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Pe3tome: ¢ cmammi 3anpononosanuii ma OOCRIONCEHUN MeMmOO 3MeHUleHH HAOTUWKOBOCHI YUGposux Oanux Ha
ocHogi basucnux ¢@yukyiu Ianya. [lanuii memoo npayioe 8 peanbHOMy 4aci i NpusHaueHuu OnA 8UKOPUCHMAHHA 8
KOMI TOMEPHUX CUCEMAX KOHMPOLIO Ma YNPAGIiHHA MEeXHOI0IUHUMU 00 €EKmamu..
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1. BCTYN

ITpu po3poOdui Ta MoJepHizalii crieliani30BaHuX
komm'totepHux cucteM (CKC) xoHTpomo Ta

YIpaBIiHHAS TEXHOJIOTTYHUMH MpoIeCaMu
pO3pOOHWKHM  BCE  dYaCTille  CTHKAIOTBCA 3
mpobiieMaMul, TOB’S3aHUMH 3  HEIOCTATHHOIO

MIPOITYCKHOK 3JIaTHICTIO IiHIH 3B’s3Ky. OcoOnmBO
rocTpo JaHa mpoOiemMa IOCTaE B CHCTEMax Jie
HEOOXiTHO  KOHTPOJIFOBATH  BEIUKY  KIJIBKICTh
TEXHOJIOT1YHUX TapaMeTpiB (Oinpuie 256) abo mpu
BUKOPHCTaHHI CHCTEM BiZIeO CIIOCTEPESKCHHS 3a
XOJIOM TEXHOJIOT1YHHX ITPOIIECIB.

IcHye Tpu HampsIMKH pO3B’S3YETHCS
po0IeMu:

— BHUKOPHUCTAHHS JIiHIA 3B’SI3Ky 3 HEOOXiTHOIO
MPOITYCKHOIO 3/1aTHICTIO.

— MakcHMallbHO MOXJMBa 00poOKa JaHuWX Ha
Hm3oBoMy piBHI CKC.

— CTHCHEHHS JaHMX Ta IX I[epefaBaHHs II0
HU3BKOIIBUJIKICHHX JIIHISAX 3B’ SI3KY.

OCKiJBKY TIepIIi [Ba HANPSIMKH He TOTPEeOYIOTh
JEeTAIbHUX IIOSCHEHb, TO B JaHIH CTarTi MU
3YNMHUMOCS Ha BHKOPHUCTaHHI CTHCHEHHS IaHUX
JUTSL pO3B’sI3aHHsI BKA3aHOT POOIIeMH.

[Ipomec cTuCHEHHS MO3BOJISIE 3HAYHO 301TBIIATH
OpPOMYCKHY  3/JaTHICTH  JIiHIM, TpH  BIIHOCHO
HEBEJMKUX BHUTpaTax Ha NpUAOAHHS CHENiaJbHOTO
o0JaHaHHS 1 MPOrPaMHOTO 3a0e3MeYeHHSI.

PoGota B peampHOMy  4Yaci, HEIOCTaTHI
o0YHCITIOBaNbHI  pecypcu Ta o0csArW  mam’sTi
amapaTHHX 3aCc00iB CIieliaTi30BaHUX KOMII FOTEPHHIX
CHCTEM  HAKIAHalTh  pAg  OoOMeXeHb  Ha

BKa3aHO1

BUKOPHCTaHHS OUTBIIOCTI BiIOMHX METOJIB Ta
aJTOPUTMIB CTUCHCHHS JTaHUX.

OTxXe, akTyalbHUM € TUTAHHSA PO3POOKM HOBHUX
e(PeKTUBHUX  METOIIB  CTUCHCHHS JIaHUX B
posnozinenux CKC.

2. METOAU CTUCHEHHA OAHUX

IIpu po3po0ITi METOIB
HaUIMIIKOBOCTI OBIIOMJIEHD
BpaxOBYBaTH HACTYITHI TapaMeTpH:

—  IIBUJAKICTh CTBOPEHHS MOBiIOMIICHHS;

—  SKICTh BiJHOBIJIGHOTO CHUTHAITY;

3MEHIICHHS
HEOOXIIHO

—  CKJIJHICTh AITOPUTMIB KOJyBaHHS,
JICKOJTyBaHHSI,

—  KOMYHIKaIliifHI 3aTpUMKH (I TTOTOKOBOTO
KOJyBaHHS).

