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06 Hcnonb3oBaHHH npeo6pa3oaaHHA Yonwa-AAaMapa 
AflA B~4HCfleHHA 6~CTpOrO Cfl3HT-npeo6pa30BaHHA 

PaccMaTPHBaeTCA $YHK4HOHanbHBA CBA3b Me*AY 6~CTP~M 
cn3HT-npeo6pa3oaaHHeM /~en; H fi~cTp~M npeo6pa3oaaHHeM Yonwa
AAaMapa /f'nYA/ pa3MepHOCTH N ~ 2 n • n .. rr AJlA pa3pa6oT
KH anropHTMOB B~4HCfleHHA K03~4HCHTOB nepeXOAa Me*AY HHMH. 
npHBOAHTCA TeKCT H OnHC8HHe nporpaMM~ HASLAN, BW4HCflA~eH 
MaTPH4~ nepexoAa a cny4ae npAMoro H o6paTHoro npeo6pa3oaa
HHH. H3naranTcR pe3ynbTBT~ TeCTOB~x aw4HcneHHH no nporpaMMe 
TEST. Pac4eT~ noKa3anH B~rOAHOCTb npHMeHeHHA 6nYA AJlA anna
paTHOH peanH3a4HH npAMOrO Sen H He4enecoo6pa3HOCTb 3TOrO Me
TOAa AflA o6paTHOro SCn. 

Pa6oTa B~nonHeHa 8 na6opaTOPHH BW4HCflHTenbHOH TeXHHKH 
H aeToMaTH3B4HH OHRH. 

C~eHHe 06~AMHeHHOro HHCTHTyTa AAePHWX HCcneAOBaHHM. AY6Ha 1980 

Bajla I., Ososkov G.A. Pll -80-417 
On Utilization of Walsh-Hadamard Transform 
for Fast Slant Transform Computation 

The functional relation betwee~ th~ F~~t ~lAh+_T-~~ .&-.. -- ,,.,.,.. _ __ ~ • --

I 

BBE,QEHI-iE 

0AHOH ~3 ~eneH nocTpoeH~A 6~cTp~x anrop~TMOB A~CKpeTH~x 
opToroHanbH~x npeo6pa3oBaH~H l,l\Onl, npeAHa3Ha4eHH~x AnA o6-
pa60TK~ ~~¢poe~x c~rHanoe, ABnAeTCA ~cnonb3oeaH~e 3T~x anro
P~TMOB B HeKOTOPOH OH-naHH C~CTeMe C*aTHA AaHH~X. onarOAaPA 
CBOeH npOCTOTe ~ 6biCTPOAeHCTB~10 oco6oe MeCTO cpeA~ CyllleCTByl0-
11\HX annapaTH~x pean~aa~~H 6~cTp~x anrop~TMOB ,l\On np~HaAne*~T 
anrop~TMY npeo6pa3oBaH~A Yonwa-AAaMapcfl-3/ lnYAI. 

B pa6oTe 14 1 6~n~ paccMOTpeH~ eonpoc~ nocTpoeH~A 6~cTp~x 
anrop~TMOB ~ nporpaMM npAMOro ~ o6paTHoro cn3HT-npeonpa3oea-
H~A ICnl np0~3BOnbHOH pa3MepHOCT~ N = 2° , KOTOpOe ycnewHO 
~cnOnb3yeTCA np~ ~~¢pOBOH o6pa60TKe ABYMepH~X ~3o6palKeH~~ / 1,2,5-? ~ 
npeAnOlKeHH~e B 3TO~ pa6oTe nporpaMM~ cnylKaT HenocpeACTBeHHO~ 
OCHOBO~ AnA annapaTHO~ pean~3a~HH Cn. 0AHaKO, nOCKOnbKy MelKAY 
nYA ~ Cn MOlKHO npH noMOlll~ HeKOTOP~X MaTp~~ nepeXOAa ycTaHo-
BHTb ¢YHK~~OHanbHY10 CBA3b, B03MOlKHa pean~3a~~A TaKlKe ~ APYrO-
ro nOAXOAa K C03AaHH10 annapaTHOH C~CTe~ 6~cTporo Cn, OCHOBaH
HOrO Ha ~CnOnb30BaH~H B~WeynOMAHyT~X npeHMy11\eCTB 6~cTporo nYA. 

Ecn~ pacnonaraTb annapaTHO~ eepcHe~ 6~cTporo nYA, nocTpo
eHHO~, HanpHMep, Ha ocHoee napannenbHoro anrop~TMa, npeAno
lKeHHoro e pa6oTe 18 1 , ~n~ anropHTMa, npHBeAeHHoro e pa6cne 19( 
TO AnA nony4eH~A cn3HT-cneKTpa n106oro HCXOAHOro BeKTOpa AaH
H~X AOCTaT04HO! 

