan gamodis qk Sto. amasTan, TiToeul 

StosTan Sepirispirebulia n sigrZis (simboloebisagan Semdgari) q-obiTi mimdevroba. kodireba 
niSnavs gisosze romelime gzis amorCevas, xolo dekodireba niSnavs im gzis gansazRvras, 
romelic amorCeuli iyo kodirebis dros. Tu dekoderi sworad axdens miRebuli mimdevrobis 
dekodirebas, maSin CavTvaloT, rom dekoderi irCevs swor gzas. winaaRmdeg SemTxvevaSi is 

gadava araswor gzaze. yvela araswori gza qmnis araswor gzaTa simravles, romelic aRvniSnoT 
S-iT. (araswor gzaTa simravle St Sedgeba yvela im araswori gzisgan, romlebic iwyeba drois t 
momentSi). orobiTi (q=2) xvevadi kodis magaliTi da misi Sesabamisi gisosi naCvenebia 1-el 

naxazze.  
orobiTi mimdevroba Stoze 

warmoiqmneba im simboloebiT, romlebic 

Cndeba koderis 1 da 2 gamosasvlelebze. 
am magaliTSi gisosis Stoebze 
mimdevrobebi Cndeba droSi ucvleli 

wrfivi sqemiT (sqema Sedgeba amjamavebisa 
da Di dayovnebis elementebisagan).  

mocemul naSromSi ganxilulia 

xvevadi kodebis klasi droSi cvalebadi 
sqemiT. 

cnobilia xvevadi kodebis 

dekodirebis ramdenime meTodi. Cven 
ganvixilavT xvevadi kodebis mimdevro-
biTi dekodirebis modificirebul 

ganzogadebul stek-algoriTms [1-5] 
waSlebiT. Tavdapirvelad mokled 
mimovixiloT dekodirebis optimaluri 

sqemebi waSlebiT. Teoriidan cnobilia [6], rom blokuri kodebis dekodirebisas waSliT 
optimaluria iseTi kriteriumi, roca Z sityvis miRebisas dekodirebis Sedegad gaicema iseTi 
Y0 sityva, romlisTvisac sruldeba piroba: 
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sadac N koduri sityvis sigrZea, xolo T raime zRurbli. 

 Tu gaviTvaliswinebT, rom albaTobis mniSvnelobiT meore adgilze myofi Y1 sityvis 
albaToba P(Z, Y1) Cveulebriv ufro metia, vidre danarCen sityvaTa albaTobebi, garda yvelaze 
metad albaTuri Y0 sityvis albaTobisa, maSin kriteriumi – iseTi Y0 sityvis gacema, 

romlisTvisac 
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warmoadgens sqemisaTvis waSlebiT (1) formuliT mocemuli kriteriumis karg aproqsimacias da 
ewodeba suboptimaluri kriteriumi [6]. 
 SemdgomSi SevizRudebiT umexsierebo q-obiTi simetriuli arxis ganxilviT. 

warmovadginoT (2) gamosaxuleba Semdegi eqvivalenturi formiT: 
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Γ1(Y0) da Γ1(Y1) gansazRvravs simboloebis jamur metrikas, Sesabamisad pirveli yvelaze 

ufro metad albaTuri da pirvelis Semdeg meore - yvelaze ufro albaTuri koduri 

sityvebisaTvis. Tu gaviTvaliswinebT, rom xvevad kodebSi koduri sityvis sigrZis analogs 
warmoadgens koduri SezRudvis sigrZe – NA= νn, maSin (3)-Si N SeiZleba SevcvaloT νn-iT. 
amgvarad gveqneba: 

Γ Υ Γ Υ( ) ( ) ,0 1− ≥ nvT   

sadac Γ(Y0) da Γ(Y1) am SemTxvevaSi warmoadgens kodur gisosze yvelaze metad albaTuri 

gzebis jamur metrikebs. 

 ganvsazRvroT jamuri metrikebi. TiToeul simbolosTan davakavSiroT metrika lnPjχ, 

sadac Pjχ= P(j/χ) aris Sesasvleli χ simbolos gamosasvlel j simboloSi gadasvlis pirobiTi 

albaToba. ganvsazRvroT `metrika danamati” rogorc [3] 

m
P
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rj
j

j
χ

χ= −ln 0
                              (4) 

sadac ∑=
χ

χχ jj PPq aris xvevadi kodebis ansamblis mixedviT gamosasvleli j simbolos 

saSualo albaToba, xolo r0-s uwodeben wanacvlebas. amgvarad, Cveni mizania (4) gamosaxulebis 

saSualebiT gisosze maqsimaluri jamuri metrikis mqone gzis moZebna. SevniSnoT, rom nebismieri 

r0 ≤ c, (c –arxis gamtarunarianobaa) SeiZleba ganxilul iqnas rogorc wanacvleba. amave dros, 
rogorc gamokvlevebi gviCveneben [3-4], r0 –is optimaluri amorCeva axdens dekodirebis siZnelis 

minimizacias xvevadi kodebis mimdevrobiT dekoderebSi.  

