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MOJUP®IKOBAHUM AJITOPUTM JEKOJIYBAHHS
BJIOKOBUX KOAIB TYPHO-AOBYTKIB

'BiHHUIbKHIT HAIOHABHII TeXHIYHUI YHIBEPCUTET

3abesneyeHHs HadiliHo2o nepedasaHHsi 0aHUX € HeBi0’EMHOK 8UMO20H 00 CyYyacHUX KOMYHiKauilHUX cuc-
mewm. [ 8UKOHaHHS uiel sUMoau MOXKHa sukopucmamu 3agadocmilikuli Kod mypbo-006ymok, 3damHull eche-
KmueHo rpayroeamu 3 HegesluKkuMU iHghopmauyitiHumu 6r10kaMu Ha 8UCOKUX KOOOBUX wWeudKocmsiX, ane suma-
ear4u 3Ha4YHUX obyucnoearnbHUX eumpam Ha emani 0ekodygaHHsI OaHUX, W0 MOXe 3HaYHO HasaHmaxxyeamu
cucmeMy 38’83Ky, 0CobIuBO 8 peXUMI peanbHO20 Yacy ma 3a yMoe 0OMexXeHUX pecypcie. Bapmo 3asHayumu,
wo anzopummu OekodysaHHs1 kodie mypbo-00bymkie cknadHO egheKmuBHO pearizyeamu Ha rpakmuyi. Hal-
nowupeHiwum € anzopumm OexkodyesaHHs [liHOalis—Yelisa, Axkuli 3acmocosye rnepebip mecmosux Kodosux
cnis, wWo cmasumse 3ag0aHHs 2robarsnbHOI QUCKpemHOI onmumizauli 3 eKCrIoHeHYialbHO cKnadHicmio. Baxinu-
80 basiaHcysamu Mix HaOliliHICMI KopuaysaHHSI NMOMUJIOK i egheKmuU8HUM 8UKOPUCMAaHHSIM 064YUC08arbHUX
pecypcis. Tomy y cmammi 3anpornoHoeaHo cybonmumarbHy mModudgbikauito ubo20 aszopummy OeKodyeaHHS,
sKa OcHoBaHa Ha espucmudyHil npouyedypi 2eHepauyii criucky UMoegipHUX KOG08UX Cig.

EgekmueHicmb pobomu modudpikayii nokasaHa y exkcriepumeHmax i3 3acmocy8aHHsIM KOMI FOmepHO20
iMimauitiHoeo modentosaHHs cucmemu rnepedasaHHs Uugposux GaHuUx, spaxosytoyu eunadkosi iHgpopmauyitiHi
nakemu ma myrnbmumeQilHi daHi. Y xo0i ekcriepuMeHmig npoaHaslizoeaHo Yacmomu 8UHUKHEHHS1 6imosux ma
CUMBOJTbHUX MOMUJIOK 3aJ1eXXHO 8i0 8IOHOWEHHS cugHas/wyM y KaHari 38'a3Ky. BusHavyeHo, wo modugbikosa-
HUU anzopumm He3Ha4yHo riepesaxkae cegili opuaiHanbHUl eapiaHm 3a eHep2emu4yHUM suapalwiem, i, 8paxosyro-
qu espucmuyHy npupody nepebopy Kodosux criig, Mae cknadHicmb MeHwy abo, 8 HalimMasolMogipHiuoMy
sunadKy, maky X, ik y 6azo8oe20 anzopummy. Cmamms Moxe 6ymu KOpUCHO Orsi IPOEKMy8asibHUKI8 KOMY-
HIKauitHUx cucmem, OCKifbKu Hadae MOXJ/ugicmb aHasidyeamu ma cuHmesysamu Oekodepu kodie mypbo-
0obymkie 0nsi 3aCmocy8aHHS y Pi3HUX rpakmu4yHuUx 3adadax.

Knrouyoei cnoea: nepedasaHHsi OaHux, 3aeadocmitikuli kod, 61okosutli ko0 mypbo-0o0bymokK, espucmuka,
0eKoOyB8aHHS, eKcriepuMeHmu.