1 I 3apaHee Bbt4~CnHT b I npH noMOlll~ HeKoTopo~ <>¢¢-na~H npo
rpaMMWI MaTp~~y nepeXOAa MelKAY nYA ~ en H 

21 peanH30BaTb annapaTHO TOnbKO 6nOKH yMHOlKeH~A H CnOlKeH~A 
npeo6pa3oeaHH~x AaHH~X lcneKTpa Yonwa-AAaMapal Ha K03¢¢H~HeH
Tbl nepexoAa. 

B npeAnaraeMO~ pa60Te B~BOAATCA COOTHOWeHHA MelKAY MaTpH~aM~ 
H N AnA nYA ~ s N AnR en IN = 2 n ' n = IT I ~ Ha HX OCHOBe 
nocTpoeHa nporpaMMa HASLAN , e~4~cnR1011\aA K03¢$H~~eHT~ nepe
XOAa OT nYA K en AnA npRMOrO H o6paTHOrO cny4aee. 

noeTAHOBKA 3A,l\A41-1 

A. npAMWe npeo6pa3oBaHHA 

nycTb X eCTb BeKTOp-CTon6e~ BXOAH~X AaHH~x. nOAnelKa11\HX 
npeo6pa30BaHH10. nycTb 4epe3 S H S -l 0603Ha4eH~ COOTBeTCTBeH
HO MaT pH~~ npJIMOro ~ o6paTHOro en, a 4epe3 H 0003Ha4eHa MaT-
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p~ua nYA. PaccMaTp~saeMbiC npeo6pa30BaH~~ aan~weM CflCAY~~~M 
o6paaoM: 

X 

X 

--. SX =Y
8

, 

1 --. -HX = Y , 
N H 

/1/ 

/2/ 

rAe Y 8 - cn3HT-cneKTp, a YH -cneKTP Yonwa-AAaMapa seKTopa X. 
MaTp~uy nepeXOAa nYA ~ en onpeAefl~M KaK HeKOTOpy~ MaTp~

UY A,An~ KOTOPO~ cnpaBeAn~BO 

ys =A·YH. 

Ecn~ B /3/ nOACTaB~Tb /2/, TO 

Y =J:..A·H·X s N ' 

~ CflCAOBaTeflbH0 1 Ha OCHOBe /1/ 

t ·s =kA·~ • 

/3/ 

IV 

/5/ 

~ nocKO!lbKY 3fleMeHTbl N X N MaTpHu s "' H B /5/ MO>KHO Bbi-
4HCJ1HTb Ha OCHOBe HX onpeAeneHH~/21, paBeHCTBO /5/ MO>KHO 
paccMaTpHBaTb KaK MaTpH4HOe ypasHeHHe Afl~ HCH3BeCTHO~ MaTpH
Ubl A, i - TO~ CTpOKe KOTOpO~ [ail , a i 2 , ... , a iN] (i = 1, N) COOTBeT
CTByeT CHCTeMa JlHHCHHbiX ypaBHeHH~: 

allhll +ai2h21 +··· +aiNhNl=N·sil' 

ail h12+ai2h22+ ... +aiNhN2= N·si2' 

ai 1 h 1N+ a i2 h 2N + ••• + aiNh Nif N· siN. 

!6! 

eneAOBaTeflbHO, pew1-1B. see N Clt1CTeMbt/6/, nony4HM 3neMeHTbl 
MaTpHUbl AN • 

Pacnonara~ MaTPI1llei1 nep~xoAa AN H 3Ha4eHH~MH KOMnoHeHT 
seKTopa YH = [yht•Yh2, ... ,yhN] - o6paaa HCXOAHOro eeKTopa X 
npH npeo6paaosaHHI1 Yonwa-AAaMapa, Cfl3HT-o6paa Y 8 =[Y 61 .Y62 •... ,ysN]' 
seKTopa X nony4aeM cneAY~HM o6paaoM: 

2 

" 

.. 

' • 

Ys1 =allyhl +a12yh2+ ... +a1NyhN' 

Ys2 = a21yhl+a22yh2+ ... + a2NyhN' 

171 

y sN = aNl yhl + aN~h2 + ... +aNNyhN 

/4epe3 [ )' 6yAeM 0603Ha4aTb BeKTOp-CTOJ16el\, COOTBeTCTBY~~H~ 

seKTop-cTpoKe [ ] I. 
3TH <)lopMy!lbl cny>KaT HenocpeACTBeHHO~ OCHOBO~ AflR C03AaHHfl 

