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1. BBEJJ.EHI1E 

no Mepe 803pacTaH~~ pan~ U3BM np~ o6pa60TKe 3KCnep~MeHTanb
HOH ~H~OpMa~~~ n08~waeTC~ ~HTepec K TaK~M MeTOAaM o6pa60TK~, 
8 OCH08y KOTOp~X nonO*eHO AHCKpeTHOe npeACTa8neH~e 3KCnep~
MeHTanbH~X AaHH~x. 3To oco6eHHO npo~8n~eTC~ 8 o6nacr~ cneKr
panbH~X npeACTa8neHHH ~3Mep~eM~X ~~3~4eCK~X 8en~4~H, nOCKOflbKy 
3T~ 8en~4~Hbl 06bi4HO 3aAaHbl KaK A~CKpeTH~e K8aHT08aHHble IT. e. 
~~~po8~el c~rHan~. 

K 4~cny ae c bMa 3~eKTH8H~X MeTOAOB cneKrpanbH~x npeAcTaa
neHHH, ~CnOnb30BaHHe KOTOpbiX He06XO~MO An~ peweH~~ He TOflbKO 
~~3H4eCKHX 3aAa4, HO H npo6neM KOAHPOBaHH~ ~ C*aT~~ AaHHbiX, 
MO*HO OTHeCT~ annapaT A~CKpeTH~X YH~TapH~X npeo6pa30BaH~H. 
3TOT MaTeMaT~4eCK~H annapaT, nony4~BWHH w~pOKOe pacnpOCTpa
HeHHe 6narOAap~ B03MO*HOCT~ pa3pa60TKH C era nOMO~b~ 6biCTPbiX 
~4HCflHTenbHbiX anrOpHTMOB I l l , HCnOnb3y~T B HaCTO~~ee BpeM~ 
a pa3H006pa3Hb1X np~no*eH~~x. Hanp~Mep, npH o6pa6oTKe reorpa
~H4eCK~x, CeHCMH4eC KHX, 6~onor~4eCKHX H MeA~~HHCK~X AaHH~X 1 2

•
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HaH6anbWY~ nonyn~pHOCTb AHCKpeTH~e yH~TapH~e npeo6pa3oaa
H~~ npH06fen~ 8 o6naCTH ~H~POBOH o6pa60TKH ~ nepeAa4~ H306pa
*eHHH I &·? 6narOAap~ A8YM CBOHM C80HCT8aM: 

11 ynnOTHeH~~ 3HeprH~ H306pa*eHH~ B HeCKOflbKO rnaBH~X KOM
nOHeHT cneKTpa, 4TO no3aon~er peanH308aTb 3~eKTH8HY~ KOA~
poaKy H306pa*eH~~; 

2/ pa3AeflHMOCTH, T.e. 803MO*HOCTH BblnOnHHTb MaTpH4HOe npe
o6pa308aHHe H306pa*eHH~ nyTeM OTAeflbH~X OAHOMepHbiX npeo6paso
BaHHH no CTOn6~aM H CTPOKaM MaTPH4~ H306pa*eHH~. 

CpeAH opToroHanbHbiX npeo6paaoaaHHM, Hcnonbsy~Hx HeCHt coH
AanbH~e 8eKTOPH~e 6a3Hcbl, oco6oe MecTo npHHaAne*HT cn3HT-npe-
o6pasoaaHHIO I Slant Transformation I, aaeAeHHOMY aaropa-
MH ~/ cne4HaflbHO An~ npeACTaBneHH~ flHHeHHbiX . H3MeHeHHH KOH
TpaCTHOCTH B 2-MepH~X H306pa*eHH~X. 6a3HC Cfl3HT-npeo6pa30Ba
HH~ BblrOAHO OTnH4aeT C~ OT 6a3HCOB OCTaflbHWX AHCKpeTHbiX OpTO
roHanbHbiX npeo6pa30BaH~H TeM, 4TO,KpoMe BeKTOpa nOCTO~HHbiX 
3Ha4eHHH,COAeP*HT e~e BeKTOP nHHeHHO y6b1BaiO~~X 3Ha4eHHH -
AHCKpeTHOe npeAcTa8neHHe HaKnOHHOH np~MoH nHHHH. KpoMe roro, 
KaK nOKa3aHO B pa6ore 191 , TaKOH BeKTOpHbiH 6a3HC ~Bn~eTCR HaH-
6onee 6nH3KHM K OnT~MaflbHOMY Ia CMbiCne cpeAHeK8aApaTH4eCKOrO 
orKnoHeHH~/ 6aa~cy KapyH3H-n03aa. 
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B HacTORUiee 8peMR cyUieCT8yeT PRA pa6oT 13
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• 8 KOTOPbiX 

AaHbl KaK 4eTKOe onpeAeneHHe cn3HT-npeo6pa3o8aHHR, TaK H noA
po6HbiH aHanH3 ero npHflO*eHHH K o6pa6oTKe ~H~po8b1X H306pa*eHHH. 
TeM He MeHee 6~>~cTpble anropH TMbl npRMOro 1-1 o6paTHOro cn3HT-npe
o6pa3o8aHHH OnHCb18a~TCR TOflbKO AnR He60nbWOrO ¢HKCHpo8aHHOrO 
4HCna KOMnOHeHT o6pa6aTb18aeMbiX 8eKTOP08 AaHHbiX (N = 2, 4, 8), 
a nporpaMMHble peanH3a~HH 808ce He npH80ARTCR. 