Beryn

OmHUM 3 HAMTIEPCITEKTUBHIIINX Ta BATOMUX JIOCSATHEHD Y TEOPil 3aBaIOCTIKOTO KOTyBaHHS 32 OCTaH-
Hi POKH € Typ0O-KO/IH, SIKi PO3BHBAIOTHCS 3 IBOMA HAIPSIMKaMU — 3ropTKoBi Typ6o-komu [1], [2] i 610-
koBi koau TypOo-no0ytku (BKTH) [3], [4]. ¥ nHaykoBux poGorax [3]—[8] mokaszano, mo kimac BKT/]
e(eKTUBHO MpAIIO€ 3 HEBEJIMKUMHU KOZOBUMHM OJOKaMH Ha IyXK€ BHCOKHX KOJOBUX IIBHUAKOCTSIX, Mae€
BEJIMKY KOJIOBY BiJICTaHb, TIEpeBaKal0uy HU3KY 1HIIUX 3aBaJOCTIIKUX KOJIIB B yMOBaX CEpeAHbOTO PiBHS
HIyMy Y KaHaJli 3B’5I3Ky, TaKOX Y HUX MPAKTHYHO BiJICYTHIH «mopir HacudeHHs» [4]. Ane Taki Kooy ma-
I0Th OINBINY 3a 3rOPTKOBI TypOO-KOIU CKJIaaHicTh AekoayBanHs [9]. Ha mpakTuii 1X 3acTOCOBYIOThH y
POOOTI CYIIyTHHKOBUX MOJEMIB, O€3IPOTOBUX MEPEK, TBEPAOTIIBHIX Ta JKOPCTKHUX JUCKIB TomIO [5].

ITix yac poOOTH 3 MM KOJOM TIOCTAE aKTyallbHa 3a/iaua Horo e(heKTUBHOTO JICKOIyBaHHSI, a BiJIIOBIIHO
1 peamizauii 1i€l pecypcoMicTKOI mpomuenypu. 3arainoM icHyIOTh <«xkopctki» (Pemni—Pobincona, inBepcil
Oita) Ta «m'saki» (cruckosi: [linmaits—Yeiiza, Xaprmana—Hazaposa, ®anra—barraiina; Ha rpadax M. Tan-
Hepa — cyMa J00yTKiB, MiHIMyM cymHu; Ha npuHimnax J[x. Bonsha — mMakcumym anoctepiopHoi iMoBip-
HOCTI Ta Horo Jorapudmiuna ¢opma, aroput™ Bitep6i 3 M’sskum Buxogom) nexonepu bKT/ [4], [5].
TeopeTruHa OCHOBA, MATEMATUYHHI amapaT Ta iXHS CTpyKTypa HaBezeHi y mpansx [3], [6]—[8], [10].
ATnle HU3KY PO3TIITHYTUX TEOPETHYHUX AITOPUTMIB Jy’Ke CKIIAAHO peamidyBaty Ha mpaktuili amst BKT/,
BPaxOBYIOUH OCOOJIMBOCTI 0OpOOKHM JaHHUX Ta JOCSTHEHHS HUMH HEOOX1THHX ITOKa3HMKIB 3aBaI0CTIHKOCTI.
Huni BYeHi akIeHTYIOTh yBary Ha e(eKTUBHOMY aJrOpUTMI iTepaTHBHOTO aekomyBanHs [linmaiis—Yeiiza
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[3]—I[8], sxuit 3pyunuit s npakTUUHOT pearisailii, ae y Xoi nepedopy TeCTOBUX KOJOBHX CIIiB MOCTAE
3a7a4a rio0anbHOl JUCKPETHOT ONTUMI3AIil 3 EKCIIOHEHITIAIBHO0 CKIaaHicTio [4], [6].

ToMy akTyanbHOIO € HAyKOBO-TIpHUKJIAJHA 3a/1a4a, CyTh SKOI MOIArae B TOMY, 10 HEOOXigHO Moaudi-
KyBaTH aJqroput™ aekoxysanHs [linnaiis—Yeiiza, JOCATHYBIIN KOMIIPOMICY MiXK OOYHCITIOBAIBHOIO CKJIa-
THICTIO Ta €()EKTUBHICTIO JCKOMYBaHHS JTAHUX.

Memoio pobomu € po3poOka eBprCTHUHOI MoUdiKalii poro anroputmy aekoayBanHs BKT/I, oco6-
JMBICTIO AKOI € CKOPOUYEHHS CIMCKY KOJOBHX CIIiB, IIO JIO3BOJISIE€ 3MEHIIUTH €KCIIOHEHIialbHy CKIal-
HICTh 33/1a4i IeKOAyBaHHs 0e3 BTpaTh e()eKTUBHOCTI NiepeaBaHHs JAHUX Y CUCTEMI 3B’ S3KY.

