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CocraBurenu: UMYEBA Mapuna AnekcaHapoBHa

MeTtonyeckue yka3aHus K KypCOBOMY MPOeKTy o aucuuiinae "KommbroTepHas
anreOpa", BEIIOJIHSIEMOMY B 9-M ceMecTpe CTyJeHTaMu CreluaibHOCTH [ [puKitagHas MaTeMaTuka
n nHpopMaThKa" crienuann3anyy "MaTemaTiHueckoe ooecreueHrue cucteM 00paboTKu
n300pakeHunit". Metoamueckue yKkazaHus CoJIepKaT BeCh HEOOXOIUMBIN TEOPETHUECKUN U
MPaKTHYECKUI MaTepHrall, BKITIOYAsi CBEJICHHSI U3 TEOPHH alnreOpandecKuX CTPYKTYp, ObBICTphIe
ITOPUTMBI IBYMEPHOTO JIUCKpETHOTO MpeodpazoBanus Dypwe, a Takke TpeOOBaHUS K
MPOrpaMMHOMY 00€CIIEUeHHIO, CO3/IaBAEMOMY B XOJI€ BBIMOJIHEHHUS TPOEKTa, PEKOMEHIAIUH TI0 €T
TECTHPOBAHUIO M SKCIIEPUMEHTATHFHOMY HCCIIEIOBAaHHUIO PEATA30BAaHHOTO aropuT™Ma. B
MIPUJIOKEHUSI BRIHECEHBI HEOOXOIMMbIEC TEXHUYECKUE MATePHAITEI.

Metoandeckue yKazaHus MpeIHa3HadeHbl Juisi MaructpoB HampasieHus 010400.68
“ITpukiragHas MaTeMaTuka U nHpoOpMaTuka”, o0ydaromuxcs 1Mo mporpamme «MaTteMaTndeckue U
KOMITBIOTEPHBIE METOIbI 00pabOTKH N300paKEHH U TeONH()OPMATUKH.



BBEJAEHUE

JlaHHbIE METOJIMYECKUE YKA3aHUSI OTHOCSITCS K KYpCOBOMY MPOEKTY IO JTUCHUIUIMHE
"KomnbrotepHas anre0Opa”, BBINOJIHAEMOMY B 9-M ceMecTpe CTyJACHTaMU CIEIHAIbHOCTU
"l[lpuxmagHas  mateMathka W uHGOpMaTUKa"  clenuaiuzanuu "MaTteMaTuueckoe
obecrieueHre cucteM 00pabOTKU U300paKeHUA".

[lenapto KypcoBOTO MpOEKTa SABJISAETCS NPOrpaMMHAas peaju3alus U HCCleOBaHHE
OJIHOTO M3 QJTOPUTMOB JIBYMEPHOrO JUCKpPETHOro mpeoOpaszoBanus dypee (JAI1D) ¢
MpE/ICTaBJICHUEM JIAaHHBIX B OJJHOW U3 33/IaHHBIX alreOpandyeckux CTPyKTyp.

Meronnueckue yKa3aHUS COJIEp)KAT BECh HEOOXOJUMBIM TEOpPETHUECKU U
npakTuieckuit Marepuain. llepBas riaBa cojepX uT CBEJIEHUST U3 TEOPUH ajredpandecKux
CTPYKTYp. DTO BCIIOMOTATENbHBIA MaTepHall, HO OH HEOOXOIUM JJIsl IOHUMAHUS OCTAIIbHBIX
miaB. Bropas riaBa mocesiieHa cxemaM JeKoMnosuiuu jasymepHoro J[II®D, mertonuke
peanus3anuu COOTBETCTBYIOIIUX AJITOPUTMOB, CIIOCOOAM yueTa BEIIECTBEHHOCTH BXOJIHOTO
curHana. IlpuBoguTcss MeTonMKa pacyera BBIYMCIUTEIBHOU CIOKHOCTH  OBICTPBIX
anroputMoB. TpeThsi TjaBa COAEPKUT JIONOJHUTENBHBIA MaTepuai, OMNUCHIBAIOIINMA
BO3MOXKHOCTU ~ TapajulelIbHOM  peanu3aluyd  JAUCKpEeTHOro mpeoOpasoBaHus Dypbe.
[IpuBeneHo wuccienoBanue MnpeanoiaraeMoi >¢p¢GeKTUBHOCTA pacnapauienuBanus. B
YETBEPTOH IJ1aBe MPUBOJATCS TPEOOBAHMS K MPOrPAMMHOMY OOECIIEYEHHIO, CO3/JaBaEMOMY
B XOJ/Ie BBIIIOJIHEHHUS  TPOEKTa, PEKOMEHJAIMM 1O €ro TECTUPOBAHUIO U
AKCIIEPUMEHTAIIBHOMY MCCIIEJOBAHUIO PEATU30BAHHOTO AJITOPUTMA.

B npunoxeHus BbIHECEHBI HEOOXOJMMBIE TEXHMUECKHE MaTepualbl, TaKhe Kak
CIIMCOK TeM [UIsl KypCOBOIO IPOEKTUPOBAHMS, pEKOMEHAyeMas JOINOJIHUTEIbHAs
mutepatypa. Tam jke mnpuBeneH oOpazenl OGOpMIIEHUS TOSICHUTEIBHON 3alliuCKu U

BCIIOMOTI'aTCJIbHBIC AJITOPUTMBI IICPECTAHOBOK.



1 HEOBXOJIUMBIE CBEAEHUSA U3 TEOPUU AJITEBPANYECKUX
CTPYKTYP

Ota rjaBa cCOJAEPKUT HEOOXOUMBIE JJIs1 BHIMIOJHEHUS! KypCOBOTO MPOEKTa CBEJICHUS
00  ucmoJIb3yeMbIX — aireOpamdyeckux  CTPyKTypax: ajreOpe  KBaTepHUOHOB U
rUNnepKoMIUIeKCHOI anrebpe. KpoMe Toro, B riaBy BXOJIUT Marepuall O IMPEACTABICHUU
KBaTEPHUOHOB B (popMe k010B ["'aMuiibToHa-Dif3eHInTeliHa, HEOOXOIUMBIN MPU peaTu3aiuu
npeoOpa3oBaHMii MO0 OCHOBaHMAM 3 W 6 (cM. MIaBy 2), a Takke O IpPEACTaBICHUH
TMIIEPKOMIUIEKCHBIX YMCEN B NPSAMOW CyMME€ KOMIUIEKCHBIX ajire0p, KOTOpoe MO3BOJISET

CTPOMTH TapajuIeIbHbIe alropuT™Mbl JByMepHOro JAI1® (cm. rimasy 3).

1.1 Auredpa KBaTepPHHOHOB

Ilog Ttemom H raMuiIsTOHOBEIX KBAaTCPHHUOHOB IIOHMMACTCA UYCTBIPCXMCpHAA

acconmarvBHas anreOpa Haa R

H={q=a+bi+cjtdkah¢ dR }

C OIPEICIIAIOMUMHU COOTHOIICHUAMU JIJI1 YMHOKEHUH 6a3ucHbIX 3aeMeHToB {1, 1, |, Kk}:
i°=j%=k?=-1ij =—ji =. (1.1)

ITone xommaekcHbBIX uncesl C KaHOHMYSCKH BKJIaAbIBACTCA B H:

a+bi - a+bi+00j+ OLk. (1.2)
KpOMe TOro, CIipaBCAJINBO COOTHOIIICHUC
g=a+bi+cj+tdk=(at+ b)+(ct d) j (1.3)

Onep anyga  CJIOXKCHHA  KBATCPHHMOHOB  OCYHICCTBIIACTCA  ITOKOMIIOHCHTHO, a

YMHOXCHHS - ¢ yaeTrom npaBm (1.1)u ¢ mpuBeIeHUEM MMOT00HBIX YICHOB.

Janee, orobpaykeHust
& :Qq— i_lqi,sj g j'lqj,ek Q— k'lqk,e0 S Q— C (1.4)

sBsitores aTomopdusmamu H Han R, mpudyem



€,(0) = a+ bi+ cj+ dk
& (q) = a+bi-cj—dk

€j(d) =a- bi+cj-dk (1.5)

&k (q) = a-bi-cj+ dk

Cucrema ypaHenunii (1.5), paccMarpuBaeMas OTHOCUTEIBHO @, D, C, d, pa3pemuma
npy JIOOBIX 3HAYCHHUSX JICBBIX dYacTell W TpeOyeT Juis pelieHus He Oojiee YeThIpex

BCIICCTBCHHBIX YMHO)KCHHﬁ:

da=¢gy(q)+ei(+ej(g+e (9,
4bi =4 () +&;(A)—€j (o) —& (9,
acj =4 ()~ (a) +&; (a) —& (),
4dk=¢g5 () -€j(d)-¢€j(P+e& (9.

(1.6)

Cuutasi yMHOXXEHUS Ha CTENEeHW JBOWKM OoJiee dJEeMEHTapHON omepanueil 1o
CpPaBHEHUIO C BEIICCTBEHHBIM YMHO)XCHHEM, Mbl HEe OyJleM YYMTHIBaTh UX IPU aHAIU3E
BBIUUCITUTEBHON CIIOKHOCTH PACCMaTPUBAEMBIX aJITOPUTMOB.

OrnpeneauM YKCIO BEIIECTBEHHBIX YMHOXKEHUI, HEOOXOAUMBIX JIJIsl IEPEMHOKEHUS
JIByX KBATEpPHUOHOB. YMHOXXEHUE KOMIUIEKCHBIX YHMCET MOXET OBITh peain30BaHO IO
cxeMe "TpH YMHOXKCHUS, TPU CJIOXKEHUS', TOTJIa, B COOTBETCTBHHU C mpejcTaBienueM (1.3),
YMHOXKEHHUE JIBYyX KBAaTEPHUOHOB OOIIET0 BUJA MOXKET OBITh pPEaju30BaHO C IMOMOIIBIO
JICBSITH BEIICCTBCHHBIX YMHOXKeHUM. [1ycTh nanee S=a +[i - i-kBatepuuoH; t =y+9j - |-
KBaTepHUOH. Torjga it BbIUMCICHUS TpousBeaeHuid S u QU HE0OXOIUMO MO IIeCTh
BEIIIECTBEHHBIX YMHOXKEHUM, a JUIsi OJHOBPEMEHHOIO BBIYHMCIECHUS Mpou3BeneHus Sqt -

JCBATH BCIIICCTBCHHBIX YMHO>KCHI/II7I:

sq=((a-B) bra(a B)+((a-p) brp( a B) ¥
+((a-B)d+a(c-d)) j+((a-B)d+B(c+ d) k

sqt:([(a—B)(b—d)+a(a— b- e ¢]8+[ (a-B) ba( a b] (y—6))+
+([(a=B) (b-d)+B(a+ b-c- d Jo+[ (a-B) b-B( a B](y-3)) ¥
+([(O(—B)(b—d)+0((a— b— c+ d)]6+[(0(—[3) d+a( c ()](y+6)) jr
+([(a=B) (b-d)+B(a+b-c= d |5+ (a-B) d+B( e J](v+3)) k
(1.8)

(1.7)
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[Ipu 5TOM cuuTaeM, 4TO MPOU3BEACHUS W CYMMBI KOHCTaHT O, [3,Y,0 BBIOJHECHEI
3apaHee.
1.2 IIpeacraBiieHne JaHHBIX B KoAax ['aMmuiabToHA-Jii3eHIITEiHA
[Tycts H - anreOpa KBAaTepHUOHOB, OMpeEJECHHAas B MpeAblayIleM maparpade,

KBAaTEPHUOHBI Y| U Yo, - IPUMHUTHUBHBIE KOPHHU TPETbEH CTENECHU U3 €IVHHULIBI, JICKAIIUE B

pa3IMYHBIX 3K3EMIUISIpaX IO KOMIUIEKCHBIX YHCEN (C1=(C(i) n G, :(C(j),

KaHOHMYECKUM 00pa3oM BJIOKEHHBbIX B [H:

Vi = exp{ﬂ} Yo = exp{zij}
1 3 [ 2 3

KBaTEpHHUOHBI Y U Yy - cOOTBeTCTBYOIME 00passl B [H ssieMeHToB, conpsbkeHHbIX B Cp 1

Cy bnemeHTaM Yp 4 Yo

V = exp{—z_‘m} V = exp{—z_nj}
1 3 [ 2 3 [

Ilycte Q= ( p+qi+rj+ Sk) OH u cymectByior a,b,c, dR Takue, uto

q=(ay +byy)y2+( o/t Y1) V2.

Torma yeTBepKy BEIIECTBEHHBIX YHCEI (a, b, c, d) Ha3bIBAIOT KoJoM ['aMuibTOHA-

DifzeHInTeliHa KBaTepHUOHA (| U 0003HaYa0T <0>.
[lepexon ot koma I'amuibroHa-Dif3eHinTeiiHa K  anreOpanueckoil  ¢dopme

KBATCPHUOHA UMCCT BUJI

}/\/é—l—lx/él
Vi 1 -1 =B
Vs 11 3] ]
Vs 1 1 43

qg=—2(a b c d (1.9)

To ectn



KBaTCpHI/IOHBI CIICIUAJIBHOTO BUJ1a UMCIOT CJICAYIOIIUC KOJbI.

OnemenT anreOps! Cq, MpocToe KOMILIEKCHOE YUCIIO, KOPHU W

_V3
-2

<Q+ai> =(abalb, e QO:%(aJ’b)’ % (b-a).

DnemenT anre6psl Co, KOMIUIEKCHOE YHCIIO C |, KOPHA W .

: 1
<G@*Ri>=(aacq . meg=>(atq, q=—-(c-d.

I"'amMa-371€MEHTHI:
<y;> =(-1,0-1,0, <y > =(0,-1,0-3,
<y,> =(-1,-1,0,0, <y, > =(0,0,-1-1 .
BemmecTBeHHble uynca:
q=alR,10 <q> =(aaa43 .

Iyers q=(a b ¢ d), sOC, tOCy, <s>=(a,B,a,B), <t>=(0,0,1,1) . Torna

YMHOXCHHS KBAaTEpHUOHA (] OOINEro BHWJa Ha i- WIN j-KBaTEpPHUOHBI TpeOYIOT He OoJee
IIECTH HETPUBUATBHBIX BEINECTBEHHBIX YMHOXKCHUN W IIECTH BEIICCTBCHHBIX CIIOXCHUIA
(3mech cuMTaeTCs, YTO CIOKEHUS KOMIIOHEHT KOJIOB I- W |-KBaTEPHUOHOB BBITIOJHECHBI

3apaHee):

<sg>=((B-a)(a-B+aa(B-a)(a B+B b,
(B-a)(c-d)+ac (B-a)(c-d+Bd

<qt>=((t-o)(a-d+0a (t1-0)(b- d+ob
(t-o)(a-c)+16 (1-0)(b-d+1d

B yacTtHOCTH, YyMHOXEHMsA KBAaTEpPHUOHOB (] oOwwero Buia HaYy, Yi, Yo wm Yo



TpeOYIOT TOJBKO JBYX BEIIECTBEHHBIX CIOKEHUIA:

<yg>=(-ba-h-dcd, <yip=(b a- ad ¢

1.10
<qy;>=(-¢ -da-cb-d, < §H>=(ec ad b- a p (1.10)

HemnocpeacTBeHHOE TOCIIeI0BaTEIbHOE YMHOXKECHHE KBaTEpHIOHA O0IIEero By/a Ha I-
U j-KBaTepHHOHBI TpeOyeT 12 BelIeCTBEHHBIX YMHOXEHUH. OJHOBPEMEHHOE BBITIOJHEHUE
TaKol Tapsl YMHOXXEHHUN TpeOyer 9 BeIIeCTBEHHBIX YMHOXXEHHH M 15 BelecTBEHHBIX

CJIOJKCHUM.

<sqt>=((t-0)[(B-a)(d- c- br 3-a( & 3]-o(B-a)( b p+ou a
(t-0)[(B-a)(d-c-b+ g -B(d-B]-o(B-a)(b- §+oB b
(t-0)[(B-a)(d-c-b+a-a(c d|-1(B-a)( & ¢+1a ¢
(T—G)[(B‘G)(d—c‘b+a)‘5 (d-B]-1(B-a)( d- §+p J.