B C8R3H C HCCneA08aHHRMH a8TOP08 HaCTORUieH pa60Tbl no npH
MeHeHH~ cn3HT-npeo6pa308aHHR AnR OH- naHH C*aTHR AaHHbiX 8 6ec
¢HnbM080H CHCTeMe CDeMa H o6pa6oTKH WTPHX08b1X 6HHapHbiX H3o6pa
*eHHH CO CTPHMepHbiX KaMep / 10/ 803HHKna HeOOXOAHMOCTb pa3pa-
6oTaTb TaKoe nporpaMMHOe o6ecne4eHHe, KOTopoe o6naAano 61>1 AOc
TaT04HOH nonHOTOH /HanH4He npRMOrO H o6paTHOrO npeo6pa308aHHH/ 
H yHH8epcanbHOCTb~ /npOH380flbHOCTb pa3MepHOCTH/. 

HTaK, 8 npeAnaraeMOH pa6oTe Ha OCH08aHHH peKyppeHTHOrO on
peAeneHHR MaTpH~bl npRMOrO H o6paTHOrO Cfl3HT-npeo6pa308aHHH 
8bl8eAeH rpa¢ 6blcTporo anropH TMa cn3HT-npeo6pa3o8aHHR H nocTpo
eHbl yHH8epcanbHble ¢opTpaHHble nporpaMMbl FSLANT H ISLANT 
AnR npRMoro H o6paTHoro cn3HT-npeo6pa3o8aHHR. O~eHKa cKopoCTH 
npeo6pa3o8aHHR AenaeTcR no 4Hcny Tpe6yeM~>~x apH¢MeTH4eCKHX one
pa~HH. CooT8eTCT8Y~He AaHHble npH8eAeHbl 8 Ta6n. 1,2.6 3aKn~4eHHe 
06CY*Aa~TCR pe3ynbTaTbl KaK TeCT08biX 8bi4HCneHHH, TaK H npHno
~eHHR 6biCTporo Cfl3HT - npeo6pa308aHHR /6Cn/ K C*aTH~ MOAeneH 
TpeK08biX H306pa*eHHH, nony4aeMbiX CO CTPHMepHbiX KaMep. 

2. HCXOnH~E MATEMATH4ECKHE OOPEnEflEHH~ 

B Ka4eCT8e MaTeMaT~o~4eCKOH MOAenH 2-MepHorp ~H¢po8oro H3o-
6pa*eHHR, npeACTa8neHHOrO C080KynHOCTb~ OAHOMePHbiX CHrHano8, 
88eAeM N -MepHoe e8KnHA080 8eKTOpHoe npocrpaHCT8ofN. fl106oH 
OAHOMepHbiH ~H¢P080H CHrHan, R8flR~IIIHHCR N -MepHbiM 8eUieCT8eH
HbiM 8eKTOPOM X , 3anHweM 8 8HAe 8eKTop-cTon64a. CooT8eTCT8yiO
IIIY~ 8eKTop-cTpOKy o6o3Ha4HM X'= [ X1,X2 . . .. ,XN]. 

nycTb 3aAaH npOH380flbHbiH OpTOHOPMHP08aHHbiH 6a3HC l.,t>Nl 
npocTpaHCT8a EN , T. e. 

1, i = j. 
,~.. · ¢ '= 1 o i -I i. 'I' I j • 

/1/ 

TorAa opToroHanbHOe npeo6pa3o8aH~o~e, nopO*AaeMoe 6a3HCOM 

1¢ N I , onT;~"e]TCR KaK MaTp~o~~a 

T • l r~ · 
2 

- 1 
AnR o6paTHoro op:.o roHan bHoro npeo6pa3o8aHHR T =l <P 1 .P2 ... ¢ J 

8 c1-1ny /1 / ~o~MeeM T 1= T ',rAe 4epe3 T ' o6o3Ha4eHa MaTpH\4a, 
TpaHcnoH~o~po8aHHaR K MaTpH~e T • BeKTOP Y' = [ Y 1 • Y 2 ••.. • Y...N 1, 
R8flRIOUIHHCR o6pa30M 8eKTopa X ~ E N np~o~ npeo6pa3o8aHHH T , 
npHHRTO Ha3~>~8aTb cneKrpoM 8eKTopa X no OTHOWeH~o~IO K 3aAaHHOMY 

6a3HCY 1¢ NI, TaK KaK 
N 

y I= 1 I I 
2 

YN 

X = T ' y .. [ ¢ 1¢ 2 ... ¢ Nl [ y 11 "' l y . .p 

AnR HaTypanbHoro n MaTPH\4a cn3HT-npeo6pa3o8aHHR S(n) 
/HnH SN, rAe N = 2" I onpeAenReTCR 1 31 cneAyiOUIHM o6pa3oM: 

1. AnR n = 1 nona raeTCR, no onpeAeneHH~, 

- [ 1 1] 5(1) = 1 / .j2. 
1 

_1 

2. JlnR 0=2 CTpOHTCR MaTpH~a 

1 1 1 1 

a +b a-b -a+b -a-b 
S(2) =11/ 41 

1 -1 -1 1 

a-b -a-b a+b -a+b 

8 KOTOPOH K03¢¢H~HeHTbl a, b onpeAenRIOTCR ABYMR ycn08HRMH: 
a/ MaTp~o~~a S(2) AOJl*Ha coAeP*aTb 8eKTop-cTpoKy c pa8HOMepHo 

y6bl8aiOUIHMH KOMnOHeHTaMHj 
6/ 8eKTOp-cTpOKH 8 5(2) AOfl*Hbl 6b1Tb opToHopM~o~po8aHbl. 

