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BBeaenue

IIpu mepenmade MaHHBIX MO Pa3IHMYHBIM KaHAJIaM
CBS3M €CTh BEPOSTHOCTH BO3HHKHOBEHHS OIIHOOK,
BBI3BAHHBIX  BIMSHHUEM BHeIIHeW cpenmpl. s
MOBBILIEHUS] JOCTOBEPHOCTH TEpeIaBacMbIX IaHHBIX
Opyu WX T[epelade HCIOJNB3YIOTCS — Pa3iuyHbIC
MOMEXO0YCTOWYHBEIC KOJIbI, CIIOCOOHBIC 00HAPYKUBAThH
W HUCHPAaBJISITh MHOTOKpaTHbIC ommnOku. HambGonee
pacTpoCTpaHeHHBIMA  JUII  PEHICHHS  JaHHOW
npoOJeMbl  SBISIIOTCS KOsl boysa-Hoyaxypu-
Xoxeuarema (BUX), ucmparisoniie He3aBUCHMEIC
OIIINOKH, n KOJIbI Puma-Conomona (PO),
WCTIPABIISAIONIIE MAKETHI OIIHOOK.

Onucanne aJropuTMOB JIeKOJMPOBAaHNUSA KOJ0OB,
00HAPYKUBAIOIIUX U HCNPABJISIONIHX
MHOTOKPaTHbIEe OIIMOKH M MX HeJOCTATKHU

OCHOBHBIM aJTOPUTMOM JAEKOIUPOBAHUS TAHHBIX
KOJIOB SIBJIICTCS IUKINYECKUNA METO/ AEKOAUPOBAHUS,
OIMPAIOUIUIICS Ha CBOMCTBO LUKINYHOCTH KOJIOB.

[ nekoinpoBaHus JaHHBIX KOJOB IPUMEHSIOTCS
CHenuanbHO  paszpaboraHHBle amroputMmbl [1], a
MMEHHO:

1. Ausroputm bapnekemma-Mbaccw;

2. Amroputm EBxnmna,

3. Auroputm ITutepcona-I'opencreitna-
Hupaepa;

4. Tlouck Yewns;

5. Meron @opHu.

Jdns nonHoueHHOro — OOHapyXeHHs U

HCTIpaBIECHUS OImuO0K HE0OX0 MO
NOCJICZIOBATENIHHOE  KCIOJIb30BAaHUE  OJHOTO M3
anmroputMoB 1 — 3 W B COBOKYIHOCTH C HHUMH,

anroput™ 4 nns kogos bBUX nnm 4 — 5 nnst xonos PC.
JlaHHBI TTOIXOM UMEET YETKYIO IOCIIeOBaTEIHEHYIO
CTPYKTYpPY, BBIIIOJHEHHE KOTOPOH OTpHIATEIHHO
CKakeTcss Ha OblcTpomeiicTBUM Jekonepa. s
[UKINYECKOT0 METO/a IEKOIUPOBAHUA, B OTIUUNE OT
OCTaNbHBIX, €CTh BO3MOXXHOCTh paclapauIeIHBaHUs
MPOMEXYTOUHBIX ~ mporeccoB. Ha  pucyrke 1
mpeJicTaBIeHa OI0K-cXema BBITIOJTHEHUS
[UKINYECKOTO METO/a IEKOAUPOBAHHS.

OpmHako  criegyeT  OTMETHTh  HEIOCTAToK,
npucymuii  kak koay bBUX, wucnpasmsromemy
MHOT'OKpaTHBIC HE3aBUCUMBIE OIMUOKH, Tak U Koy PC,
HCIIPABJIAIONIEMY ITAKETHBIC OMIMOKH, M 3aKIII0YaeTCs
B  OrPaHUYEHHOM BEIOOpE JUTMHBI  KOJIOBOM
koMOuHanmu [2]. JnuHa mepemaBacMoil KOJOBOU
KOMOUWHAILINH, BKJTIOYAIOIIEH B cebs
MHQOPMALMOHHYI0O M KOHTPOJBHYIO OJIOKH, IOJDKHA
66T paBHa N = 2M-1. Vcxons u3 aToit opmybl,

MOXHO PacCuMTaTh M — UIMHA HH(POPMAIOHHOTO
COOOIIEHHNs1, OJJHAKO OYEBUIHO, YTO HE BCE BAPHAHTHI
M MOTYT OBITH TIEpeAaHbl ¥ 3aKOJUPOBAHBI.