Atomopdusmer (1.5) Tena kBatepHuonoB H Hag R uHAYIMPYIOT clieayroliye

npeobpa3oBanus KoJoB. [Tycts <q> = (a, b,c d) , TOTJa

<g(g)> =(cdab, <gj(a)> =(badqg, <g(q)>=(dchq,

U TIepeXo0/1 OT KBATEPHUOHA K €ro aBTOMOp(HOMY 00pa3y peain3yeTcs B KoJaxX TPUBUAIBHO

(6e3 BeleCTBEHHBIX YMHOKEHHIA).

1.3 Aure0pa runepKoOMIJIEKCHBIX YHCeJ

KommyTtaTuBHO# runepkoMIuieKCHOU anreOpoii B Oyem Ha3bIBaTh YETHIPEXMEPHYIO

accolmaTuBHyto ainredpy Haa R

B ={h = a+ bi+ cj+ dij; a,b ¢ dIR} (1.11)
C OIPEICIIAIOMUMU COOTHOIICHUSAMU JIJISI YMHOXKEHHUI 0a3MCHBIX 2JICMEHTOB {1, Iy Jol] } :
i2=j2=-1, i =ji, ()°=1 (1.12)

Onepanusi  clokKeHHs B JaHHON anreOpe OCYyIIECTBISETCS MOKOMIOHEHTHO.

Cootnomenne (1.12) ansg ymHOXeHHs Oa3WCHBIX JJEMEHTOB HHIYLUPYET MPaBUIIO



YMHOXCHUSA ITPOU3BOJIBHBIX 3JICMCHTOB aJ'[l"erLI B

hg=(a+ bi+ cj+ dij)( x+ yi+ zj+ wij) =

+(ay+ bx- cw- d3 i (1.13)
+(az- bw+ cx- dy j

+(aw+ bz+ cy+ dX ij

OTMeTHM el1ie JiBa MoJe3HbIX CBOMCTBa anreopsl B:

- TI0JIe KOMIUIEKCHBIX uncena C KaHOHMYECKH BKJIaAbIBACTCA B B:

a+bi - a+bi+00j+ 00
- CIIpaBCJIMBBI COOTHOHICHUA
h=a+ bi+ cj+ dij=(a+ b) +(c+ d) j= 9+ § | (1.14)
h=a+bi+cj+ dij=(a+ b) +(d- c)ij= 7+ z¢, (e=ij;e2=1).

HenocpenctBeHHnoe yMHOKeHHE d1eMeHToB anredps! B no gopmyne (1.13)tpebyet

16 BemecTBEeHHBIX yMHOXeHUU W 12 BemiecTBeHHBIX clokeHuit. Kak o0buHO, Oyaem
CYHTATh, YTO:

- TIpU OIIEHKE BBIUYUCIUTEIBHON CIOXKHOCTH OJWH M3 COMHOXHUTENEH MpeanoiaraeTcs
MOCTOSTHHBIM U, CJIEJIOBATEIbHO, BCE apU(PMETHUECKUE OTepariii HaJ ero KOMIIOHEHTaMU
MOTYT OBITh peajn30BaHbI 3apaHee;

- YMHOXKEHUSI Ha CTETICHU YUCIia 2 SBISIOTCS O0jiee MPOCTHIMU ONEPAIUSIMHE, YEM CIIOKEHUS
Y YMHOXXEHHUSI, U HE YUUTHIBAIOTCS MPU aHAJIN3E BBIYUCIUTEIHHON CI0KHOCTH aITOPUTMOB

TII®.

[Tycte h=a+ bi+cj+ dij - smement anre6per B o6mero Buma; S= X+ Yi-

KOMIUIEKCHO€  4YHCJIO, SBJSIOIMICECS KOHCTAHTOM B  KOHTEKCTE paccMaTprBaCMBbIX
AJITOPUTMOB. B cooTtBercTBHU C MpCACTABIICHUCM (114) BBIYUCJIICHUC IIPOU3BCIACHUA hs
OKBHUBAJICHTHO BLIIIOJIHCHHUIO JIBYX KOMINICKCHBIX YMHOH(CHHﬁ. HpI/I HCIIOJIB30BaHUU CXCMBI

"TpU YMHOXKEHMSI, TP CIIO)KEHUS MCKOMOE IPOU3BEIEHNE IPUHUMAET BH/]T
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(1.15)

U BBIUUCIISIETCS TIOCPEACTBOM IIECTH BEIIECTBEHHBIX YMHOXKEHHUI U IIECTH BEIIECTBEHHBIX
CIIOJKEHU.

OJHOBpEMEHHOE YMHOKEHHE Ha JBa KOMIUIEKCHBIX KOpHSI B 3TOH airedpe Jydiie
BBITIOJHSATH IO OYepe/Iu.

HenocpencTtBeHHOit TpoBEepKON JIErkKOo YOEOUThCS Takke B  CIHPaBEIIMBOCTH
CJIEIYIOUIETO YTBEPKIACHUS.

OtobpaxkeHus
£o(h) = a+ bi+ cj+ dij
g (h) = a+ bi- cj— dij
gj(h) =a-bi+cj-dij
gk (h) = a—bi- cj+ dijj

(1.16)

COXPAHSIOT CYMMY U MPOU3BEJIEHUE DJIEMEHTOB anreOpbl B, NeiCTBYIOT TOXKIECTBEHHO Ha

R (o ects aBistoTCsa asmomoppusmamu B nao R).

14 IIpsimasi cymMmmMa KOMILJIEKCHBIX aJIredp

I/ISBCCTHO, 4YTO KOMMYTAaTHBHO-aCCOOWATUBHAA THUIICPKOMIUICKCHAA anre6pa B

(1.11)-(1.12m30MmopdHa TIPAMOI cyMMe KOMIDICKCHBIX ajareop:

B=COC.
I[J'IH nepexozia OT CTaHAapTHOI'O MPEACTABJICHUA TMIICPKOMIINICKCHOT'O YHUCJIa
h=a+ bi+ cj+ djj (2.17)

K €ro ImnpcaACTaBJICHUIO B HpﬂMOfI CyMMC KOMIUICKCHBIX anre6p, BLIIIOJIHUM  3aMCHY

HepeMeHme:
Up =1+, =1—j, up=i+ij, uz=i—1ij. (1.18)
B sTom cirydac HpOI/ISBOJILHHﬁ QJIEMCHT anre6p51 MPpUMCET BUJT

h=1((a+Juw+(a gu+(b § y+( b ¥ .



Ta6J11/1ua YMHOKCHUSA HOBBIX 0a3MCHBIX JICMEHTOB UMEET BUJ, IOKA3aHHBIN HUKE.

Tabnuua 1.1.11IpaBuna yMHOKEHUS HOBBIX 0a3MCHBIX 3JIEMEHTOB

e | . 2 s
Ug 2Ug 0 2U, 0
W 0 20 0 2U3
U 2U- 0 —2Up 0
Ug 0 2U3 0 -2

B TakoM mipejcTaBiieHUN MTPOU3BEACHHE JIBYX MPOU3BOJIBHBIX 2JIEMEHTOB alNTreOphl

(xup+ yu+ zip+ va)( ag+ by cg dy
pa361/IBaeTC$I Ha JBa HEC3aBUCUMBIX HpOI/I3BCI[eHI/I$[, HOI[OGHLIX HpOI/I3BCI[eHI/I$[M

(xuo+ zw)(a h+yw)=2(( B- ¥) y+( ¥+ @) 4,
(yu+vis)(Bu+dw)=2(( B~ 8) y+( §+ §) 4,

U TpeOyeT 6 BelecTBEHHBIX YMHOXEHHI U 6 BEIIECTBEHHBIX CIIOKEHUH.

Bce cBoiicTBa FPIHCpKOMHJ'IGKCHOfI anre6p51 B TaKOM IPCACTABIICHUU COXPAHAKOTCH.
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2 IBYMEPHOE JAII® U ET'O BBICTPBIE AJI'OPUTMBbI
B CIIENUAJIBHBIX AJITEBPANYECKUX CTPYKTYPAX

21 Omnpenenenne nsymepHoro AII® B anredpe KOMIJIeKCHbIX YHCeJ

4 B YeThIpPeXMePHbIX aJireopax
Ilycts X( n, rb) - BXoiHOi MaccuB pazmepa NXN, Torja ero KOMIUIEKCHBINA CIIEKTP
Oypbe
N-1 N-1

X(m,mp)=3 > X n )M ™% 0<m,ms< N-1, (2.1)
M =0 n,=0

rae W= exp[ 2%} - KOMIUIEKCHBIN KOPEHb U3 €IMHUIIEI cTerenu N.

HOI[ JAUCKPCTHBIM HpeO6paSOBaHI/IeM d)pre CO CIICHUAIBHBIM TIPCIACTABIICHUCM

JTAHHBIX B paMKaX KypcoBOIo Ipoekrta OyaeM MOHUMaTh Mpeodpa3oBaHue BUa
N-1 N-1 mn My
X(m,mp)=3 > ot xR 2?2 (2.2)

Mm=0n,=0

OcHoBHas UIACA TaKoro HpeO6paBOBaHI/I}I 3aKJII0YacTCA B IOTPYKCHHUU BXOJHOI'O

CHTHAJIa U KOpPHEH Wy B YeTHIpeXMepHyIo anredpy A (B paMKax KypcOBOTO MPOEKTa 3TO

OlHa W3 aireOpamdecKux CTPYKTYp, OMHMCaHHBIX B pasnene 1). Ilpum 3TOM KOpHH
ool:exp{z%} , Wy = exp{ 2%} JeXaT B Pa3HBIX HK3EMIUISIpaX MOJsi KOMIUIEKCHBIX
Yrcel, BIOKECHHBIX B A, y HUX pa3Hble MHUMBIC CIUHUIIBI - | U |.

OTMeTHM, 94TO YMHOXKEHHS Ha CTENEHH ()Y M () B COOTHOIIECHUH (2.2) 3ammcaHbl

cleBa W chpaBa OT BXOJHOIO CHUTHaja. DTO cjienaHo Jyisl yHudukanuu 3anucu. [lpum

UCIOJIb30BaHUU alreOphl KBaTepHUOHOB H 3TO NpuHIMNIMANIBHO, TaK KaK YMHOKEHUE B HE

HCKOMMYTATUBHO. HpI/I HUCIIOJIb30BaHNH FHHCpKOMHJ’ICKCHOﬁ aJ'[l"erBI B opsAA 0K

COMHOKUTEIEH 3HAYCHUS HE UMEET.

[Tockoabky  oaemeHT anreOpel A (kBatrepumon (g =a+ bi+cj+dk wm
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THIIepKOMITICKCHOe umciao h=a+ bi+ cj+ dij) omnpenensercs HaOOpOM YeThIpeX

BEIIECTBEHHBIX UMCEI (a, b, c, d), TO KOMIUIEKCHBIN criekTp (2.1) MOXKeT OBITh MOJIyYeH U3

crekTpa (2.2)B anredbpe A ciexyrommmM o0pa3om:

X(m, mp)= X m LI,

rae X(ﬂl, ﬂ‘g):(xo( m, I”Q),Xl( M r@)xz( m rﬁ,x é m r)g) - BEKTOP KOMIIOHEHT

CIIEKTpa,

0
01 1
L = =]
01 (Ij
0

Takum 06p2130M, MYJIbTUIUVIMKATUBHAA  CJIIOJKHOCTL  BBIYMCIICHMSA X (n]_, n'k)

COBIIALACT CO CJIOKHOCTBIKO BBIYHCJIICHUA CIICKTpPpa B aﬂre6pe A, T.K. YMHOXCHUS Ha

matpuiibl L, | He TpeOyroT BBINOJIHEHHUS HETPUBHAIBHBIX OIEpaluii BEIIECTBEHHOIO
YMHOKEHHS.
Jlanee  w3naraloTcsli  CX€Mbl  JIEKOMIIO3UIIMU  JIBYMEPHOTO  JTUCKPETHOTO

npeodpazoBanusg Pypre (2.2)1 criocoObl €ro BHIYUCICHHS.

2.2 Aaroputm asymepHoro {I1P no ocHoBanuio 2

[Tycts N = 2K [IpencraBum (2.2) B BHJE YETBIPEX CYMM, pasJelisis BXOJHYIO
II0CJIEI0BATEIbHOCTD 110 YETHBIM M HEUETHBIM 3HAYCHUAM KayKIOro UHAEKCA My, N

N-1
X(m,m)= Y oY n p)wy2?=
M, =0

N/-1
1 2
=3 ™Y ()™ () () ™ = 2.9
a,b=0 n,n=0

1
= ™X (M, mp)l™,
a,b=0

rac
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Xap(M. M) = X(2n+ g2+ B,

N1
Xab(m, mp) = i (‘*J%)mlrh Xb( A '&)(wzz)mzrh,OS m msNj-1
M, =0

Briuncnenue criekTpa A1 OCTaIbHBIX 3HAUCHUM map (ml mz) pou3BoOUTCS 0e3

JIOTIOJTHUTENbHBIX YMHOKEHUN U MOKET ObITh 3allUCaHO B MAaTPUYHOI popme

X(m, m) 1 1 4| Xoo(mem)
X(m e+, m) 1 -1 -1 | ot Xge(my my)
X(m_L,szf'%) ERE Xo1(my, mp) w5
x(m+Ng meNZ)| BT T o (my my) g

HJIK B CJICAYIOIIIEM BUJIC

N N L ar _ a b bs
X(rrﬁ Mt SE)' > (DT o™ X (momwy (=07, (24)
a,b=0
r,s=0,1.
2.3 Aaroputm asymepHoro AI1® no ocHoBanuio 4

Pazo6peMm TCIICPh BXOJAHYIO IMOCJICAOBATCIIBHOCTL Ha 16 IOJIIOCIIEIOBATEILHOCTENH U

3aruiieM (2.2)B BUje

3
X(m,mp)= Y o™ X ()™, (2.5)
a,b=0
rac
Xap(M, ) = X(4n+ g4+ B, (2.6)
— %_1 4\ 4\ N/ _
Xap(Mm, mp)= D (wl) %b( A r)g)(ooz) ,0< m, m< A 1
N, N,=0

HpI/I OTOM 3HAUCHUS CIICKTpa A OCTAJIbHBIX 3HAa4YCHUM APryMmMCHTOB BBIYUCIIAIOTCA

0e3 TOMOJHUTEIbHBIX YMHOKEHUM, a UMEHHO:
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3
X(mﬁ r%,rrw S%} > ™ Xp( M m)wy™ 2.7)
a,b=0

r,s=0,12,c:

YMHOXKCHHSI Ha CTCIICHH 0a30BBIX JJIEMEHTOB | M | TPUBHAJIbHBI, OHU CBOIATCS K

MEpCCTaHOBKAM 3JICMCHTOB KOJa n/MIM cMEHE 3HaKa KOMITOHEHT.

24 AJITOpPUTM ¢ pacuienieHHeM OCHOBAHHS
PaccMoTpum elrie ojiHy cxeMy JIGKOMITO3UIIMH JIByMEpHOTo criekTpa (2.2),B KOTopoii

JIId oobema NXN  cBogurcs k  JIIID %X % AJIEMEHTOB  BXOJIHOM

IHoCJICAOBATCIIBHOCT C UCTHBIMU HMHACKCAMH M JBCHaAllaTHU I[HCD 00BeEMOM %X % C

dJI€eMEHTaMU, UMEIOIITUMU XOTsI ObI OJIMH HeUeTHBIN uHJIeKC. [IycTh

A={(0.9,(0.9 (1.9 ( 1r( 1R(. 9. 3.4, 2.6, 30 .)A2.2 (3.9},

Toraa

'%—1

X(mom)= > (o)™ (2n.2n) (o)
nl’r,]\z;: (2.8)
CY Y () () () ™,

rie Xab(rh’ n2) ornpeneneHsl B (2.6). [Ipu 3ToM mo-nipeskHEeMyY CIIpaBeIMBO COOTHOINCHHE

(2.7) nnst ocTaIbHBIX 3HAYEHUH My, M.

2.5. JABymepnoe AP no ocHoBaHuIO 3

Iycts N =3" . Koncraurs Wy, Wy 3 (2.2) Oynem cuuTaTh 3aJaHHBIMH KOJAaMU

["amubTOHA-Dit3eHmmTeiina. Criektp (2.2)3anuceiBaeTcs B hopme

2
X(m,mp)= D of™ Xop( g m) ™,
a,b=0

rIe
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N4-1

Xap(m, mp) = Z WM™ {30+ a3n+ hoFeM.
n,Np=0

3HaueHUsA Xab(rq, rrg) JIOCTAaTOYHO MOJHOCTBHIO BBIUUCIATH YISl [1ap (rrh, rrb) OA

riae A - “dyngamenTanbHas 061acTh”

:{(u,u):OSu,us%—]} .