3To AaeT MaTPH14Y 

1 1 1 1 

3!/5 1/ Vl> -1/.j5 --3/ .j5 

S(2) .. 1N 4 1 1 - 1 -1 1 

- - -
1/ .j5 -3/Y5 3/.j5 -1/.j5 

BbiPa*aeMyiO 8 peKyppeHTHOH ¢opMe 4epe3 S( l) KaK 
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0 1 0 
l j S(1) 0 

a4 b4 -a4 b4 

S(2) =11/ 21 0 1 0 
-1 I , .. 0 

·: ..... I· /21 

-b4 a4 b4 a4 S(l) 

-
r.Qe a 4 ~ 2h/5, b4 = 1/V5. 

3. Onpe.QeneHio1e K03~Uio1eHT08 a4 , b 4 8 /2/ "" caMoo MaTplo1-
Ubi S (2) MO~HO o6o6~1o1Tb Ha cny4aH npOio13BOnbHOrO N: 

2 -1 / 2 bN ~ [ld(aN; 2)) AJlR N ;:: 4, 

aN = 2bNaN/2 AJlR N 2: 4, 

r,Qe nonaraercR 
noH 

a 2 .. SN onpeAenReTCR peKyppeHTHOH ~pMy-

0 
a N bN: 

0 1 
-aN 

0 0 
bN. . . . . · ...... I js . 

O : / (N/ 2) - 2 N/ e. 0 I(N/ 2) - 2 -
SN= S(n) ::l fV2 

0 

-bN aN' 

0 

0 

I 
(N/ 2)-2 

. . . . . . . 
0 -1 

bN aN: 
0 I I o 

... : ...... 
0 . - I 

(N/ 2)-2 

J L 

/4epe3 lk o603Ha4eHa eAio1Hio14HaR Marp1o1ua k x k /. 

3. AnrOPHTH 6~CTPOfO Cfl3HT-nPE06PA30BAHHR /6Cn/ 

0 

SN/ 2 

131 

06e MaTplo1Ubl 8 onpe,QenR~M COOTHOWeHio11o1 /3/ COCTORT 8 OCH08-
HOM lo13 Hyne8biX KneTOK. Y4eT 3TOH CTPYKTypbl n0380nReT nocrpo
lo1Tb 6biCTpbiH anrOplo1TM Cn3HT-npeo6pa308aHio1R AJlR npOH3BOnbHOrO 
N, OCHOBaHHbiH Ha 3aMeHe 06bi4HOrO YMHO~eHHR N-MepHoro BeKTOpa 
Ha MaTPio1UY (N x N) YMHO*eHio1eM TOn bKO Ha ee HeHyneBble KneTKH, 

4 

4TO ,CIOC.THraeTCR cneu1o1anbHbiM nOAOOPOM onepaUio1 H C lo1HAeKcaMio1 , 
TaKOH anroplo1TM 6bln peanlo130BaH 8 Blo1.Qe ~prpaHHOH nporpaMM~ 
SLANT 1o1 onpo6oeaH Ha npeo6pa308aHio1RX MO.QenbH~X eeKropoe. 

CKopoCTHble xapa Kreplo1CTio1Kio1 nporpaM~ SLANT cneAy~T 1>13 .QaH
H~x. nplo18eAeHHbiX 8 ra6n1o1uax 1,2, ""noKa3bl8a~T, 4TO npH N 64 
SLANT coKpa~aer 41>1 Cno cno~eHH~ npHMepHO 8 8, a 41o1cno yMHo-
~eHHH B 16 pa3 no cpaBHeHio1~ C 06b14HbiM yMHO*eHHeM Ha Ma TPio1UY 
(N xN) . 

Ho nocKOnbKY ocHOBHbiM npHHUHnOM nocrpoeHio1R 6biCTp~x anro-
PHTMOB OPTOrOHanbH~X npeo6pa30BaHHH RBnReTCR MeTOA ~aKTOPio1 3a 
U1o1H MaTPHU, onpe.QenR~~oix 3TH npeo6pa3oeaHHR, 6bln nocr poe H 
eropoH 6blcrpbl~ anrop1o1TM FSLANT , lo1cnonb3Y~HH ~aKroplo130BaH -
HOe npeAcTa8neHHe cn3Hr-npeo6pa3oBaHHR ' 91 . HecKOnbKO MOAH~H
UHPYR 3TO npe.QcraeneHI>1e, MO~HO eeecr1o1 cne,Qy~ee peKyppe HTHOe 
onpe.QeneHHe cn3Hr-MaTPHU~ S(n) : 

0 
0 

0 0 
0 

0 bN aN 0 
. . . . .. 

1 I· · o 
0 / (N/ 2)-2 0 0 

S (n) c S = --= . 0 0 •••••• 
. ....... I " 

N y 2 n 0 0 
0 0 

0 aN . -bN 0 
. . ........ 

0 0 () : I(N/ 2)-2 
'-

f' · .· ~ '. ·. '. •l•:. ~ ... ~ y [· • • , , • •• • • ,,l 
1'•1 

/ N/ 2 : - I N/ 2 0 : \ / 2 n-1 . S N I 2 

KaK 3TO npHHRTO npH o6pafiorKe UH~poeblx c1o1rHanoe , npe.Qc TaBHM 
anroplo1TM 6blcrporo cn3Hr-npeo6pa3oeaHHR .QnR cny4aR N=16 e BHAe 
rpa~a /p1o1c. 1/. B y3nax 3TOro rpa~a pacnonara~rcR HCXOAHble or
C4eTbl UH~poaoro cHrHana - KOMnoHeHTbl 8eKropa X ' = [X1. X 2 .... . X 1~ 
"" pe3ynbTaTbl nocne.QoaarenbHbiX Bbl41>1c neHio1H. Pe6pa rpa~a c8R3b18a~r 
cyMMio1pyeMWe 8enH41o1Hbl 1o1 pe3ynbraTbl cyMM~oipoaaHHR, a 4Hcna np1o1 
pe6paX yKa3biBa~T COOTBeTCTBy~He KO~~UHeHTbl yMHO~eHio1R 8enH-
41o1H. 

