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Pedepart. PaGora mocBsIieHa NOCTPOSHNIO ABOMYHBIX KOJOB MOCPEACTBOM ITOBTOPHBIX NMPOXKEKTOPOB. JlekonaupoBaHue
MPOM3BOAUTCA MPH TIOMOLIU NpeoOpa3oBaHus Afamapa.

1. BBEJAEHUE

Marpumelr Anamapa nopsiaka n HaseiBaetcs (-1,+1) - maTpunia H, pa3MepHOCTH n X 1 yIOBJICTBOPSIOIIAS

T T
yenosmo H,H, =H, H, =nl,, rne T - 31ak TpaHCIOHMpOBaHWs, [, €IMHMYHAs MaTpuua MOpsAKA n.

Hokasano, uto eciu H, - matpuna Angamapa, To n kpatHo deThipeM. OOpaTHas 3a7a4ya, a IMEHHO 33aJa4a MOCTPOCHHUS
WIA CyIOIECTBOBAHUSA MaTpuIl Anamapa J000TO MOpsSAKa N KPaTHOTO YeThIpeM, 10 CHX IOp HE perieHa, XOTs
OTyOJIMKOBaHBI COTHH PabOT MOCBSIIEHHBIX ATOW mpobneme (cMm. Hampumep, [1, 2, 3] n ux oubmmorpadun). Hike
Gy/IeM HCIIONB30BaTh MAaTpHIBI AamMapa mopsiaka 2, KOTopble Ha3bIBAIOTCS Takke Marpuuamu Cuibectpa [1],
CTPOSITCS COTJIACHO CIIEYIONIEeH PEeKYpPEeHTHOU (hopMyIie:

H.. H .«
H, = 2 2 (1
2 H,, —Hxy
2 2
roe H;=(1).

UsBecTHO Takxke, 4ro U3 Martpuisl CuiibBecTpa mopsijaka 2" cpTOMTCS OJIOKOBBIA KOJI ¢ MOLIHOCTBHIO biax ,
JUIMHOM 2" ¥ ¢ MHHEMAIIBHEIM paccrosiaieM 2" [4, 5], U ciienoBaTenbHO Ko AIamapa MOXKeT HempaBisth [22-0.5]
omunOok. (3mech W HWKe [X] - memas dYacTh 49ucia X). [locTpoeHWe KOmoB Anmamapa ¢ BBIIICTIPUBEICHHBIMH
nmapaMeTpaMu OuYeHb ImpocTo. B marpuie Agamapa 3nmeMeHTsI +1 3aMEHSIIOTCS HYJISIMH, a JIEMEHTHI -1 - eJIMHUIAMU.
3areM K MOJy4YeHHBIM KOIOBBIM CJIOBaM J00aBISIOTCS WX JOTOTHCHHUS.

JlekoqupoBaHUE TPOHM3BOJUTCSA CICAYIOMMM 00pa3oM. B TONyuYeHHOM KOJOBOM CJOBE BCE HYIH
3aMEHSIOTCS CIUHHUIAMH, a CIWHHWIBI MHHYC CIUHHIAMH. 3aTeM K IIOJYYCHHOMY BEKTOPY MpPHUMEHICTCS
npeoOpa3oBaHue AxaMapa W B €ro CIHCKTpE OIpeAeiseTcs HauOompImuii mo Moy kodddumuent. I[lycts
HAaMGOIBIIHIT IO MOIYTIO KOdDDHUIHEHT HalieH B i-oM MecTe i =0, ... , 2"

Ecmm 10T K03(h(OUIIIEHT MOTOKUTENEH, TO CUUTACTCS, YTO MTOCTAHO OBUIO KOIOBOE CIIOBO IOA HOMepoM i. Ecim xe
OH OTpPHUIIATENCH, TO CYNTAETCS, YTO TIOCTAaHO OBLIO i+2"-€ KOIOBOE CIOBO.