6noKoB, AOnonH~~~Hx annapaTypy 6btCTporo npeo6paaosaH~~ Yonwa
AAaMapa Afl~ nony4eHHfl Ha BbiXOAe KOMnOHeHT CII3HT-cneKTpa Y s. 
eneAyeT, OAHaKo, OTMeT~Tb, 4TO c T04KH apeH~R 6~cTpo~e~cTB~R 
TaKO~ OH-na~H BepCHH Cfl3HT-npeo6pa30BaH~fl 04eHb Ba>KHO~ RB

flf!eTCfl CTPYKTypa MaTp~u~ nepexoAa AN . 
<!>opMyflbl /7/, BbtBeAeHHbte s 171 Afl~ 4aCTHoro cny4a.R N = 4,8, 

nOKa3~Ba~T, 4TO MaTPH4~ A4 , A 8 COCTORT B OCHOBHOM 1-13 Hyne~, 
H OTBeTHTb Ha sonpoc, KaK BeAYT ce6~ MaTPH4bl AN An~ N > 8 , 
MO>KHO TOflbKO, peWHB MaTpH4HOe ypaBHeH~e /5/ Afl~ COOTBeTCTBy~
~~X aHa4eHH~ N . eKa3aHHOe OTHOC~TCR a pasHo~. cTeneHH H K 
MaTpHue 8N Afl~ nepeXOAa Me>KAY o6paTHWMH nYA H en, TeM 6onee, 
4TO, HaCKOflbKO ~3BeCTHO aBTOpaM, K03<)><)l~u~eHTbl MaTp~Ubl o6paT

HOro nepeXOAa e~e He HCCfleAOBaflHCb. 

6. 06paTH~e npeo6paaosaHH~ 

AnR MaTpHUbl H npeo6paaosaHHR Yonwa-AAaMapa HMe~T MecTo
121 

cneAY~~He COOTHOWeHHR: 

rAe 

HN=HN, 

H N HN = HN H N = N. IN' 

IN - eAHHH4HaH N x N 

H-1 = ..!.H 
N 

/8/ 

MaTpHua, H 

191 

1-lcxOAR 1-13 <P<>PMYIIW y H = j.H. X' onpeAeii~IO~ei1 npRMOe nYA. 

c y4eTOM /8/ H /9/ Afl~ o6paTHOro nYA nony4aeM X = H. y H' 
rAe Y H -cneKTP Yonwa-AAaMapa. 

B~4HcneHHe 311eMeHTOB MaTPHUbl BN nepexoAa OT o6paTHoro 
nYA K o6paTHOMy Cn >KenaTeflbHO npoBeCTH npH noM~H y>Ke Bbi4Hc-
neRHOH MaTpHUbl AN, Ha6era~ TeM caMbiM peweHHR OT.QenbHoro 
MaTpH4HOrQ ypaBHeHHR. 
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06oaHa4a.R <.tepea XH BeKTop, nony<.teHHblii B peaynbTaTe o6paT-
Horo nYA BeKTOpa Y8 , T.e. [xhl'xh2, ... ,xhN]=XH=H-Y

8
.HMeeM AJI.R 

o6paTHoro en aeKTOpa Ys 

X= BNXH= BNHY8 (X =[x 1 ,x 2, ... ,xN)') • 1101 

B TO >Ke speM.R AJlfl o6paTHoro en cnpaBeAJ111BO 

X=S'Y 8 , 1111 

nocKOilbKY 121 'S' = S -l. 
epaBHeHI1e 1101 11 1111 AaeT COOTHOWeHHe 

S'=BNH. 1121 

C APYrO~ CTOpOHbl, TpaHcnOHI1POBaHI1eM MaTpi1L\bl S B 151 nony-

4aeM S'= ~ H'A~ =i·HA~. OTKYAa c y<.teToM 1121 HMeeM OKOH4aTenb

HYIO ¢JopMyily: 

5:_N1~H AN H I· 1131 

• nPOrPAMMHA~ PEAflH3AUH~ 

HaaHa4eHI1e 

nporpaMMa HASLAN' nOCTpOeHHa.A Ha OCHOBe ¢OPMYI1 151 11 1131, 
a TaKw.e ¢opMyJJ, npH noMOU\H KOTapbiX onpe,qeneHbl CII3HT-npeo6pa
aoaaHHe 11 npeo6paaosaHHe Yonwa-AAaMapa 1 2~ npe,qHa3Ha4eHa rnas
HbiM o6pa30M AJI.R Bbi41-1CJ1eHI1.R ·K03¢<!JH1.111eHTOB nepeXOAa Me>KAY 3TI1MJ.1 
npeo6pasoeaHHfiMI1 AJI.R N = 2 °, n = 2,6 0 

nporpaMMa HASLAN peaJli130BaHa Ha .R3b1Ke FORTRAN IV' CHa6-· 
w.eHa paseepHyToii nporpaMMHOH ne4aTbiO pesyJlbTaTos H onpo6oeaHa 
Ha 3BM CDC-6500. 