fpa~ 6Cn Aaer 803MO~HOCTb onpe.QeneHHR 4Hcna rpe6yeMblx aplo1~-
MeTio14eCKHX onepaUio1H /cno~eHHH H yMHO~eHHH, npH4eM YMHO~eHio1e 
Ha 41o1cno -1 He y41o1Tb18aercR/, a raK*e nocrpoeHio1R c aMOH nporpaM
Mbl npeo6pasoaaHio1R npH nepeMeHHOM 3Ha4eHio11o1 N. 
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1. pe.3AeJI 2. p&3AeJI ). pa.3A8JI 
/ - .... ,,r---"'-----... ,----"-----

::~ ;::\ 74 b, ~ z ~ : :~: : 1 

12 

X)Q: ji'-y 'o(' 

X 4 oC - ">.c{ - 'o-" 

x5:>?SZ bt1/:/:;\, 
x6 

:7:>?ZsJ 
8 

X9~ 
x10 ~z ~A'\ ,Z b, 71/lllf: 
~il Q: §'-y )r" 

X12 

x13 

~ 

4 (10 "+") 

4 (4 " X" ) 

2 (10 "+" ) 
2 (4 "x" ) 

18 "+" 
4 "x" 

>') 

)'4 

)'5 

>'6 

77 

1/ 4 -78 

1/ 4 -79 

710 
1/4 -7 

11 

!Li..oy12 
1/ 4 

>'1) 
1/ 4 - )' 

14 
1 / 4 - )' 

15 
1/4 - 7 

16 

06lllee 4~cno cyMM~poeaH~H - 78 . O~ee 4~cno YMHO>I<eH~H - 28. 
06o3Ha4eH~R: 11+11 

- CYMM~poBaH~e; 11X
11 

- YMHO>I<eHHe Ha K03¢l<l»1~~-
eHT. 

P11c. 1 

6 

4. 6~CTPOAEACTBHE AnrOPHTHOB 

O~eH 04eHKOH 6~CTPOAeHCTB~R no6oro A~CKpeTHoro opToroHanb
Horo npeo6pa3oeaH~R cny*~T 4~cno ap~~MeT~4eCK~x onepa4~H, Ko
Topoe He06XOA~Mo e~nonHHTb npH Maw~HHOH pean~3a~~~ anrop~TMa 
3Toro npeo6pa3oBaH~R. 

0603Ha4~B 4epe3 AN 06ll\ee 4~CnO CyMMI-1POBaHHH, a 4epe3 M N 
o6ll\ee 41-1cno yMHO*eH~H IAnR N ~ 2 /, nony4aeM cneAY~li\He ¢op
Myn~: 

1. Anrop~TM SLANT : 

AN :2AN 12+N +4, 

M N:2MN1 :t8 ~nl-1 

AN =N(2+log 2 N) -4, 

MN=4N-8. 

2. AnropiHM FSLANT: 

A N = 2A N I 2 ~ N ~ 2 . 

M N ~2MN ,2+4 1-1n~ 

AN = N(l •log 2N) -2, 

M N" 2N -4. 

B Ta6n. 1 ~ 2 np~BeAeH~ 3Ha4eH~R AN ~ COOTBeTCTBeHHO M N 
N =2,4,8, 16,32,64 /yMHO*eH~e Ha K0311¢~~~eHT l ' /2° He y4 -AflR 

TeHO/ . 

Ta6n1-1~a 1 Ta6n~~a 2 

N YMHO* . Ha SLANT FSLANT N YMHO>I<.Ha SLANT FSLANT 
MaTpi-I~Y MaTp~~y 

2 2 2 2 2 4 0 0 

4 12 12 10 4 16 8 4 

8 56 36 30 8 64 24 12 

16 240 92 78 16 256 56 28 

32 992 220 190 32 1024 120 60 

64 4032 508 446 64 4096 248 124 

CpaeHeH~e 4~cna onepa~~H AflR anrop~TMOB SLANT ~ FSLANT 
no3eonReT CAenaTb e~BOA e nonbsy nocneAHero , TaK KaK 6onbwee 
4~cno onepa~~H SLANT-nporpaM~ He KoMneHc~pyeTCR HeKOTOP~M 
B~~rp~WeM B ee npOCTOTe. no3T0My AflR MaCCOBOH 3KCnnyaTa~~~ 
MO>I<HO peKOMeHAOBaTb nporpaMMy FSLANT. 

1 



5. AJ1rOPI1TM 11H8EPeHOrO sen 

An~ HHBepCHOrO cn3HT- npeo6pa30BaHH~ B CHny OpTOrOHan bHOCTH 
eeKTopoe ¢ N cnpaeeAJlHBO coOTHOWeHHe S fi1 = S'N • TaKHM o6pa-
30M , 6~CTP~~ anrOpHTM HHBepCHOrO cn3HT-npeo6pa30BaHH~ MO*HO 
nOCTpOHTb Ha OCHOBe peKyppeHTHOrO onpeAeneHH~ /4/ Cn3HT-MaTpH
~~ SN. npHMeH~~ 3neMeHTapH~e MaTpH4H~e onepa~HH , An~ onpeAe
neHH~ HHBepCHOrO Sen nony4aeM cneAy~y~ ¢opMyny: 

[V~ ·SN12 : 0 
.. ] v·· i j :·-J X S' "' S' (n) = • · ....... : ·::n::r. 