2. IIOCTPOEHUME KOJOB ITOBTOPHBIX ITPOXKEKTOPOB

Iycts (c;, €3, ... , Cx) - ABOMYHOE MH(OPMALMOHHOE CIOBO, a P; = (P, P2y ... » Pw), P ={Pl }'.1:1 -

MHOECTBO HEHYJICBBIX JIBOMYHBIX BEKTOPOB, NPHYEM MOIIHOCTh MHOXecTBa P pasua 2°-1. J[BomuHble ciioBa P
Ha3bIBAIOTCS MpoXkekTopamu kona. KomoBoe cinoBo u = (uy, Uy, ... , U,), COOTBETCTBYIOIIee HHOOPMAIIHOHHOMY CIIOBY
(c1, €2y ..., C}) OTIPEIEISIETCSI HOCPEACTBOM ITPOKEKTOPOB COTJIACHO ClleIytoleit hopmyie

k
ui = zlcjpl./’ i=],2,...,l’l, (2)
j:

e Y, - 3HaK CyMMUPOBaHHMSA [0 MOMYJIIO 2.

[pouecc nexoanpoBaHUs MPOUCXOIUT CIIEAYIONIMM 00pa3oM. Jlekoaep rmoiydaet KoJoBo€ CJIOBO (U, Uy, ... ,
u,) ¥ 00padaThIBACT €r0, 3aIKChIBast pe3yabTaThl B Ta0iuy. Ecimu u; = 0, To pe3ysipTaT B TaOIUIIE, COOTBETCTBYIOIIUI
anpecy P; yBenuuuBaetcs Ha 1, eciu ke u; = 1, To oH ymeHblnaercs Ha 1. [Tocie Takoro 3amojHEHUs TaONUIBI e¢
pe3ymnbTaThl OyIyT MpPEACTABIATH COOOH KOOPAMHATHI HEKOTOPOro BekTopa V. Pasmeprocts BekTopa V pasna 2.
Hanee x Bekropy V mnpumensercs mnpeoOpasoBanme Amamapa H;V. 3arem ompenensiercs HanOOJbITHI
TTOJIOKUTENBHBIA KOIPPUITMEHT MpeoOpa3oBanus (T.e. HAaUOOJbIIAs TOJOKUTENIbHAS KOOPIAMHATA CIEKTpa BEKTOpa
V). Anmpec B Tabnume nexoaepa, COOTBETCTBYIOIIMN 3TOMY Kod(dduumeHTy u OyaeT SBISATHCS JIECATHUHBIM
MIPEICTaBICHUEM HCXOIHOTO MH(OPMAITOHHOTO CJIOBA
(C], Coy vy Ck).
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3. OUEHKA KOJIMYECTBA UCITPABJIIEMBIX OILIMBOK

p" n
Teopema 1. Ilycts H, = {hi,j }i’j:l - matpuna CuibBectpa nopsiaka 2°. Torna ecinu CTpoku p
U ¢q (p#q) Matpuusl H, COBIamalOT B HEKOTOPBIX CTOJIOLAX Sl,SZ,...,Sanl, T.6 MMEET MECTO PaBEHCTBO

hp o = hq o0 =12, 2! , TO JJIs E000# k-0if cTpoku matpuisl H, cymectByer crtpoka [ (I # k) Takas, 4To OHH
ERd ] ERd ]

COBMAJAOT B TEX JK€ CTOJNONAX, YTO M CTPOKH P U ¢.
HoxkazarensctBo. Tak xak H, marpuna Anamapa tuna CuiabBecTpa, TO OHa COCTOUT U3 4-X MaTpul Anamapa

nopsinka 2™ u umeer Bux (1). OueBHAHO, Y4TO BCE CTONOIBI COBMAICHHS AP .S‘Z,...,Sznf1 CTPOK p U g HE MOTYT

OBITH B TPaBOM 4YacTH MaTpuilsl H,. 3aMeTHM TakKe, 4TO B NMPaBOW YacTW MaTpuibl H, HEe MOXeT OBbITh OOJbIIE
COBMAJICHUI YeM B JICBOM, TaK e KaK W B JICBOW YacTH HE MOXKET OBITh OOJIbINE COBMAIEHWA 4eM B TpaBoi. B
MIPOTHBHOM CJIydae OPTOTOHAIBHOCTB NPABBIX U JIEBBIX MaTpull Anamapa H,_ ; Opi1a OBl HapyIIeHa.