HHCTPYKL\11.A no 11CnOJ1b30BaHHIO 

KpoMe 6biCTporo am·opi1TMa Bbi411CJJeHI1.R 3IleMeHTOB CI13HT-M3TPHL\bl 
S N '· 83.RTaro H3 pa60Tbl 141

, 11 anropi1TMa Bbi411C!leHI1.R. MaTPI1Libl H N 
AJl.R nYA, nporpaMMa HASLAN BKill04aeT a ce6.R H anropi1TMbl, 
peanH3YIOUl~1e nYA 11CXOAHOro BeKTOpa IMaCCI1B X I 11 o6paTHOe nYA 
HeKoTopord aeKTopa-o6pasa IMacc11e YI.PeaynbT~TW 3TMX npeo6pa
soeaHHH -. BbiXOAHOH cneKTp 11!111 nepBOHa4aJ1bHbiH eeKTOp 3aCbiJlaiOTC.R 
s Te >Ke MaCCI1Bbl X 1.1 Yo 

Bbi41-1C!l.ReMble. t<03W¢1-1LII1eHTbl nepexoAa noMeujaJOTC.R s. MaccvtBbl SC 
IMaTPI-1Lia AN I 11 SGJN. IMaTPI1Lia .B N I, napaMeTpaM N 11 n 
coOTBeTCTBYIOT s nporpaM~r~e-·nepeMeHHble MM v. M • 

4 
.., 

. 
l ,, ,-

,Ill\ 
!' . 

Bw6op cooTBeTCTBYIOUIHX sHa4eHHH napaMeTpos ne<.taTH: INM, 
IPRl , IPR2 , IPR3 , noflcHeHHe K KOTOpbiM AaHo e KOMMeHTapH.AX 

nporpaMMbl, nossonHeT ne4aTaTb Ka3¢¢HL1HeHTbl nepexo11a A!lH npoMe
lf<YT04HbiX sHa<.teHHii N lnoAnporpaMMa TPRINT I. 

llnR peweHHH MaTpH4Haro ypaeHeHH.R 151 nporpaMMa HASLAN 
HcnO!lb3yeT 6H6nHoTe4HyiO noAnporpaMMY LINEQ1 0 

06paUleHHe 

CALL HASLAN (X,Y,SC,SCIN, M,MM,IT,INM,INV,IPR1,IPR2,IPR3)o 

Pecypcbl 11 6biCTpo,qeiicTsHe 

06U!Hi1 o6beM onepaTJ.1BHOH naMflTH 3BM CDC-6500, Heo6xOAJ.1MbiH 
AJlfl C4eTa no nporpaMMe HASLAN, cocTaB!lfleT 41175s enos. 0T-
MeTI1M, 4TO np11 3TOM OCHOBHafl 4aCTb naM.RTJ.1 OTBOAHTCfl MaCCHBaM 
SS , H 18192 cnoel 1.1 MaccJ.1BY P 18192 cnoal, Heo6xoAHMOMY Ailfl 
BbJsosa noAnporpaMMbl LINEQ1 0 no3TOMY, ecnH 3TO Heo6xaAI1MO 
AJlfl N < 64 , nO!lb30BaTeilb MOlf<eT pe3KO COKpaTHTb ynoMflHYTble pe
cypCbl npH naMOUIH COOTBeTCTBYIOUleH He60J1bWOH MOAH¢11Kal.IHJ.1 pa3Me
p08 3THX Macc11sos 1.1 MOAH¢HKaL\HH onepaTopa ewsosa LINEQ10 
EibiCTPOAeiicTsHe nporpaMMbl HASLAN Ha 3BM CDC-6500, Bbi4J.1c-
neHHOe B TeCTOBbiX npHMepax AJlfl N = 64 , COCT3B!l.AeT 23 c. 

TEeTOBOE OEiECnE4EHHE H PE3YflbTAT~ B~4HeflEHH~ 

llnfl npoeepKH pa60Tbl nporpaMMW HASLAN 6b111a cnel.IHa!lbHO 
paapa6oTaHa nporpaMMa TEST , KOTopafl nocne Bbi4HC!leHHfl MOAenb
HbiX BeKTOPOB AaHHbiX (N = 64) peanHayeT CI1€AYIOUIYIO CXeMy npeo6-

pa30B3HI1i1: 

_1_H 
1:. N y 

Jf H 

~S! ~,///I 1 1 A 

If s' 
1:. ~ ~-------~y f lS Ys'l YHS HS 

' . &s• z.g: H 
• v 
~ B l:.a 
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SUBROUTINE" HASLANIX,YoSC SCIN f1oMH IloiNMoitfVoiPR1oiP~ZoiPR3) 

~·····························'····'····'················ .. ······ THIS ROUTINE CALCULATES THE COEFFICIENT MATRIX FOR HAPPING• · 
THE WALSH-HADAMARD TRANSFORM VECTOR TO SLANT 1RANSFORM ONE• 

C X- INPUT VECTOR* ON THE OUTPUT MAY BE NHT-VECTOR • 
C Y- INPUT SLANT RANSFORK VECTORs · • 
C ON Tl£ OUTPU HAY BE THE lNitt.RSE WHT-VECTOR • 
C SC- FOUNDED COEFFICIENT MATRIX Of RANGE 6~ X 6~ • 
C SCIN- FOUNDED INVERSE COEFFICIENT MATRIX Of RANGE 6~ X 6~ • 