y 2n 0 · v 2n- S'N / 2 / N / 2 ' N/ 2 

1 0 
0 

0 0 
0 

0 b • 
N • 0 aN .... .. .. . ....... 

0 : /(N / 2)-2 : 0 0 
X I. ... ............... 

0 aN : 0 -b . 
0 N • 0 

0 0 1 0 . . . .... ... .. · .. 
. I (N/ 2) -2 0 0 

rpa¢ HHBepCHOrO 6en ~Bn~eTC~ 3epKanb~M OT06pa*eHHeM rpa¢a 
Ha PHC. 1, H n03TOMy ~ ero He npHBOAHM. TeM He MeHee COOT BeT-
CTBy~a~ nporpaMMa HHBepCHOrO Sen (!SLANT) He MO*eT 6~Tb 
nony4eHa e pe3ynbTaTe 3neMeHTapHoro o6pa~eHH~ nopAAKa onepa~H~ 
e nporpaMMe np~MOro npeo6pa3oeaHH~, a Tpe6yeT cne~HanbHoro 
nocTpoeHH~ . 

6. Onl1eAHI1E nPOrPAMM FSLANT H !SLANT 

Ha3Ha4eHHe 

HH*e npHBOAHTC~ nonH~~ TeKCT nporpaMM~ FSLANT An~ sen 
H nporpaMM~ !SLANT All~ HHBepcHOro 6en, KOTOpwe npHMeHHM~ B 
cny4a~x o6pa6aT~eae~x eeKTopoe npoH3BOnbHO~ pa3MepHOCTH N=2°. 
nporpaM~ HanHCaH~ Ha ~3~Ke FORTRAN-IV H onpo6oea~ Ha 38M 
CDC-6~ e 011~11. nonb3oBaTen~M cneAYeT o6pa~aTbe~ K HHM 
KaK K eTaHAapTH~M noAnporpaMMaM. 00CKOnbKy TeKeT 3THX nporpa~ 

8 

~ ~ 

., 
·~ 

eOAeP*HT Bee OeHOBH~e KOMMeHTapHH, OHH He HY*Aa~Te~ B OTAenb
HOM onHeaHHH. eneAYeT TOnbKO nOA4epKHYTb , 4TO npH N > 1024 
ec~ Heo6XOAHMa~ MOAH¢HKa4H~ nporpaM~ ISLANT 3aKno4aeTe~ 
nHWb 8 eOOTBeTeTBy~eM H3MeHeHHH pa3Mepoe MaeeHBOB A, B, 
onHeaHHbiX onepaTopoM DIMENSION. 

0TMeTHM, 4To All~ KOMnaKTHOeTH e nporpaM~ FSLANT H 
!SLANT He 6blnH BKn04eHbl onepaTOPbl ne4aTH H, eneAOBaTenbHO, 3TO 
npHAeTe~ eAenaTb nonb30BaTen~ e rnaeH~ nporpaMMe. 

06pa~eHHe 

CALL FSLANT(X, N, NN, Y) , 

CALL !SLANT (Y, N,NN,X). 

Peeype~ H 6bleTpoAe~eTeHe 

O~H~ o6DeM onepaTHBHO~ naM~TH 38M 
MbiH An~ e4eTa no nporpaMMe FSLANT, 
no nporpaMMe ISLANT - 333s enoe. 

SbleTpOAeHeTaHe nporpaMM FSLANT H 

CDC-6~ , Heo6xoAw 
eoeTaen~eT 251s enos, 

!SLANT Ha 38M CDC-6500, 
Bbi4HCneHHoe e TeeTOBbiX npHMepax An~ N = 64 npH nOMOIIIH 6H6nHo
Te4HOH noAnporpaM~ SECOND, eoeTaen~eT 10 Me All~ FSLANT 
H 14 Me AJlR !SLANT. 

7. TEeTOB~E B~411eJ1EHH~ 

An~ npoaepKH pa6oTbl nporpaMM FSLANT H !SLANT 6blna Hanw 
eaHa ene4HanbHa~ nporpaMMa 8bi4HeneHH~ H ne4aTH K03~H4HeHTOB 
en3HT-MaTPH4bl S N All~ N=2,4,8,16,32,64. B Ka4eeTee HeXOAHoro 
MaTepHana reHepHpoeanHeb Ha6opbl H3 Aeei'ITH N - MepHbiX eeKTopoe 
IN •64/1 npeAeTaen~~He MOAenH npRMOnHHeHHbiX TpeKOBbiX H3o6pa
*eHHH / lu/ . 

npH noMOIIIH 3Toro aenoMOraTenbHOro annapaTa OwnH npoeeAeHw 
eneAY~He TeeTw : 

a/ epaeHeHHe K03~4HeHTOB cn3HT-MaTPH4bl e K03~~HeHTaMH, 
Ony6nHKOBa HHbiMH B / 3,9,11/; 

6/ npoeepKa K03~H4HeHTOB 06paTHOH en3HT-MaTPH4bl; 
e/ epaeHeHHe HeXOAHbiX aeKTopos X e pe3ynbTaTOM noeneAoea

TenbHoro npHMeHeHHA ABYX npeo6pa30BaHHH - np~Moro (Y =SN·X) 
H o6paTHoro (SN. Y) . 

Bee nepe4HeneHHble TeeTbl AanH eepHble pe3ynbTaTw. 