Pe3yabTaTu TeOpeTHYHOIO J0CTiAKEHHS

Konosa crpykrypa BKT/l BuMarae BUKOPUCTaHHS 1IGHTHYHUX OJOKOBUX KOJIB. Buximui maHi 3amu-
cytoTbes B Oinapumit macuB C = (ci1, ..., Cin, ..., Cni, ..., Cnn), IKHH 9acTO Mae KBaIpaTHY (GOpPMY pO3Mi-
pOM NXN, aje y 3araJIbHOMY BHITaJIKy MOXHa c(hopMyBaTH IPSIMOKYTHHK 1, HaBiTh, 0araTOBUMIPHY CTpY-
ktypy (rinepkox) [11]. KomyBaHHS BHKOHYEThCS 3a psAKaMH Ta CTOBMYMKAMH 3 BHKOPHUCTaHHSIM
onokoBux koniB (Xemminra, boyza—Hoynxypi—-Xoksinrema a6o BUX, Pina—Conomona). Bigmosimgno
iTepaTHBHA NpPOLETypa ISKOAYBaHHS B IIbOMY BHIQJIKY € IBOCTAITHOIO — TOPH30HTAILHE Ta BEPTHKAIb-
HE JIEKO{yBaHHS IO BUKOHAHHS KPUTEPiro 3ynuHKH [12].

VY anroput™mi gekoayBanHs [linpaiis—Yeiiza a1 modyaTky 0OMIHHOTO MpoIecy HEOOXiAHO y OTpUMaHii
3anryMIIeHiM nmocnigoBHoCTI qaHuX R = (ry, ro, ..., rn) BUOpatyu t Mo3uILiH, sSKi MICTSTh HAWMEHII HaTIHHI
3a abCOJIFOTHUM 3HAYEHHSIM CHMBOJIH [}, Ta chopmyBatu MHOXUHY P = (P1, P2, ..., Pg). Hami motpidHO
3HaiTH BCi MOXKIHUBI 2' BEKTOPiB TIOMMIIOK /I BiAMOBITHUX 10 CUMBOJIB 3 MHOxkuHHU P 6itiB [5], [13].
3po3ymino, mo 3i 301IbIIEHHSIM 3HAa4eHHS t KibKICTh 0OYHCIIeHb y AeKojaepi pi3ko 3pocTae. Tomy 3a-
MICTB X 1iii y mpoueaypi J1. Ueiiza [13] 3anpomoHoBaHO €BPUCTHYHMIA T IXiI.

VY moaudikamii BpaxoBy€eThCS, 1[0 HMOBIPHICTD Pj TOSBH 61HapH0ro CHMBOJIY Cj JUISl M-TO KOHKYPCHT-
HOTO KOJIOBOTO CJIOBA B TayCiBCBKOMY KaHAIN 3 HCIEPCIi€lo IIyMy G> 3aleXuTh Bil HamiitocTi rj. Mmo-
BIpPHICTb TOTO, 110 MPUAHATHI OiHAPHHUI CHMBOII Vi MICIIsl )KOPCTKOTO KBaHTYBaHHs OyJie iHTepIpeToBa-
HU K 1, Ko icTuHHMi Oit Cjj = 1, 3amucyrots y Takomy Burisiai [10], [11]:

1

pj:p(rj|cij=1): SRR 1
1+exp| ——*

c

Tomi 11 KOKHOTO CUMBOJY 13 MHOKMHH R MO’KHa 3a1aTu eBpUCTUYHY (PopMyITy

0,p; <0,5-¢,
Prew i = 1 p;205+¢, 2
1 .
————— , iHaKuIe,
1+ exp(—y-rj)
ne €€ (0;0,5 — moporose 3HaYECHHS, 3MEHIIECHHS SIKOTO 3aro0irae iHBEPTYBaHHIO HAWMEHII HaIiHHUX

0iTiB, TOI 5K 301IbIICHHS 3aXHUIIA€ TUTBKK HallHaMiKHIII OiTH; Y >0 — MO3UTHBHA KOHCTAHTA.

