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BBICTPBI AJITOPUTM ®OPMHUPOBAHUSA TPAHC®OPMAHTBI
JAUCKPETHOI'O ITPEOBPA3ZOBAHUA XAPTJIN

Ilpuseden Ovicmpblil  aneopumm  GopmMuposanuss mpanchopmanmsl OUCKPEMHO20 Npeobpaz08anus
Xapmau. [Iposedena cpasHumenbHas OyeHKa OaHHO20 Al20PUMMA HO OMHOWEHUIO K KKAACCUYECKOM)Y».

IlocTanoBKa 3agaun

B macrosimee Bpems mpu 00paboTKe M XpaHCHHH
rpadudeckoil WHPOPMANUK IIUPOKO HCIIONB3YIOT Me-
TOIBI M aJTOPUTMBI CXKaTus M300pakeHwit. Hamboiee
3G (GEKTUBHBIMH METOJAMHU CHKATHsI M300paKECHHUH, KO-
TOpbIe 00JaJa0T BHICOKMMHU KOMIPECCHOHHBIMU CBOW-
CTBaMH, SIBIISTFOTCSI METOJBI Ha OCHOBE OPTOTOHAIBHBIX
npeoOpazoBanuii. OIHAKO OPTOrOHAIBHBIC MPeoOpas3o-
BaHus 3aHuMaroT 10 90 % BpeMeHH BBINOJIHEHHUS BCETO
METO/ia CKaTHs. VICrosib30BaHue OBICTPBIX AITOPUTMOB
B OPTOTOHAJIBHBIX MPEOOPa30BAHUSAX MMO3BOJSCT YMEHbB-
HIATh KOJIMYECTBO apU(PMETHYECKUX OIEpalfii, 4TO B
CBOIO OYepe/b IMO3BOJIICT YIMPOCTUTh UX TEXHUYCCKYIO
peanu3anuro.

AHaJIN3 JIUTEPATYPbI

Ucxomst u3 ananmiza auteparypsi [1, 2, 5, 6] ogaum u3
TIEPCIICKTUBHBIX OPTOTOHAIBHBIX NPeoOpa3oBaHUM, KO-
TOPOE MOXKET HCIIOJIb30BAThCS ISl CO31aHusl AP dexTrs-
HBIX aJITOPUTMOB U METOZOB CXKaTHs M300pakeHui, siB-
JseTCss  TUCKpeTHoe TpeoOpaszoBanne Xapmm (JITX).
st nannoro npeodpasosanus P.H. Bpeiicyamn B 1984 1.
MPEIUIOKII ~ alTOPUTM  OBICTPOTO  TpeoOpa3oBaHUAL
Xaptiu (BITX) kak anpTepHaTHBY OBICTPOMY MpeoOpa-
3o0BaHusi Dypbe JUIS CHEKTPaJbHOrO aHainu3a, 1udpo-
BOM 00pabOTKH CHUTHAIIOB M BBIYHCIICHHS CBEPTKH [2, 4].
Opnnako naHHbIM criocob pacuera BITX paspabatsiBasncs
Juisl OBICTPOro pacuera mnpeodpazoBanusi Oypwe, U co-
OTBETCTBEHHO €r0 CPaBHEHHE MPOBOAMIOCH C Pa3iivy-
HBIMH BapHaHTaMH ObICTporo mpeobOpazoBanus Dypse,
CJICZIOBATENIFHO, Pa3pabOTIMKaMH HE paccMaTprBallach
ONTHMU3AlMsA JaHHOTO BHIA INpeoOpa3oBaHHs HEMo-
CPEACTBEHHO IO/ KOHKPETHOE NMPHUMEHEHHE B pa3ind-
HBIX MeTOJax 00padoTKH nH(pOpMannH.