3nauenus X (nl, ny) Ui 11ap (rrh, rrh) , JIeXKaIUX B 00J1acTAX, IMOJIy4YEeHHBIX U3 A

AAJUTUBHBIMU CABUTaMU Ha BeKTOpLI
N N
a=|r—,s— |, r,s=0,1, 2,
3 3

HC Tpe6YIOT JJIs1 BBIYUCICHUA  AOIIOJHUTCIBHBIX BCIICCTBCHHBIX YMHO>KCHI/II7I n

ONpCHACIIAIOTCA N3 COOTHOIICHUA

X(my+ o, mp+ o) = Z Vi ( £™ %p( ) w ™ )vbz, (2.9)

a,b=0

i€ KOHCTaHThI VlaVZ OIIPCICJICHBI B pa3aciic 1.2. HpI/I HCIIOJIb30BAHUUN TIPCACTABIICHUA

JaHHBIX B KOJaXx I"'ammnpTOHA-Di3eHIIITEHHA YMHOKCHHUC Ha CTCIICHHU OTHX KOHCTAHT HC
Tpe6yeT HCTPUBHUAIBHBIX YMHO)I(CHI/Iﬁ U HC TOBBIIIACT MYJBTUINIMKATUBHYIO CIIOJKHOCTDH

aIropruTMa.

2.6 JABymepnoe AP no ocHoBaHuIo0 6

ITycte N = 6" , KOHCTaHTBI 0y, Wy NO-TpeKHEMY 3alaHbl Koxamu ['ammibroHa-

Diizenmreiina. Crektp (2.2) MoXKeT ObITh 3ammucal B popme
5
X(m,mp)= Y ™ Xp( m m) ™
a,b=0

e

Ng-1

Xap(m,mp)= D7 o™ x6n+ a6n+ hag™™.
n, =0

ITycte A - “dynnamenTtaibHas 00J1acTh .
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A:{(H,U):OSH,US%—]} .

3HaueHus X (rq, mz) JUIS T1ap (m.l rTQ) , JeKaIuX B 00JIaCTX, MOJYYEHHBIX U3 A

AJJIUTUBHBIMHA CABUTaMHW HAa BCKTOPELI

a:(rﬁ,sﬂj, r,s=0,1,2,3,4,%,
6 6

HEC Tp€6YIOT 11 BBIYMCICHHUA  JOIIOJHHUTCIBHBIX  BCIICCTBCHHBIX YMHO)KeHI/If/'I n

OIIPCACIAIOTCA N3 COOTHOIICHMA

5
X(”1+ r%,”b““ 5%): > (v (0016er1 % ( ™ ni)wzbni)(‘y Qbs- (2.10)
a,b=0

2.7 Peanuzanmsi: oT KOPOTKHUX JJIHH K 00J1bIIUM

Kak BugHo u3 maparpagoB 2.2-2.6,Bce cXeMbl JEKOMIIO3UIIMU [MOKA3bIBAIOT HJIEIO
OBICTPBIX aJTOPUTMOB JABYMEPHOI'O JUCKPETHOTO IpeoOpazoBaHus @Dypne, KoTOpas
3aKJIIOYaeTcss B CBEJIEHUMM npeoOpa3oBaHMsl  3aJaHHONH  JUIMHBI K  HECKOJIBKUM
npeoOpazoBaHUAM MeHbIIEro oobema. OJHAKO Ha MpaKTUKE peaaus3alus MpeoOpa3oBaHus
BBITOJIHAETCS B OOpPAaTHOM MOPSAJIKE OT MUHUMAIBHOW JUIMHBI K MaKCHUMAaJbHOW, KaK U B
OJTHOMEPHOM ClTyyae.

M3BecTHO, 4TO Ui peaau3alii CXeMbl JEKOMIIO3UIIMHU 110 OCHOBAHUIO P Ha NEPBOM

1mare HeoOX0IUMO BBITIOJTHUTE BCE MPeoOpa3oBaHUs pasMeEpPOM P X P, BeIOUpas sl 3TOro

5JIEMEHTBI BXOJHOIO MAccuBa, Jiexaiue Ha paccrosauu N/ p. Jlaiee M3 MOMyYEHHBIX

YaCTUYHBIX CIICKTPOB (l)OpMI/Ip}IIOTCH CIICKTPBI pasMEcpoM p2xp2 C HCIIOJIB30BaAHHUCM

cootHomenuii (2.4), (2.7) (2.9)uwm (2.10). 1 tak ganee, BIUIOTh A0 (HOpPMHUPOBAHHUS

nckomoro crekrpa pazmepom N X N, rae N = pk.

OnHako B 3TOM ciydae, Kak M3BEeCTHO M3 Kypca "“Teopust mudpoBoit oOpaboTKn
CUTHAJIOB", BBIXOJHBIE OTCUETHI OKa3bIBAIOTCS IEPECTAaBICHHBIMU B JIBOMYHO-HUHBEPCHOM
HOPSIJIKE WK JIPYTUM aHAJOTMYHBIM CIIOCOOOM B 3aBUCMMOCTH OT OCHOBaHMS aJlrOpUTMa p.
UtoObl MOSYYUTH Ha BBIXO/IE€ NPABUIIbHBINA MOPSII0OK OTCUETOB, a TaKXkKe Ui y100cTBa BbIOOpa
3HAUEHMII YaCTUYHBIX CTHEKTPOB M3 OOINEH MaTpHIlbl JaHHBIX (ITOpPUTM peanu3yeTcs "Ha
Mmecte"), pPEKOMEHIYeTCS BBIIOJHUTH MEPECTaHOBKY JaHHBIX B Hayale paOOTHI.

Pacnionoxxenue oTcyeToB 10 U Mociie epecTaHOBKU MPOULTIOCTPpUPOBaHO Ha puc.2.1.
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0 N/ 2N/ ... 012 .. Np .
OOA\OA\OA nz' Oooo\ Ala|a nz'
\ 1 olo|o]|| [ala]a
Jdolo|o Alala
N/plo [a]] |o|a]]|o]|a
\ \
/) /)
2N/|o |a]|[|o]all o ]a \
| I\ |
ALt yMm

Puc.2.1. Pacnonooicenue omcuemos 6 maccuge 00 u nocjie nepecmano8Ku

Takum 00pa3oMm, alropuT™M BBIUHCICHUS IpeoOpa3zoBanus (2.2) OKOHYATEIHHO
NPUHUAMAET CJIeTYIOIIHIA BUT:
1. IlepecTaHOBKa 3JEMEHTOB BXOJHOIO MAacCHUBa B TOPSIKE P-MYHOW HWHBEpCHU (CM.
[Tpunoxenue 4).
2. Pacuer Bcex mpeoOpazoBaHuii pazmepom pPX p. JlaHHbIE i1 HUX TENEph JiexKaT B
MaCCHBE BXOJIHBIX JTAHHBIX TIOJPS/I.

3. B mwmkie mo jummHEe npeoOpa3oBaHUs, BHIUKMCISIEMOrO Ha JIAHHOM IIare, BBIMOJIHATH
Mepexo]l OT KaKJbIX p2 YaCTUYHBIX CIEKTPOB Tekymiero pasmepa |x| k cmekrpy

pasmepoMm Ip xIp mo Tex mop, moka He OyAeT MOCTUTHYT pa3Mep BXxoaHoro mMaccuBa N x N

(cm. puc. 2.2, 2.3).

2.8 Y4yer BeleCTBEHHOCTH BXOHOI'0 CHTHAJIA

[lepBoHauanpHO ~ Takoe  mpeoOpa3zoBanue  (2.2)  HCHONB30BATOCH KAk
BCIIOMoOrarenbHoe s A(GQEKTUBHOTO BBIUUCIEHUS mpeoOpasoBanus (2.1) mpwm
BEIIECTBEHHOM BXOJHOM curHaie. CyIliecTBYIOT JiBa croco0a yyeTra BelIeCTBEHHOCTU
BXOJIHOIO CHUTHajJa, KOTOpbIe OTpPaX€Hbl B TEeMax KYypCOBOrO MpoeKTa. DTO - CHUHTE3
COBMEIIEHHBIX QJTOPUTMOB U yU€T CUMMETPUH CHEKTpa B paccMaTpUBAaEMBIX ajiredpax.

OcTtaHoBHMCS Ha 3TUX cloco0ax moapooOHee.

Kak u Be3ge B 2TOif rinaBe, Mbl OyJeM OMNEpPUPOBATH C HEKOTOpO# airebpoil A,
IIOHKMAs, YTO 9TO MOXKET ObITh Kak anreOpa kBarepuroHoB H (B ToM uuciie B hopMe KOa0B
["amwiibTOHA-Dii3eHINTeliHA), TaK W ajredpa TUIEPKOMILICKCHBIX urcen B (B ToM ywmcie B

(bopMe MpsAMOii CyMMBI KOMIICKCHBIX ajIre0p) Kaxias co CBOMM HaOOpOM aBTOMOP(U3MOB.
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| | | | pl pl

Xoo | Xor | Xoo | Xoz ] ol

Xoo Xo1
X10 xll X10 xll /

(*) (**)

Xoo | Yor | %oo | Yor \ .

XlO Xll
X10 xll X10 xll )

Puc.2.2. Pacnonoscenue uacmuunvix cnekmpos na mexyugem (*)
u nocneoyrowem (**) waee ons pP=2

bs O 1
ar gl L0l L m
®
0 H X
[
0 m.mo -
1 © ®
1 X10 X11
[
™
Xan(My,N2) X(my+rN/p,my+sN
0 1,° Q 1, °
il (24 01010,
R 11919
v L3 v /4

a r

BcnomorarensHbie MaTpuibl pasmepom PXp

Puc. 2.3.Cxema nepecuema uacmuunvix cnekmpos "na mecme"
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2.8.1 Aaroputm asymepHoro 1D ¢ coBmemenuem
IIycth X( n, rb) BelecTBeHHass N-mepumoanueckass MO KaxJIOMy apryMEHTy
¢byuxkius; N - getnoe. Ee cniektp @yphe

N-1 N-1 1

X(m,m)=Y > X )t =Y MG (g g, (2.11)
m=0 n,=0 a,b=0

rIe
%—1

Sp(m m)= > X2p+ a2 p+ ))(wz)mlmmzrb. (2.12)
n,n=0

Ucnons3yem st TpeACTaBICHUS BXOJHBIX JAHHBIX (YHKIHIO q(rh, n2) co

3HAYCHUAMMU B TCJIC KBATCPHUOHOB H:

a(n.m)=x(2n,2m)+ 21,2+ ) # 20+ 1,20 + £ 25+ 1 2p+ )11(2.13)

WIN B TUIIEPKOMILIEKCHOM anreOpe B:

a(m,m)=x(2n,2p)+ X2n,2n+ 3 i+ X 29+ 1,2n) § k 2g+ 1,25+ )1i (2.14)

Brluncnenue cmekrpa UCXOAHOM  MOCIEIOBATEIbHOCTM MOXHO CBECTH K
BBHIYMCJIEHUIO CIEKTpa HOBOW IOCJIEJOBATEILHOCTH WHON BHYTPEHHEU CTPYKTYphI, HO
MEHBIIIET0 00BhEMa, UTO U JIEJIAET aITOpUTM 00Jiee OBICTPHIM.

Cnextp Q ( m, mz) TaKOM MOCIeI0BaTEILHOCTH OINPE/IEIAETCS PABEHCTBOM

N1
Q(mym)= Y (of) " dn p)wf)""
M., Np=0

Beigenute  "wacTuyHbBIE  CIIEKTpHI" Sab( m, rTi) U3 MAacCHBa, SBJIIOIIEroCs

pesyabtarom JI[II® B anrebpe A, MOXHO MyTeM peEIICHUEM CIEAYIOMEH CHUCTEeMbl

YPaBHECHUIA:
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45y ( m, mp) =

=Q(m, m)+e (Q m-m))+e( @ m o)+ra( @ m- 9,

4iSp1 (M, mp) =

- (m,my)+ei (A m-m)-¢;( @ m m)-a( @ m B, 215
4iSio(m, my) =

=Q(m. my)-& (Q m-m))+e;( @ m ))& ( @ o B,

4kS1(m, m) =

=Q(m. m)-&(Q m-m))-&( @ m B))+a&( @ - 9.

rae €, €j, & - aBroMoppusMsl cooTBercTBYyIOMIEH anreOpst (1.6)miu (1.15).

Jlyist periieHust TaHHON cUCTEMBI TpeOyeTcsi He Oojiee 4 BEIeCTBEHHBIX YMHOKECHHUIA
Ha CTEIICHU JIBOMKMU.

KommiekcHple 3HAau€HUS OTCUYETOB CIICKTpa JABYMCPHOI'O I[HCD B o00jacTtu

Osm,m< % HaXOAATCS HEIOCPEICTBEHHBIM IpuMeHeHrneM (Gopmytbl (2.11).

Briuncnenue crexTpa S OCTadbHBIX 3HAYEHUN TMap (rq mz) Mpou3BOIUTCA  0e3

JOITOJIHUTCIIBHBIX YMHO>KCHI/II71 A MOXET OBITh MMpeaACTaBJICHO B ManHQHOﬁ (bopMe

CJIEIyIOLIIUM 00pa3oMm:

x(m, n:j) 41 1 1] Soo(m )]

X(rr1+ /ZWE) |11 1 —1[] WS m, m) (2.16)
X(m, mp+N7) 11 -1 -11 osy(m )| |
X(m+Ng, mp+ NJ) ST s

2.8.2 YdeT cuMMeTpHIii ClIEKTPa BellleCTBEHHOr0 CHIHAJIA
OCHOBHOE CBOIWCTBO CIEKTpa BEIIECTBEHHOTO CHTHajla B paccMaTpPUBAEMBbIX
anredpax - 3TO ero cuMMeTpus. Tak, CIEKTp BEIECTBEHHOTO CUTHAJa YJAOBIETBOPSET

CJIEAYIOIINM CBOHCTBAM CUMMETPUHU:

X(N-m, mp)=¢;( X g ),
X(m, N-m)=g( X m m), (2.17)
X(N-m, N-m)=¢g,( X m 1)
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riae €, €j,§ - 3TO NO-TIPEKHEMY aBTOMOp(HU3MBI COOTBETCTBYIOIIEH anreopsl (1.6) win

(1.15).
Takoe cBOICTBO MO3BOJIIET Ha KaXJOM Iare anroputma (cM. 1m.2.7) mpou3BOIUTH

BhIUuCIeHUuss 1o ¢opmyiaam (2.4), (2.7) (2.9)umm (2.10) u 1.1. B 0obJacTu paszMepoM
(pk / 2% pk/ 2) BMECTO 00JIacTH pazMepoM (pkx pk) (cm. puc.2.4), e p - OCHOBaHHE

ajiropurMma, K - HOMCD mIara JACKOMIIO3UIINU. HCI[OCTEIIOH_[I/IC OTCUYCTHBI 3allOJIHAIOTCA Ha

OCHOBaHMHM CBOMCTB (2.17)B COOTBETCTBUHU CO CXEMOi1, MOKa3aHHOM Ha puc. 2.5.
K

P 2p

k

K

O
~— /’—\_

2p
-V
Puc.2.4.06nacmu, komopwie 0ocmamouno paccuumams no opmynam (2.4), (2.7),
(2.9), (2.10)

Puc. 2.5.3anonnenue nedocmarowux oonacmeii Ha OCHO8AHUU CBOUCNE CUMMeEMPUU
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2.9 OueHka CJI0KHOCTH aJIrOPUTMOB
B pamkax KypcoBoro mpoekra HeoOX0UMO OTPEIEIUTh U CPABHUTH TEOPETUUECKUE
BBIUMCIIUTENIBHBIE  CIOXXHOCTH pacCMaTpUBaeMbIX alropuTMoB. Hwke mnpuBoauTCs

METOJIMKA pacyeTa U CIIOKHOCTH PACCMOTPEHHBIX aJIrOpUTMOB JBYyMepHOTro JI1D.