Jani motpiOHO 3reHepyBaTH T TECTOBUX BEKTOPIiB KOJMOBHX CIiB (HE3aJEXKHO BiJl TOTO, € BOHU yHiKa-
JbHUMH a00 Hi, aJieé TIOBTOPIOBaHI Ia0JIOHW BapTO BHIOAIUTH IICJIS 3aBEPILICHHS NPOLEAYPH) 32 TaKUM
IMOBIpHICHUM BHPa30OM:

0,rand; > .
yj _ j pneW_J (3)

1, inakuue,

ne rand; — He3asnexHe JificHe BUMAJAKOBE YUCIIO, PIBHOMIPHO po3nojiieHe Ha intepsani [0; 1].
3po3ymiJio, 10 3a paxyHOK €BPHCTHKH 3 BUpasiB (1)—(3) 3HAYHO MPHUCKOPIOETHCS Tepedip KOTOBUX
ciiB y nporueaypi 1. Yeiiza, TOOTO CKIIAAHICTh 3alIPOIIOHOBAHOTO aITOPUTMY OyJe HE OLIBIION (MEHIIIOH
a0, B HaliMaNOWMOBIPHIIIOMY BHIAJKY, TAaKOIO JK) 3a CKIaaHicTe 0azoBoro anroputMmy [linnmaiis—Yeiiza
[9]. SAkmo T— o0, TO OyAyTH 3reHEpOBaHi BCi MOKIIMBI KOJOBI CJIOBA, TOOTO Taka €BPUCTHKA TEOPETHY-
HO JI03BOJISIE ACUMIITOTUYHO HAOJIM3UTHUCH JI0 AITOPUTMY MaKCUMAaIbHOI IPaBAOIOAIOHOCTI.
[Tomanbimi KPOKHM HE BiJIPI3HAIOTHCS Bil KIIACHYHOTO BapiaHTy. Temep moTpiOHO JeKoxyBaTH OTpUMaHi
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KO,Z[OBi CJIOBA 3a AOIMMOMOI'OK0 KOPCTKOI'0 ACKOACPA Ta OTPUMATH MHOXHWHY KOHKYPECHTHHX KOAOBUX CIIiB

Z=(n, 22, ..., 21). Jnsa mekomoBaHMX MTOCIiIOBHOCTEN pO3paxoBYEThCS M sKa ITiHiiHa MeTpuka [5], [14]:
n
Mm :Zj=lrj (1—2y”) (4)
Po3B’s13k0M € HalliMOBIpHIIIe KOJJOBE CIOBO Zmin, TOOTO:
Mzmin{Mm,mzl,_I}. (5)

Jnst koxkHOro Oita dj B OTpHMaHil MOCTIIOBHOCTI Zmin PO3PAaXOBYEThCS HAIMHICTE CUMBOITY 3a (op-
myioro P. Iinmaits [3], [7]

%(min{Mj,yij * ymin,j}_ I\/Imin)(zymin,j _1)1 yij = ymin,j’

Aj= (6)
B(Zymin,j —1), 1HaKIe,
ne p=[0,2;0,4;0,6;0,8;1,0; 1,0;1,0; 1,0;...] — 3amammii uncnosuii macus [3], [7].
3acTOCYBABIIM EIEMEHTAPHUI IEKOep 3a 3HAKOM, MOYKHA 3HANTH iHGOPMAIiiHY MOCITiIOBHICTh:
1A i> 0,
C lj = X (7)
0, inakure.
3HaveHHs 30BHIIIHBOI iHpopMmartii E 3 nekomepa s koxHOro 6iTa dj po3paxoByeThCs 32 BUPA30M
[Tepexin mo (I + 1)-1 itepauii (oHOBICHHS iHpOpMaIlii) BiZOyBa€eThCs 3 BAKOPUCTAHHSAM PIBHSIHHS
1+ _ () (141) (n

ne a.=[0,0;0,2;0,3;0,5;0,7; 0,9;1,0; 1,0;...] — MacuB MHO>XHUKIB JIJIs1 3MEHIIICHHS BIUTHBY 30BHIIIHBOT
indopmauii 3 nexoxepa [3], [7].

ANTOpUTM MOBTOPIOETHCSA JUIA BCIX PSAJKIB, JAaji NOTPiOHO BUKOHATH JIEKOTyBaHHS CTOBIIIIB, BUKOPH-
CTaBIIM MHOXWHY 3HaueHb HamIAHOCTI O = (A1, ..., Ain, -.ey Anly ..., Ann), OTPUMAHY TICIIS ICKOYBAHHS
psaakiB. Takuil anropuT™M 3acTOCOBYETHCS IS BCi€l KOMOBOI CTPYKTypH BpomoBxk N iTepariii gexosy-
BaHHA. 3aKiHYECHHS MPOIeCy BiIOYBAETHCS 13 3aCTOCYBAHHSM 33/IaHOTO KPHUTEPil0 3yMHHKU (KUTBKICTb
iTepaliii, crabimiarist 004UCICHB, Yac pOOOTH).