Leap cTaTbu — NPENIOKHUTH AITOPUTM OBICTPOTO
tdhopmupoBanus Tpanchopmantel JIIX mns mcmons3o-
BaHMS €r0 B METOAX CXKaTHs M300pakeHWH HA OCHOBE
npeoOpa3oBaHusi XapTid, MPOBECTH CPaBHUTEIBHYIO
OLIEHKY aJropuTtMma c «xiaccuueckum» 11X,

OcHoOBHOIT MaTepuaj

HccnenoBannst o pazpabOTKe alrOpUTMOB M METOJOB
cKaTust M300pakeHni Ha ocHoBe JIITX mokasamy, 49to orr-
THMaJIBHBIHA pa3mep TpanchopmanTsl AITX npu o6padoTke
n300pakeHi cocrapiser 16x16 simementos [5, 8].

C 1enbio HOBBIMICHHS PGEKTUBHOCTH MPOLECTYPHI
npeoOpa3oBaHusl M300PaKCHUH HCHONB3YIOTCS TaKUE
noaxosl [4, 6]:

1. ITepexon K 1ENOYUCIASHHBIM THUTIAM JIaHHBIX.

2. YMeHbliieHre OOIIEro KOJMYECTBa Omepanuil 3a
cUer:

HUCKIHOYCHUA onepaunﬁ CJ'IO)KCHI/ISI/BI)I‘II/ITaHI/IH €2 (S
MEHTOB, 3HaYEeHHsI KOTOPBIX PaBHO HYIIIO;

UCKJIFOYEHHS OTepaliii yMHOKeHHs Ha «1» 1 «0»;

COKpAII[CHHUsI O0IIEero KOJIUYecTBa apupMEeTUIECCKUX
omepanyid 3a cYeT UCKIIOYCHHS NyOIHpPYIOMINXCS OIle-
pauui.

3. PacnapayurenuBanue onepanuii npeoopa3oBaHusl.

I[Tpu pa3paboTKe anropuT™Ma, UCXOMIA U3 BRIPAKCHUS
npsimoro JIIX [2, 5], Ha mepBoM 3Tare ONpemeITHIIH
nopsinok  opmupoBanust kod¢p¢uumentos AIX mis
MaTpHIbl UCXOAHBIX 3HAYEHHH pa3MepHOCThI0 16x16
3JIEMEHTOB:

H(v1, v2) = (1/256)[a0,0f(0,0) + ag,1f(0,1) +
+ap,2f(0,2) + ... + a15,15f(15,15)], @

rae  arp g2 = cas[(2mvite / N1) + 2nvota I N2)].  (2)
Ha BTOpOM 3Tane npeactaBuin Kaxayto u3 256 mo-

clieZioBaTeNbHOCTEW  (popMupoBaHHS  KOX(PPHUIHEHTA
AIIX B Buae MaTpUILIbI
a0,0 @01 0,16
ANORPE B R A C)
a150 4151 815,15

Kakayro TONydeHHYI0 MAaTpuily pPa3MECTHIId Ha
MecTe, COOTBETCTBYIOIIEM HCKOMOMY KO3(h(HUIUEHTY
JITX B Tpanchopmante 16x16. [Ipoanamusnposanm Bce

TIOJTy4YE€HHbIE MaTPHIIBI {Ha(0,0), Ha(O,l), Ha(0,2), e
Ha(15,15)} u 00beuHmIM uX B 31 0071aCTh H' Ha oc-
HOBE TPU3HAKA OTHOCHTENBHO PABHBIX 3HAYCHHIl ar] 2

(tabm. 1), 9r0 OOYCITOBIEHO BHYTPEHHEH CTPYKTYpOi
mpeoOpa3oBaHus:

H® = {Ho.0,Ho.4.Ho.8,Ho.12,H4.0,Ha.4,Ha 8,Ha 12.Hg 0,
Hs.4,Hs.8,Hs.12,H12.0,H12.4,H12.8,H12.12};

H' = {Ho.1,Ho.5,Ho.0.Ho.13.Hz 1.Hg.5,Hg.0.Hg.13};

H? = {Ho.3,Ho.7.Ho.11,Ho.15,Hz 3,Hg 7,Hz 11,Hg. 15};