8 
11- ~XPONENT fiH.,z·••M • 
HM- EEOED tdTRIX RANG£ • 
IT- HT TEST PARUETER • 

C IF ~T • EQ. 0 NO CALCUlAliJN . • C IF ToNE~O THE NHT-TR M FORM OF VECTOR X IS CALCULATED• 
C Itm- IN ERHEuiATE PRINTING AllAH£TER • 
C IF INM.EQ.Il lHTERitEOIAn PRINTINGS Ol'IMITEO . " 
C IF INH.NEoO INTERMEDIATE P;INTINGS ACCEPTEO " 

a 
INV- PARAMETER OF THE INVERSE TRA SFO~HATION • 

F NV. a.a NO N RSE HATR X ALCU ATION " IF INv.~.D INvlR~f coEFFICIENf HAT~IX IS CALCULATED" 

~ 
IPR1,I!'RZ,IPR3- PUNTINGS PARAMETER. : 
IPR1 1PR2 IPR3 . " 

1 1 1 PRINTED- U HEADLINE ·ZI ·TRANSFORM " 
c HAIRICES 3) COEF MATRIX sc .. 

~ 1 1 0 PRINTED- 1) HE O~INE:21 TRANSFORM " 
HATR CES "' 

1 0 0 PRINTED- ONLY H£ OLINE ~ 

~ 
0 ll 0 NO PUNT • 
8 i l ~=~=rEB: ~~LfRi~~~o~AT~i~Ri8Es : 

2; COEF MATRIX SC " 
' 0 1 0 PR N 0- TRANSFORM MATRICES • 

C 1 0 1 PR!NTED- 11 HEADLINEt 21 SC MATRIX • 
SS- S ANT 11ATRIX OF R ~ 6ft )( 6~ " g H- wkLSH-HADAHARO HA R~~ OF RANGE 6ft X 6~ " 

cu•••••••••••o•••········································ .. ······ 

u 
20 

DIMENSION SCi6~1 64t~SCINC6~t64)lSSC641 641tHC61t~61tl 
•~XC61tlzYC64),Z(~~),HLC641,Pl64t 281eP~C64,21 1 INOEXC64J 

:>Q=io/::>QRI' C 2ol 
A•l• 
PRINI \0 
~a~aTr2~~~ 
FORMATII2Xo"TITAL TRANSFORM RA~GE 1111 • •,I3J 
SSC1,1JzSQ SSC1,Z)•SQ 
SSC2,U•SQ SSC2~,21•-SQ 
HUe1l•1o HUozJa1. 
Hl211,•1o ! HI2,2J•-1. 
DO -'II N>oloH · 
HN=-2••N 
IFCNN.EQ.2) GO TO 40 
NH=NN/2 ~ N1=NH+1 
NZ=N1+1 N~•N2+1 
8•1 I TC +4o•A•• ) A• .•e•A c•·········~~ .............. l ..... t ......... c ........... . 

C CALCULAT~ THE INN X,NNJ SLANT HATRIW • 
c••••e••···~·········~···~····~··········~·· 

'8 

911 
!10 

DO SO !C•l1NI1 
PSC1 1 1)•S~•SSC1,~) 1 PSC1,2)zPSC1e1) 
PSJ2 ll=SQ 4 CA•SSC1 KJ+B•SSCZ,KJ) 
~~~~:tt:s?·~0-~0silt,Kl+B•ss z,K,, 
DO 10 Ja),HH 

8s~1~=~•SO"SSCJ,K) 1 PSCJ,2)•PSCJ,1) 

P~CM ,~:SQ"SSC2,KJ 
PS~N} ZJ:rr-PS1N1,lJ ~· PS N :t)xSQ• -e• SC1,.KJ+A"SSC2,.KfJ 
PS N l )asQ• B•S C1oKi+A9 SSC2,K) 
IF No o3) G TO 80 
DO 911 ... H3,NN 
JM=J-NH 
~i\~~~\=~~~i~:il 
CONTINUE 

.., 

l~ 

l• 

l) 
it . • 

[ 
I 
~. . 

1· 

j 
l 

'11 
Q 

!· 

00 100 J=itNN 
SSIJ 1 10•PS !J U 

100 SSIJlK+NH~=P§CJ,2J 
50 CONT NUE 

~···············~······································ CALCULATE THF·IN" X NNJ - NILSH-HAOAHARD MATRIX • •••••••••••••••••••••••••••••••••••••••••••••••••••••• 
00 110 J=1 1 Ntl 
DO 110 K=N1 1 NN 
L•K-NH 
H(JfKl=HIJ,L) S HIK 1 J):H(L 1 JJ 

110 COtl INliE 
DO 120 .J=N1 1 NN 
DO 120 K=NloNN 
.JJ=J-NH KK=K-NM 
HfJti(J=-H(JJ,KKI 

120 CONTINUE • 
lfiNfN~~Hl GO TO 130 FCI tA OJ GO TO 1~0 c•••••l••••' •'•••••••••••••••••••••••••~•••••• 

8 
CALCULATE THE N-H TRANSFORM OF VECTOR X " 
AND NV£~£ N-H TRA SFORH OF VE TOR Y " • •••••••• J •••••••••••••• v ••••••••••• ¥ ••••••••• 

160 

00 125 11<=1,2 
DO 150 I::1,NN 
SUH"'D 
00 16& IJ::t.NN 
IFIIK.EQ.11 SUH=SUN+HCI,IJJ•XIIJI 
IFI~~.EQ.2l SUH•SUH+HCI 1 IJJ"YCIJI 
V~~ k~~~.11 ZIIJaSUM/FLOATCNNJ 
lFC KeEQo21 ZIII=SUN 

1sn c ~"'l"u~ 
Q~C~K~E6~lJH~CJJ•ZIJl 
IF( KoEQo~l YCII=Z( I 

11~ 
llo uo 
~~~ 