B nanwmii yac 1mMMPOKO MOCHIIKYHOTHCS METOIU
CTHUCHEHHS 3BYKOBUX TIIOBIJIOMJICHB, 300pa)kKeHHS,
BiJIcO, MPO IO CBi4aTh YHUCENbHI MyOJiKaIli, ajie
3HAUHO MEHIIE YyBark NPUAUISETHCS Ppo3poOIi
CIIeniaai30BaHuX METOMIB CTUCHEHHS
TEXHOJIOTIYHUX JAaHHUX, MO € HEOOXiAHOI YMOBOIO
ISt BIOCKOHAJICHHS aBTOMATU30BaHMX
KOMTII FOTEpPHUX CHCTEM KEepyBaHHS TEXHOJOTIYHUMHU
00’ eKTaMH.

Junst  3MeHINEeHHS  HAJJUIIKOBOCTI  JaHHUX
KBa3iCTAIllOHAPHUX Ta HECTAIllOHAPHUX JDKEpel
iH(opMarii 3aMicTh IMITYJIbCHO-KOJIOBOI Ta JeNIbTa

MOIYJIALIS ~ IIMPOKO  BHKOPHUCTOBYIOTHCS  IX
Mou(iKarrii:

— IiHi#HA ~ IMIOYJBCHO-KOIOBA  MOJIYJISIIiS
(IKM);
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61ouna IKM;

amantuBHa IKM;

—  nmudepenmiansHa [KM;
amantuBHa audepermiansaa [IKM;

— aJlalITUBHA JIENTbTa-MOYJISIis.

[lepcrieKTHBHEM B IIbOMY HampsiMi € po3poOka
METOMIB CTHCHEHHS [JaHUX 3 BHKOPHCTaHHS
IUCKPETHUX 0a3HuCiB  Ta  TEOPETHKO-YUCIOBUX
MEPETBOPEHB.

HaiinoBHinie amMckpeTH30oBaHi 1 KBaHTOBaHi
¢yHkuii  mocmimkeni B Oasuci  Pamemaxepa.
[Ipudyomy, po3pobieHi TEOPETUYHI i METOJOIOTiIYHI
OCHOBHM TeHeparllii 0a30BUX eleMeHTapHuX (yHKIIiH:

Y, =n-x;; X', %; log, x,; e ; cosx,; sinx, i
T. A, a TakoX  BIANOBIAHI  CTPYKTYpH
CHENIponecopiB uid ix TeHepamii Ta UPPOBOI
00po0kwm [1].

B ocHOBy  mpuHHOHITy  JIeNbTa-MOIYJISIT
MOKIaJicHa TpoIleAypa KOAYBaHHS Ha OCHOBI
BHOOPY TaKOTro KPOKY KBaHTYBaHHS CHTHAJIB II0
piBHIO O Ta KpOKy AucKperu3aiii At, mpu skomy
BUKOHYETHCSl YMOBA!

L, x,—x_=+I
A, —30, x,—x_,=-1, (1)

0,1.. x,—x,_,=0

1€ X; — IOTOYHE 3HA4YEHHs BIJUIIKY CTaHy JuKepena
iHpOopMaIii.

MeTton nenbTa-MOAYJISIII HE XapaKTepHU3YEThCS
MMOBHOTOK 0a3ucHUX (YHKIIA, KOJMM TPATI€HT
HapOCTaHHs 3HAYEHb X, Ha IHTEpBaJi AUCKPETHOCTI
riepeBuIIye ymoBy (1).

