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Pecdepar. PaccmaTtpuBaeTcs npobnema peanusaumm cybonTMManbHOro Aekogepa MSIrkux
PEWEHNA NpU  AEKOAMPOBAHMM  CBEPTOYHBIX KOZOB B  KaHalax C  MEXCUMMBOJbHOW
nHtepcepeHumerr (MCU) no anroputmy  Knosckoro-Hukonaesa (AKH).  CokpalueHue
HeobxoaMMoro obbeMa MpOrpaMMHON MNaMSTU [AOCTUFAETCA TeM, 4YTO MOCNeAoBaTeSlbHOCTb
nepebupaeMbix CMMBOJSIOB pa3buBaeTCs Ha ABE MOCIEA0BATENbHOCTU, CBA3AHHBLIX Mexay coboi
Kak 3a cyeT MCW, Tak n KOAOBOW CBA3bIO. TakoW MOAXO MO3BOJMSET YMEHbLUUTL HEOBXOAUMBIN
06beM nporpaMMHoO NamsiT B 64 pasa.

1. MOCTAHOBKA 3A[A4YN

YYeT apXuUTeKTYPHbIX 0COBEHHOCTEN COBPEMEHHBIX LIM(MPOBbLIX NMPOLIECCOPOB 06paboTKM CUrHAOB
(LLMOC) nossonseT peanu3oBaTb MArkoe AeKOAMPOBaAHWE MOCEeA0BaTEIbHOCTU CUTHAJIbHBLIX 3/1IEMEHTOB,
KOAMPOBAHHbIX CBEPTOYHbIM KOZAOM, MPU AOCTATOYHO BbLICOKOW CKOPOCTM MOAYMSILMM U CYLLECTBEHHbIX
WHTEpBanax paccesHus.

Hanpumep, npu ckopoctn moaynaumm 4,8 KbuT/c 1 nHTEpBane paccesiHnusi B KaHane CBSian 6 Mc,
LMOC TMS320C62 no3BoNsieT peanu3oBaTb MArkoe AeKoAMpOBaHWE CUrHAnNoOB CBEPTOYHOINO Koga Co
ckopocThio R =1/2 v komoBbIM OrpaHuuyeHneM V =8 Ha OcHoBe anroputMa KnoBckoro-Hukonaesa

(AKH) npu nonHom nepebope Bcex BO3MOXHLIX anbTepHaTvB (06Luee Yncno KOTOpbIX COCTaBnseT 2" pns
[BOWYHbIX MH(OPMALMOHHBLIX CMMBONOB). py 3TOM CreayeT OTMETUTb, YTO TakKoW pe3yfbTaT BO3MOXEH
TONbKO MPU WCMOSIb30BaHWM JIMHEMHBLIX MNporpamMM, 4To TpebyeT Henpuemnemoro 60sblioro obbema
nporpaMMHoin nmamsTv. Mpu UCMOMb30BaHUM LMKIMYECKON MPOrpPaMMbl MOXHO AOGUTHLCS CYLLECTBEHHO
MeHbllero obbeMa MPOrpamMMHOM MaMsiTU, HO MpPU 3TOM CYLUECTBEHHO BO3pacTaeT HeobXoaAMMbI 06beM
BbIUMC/IMTESNbHBIX Onepaumi.

B naHHol paboTe paccMaTpuMBaEeTCs KOMOBWMHWPOBAHHbLIN MOAXOA, MO3BOMSIOWMI NMPU AOCTATOYHO
BbICOKOW MPON3BOAUTENBHOCTM AO6UTLCA KOMMAKTHOCTM MPOrpaMMbl, YMEHbLIUMB €€ MOJHbIN 06beM B 64
pasa.