291 MeToauka OlleHKH BHIYHCINTEIbHOMN CJI0KHOCTH OBICTPBIX
aJroputmMos asymepHoro AP

N3 kypca "Teopus mudpoBoit oOpabOTKHM CUTHAJIOB" W3BECTHA METOJMKAa pacuera
BBIYUCIIUTEIBHOM CIIOKHOCTH OBICTPBIX alropuTMoB ogHoMmepHoro J[II®. Ona moaHOCTHIO
pacnpocTpaHsieTcsl Ha JBYMEpHBII ciydail. B o0meM ciydae s pacdera CI0KHOCTH
JT000ro U3 ONMMCAHHBIX AJTOPUTMOB JIOCTAaTOYHO 3HATh OCHOBAHHE JCKOMIIO3HMIUU P (WU
CTPYKTYpy alrOpUTMa B ClIydae pacUICIUICHUsS OCHOBAHHS) W CJIOXKHOCTH 0a30BBIX

omepariii B UCIOJIb3yEeMOM anreOpandeckoi CTpyKType.

O003HaUNM MX, A; - KOJIMYECTBO OIlepalyii BELIECTBEHHOTO YMHOXKEHUS U
CITOXKEHHUSI JUIS ONepalid YMHOXKEHHS B anrebpe A, AL - KOJTHUYECTBO BEIIECTBEHHBIX
CIIOKEHMH Ui olepaluu cjoxkeHus B ainrebpe A. VYurem, 4YTO B HEKOTOPBIX
aIreOpandyeckux CTPYKTYpax CIOXKHOCTb YMHOXKEHUS JIByX HPOM3BOJBHBIX 3JIEMEHTOB
aJreOpbl MOXKET OTJINYATHCS OT CII0KHOCTH YMHOKEHMS TaKOTO 3JIEMEHTa Ha KOMILJIEKCHOE
yucsio (To ecThb Ha CTenmeHW KopHeil wy ). IlosTomy s Broporo ciydas BBeaeM

* *
JONOJIHUATENbHOE 0003HayeHne M, Apc-
Torma BeIUMCIUTENBbHAS CI0KHOCTH OBICTpOro aiaroputma jaBymepHoro JII® "mo

OCHOBAHUIO P" OMKMCHIBAETCS CICAYIOMIMMHU PEKYPPEHTHHIMU COOTHOIICHUSIMU:
N » N 2( N\ Ny
M (NxN)= pZM(FX—p)+( p-1) (—p) My +2( p—])(—p) Myc,  (2.18)

A= 2 A () A2 e8] e B A

MCTOI[I/IKa PCUICHUA TaKUX COOTHOIICHUM CJIeayromias. I/IBBCCTHO, 9TO CJIOKHOCTDb

anroputmoB Tuna Kynu-Teioku norapupmuueckas. Ilycts Toraa
M (NxN) =Gy N°log, N+ Oy N, A(Nx N)= CyNlog, N+ DyN°. (2.19)

s onpenenenus nepBoii napel koHctaHT Cy, Cp oTOpocuM BTOpOE ciaraeMoe B

(2.19),a norapudmudeckuii wieH noacrasum B (2.18).ITomyunm
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Cum N2|ogIO N = pzqw(%)z(logp N—1)+( p-])z(ﬂ)z My + A p fb(ﬂ)z Mic

A pa3) her ) A

CaN?log, N= pZCA(%)Z('Og p N-1J+( '&])2(%)2

OTKyJa OIPECACIIAIOTCA KOHCTAHTHI.

(p-1)
p2

2 2
-1 * -1 * -1 * *

Jlnst ompeneneHust BTOpOM Mapbl KOHCTAHT BPYYHYIO BBIYHCISIOT KOJUYECTBO
orepanuii g BBIYMCIIEHUS MpeoOpa3oBaHus HauMeHblIero pasmepa pxp. Kak mpasuio,
OHO BBITIOJHSIETCS 0€3 YMHOXKEHH, a KOJIMYECTBO BEHIECTBEHHBIX CIIOKEHHI 0003HauUM

ap. Hoacrasmsis N = p B (2.19),mosryuum

0=Cy p°+ Dy p°, a,=Cap’+ Dap’.

OTKy/1a OKOHYATEIbHO HAXOIUM
DM :_CM , DA:%Z_CA' (221)

OHpCI[eJ'[I/IM TCINCPh BBIYUCIIUTCIIBHBIC CJIIOKHOCTU HCKOTOPBIX H3 PACCMOTPCHHBIX

QITOPUTMOB B COOTBETCTBYIOIIUX alreOpandecKuX CTPYKTypax.
2.9.2 CJI05KHOCTH aJITOPUTMOB 10 OCHOBaHHIO 2 U 4 B ajiredpe
KBATEPHHOHOB
[Iyctp B KauecTBe aireOpbl, B KOTOPOIl peaqnu30BaHO JIBYMEPHOE JIUCKPETHOE

npeoOpazoBanue dypbe, BbicTynaer aiarebpa kBarepHuoHoB H. Kak moxazano B m.l1.1,
CJIO)KHOCTb OIepaluii B 9Toii ainredpe cocTaBiIsier:
My =9; Ay =15; My =6; Ayc =6; Af =4. (2.22)

Torma, 6Ge3 yuera BELIECTBEHHOCTH BXOJHOIO CHUTHAJIA, OLEHKH CIIOKHOCTH
OIMCAHHBIX aJITOPUTMOB TIpH P=2, 4 M. 1.2.2., 2.3)npuBeeHb! B Tadmauie 2.1.
[Ipy uCMONB30BaHUU OJHOTO U3 CIOCOOOB YdeTa BEIIECTBEHHOCTH BXOIHOIO

CUTHAJIa TCOPETUIYCCKAA CJIOKHOCTD AJITOpUTMA YMCHLIIACTCSA HpI/I6J'[I/ISI/ITCJ'IBHO B4 pasa.
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Tabnuua 2.1.CnoxHocTh anroputMoB kBarepHuonHoro JI1® mo ocHoBanuto p

P MYJ'IBTI/IHJ'II/IKaTI/IBHaSI CJIOKHOCTB AI[I[I/ITI/IBHEUI CJIOKHOCTB

21 2 21 N2 59 N2 27
2 | M(NxN)<2INlog, N-2LN° | A(NxN)<52 NPlog, N-27 N

| M) 25 WP, N= 3P A(1xN) 2 Pl NP

O1eHKa CIOXKHOCTHU ajropurMa ¢ pacmCIiliCHUCM OCHOBAHUA CTPOMUTCA HO,Z[O6HBIM

o0pa3oM, HO JJI Hee PEKYpPEHTHbIE COOTHOIIIEHUS IPUHUMAIOT BU]]

(08 = {3 2ol {2220 47 Y1)

P
YAGEVE:
+4(p‘1)(2—p) Mac

A(Nx N) = A(N N)+2 H2p-1 ‘(szxz—p)Jf( p-9° - j(z—Np)z A (218
lp-a(a] e+ A(5)
rzie P - 9To O6oJblnee ocHoBaHue (B 1. 2.4p=2).

2.9.3 CJI05KHOCTH aJITOPUTMOB B FTHIEPKOMILJIEKCHOIi ajiaredpe

[lycth Ha 3TOT pa3 B KauecTBe aireOpbl, B KOTOPOH pEaTn30BAHO JBYMEpPHOE
TUCKpeTHoe mpeoOpazoBaHue Dypbe, BBICTyHaeT THNepKoMiUiekcHas anrebpa B. Kak

MoKa3aHo B 11.1.3, CJIOKHOCTH Omepaliuii B 3TOi ajiredpe cocTaBlIseT:
* * * * +
MA =0, AA =14, MA(C =6; AA(C =6, AA =4,

Torma, 6e3 yuera BEIECTBEHHOCTH BXOJIHOT'O CHUTHaA, OLICHKU CJIOXKHOCTH TEX XKe

aJITOPUTMOB TIpu P=2, 41nipuBe/ieHbI B Tabiuie 2.2.

Tabnuia 2.2.CaoXHOCTh allTOPUTMOB rurepkomiuiekcHoro JI1® no ocHoBanuio p

P MYJ'IBTI/IHJ'II/IKaTI/IBHa}I CJIOXKHOCTD AI[,Z[I/ITI/IBHaH CIIOKHOCTD

9 N2 9 \j2 29 \(2 13
2 M(NXN)SEN loga N=2 N* | A(Nx N) <22 N*log, N-13 N

4 | M(NxN)<28N?log, N-2 N | A(Nx N) <22 Nlog, N-L13 N
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294 CJI05KHOCTH aJITOPHTMOB € MpeacTaBJIeHHEM JaAHHBIX B KOJaX

IaMuianToHA-DH3eHIITEHHA

Kak Obuto mokazano B 1m.1.2, koasl ['amuibTOHa-Dii3eHIITEHA - 3TO TOJIBKO
yAOOHBIA B psijfie cioydaeB croco0 Mpe/ICTaBICHUS KBaTepHUOHOB. 1loaToMy ClI0KHOCTH
apu(pMETUYECKNX olepanuii B KOJaX paBHA CIOKHOCTH COOTBETCTBYIOIIMUX OIEpaluii B
anreOpe kBaTepHUOHOB (2.22). Takoe mnpeacTaBiIcHHE TaHHBIX B paMKax KypCOBOI'O
MIPOEKTAa MCTOJB3YETCs MPU CUHTE3E aIrOpuTMOB JiByMepHoro JII1® mo ocHoBanusiMm 3 u 6.

OlLIeHKHU X BBIUUCIUTEIBHON CI0KHOCTH TIPEJICTaBUM B Tabiuie 2.3.

Ta6muma 2.3.CaoxHocth anroputMoB J[I1D o ocHoBaHuiO P

C TIpe/ICTaBJICHUEM JJaHHBIX B KoAaX ['aMuinpTOHa-Dif3eHInTeliHa

P MYHBTI/IHHI/IKaTI/IBHaH CJIIOXKHOCTH A,Z[,Z[I/ITI/IBHaH CIIOXKHOCTB

20 N2 20 nj2 64 N2 176
3 | M(NxN)<ZNlogz N-2N* | A(Nx N) <& Nlogg N-176 N

95 nj2 95 2 433 \f2 1261
6 | M(NxN)<2Nlogs N-2 N | A(Nx N) <433 NP logg N-1281 N

295 CJ10’KHOCTH AJITOPUTMOB B NIPSIMOii CyMMe KOMIIIEKCHBIX aJiredp

CJI0XHOCTh oOmepaluii B NPAMOH CyMMe KOMIUIGKCHBIX —anredp (cm.m.l1.4)
OTJIMYAETCS] OT CIOKHOCTU TEX K€ OIeparuii B THIIEPKOMIUIEKCHOW anredpe TOJIBKO TeM,
9TO YMHOXXEHHE JIBYX IPOU3BOJBHBIX DJEMEHTOB TpeOyeT INMeCTH BEIIEeCTBEHHBIX
YMHOXCHWI W TIECTH BEIIECTBEHHBIX cl0KeHUi. COOTBETCTBEHHO W3MEHSATCS TOJIBKO

aJUTITUBHBIE CIIOKHOCTHU aJITOPUTMOB, KaK MOKa3aHo B Tadsumie 2.4.

Ta6muma 2.4.Cnoxnocth anroputMoB J[I1D o ocHoBaHuio P

C TIPEJICTABICHUEM JIaHHBIX B MPSIMOI1 CyMMe KOMILJIEKCHBIX alreop

P MYJ'IBTI/IHJ'II/IKaTI/IBHa}I CJIOXKHOCTD A,Z[,Z[I/ITI/IBHa}I CIIOXKHOCTB

9 N2 9 \j2 25 pn2 9
2 | M(NxN)<2N’logy N-2 N | A(NxN)<Z Nlog, N-2 N

45 2 45 2 174 N2 77
4 | M(NxN)<48N?log, N-45 N | A(Nx N) <12 Nlog, N--L7 N
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2.9.6 CpaBHUTEJbHBIH AaHATU3 CJI0KHOCTH AJITOPUTMOB

Ha puc. 2.6 mokazana 3aBUCHUMOCTh KOJHMYECTBA OIEpaldii BEIECTBEHHOTO
CIOKEHMSI M yMHOXXEHHUs oT pa3Mepa mpeoOpazoBaHusi NXN s 1eKoMIo3uIuu 1o
ocHOBaHMIO 2. OYEeBWIHO, YTO HAUMEHBINME BBIUMCIUTEIBHBIE 3aTpaThl 00ecIeYrBacT

MMpeACTABJICHUC JTaHHLIX B HpHMOﬁ CYMMC KOMIIJICKCHBIX anre6p.

OB —
8.00E+08 moic
4.00E+08
0.00E+0Q == |_|_i |

512 1024 2048N

Puc.2.6.Cymmapnoe konuvecmeo onepayuii 08ymeprozo 11D 6 paznvix aneeopax

Ha pucynke 2.7 mpeacTaBieHO CpaBHEHUE BBIYUCIUTEIBHON  CIOXKHOCTH
npeoOpa3oBaHusl B MPSIMONA CyMMe€ KOMIUIEKCHBIX airedp MpuU pa3HbIX OCHOBAHMSIX
anroputMma. O4eBUIHO, UTO C POCTOM P KOJIMYECTBO Olepaluii yMeHbIIaeTcs. Y CJI0KHEHNE
CTPYKTYPBI JICKOMIIO3HMIIUYU (paclIeIUICHUe OCHOBAHMS) TaK )K€ CHU)KACT BBHIYUCIIUTEIHLHYIO

CJIIOKHOCTB, OJTHAKO 3/I€Ch 3TO HC OTPAKCHO.

W(N?) ] Op=2
Op=4
8.00E+08 —
4.00E+08
0.00E+0Q = | l L

512 1024 2048 N

Puc.2.7.Cymmaproe xonuvecmeo onepayuii 015 eviuucienus 08ymepHo2o AP 6 npamoti
CyMMe KOMNJIEKCHbIX aneebp no 0CHo8anuro P
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3 ITAPAJUIEJIBHBIE AJI'OPUTMbI ABYMEPHOI'O Al

OcHoBHas TpoOiieMa TpU peau3allid MHOTOMEPHBIX (B TOM YHCIIE JBYMEPHBIX)
npeoOpa3oBaHMii — 3TO YBeIMYEeHHE 00heMa BBHIYHUCICHHUN ¢ POCTOM pa3MepHocTH. OaHUM
U3 HamboJsiee E€CTECTBEHHBIX ITyTeH pelieHus 3ToW MpoOJieMbl B YCIOBHUSAX OBICTPOIO
pa3BUTHUSI METOJIOB W aJTOPUTMOB BBICOKOTIPOM3BOJIUTENHFHON 00paboTKH HMH(MOpMAIUH,
SBISICTCS TapajulejbHas peanusaius mnpeodpasoBanus (2.2). Huwke npuBeaeHb JBa

MOJIX0JIa: pacrnapasuieIMBaHue BHIYMCIEHUN B paMKax MHOroMepHoit cxembl Kynu-Teloku u

UCIIOJIb30BaHKE CTPYKTYpHI anredpsr B (1.11).

Kpome Toro, Ha OCHOBaHUU OIIEHOK BBIYMCIUTEIBHOMN CIIOKHOCTU AByMepHOTO JII1D
B TUIEPKOMIUIEKCHOUM ajredpe W MpsSMOl CyMMe KOMILIEKCHBIX airedp, MOJyUYeHHBIX B
rjaBe 2, ompejessercs MpejnojaraeMoe yckopeHue U 3¢p¢GEeKTUBHOCTh MHapajliesbHbBIX
anroputMoB. [TokazaHo, 4To cTpykTypa aiareOpsl mo3BodsieT goctuub 90% >¢dexkTuBHOCTH
pacnapasiieIuBaHus.

Matepuain 3Toii IJIaBbl SABJISETCS JTOTOTHUTEIBHBIM, MOXKET OBITH MCIOJIB30BAH TIPU
BoinofHeHun YUPC u 1urioMoB 1o COOTBETCTBYIOIIEH TemaTHKe. B paMkax KypcoBOro

IMPOCKTA 3ala4a pCaJIn3alluu MapajlICIbHOTO aJifTOpUTMa HC CTAaBUTCHI.