Ocraetcs 2 ciydas. JInGo Bce COBHaAEHWS HAXOIATCS B JieBOW dacTu H,, nMOO TOJOBHHA COBIAICHHMA
HaxOJUTCS B JIEBOW YacTH, a Ipyras MOJOBHHA COBMAJCHHUN B MpaBoi yactu H,. M3 moctpoenus matpunr CuiibBecTpa
CJIelyeT, YTO €CIM BCE COBMAJACHHUS HAXoAsTca B JeBod vactu H,, T.e. s,-=i,i=1,2,...,2"'1, TO Ui OO0 CTPOKH k
CYIIECTBYET CTpOKa [, KOTOpasi COBMAAaeT ¢ k TakKe B JIEBOU yacTu MaTtpuusl H,. JleiicTBUTENbHO, €ClU BCe S;, i=1,2,
..., 2" maxonstcs B neBoii monoBuHe H,, TO OHA W3 CTPOK p WIH ¢ JOIDKHA HAXOIUTCS B €€ BEPXHEil MOJIOBHHE, a
Jpyras B HIKHEW (eciu ObI 00¢ OTHOBPEMEHHO HAXOIWJINCh B BEPXHEU WM HIKHEH 4acTu H,, TO OPTOrOHAIBHOCTh
JIeBOI BepXHEW WM JIeBOW HIDKHEH Mmarpuipbl Anamapa H, ; Obuta Obl Hapyliena). SIcHO, 4TO Ui CTpOKHM k U3
BEpXHEW TOJOBHHBI (HIDKHEH IMOJIOBUHBI) H, CyIIeCTBYeT CTpoka [ W3 ee HWKHEH IMOJIOBUHBI (BEpXHEHW TOJOBHHEI)
Takas, 4TO COBMAJaeT ¢ k B JeBOoW yacTu H,, Tak Kak i1 KaKIOW CTPOKHM W3 BEpXHEH JIeBOH MaTpuisl H,.
CyILIECTBYET aHAJIOTUYHAs €il B HIOKHEH JieBor Matpute H, ;.

IlycTe Temeps MOJIOBMHA COBMAJACHUM HAXOAMWTCS B JIEBOM YacTH, a JApyras IOJOBHHA B MPaBOM, TO €CTh

CTONIOLBI C HOMEpaMH Sl,Sz,...,Szn_2 HaxoJsaTcs B JIEBOM dactu, a CTOJNOIBI C HOMEpaMu -

S yeees S B mpaBoii. [Tokaxkem, 9T0 yTBEp)KICHHE TEOPEMBI JOCTATOYHO AOKA3aTh U MOJIOBUHBI

)
2172417249 on-l

COBNAJICHUH HAXOJALIMXCS B JICBOU yacTu H,, TO €CTb 11 S, 55 5..., Szn_2 . Takum 006pazoM HEOOXOIUMO J10Ka3aTh,

Y4TO €CJAM JIBE CTPOKM COBNAJAOT B  CTONOHAX  §1,8,,...,8 TO COBHAJAEHUS TPaBOH wyacTu

2n—2 s

A} A Sz"*‘ KaKMM TO 00pa3oM 3aBUCHT OT S|, 85 5eues S

2172412 24000t =2

PaccmoTpum cityqaun:
1) Ctpoku p u g o6e OJHOBpEMEHHO HAXOMATCS WM B BEPXHEH WM B HIDKHEH TMOJOBHUHE MaTpHIbl H,,.
[Toxaxxem, 94TO IMEET MECTO PABEHCTBO:

n-2 . 3
A P +2 , l=],2,...,2"2. 3)
2" !
JleiicTBuTenbHO, €ciii 00€ CTPOKM HAXOMATCS B BepXHEH mosoBuHEe H,, TO B CHIy TOTO, YTO B €€ BEpPXHEH 4dacTh

Haxo4dATCs ABC HUACHTHUYHLIC MAaTpPHUIIbI H,,,[ SICHO, 4YTO JICBBIM COBIIAJCHUAM SI,SZ,...,Szn_z B JIEBOI BerHeﬁ

Matpule H, ; COOTBETCTBYIOT COBIIaJICHUsI BepxHel mpaBoit Marpuusl H, ;. T.e. umeer mecro paBeHctso (3). Ilycts
Terepb 00e CTPOKM HAaxoAsATcs B HWXKHeW 4yactu matpuubl H,. T.x. B marpuue —H, ; coBnaaeHus COXpaHSIOTCS, TO
BBITIOJTHEHHE PaBEHCTBA (3) CTAHOBHUTCS OUEBHIHBIM.