Hauano

Kogosoe cnoso
(n,m,d) CW(x)

h 4
Boramcnenme ocTaTka R(x) o
[AeNeHnA KOAOBOrO CIOBA
CW(x) Ha o6pa3ytownii
nonuHom G(x)

Bec R(x) > t?

Venpasnenve KoA0BO#
KoMBMHaLMK
F(x) = CW(x) T R(x)

Kon-so caguros
cnt=N-1?
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Linkauueckuii cagur CW(x) Ha 1
paspag eneso Error=1
cnt=cnt+1
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Puc. 1. brok-cxema anropurma IUKIAIECKOTO
nexoaupoBanus bUYX-koxa

Kax BugnHO U3 puc.l, B mporiecce IeKOAUPOBAHUS
MPUCYTCTBYET OlEepanus JeJeHUs 10 MOIyJo 2
BXOJHOI KOMOBOW KOMOWMHAIMH Ha OOpa3yromuit
MHOTOYJIEH. Ob6pa3yroumii MHOT'OYJICH
PACCUMTHIBAECTCSI UCXOJI U3 JIBYX MapaMETPoB: N U t,
rge n = mt+k — JIMHA KOJOBOM KOMOHMHAnuu, t —
KOJIMYECTBO UCTIPABIIEMBIX OIIAOOK.

Casur CW(x) Ha cnt paspagos
8npaso

Paspaborka ObIcTpoaelicTBYIOLIEr0 AeKkoaepa
MOJJUHOMHAJIBHOTO Kkoaa (23,5,11) Ha ocHoOBe
IHUKJIAYECKOTO METO/Ia 1eKOTUPOBAHHUS

st moctpoenus kona (23,5,11) O6bu1 ucnonb3oBax
oOpasyromuii TOJWHOM, HAWIEHHBIH C TMOMOIIBIO
CHENHANTbHOTO MPOrpaMMHOro obecnederus [3]. Otot
oOpasyrolMid  TOJMHOM  TONy4eH HCXOAS U3
mapaMeTpoB m | t, Iie m — AJIMHAa WHPOPMAIMOHHON
4acTH COOOILICHUS, a t — KOJMYECTBO HCIPABISEMBIX
omuOoK. JlaHHBIN TOAXO T ToAOOpa 00pa3yroIIero
MOJMHOMA yIOOEH TeM, YTO I MOCTPOCHHS KOJa
HEO0XOIUMO 3HATh TOJBKO JITUHY HHPOPMAIUOHHOTO
0J10Ka, a He BCell KOAOBOM KoMOMHanvu. HalgeHHbIH
C TMOMONIIBID TporpaMMHOro obecredeHus [3]
o0pasyomuii MOJIMHOM T03BOJIIET HOCTPOUTH Oojee
3¢ HeKTUBHBIH MMOMEX0YCTONYUBBIH KOJI,
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WCTIIPABIIIONINN He3aBUCUMBIE OmuOkH, dem BUX-
KO/JI.

B pmamHO#t paboTe mpeAcTaBiIeHA pealH3annsi
JeKoJiepa IMOMEXOyCTOWYIMBOTO KOAA, y KOTOPOTO
JUIMHA WHQOPMAIMOHHOTO COOOHmeHHS m = 5, u
KOJIMYECTBO UCIPABIIIEMBIX KOJOM OIIMOOK t = 5. Jlns
JAHHOTO KOJa JUTMHA KOHTpoJibHOTO Oyioka k = 18, a
JIauHa Beero koaa n = 23. Jlng ananornynoro bUX-
koma miuuHa n = 31, t =5, m = 6, mpu STOM [JIMHA
KOHTponbHOro Osioka k = 25. Takum oOpaszom, s
MPaKTUYeCKH TOW JKe JUIMHBI WH(POPMAIUOHHOTO
0JI0Ka, TMHA BCEH KOJIOBOYM KOMOMHAIMH (n) Ha 7 OUT
OospIie, YeM A1 TpeIaraeMoro Koja.