3.1 PacnapaJjuiesiuBaHue 1O CTPYKTYPe A€ KOMMO3HIUH

PaccMoTpyM BO3MOXKHOCTH TMapaJlIeIbHOM peau3allii BBIYUCICHUS JIBYMEPHOTO
JID (2.2) mia cxemsl aekommosunuu JII® "mo ocHoBanuio 2" (cMm. 1m.2.2). HamomuunMm,
YTO OCHOBHOE COOTHOIIEeHHE 110 aHajoruu ¢ bI1® Kynu-Trroku nuMmeeT B

1

X(mum)= > o™ (M m)wg™, (3.1)
a,b=0

N/ _
rz[eOsrrh,rrhs/z 1,

N -1
Xa(m.m)= > (o)™ (2m+ azn+ by .
M, Np,=0

a b
B naparpade 2.8 mokazaHo, 4To yMHOXEHUS HA oolnl, 002@ JOCTATOYHO BBIIIOJIHATH

Toiapko i Oy, mp < %—1, TaK KaK OCTaJIbHbIC 3HAYCHMSI THUIEPKOMILIEKCHOTO
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CrieKTpa MOTYT OBITh HaMJIEHBI C UCIOJIb30BaHUEM aBTOMOP(GU3MOB OJIHON U3
WCIIOJIB3YEMBIX alreop.

KirodeBoii omeparieii B TakoM alropuTMe sBiseTcss pekoHcTpykiwms (3.1) mosHoro

CIICKTpa X(n]_, n't) 110 H3BCCTHBIM (Haﬁ}:[eHHBIM) 3HAUCHUAM YaCTUYHLBIX CIICKTPOB

Xap(m, m) pasmepom N/2x N/2. Tlpenonoxkum, uTo Kaablil YacTUUHBIH CIEKTP

OyJleT paccuMTaH Ha OT/EJIBHOM Mpolleccope, MpudeM BpeMsi paboThl MPOIIECCOPOB OyAET
IPUMEPHO OJIMHAKOBBIM (TaK KaK OJMHAKOBBI pa3Mepbl MACCUBOB BBHIYUCIIIEMBIX CIEKTPOB
U aJIrOpUTM WX BBIYMCICHUs). Jlajgee Npu BBHINOJHEHUHW KIFOYEBOM orepaimy 3arpyska
MIPOIIECCOPOB OY/IET BBITJIAIETh, KaK 3TO MoKa3aHo Ha puc. 3.1.HeoO6Xo1uMo OTMETUTH, UTO
npoctoii miporieccopoB I, Il Oyaer HeGoIbIITUM, TaKk KaK CI0KHOCTh YMHOXKEHUS Ha OJWH
KOpPeHb HE HAMHOTO MEHBIIE CJIOXHOCTU OJHOBPEMEHHOTO YMHOXXEHMsSI Ha 00a KOpHS

cpasy, a B ciIy4ae TUIePKOMILIEKCHO# aireOpbl 3TH CIOKHOCTH COBIAIAIOT.

[Tar napajuienbHOro aJIrOpUTMa
1 2 3 4 5

IIpoueccop

[V |- — - — o a seesssses

== == = Jlepenaya JaHHBIX

— Pa0orTa npoueccopa

ecccccese HpOCTOﬁ npoueccopa

Puc. 3.1.Cxema pabomur u npocmos npoyeccopos

B cootBetcTBUM ¢ puc.3.1napamienbHblil aIrOpUT™M COCTOUT U3 CIETYIOIIUX I11aroB.
[IIar 1. Pacmnpeaenenue JaHHBIX 110 TPOIIECCOPaM.
[IIar 2. PacyeT 4acTUUHBIX CIIEKTPOB HA KaXKJIOM IMPOIIECCOPE.
[ITar 3. YMHOKEHHE JIEMEHTOB YACTUYHBIX CIIEKTPOB Ha CTEIIEHU Wy, U.
[IIar 4.1lepenaua pe3yapTaToOB Ha OJMH MPOLIECCOP.
[ar 5. O6benuHeHnE crieKTpoB o Gopmyie (3.1).
SIcHO, YTO TakuM CIOCOOOM Mpollecc MOXKET OBITh pacnapajielieH Ha JII00oe Yuciio

MIPOIIECCOPOB, KPAaTHOE YETHIPEM, 3a CUET HECKOJIBKHX INaroB jekommo3uiuu tumna (3.1).
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[IpennonaraeMoe BpeMs BBIUMCIEHUS CIEKTpa OOpAaTHO MPOHOPIUOHATIBHO YHUCITY
MPOLIECCOPOB, TAK KAK OCHOBHBIE BBIUMCIIUTENBHBIE 3aTPaThl MPUXOJSTCS HA pacdyeT Habopa
JIII® ymeHpimeHHOrOo pasMepa. B ciydae pasmepHOCTH JaHHBIX O>2 MOXKET OBITh
IpUMEHEHA aHaJOTUYHAs CXeMa C paclapajieIMBaHuEM Ha Ka) oM I1are Ha 2 MPOLIECCOB.
Takxke MOXKHO BOCIOJB30BAaThCSA JIPYTUMU CXEMaMU  JIEKOMIIO3ULIUK, (popmupys

napaiiCJIbHBIC AJITOPUTMEI 110 TCM KC IIPUHIIUIIAM.

3.2 PacnapaJieiuBaHue 3a c4eT CTPYKTYPbI aJredpol

Takoit cioco® MOXKeT ObITh MPUMEHEH TOJIBKO MPHU MCHOJIb30BaHUU IPEICTABICHUS
JAHHBIX B acCOIMAaTUBHO-KOMMYTAaTHUBHOW TUIEpKOMIUIEKCHON anreOpe. OCHOBaH OH Ha
Nepexo/ie K MpeACTABICHUIO IaHHBIX B MPSMOI cyMMe KOMIUIEKCHBIX aireop:

BOCOC. (3.2)

PaccMoTpuM npuHIMIIBL GOPMUPOBAHUS TAKOTO MapajuielibHOro anroputma. llyctsb

BBITIOJIHEHA 3aMEHa MEePEeMEHHBIX, onucaHHas B 1.1.4. IloBTopum ee 3jech A yao0cTBa

u3jioKeHus1. VITak, mpeicTaBUM MPOM3BOJIBHBIN 3JIEMEHT MMITEPKOMILICKCHOM anreGpel B B
dopme (1.17)
h=a+ bi+ cj+ dij
Y BBITIOJIHUM 3aMeHy nepeMeHHbIX (1.18):
Up =1+ J, ,y=1-], Uy =i+ij,uz=1i-1ij.
B HOBOM mpecTaBiIeHUH THICPKOMILIEKCHOE YHCITO h 3anuiercst B Bujie
h=3((a+w+(aqu+(b g y+( b ¥ 4.

OueBUJIHO, YTO TIEPEXOJI K HOBOMY TIPEJCTABICHUIO TOTPeOyeT YeThIpex
BEIICCTBEHHBIX CIIOKECHMIA. OHAKO IS BEIIECTBEHHBIX (BXOMIHOM CUrHAN) U KOMIUICKCHBIX

(kopHM () ) 4dHCET OTOT Tepexo] He MOoTpeOyeT BHINOIHEHHS HETPUBHATBHBIX

apu(METUUECKUX OTeparinid.

OOpaTHbIfi Tepexoa K HCXOJHOMY TMIPEJICTaBICHUIO Takxke TpeOyeT dYeThIpex
BEIIECTBEHHBIX CIIOKEHUH HAa OTCYET TUIEPKOMILUIEKCHOTO CIIEKTpa.

Tabnuia yMHOXKEHUST HOBBIX Oa3HCHBIX 2JIeMEHTOB TmpuBejaeHa B 1.1.4. Yacth

IIPOM3BEICHUI HOBBIX OA3MCHBIX JJIEMEHTOB Uy B Heil paBHa Hymo. Ha stom dakre u
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CTPOUTCHA HapaﬂﬂeﬂBHBIﬁ AJITOPUTM. KOHKpCTHO GYI[YT pPaBHBI HYJIIO IIPOU3BCIACHUA

9JIEMEHTOB Ug U Uy € 3JIEMEHTaMu W U Ug. DT0 03HAYAET, UTO BHIUMCIICHUE IMPOU3BCACHUA

JABYX HPOU3BOJIBHBIX THIICPKOMILICKCHBIX YHUCCII COCTOHUT B TAKOM IIPCACTABIICHHUU U3 JIBYX

COBEPUICHHO HE3aBHCHMBIX 9acTeil. BMECTO MponsBeaeHus
(xup+ yu+ zw+ vu)(a y+p w+y y+d g
Tereph J0CTATOYHO HE3aBUCHMO BBIUKMCIIUTD JBA MPOU3BEICHHUS:
(o + zw)(a w+yw)=2(( B- ¥) ¢+( ¥+ @) 4.
2(( - 8) y+( 5+ B) 9.

(yu +vig)(Bu+dw)

B nponecce Beruncnenus J[I1® HeoOX0MMO BBIMOIHATH JIBE€ KJIFOUYEBBIX OINEpaIliU.

DTO YMHOXKEHHE THIIEPKOMILIEKCHOIO 4YHCJla Ha CTENEHH KOpHel y,Wp M CII0KEeHHe

TUIEPKOMIUIEKCHBIX 4ucen. Takum oOpa3om, Hambosiee TpyJaoeMKas orepaius ObICTpOro
anroput™a jaByMepHoro JII1®d — BeiuncieHne npousBeeHUS] TMIEPKOMIUIEKCHBIX YHCEN -
MOXEeT OBITh pacmapajuiejieHa Ha JBE€ He3aBHCHUMbBIE BETBH, He Tpelyroiue oOMeHa
JAHHBIMHU. JTO O3HAYAET, YTO BPEMsI BHINIOJHEHHUS orepanuu OyeT CHUKEHO MPaKTHUYECKU
B JIBa pasa.

CtpykTypa mocienoBaTesibHoro opictporo aiaroputma JI1® (cMm., Hanpumep, 11.2.2)
TaKoOBa, YTO IPHU HUCIOJIb30BAHUM TAKOTO MPEJCTABIECHUS BO3MOXHO IOJHOE pazJielieHHe
BBIUMCIIEHUN IO TOMY € MNpUHIMNY. B pe3yibrare Mbl NPUXOJUM K CIEIYIOHIEMY
napauieIbHOMYy ajiroputMmy jaBymepHoro JIII® ¢ mpencraBieHueM JaHHBIX B airedpe
TUIEPKOMILIEKCHBIX YHCEL.

[ar 1. ITepexo/l OT UCXOJHOTO IMPEACTaBICHUS K HOBOMY (TpUBHAJIBHO, TaK KaK BXOJIHBIC
JTAaHHBIC BEIIECTBECHHBIE, @ KOPHU - KOMIUICKCHBIE).
[IIar 2. Pacripeenenue JaHHBIX 110 JABYM IMPOIIECCOPAM.
[ITar 3. PacueT npeoOpa3zoBaHus ¢ UCTIOIB30BaHUEM aaTropuTMoB Tuma Kynu-Treroku.
[ITar 4. PeKOHCTPYKITUS TUIIEPKOMIUIEKCHOTO CIIEKTpA.
3arpy3ka IpOLECCOPOB IMpH pealli3alldd TaKoro MapauleIbHOro ajiropurMma

nokaszaHa Ha puc.3.2.3/1ech OTCYTCTBYET MEPBbIi TPUBHAIBHBIH 1IAT aJTOPUTMA.
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[I1ar mapauienpHOro ajJropuTMa
3

N

[Tpoueccop

= = = [lepenaua JaHHBIX

PaGota nporieccopa

[Tpocroii nporneccopa

Puc. 3.2.Cxema pabomur u npocmos npoyeccopos. 2 - pacnpeoesietue OAHHbIX NO
npoyeccopam, 3 - pacuem cnekmpos, 4 —obveouHenue U peKOHCMPYKYUs CHeKmpa

3.3 PacnapaJieTuBaHHe THNEPKOMILIEKCHOTO JUCKPETHOT O

npeo6pa3oBanusi Pypbe B MHOTOMEPHOM cJIy4ae

[Togq MHOrOMepHBIM THIEPKOMIUIEKCHBIM JUCKPETHBIM TIpeoOpa3oBaHreM Dypbe

(' IT1d) 6yaem moHMMATh Ipeodpa3oBaHUE BHIA

N-1 d
X(Myeomy)= Y { By g) WM™, WM |-| W =1, (3.3)
MN,.....ly=0 k=1
I71€ NO-TIIPEKHEMY KOMIIIEKCHBIE KOPHU () JIEKAT B PasHBIX DK3EMIUIAPAX KOMIIJIEKCHOU
anreOpsbl, BIOXKEHHBIX B 2d -MEpHYI0O KOMMYTaTHUBHO-aCCOLIMATUBHYIO THIICPKOMIIJICKCHYIO

anrebpy By .

3.3.1 MHoromepHas anaredpa By

Onpenenenue. 2-mepras R-algebraB ¢ Gasucom

=1[]&" i 0{o.3 ;1 ={1,.. d}

izl
Ha3bIBAa€TCS KOMMYTATHMBHO-AaCCOIMATUBHOM  T'HMIEPKOMIUIEKCHOW  anreOpoil.  31ech

€, €9, ...§q - 0Oazuc O-MepHOro BEKTOPHOTrO IpocTpaHcTBa V, eio =1, eilzei, a Mx

IMMPaBUJIO YMHOKCHUA 3a/1aCTCA COOTHOMCHUAMU

Ei€j =€j§, gzzﬁ, Lol B =+1.
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[TpoussonbHsIii onement g 0By umeer Bux
g:EOEO+...+Ezd_1E2d_l=§TEtEt, (3.4)

rac
E =[] t—}}xdﬂmT—ﬁn_ f—} (3.5)
{ I_l | 1 - | - [ N . .
il il
B ITOU aﬂreﬁpe CJIOKCHHC D3JICMCHTOB BBIIIOJIHACTCA ITIOKOMIIOHCHTHO, 4 YMHOXKCHHC

IMOJIHOCTBIO OIIPCACIACTCA IpaBUJIAMH YMHOXKCHUA 0a3UCHBIX DJIEMEHTOB!
EE =W(t1) By, OtT1OT,

rac [l oO6o3HauaeT HOGI/ITHOC CJIOKCHHUC 110 MOYJIIO 2,
—_ h t!T —_ ! —_ I |_1
W(t,T)—l_lBi ( ),h(t,T)—CXiCXi,T—ZCXiZ .
il il
37ech MBI paccMaTpUBAaeM TOJBKO TaKylH THIICPKOMILUICKCHYIO ajireOpy, KoTopas

n3oMop(dHa MpsIMOit cyMMe KOMITJIEKCHBIX aireop:

By OC+C+..4C,

YTO TapaHTUPyeT MUHUMAIBHYIO CJII0KHOCTh OIlepaluu yMHOXeHus B By. B aTom ciayuae
1o KpaifHeil Mepe ofHOMY dJeMEHTY O cooTBeTcTByeT [3j =—1. be3 morepu obuHOCTH

Oynem cumtath, uto 1 =-1 u 3; =1 misa ocrampubix |1 . Takas cTpykTypa anre6psl u

IMMO3BOJISACT HAM CTPOUTD HapaJ'IJ'IeJ'ILHBIfI AJITOPUTM..

3.3.2 Ba3oBblii nocienoBaTebHbI aaroputM Mmaoromepuoro I' [I1®
OCHOBHOE COOTHOIIICHHE 110 aHAJIOTUU C JIBYMEPHBIM CIIy4aeM UMEET BH/]T

1

X(m,..my)= > )<813d( m,..., g) WM, (3.6)
8,....84=0

rac
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Xay..aq (Merrs My) =

%_l <m,n>
> ox(2n+ a2 + qj)(wz) s
n,...,ny =0

0sm; <NJ-1, j=1d.

3.3.3 IMapanseabHblii aJITOPUTM, OCHOBAHHBII Ha cXeMe 1eKOMIO3HU N H

B ObicTpom anroputMe BBIYMCIEHUS MHOTOMEPHOTO THIIEPKOMIUIEKCHOTO CIEKTpa

KIroueBoii sBisercs oneparus (3.6). Kak u B nBymepHom cityuae (cM. 1m.3.1), BO3MOXKHO

cJieNaTh MapajyieIbHbIM PAacyeT YaCTUUHBIX CIEKTPOB Xai---ad (ml, e mj) Ha JIIOOOM 11are
JekoMno3uiuu. O4eBUIHO, YTO TAKMM CIIOCOOOM IMPOIECC MOXKET OBITh pacriapasuiesieH Ha

2d KOMITHPIOTEPOB Ha KaXJpM Inare JeKoMmo3uiuu. OJHaKo 4YeM OOJIbIIe IIaroB MBI
clenaeM, TeM MeHbIle OyJaeT J0Jii BPEMEHHM Ha BBIMOJIHEHHE TapallelIbHON dYacTu W,
COOTBETCTBEHHO, HIKE A (HEKTUBHOCTH pacnapasijieIiBaHuUs.