~~ijU~~ 
F PR1o[O.D GO TO 180 ~
ON~INUE ,J '"·i~5~~~NDoMoLT.M) GO TO 110 

190 FORMAT(//1//ZX,•SLAHT TRANSFORM RANGE NN = "r12J 
PRINT zyotA~B · 

200 FORHAT 1Zx,•CO£FFICIEMTS A = "• F8.6t"• 8= •, F8,6/l) 
180 iONTINUE 

220 

FIN~oLE.81 NT=NN 
F C N • GT • t1 l NT:: P. 
TR• N/NT 

HCIPR2oEO,OJ GO TO 210 
JFCI~Hl~Q,OoANDoMoLTeNJ GO TO 210 
FaanAT ~~ZX\"SLAHT lRANSFORM MATRIX 0 //1 
cXLl T ~INT SS,NH,N ,NTAI 
PRINT uo . Z30 gORitAT /2Xt" NALSH-HAD.HARD TRANSFORM MATRIX "Ill 

ALL T INTiHoNNeNT,NTR) 
Zltl OtlTIHUE c•••••••••••••••••••••••••••••••••••••••••••••• a ...... VO~~V~~l,.l~~ .. ~:U.,9,tti~I,UI .. aOlBil .. i¥.: 

NH=Z"MN S NL=NN+1 
0~ ilti Io:Jo NN 
~~~~~r=~c~:~~/FLOATINNl 

21o0 CONtbUE og zsa I=1 NH 0 2S J:Nt,HH 
JJ,J-MN 
f'CI.tJ):SSIJJ,l) 

ZSO CONTINUE 
CALi ~INEQ11Pt61toNN,6~tNN,INOEX1 NER 1 0ETl 

260 

88 6 I::1,NN 
6 J=1,NN 

SCII 1 J)o:PIJ,Il 
CONTINUE 

7 



2&0 
27'i 

265 

HO 
320 

., .. 8 
l1 

310 
' 
360 

180 
350 

285 
255 

300 

270 
30 

JO 
20 

40 
10 

8 

IFIIPR3oEOoOI GO TO 275 
IFCIHHoEOoOoANOoNoLT.Hl GO TO 275 
PIHNT 2&0 
FOP.HATII/2Xf• HAOAHARD-SLlHT COEFFICIENT MATRIX A •111 
Clll. TPRitiT SC,HN,NT,NTRI 
CONTINUE 
IFIIHV.EQ.O) GO TO 255 
DO 265 I=1o HH 
OD 2~5 J=1tHN 
~8A~i~O~I=~CIJ,Il 
DO 310 K=1 1 NN 
00 .120 I=1o NN 
SUHsO 1 
00 Hu J=1,NN 
SUH=,UH+HII,JI"SCINIJ,KI 
CONT NUE 
HLII =SUH 
CONTINUE 
DO JltO I=1 NN 
~8~~j~{;~l=fiL III 
00 do 1<=1, HN 
DO 360 I=1,HN 
~~"jh J=1 NN 
SUH•SUH+SCiNCI,JI•HCJ,K) 
Hl I II =SUHI FLOl T CN N .. 21 
CONTINUE 
DO JIIO I=1oNN 
IFINoLToHI SCII,KI=HLIII 
IFtN}EQoHI HIIoKI=HLIII 
CONT HUE 
CONTINUE 
DO 2115 I=1 1 HN 
00 2115 J=1oNN 
IFINoLToHI SCINII,JJ#SCCI,JI 
IF I No Eao HI SCINII ,JI =HCI,JI 
CONliN E 
COIHINUE . 
IFIINV~EQ~O) GO TO 270 
IFI PR.:~ Ello 01 GO 'TO 270 
IFI NH.lOoOoANOoNoLToHI GO TO 270 
PRINT JOO 
FORHATIIIZXf• INVERSE HlOlHARD-SllNT COEFFICIENT HAT~IX B •111 
CALl. TPRIN'T SC!H,NN,NT,NTRI 
COtlTINUE 
CONTINUE 
RETURN 
END 

SUBROUTINE TPR!NTCSC,H,NT,NTRI 
DIMENSION SCC64,641 
00 10 K:i1,NTR~ 
KL=t<•HT 
I(P::KL-NT+1 
DO 2f J:1 H 
PRIH lOt,SCCI~JilJ-KPJ~LI 
FORHAT CzX,&I2x,F Zolll 
COHliNUE 
IFIN~RtGTt1olNOoKoLToNTRI PRINT ItO 
FORK Tl/lzX,5H• • •111 
CONT NUE 
RETURN 
END 

~ 
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TeeT I 

? 
(X s =X) 

TeeT II 

/4/ 