HenoBHoTa cucteMu 0a3uCHUX (YHKINH METOIY
JeNbTa-MOAYJISIiI OOYMOBIIOE TOJOBHHH HEHONIK
Ha3BaHOTO METOJY, SIKUH IONIATaE B TOMY, IO TPH
HEBUKOHAHHI YMOBH Q8 CIIOCTEPIraeThest
BiJicTaBaHHS a00 dYacoBe 3ami3HEHHS (DaKTUYHHX
CTaHIB JDKepena iHdopMmamii TpH JIeKOMXyBaHHI
CTUCHEHUX JaHMX.

HasiBHICTh TaKOTO KaTaJioTy CTBOPUTH OCHOBY Ta
JIOTIOMOX€E TEOPETUYHO JIOCHITUTH TOTCHIINHHI
MOXJIMBOCTI CTUCHEHHS HaHuX B Oasuci ["amya.

3. TEOPETUYHI OCHOBMU
3AMNMPOMNOHOBAHOIO METOLY

GF(p")

JOIIOMOTI' 01O

nopsaky  p’
HETPUBITHUX

Kigmesi  mons

YTBOPIOIOTBCSL 3

IIOJIIHOMIB CTEIEHI 7 .
[Mpn BUKOpHICTAHHI MPUMITHBHUX HENPUBIIHUX

nonigomiB  7(x) mpocre mone GF(p) wmoxna

GF(p') 3a

NpHEIHAHHA KOpeHs a moiinomy 7(Xx), T06TO 3

pO3MMUpUT A0  IOJA PaxyHOK

JIOTIOMOTOI0 TIOPIBHAHHSA MO ABOX MOAYIAX p i
7(x).

B 1abn. 1 mpencraBneHi NpUMITHBHI HEMPUBIIAHI
HOJITHOMHU 7(x) XapakTepucTUKH 2 3
GF(2) 3
MiHIMaJbHAM YHCJIOM HEHYJIBOBUX KOEQIIi€HTIB. 3
MaTeMaTH4YHOI TOYKH 30py BHOIp TONiHOMA
HECYTTEBHH, TaK sIK BCi KiHIIEBI ITOJII OJTHOTO i TOTO
X TIOpAOKY i30MOpdHiI, ane BHOIp IOJTIHOMY
CYTTEBHH 3 TOYKM 30py amapatHoi peai3arii.
JetanpHi TaOMUIi HENMPHUBIAHUX 1 TPUMITHBHHUX
MTOJIIHOMIB TIPEACTaBJICHI B [3].

Cepen e¢exkTUBHHX 3 TOYKH 30py amaparHoi

KoeQil[iEHTaMH 13 TMPOCTOr0 OIS

peamizamii IBIMKOBUX MHOTOWICHIB HEOOXiTHO
BuimaTy Tpuwienn 7(x)=x" +x* +1.
Skmo enement « € GF(2") npexcrasisie

co00r0 KOpiHb HEMPHBITHOTO JBIHKOBOTO TpUYJICHA
CTEeTIeHI 7, TO TEpII » CTENeHIB eleMeHTa «
MPENICTABIAIOTE CcO00I0 e(eKTUBHUN Oasuc Aus

sarmcy ot GF(2"), tak sIk MHOXEHHsS Ha O
MOke OyTM BHKOHAHO 3 JIOTIOMOTOK 7 —
PO3pSIHOTO pericTpa, B 3BOPOTHIM 3B’SI30K SKOTO
BXOJUTH OJIMH CyMaTop 3 JIBOMa BXxoaamu (puc. 1).
Taoauus 1. HenpuBigni npuMiTUBHI nosinoMu
m(x)=x"+ f(x) crenenis 7 i

XapakTepucTuku p = 2.

r | 2 = s )

2 ¥ +x+1

3 X Hx+l; P +x?+1
4 ¥t +x+1

S x+xt +1

6 x®+x+1

7 ¥ +x+lx’ +x7 +1
9 x4+ x4l

10 x4+ x+1

11 x4+ x’ 1

15 ¥ +x+1

17 x4+ x+1
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18 '+ x’ +1
20 x +x7 +1
22 xZ +x+1
23 x? +x° +1
DopMyIOThCS MTOCJTi IOBHOCTI lamya  3a

JIOTIOMOTOI0 T€HEPaTopiB, SKI MICTATh PETICTPH
3CYBy 13 3BOPOTHIM 3B’S3KOM. 3arajbHa cxema
TaKOTO reHepaTopa MpuBeAeHa Ha puc. 1.