2. AEKOAWPOBAHME CBEPTO4YHbIX KOAOB HA OCHOBE AKH

OcHOBHOWM 0COBEHHOCTbIO AEMOAY/NISITOpa - Aekodepa MO CPABHEHWUIO C OBbIYHLIM AEMOAYSTOPOM
ABNSETCA TO, YTO [AEMOAYNMPYEMbIE CUrHasbHblE 3MEMEHTHI B3aMMOAEWCTBYIOT Mexay Cobon Kak
BCNEACTBME paccesiHus B kaHane cessu (MCU B HenpepblBHOM KaHane), Tak M 3a CYET KOAOBOW CBS3u
(MCU B AMCKPETHOM KaHarne).

B mogeme CUWMM-1200 (mHdopmMaumoHHas ckopocTb 1200 bwut/c) [1,2] npeanonoraem
UCNONb30BaTb KOPPENSUMOHHbIA BapuaHT AKH, obnagatowmii psooM NpenMyLecTB NpyW peanusauum Ha
CUrHanNbLHOM MpoLeccope:

[ = argmax{[} , i=12,.27 ()
rae dyHKUMOHan npasaonogobus J; onpefensercs COOTHOLLEHNEM:
D
J; = ZBi,k Vi —E, (2)
k=0
roe Bi,k — Kk KOAOBbIVi CUMBOJT i NepebupaeMolt paspeLLEHHON KOAOBOW KOMBUHaLUMK,

.
V, = (Z —Soc) X, — NpoeKuMn BEKTOpa aHanM3MpyeMoro CUrHana Ha HanpasfieHUs BEKTOPOB
COOTBETCTBYIOLLMX CUTHAMBHbIX 3/IEMEHTOB (OrpaHNYEHHbIX BPEMEHHBIMU paMKaMu MHTEPBana aHanusa),
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D
Z-S, :Zblq;i +N — BEKTOp NPUMHMMAEMOM CMECM CWUrHana C LYMOM C YYETOM AENCTBUS
1=

obpaTHoit cBsizu no pelwenunto (OCP), onpeaensioLueii oLeHKy curHana S,

b,=2¢c, -1, OF 1+ }.,c0{ 0} ,
N — BEKTOp aiANTUBHON NOMeXM B BUae 6enoro rayccoBckoro wyma (ABrLL),
¢ , — BEKTOPbI CABMHYTBIX BO BPEMEHU €AUHUYHBIX 3/IEMEHTOB NPUHUMAEMOrO CUrHana.

CneayeT OTMETUTb, YTO YMCIO MHAOPMALIMOHHBIX CUMBOJIOB Ha UHTEPBASIE NMPUHATMA peLleHus
D=ve+(Q+D)HR -1, 3)
roe Q — OTHOCMTENbHAs MaMATb KaHana (M3MepeHHas YMC/IOM KaHaslbHbIX CUMBOJIOB),
R =1/2 - ckopocTb cBEPTOUHOrO KOAa,
V = 8 — KOI0BOE OrpaHNyeHne CBEPTOYHOIO KOAa,
€ = 2— MHOXWUTENb, ONPEAENsIOWMA TyOUHY MPUHATUS PELLEHUsS MPU UCMOMb30BaHWK

AKH.
OgHako  BO3MOXHOCTM  Mpoueccopa He Bcerga MO3BOMSKOT  obecneunTb  4MCo

nepebupaembix anbTepHaTMB PaBHOE 27, MNpuMmeHuTenbHo K paauvomogemy CUUIM-1200 Ha LIMOC
TMS320C62 ypmanocb pgoctviyb D = 15, 4yto B WIMPOKOM Knacce KaHanoB obecrneunBaer
MOMEXOYCTOMUMBOCTb, B/IM3KYIO K MOTEHLIMANBHOW.