- npoeepHeT pa60TY npo rpaMM FSLANT 1t1 !SLANT 

Anfl npfiMOrO Ill o6paTHOrO en COOTBeTCTBeHHO, 

- npOBepfleT npaBHJlbHOeTb nony4eHHblX K03QJQllt1l\lt1eHTOB 
nepeXOAa - 3neMeHTOB MaTPH4b! AN, nplt14eM s Ka-

? 
(Y S = y HS) 4eeTBe MOAenH oH-naRH sepcHM 6wcTporo npeo6pasosa

Hit1fl Yonwa-AAaMapa seKTopa X lllcnonbsyeTcfl nporpaM~Ia 
WHT , npeAnomeHHafl a pa6oTe 121 

TeeT III 

? 
(Xs=XIIS) 

- npoaep.AeT npaBMnbHOeTb Bbi41-1CneHHbiX K03¢lQJI-1L\MeHTOB 
nepexoAa AJ1fl o6paTHoro cny4afl /3neMeHTbl MaTPI-14bl BN/, 
nplt14eM Anfl MOAenHpOBaHMfl OH-naMH aepCMIII o6paTHOrO 
6bleTporo nYA lt1CnOnb30BaHa onf!Tb-TaKM nporpaMMa WHT. 

Bee 3TH TecTw Aan~-1 sepHb!e pesynbTaT~. B Ka4eeTBe npHMepa 
npHBeAeM ¢JopMynbl nepexoAa gn.A np.AMoro 1t1 o6paTHoro eny4aes, no
ny4eHHble s pesynbTaTe Bbi4HcneHHR no nporpaMMe HASLAN (N =2,4,8,16). 

1 . nYA -+ en 

~ 

y81 ~ 1.41421356•yhl , 

Y 82 = 1. 41421356 ·y112 

!i....=...J! !IE 

y sl =2. 82842712-yhl , 

lL=...i 
tf 

y 81= 2.GOOOOOOO•yhl , 

y 82= 0.89442719.yh2+1.78885438•yhJ 

y 83= 2.00000000•y114 , 

y 84= 1.788854J8•yh2 - 0.89442719•yhJ' 

y 82= 0 .6172D40•yh2+1. 23442680•yhJ+2. 46885360•yh5 • 

y83=2.82842712•yh4 , 

y 84=2.5298221J•yh2 - 1.26~91106•yhJ , 

y85=1.26491106•yh6 + 2.5298221J•yh? , 

y86=1.10410489•yh2 + 2,20820979•Yh) - 1.)8013112•yh5 
y 87= 2.82842712•yhB , 
Yss= 2.52982213•Yh6 - 1.26491106·Yh7 , 

*0TMeTHM, 4TO npHBeAeHHb!e 3Aeeb 3Ha4eHI-1fl K03QJ$M41t1eHTOB, 
npOBepeHHb!e no seeM TeCTaM,OTnH4a~TCfl OT npHBeAeHHb!X B pa6o

>Te llOI 

'1~ 



.!'L::..l:.9. 
y 81= 4.00000000•yhl , 
y 82=0.43386092•yh2+0.B6772183•Yh)+l.73544366•Yh5+J.470887JJ•yh9 , 

YeJ= 4.00000000•yh 4 , 
y 84= ).57770876•yh2 - 1.788854JB•yhJ , 
y 85= 1.788854JB•yh6 + J.57770876•yh? , 
y 86= 1.56144012•yh2 + ).l228802J•yh) - 1.951800l5•Yh5 
y 87= 4.00000000•yhB , 
y 88= J.57770876•yh6 - 1.7BBB54JB·yh? 
y89= O.B7287156•yhlO+ 1.74574Jl2•yhll + ).49148624•Yhl) 
y 81 c)0.7574097l•yh2+1.51481942•YhJ+).0296J884·Yh5-1.98820049•Yh9 , 
y 811= 4.00000000•yhl 2 1 

y812= J.57770876•yhlO- 1.7888543B·yhll 

Ysl)= 1 •78885438"Yhl4 + ).57770876•yhl5 
y 814= 1.56144012•yhlO + ).l228802)•yhll - 1.95180015"YhlJ • 

y 815 = 4.00000000•yhlG 

y 816 = ).57770876•yhl 4 - 1.788854JB·Yhl5 

2. 11HBepCHOe nYA-> 11HBepCHOe en 

~ 

x1 =. 0.70710678•Xbl 

x2 = 0.70710678•xh2 