H® = {Ho.2,Ho.6,Ho.10,H0.14,Hs.2,Hs.6,Hs.10,H8.14};
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Tabnwma 1
PasmemeHnue Ha(vl,vz) no 006JacTaM

Hi(vy,vo) | O 1 2 3 4 5 6 7 8 9 |10 | 11 | 12 | 13 | 14 | 15
0 0 1 3 2 0 1 3 2 0 1 3 2 0 1 3 2
1 4 7 (3 ]19]13|20|21|10]| 4 7 |30 19| 13| 20| 21| 10
2 5 122 | 8 | 26|14 |27 |11 |25 5 | 22| 8 |26 |14 |27 | 11| 25
3 6 |23 (28| 9 |15 |12 | 29 |24 | 6 |23 | 28| 9 |15 |12 | 29 | 24
4 0O |16 | 17| 18] O |18 |17 | 16| O | 16 | 17 | 18 | O | 18 | 17 | 16
5 4 124 129 | 12|15 | 9 |28 | 23| 4 | 24|29 |12 |15 | 9 | 28| 23
6 5 25|11 | 27|14 |26 | 8 | 22| 5 |25 |11 |27 |14 |26 | 8 | 22
7 6 |10 | 21 | 20| 13 |19 | 30 | 7 6 |10 | 21 | 20 | 13 | 19 | 30 | 7
8 0 1 3 2 0 1 3 2 0 1 3 2 0 1 3 2
9 4 7 (3 ]19| 13| 20|21 |10]| 4 7 |30 19| 13| 20| 21| 10
10 5 122 | 8 | 26|14 |27 |11 | 25| 5 | 22| 8 |26 |14 |27 | 11| 25
11 6 |23 (28| 9 |15 |12 | 29 (24| 6 |23 |28 | 9 |15 |12 | 29 | 24
12 0O |16 | 17| 18| O |18 |17 | 16| O | 16| 17 |18 | O | 18 | 17 | 16
13 4 124129 |12 |15 | 9 |28 | 23| 4 | 24|29 |12 |15 | 9 | 28| 23
14 5 25|11 |27 |14 |26 | 8 | 22| 5 |25 |11 |27 |14 |26 | 8 | 22
15 6 |10 [ 21 | 20 | 13 | 19 | 30 | 7 6 |10 | 21 | 20 | 13 |19 | 30 | 7

H* = {H1.0,H1.8,Hs 0,H5.8,H9.0,Ho 8,H13.0,H138};
H® = {H2.0,H2.8.H6.0,Ho.8,H10.0,H108.H14.0.H14.8};
H® = {Hs.0,H3.8,H7.0,H7.8,H11.0,H11.8,H15.0,H158};
H' = {H1.1,H1.0,H7.7,H7.15,Ho.1,Hg 0,H157,H1515};
H® = {H2.2,H2.10,H6.6,H6.14,H10.2,H10.10,H14.6,H14.14}:
HY = {H33,H3.11,H5.5,H513,H11.3,H11.11,H135.H13.13};
H' = {H1.7,H1.15,H7.1,H7.9,H9.7,Ho.15,H15 1,H15 9},
H™ = {H2.6,H2.14.Hs 2He.10,H106.H10.14H14 2.H14 10}
H' = {H35H3.13,Hs3,H5.11,H11.5,H11 13, Hi3a H1311);
H = {H1.4,H1.12,H7.4,H7.12,H9 4,Hg 12,H15 4,H15 12},
H™ = {Hy.4.H212,Hs 4Ho 12.H10.4.H10.12,H14 4. H1a 12};
HY = {H3.4,H3.12,H5.4,H5.12,H11.4,H11.12,H13.4,H13.12};
H'®= {Ha1,Ha7,Ha9,Hs15H121,H127,H129,H1215};
H'" = {Ha2,Has,Ha10Ha 14 H122.H126H1210,H12143;
H' = {Ha3,H45H411,Ha13,H123,H125H1211,H1213}
H'™ = {H1.3,H1.11,H75,H7.13,Ho 3,Ho 11,H15 5,H15 13};
H? = {H1.5,H1.13,H7:3H7.11,Ho.5,Ho.13,H15.3,H15.11};
H? = {H1.6,H1 14H72,H7.10Ho 6,Ho 14, H15 2, H15 10}
H? = {H2.1,H29,Hs.7,H6.15,H10.1,H109,H14.7,.H14.15};
H? = {H3.1,H3'9,H5.7,H5.15,H11.1,H11.9,H13.7,H13.15};
H* = {H37,H315Hs1,H59,H11.7,H11.15H131,H13 9}
H? = {H2.7.H215,He.1,He.9,H10.7.H1015H14.1,H14.0};
H? = {H,3H211,Hs 5He 13 H103,H10.11,H14.5,H14 13};
H?' = {H,5H213.Hs 3He11.H105,H10.13,H143,H1a 113;
H? = {H3.2,H3 10.Hs 6H5 14.H11 2,H11 10,H136.H13 1}
H? = {H36,H3.14,Hs 2.H5 10,H11 6.H11 14 H132.H13 10}