Hexonep MTOJTMHOMHAIIFHOTO OIIOKOBOTO
nmoMexoycrogmBoro koma (23,5,11) peamusoBan B
CATIP Quartus II ¢ ncmoss30BaHNEM sI3bIKa OTIMCAHUS
anmaparypel Verilog. Ha pucynke 2 mpejicraBicHa
CTPYKTYpHasi cXeMa OBICTPOJICHCTBYIOIICTO IEKOIepa
koza (23,5,11), ocHoBaHHas Ha IUKIMYECKOM METOJIe
JIEKOANPOBAHUSI.

Wi -
W1

Puc. 2. CtpykTypHas cxema
OBICTPOICHCTBYIOMIETO IEKOIepa, OCHOBaHHAS HA
MUKITHIECKOM METOJIE IeKOUPOBAHUS

B ormuume oT peammzanuu  Aekoaepa, IO
CTPYKTYpPHOH cXeMe, MpEeACTaBIEHHOW Ha puc 2. U
ONCaHHOH B pabote [4], B JaHHOM ciIydae IEKoIep
SABISICTCS ~ TMapaMeTPU3UPOBAaHHBIM.  KommmisTop
TeHepUpyeT HeoO0XO0AMMOe KOJHUYECTBO  OJIOKOB,
WCXOJS W3 33/IaHHBIX MapaMeTpoB: JUIMHA KOJOBOTO
clioBa — N, JUIMHA KOPPEKTUpYIOIIeH dactd — K u
KOPPEKTHUPYIOLIas COCOOHOCTh Koa — 1.

Ha pucynke 3 mpeacraBiieHa 4YacThb CXEMBbI
JIEKoJIepa TIOMeX0ycToiunBoro koxa (23,5,11).

=

— 0 =
Puc.3. Hacts RTL — view nexozepa (23,5,11)

Hexonep Brmodaer 6oku SEGMENT(i] nenenus
BXOJIHOH KOMOHMHAIMM Ha 0Opa3yromiuidi MHOTOYJIEH
JUIsl BCEX BapUaHTOB C/IBUTA KOJIOBOTO CJIOBA; OJIOKH
WEIGHT[i] nmns mnoacdera BecOB OCTaTKOB OT
JieneHust, norydeHHbIX B 0mokax SEGMENTTi] u 6ok
WCTIpaBIEHUS] OMMOOK B TPHHATOW  KOJOBOH
komOuHamu SHIFT.

Ha pucynke 4 mnpencrtaBieHb
MOJIETIMPOBaHUs paboTHI IeKoepa.

pe3yabTaThI

fomos T Jomsr | Joew | Jwmr | w0
1 1 " 1 "

I

Puc. 4. Pesymerat paboTsl nexonepa,
HCTIPABIIIIONIETO S-KpaTHBIE OIINOKH B Cpeze
ModelSim

MakcuManpHOE ~ BpeMsi  pabOTBI  JeKozepa
cocraBmsier 42 HC, mpu ITOM Tpedyercs 1685
normueckux sueek (LC) (58% pecypcor ITJINUC
Cyclone I11).

B Tabmume 1 mnpexpcraBieHo OBICTpOJCHCTBHE
MPEIOKEHHOTO  JIGKOJIEpa,  HUCMPABIAIONIETO  S-
KpaTHbIC HE3aBHCUMbIC OINUOKH, B CpPAaBHCHHUU C
nexkoaepom bUX-koma (15,5,7), ucmpaBisoomuMm 3-
KpaTHBIE OIMMOKH JUIA UIMHBI WH()OPMAIMOHHOTO
Omoka m = 5.

Tabnmma 1. CpaBHeHHE AEKOAEpPOB st M = 5

min |t Bpewms
paboTHI
BricTponeiicTByrommit 512315 42 "e
JIeKo/Iep
Hexonep BYX-xoma 5115|3 40,22
(15,5,7) MKC
3akioueHne
Takum  oOpa3oMm, pa3paOOTaHHBIH  AeKonep

sIBIIIETCSL OoJiee OBICTPOACHUCTBYIONINM, YeM JCKOJEP
bUX-koma Ha OCHOBE KIIACCHYECKUX aJIrOpUTMOB
JICKOTUPOBAHUS.
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