3.34 IMapanjienbHbIi aJITOPUTM, OCHOBAHHBII Ha CTPYKTYpe ajredpsl

[To aHanorum ¢ AByMepHBIM ciydaeM (11.3.2) TOCTPOUM MapalIeIbHBIA aJropuT™M

JUIsL BBIUKMCJICHUH B MHOTOMEPHOM THIEpKOMIUICKCHON airebpe. IlycTh Mpou3BOJIBHBIN
snement h 29 -MepHOit anredpsl By ompexnenen cootHomenuem (3.4). PazoObem
muoxectso { B¢} (r Ha ase wactu: tUT', ecin By He Brimtowaer B cebs1 €1, n tOT" B

MPOTUBHOM clly4ae. YUuThIBas BBIOpaHHBINA CIIOCOO HyMepaluu Oa3uCHBIX AJIEMEHTOB, B

IIEPBYIO YaCTh BOWIYT Oa3UCHBIE 2JIEMEHTHI E; ¢ YeTHBIMU MHIEKCaMU i, a BO BTOPYIO 4acThb

- C HCUCTHBIMU. BBeI[eM 3aMCHY HepeMeHHBIX:
Ug=AEg U =AEy, (3.7)

rIe

Eo ={E}hir Br={Biype
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] 1 1 1 1

N 1 1 1. -1
Uo=|.m | A=[1 1 -1 1

U,.g-

2 1 -1 1. -1

Kaxnpiit cronmbery u  Kaxjaas CTpoka Marpuilbl A COJEPKUT POBHO 2d-2

OTPULIATEIBHBIX 3HAYCHUN U3 2971 shavennit.

HpaBI/ma YMHOXCHHUS HOBBIX 0a3MCHBIX DJIEMEHTOB UMEIOT BU

, | PYj mpu < p,
us =

bo|mPU e mpu 2P,

puc, if k=j+np
Uiu =
J 0, B IIPOTUBHOM CJIydYae,
rme p= 2971 Ormernu, uro mHorHe MPOU3BEICHNSI PAaBHBI HYJIO. JTOT (aKT TO3BOJSET
HaM MpeJCTaBUTh IPOU3BEACHUE JABYX IIPOU3BOJBHBIX 3JIeMEHTOB aiurebpsl By B
CJIEYIOTIEM BHJIC

9B=Y &R E=) aydD buy=
tar

wT T waT
=2 (at“t * 6¥+|0Ll+|o)('[“f+ Re p s p)'
tar’

Takum oOpa3oMm, mpousBeleHHE [BYX IIPOM3BOJBHBIX 3JIEMEHTOB aiureOpel By

CBOJIUTCS K P HE3aBUCHUMBIM IIPOU3BEICHUAM KOMIUIEKCHBIX YHCEI, KaKI0€ U3 KOTOPBIX
TpeOyeT TpeX BEIIECTBEHHbIX YMHOXKEHUH M TpeX BEIIECTBEHHBIX cioxeHud. WUrak,
MIPOU3BEACHNE MOXKET OBITh pacriapayie]IeHO Ha P BETBEM, a CJI0KeHUE, B CUITY TUHEHHOCTH
3aMEHbI IEPEMEHHBIX, COXPaHSIET TOKOMIIOHEHTHYIO (hopMY.

IIpumep: d=3. TIpow3BOJBHBIA 3JIEMEHT BOCHBMHUMEPHON T'MIIEPKOMILICKCHOM

anreopel B3 numeer Bun

Z=8p+&E1+E £+ E £ o
+E4E3+EEEEE EFEFE§ 5

rae 812 =-1, 8% = 8% =1. 3aMeHa nepeMeHHBIX:



Torpa

2=4(
(
(
(

+
+
+
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Ug=1l+er,+egt+e£y,
W =1+ey-€3-€£3,
Up =1-€p+E3—E £
U3 =1-€,—-€3+E£x,
Up =€ +teEptEE3TEE £ 4,
Us =€ +EE—EE3"EE E .,
Up =€1-E€2tEEIEE §

Uy =€ €€ E£3+EE £ ¢

Eo+&r+&a+&g)Upt(§0tE & 8 gurt
E0—82+&4-EeUua*t(E0 8 & 4+E gu g
E+83+ 85+ E7)ust (8483858 Just
&1-83+85-87)ue* (818 & 5+ & Ju g,

[TpaBuio yMHOXeHUs: 6a3UCHBIX JIEMEHTOB MOKa3aHo B Tabnure 3.1.

Ta6muna 3.1.11paBuino ymMHOXKeHUs1 6a3UCHBIX eMeHTOB (d=3)

e O T I e e
Ug 4ug 0 0 0 4uy 0 0 0
th 0 4 0 0 0 4ug 0 0
Uy 0 0 4u, 0 0 0 4ug 0
us3 0 0 0 4ug 0 0 0 4u
Uy 4uy 0 0 0 —4ug 0 0 0
Us 0 4ug, 0 0 0 —4uy 0 0
Ug 0 0 4ug 0 0 0 —4u, 0
Uz 0 0 0 Auy 0 0 0 —4ug

BMmecTo BhIunciieHUS IMPON3BCACHU A
7 7
2%l 2
j=0 k=0

TCICPb JOCTATOYHO BBIYUCIINUTD 4 He3aBUCHUMBIX IIPOU3BECICHUS.
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(XoUo + Xaua)( Yolo* Yauy.
(au + X5us) ( atn+ Y519,
(%ouz + XgUg) ( Yol YeU,
)( Yatg+ Y71

(xauz+ x7U7

Takum oOpa3oM, B 3TOM ciTyuyae aJropuT™M MOXKET ObITh pacrapajuiesieH Ha 4 BETBU.

335 Ounenka npeanoJsiaraemoii 3¢ (peKTHBHOCTH NapaLIeTbHbIX

ajaroputMoB MHoromepHoro I'III D

Jlnst  teopernyeckoil  OLIEHKM  S()QPEKTUBHOCTH  MapauIebHON  MpPOrpaMMBI
HEOOXOJIMMO  3aJlaThC  HEKOTOPHIMU  3HAUEHUSMU  CIEAYIOMIMX  CTaHJApTHBIX

XapaKTEePUCTHUK:

Top - BpeMst BBIMIOMHCHHS OJHOI BEIIECTBEHHOIT OIepalini Ha OJXHOM IIPOLECCOPE ;
T) - Bpems JIaTEeHTHOCTH IIPU [IEPECBUIKE JaHHBIX;
Ty, - BpeMs IepechUIKH 01HOTO OaliTa nHpopMaLuu.

Bo3pmem JIIA pacueToB XapaKTCpUCTUKHU, MpCACTABJIICHHLIC Ha caire

www.parallel.rumis kractepa BeraucauTensHOro MeHTpa MI'Y:

Top =4mxc, T| =5.6mkc, Ty =0.012uxc.

BruuciaurenpHas cI0KHOCTD ITocaeaoBareabHoro aaropurMa I'JIIID

3 JIMTEPpAaTypbl M3BCCTHO, YTO BBIUUCIIUTCIIbHAA CJIOXKHOCTH IIOCJICIOBATCIIBHOI'O

anropurma I JIIID pasna:
MB(Nd)s(l—/J/Zd)Ndlogzmo(Nd) (3.8)
AB(Nd)sz—gD\ldlogz N+ o( Nd), (3.9)

rie Mg ( N d ) - KOJIMYECTBO TUIEPKOMIUIEKCHBIX YMHOXXEHUH, Ag ( NOI ) - KOJIMYECTBO

TUIICPKOMINICKCHBIX CIIOKCHUM, d- PasSMEPHOCTb BXOAHOTO CUT'HAJIA. YuuThEIBas CI0KHOCTh

TUIICPKOMINNICKCHOT'O YMHOKCHU

M. =391, A =(4d-7)?
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1 CJIOKECHUS
A =29,
TOJYYUM CyMMAapHYIO CJIOKHOCTB MOCJIE0BATENFHOTO aIrOPUTMA:
G(N?)= Mg (N) M+ A)+ A5 W) DA <
s(d rpd+ 4 od —]) N9 log, N+ o( Nd) .
CHCHOBaTeHBHO, mnpeamnoraracMoc BpEMA €ro BbIITOJTHCHUA paBHOZ
T(Nd) = G( Nd)D[,ps( d2* + 20'—1) NYlog, NI,

Sd)d)eKTI/IBHOCTB paciapaJlyICJIMBaAHWA Ha OCHOBC CTPYKTYPbI aJ'[Fe6DLI

Kak mokazano BBIIIIC, METOJA IMO3BOJIACT pacHapalyICJIUTh aJIrOpUTM IO P = 2d_1

mnmponeccopam. B stom CJIydac 3aTpaThl HAPpAJJICJIBHOTI'O AJITOpUTMaA COCTOAT U3 CICAYIOIMUX
qacTeu. I[J'IH HpeO6p330BaHI/IH TUIICPKOMINICKCHBIX HOAHHBIX B HOBOC IPCJACTABICHUC U

4d _1

0o0paTHO HEOOXOIUMO BEIIECTBEHHBIX CJIOKEHUI Ha KaXKIblil BXOJHOIT niieMeHT. Ho

JUISL BEIIECTBEHHOTO BXOJIHOIO CHUTHaja M KOMIUIEKCHBIX KOpHEH Takod mepexo

TpUBHUAJIEH. 3HAYUT, BCEro Ha IEPEXO0JIbl OT HCXOAHOTO TMPEJCTABICHUN K HOBOMY U

o0OpaTHO moTpedyeTcs 297INY croxenmnit.

Jlamee nmaHHBIE JODKHBI OBITH PA30CIaHBl MO TIpoIleccopaM, a 3aTeM CcoOpaHbl

oOpaTtHO. OO0BeM MepechllaeMbIX JaHHBIX cocTaBiseT 2N d 4 Gaiir JUTSL KaXKJI0TO 1I1ara.
HakoHern, Ha KaxjaoM mporieccope J0KeH OBITh BBIMOJIHEH MOCe0BaTeIbHbII

AJITOPUTM CO CBOUMU ABYMSA KOMIIOHCHTaMH. HpI/I 9TOM CJIOKHOCTB onepaunﬁ YMHOZKCHUA

¥ ciioKenus coctaur M =3, AS =3, Af =2.

Takum o0Opaszom, mpeamonaraeMoe BpeMs paldOTHl MapaUIeTFHOTO AITOpUTMa

IMPUMCT BUJ
1({pd)_ 4d-1,,d d
Tp(N )~4 N Drop+2(T,+8N R)+
+MB(Nd)(I\/I*C+AC)DI'Op+ AB( Nd) A=

(3E2d+1+4d—6)

2d

=

logy N +4971 NI+ 2(TI + gNd Tn) .
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B Tabnuie 3.210Ka3aHo 0K AaCMOC YCKOPCHUC

U :T(Nd)/Tg(Nd)
1 3¢ (HEKTUBHOCTD
E:T(Nd)/ pTg( |\F‘)

alroput™a, TIJie P - 3TO KOJMUYECTBO mporeccopoB. Oxuaaemas 3(PEHEeKTUBHOCTH

Ype3BbIUatHO BHICOKA.

Ta6muma 3.2.Oxumgaemoe yckopenue 1 3PpGeKTUBHOCTh NEPBOI0 METO/1a

pacrapaieuBaHus
N d=2,p=2 d=3, p=4
U E U E
25¢€ 1.72 0.8¢€ 2.5C 0.6z
512 1.7t 0.87 2.61 0.6t
102< 1.77 0.8¢ 2.7C 0.6¢
204¢ 1.7¢ 0.8¢ 2.7¢ 0.7C
409¢ 1.8C 0.9C 2.8¢€ 0.71

Sd)d)eKTI/IBHOCTB paciapaJlyICJIMBaHWA Ha OCHOBC JCKOMITIO3UIINN

s
DTOT crnocol pacnapajijieTuBaHusi TpeOyeT p=(2d) MPOIIECCOPOB, TlEe S
KOJIMYECTBO IMaroB WiIM TJIyOWMHA JeKOMMO3WImH. Kakaplii Mpoieccop BBIUUCISIET

d
YAaCTUYHBIE CIIEKTPHI pa3MepoM (N / 23) . Kpome Toro, Heo6xoamumo BOCCTaHABJIMBATh U3

HUX MOJHBIN criekTp (3.3),4T0 TpeOyeT TpeX THIEePKOMIUICKCHBIX YMHOXCHUN Ha 3JIEMEHT

cnekrpa. C yyeToM 3TOro npejojaraeMoe BpeMsi padoThl aIlTOpUTMA COCTABUT:

T2(n) =( (422221 log, N- 9+ 32 20+ § JN g+

+ Z[T, +47A (%)d ij .

VYckopenne u 3pheKTUBHOCT aIropuTMa MoKa3aHbl B Tadsmie 3.3.
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Tabnuna 3.3.0xunaeMmoe yckoperue u 3h(GpeKTHBHOCTh BTOPOTO METO/Ia

pacmapaieTuBaHus
d=2, p=4 d=3, p=8
N U E U E
16 1,87 0,47 2,74 0,34
32 2,1C 0,52 3,1¢ 0,3¢
64 2,2 0,57 3,51 0,44
12¢ 2,45 0,61 3,82 0,4¢
25¢€ 2,55 0,64 4,0¢ 0,51
512 2,6€ 0,6¢ 4,32 0,54
3mech  3(QQPEKTUBHOCT,  YMEHBIAETCSA C POCTOM  pPa3MEpPHOCTH  CHTHAJIA.

D@ GheKTUBHOCTh ATOr0 METOJIa CYIIECTBEHHO HIDKE 3 (EKTUBHOCTH MEPBOTO MOAXOJA.

OnHako KOMOMHHMPOBAHHBIM alrOPUTM MO3BOJIUT JIOCTHYh HAaWOOJBIIETO YCKOPEHHUs Ha

JIOCTYTTHOM KOJIMYECTBE TPOIIECCOPOB.

NmrocTpanus npearnoiaraéMoro BpeMEHH BBIIIOJHEHUS aIrOPUTMOB

[TocTporM 3aBUCHUMOCTH TPEIIOIaraéMoro BpeMeH: paboThl allTOpUTMa OT pa3Mepa

npeoOpazoBaHus I CIydaeB MEepEeUnCICHHBIX B Ta0uie 3.4 I ABYMEPHOTO ciaydasl U B

tabmune 3.5 s d=3. 3aech P - KOaUUecTBO MpolieccopoB. COOTBETCTBYIOMUE IpadUKK

npeacrabieHsl Ha puc. 3.3u 3.4 (T p ~ BPEMsI BBIIIOTHCHIS MPOrpaMMBbI).

Ta6auma 3.4.Crnrcok anroput™MoB s d=2

Anroputm

ITocaenoBaTenbHBIN AITOPUTM

AJ'IFOpI/ITM Ha OCHOBE CBOICTB aJ'II‘CGPBI

Anroput™m Ha ocHOBe JekoMIio3uiuu (1 mar)

0| B N | T

KoMOuHMpOBaHHBII alIropuT™M

AJNTOPUTM Ha OCHOBE JICKOMITO3UITNH (2 I1ara)

Ta6auma 3.5.Crnucok anropurmoB s d=3

AJroput™

[TocaenoBaTeIbHBIN AITOPUTM

AJTOpPUTM Ha OCHOBE CBOWMCTB ajire0pbl




t,c O—p=1

60 +

40 -

20 1

O T T

0 1024 2048

Puc. 3.3.Bpems gvinonnenus 0gymeprozo I J[I1® nocrneoosamenvhvim
U napannenbHeIMU aneopummamu

tc —0—p=1 ,
—{—p=4
400
200 -
0 +—0o— " r N
0 1024 2048

Puc. 3.4.Bpems svinonnenus mpexmeprozo I J{I1® nocnedosamenvHvim
U napanyiebHbIM AneopuUmmamu
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4 TPEBOBAHUS K BBIIIOJIHEHUIO KYPCOBOTI'O IIPOEKTA

B otom paszpene mnpuBoaaTrcs TpeOOBaHMS K HANUCAHUIO IIPOTrPaAMMHOIO
oOecrieueHusl, PEKOMEHJAIMU [0 €ro TEeCTUPOBAHMIO, OMHUCHIBAIOTCS HEOOXOAUMBIC

OKCIICPUMCHTAJIBHBIC UCCIICIOBAHN.