ExcnepuMeHTajibHe XOCTiIKEHHSA

Jns TectyBaHHSI eeKTHBHOCTI MoaudiKalii 3aCTOCOBAaHO iMiTallilfHE MOJAETIOBAHHS CHCTEMH IIepe-
nmaBaHHS naHux [15]. [Tapamerpu ekciepuMeEHTIB: TeHepaTop MCEBAOBUIAJAKOBHUX TOCTIIOBHOCTEH CHM-
BOJIB; KOJ| Typ60-100yToK (N, K)? i3 KBaZpaTHOI KOMOBOIO CTPYKTYpOIO po3Mipom Nxn (N komoBux Ta K
iHpOopMaLitHUX cHMBOIIIB); 2-komrioHeHTHI BUX-konepu 3 mapamerpamu (127, 106), (127, 64), nekoxep
Bepnekemma—Mecci; 6a3zoBuii i MogudikoBanuii anroputmu [lingaiis—Yeiiza; KUTbKIiCTh iTepalliii AEKOIy-
BanHs N = 10; aBiiikoBa (ha3oBa MaHIMyJIAIIs; KaHAT 3 AUTUBHUM OLTUM rayCiBCHKUM IITyMOM; TIOKa3HHK
curnan/mym Ep/No = {4,0; 4,5; 5,0} ab; xpurepii 3axin-

YeHHS — 4ac (10 3 roJWH Ha KPOK) 1 KiIBKICTH TOIIKO- Crarncruia npouecy nepeAaBanus JaHux

JUKEHUX KanpiB (He MeHmie = 15). BusnaueHo, 1110 xopo- - BasoBwuii anroput™ | Monuikauis
mi  pe3yabTaTd MOXKHA OTpHUMATH, 3amaBmid it | Eu/No FER Aav FER Aav
moanikoBaHoro amroput™my mapamerpun € =0,435, 40 [8,431-10%| 512 |6,856:10%| 434
v=5,875, t=1000. Ouinkamu eQpEeKTUBHOCTI BHOPaHO 45 [1,862:10*| 256 |[1,016:10*| 232
4acTOTY BUHHUKHEHHs NOMMIOK y makerax panux (FER) i 50 |2.86510°| 128 |2432:10°] 105
KUTBKICTh JICKOJyBaHb 3a anroputMom beprekemma— (127, 64)?

Mecci (Aay) [5], [11]. Jns mMoaudikoBaHOTO anroputMy 40 [8,041-10*| 1024 |5,123:10*| 957
3HAYCHHS Aay 3aJICKUTH BiJl CEPEIHBOI KiTbKOCTI TECTOBUX 45 [1,011-10°%| 1024 |[1,754-10%| 832
1a0JIoHIB T, a uIa 6a30BOT0 aNTrOPUTMY — HaMEHI Ha- 50 |3,162:10°°| 1024 |1,132:10°| 762

JIAHUX CUMBOJIB t. Pe3ybTaTu mojani y Ta0uili.
Takum ynHOM, MoaM(DIKaIlisl TIepeBaXxkae 0A30BUN aJTOPUTM, MAalOYU MEHIIN CKJIaIHICTh JCKOIyBaHHS
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Ta KUTBKICTh MOIIKO/PKEHUX TAKETIB JaHHX, IO TOB’I3aHO 3 aHAJli30M OLIBIIOrO Pi3HOMAHITTS TECTOBHX
KOJIOBHX CIIiB. Pe3ynpTaTi MOJIEII0OBaHHS 110KA3yI0Th, 110 31 301IbIIEHHAM 3HaueHHa E, / No 3MeHIIy€eTh-
Cs KIJTBKICTh JEKOIyBaHb 3a aNTopuTMOM beprnekemma—Mecci, a 31 3MEHIICHHSIM 3Ha4YeHHS ! KUTBKOCTI
JIeKOTyBaHb Aay MOCTYTIOBO 3PiBHIOIOTHCS, HAUTIPIIOro BUMAAKY Aay = 2! He OTpHMAaHO.