30
H™ = {H1.2,H1.10,H7.6,H7.14,Ho2,Hg.10,H15.6,H15 14}.
Ha TPETHEM IOTale pa3pa60TKH aJiropurMa Ha OCHO-

BE aHAIM3a BHYTPCHHEH CTPYKTYPbHI BBIICIECHHBIX 00-

JlacTeld COKPaTHIM BBIPAXKEHUS C KO3 GHUIHEHTOM
ar1,r2 = 0, BBLISTIIN TTOBTOPSIOIINECS MOCIIEIOBATEIb-
HOCTH HpoM3BeneHuil ar1 2f(t1,72) u npucBomnmu um
3HAUYCHUs MPOMEKYTOUHbIX mepemeHHbiX {AT, BT, CT,

D1, ET, F1, ..., XT}. ChOpMHupOBamM MaccuB mpome-
KYTOUYHBIX MEPEMEHHBIX IJIS MONYYEeHHs KaXIOTO die-
MEHTa TPaHC(HOPMAHTHI.

Hampumep, Az = f(0,0) + 1,3f(1,0) — 0,54f(2,0) +
+ 0,541(3,0) + f(4,0) + 1,3f(5,0) — f(6,0) + f(7,0) — f(8,0).

Ha gerBeprom srame mckombie 3HaueHust H(Vi,vp)
BBIPA3IIIH Yepe3 MPOMEKYTOUHbIE IEPEMEHHBIE!

H'(vi,v2) = AT+ B+ Cr + ... + XT. (4)

Ha nocnennem srame chopMHUpOBaId MaTeMaTH4e-
CKHE BBIPOKCHUs OIpeJeieHus Kakaoro us 256 sie-
MEHTOB TpaHC(HOPMAaHTHI.

TakuMm 00pa3oM, C IENBI0 MOBHIIICHUIO 3P (PEeKTHBHO-
CTH TIPOIIEAYPhI PEOOPa30BaHKS YUacTKa H300paKEHHUsI
Ha ocHoBe [IIIX mpemioxkeH anroputm OwicTporo Gop-
MmupoBanust Tparchopmantsl JI1X 16x16 (puc. 1).

CpaBHuTenbHass oueHnka. Ilpu wucnoas3oBaHHH
MPEAJIOKEHHOTO alTOpPUTMa B METOJAX CXKATHUSL H30-
Opaxxenuit Ha ocHoBe J{I1X kosmuuecTBO oneparnuii npu
¢dbopmupoBanuu Tpanchopmantel 11X 16%16 coorser-
CTBYET JaHHBIM, IPUBEACHHBIM B Ta0. 2.

[IpeumyIecTBO MPEUIOKEHHOTO AIrOPUTMA 3aKITIO-
YaeTcsl B CYIIECTBCHHOM COKPAIIEHHH BPEMEHU BBIOJ-
HEeHUs mpeoOpa3oBaHusi XapTiH, OJHAKO CYIIECCTBYIOT
JIBa HEJIOCTATKA!