2) Tenepb NPEIOJIOKUM, YTO OIHA W3 CTPOK HAXOAWTCS B BEpXHEW, a Apyras - B HIDKHEH IOJIOBHHE

MaTpubl H,. JIOmycTHM, YTO B JIEBOM YacTH MaTpuilbl H, 9TH IBE CTPOKH COBIAJAIOT B CTONOUAX S| ,85 ,..., S 2
HyCTI) I"l 5 7”2 geeey rzn_z HOMepa TEX CTOH6HOB, B KOTOpBIX 39THU CTpOKI/I HE COBIIAJAOT U KOTOpLIe HaxXo4sATCA TaKXKE B
HeBOﬁ qacTtu Hn' l[OKa)KeM, YTO B 3TOM CJ‘Iy‘lae HUMECT MECTO paBeHCTB02

Spa, =T+ 22 i=12,...,2"2. )

Ilyctb cTpoka p HaxoAWTCs B BepXHEW mosioBuHe H,, a CTpoka ¢ - B ee HIXHel mosoBuHe. U3 marpuiy
CunbBecTpa CIeAyeT, 4TO I TaHHOW CTPOKH ¢ CYIIECTBYET CTpOKa g’ = q-Z”'l (q' # p), HaxXoxsAUIasiCs B BEpXHEH

gactu H, Takas, 9TO CTPOKH p W ¢' COBHANAIOT B CTOJOIAX AP SZ,...,SZ,H2 H, CJIEAOBATEIbHO, HE COBNAJAIOT B

,
cronbuax 1”1,1”2,...,}’2”_2. CormacHo TmepBOMY Cllyyaro, CTPOKM p U ¢’ COBIAJalOT TaKkKe U B
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sz”‘2+1 . Sz"—2+z geees Szn_l CTOJIOIAX, W PA3IUYAIOTCS B r2n_2+l . rzn_2+2,..., rzn_l crosnbuax. [Tocnennue, B cuity
MICHTHYHOCTH BEPXHUX MATpHLl H,, ;, TAKXKE BBIpAXKAtOTCs Yepes 17,15 ,..., I’Zn_2 :
= n=2 . n-2
r2”_2+i - ’; + 2 B l=],2,...,2 . (5)

CTpOKI/I qn q' pa3jInv4aroTCsa TOJILKO B HpaBOﬁ YacTu. ITO 0O3Ha4acT, 4TO B TCX CTOJ'I6IIaX (B npaBoﬁ 4acTHu
H,,), B KOTOPBIX CTPOKU pU q' HC COBIIAJAaOT, CTPOKH p U ¢ COBIIaJArOT. COBHaﬂeHI/Iﬂ " pas3jinius B JICBOM YacTu H,,

unenTHdHsl. TakuM obpaszoM §; =71;, i=2"%+1, 2242, ..., 2", A orcioma u u3 (5) cuenyer (4).

OcCTaoch 10Ka3aTh YCIOBHE TEOPEMBI UTs 2" COBIAICHMIT B JIEBOH monoBuHe MaTpuisl H,. Tak Kak jeBbe
MaTpuisl H, ; HIGHTHYHBI, TO 000 CTPOKE i U3 HIDKHEH JIeBoil MaTpuIisl H,_; cooTBeTCTBYET cTpoKa i’ = i— 2" m3
BepxHed JeBoil wmatpunbsl H,; ¢ KoTropoll oOHa coBmagaer. JlokazaTenbCTBO MPOBOAUTCS  HUJEHTUYHO
BEIIIEIOKA3aHHOMY, TIPOCTO B 3TOM ciydae mMeeM Matpuily CuimpBecTpa Manoil pasmepHocTH. IIpomomkas Takum
00pa3oM B caMOM KOHIIE MBI IIPH/IEM K JJOKA3aTEJIICTBY YCIOBHS TEOPEMBI JJIsl MAaTPHUIBI H, ¢ OJHAM COBIAJICHHEM B
JIEBOH YacTH.

Teopema 2. [7] Ilycts H, - matpuna CunbBectpa nopsaka k (k=2") , a nelcTBUTENbHBIE BEKTOPBI-CTOJIOIBI

k k
A= (al. )izl R B= (bl )izl takue, uto la;l=1b;l i=1, 2, ... , k, mpu 3TOM 3HAKU KOOPAMHAT BEKTOpoB A u B
COBIAJAI0T COOTBETCTBEHHO CO 3HAKaMU p-0i U ¢-0i cTpok MaTpuilel CuibBectpa H,. Torma criekTpsl BEKTOpOB A U
B uMeroT 0TMHAKOBBIE KOOPIUHATHI C PA3HBIM MOPSIIKOM CJICIOBAHUS.