Buxif

Xl > X2 > X3 = = Xn

)

f(x1, x2, ...xn)

Puc. 1 — CtpykTypa yHiBepcaJbHOI0 reHepaTopa
nocaigoBHocti ['anya

CHUMBOJIM TOCIIIIOBHOCTIL
PEKYPEHTHHUM PiBHIHHSM [4]

PO3paxoBYIOTbCA 34

X, =(a,x +a, x_

1

27 +an ’ xi—n )(mOd 2) 5

ne {ak }n — Koe(IiEHTH MOPOPKYIOUOTO TIOJIHOMY

S, (x).

Sxmo mouatkoBuii cran perictpa 0000 To Ha
BHUXOMII OJEPKUMO TOCIHIJOBHICTE 3 TIEPiOJOM
N=2'-1=15:

000010100110111

hog

4. PO3POBKA TA OOCNIAXEHHA
METOAY CTUCHEHHA

CyThb 3alporOHOBAHOTO METOAY IOJIATaE B TOMY,
0 KOXHA (YHKINSI KOAYETHCS IMOCIIiJOBHICTIO
lanya, sika TeHEPYETbCA PI3HUM KIIHOUEM: IS
n, =4 (rabm. 2).

Takmii cmoci®0 komyBaHHS  1HGOPMAIHHIX
notokiB B 0Oazuci [anmya 3abe3meuye koedimieHT
CTUCHEHHS TaHUX

k., = %[Iog2 A,

A
e E [] — niyourcenbHa QYHKILIS,

A - niamason xBantyBaHHsa, mnpu A =1024,
k., =10 (puc. 1); A — niana3oH KBaHTYBaHHSI.

3acToCcyBaHHS JaHOTO METOAY MOXJIMBO IPH
BUKOHaHHI YMOBH, IO JOCH/DKYBaHUNA 00’ €KT

nepeOyBae y TEBHOMY CTaHI Ha TIPOTA3i ng+1

TaKTiB, e 71, — PO3PSIHICTH KOJOHY 'aya.

Ta6auusa 1. ®a3osi 6a3ucHi pyHkuii

G 0000101001101111

G, 1000010100110111
G, 1100001010011011
G, 1110000101001101
Gy 1111000010100110
Gs 0111100001010011
Gg 1011110000101001
G, 1101111000010100
Gg 0110111100001010
Gy 0011011110000101

Gy, | 1001101111000010
G, | 0100110111100001
G, |1010011011110000
G;; | 0101001101111000
Gy | 0010100110111100
Gis | 0001010011011110

Be3 BpaxyBaHHS BKa3zaHOi YMOBH KOEQili€eHT
CTHCHEHHSI BU3HAYAETHCS 32 (HOPMYJIOIO:

n-m

k.= ,
T (D f+(m=f)

Ie 7 — PO3PSAAHICTh JBIMKOBOTO KOy JUIs

npexcraBieHas BenuunHn X;; 0<x, <A4; m -

3arajbHa  KIJBKICTh  BIJJIIKIB; fa— KUIBKICTH

aKTUBHUX BIIUTIKIB.

I'padiuna 3anexHiCTh KOS(DIMIEHTY CTHCHEHHS
BiJl KIJBKOCTI AKTUBHUX BIJUIIKIB TPUBEJCHA Ha
puc. 2.

[Ipuknan KBazicTaIliOHAPHOTO IMPOIECY, SKHMA
OJTHO3HAYHO MOJKHA MPEJCTaBUTH OIT-OPiIEHTOBAHOIO
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0a3uCHOI0 byHKII€I0 lanya v, =G,
MIpeJICTaBIeHU# Ha pHcC. 3.
12
(1] U P A R
s\
k1(f) \
Km ° \
TN
2
0 20 40 60 80 100

fa

Puc. 2 — 3anexnicTb koedinieHTa CTUCHEHHS Bij
KIJIbKOCTi AKTUBHHUX BilJTiKiB.