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:;UBP.OUTI'f( FSLANT IX,N,N'I,YI c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C THI S ~OUTINE CILC•JL AT(S TH'O P100IFI EO FAST <;LA NT T~A'I<;FOP ~• 
C FOR -NY GIV~ H VECTOR X Of NN COP1PONENTS • 
C tiUP1J(R I' INI IS A '1-TH PI)W£R Ol" TW'l • 
C t1AXIHU'1 Of N = 1( t1AXIHU '1 ')F HH : 102.. • 
': ')UT"UT !lATA ! SL NT TRANSFO~P11 AR E IN THE V'OCTOP Y • c• •••••••••••••••••••••••••••••••••••••••••••••••••••••••• •• •• •• 

:II'1!:NSI0'1 XCNN I,Y! HN I 
"IZ =NN/ 2 :., N4 : NN/ .. 
A=1. c••••••••••••••••••••••••••••••••••• 

C CAL CULAT E THE FIPST ITERATION' 
c••••••••••••••••••••••••••••••••••• 

00 ~~ J =1 oH., 
I=io•J- J 
I1=I+1 ; 12=1 +2 1 IJ=I+J 
YCII =X ! II+X!l11 
Y (f: I =X II I - X I I 11 
YCI:! I•X!I21UtiJI 
Y! I31=l'CI21-KC[JI 

1C COHT INU£ 
~··············································· C ~EGI N A LO'lP P'lR !N-11 ITE0ATI ON S'OCTTONS• c••••••••••••••••••••••••••••••••••••••••••••••• 

:10 ;!~ K= 2 II 
~=1•/SOP.T I 1 .• ... •A•• 2 1 •= •e• z. J1 =:!••K J?=J1- 1 
JJ=J1/2 ! Jlo=JJ -1 
'i o: Nti/J1 c•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

C OEGIH A LO~P FOR PARTITIONS IN T ~E GTVfN ITE0 AT TON S~CTION• 
~····················· · ··············· · ·························· DO JC J=1 , 1i 

•=J'J1-J2 
·1=!+1 
Il=I+J3 
Ilt=I3 +1 c••• •••••••••••••••••••••••••••••••• • ••••••••••••••••••••••••••• 

~ J~GIN A LOOP ~"OR THE FI~<;T IT ~R ATI I)H I N TH£ GIVEN SEr.TtO ~• 
~······························································· DO lot IJ=1,J3 

L=I-t +IJ 
Ll =L +J! 
!1=Y Ill 
!Z= YCLLI 
XCLI =Z1+!2 
X CLLI =Z 1-Z~ 

lo~ CO HT INU'O 
~························································· C CAL CUL ATE THE SEC0HO ITERATI 0N TN TH ~ GIVEN SEr Tt ON• r••••••••••••••••••••••••••••••••••••••••• • ••••••••••••••• 
• YC!I =X (II 

YII ! I •O• ~ ! Ili•A• X!t ll 
IF CJ1 ,Lf ,81 liO TO 6ll 
:10 se L=.:!o Jlo 

c; , 
I)J 

' J ,c 
JC 
~0 

,.., 

10 

I L =I +L 
Y! JLJa:X I I Ll 
COHTI 'IU~ 
COIH IIU C.:: 
Y(Jl i "' X!I41 
Y I I 4 I : A • X C I 11 -!!• X I IJ I 
IFCJ1 oLT.81 GO TO e~ 
::10 1C L=:!, J4 
IL=I +L + JJ 
Yl IL I =K !Ill 
CONTJNUE 
COHT HUE 
CO NTINUE 
CONTINO!:: 
:;:1 ,/SQRTIFL'lAT!HNI I 
00 1!i I =t,NN 
YIII =Y!IJ• s 
cqNTINU£ 
~:TUP.H 
_NO 

;uR"OU T ! '!!: I SLANT CY H NH XI 
c••••••••••• • ••••••• ••••••'·'·••••••••••••••••••••••••••••••• •• 
r. THI~ RO'JTINE ':AL CULATES TH': FA ST INV~RS<: SLANT TP4N<; Ft'ID'4• 
C ff")P. ANY GIVEN VECT'lR Y OF N'l C0 '1P'lHENT S • 
~ NUHJER (HNI I~ A '1-Tii POWE 0 I)F TWO • 
C 1AXIHUH Of H = 1C HAXI~U'1 OF NN = tr24 • 
C ::JUT 0 UT !lATA !INV~RSE SLANT T~ ANSFOOHIA PE IN TH~ v~rr o q x• 
c••••••••••••••••••••••••••••••••••••••• ••••••••••••••••••••••• 

!liH~N:itON YlHNitX !NHI,A!t')l , 'l!101 
S=t,/ SQ ~TJFLO. T!HN II 
AC11 =1, - R!11 =1, 
DO !C I =:! , N 
I1=I-1 
0 lt I= 1, I SQ0 T I 1 , +lo • • A ( tll • • ~I 
AI II =2 • •Al 111 • 8( I I 

10 CONTINO<.:: 
'INZ=HH/:! ~ N1=N-1 

c••••••••••••••••• • ••••••••••••••••••••••• • ••• 
': ~£G! H A LOOP POR !HI IT EOATI OH SECT I ONS• r••••••••••••••••••••••••••••••• •••••••••••••• 
J ::10 1C t1~=~,H1 

~l~':N}H I( ! ~~=~~;~ • 11'<=~1- '1 
A1=A!NKI ! 81 • 01HKI 
IIJ = ~IZ+1 ! N .. =Hl+1 ' Ht;=rtlo+l c••••••••••••••••••••••••••••••••••• •• •••••••• • ••••••••••••• •• • 

C J~GI N A LOOP FOR C~KI- I qENTICIL 0 lRTIT I OHS l)f THE Fto<;T • 
C ! TERATIOH IH ~HE GIVEN !HHI-TH SEC TIONS • 
r•••••••••• • ••••••••••••••••••••••••••••••••••••••••• •••••••••• 
~ !lO 3C HP=t ~K 

~~= IP1P-11•~L 

c:~ 

. -
&~ 
4C 
l') 

Y2=Y ! 2+ '1P.t 
Xlt+HRI =Y C1+P1PI 
XIH3+t1P I=A1•Y 2-!ll'Yio 
If!H2. E~ . 2 1 GO T'l ~0 
:10 :iC I,. J, Ill 
Xll+HR I :YII+H~'I 
CO NT IIIU:: 
00 6C I=N5 HL 
X!I+HRI : Ycf+HPI 
CO NT IHU'O 
C'lHTliiUE 
COHT HU£ 
00 10 I =1,NN 
Ylli : X( II 

.. ~ C'lNT INUE 

' i 
Ylo =Y (H4+t10 1 
XC2+~P1 =8t•Y2+lt• Y' 
X(N4+~0t:Y(N3+~DI 

c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• • 
C JEG IH A LOOP ff")R !~Kt IDENTI CAL PlOTITt ONS Of TH r ~r~ nN0 • 
C IT E~AT I'lll IN THE GIV EN IP1HI-TH SEC TI ON • 
r.••··························································· · ' 00 80 P1Pz1,HK 

9C 

1(1 ~ 
8 !) 