4.1 Cpoku BbINOJHEHHS] KYPCOBOI'0 NPOEKTAa H KOHTPOJbHbIE TOYKH

KypcoBoii mpoekT BHITIONHSETCS B AEBITOM ceMmecTpe. Kak mpaBmio, B TedeHUe
cemecTpa npoxoauT 9 KoHcynapTanwii. Ha mepBoii BeinaetTcs 3amanue. [/lamee mpoBepstoTces
CJIEYIOIME KOHTPOIHHBIE TOUKH:

- 3-1 KOHCYJIbTAIUA - ONIMCAHUE BHIOPAHHOTO aIrOpUTMa,
- 5-1 KOHCYJIBTAINSA - IPOTPAMMHAS PeaTn3aIus;
- 7-1 KOHCYJIbTAIUSA - OTJIAXXCHHAS MIporpamMmma,
- 9-1 KOHCYJIBTAIIUSA - 3aYET.
Ha 3ader cTyaeHTH TpeaoCTaBISIFOT pabOTarONIyl0 MPOrpaMMy U MOSICHUTEIBHYIO

3amucKy, 0opOpPMIIEHHYIO B COOTBETCTBUU ¢ [IpunoxeHuem 3.

4.2 TpeGoBanus k nporpammHomy odecneuennto (I10), cosnaBaemomy npu

BBIINNOJIHEHUH KYPCOBOI'0 ITPOEKTA

[Iporpamma nomkHa OBITH peaii30BaHa B JIBYX YacTSAX: TOJIOBHas Iporpamma,
KOTOpasi TECTUPYET AITOPUTM, U MOANPOrpaMMa, peaau3yroas 3ajlaHHoe IpeoOpa3oBaHue.
OTU 4acTH JIOJKHBI OBITh pa3MelIeHbl B OTIENIbHBIX (aililax, TaKk Kak y IMpernojaBarens
JIOJIKHA OBITh BO3MOYKHOCTh KaK IOCMOTPETh Pe3yJbTaThl padOThI MPOrpaMMbl Ha TECTax,
MPEJIOKEHHBIX CTYAEHTOM, TaK U MOJKIIOUNTh CO3/IaHHYIO MOANPOrpaMMy B CBOW MOJTYJIb
JUISI €€ HE3aBUCUMOT'0 TECTUPOBAHUS.

Pexomenayercs mucate 10 Ha s3pike mporpammupoBanusi C++. CrnenuaibHBIX
TpeOOBaHUi 1O MOJIB30BATEIHCKOMY UHTEPPENCY HE TTPEIBSIBIISETCS.

Ha Bxox moamporpaMMbl MMOJaeTcsl KBaJpaTHBIN BEIIECTBEHHBIII MacCUB, HA BBIXO]I
JIBA MacCvBa BEIIECTBEHHONH M MHUMOH 4YacTH KOMILUIEKCHOTO IpeoOpa3oBaHus. BHyTpu
MIpOrpaMMBbl JIaHHbIE XPAHATCS B CTPYKTYpE, COOTBETCTBYIOLIEH BbIOpaHHOW airedpe.
OTmeTuM, YTO ONEpaluMd CJIOXKEHUS W YMHOXKEHHUS OJJIIEMEHTOB ajireOphl, a Takke
YMHOXKEHHUSI HAa KOMIUIEKCHBIE KOPHHM I1eJ1eco00pa3sHo  OoQOpMIISATH  OT/AEIbHBIMU

MpolielypamMu.
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Hwke mnpuBomutTcs mnpuMep oQOpMICHHUS MporpaMMmbl (peKOMEHAyeMoe, HO

HE00M3aTeIIBHOE).

4.2.1 IIpumep opopmileHHs IPOrPaMMBbI

Header-file frampumep, dft.h)
#ifndef _TDFT
#define _TDFT

class TDFT
{

private:
/I 30ecb Bce BblgenseMble MacCuBbl, KPOME TeX, YTO MayT 4Yepes napameTpbl, U

BHYTpPEHHNE Nnpoueaypbl, KOTOPbIE BaM HYXXHbI

public:

TDFT(); // hnumanusauus

~TDFT();

int DFT (float **x_re, float **x_im, int inv, intn);  //komnnekcHoe AMN®
int Init(int n);  // THUUMaNU3auMs BCEX MAaCCUBOB U BblAeNeHne namaTn

int Roots(int n); // nogrotoBka MacCcMBOB 3HAYEHUI KOPHEW N3 eOUHULbI

5

#endif

3/1ech MPUHATHI ciieaytolue 0003HAYEHMS:
**X_re - BXOJJHOM/BBIXOAHOM JIBYMEPHBIM MAaCCUB, BEIIECTBEHHAS YacTh JaHHBIX,
**X_im - BXOJHOI/BBIXOJHON JBYMEPHBIM MacCUB, MHHMMas 4YacTh JaHHBIX, Ha BXOJC
JTAHHBIX HE COJIEPIKUT,
inv - HanpaBieHue npeodpaszoanus (1 - mpsmoe, -1 - oOpaTHOE),
n - pa3mep npeodpazoBaHus NXN (Be3Jie BhIIIE B TEKCTE UCIIOIB30BAIOCH 0003HaYeHHE N.
[Tox MaccuBBl X_re, X_im B BBI3bIBAIONIEH IMporpamMme OJIKHA ObITh OTBEJEHA MaMSTh
pasMepoM Nxn.

Oynkuun DFT, Init u1 Roots Bosparmator O mpu HopMalibHON pabore u Tr00oe
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JPyro€ YKCIIO NP OLINOKE.

®daiin momporpammel (Harpumep, dft.cpp)u rosnosHas nporpaMmma

#include <math.h>
#include <stdlib.h>

#include "DFT.h"

TDFT::TDFT() Il KOHCTPYKTOP - OBHYNEHMe BCeEX NEPEMEHHBLIX U1 MAaCCMBOB

{

Hanpumep, Tak: w=NULL,;

}

TDFT::~TDFT() I/l BecTpykTop - ocBODOXAEHME NaMATH
{

Hanpumep, Tak: w = free (w);

}

int TDFT::Init(int n)  // tHALWManNu3aunsa BCEX MacCMBOB U BblAeNeHne NnaMsaTn
{int n4=n/4, n2=n/2,;

pacnpengeneHne namaT nog BHyTpeHHNne MacCuBhbl

return O;

}

Il Uhnumanusaumst MaccMBOB KOPHEN N3 eANHULbI

int TDFT::Roots(intn)  // n"HUUManusauunsa BCEX MacCMBOB W BblAeNeHne NaMmaTn
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{

Hanpumep, kak B obpasue

return O;

}

int TDFT::DFT(float **x_re, float **x_im, int inv, int n)

{

LWar 1. NepecTtaHoBKka BXOAHOrO MaccuBa B MOPSiAKE p- MMHOW MHBEPCUN

Lar 2. MNepepaya BeLECTBEHHbIX AaHHbIX U3 MAccKBa X_re BO BHYTPEHHIO CTPYKTYpY

AaHHbIX, cornacoBaHHy C 3aaHHbIM npeo6pasoBaHmeM

LWar 3. Camo npeobpasoBaHue. MoxeTe ero pas3busatb Ha OTAENbHbIE NPOLEAYPbI.
if (inv==1)
{
/Inpsimoe npeobpasoBaHne
Miif inv==1
else

{

/lobpaTHoe npeobpasoBaHue
Ylinv=-1

/[Mepexon K KOMNEKCHOMY pe3yrnbTaTy B MacCuBbl X_re, X_im

return(0);

}

B ronoBHO# (TecTupyroleil) mporpaMMe IOCIEAOBAaTSIIBHOCTh OOpalleHuil K

q)YHKI_[I/IﬂM KJ1aCCa BBIIIAIUT TakK.

#include "DFT.h"

... main...
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TFFT1D *pDFT; //OnucaHune obbekTa “"knacc"

pDFT = new TFFT1D; //BbligeneHne nog Hero namsaTtu

pDFT ->Init(n); //NMHuymanusauyms

pDFT ->Roots(n); //@opmupoBaHue KopHen

3agaHue pasvepa

BblgeneHne namaTtu nof BXogHble/BbIXOAHbIE AaHHbIE, 3aMN0fIHEHNE MaccMBa X_re

pDFT ->DFT(x_re, x_im, inv, n); //camo npeobpasoBaHune

Bbigava pesynbTaTta, CpaBHEHNE C TECTOBbLIM Pe3yibTaTOM

delete pDFT; //lynaneHne obbekTa, ocBoboOXaEHNE NAaMATH

4.3 Pexomenaanuu no rectupoanuro [10

[10, pa3paboTtaHHOE B X0/I€ BBIIOJIHEHUS] KYpCOBOTO MPOEKTA, 00A3aTENHbHO JTOJIKHO
OBITh OTTECTUPOBAHO, TaK KaK CJIOKHOCTh aJIrOPUTMOB, MPEUIOKEHHBIX B TeMaX, HE
MO3BOJISIET OLEHUTHh MPABUIBLHOCTH pabOThl MporpamMmbl 0e3 crienuanbHbIX TecToB. Hinke
MPUBOJIUTCS HECKOJIBKO CTAaHAAPTHBIX CIIOCOOOB TECTHUPOBAHHUS AITOPUTMOB JUCKPETHBIX
npeoOpa3oBaHuii. BHeceHne CTyJeHTaMU TpPeJIOKEHUH 1O HOBBIM  crocobam

TCCTUPOBAHU - ITIOOUIPACTCA.

43.1 IlepecueT pe3yjibTATOB BPYYHYIO

OI[HI/IM U3 TICPBLIX CHOCOGOB, KOTOpBIfI CJICAYyCT NMPpUMCHUTDL I IMIPOBCPKU paGOTLI
nporpaMMmbel - 3TO pPacCdCT OXUIAACMBIX PE3YJIbTATOB pa6OTI>I nporpaMmbl 1A MaJlbIX

00BEMOB BXOJHBIX JaHHBIX - BPYYHYIO. Takum cnocobom MPOBCPAIOT IIPABUIIBHOCTDH
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MEPECTAaHOBKYM BXOJIHBIX JIAaHHBIX M pacyeThl Ha 1-2 miare gexommno3uiuu. O4eBUAHO, YTO
BXO/IHbIE JAHHBIE B ATOM ClIydae JIOJKHBI OBITh MPOCTHIMU, HO HE TpUBUATbHBIMU. [ToTOMY
YTO CJIMIITKOM TPOCTOM XapaKkTep BXOJHOTO MaccuBa (HampuMep, KOHCTaHTa) He TTO3BOJIUT

BBISIBUTD PAO OImMOOK.

4.3.2 Hcnoab3oBaHue B Ka4ecTBE BXOAHOI0 CHIHAJIa 0a3HCHBIX

(¢pyHkumii npeodpazoBanus

JIsig mipeBapuTEIbHOTO TECTUPOBAaHUS pabOTHl ajlropuTMa Ha OOJBIIUX JUTMHAX B
KadecTBe BXOJHOTO CHTHaJla MOTYT OBITh HWCIOJBH30BaHBI MAacCHBBI, COOTBETCTBYIOIIHE
3HaYeHUsIM Oa3sucHBIX GyHKIMI. B ciydae naBymepHoro rmnpeobOpasoBanus ®Dypbe

0a3MCHBIMM PYHKIIUSIMU SIBJISIOTCS TIPOU3BEICHUS CTENIEHE KOPHEH U3 e IMHUIIbI:

Mk, (M 1) = k2™, 0<m,ny,m, mps N-1, (4.1)

re no-npexuemy oy = exp{ 2/N} ,w, = exp{ 2j/N} (cm. m.2.1).
IlogaBasg Takue JaHHBIE HAa BXOJ IPEoOpa3oBaHUS, B CHIY OPTOrOHAILHOCTH

0a3uCHBIX (GYHKIUN TTOTYINM

N-1
H(m, mp)= > O%nm ok, (R )Wy 2 =
M=
N-1 _ _
=y Ooa"‘l%aki%zkz%?% (4.2)
M, M=
- Nz_l wgnl—kl)rhw(zrrh— ko) @:{1, mpu My = kg, M= ko,

., Mp=0 O, B OCTaJIBHBIX CIyYasX.

Opmnako B nipeanosiaraemom 110 Ha Bxoj npeoOpa3oBaHus MOAAE€TCS BEIIECTBEHHBIN
curHai. ITosromy HeoOXoauMo 3amMeHUTh QyHKINIO (4.1) mpou3BeecHUEM KOCHHYCOB WIIN

CUHYCOB, HalIlpUMEp, TaK.

N kg ok ke y o ke
rklkz(rl’ nz):Cos(ZT[kl%) CO%anZ’?/N): ! +2Q)]- 1 w52 +2(,02 % _

- %(Uﬁl%gznz ORI UL LRV r}

(4.3)

[Ipy TakoM BXOJHOM CHUTHaJe, Ha OCHOBaHMU coOoTHomeHUS (4.2) U CBOWMCTB

JIMHEHOCTHU U NEPpUOJNIHOCTH Hpe06pa3OBaH1/1;1 d)ypbe, IOJIYYUM Ha BBIXOJC:



48

O, B OCTaJIBHBIX CIIyYasX.

BxomHoii cuWrHam JIeTKO TEHEpHpYyeTcs TPOTPaMMHO, a BBIXOJHON JIETKO
KOHTPOJUpPYETCS Ha TpPaBWIBHOCTh. HemocTaTrkoM 3Toro cmoco0a sBISETCS OONBINONMN
00BheM TeCTUPOBAHUSI, TaK KaK JJIsl TIOJTHON YBEpPEHHOCTH B TIPABUILHON paboTe MpOrpaMMBbl
HEOOXOAMMO TPOBEpUTH Bce paznuuHble (yHkiuu Buaa (4.3). [loaTomy pekoMeHIyeTcs
MPOBEPUTH MIPOrpaMMy Ha HECKOJBKHUX TaKMX TECTaX W, B clyyae MPaBWIBHON paObOTHI Ha

HUX, IEPEUTH K OJTHOMY U3 CIEIYIOIIUX CIIOCOO0B TECTUPOBAHUS.

4.3.3 CpaBHeHmHe ¢ pe3yJabTaTaMH ' NPSAMOii peajn3anun’

npeodpa3oBaHus

OToT cnocod TpebyeT HaAMKMCAHUSA JOMOJHUTEIHLHOTO MPOrpaMMHOTO MOJIYJIS,
KOTOPBIA OBl pealn30BhIBaN MpeodpazoBanue (2.2) BIPAMYIO, TO €CTh HEMOCPEACTBEHHBIM

BBIUMCIIEHUEM TI0 hopmyJie

N-1
X(m,mp)= > o' pwy2?.
M, =0

Bxonnoii Maccus x(nl, nz), O0<m,m< N-1 gomkeH colepxkarb CilydaiiHbIe

yucia. Jlnsg mpoBepku paboThl MpOrpaMMbl  HEOOXOIMMO BBIUKCIUTH PE3YJIbTATHI
npeoOpa3oBaHus Kak OBICTPBIM, TaK W MPSMBIM aJTOPUTMOM U cpaBHUTH uX. CpaBHEHUE
MPOU3BOJIUTh B YETHIPEXMEPHOU anredbpe, HE MEpexolii K KOMIUIEKCHOMY CIHEKTpY.

P€3}7HBT3TBI 00s13aHBI COBITACTH J10 HECKOJIBKUX 3HAKOB I10CJIE€ 3aIISTOM.

4.3.4 Hcnonb3oBaHue CTAaHAAPTHBIX NAKETOB MPOrPaMM

Jlist IpoBepKM pe3yJIbTaTOB MPeoOpa30BaHUs IOCIIE UX NEPEBOJA B KOMILIEKCHYIO
anreOpy MOXKHO  BOCIIOJIB30BaThCS  JIFOOBIM ~ CTaHAAPTHBIM  IIAKETOM  IIPOrPAMM,

BKJTIOYAIOIIAM JIMCKpETHOE MpeodpazoBanne @ypbe. TexHOT0rus aHaJOrMuHa OIMMMCAHHOW B
n.4.2.3.
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435 IIpoBepka y4eTa BelieCTBEHHOCTH BXOJAHOI0 CHIHAJIAa

Jly1st mpoBepKM 3TOM YacTH MPOTrpaMMBbI JIOCTATOYHO 3aIyCTUTh €€ Ha OJTHUX U TEX )Ke
BXOJIHBIX JJAHHBIX B JIBYX PEKHUMAX - C YYETOM BEIIECTBEHHOCTH BXOJHOIO CUTHaJIa U 0e3
Hee. O4YeBUAHO, YTO pe3yJbTaThl pabOTHI JOJKHBI cOBMaJaTh. [IpoBepky HeEoOXOAMMO

MIPOBOJIUTH B UETHIPEXMEPHOI ajredpe.