[IpakTHYHUM 3aCTOCYBAHHSM 3alpPOIIOHOBAHOTO
METOAY € KOIyBaHHS CTaHiB 00’€KTiB KOHTPOJIO Ta
KepyBaHHA [5].

Ha TexHOMOTiYHOMY PiBHI BasKJIHMBOIO € OTeparlis
KOTyBaHHS CTaHIB kepena iHdopmarii, ska 0
niepeabagana 3MCHIIICHHS HaJTUIIIKOBOCTI
UUppOBUX JaHUX Ta OCHAIICHHS KOHTPOJIEPIB
HU30BOTO pIiBHS TMOTY)XHMM MaTEeMAaTHYHUM i
MPOTpaMHUM 3a0e3TMeUeHHSIM JUI aBTOMATHYHOTO
JOCII/DKEHHST CUCTEMHHMX XapaKTEepUCTHK JpKepesa
iHpopmarrii.

00111110

01110

111101

11001

i
G[) | | | | 7\ | | | | 7\ | | | | | | | 7\ | | | | L1
G2G2 ... G2 G5G5G5G5 G5G9G9 G9 GoG4G4 ... G4

Puc. 3 — Ilpuknan koxyBaHHS Ha OCHOBI 0a3lCHUX
¢ynxkuiii I'asrya Hy1bOBOT0 NMOPSAJAKY.

Sk mpuknam 00 €KTY KOHTPOJIO, PO3TISTHEMO
yCTaHOBKY OypiHHA. YcraHoBka OypiHHS Mae 4
CEMaHTHYHi, § TEXHOJOTIYHUX Ta 5 iH(hopMaIiitHIX
cTaHiB [4]. SIKMO y BiMMOBITHICTH KOKHOMY CTaHy
MOCTaBUTH NEeBHUH KOJOH ["anmya, To OTpuMaemMo st
KO’KHOTO TEXHOJIOT1YHOTO CTaHy HACTYITHUH KO

0001101 — Bypinss;
0010110 — ABgapis;
0110001 — Buxwnpg;

1100010 — JlikBigamis.

ko 06’ekT KepyBaHHS B JJaHMH MOMEHT 4acy
nepedyBae y cTaHi OypiHHSI, TO TIOCITiTOBHICTh OIiTiB
Mae Buriig 0001101, Y pasi fioro mepexony B
IHIIUN CTaH, OCTaHHI# OiT, HA MOMEHT 3MIHU CTaHYy
BKa3aHOi BWINE IOCIIJJOBHOCTi, IHBEPTYEThCA
0001100 i reHepyeThCS TOCTIAOBHICTh Ha OCHOBI
HOBOTO KOJIOHY, SIKMH BKa3ye B fKOMY CTaHi
3HAXOAUTBCA OO0 €KT KOHTPONIO B AaHUH MOMEHT
qacy.

Ileti w™erom mO3BOJIIE OTPUMATH  ICTOTHE
3MeHIIeHHs 00’eMy iH(opMmamii mnpu BeTHKOMY
yucimi  craHiB  00’ekTy. SIKmO TOCTaBUTH Y
BIJIITOBITHICTS KOKHOMY CTaHy 00 €KTy KOHTPOJIIO
neBHui piBeHb (1 — §), TO KOXHUIA BiAJIIK MOTPiOHO
KOJyBaTH 3 oitamu, 3aCTOCYBaHHS
3alIPOIIOHOBAHOTO METOIY [O3BOJISIE KOAyBaTH 3
OiTaMHu TUTBKW TIEPIIUN BIIJIIK, a PEIITy MOMEHTIB
yacy TMpeacTaBIsATH oJHMM OiToM. Tomy Ha
nepesaroyviii CTOPOHI TeHepaTop MOCTIHHO ¢dopMmye
mocmimoBHicTe ["aiya, a mepemae KOAOH TIIBKH B
TOMY BUNAJKy, KOJH 3HAYCHHS KOHTPOJIHOBAHOTO
napameTpy 3MiHWIOCSA, TOOTO BIAJIKK CTaid
aKTHBHI.