t1R =!HP-11 •HL 
DO 'lQ 1=1 112 
X (J+~~ I =Yf!+~PI+Y!T+II2 +t1 P I 
CONTINO " 
:10 100 f =NJ,I'!L 
Xli+HP.I sY (I-H2 +'1~ 1-Y CI+ '1 PI 
CONTJHU " 
COHT r•u <' 
ao ~1 :! f =1 ,NN 
YUicX(il 

11C cgNTfHU 
:!0 C NT HU 
c••••••••••••••••••••••••••••••• • •••••••••••••••••••••••••••••• 
C BEGIN A LOOP FOR CNII/ 21 OAqTtTIONS IN TH E LAST IT ~RITJ I)N• 
c•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

1?C 

1~: 

00 : 20 H~'=1 ,NNZ 
"R =~• ( HP-11 
X !1+HRI•Yll+P1RI+YI 2+~PI 
CONTIHU" 
00 '30 1=1 HH xnf,.s•xcd 
CONTINUO: 
~ETURN 
( NO 

~ XIZ + ~PI:Y ( 1 •'1PI - Y(,+'1PI 
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8. nPHflO~EHHE 6Cn K C~ATH~ MOAEflE A 
TPEKOB8X H306PA~EHHA 

0AH0 H3 B03MO~H~X npHMeHeHH~ 6Cn - C~aTHe AaHH~X npH 6ec
$HnbMOBOM CbeMe BH3yanbHO~ HH¢QpMaUHH CO CTPHMepH~X KaMep. B 
nocaR~eHHO~ 3TOMY aonpocy pa6ore ' 1 3 'c~no npeAno~eHO YA06Hoe 
npCACTaaneHHe AaHH~X CKa HHPOBaHHR B BHAe cneuHanbHO~ CHCTe~ 
BeKTOpOB, KOMnOHCHT~ KOTOP~X o6pa30BaH~ OAHHaKOB~MH no nOpRAKY 
T04KaMH H3 orgenbH~X nHHHRX cKaHHpoaaHHR. THnH4H~MH 3neMeHraMH 
TaKHX BCKTOpOB RBnR~TCR noMaH~e, COCTOR~He H3 OTpe3KOB npRM~X 
nHHH~. 6~nH creHepHpoaaH~ ABa THna TaKHX nOMaH~X H3 OAHOrO (X 1 ) 

H ABYX 3BCHbeB (Xt, HMC~HX cny4a~H~e yrnoa~e K03¢¢HUHeHT~, 
pacnpeAPne~H~e B AHana30 He ±1. KoMnOHeHT~ BCKTOPOB, npeACTaB
nR~~HX 3TH noMaH~e, npHHHManH 3Ha4CHHR or 1 AO 2 

13 
, cooraer

cray~He OTC4CTH~M CAHHHUaM. 
npoueAypa C)l(aTHR AaHH~X /KOMnOHCH T BCKTOpOB X i, I c- 1,2 I 

npH nOMO~H 6Cn COCTORna H3 cneAY~HX npeOOpa30BaHH~: 

1 I X i --. S 64 X i ~ y 1 . ly: · Y ~ • • • • • Y ~4 ] '• 

2/ Y . -.. Y• - Iy 1 

I 1 j j 
..... o.o .... ,y_1 ..... y _i .o.ol', 

J 2 J k 

3/ Y ' ~ s- 1 v· - x• I • • • l' 
I I I 

X I • X 2' .... X 64 • 

-
r Ae k ' 2 4_ q 2,!i. 

Orce4Ka c neKrpa Y1 npoBOAHnacb no noporoaoMy KpHrepH~, 
1.e . o roHpanHCb KoMnoHeHT~, MaKCHManbH~e no MOAYn~. B Ka4ecree 
KPHTCpHR HCT04HOCTH BOCCTaHOBneHHR n~nH HCnOn b30BaH~ OTKnOHeHHR 

eeKropoa X 1 H X : a CM~cne HOPMbl _L_ ~4 H L ~4 

64 ~ 111~ lx 1 - x r I, 
i - 1.64 

64 
2 

64 

J~(x-xt ) 2 
t ~ I I I 

Pc3ynbrar~ c~aTHR MOAenbHwx aeKropoa 
raGnHuax : X 1 -ra6n.3, X 2 -raon. 4 
0003Ha4CHO 4HCnO OCTa BWHXCR KOMnOHCHT 
COOTBeTCTBY~HH K03¢¢HUHCHT C~aTHR . 