HoxazatensctBo. [lycte H,A = (uy, uy, ..., uk)T uH,B= (v, v, .., vk)T. Tak kak 3HaKH BCceX KOOpAHMHAT BeKTOpa A
COBIIAJIAIOT CO 3HAKAMU P-Oif CTPOKH, TO U,=la;l+lazl+...+1a;l. O603HaYNM 5§}, S, ..., Sz CTOJOLBI B KOTOPBIX CTPOKH
p W g COBNANAXOT W Fj, Iy ... , Iy - CTOJOIBI B KOTOPHIX OHHM HE COBMAJNAIOT. TOrJa MMEET MECTO PaBEHCTBO
u =|a_|+...+la —a |—...—\|d .

q 1 Sk/2 n Tk /2
Ananornaneiv o6pasom V. =b |+ ...+ |b —b |—...—|b .

p 1 Sk/2 n Tk /2

Tax kak laj|=1bil, 10V, =|d | +...+ 9N ‘a,l |4, | Tew=vonug= v,

JlokakeM Tereph, 4TO JIS IIOOOW CTPOKH M CYHIECTBYET CTPOKa C HOMEPOM 1 TaKasl, 4To U, = v, (mn=1,
..., k). CormacHo Teopeme 1 mmst qr000¥ CTPOKH m MaTpuIlsl H, CyIecTBYeT Takas CTpOKa 1, 4TO M M 1 COBIAIAIOT B
TeX cToJOIax, 9TO U CTPOKH p U ¢, T.€. COBIAJICHUE U HE COBIIAJICHHEC UMEIOT MECTO COOTBETCTBEHHO B CTOJIOIAX C
HOMEPAMH Sy, S, ... , Sgp U Ty, o, ..., Tip. OTCIOMA CEAYET PaBEHCTBO:

+...+ b |+...+

cee

cee

b b b

u =

m

a
k12

YTO U JIOKA3bIBACT TCOPEMY.

He TpymHO yOemutcs, 4To BEKTOP-CTONOEN V, METOA OMpEAENeHUs KOTOPOro OBUI ONMHCaH BO BTOPOM
nmaparpade, yIOBISTBOPSIET YCIOBHIO TeopeMmbl 2. T.e. kakoe OBl KOIOBOE CIIOBO HE IMEpelaBalioch MO KaHAIY,
BEKTOpHI Tpeobpa3zoBanus Ajamapa H,V Bcerma OyAyT COCTOSTh M3 OJHHX M TEX K€ YHUCET, HO C Pa3IUYHBIMU
MOPSIAKAMU CJICIOBAHUS, TPU YCIOBHUU OE30IIMOOYHON mepenavyd. JTO O3HAYACT TAaKKE, YTO BHE3aBHCUMOCTH OT
“H(OPMAIMOHHOTO CIIOBA, BTOPOH MO BeIWUWHE KOA(PGHUIIMEHT NpeoOpa3oBaHusl Bceraa OymeT OAHUM M TeM XKe
YHCJIOM, & B TIEPBYIO OuYepe/ib ¢ HUM MOXKHO CIIyTaTh MaKCHMAaIbHBIA KOA(QQUIUEHT, eCIIN MPOU30ILINA OIIHOKH MPpU
nepenaye.

ITycTs M - 9uCI0 NPOKEKTOPOB U OJJHOBPEMEHHO JIJIMHA KOJOBOT'O CIIOBA, /11 - BTOPOH 10 BEJIMYHHE IEMEHT
crniektpa Anamapa. Toraa, ¢ y4eToM BBIMICHPUBEICHHOTO aHAIN3a, MOXKEM YTBEPXKIATh, YTO OCTPOSHHBIHN BBIIIE KO
HCIIPABJIACT ! OTHOOK:

a

=V
Tk12

n’

Clsl - ‘Cl,1

Ski2 n

Tkr2

M —m
4

t< (6)