2. mimdevrobiTi dekodirebis modificirebuli algoriTmi 

 algoriTmi TiToeul bijze inaxavs steks, romelic Seicavs W=Y(w) arasrul gzas. es 

gzebi Y(w) dalagebulia TavTavianTi jamuri metrikebis mixedviT. 
 dasawyisi: W=1, Y(1) aris gza nulovani sigrZiT (sawyisi kvanZi).  
 rekursia: stekSi arsebuli D saukeTeso (metrikis TvalsazrisiT) gzis TiToeuli M=qk 

gagrZelebisaTvis (gafarToebisaTvis) gamovTvaloT jamuri metrikebi (aRvniSnoT, rom D ricxvi 
SeiZleba Seicvalos rekursiis TiToeul bijze). Tu nebismieri gza, romelic miRebulia 
gafarToebis Sedegad, erwymis stekSi myof gzas, maSin Semowmdes aWarbebs Tu ara Serwymis 

wertilSi yvelaze ufro metad albaTuri (sarwmuno) gzis jamuri metrika meore yvelaze 

ufro metad albaTuri gzis jamur metrikas nνT sididiT; Tu es ar xdeba, yvelaze ufro metad 
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sarwmuno gzis meore yvelaze sarwmuno gzasTan ganSlisa (daSorebis) da Serwmyis wertilebSi 

davsvaT erTnairi Wdeebi (niSnebi). gadavalagoT gzebi TavTavianTi jamuri metrikebis 
Sesabamisad. Tu saukeTeso gza mdebareobs bolo kvanZebze, algoriTmi dasrulebulia. 
winaaRmdeg SemTxvevaSi algoriTmis muSaoba grZeldeba. 

 dasasruli: Tu amorCeuli saukeTeso gza Seicavs erTnair Wdeebs, maSin aseT Wdeebs 
Soris mdebare yvela simbolo waiSleba. amorCeuli koduri mimdevrobis Sesabamisi 
sainformacio mimdevroba waSlili ubnebiT miewodeba mimRebs. 

 ganvixiloT SemoTavazebuli algoriTmis zogierTi Tviseba. davuSvaT Y da Y/ ori gza 
iSleba (gamodis erTi saerTo kvanZidan) da isev erTdeba kodur gisosze. davuSvaT, rom 

minimaluri jamuri metrika Y gzaze saerTo kvanZis Semdeg aWarbebs jamur Γ(Y/) metrikas 

aranakleb nνT sididiT Y-is Y/-Tan Serwymis wertilSi. maSin cxadia, rom algoriTmi-1 

arasodes gaafarToebs Y/-s Y-Tan Serwymis Semdeg da Y/ ver SeZlebs dasvas Tavisi Wde 

algoriTmiT amorCeul gzaze. es gamomdinareobs iqidan, rom Y/ –is Serwymisas Y–Tan stekSi 
yovelTvis moiZebneba gza, romelsac eqneba jamuri metrika nνT sididiT ufro meti, vidre 
Γ(Y/). aseTi gza SeiZleba iyos Y–Tan Serwymuli gza, romelsac aqvs jamuri metrika meti 
vidre Y gzas, an romelime sxva gza, romelsac aseve gaaCnia Y gzaze meti jamuri metrika.  
 aRvniSnoT yt–iT swori gza t momentisaTvis da Sesabamisad Γ(yt) misi jamuri metrika t 
momentSi, xolo γ(t)–iT siRrme swor gzaze Γ(yt)–dan yvelaze mcire jamur metrikamde t 
momentis Semdeg. 

γ
τ τt t t

= −
≥

Γ Υ Γ Υ( ) min ( )    

 davuSvaT, rom algoriTmi 1-is rekursiis TiToeul bijze Cven SesaZlebloba gvaqvs 

ganvsazRvroT iseTi gasagrZelebeli gzebis D ricxvi stekSi, romlebic  aucileblad Seicavs 
swor gzas an masTan Serwymul araswor gzas, da am ukanasknels gaaCnia meti jamuri metrika, 
vidre swor gzas. amgvarad dekodirebis TiToeul bijze Cven aucileblad vagrZelebT 

(vafarTovebT) swor gzas an ukidures SemTxvevaSi masTan Serwymul araswor gzas. 