OCKIJIbKM TEXHOJIOTIYHI YCTaHOBKH, SIK TPABHUIIO,
nepeOyBarOTb y TMEBHOMY CTaHi Ha HpOTs3i
TPUBAJIOTO Yacy, IO 3HAYHO IEPEBHUIIYE YaCTOTY
ONUTYBaHHs], TO JAaHE KOLYBAaHHS € €(QEKTUBHUM,
NpUYOMy, YUM OiJbllla TPHUBANICTh TepeOyBaHHS
00’€KTy KOHTPOJIO B KOKHOMY CTaHi, TUM BHIIA
e(beKTUBHICT,  KOAYBaHHsS,  TOOTO  OUTBITIHI
KOeQIIIEHT CTUCHEHHSL.

VY Bunamky, Koiau 3MiHa 3HaueHHS (QYHKLiH
BinOyBaeThcs Ha TMPOTA3i MeEHIIE 7/  TakKTiB,
HeoOximHo BBomuTH ©OasucHi  ¢yHkuii [amya
NEPIIOr0 TOPAAKY B SIKUX KOXKHOMY KyTy Haxuiy
BiZITOBiaE 3aaHuil KooH ['amya (puc. 4).

G15 Gl14 G13 G12 GI11 Gl10 G9 G8

[/ .
/ .

G3
// —
G2
Gl
—
%4////’//
Puc. 4 — bazucni ¢pynkuii I'amya nepmoro
NOPAIKY.

141



Hamanisn Ayxie / Computing, 2004, Vol. 3, Issue 3, 138-146

Ilpy  upoMy  OiT-Opi€HTOBaHE  KOAYyBaHHSA
IucKkpeTHUX (yHKHid B 6asuci ['amya omHO3HAYHO
MOXJIMBE Ui  CTPUOKOMOmiOHWX 1  JiHIAHO-
HapocTarounx  QYHKIINA, 10  UIFOCTPYETHCS
MpHUKIaaoM (puc. 5).

KonmyBaHHs pmaHMX 3a [JOMOMOror (a3oBUX
OasucHuX GyHKIINH ['anya € Oimbmn edekTuBHE, HiX
KOJIyBaHHS 32 JOMTOMOTOI0 PI3HUX KOJOBUX KIFOUiB.

Meton KOmyBaHHS 3 BHUKOPHCTaHHAM Oa3MCHUX
¢bynkniii  [amya mepmioro TOpsAKYy — AOLUIBHO
BUKOPHCTOBYBAaTH [UIsi KOJYBaHHS IHTETPOBAaHUX
3HAa4YeHb MapaMeTpiB 00’ekTiB KepyBaHHS. Kyt
HaxWily JIiHIH BHW3HAYa€ IIBHIKICTh 3POCTAHHS

IHTETpay.
G
Gs
G6
Gl
G4
i
G4G4G4 G4... G4G1G1G1G1...Gi G6 Ge ... Go Gs Gs ...Gs

Puc. 5 — KogyBanHs Ha ocHOBi 0a3ucHUX QyHKIiMH
NepIIOro NOpsAAKY.

KoxxHOoMy KyTy Haxwmity BifmmnoBinae konoH ['anya,
IO J03BOJISIE OJHO3HAYHO JCKOAYBATH 3HAYCHHSI
iHTerpany  GyHKIL.  3amporoHOBAaHUN  METOX
1030aBJICHUIA HEIOJIIKY, IO MOJAraE y MOCTIHHOMY

3pOCTaHHI PO3PSAHOCTI BIIUTKIB, OCKIIBKH KYT
Haxwily JIHIA 3HAaXOOUTbCA Yy  BU3HAUYCHOMY
JiarnasoHi.

Po3poGnena mnporpamna [5] Ta amapaTHa
peamizamis  (puc. 6) 3amPONOHOBAHOTO  METOIY
CTUCHEHHS.