4. TIPUMEP

B kadecTBe mpruMepa pacCMOTPUM JEHCTBHE KOjepa MOBTOPHBIX MPOXKEKTOpoB st M = 21 u k = 3, rae
HH(POPMAIIMOHHOE CIIOBO MMeeT BUI: (c¢;, ¢z, ¢3) = (0, 1, 1). B kauecTBe MpOKEKTOPOB paccMaTpUBACM JBOMYHBIC
HA0OpPBI COOTBETCTBYIONINE NCCATUYHBIM 4mciaam 1, 2, ... , 7. Kaxmelii U3 NPOXKEKTOPOB IMOBTOpsiETCS 3 pasa.
CornacHo ¢opmyrie (2) HaxoguM kogosoe cioo 111111000000111111000, kotopoe nepenaeTes uepes kaHai. Ecmu
B KaHaJIe HE MPOU3O0ILIO OMUOOK JACKOASP IMOIYyYHUT €ro U 10 METOIy OMMCAaHHOMY BhIIIe, 00pasyeT Bekrop V = (0, -3,
-3, 43, +3, -3, -3, +3). lanece, Hax BekTOpoM V pou3BOIUTCS IpeodpazoBanue Anamapa, T.e. H;V = (-3, -3, -3, +21, -
3, -3, -3, —3)1. Tak kak HanOOJBIINI AIeMEHT +21 B CHEKTPAIIbHOM BEKTOPE UMECT MHACKC 3, TO JCKOJEp PellaeT, 4To
op110 TIepenano uHpopmarmonHoe cioBo (0, 1, 1). CormacHo (6) MOCTPOSHHBIN KO [UTHHBI 21 MCTpaBisieT 5 omuooK.
B camom zene, mycTh B X0J€ MepeAadd MPOU30NUI0 5 omuOOK. B HuKenpuBeAeHHON TaOIUIe OMTUOKH BBIICICHBI
KUPHBIM MPHGTOM U TTOTICPKHYTHL.
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Ilepenanoe Ko0BOE CIIOBO | 111111000000111111000

ITonyuenHoe KOA0BOE CIOBO | 110111110000111110100

B atom ciydae nexoxep ompexaensieT ciuexyromumii Bektop: V=(0, -1, -3, -1, +3, -3, -1, +1). 3areM, BuIUUCIISSI
CHeKTpalbHBIA BekTOop H3V =(-5, +3, +3, +11, -5, -5, +3, -5), nmexkoxep CHOBa pelraer, 4To OBUIO TIEpenaHO
nHpopmammorHoe cioso (0, 1, 1). OTMeTnM, 9TO TIPU MPOBEACHUN IKCIIEPUMEHTOB HCTIONH30BANICS TAKKE ATOPUTM
ObicTporo npeodpazoBanus Anamapa [6]. JlokazaHo Takke, 4TO €CiM KakoH-mnO0 OJUH U3 IPOKEKTOPOB MOBTOPHUTH
TOJBKO 2 pa3a (a He TPH), TO MOJYYACTCsl aHAJIOTMYHBIN pe3ynbTaT. To ecTh (pakTHYECKH IOCTPOCH KO JIMHHEI 20
UCTIPABIISIIOIINHN 5 OIIHOOK.
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A CODING METHOD USING REPEATED PROJECTORS
Anoyan A.J.
Institute for Informatics and Automation Problems of
National Academy of Sciences of Republic of Armenia.
Yerevan, 375044, Sevak 1, tel: (3742) 28-31-20, e-mail: spl@ipia.sci.am

Abstract. In this paper a coding metod using repeated projectors is considered and a decoding metod based on Hadamard transform is
developed.

1. INTRODUCTION

H, (-1, +1) n x n dimensional matrix are called Hadamard matrix of order n, if it satisfies to following conditions:
H,H ,{ =H ,{ H, =nl, , where T is a transposition sign, I, is an identity matrix of order n. It is proved that if H,

is an Hadamard matrix of order n, n > 2, then n = O(mod4). The inverse problem, i.e. the problem of the construction
or proof of the existence of Hadamard matrices of all orders, which are multiple to four is unsolved up today, though
hundreds of papers and many books dedicated on Hadamard matrices construction and applications have been
published (See, for example, [1, 2, 3] and their references). Below we will use Hadamard matrices of order 2k, which
are called also Silvester matrices [1], and their construction has the following form:

Ho = sz sz

*TlH, -Hy

(D

where H; = (1).

It is known also, that block code with power o+l , length 2" with minimal distance 2" is constructed from
Silvester matrix of order 2" [4, 5], and consequently Hadamard code can correct [2"'2-0.5] errors (here and below [X] is
a integer part of number x). The construction of Hadmarad codes is very simple. In Hadamard matrix the elements +1
changing to zeros and the elements -1 to ones. Then the supplements of the obtained coding words are added.