3. Secdomisa da waSlis albaTobebis gacvliTi Tanafardobebi 

 ganvsazRvroT protoSecdoma (t-momentisaTvis) rogorc xdomileba, romlis drosac 

raime Y/ gzas St araswor gzaTa qvesimravleSi aqvs Γ(Y/) jamuri metrika swor gzasTan 

Serwymis wertilSi da Γ(Y/) aWarbebs minimalur jamur metrikas swor gzaze t momentis Semdeg 
nνT an meti sididiT. algoriTmi 1-dan Cans, rom Y/ arasodes  ganixileba Wdis gareSe Y-Tan 
Serwymis Semdeg Tu ar sruldeba piroba 

Γ Υ Γ Υ Γ Υ Γ Υ( ) min ( ) ( ) ( )/ /≥ + ⇒ ≥ − +
≥τ τ γ

t t tnvT nvT   (5) 

da amitom Secdoma ar SeiZleba gaCndes protoSecdomis gareSe (sawinaaRmdego mtkiceba, ra Tqma 
unda arasworia). 

 analogiurad ganvsazRvroT protoSecdoma/waSla, rogorc xdomileba romlis drosac 
raime Y/ St -Tvis swor gzasTan Serwymis wertilSi adgili aqvs Tanafardobas: 

min ( ) ( ) ( ) ( )/ /

τ τ τγ
≥

≤ + ⇒ ≥ − −
t tnvT nvTΓ Υ Γ Υ Γ Υ Γ Υ   (6) 

 wina SemTxvevis analogiurad Secdomas an waSlas adgili ar eqneba proto-
Secdomis/waSlis gareSe. 

 aRniSvnebis gamartivebis mizniT davuSvaT, rom Γ(Yt) metrika sawyis kvanZSi toli iyo 
nulis da sawyisi droc t=0. maSin (5) da (6) gamosaxulebebs eqneba Semdegi saxe: 

Γ Υ Γ Υ( ) ( )/ /≥ − + ⇒ + − ≥γ γ0 0 0nvT nvT                  (7) 

Γ Υ Γ Υ( ) ( )/ /≥ − − ⇒ + + ≥γ γ0 0 0nvT nvT                  (8) 

unda aRiniSnos, rom (7) da (8) gamosaxulebebi warmoadgens, Sesabamisad aucilebel, 
magram arasakmaris pirobebs Secdomis da Secdomis an waSlis warmoSobisaTvis. miuxedavad 
amisa, maTi daxmarebiT SesaZlebelia am xdomilebaTa albaTobebis zeda sazRvrebis povna. 
 ganvixiloT pirveli SemTxveva. Secdomas SeiZleba adgili hqondes, Tu   

Γ Υ( )/
τ γ+ − ≥0 0nvT    
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sadac Y/
τ -aris S0 simravlidan romelime SesaZlo araswori gza, Serwymuli swor gzasTan. 

ganvsazRvroT C0τ  yvela im gzaTa qvesimravle S0 simravlidan, romlebic erwymis swor gzas τ 
drois momentSi. maSin Secdomis (ξ xdomilebis) albaToba, iudkinis sazRvris mixedviT [3,4], 
SeiZleba SeizRudos zemodan Semdegi gamosaxulebiT: 

])([)()( ραραξ TrEnvrnvEnvT cc KeKeep +−−− =≤         (9)    
])([)()( ραραξ TrEnvrnvEnvT cc KeKeeXp −−− =≤U               (10)  

sadac K konstanta ar aris damokidebuli ν–ze, xolo 
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E0(ρ) galageris funqciaa, rc=E0(1) -gamoTvliTi siCqare, c gamtarunarianoba, xolo ε/>0.  
 analogiuri sazRvrebis misaRebad 0<r<rc siCqareebis diapazonSi, saWiroa viterbi da 
odenvaldenis [7] mier SemoTavazebuli meTodis gamoyeneba, sadac dekodireba warmoebs viterbis 
algoriTmiT. am meTodiT SesaZlebelia xvevadi kodebis araswori dekodirebis albaTobis 

eqsponentis zeda sazRvris miReba (sazRvrebi amogdebebiT), viterbis algoriTmisaTvis Semdeg 
jelinekis [8] mier es meTodi ganzogadebuli iqna mimdevrobiTi dekodirebis 
algoriTmisaTvisac. SevniSnoT, rom Cven SemovifarglebiT umexsierebo, simetriuli arxebiT, 

radganac wrfivi kodebis (xvevadi kodebi wrfivia) koduri kombinaciebis gadacemisas aseTi 
arxebiT, rogorc Secdomis albaToba, aseve Secdomis an waSlis albaToba erTidaigivea yvela 
gadacemuli mimdevrobisaTvis [4]. 