Moporosble 3HayeHns £, B COOTHOWeHMM (2) OMpedensoTca Kak KsBaapaTbl  HOPMb

COOTBETCTBYIOLLMX OMOPHbIX BEKTOPOB:
1 2
E, :5||Sk|| , (4)

D
roe S, = ZB"”‘(I) x — CUrHasbHble MO0CneA0BaTe/lbHOCTM COOTBETCTBYIOLNE pPa3peLleHHbIM
k=0
KOAOBbIM KOMOMHALMSM NPUHUMAEMON NOCNIEA0BATENBHOCTY.
Korpa apautvBHas nomexa sensetcs ABlL, Bennumbbl V,  sBnsioTC  AOCTATOYHBIMM

CTaTUCTMKaMK, T.e. COAEPXaT BCO MHOPMaUmMIo 06 aHanM3npyeMoM curHane.

Mpn noucke MakcumyMa ¢yHKUMOHana npasgononobusi B cooteBetctBun C (1) nepebupatorcs
TONbKO pa3pelléHHble KoaoBble KoMbuHaumu. [poueaypy nepebopa nonaraeM OCyLWeCTBASTb B
COOTBETCTBUM CO CleaytoLein cTpaTernei.

Moporosble 3HaveHnss £, BbIYMCIAIOTCS 3apaHee W 3arpyXaloTcs B OnepaTuBHYIO MaMsTb OAWH
pa3 B TeuyeHWe WHTepBana CTaUMOHAPHOCTWM KaHana cBsi3W. JIMHeWHas cocTaBnsowas dyHKUMoHana

D
npasaonogobus W, :;Bi’kvk npeactaensetca B Buae faByx komnoHeHT WO, +WI1,, koTopble

nepebupaloTcs Ha KaxaoM TaKTOBOM MHTEpBane B COOTBETCTBMM C PEKYPPEHTHOM Mpoueaypoit
W0, =W0, +A0;, W1, =W], +Al,

rae A0, =WQ,,; ~WG, :Z(mi,kﬂ _mi,k)vk , AL =W1,, W], :Z([‘-ﬂi,kﬂ _ﬂ'i,k)vk .

Mepebop Bcex BO3MOXHbIX LIENOYEK MHGDOPMALMOHHBIX CMMBOJIOB HEOBXOAMMO OCYLUECTBMSATH MO
npouieaype pesi. Mpn 3TOM HOBbIM BapuaHT W, B cpefHeM OTAMYaeTcs OT nmpeapblaylero 3Havenus W,

MWHUMasbHbLIM YXC/TIOM CUMBOJIOB.

YUET apXMUTEKTYPHbIX OCOBEHHOCTEN CMIHaNIbHOro Mnpoleccopa, Hanpumep TMS320C62, no3sonser
peanusoBaTb MOMHbLIM Mepebop BCEX BO3MOXHLIX BapuaHTOB (YHKUMOHaNa npaBaonoaobusi npw
KoppensiumoHHoM BapuaHTe AKH B pacuéte oamH TakT npoueccopa Ha nepebupaemMyto anbTepHaTUBY Mpu

MCMO/b30BaHWUM JIMHENHON MporpaMMbl. OAHAKO peanv3aumsi MMHEHONM nporpammbl npu nepeGope 2
anbTepHaTMB TpebyeT HenpuemnemMo 60sblloro 06bEMa NPoOrpaMMHON NaMsATy.

MostoMy 6bifla peanusoBaHa JIMHENHass nporpaMMa nepebopa BOCbMM  MOCHEAHMX
MH(OPMALMOHHBIX CMMBOIOB M nporpaMMa nepebopa ceMu MNepBOHAYasibHbIX CUMBOSIOB. [pUYEM
nocneaHas nporpaMMa obpallaeTcsa K NepBoi Kak K noanporpamme. Mocne nepebopa BCeX BO3MOXHbIX
anbTEpHATMB MPUHUMAETCS pELUEHWE O MNEPBOM WHMOPMALIMOHHOM CHUMBOJIE, KOTOPOE COOTBETCTBYET
MaKCMMasnbHOMY 3Ha4yeHuo yHKUMOHana npasgonogobus. MNpu peanusauuy Takoro nogxofa HeobxoanMo
YYECTb, YTO CUrHasIbHble 3/1EMEHTbI, COOTBETCTBYIOLWME 06eNM noarpynnaM, CBsisaHbl Mexay cobol kak 3a
c4ét MCH, Tak u kogoBow cesasu [3].
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BbiBOAbl