4.4 3KCHepI’IMeHTaJ'lebIe HCCJICeA0BaHHi, KOTOPbIE H006XOIIHMO BBINNOJIHUTD

B X0/I€ NIPOeKTa

ITocne wnanucanusi, oriaagku U TecthupoBaHus [IO HeoOXoaUMO HcciIeI0BaTh
OBICTpOJICHCTBUE HAMKMCAHHOW HporpaMMebl. [[jist 3Toro ee HyKHO 3amycKaTh Ha BXOJIHBIX
JAHHBIX pa3inyHbIX pasmepoB NXN u 3amepsaTh BpeMms BbIIIOJIHEHHs 1. 3aTeM MOCTPOUTH
rpaduk 3aBucumoctu t(N). Jlanee HE0OXOIMMO TaKUM e 00pa3oM HccieI0BaTh YTO-JIUO0
U3 CIEAYIOLIETrO:

- BpeMs BbrunciieHus aAsymepHoro JII1® B crannapTHOM makere,
- Bpemst paboThl psaMoro Beruucienus 10,
- BpeMst paboThI OBICTPOTro ajaroputrMma 0e3 yuera BelleCTBEHHOCTH

" TAKIXKC OTPA3UTh PC3YJILTATHI HA Fpa(l)I/IKe. CI[CJ'[&TB BBIBOJHI.
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MPUJIOKEHUE 1.
CIIMCOK TEM IJi5s1 KYPCOBOI'O IPOEKTUPOBAHUSA

Peasmmszanusa m uccieqoBaHrEe COBMENIEHHOTO AJITOPUTMA ABYMEPHOIO BEIIECTBEHHOIO
JII® Ha ocnoBe JIII® 1o ocHoBaHuiO 2 ¢ TMpeJCTaBICHUEM JIaHHBIX B ajredpe
KBaTEPHUOHOB.
Peasmmsanusa u uccieoBaHUEe COBMENIEHHOTO AJITOPUTMA JBYMEPHOIO BEIIECTBEHHOIO
JII® Ha ocuoBe JIII® mo ocHoBanuio 4 ¢ TmpejcTaBiICHUEM JIaHHBIX B ajiredpe
KBaTEPHUOHOB.
Peasmmszanusa m uccieoBaHUEe COBMENIEHHOTO AJITOPUTMA JBYMEPHOTO BEIIECTBEHHOIO
JII® na ocHoBe JIIID c pacuiersieHMEM OCHOBAHUSA C MPEJICTABICHUEM JIAHHBIX B
anreOpe KBaTEPHUOHOB.
Peanuzanus u ucciaegoBanue OBICTPOTO aJirOpuTMa JAByMEpHOro BerectBeHHoro J[I1d
110 OCHOBAHMIO 2 ¢ MIPEICTAaBIEHUEM JaHHBIX B aJireOpe KBATEPHUOHOB.
Peanuzanus u ucciaegoBanue OBICTPOTO aJirOpUTMa JAByMEPHOro BerecTBeHHoro J[I1d
110 OCHOBAHMIO 4 ¢ MIpeICTaBIEHUEM JaHHBIX B aJireOpe KBATEPHUOHOB.
Peanuzanus u ucciaegoBanue OBICTPOTO aJirOpuTMa JAByMEPHOro BerecTBeHHoro J[I[1d
C paclIEIUIEHUEM OCHOBAHUS C MPEACTABICHUEM JAHHBIX B aJire0pe KBaTEpPHUOHOB.
Peasmmsanusa m uccineoBaHre COBMENIEHHOTO AJITOPUTMA ABYMEPHOIO BEIIECTBEHHOIO
JII® na ocHoBe JI[I® 1o ocHOBaHWIO 2 ¢ TMPEJICTAaBICHHEM JAHHBIX B
TUIIEPKOMILIEKCHOM airebpe.
Peanmmszanusa u uccieoBaHUEe COBMENIEHHOTO AJITOPUTMA JABYMEPHOIO BEIIECTBEHHOIO
JII® na ocHoBe JI[I® mno ocHoBanuio 4 ¢ TMpeJICTaBICHHEM JAHHBIX B
TUIEPKOMILIEKCHOM anrebpe.
Peasmmszanusa m uccineoBaHrEe COBMENIEHHOTO AJITOPUTMA JBYMEPHOIO BEIIECTBEHHOIO
JII® na ocHoBe [IID c pacuiersieHHeM OCHOBAHUA C MPEICTABICHUEM JaHHBIX B
TMIIEPKOMILIEKCHOII anre0pe.
Peanuzanus n ucciienoBanue ObICTPOro ajlropuTMa JIByMepHoOro BemectseHHoro J(I1d
110 OCHOBAHMIO 2 C MpeJCTaBICHUEM JaHHBIX B THIIEPKOMILIEKCHOM anredpe.
Peanuzanus u ucciienoBanue ObICTPOro ajJropuTMa JIByMepHoOro BemectseHHoro J(I1d
110 OCHOBAHMIO 4 ¢ IIPEACTABIEHUEM JaHHBIX B THIIEPKOMIUIEKCHOM anre0pe.
Peanuzanus n ucciienoBanue ObICTPOro ajlropuTMa JIByMepHOro BemectseHHoro J(I1d
C pacuICIUIEHUEM OCHOBAaHUS € MPEJCTaBICHUEM JaHHBIX B THIEPKOMIUIEKCHOMN

anreope.
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Peanuzanus u vcciaenoBanue OBICTPOro aaropurMa JIByMEpHOTo BemecTBeHHOro J[I1®
110 OCHOBAHMIO 2 ¢ MIPEICTaBIEHUEM JaHHBIX B IPIMON CyMMe KOMILIEKCHBIX anreop.
Peanuzanus u ucciaegoBanue OBICTPOTO aJirOpuTMa JAByMEpPHOro BeriecTBeHHoro J[I1d
110 OCHOBAaHMIO 4 ¢ MpeICTaBIEHUEM JaHHBIX B IPAMON CyMMe KOMILIEKCHBIX anreop.
Peanuzanus u ucciaegoBanue OBICTPOTo aJiropuTMa JByMEpPHOro BerecTBeHHoro J[I[1d
C paclIEIUIEHUEM OCHOBAHUS B IPSIMON CyMMeE KOMIUIEKCHBIX alireop.
Peanuzanus u ucciaegoBanue OBICTPOTO airOpUTMa JAByMEpPHOro BerecTBeHHoro J[I[1d
110 OCHOBAHMIO 3 € MIPEJICTAaBIEHUEM JaHHBIX B K0oJax | 'aMuinbToHa-Dit3eHITeHA.
Peanuzanus u ucciaegoBanrue OBICTPOTO airOpuTMa JAByMEpPHOro BerectBeHHoro J[I[1d

110 OCHOBAHMIO 6 C MpeJICTaBICHUEM JaHHBIX B Koj1ax [ 'amMuibToOHa-DH3eHINTETHA.
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B mosicHuTeNnbHYIO 3amucKy HEOOXOJAMMO BKIIOUATh TOJBKO Te pa3fielibl TEOpHH,
KOTOpBIE COOTBETCTBYIOT 3aJaHHOM Teme. OcoOeHHO MOoJApOOHO HEOOXOJUMO OIUCAThH
pa3paboTaHHOE TPOTrpaMMHOE OOECTIeUeHUE, HamucaTh PYKOBOJCTBO TIOJIH30BATEIIS.
HeoOxoammo ommcath TECTHI, TOKAa3aTh KaKWe JaHHbBIE BBI IMOIae€Te Ha BXOJ, YTO MOTydaeTe
Ha BBIXOJIE, MOSICHUTH, IMOYEMY ITO BepHBIi pe3ynbTaT. Pazaen "UccnenoBanue ajiropurma’

JTIOJDKEH BKJIFOUYATh TaOJIUIIbI, Tpad)UKU U BBHIBOJIBI.
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MNPUJIOKEHUE 4.
AJI'OPUTMbBI IEPECTAHOBOK
(ABOUYHASI HHBEPCHS U AHAJIOT'N)

114.1. AJIFOpHTM MmepeCTAaHOBKU OTHOMEPHOT0 MacCuBa B MOPHAAKE JABOHYHOM

HHBEPCHHA

Hwxe npuBOauTCS MpOrpaMMHBINA KO/ MEPECTAHOBKU 3JIEMEHTOB OJTHOMEPHOTO MacCHBa B
MOpsZIKE JIBOMYHON WHBEpCUH. B cioyuae JBYMEpHOTO MaccWBa JaHHBIX HEOOXOIUMO
MEePECTaBIATh KaK CTPOKM, Tak W cToJOIbI. [lepecTraHoBka BhIMOJHSAETCS "Ha Mecte" 0e3

JTIOTIOJTHUTENbHBIX 3aTpaT MaMsTH.
dl=n/2; st=n-1;
i=0;
for (i=0; i<st; i++)

{if(i<)) {

sO=x{il;
X[i]=x{;
X[j]=s0;
}
k=dl;

while (k<=j) {j-=k; k>>=1;}
j+=k;
pX0_r++; px0_i++;

}

HamoMHMM, dYTO JBOWMYHO-WHBEPCHBIM TMOPSAIOK WHIEKCOB TONYyYaeTcs IyTeM
MepecTaHOBKU IMUGpP ABOMYHOrO KOjAa uucia B oOpatHoM mopsake. Hanpuwmep, mis N=8

CBSI3b MPSIMOTO U UHBEPCHOTO TOpsiJIKa MHAEKCOB MMoka3aHa B Tabmutie [14.1.
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Tabnuua 114.1. CB43p nIpsIMOro ¥ MHBEPCHOTO MOPSIKA UHAECKCOB

Hnnekcol B JIBonunsblii | OOGpaTHBIA Wnnekcol B
PSAMOM KOJI JIBOUYHBIIA JIBOUYHO-
TOPSJIKE KOJI WHBEPCHOM

MOPSIKE
0 00C 00C 0
1 001 10C 4
2 01C 01C 2
3 011 11C 6
4 10C 001 1
5 101 101 5
6 11C 011 3
7 111 111 7

Takass nepecTaHOBKa IIpUMEHsIETCS B ainropurmax jABymepHoro JIII® ¢

JIEKOMIIO3UIIMEN IT0 OCHOBAHUIO 2 U 4.

114.2. AJIFOpHTM MmepeCTaHOBKU OTHOMEPHOT0O MacCuBa B MMOPHAAKE TpOI’I'—lHOﬁ

HHBEPCHHA

Takas mnepecTaHOBKa UCIOJNB3yeTcs B aiuroputmax JjaBymepHoro JIId ¢
JICKOMITO3UIIMEN 10 OCHOBAaHMIO 3 U SIBJISETCS aHAJOrOM MEPEeCTaHOBKH, NMPUBEJACHHON B
npeasiaynieM naparpacge. [pumep nepecranosku anst N=9 npuseaen B Tabaune 114.2. Kak
U B MPEJBIIYIIEM ciydae, 3TOT aIrOPUTM JOJDKEH ObITh MPUMEHEH K CTPOKaM M CTOJ01aM

BXOJTHOM MaTPUIIBI.

di=n/3;

di2=dl/2;

st=n-1,

j=0;

for(i=0; i<st; i++)

{if (i<)) {
r1=x]il;
X[il=x[;



X[j]=r1;
}
k=dl; k2=dI2;

while (k2<=j) {j-=k2; k/=3; k2=k<<1;}

j+=k;
px0++;

}

Tabnuna [14.2. CBs3b psIMOT0 ¥ UHBEPCHOTO MOpsiAKa UHAEKCOB i1t N=9

Hnnekcol B Wnnekcol B
PSAMOM TPOUYHO-
TOPSJIKE WHBEPCHOM

MOPSIKE
0 0
1 3
2 6
3 1
4 4
5 7
6 2
7 5
8 8

I14.3. AJIFOpHTM MEePEeCTAHOBKHU OTHOMEPHOT0O MacCuBa B MMOPHAAKE HHBEPCHH C

OCHOBaHHeM 6
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Takast mepecTaHOBKa UCTOJIB3YETCS B anroputmax JaBymepHoro 11D ¢ nexkommo3unueit mno

ocHOBaHHUIO 6. Kak ¥ B npeapIIymuX ciyyasx, 3TOT aIrOPUTM JOJKEH OBITh MPUMEHEH K

CTpPOKaM U CTOJIOIIaM BXOJIHON MaTPHIIbI.

dl=n/6;
dl2=dI*5;
st=n-1;

j=0;



for(i=0; i<st; i++)
{if (i< {
r1=x{i];
X[]=x[];
X[j]=r1;
}
k=dl; k2=dI2;
while (k2<=j) {j-=k2; k/=6; k2=k*5:}
jt=k;
pXx0++;

}
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KOHTPOJIBHBIE BOIIPOCHI U 3AJJAHUSA
1. JlaliTe onpezesieHne alredOpanueckux CTpyKTyp, UCIOJIb3yEMbIX B KypPCOBOM MPOEKTE.
2. 3anumure anropuT™M JABYMEpPHOIO JUCKpEeTHOro mnpeoOpazoBanus Dypbe as
MIPOU3BOJILHOTO OCHOBAHUS JIEKOMITO3UIIUU .
3. BeiBeiuTe BBHIYUCIUTEIBHYIO CI0KHOCTh aaroputMoB JII1® npu yuere BenecTBEHHOCTH
BXOJIHOTO CUTHaJIa MEPBBIM U BTOPHIM CIIOCOOOM.
4. CpaBHUTE CIOXXHOCTh CBOETO ajJropuTMa M IMOJ00HOrO0 B Jpyroi anreOpanyeckoid
CTPYKTYDE.
5. CpaBHHUTE CIOXKHOCTH CBOero ajroputma u ainroputma JIII® B Toii xe anrebpe, HO
JIPYTrO# CTPYKTYPHI.
6. Beinumure napajienbHblid alrOpuT™ Ui IEKOMITO3UIIMY IO OCHOBAHUIO 4.
7. OlleHUTE CIO0KHOCTH aJITOPUTMOB C PacClIEIUIEHMEM OCHOBaHUS B alredpe KBaTepHUOHOB
U ajiredpe TUIepKOMILIEKCHBIX YHCE.
8. CpaBHute 3¢ (HeKTUBHOCTD JIBYX MOAXOJ0B K YUETY BEHIECTBEHHOCTH BXOJHOI'O CUTHAJIA.
9. Ilpoananu3upyiite CI0KHOCTh ONEPALIMIA B PUBEIEHHBIX aJIredpax.

10. 3anuinure aaropuT™ repecTaHoBKu 1Mo ocHoBaHuio 10.
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IJIOCCAPUN
1. CriekTp - pe3yJabTaT BRIYMCICHHS TUCKPETHOTO npeodpazoBanus dypee (JI1D).
2. YetpipexmepHas anreopa - ajireopa ¢ 6a3ucoM U3 YEThIPEX DJIEMEHTOB.
3. Anrebpa KBaTepHUOHOB - HEKOMMYTaTHUBHAs YeThIpexMepHas ajiareopa.
4. ['unepkoMIUIeKCHas ajaredpa - KOMMyTaTUBHAs YeThIpexXMepHas ajireopa.
5. Kozl 'ammiibToHa-Dit3eHInTeliHa - C11oco0 Mpe/ICTaBIeHNUs] KBAaTEPHUOHOB.
6. [IpsiMast cymMmMa KOMILUIEKCHBIX alreop - ajnredpa uzoMop@Hasi THIEPKOMILIIEKCHOM.
7. 'unepKOMILIEKCHBIM, KBAaTEPHUOHHBINA cHekTp - pesyibrar J[II® B cooTBeTCTByOMIECH
anreOpandyeckon CTpyKType.
8. MynbTUIUIMKATUBHAS CJI0KHOCTD - KOJIMYECTBO ONepaluii YMHOKEHUS B AJITOPUTME.
9. AniuTUBHAS CIIOKHOCTH - KOJTMYECTBO ONEPAIIUiA CI0KEHUS B AITOPUTME.
10. PacnapaiienuBaHue - MOCTPOCHHUE MapallJIeILHOTO aIrOpuTMa.
11. YckopeHue - OTHOLIEHHE BPEMEHHU TOCIIEIOBATENILHOIO U NTApaIEIbHOTO AJITOPUTMOB.

12.95¢b ek TUBHOCTH - YCKOpEHUE, OTHECEHHOE K YHCITY MPOIECCOPORB.
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