SegviZlia davaskvnaT, rom umexsierebo simetriuli arxebisaTvis arsebobs xvevadi kodi, 
romlisTvisac Secdomis albaToba da Secdomis an waSlis albaToba SemosazRvrulia zemodan 
Semdegi gamosaxulebebiT: 

[ ]TrexEnvnvTrexnvE cc eKeeKp ααξ +−−− =≤ )(
1

)(
1)(                (11) 

[ ]TrexEnvnvTrexnvE cc eKeeKXp ααξ +−− =≤ )(
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sadac K1–aris konstanta, romelic damokidebuli ar aris ν–ze, 
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aris galageris funqcia kodebis ansamblisaTvis amogdebiT. zemoT aRniSnulidan gamomdinare, 
miRebuli Sedegi SeiZleba CamovayaliboT Teoremis saxiT: 
 Teorema. modificirebuli stek-algoriTmiT xvevadi kodebis dekodirebisas Secdomis an 

waSlis albaTobis eqsponentis T sididiT SemcirebiT SeiZleba mivaRwioT Secdomis albaTobis 
eqsponentis imave sididiT gazrdas. waSlebiT dekodirebis am Tvisebas uwodeben Secdomisa da 
waSlis albaTobebis ekvivalenturi gacvlis Tvisebas.  

 rogorc cnobilia [3,4], stek-algoriTmiT xvevadi kodebis dekodirebisas erT-erTi 
ZiriTadi albaTuri maxasiaTebelia buferis gadavsebis albaToba, romlisTvisac zeda sazRvari 
daaxloebiT tolia: 

{ }
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≤≤Φ
≈

−

−

c
rr
c

rrL
rrL

P
0,)(

,)(
/

max

max

c
cρ

gadavseba stekis StoTa sigrZis L gisosSi   (13) 
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sadac ρ   igive parametria, rac (9) gamosaxulebaSi, xolo )( maxΦL –Stoze maqsimalurad 

dasaSvebi operaciebis ricxvi. 

 meore mxriv, radganac stek-algoriTmiT xvevadi kodebis dekodirebisas Secdomis 

albaToba koduri SezRudvis sigrZis (ν) gazrdiT eqsponencialurad mcirdeba, xolo 

dekodirebis sigrZe araa damokidebuli ν–ze [3,4], amitom ν–s gazrdiT Cven SegviZlia Secdomis 

albaToba buferis gadavsebis albaTobasTan SedarebT gavxadoT umniSvnelo da Sedegad Secdomis 

albaToba SevcvaloT buferis gadavsebis albaTobiT. magram, rogorc naCvenebia [4]-Si ν–s 
Zalian didad gazrda praqtikulad SeuZlebelia da amave dros arasasurvelic. ufro metic, 

aqamde cnobili kargi algebruli kodebisaTvis (mag., iustesenis kodebi [9,10] ) ν warmoadgens 
SezRudul sidides. maSasadame am da sxva xvevadi kodebis stek-algoriTmiT dekodirebisas Cven 
angariSi unda gavuwioT rogorc buferis gadavsebas, aseve dekodirebis Cveulebriv Secdomas. 

 radganac Cvens mier SemoTavazebul algoriTmSi buferis gadavseba iwvevs igive Sedegebs, 
rasac waSla, amitom Cven SegviZlia Secdomis an waSlis albaToba SemovsazRvroT zemodan 
buferis gadavsebis albaTobiT da vipovoT zRurblis iseTi zeda sazRvari, romlisTvisac 

buferis gadavsebis albaToba jer kidev aWarbebs Secdomis an waSlis albaTobas. e.i. Tu 

P(ξ⋃X)<P {buferis gadavseba}, maSin rogorc gamomdinareobs (10) da (13) gamosaxulebebidan 

T nvE r L p D
nvp

r Tc<
+ −

= ⋅ + =
( ) ln ln ( )