1) Cneuniporiecop Npu3HAYEHUH I peaizaiii
METOAy CTHCHCHHS JIaHUX Ha OCHOBiI 0Oa3WUCHHUX
(dbyukmiid ['amya HyJI50BOTO TO MEPIIOTO IMOPSIAKY, i
BUKOHY€E HACTYIHI QyHKUIT (puc. 5):

| Buxig
- DC N | [eHepaTop
Al =1 Bl > 7| Tanya K

> W

Puc. 6 — CTpykTypHa cxeMa cHemnmpoiecopa
CTUCHEHHS JaHHX.

1) BU3HAYa€ HOMEP PiBHS CHTHANIY;
2) reHepye nociiIoBHICTH OiTiB ["amya;

3) BU3HAUa€ dYM BIJUIIK AKTUBHHUHI (TIOPIBHIOE
MIOTIEPEAHE 1 HACTYIHE 3HAYCHHS CUTHAIY);

4) imBepTye ocraHHi# OiT ['amya mpu 3MiHI piBHA
CHUTHAILy;

5) reHepye HOBY NOCIIZIOBHICTH 0iTiB ["anya.

Crenmpornecop CTUCHEHHS JaHUX CKIIAJa€eThes 3
omoka imentudikarii crany (bl), memmdparopa
(DC), reneparopa I'anya, nuppoBoro kommaparopa
(IK) i kmroua (K).

Curnan 3 mxepena indopmarii (1) mocrynae Ha
oJsiok ineHTHdiKallil, IKUH CTaBUTh Y BiAMOBIAHICTH
OHOMY 13 CTaHiB 00 €KTYy KOHTpPOJIIO JABIHKOBHMA
KOJ, KU1 IoCcTymnae Ha aemudparop i Ha nudpoBuit
koMmmapaTop. [Jlemmdparop mnpu3HAYCHUH UL
MEPETBOPEHHS TMMAapajelbHOro JBIHKOBOTO KOIy B
KOJ, SIKAH BIINOBia€ TOYaTKOBOMY 3HAYCHHIO
mocmimoBHOCTI ['anmya. B mudpoBomy kommaparopi
BinOyBaeThbcs  TOPIBHSHHS  TONEPETHBOTO 1
HACTYIHOTO 3HA4YEHHsI Koay 1 popMyeThcs Ha BUXOAI
curHai sigmosigao 0 ado 1:

0, axwo A, = 4.,
1, akwgo A, # A,

ne A, —noTouHuil piBeHb CHIHATY.

Onunnynmii curHan Ha Buxomi IIK Bkasye Ha
3MiHy cTaHy o0O0’€KTy 1 1Ile TpPUBOAUTH JO
IHBEpTYyBaHHSA IIOTOYHOTO OITy  ITOCIIiIOBHOCTI
lamya. Ilpm HynpOBOMY 3HAuU€HHI CHTHalIy Ha
Buxoji [[K moTtounuii GiT He IHBEPTYETHCS.

5. BACHOBKU

3anporioHoBaHo ~ OasmcHi  ¢GyHKmii  [amya
HYJIBOBOTO Ta TEPLIOTO TOPSAKY, HAa OCHOBI SIKHX
pO3pO0JICHO Ta JOCHIIPKEHO METOJA CTHCHEHHS
JaHUX.

MeTto/ cTUCHEHHSI HAa OCHOBI 0azncHuX (QyHKITiH
lanya HynbOBOro MOPSAAKY NPU3HAYECHUM IS
KOJyBaHHS CTaHiB 00’ €KTiB KEPyBaHHS a TaKOX VIS
KOJIYBaHHSI TEXHOJIOTIYHHMX IMapaMeTpiB 3 HU3BKOIO
JUHAMIKOIO.

bazuchi ¢ynkmii ['anya meprioro mopsaky
3a0€3ne4yr0Th CTaOUTbHUA e(EeKT 3MEHIICHHS
00CSTIB JaHUX MPOIECIB 3 PI3KUMH 3MiHAMH

aMIUTITyId, JUIi  SKUX  BIJOMI  METOJIH
MaJlloe(EeKTUBHI,  NPHU3BOIATH 1O  BTpaT
iHpopmMmarii, 30iTbIIEHHS  O0CATIB  JAaHUX
CTOCOBHO MEPBUHHHUX.