1) BemectBeHHBIH BuA KodddumenTa arq 2, 00y-
cJOBNIEHHBIN BbIpaxkeHuem JI1X;

2) yBEIWUYECHHBIA OOBEM MMaMSTH 3a CUET BBEICHHS
MIPOMEKYTOYHBIX TIEPEMEHHBIX.
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HAYAJIO

v o
[NepecranoBka mnopsiika BeaucieHus 3HaueHuid H(vy,Vy)
B COOTBETCTBHH C BXOXJIeHHEM B obnactu H

v v
Pacuer st Kaxoii oomactu H'
3HaYeHHUN MPOMEKYTOUHBIX epeMenHbiX {Ar,Bt,Cr,... X1}

M T
Beruncitenue 3uavennii H(vy, Vo) € H
C MCIOJIb30BAHUEM MPOMEKYTOUHBIX IIEPEMEHHBIX

(DOpMI/IpOBaHI/IC BBIXOTHOI'O MaCCHUBa 3JICMCHTOB
TpaHC(i)OpMaHTLI COrJIaCHO UX apCCHOT'0 Pa3MCIICHUA

| KOHEI] '

Puc. 1. Cxema anropurma 6bicTporo hopmupoBanus Tpanchopmantst 11X 16%16

Tabiunma 2
KoanyecTBo onepaumii npu ¢popmupoBanuu
TpanchopmanTbl 11X 16x16

Komngectso Komngectro
onepanuit ornepauuit
CIOXe- YMHOXCHUS
HUsA/BBIYMTA-
HUS
Ipu ucnons30BaHUU
H%Xz 65280 65536
IIpu ucnionp3oBannn
aJIropuT™Ma ObICTPOTro
(hopmupoBaHus 25452 16896
TpaHCHOPMAHTBHI
JUTX16%16
Beiurpsini, % 60 % 70 %

Ho, yuntbiBas T0, 4T0 OJJHOW U3 OCOOCHHOCTEH pas-
BUTHA COBPEMCHHOI'O TIOKOJICHUA BbIYUCIHUTEIbHBIX
CPEZCTB ABISIETCS yBEIWYIECHHE Pa3MEPOB ONEPATHBHBIX
3alIOMMHAIONINX YCTPOMUCTB, MOXHO YTBEpPXKAaTh, 4TO
yBEeIMYCHUE 00beMa MaMsTH AJsl XPaHEHHs MPOMEKY-
TOYHBIX PE3yIBTATOB MPH PEATU3ANUH MPEITOKECHHOTO
ITOPUTMa HE TIOBJIMSIET Ha IPON3BOIUTENEHOCTD CHC-
TEMBI, B KOTOPOii Oy/IeT pealn30BaH ajJropuTM.

K mpenmyrmecTsam HCIIOIBb30BaHMS MIPEATIOKEHHOTO
QITOPUTMA CIENAYET OTHECTH:

CYILIIECTBEHHOE COKpAIllEHUE KOIMYECTBA OIeparui
B CPaBHEHHUU C «Kjaccuyeckum» apyMmepHsiM JAIIX npu
pacdere 31eMeHTOB TpaHcpopmaHTH 16%16;

BO3MOYKHOCTb paclapajuleIuTh BBINOJIHEHUE BTOPO-
TO M TPEThETO 3TAlOB aJNTOPUTMa, YTO IO3BOJIUT €ro
peann30BaTh Ha BRIYUCIUTENFHBIX CPEACTBAX C KOHBEH-
epHOI 00pabOTKOA.

BriBo]

[IpennoxenHslid anroput™ ObICTporo (opmHUpoBa-
Hust Tpanchopmantsl JITX M03BOJISIET COKPATUTh KOJIH-
YeCcTBO OIepanuii JByMEPHOTO IMpeodpa3oBaHUsS XapT-
T 17151 TpaHcopMaHT pa3MepHocThio 16x16 Ha 60 %.
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