The code can be decoded using the Hadamard transform. First of all we convert the zeros to plus one and the
ones to minus one. Then the Hadamard transform is taken to the obtained vector and the transform largest coefficient
in spectrum is defined. Let this coefficient be found at the i-th row i =0, ..., 2" If it is positive then we declare that
the i-th code word was sent, if negative, we declare for the i+2"-st code word.
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2. CONSTRUCTION OF CODES OF REPEATED PROJECTORS

Let (c;, €3, ... , ¢x) is a binary information word and P = {Pl }i=1 is a set of zeroless binary vectors

P;= (pi1, Pi2» --- » Pir)- The power of set P is equal to 2“.1. The binary vectors P; are called projectors of code. The code
word u = (u;, Uy, ... , u,) corresponding to information word (c;, ¢z, ... , ¢;) is defined by means of projectors by
following formula:

k
U; =Py i=1,2.n, ®)
j=1
where Y, is the modulo 2 addition sign.

Decoding process proceeds by the following way. Decoder has receive code word (u;, u, ... , u,) and process
it, writing results to the table. If &; = 0, then result in the table corresponding to the address P; is incremented by 1 and
if u; = 1, then it decremented by 1. After the table has been filled, the table contents are considered as a 2% x 1 vector
V. The Hadamard transform H,V is then taken. The biggest coefficient of the transform is then identified. The table
address corresponding to the location of the biggest coefficient is the estimate of the decoded information word, (c;,
Coy vy Ck).

3. THE ESTIMATE OF ERRORS CORRECTING NUMBERS
In [7] there are proved following two theorems:

Theorem 1. Let H, = {hi, j }izj—l is a Silvester matrix of order 2". If p and g (p # ¢) rows of matrix H, coincide in

ie. hp,sl_ =h

row that coincides with k in those columns in which coincide rows p and gq.

some columns §;,S5,...,S i=1,2, ... 2", then for any k-th row of matrix H, there exists I-th

211—1 >

q,S;°

le , B= (bi )le , where
la;|=1bl, i=1, 2, ... , k, when the signs of A and B vectors' components coincide accordingly to the signs of p-th and ¢-
th rows of Silvester matrix H,,. Then the spectors of vectors A and B will have same coordinates with different order of
consecution.

It is not difficult to see that vector-column V , the construction method of which was describe in the second
paragraph, satisfies to the condition of Theorem 2, i.e. for any code word, sending over a noiseless channel, their
spectors H,V always will consist of the same components with different order of consecution. It means also that the
second by value coefficient of Hadamard transform always will be the same number, independently on sending
information word, and decoder can mix up the maximal coefficient with thats one first of all, if there are some errors
accrued by sending a code word over a noisy channel.

Let M is a number of projectors and at the same time the length of the code word, m is a second coefficient
of the Hadamard transform. Then, by means of above gived analysis, we can confirm that above constructed code
correct f errors:

Theorem 2. Let H, is a Silvester matrix of order k (k = 2") and real vector-columns A = (ai )

M —m
<—
4

! (6)

4. EXAMPLE

As an example, below depicts the action of the Coder of Repeated Projectors for M = 21 and k = 3, where information
word is a (¢, ¢, ¢3) = (0, 1, 1). As projectors we consider the binary vectors that correspond to the decimal numbers 1,
2, ... , 7. Every projector are repeated 3 times. According to the formula (2) we find code word
111111000000111111000, which is sent over the channel. If there are no errors in the channel, decoder will receive it
and constitute a vector V = (0, -3, -3, +3, +3, -3, -3, +3). Then a Hadamard transform is taken: H;V = (-3, -3, -3, +21, -
3, -3, -3, -3)T. Since a maxlimal coefficient +21 in spectral vector has index 3, so decoder decides that (0, 1, 1)
information word was sent. According to the (6) constructed code with length 21 corrects 5 errors. For example, let us
assume that five bits out of the twenty one sent were received incorrectly. Let these bits be identified in bold and
underline form as indicated in table below.

Sended code word | 1110000001111

1
Received code word [1101111100001111

In this case decoder constitute following vector: V=(0, -1, -3, -1, +3, -3, -1, +1). Then, calculating spectral vector H;V
=(-5, 43, +3, +11, -5, -5, +3, -5), decoder again decides that information word (0, 1, 1) was sent. Note that during the
experiments the algorithm of the Fast Hadamard Transform [6] is used. It is proved that if any one of projectors to
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repeate only 2 times , then the same result is obtained, i.e. there are the code with length 20 that corrects 5 errors was
constructed.
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