α α
ο

1 1 1             

Tu amovirCevT T=T1-ε1, sadac ε1>0, maSin Secdomis albaTobisaTvis (9) gamosaxulebaSi 
miviRebT: 
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analogiurad, 0
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ε / /  siCqareebisaTvis Tu gamoviyenebT (12) da (13) 

gamosaxulebebs da gaviTvaliswinebT, rom rc/r<ρ [4] miviRebT sazRvars T–Tvis: 
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Tu amovirCevT T=T2-ε2, sadac ε2>0, Secdomis albaTobisaTvis (11) gamosaxulebidan miviRebT: 
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aqedan gamomdinare, roca ε1→ε2→ε/→ε//→0, gadacemis siCqaris 0<r<c nebismieri 

mniSvnelobisaTvis, Secdomis eqsponenta da maCvenebeli TiTqmis orjer izrdeba vidre 
Cveulebrivi stek-algoriTmis gamoyenebis dros, maSin, roca dekodirebaze uaris Tqmis Sedegad 
waSlis  albaToba (rac dakavSirebulia stekis gadavsebasTan) igive mniSvnelobis rCeba. 

 da bolos, gavixsenoT – Cven pirobiTad davuSviT, rom algoriTmis yovel bijze swori 
an masTan Serwymuli araswori gza aucileblad gafarTovdeba.   
 [3] naSromis Sedegebidan gamomdinareobs: albaToba imisa, rom swori gzis (an swor 

gzasTan Serwymul araswor gzas, romelsac aqvs ufro didi metrika) metrika β sididiT 
naklebia, vidre stekis pirvel poziciaze moTavsebuli gzis metrika - eqsponencialurad 
mcirdeba β sididis zrdasTan erTad. maSasadame, dekodirebis TiToeul bijze D–s (gzaTa 

ricxvi, romlebic unda gafarTovdes) saTanado arCeviT albaToba imisa, rom maT Soris ar 
iqneba swori gza SeiZleba iqnes ugulebelyofili P(ξ)–Tan SedarebiT. amasTan 
gasaTvaliswinebelia is faqti, rom D–sididis mniSvnelovnad gazrdam SeiZleba gamoiwvios 

dekodirebis proceduris garTuleba. 
4. daskvna 

 zemoTqmulidan gamomdinare vfiqrobT, rom Cvens mier SemoTavazebuli xvevadi kodis 

dekodirebis modificirebuli stek-algoriTmi efeqturad imuSavebs kavSirgabmulobis `karg~ 
arxebSi. magaliTisaTvis, kodirebis kaskadur sqemebSi [11], roca arxi winaswar gasufTavebulia 
Siga kodebiT, xolo gare kodebis saxiT gamoyenebulia xvevadi kodebi. 
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avtori madlobas uxdis prof. s. SavguliZes sakiTxis dasmis, naSromis detaluri 

garCevisa da sasargeblo rCevebisaTvis. 
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THE MODIFIED STACK-ALGORITHM OF DECODING FOR CONVOLUTIONAL  

CODES WITH  ERASURE 
Mtvralashvili Teimuraz 

Georgian Technical University  

Summary 

We consider the modified sequential decoding algorithm for convolution codes with erasures and 
show the properties of the new algorithm. The trade-off relations between error decoding and erasure 
decoding are obtained. The upper bound of incorrect decoding probability is obtained for discrete 
memoryless channels.  It is proved that by means of the proposed algorithm it is possible to decrease error or 
erasure exponent by some variable T and at the same time to increase the error exponent by the same 
variable T. On the basis of obtained results we show, that it is possible for any rate of transmission (between 
0 and channel capacity) to increase the error exponent twice while the probability of rejection of decoding 
remains the same value.  
   

МОДИФИЦИРОВАННЫЙ СТЕК-АЛГОРИТМ ДЕКОДИРОВАНИЯ  
СВЕРТОЧНЫХ КОДОВ СО СТИРАНИЯМИ 

Мтвралашвили Т. 
Грузинский Технический Университет 

Резюме 
Pассматривается модифицированный стек-алгоритм последовательного декодирования 

сверточных кодов со стираниями и характеризующие свойства предложенного алгоритма. Показаны 
обменные соотношения вероятностей ошибки и стирания. Получена верхняя граница неправильного 
декодирования для симметричного канала без памяти. Доказано, что с помощью использования 
предложенного алгоритма можно за счет уменьшения  показателя экспоненты вероятности ошибки 
или стирания на какую-то Т фиксированную величину получить увеличение показателя экспоненты 
вероятности ошибки на ту же величину Т.  На основе полученного результата установлено, что с 
помощью модифицированного стек-алгоритма можно добится почти двухразового увеличения 
показателя экспоненты вероятности ошибки для всех скоростей передачи (от 0 до пропускной 
способности канала) по сравнению с показателем экспоненты вероятности ошибки при 
использовании обычного стек-алгоритма, тогда как вероятность отказа от декодирования остается 
той же величиной. 