Hami nporectyemo poboTy MoaudikoBaHOTO TypOO-IeKoAepa HA MYyJIbTUMENIMHUX JaHUX. Mozens
eKCIIEPHUMEHTY MPAKTHIHO TIOBTOPIOE MOMEPENHIO, ajle 3aJaH0 KOJIbOpoBe 300paxkeHHs “‘barcelona.jpg”
(768 xanpis, 2048 6iriB y makeri), BUX-kox 3 mapamerpamu (127, 64) ta (ikcoBaHUil MOKa3HUK CHT-
nan/mym Ey /Ny = 5,0 05. Pesynbratn mokasaHo Ha puc. 1 (y BepXHbOMY JIiBOMy KyTi BKa3aHO Kislb-
KicTh iTepaiii qekoayBanus N), a kpusi yactot 6itoBux (BER) Ta cumBonsHIX momunok (SER) mokasa-
Hi Ha puc. 2.

10°

0

104

L=}

HacToTa BHHHKHEHHA OOMHIOK
= =
]

0 2 4 6 8 10 12
Irepamii
Puc. 1. PesynbraTi nepenadi 300paeHHs Puc. 2. 3anexHicTh 4aCTOT BUHUKHEHHS IOMUJIOK Bifl KiJIBKOCTI

iTepamiif JeKoIyBaHHSI

Takum guHOM, 31 30UTBIICHHAM KUTBKOCTI iTeparliii JeKOXyBaHHS ITiIBUITYETHCS SKICTh 300paKEHHS
(3MEHINY€EThCS KUTBKICTh MOMUJIOK y 0iTax Ta CUMBOJIax), a 1€ CBIAYUTH MPO Te, 110 MOAMDIKaIlisl 103BO-
JISIE JIOCSITTH XOPOIIIOT KOPUTYBAIBLHOT 37IaTHOCTI 32 33JJaHUX YMOB.

BucHoBkH

Y po0oTi 3ampoIoHOBAaHO €BPUCTHYHY MOAMQIKAIII0 anropuTMy AekomyBaHHs Ilimmaiis—Ueiiza ms
BKT/, sixa crporye BinOip KOHKYpEeHTHHX KOAOBHX CIiB Y X041 pobotu Typbo-aekozaepa. [licis nmpose-
JICHOTO MOJISITIOBAHHS BU3HAUYCHO, IO yIOCKOHAJICHUI alrOpUTM JEIIo NepeBaxkae 0a30BUi BapiaHT 3a
CHEPreTHIHO0 e(MEeKTHBHICTIO Ta MAa€ MEHIIY OOYHCIIOBAIBHY CKIAIHICTh. 3 HEMOJNIKIB Momudikarrii
BapTO 3a3HAYUTH EBPUCTUYHY MPUPOIY TIepebopy TECTOBUX KOJOBUX CIIIB, IO CTBOPIOE 3a[ady METaoll-
TUMi3alii napameTpiB airoputMy. PesynapraTti poOOTH MOXKYTh OYTH KOPHCHHMH Y XOi pO3pOoOKU Typ-
00-1eKoIepiB, BpaXOBYIOUM BUMOTH, SIKi BUCYBAIOThCS JI0 CHCTEMH IEpeIaBaHHs JaHUX.
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Modified Algorithm for Decoding Block Turbo-Product Codes
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Ensuring reliable data transmission is an essential requirement for modern communication systems. To
implement it, an error-correcting turbo-product code can be used, which can work effectively with small in-
formation blocks at high code rates, but requires significant computational costs at the data decoding stage,
which can significantly load the communication system, especially in real-time mode and under conditions of
limited resources. It should be noted that turbo-product code decoding algorithms are difficult to implement
effectively. The most common is the Pyndiah-Chase decoding algorithm, which uses a brute force of test
codewords, which poses a global discrete optimization task with exponential complexity. It is important to
balance the reliability of error correction and the efficient use of computational resources. Therefore, in this
article developed a suboptimal modification of this decoding algorithm, which is based on a heuristic proce-
dure for generating a list of probable codewords.

The effectiveness of the modification is shown in experiments using computer simulation of a digital data
transmission system, taking into account random information packets and multimedia data. During the ex-
periments, the bit and symbol error rates were analyzed depending on the signal-to-noise ratio in the com-
munication channel. It is determined that the modified algorithm is slightly outperforms its original version in
terms of energy gain, and, taking into account the heuristic nature of codeword brute force, has a complexity
lower or, in the most unlikely case, the same as that of the basic algorithm. The article can be useful for
communication system designers, since it provides an opportunity to analyze and synthesize turbo-product
code decoders for use in different practical tasks.

Keywords: data transmission, error-correcting code, block turbo-product code, heuristics, decoding, ex-
periments.
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