.L=....! 

~ = 0.47J60680•xh1+0.026J9320•xh2+0.11180)40•xh)-O.lll80)40•xh4 , 

x 2 =-O.lll80)40•xh1+0.lll80)40•xh2+o.47Jn0680·xh)+0.02639320·xh 4 , 

x3 = O.lllD)40• xh1-0.lll80)40•xh2+0.02639320•xh)+0.47360680•xh4 , 

x4 = 0.026)9)20·~1+0.47360680•xh2-0.lll80)40•xh)+O.lll80)40•xh4 • 

10 ..,. 

( 

ll 
d 

~~ 
. ~ 

' 

nposeAeHHble An.R ecex n .. 2, 6 Bbi411CJl€HI~.A llOKa3biBaiOT, 4TO' 
XOT.A see COOTB€TCT8YIOI1\He MaTPHI.\bl AN COAep>KaT B OCHOBHOI~ HYJlH, 
MaTpl11.\bl 8 N .ABJl.AIOTCR nOJlHbiMI1 MaTpHI.\aMH. 3TO 03Ha4aeT, 4TO YMHO
liCeHHe t-la MBTPI-11.\Y nepeXOAa 8 N He 6yAeT OKynaTbC.A BbiHrpbtWeM 
B npOCTOTe 11 6WCTPOAe~CTBHH, nony4eHHWM 3a C4eT nepeXOAa OT 

en K nYA. 
4Hcna AOil011HI1TenbHWX apH~MeTH4eCKHX onepau11~ jaN -cyMMI1-

poeaHHe, m N - YMHOlKeH~1e/, KOTOpble He06XOAHMO peaJ11130BaT b All.A 

nepeXOAa 8 llPHMOM CJ1y4ae, npHBeAeHW 8 Ta6J1HI.\€. 

N aN 

- 2 0 
4 2 
8 7 

16 18 
32 41 
64 88 

mN 

2 
6 I 

I 

15 
34 
73 

152 
---·------------------

3AI(Jll04 E H 11 E 

nporpaMMa HASLAN 1103 BOJl.AeT 

nony4HTb r<o3~~1-11.\HeHTbl nepexoAa 
Me>KAY npeo6paaosaH!-1eM Yomua
AAaMapa H C113HT-npeo6paaosaHMeM, 
He06XOAI-1Mble All.A paCW~-ipeHMR HeKo

TOPO~ Cyll\eCTBYIOil\e~ annapaTHO~ 
pean!-1381.\1-11-1 npeo6paaosaHHR Yonwa

AAaMapa AO cnel.\npoueccopa, ocy-
11\eCTBJlRIOil\ero nYA H en. l{poMe 

Toro, HASLAN MO>KeT cny»<HTb KaK 

TeCTOBOe o6ecne,~eHHe Afl.A npoeepKI-1 APYrl-lX anropi.HMOB nYA 1-1 en. 
npoeeAeHHble no nporpaMMe HASLAN Bbi4HcneHHH noKa3a11H, 

4TO MeTOAHKY annapaTHO~ peaJli13BI.\HH en npH llOMOU\1-1 COOTBeTCTByi0-

11\e~ Cl-lCTeMbl nYA 11 perHCTpOB C K03~~HL\HeHTaMM nepeXOAa MO)I{HO 
peKOMeHAOBaTb TOJlbKO 8 CJly4ae npRMOrO CJ13HT-npeo6pa3088HM.A. 
AJ1H 60JlbW11HCTB8 CJly4aeB npaKTH4eCKOrO llPHMCHCHH.A /HallpHMep, K 
ClKBTHIO ABHHbtX/ 3TOrO AOCT8T04HO, TBI< KBK o6paTHOe en BblllOJlH.A
eTC.A y>Ke s pe>KHMe o~~-na~H. Ho s cny1.1ae aAanTHBHoro oH
na~H cmaTH.A 141 , KOrAa c noMOil\biO HeMeAneHHOro oH-na~H o6pall\e-
HHR ype3aHHOrO cneKTpa H 6b1Ciporo cpaBHeHHR pei<OHCTPYKI.\111-1 

C OpHrHHaJlOM MOlKHO Bbl6paTb JlOKallbHO-OilTHMaJlbHYIO OTCC4KY cneKT
pa, AflR peanH3ai.\HH o6paTHoro C113HT- npeo6paaoeaHHR Llenecoo6-
pa3Hee HCil0Jlb308aTb anropMTM 1-1 nporpaMMY, npe,qllOlKeHHYIO B pa-
6o.Te /4/ 
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