B paHHOW paboTe MCnonb3oBaHO pa3bueHus yHKUMOHana npaBaonoaobus Ha ABe 3aBUCUMble
(u3-3a KOAOBOW CBSA3M) COCTaB/sitOLWMNE, Nepebop MHAPOPMALMOHHBLIX MOCNeA0BaTENbHOCTEN B KOTOPbIX
NMpOM3BOAUTCS COOTBETCTBYIOWEN nognporpamMmoii. CornacHo AaHHOMY pa3bueHMto MporpaMMa MosiHOro
nepebopa, kotopas uMmena 6bl pasmMep AR sueek nporpaMMHOM namsTW, pasbunacb Ha e
noanporpaMmbl pasmMepoM A2’ 1 A2® cooTBETCTBEHHO, O6LMI 06BEM KOTOPbIX NPUBAM3NTENLHO B 64 pa3
MEHblLE, YEM pasMep WCXOAHOW MporpamMmbl. PaccMaTpuBaeMblii cnocob MOXHO 0606WWMTb pasbueHnem
nporpamMmbl Ha 6osbLIee YNCNO COCTABNSIOLWMX.

Bbibop KOHKpeTHOro crniocoba pasbueHusi nporpaMmbl nepebopa 3aBUCUT OT A/MH nepebupaembix
nocnefoBaTeNnbHOCTEN  MH(MOPMALUMOHHBIX CUMBOSIOB M CIIOKHOCTM  MOJSTlyYaeMbIX MNpU  pasbueHnm
BblUMCUTENBHBIX hopMy.

YUET apxuTekTypbl npoueccopa TMS320C62 no3BONsSIET peannsoBaTb MOMHbIM  nepebop
¢dyHKUMOHana npaBgonogobua  3aTpaunBasl MWb  OAWH  TakKT rpoueccopa Ha nepebupaemyto
anbTepHaTuBY.
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Abstract. The problem of realization of the suboptimal decoder of the soft decisions is considered by
convolutional codes in channels with intersymbol interference by algorithm of Klovsky-Nikolaev. The
shorrening of necessary volume of program memory is achieved by the broken of information
sequences in two sequences, correlated among themselves as for the account ISI, and code memory.
Such approach has allowed to reduce necessary volume of program memory in 64 times.

STATEMENT OF PROBLEM

The account of architectural features of modern digital processors of processing of signals (DSP)
allows to realize soft decoding of a sequence of signal elements coded by the convolutional code at enough
high speed of modulation and essential intervals of dispersion.

For example, at speed of modulation 4,8 KBit/s and interval of dispersion in the channel 6 ms, DSP
TMS320C62 allows to realize soft decoding signals of convolutional code with rate R =1/2 and constrain
length v =8 on the algorithm of Klovsky-Nikolaev (KNA) at full sort of all possible alternatives (with

number 2" for binary information symbols). It is necessary to note, that such result is possible only at use
of the linear programs, that requires unacceptable large volume of program memory.

In the given work the combined approach allowing at enough high efficiency to achieve of
compactness of the program is considered having reduced its complete volume in 64 times.

CONCLUSIONS

In the given work the theoretical results of splitting of likelihood functional on two dependent
(because of code memory) components sort of information sequences in which is made by the appropriate
subroutine. According to the given splitting the sorting program it is total amount approximately in 64
times is less, than size of the initial program. The considered way is not limited to splitting of the program
into two components.

The account of architecture of the processor TMS320C62 allows to realize sorting of likelihood
functional spending only one processor cycle on alternative.
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