npH BCACH~ B cneAY~HX 
. npH 3TOM 4epe3 N 
cneKrpa, 4epe3 p 64 -

4T06~ nony4HTb HarnRAHOC npCACTasneHHC 0 nOBeACHHH peKOH
CTPYKUHH npH pa3H~x N, 6~na AOnonHHTenbHO HanHcaHa nporpaMMa 
IMAGE. PacneyarKa pe3ynbraroa c~aTHR no 3TO~ nporpaMMe npH
BOAHTCR Ha pHCYHKax 2,3 /X 1 H X ~/ H PHCYHKaX 4,5,6 /X 2 
1-1 X ~ I, npH4eM CHMBOn 11 ~ 11 cooraercrayer KOMnOHCHTaM, a Koro-
p~x OpHrHHan H peKOHCTPYKUHR coanaAa~T; B o6paTHOM cny4ae ne-
4aTa~TCR ABa CHMBOna: 11 

>t 
11 

- AflR OpHfHHana H 
11

• 
11 

- AflR pe-
KOHCTPYKUHH. Macwra6~ H o6~ee 4HCno cHMBono s s crpoKe IAflR 61 

12 

I 
N 

32 

16 

8 

4 

Ta6nHua 3 

Ps4 

2 

4 

8 

16 

( 64 .... 

0,218 

0,518 

0 , 777 

0, 772 

64 
( 2 

0,470 

0. 722 
0,883 

1. 192 

N 

32 

1h 

8 

4 

p 64 

2 

4 

8 

16 

Ta6nHua 4 

( 64 
00 

0,400 

8, 498 

22,934 
46 , 846 

( 64 
2 

1,949 

19 , 072 
34,54(. 

150,610 

KOMnOHeHT~ BCKTOpOs/ onpeAeneH~ B 3aBHCHMOCTH OT orpaHH4eHHH 
ne4aTHOrO YCTPOHCT Ba. AnR OOATBep~AeHHR OnTHManbHOCTH 6Cn Ha 
PHC.7 npHBCACH~ OpHrHHan C PHC . ~ H pe3ynbTaT ero BOCCTaHOB
neHHR c noM~b~ npeo6pa3oBaHHR Yonwa-AAaMapa. 0wH6KH aoccraHoe
neHHR €!4 H (~4 AflR 3TOrO Cny4aR npea~Wa~T COOTBeTCTBY~He 
3Ha4CHHR AflR 6Cn B 1,3 H 2 , 6 pa3a . 

TaKHM o6pa3oM, MO~HO CAenarb B~BOA o B03MO~HOCTH AOBeACHHR ) 
c noM~b~ 6Cn K03~HUHeHra c~aTHR AO 8 npH 3Ha4eHHH l, He 
npeeYWa~~eM pa3pewa~~ COOC06HOCTb YCTPO~CTBa CKaHHPOBaHHR 

1 121. /paBHy~ 32 0TC4CTH~M eAHHHUaM J. 
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PHC. 7 

3AKfKI4EH~E 

OcHOBH~MI-1 npl-1nO*eHI-1RM~ A~CKpeTH~x opToroHanbH~x npeo6pa3oea
HH~ a o6pa6oTKe 4~¢poe~x c~rHanoe, a TOM 41-1Cne ~3o6pa*eHH~, RB
nR~TCR: 

- 3~eKT~BHOe KOA~POBaHHe; 

- C*aTHe AaHH~X; 
o6o6~eHHaR ¢HnbTpa41-1R; 
pacnoaHaeaHHe o6paaoe. 

Paapa6oTaHH~e HaMH nporpaMM~ FSLANT H ISLANT , peanH3y~
~~e 6wcTp~e anropHT~ npRMOro H o6paTHoro cn3HT-npeo6paaoeaHH~, 
npeACTaBnR~T COfO~ KOMnneKC MaTeMaTH4eCKOrO o6ecne4eHHR, KOTO
p~~ MO*HO HenocpeACTBeHHO HCnOnb30BaTb B n~O~ 1-13 nepe41-1CneH
H~X o6nacTe~. nporpaM~ FSLANT H ISLANT npeAHa3Ha4eH~ rnae
H~M o6pa3oM AnR o~-na~H o6pa6oTKI-1. B TO *e epeMR OHH MoryT 
cny*I-1Tb 6aao~ 1-1 AnR OH-na~H peanH3a41-11-1 npRMOro H HHBe pcHoro 
6Cn. 

KpoMe Taro, Hani-14He o6eHx 3THX nporpaMM no3eonReT peanl-13o
eaTb HAe~ aAanTHBHOrO OH - naHH C*aTHR, 3aKn~4a~~y~CR B yc
TaHOBneHHH o6paTHO~ cBR31-1 /4epe3 ISLANT I Me*AY opHri-1HanoM 
1-1 peKOHCTPYK41-1e~ H B B~6ope onTHManbHO~ OTCe4KH cneKTpa nO He
KOTOpOMy KPHTepH~ HeT04HOCTH BOCCTaHOBneHHR. 

Pa3pa6oTKa TaKoro a nnapaTa cTaHOBHTCR ace 6onee aKTyanbHO~ 
3aAa4e~ B CBR3H C nOCTORHH~M pOCTOM nOTOKa 3KCnepHMeHTanbH~X 
AaHH~x H 6~cTp~M pa3BHTHeM cpeAC TB MHKP03neKTpOHHKH, Aa~~HX 

eo3MO*HOCTb annapaTHO~ pean1-13a4HH 6wcTp~x npeoopaaoeaHHH. 
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