Buxopucranus = 06asmcHux — Qynkuii  [amya
MIEPIIOTO MOPAAKY A KOAYyBaHHS I1HTErPajibHOTO

3HAYEHHs KOHTPOJIBbOBAHOTO MapameTpy, Ha BiAMIiHY
Bil BEpPTHKAIbHOI I1H(pOpPMAIIHOT TEXHOIOTI],
3abe3meuye  mpu repeaBaHHi piBHOMIpHE
ciigyBaHHs OitiB ["anya.
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Crienmporniecop CTHCHEHHS IaHUX peali30BaHO
Ha IpOrpaMOBaHUX JIOTIYHHUX iHTETPANbHUI CXeMax,
IO JIO3BOJITH IHTETPYBaTH JaHUI TPHCTPil B
iHTepdeicHi MOy repeaaBaHHs JTAaHUX
CHeLiaTi30BaHUX KOMIT FOTEPHUX CHUCTEM KOHTPOIIIO
Ta YIIPaBIIiHHS TEXHOJOTIYHUMHU 00’ EKTaMHU.
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Hamanis eopeiieHa Slukie

y 1997p. 3akiHyuna leaHo-
®paHkKiecbKuli OepxasHull
mexHi4yHul yHigepcumem
Hagbmu i easy 3a
cneyiansbHicmo “Memodu ma
npunadu HepyUHYyH4020

KOHmMposito  Onsi  MEXHIYHOT |
meduyHoi OiazHOCMUKU’;

— ¥y 2002p.3aKiH4yuna acnipaHmypy npu leaHo-
@paHKisCbKOMY HauioHaslbHoMy MeXHIYHOMY
yHieepcumemi Hagmu | 2a3y 3a creuianbHiCmio
“O6uyucrirosarnbHi MawuHuU, cucmemu ma Mepexi’;

— y 2003 poui 3axucmuna ducepmauiio Ha
3006ymmsi  Haykogeoz20  cmyrneHsi  KaHOudama
mexHiyHuUx Hayk “Memodu ma 3acobu CMUCHEHHS
OaHux 8 po3rodifeHUx KOMITIOMEPHUX cucmemax
Ha ocHosi kodie nons lanya”

— y OaHul 4ac npauywr Ha nocadi doyeHma
kagbedpu iHghopmauiltiHO - obyucearnbHUX cucmem
ma ynpaeniHHa TepHoninbcbkoi akademii HapodHO20
e2ocriodapcmea.

Haykosi iHmepecu: Komripecis
meopemuKo-4UCs108i MepemeopPeHHs.

0aHux,
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COMPRESSION OF THE TECHNOLOGICAL DATA
IN TERMS OF GALOIS BASIC FUNCTIONS
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Abstract: In this article data compression method on the basis of Galois basic functions of zero and first rank is
proposed, efficiency of coding with the usage of this method is investigated.

Keywords: basic functions, data compression, coding.

1. INTRODUCTION

The reduction of data redundancy at level of
technological objects of the automated systems
enables to lower channels capacity, speed and
volumes of a computer memory at processing and
storage of data.

In the low level of computer systems this
problem was partially solved by using of delta-
modulation.

The delta-modulation is the fixed procedure of
coding on the basis of a choice of such step of
quantization of signals on a level and step of
discretization that is satisfied condition:

I, x;,—-x,,=+1
A =30, x-x,=-1 (1)
0l. x,-x,=0,

1
Where -x; current value of the information source

condition.

The method of delta-modulation is not
characterized by completeness of basic functions, if
the gradient of increase of x; values in a step

interval exceeds a condition (1). The incompleteness
of basic functions system of a delta-modulation
method makes the main shortage of this method. The
non-fulfillment of a condition (1) leads to the
lateness of actual state of a source of the information
when decoding the compressed data.

2. DESCRIPTION OF THE PROPOSED
METHOD

At the same time, in investigated Galois basis
such job is not carried out. Therefore there is a
urgent task of development of the catalogue of
discretized and quantized functions in Galois basis
[3]. The presence of such catalogue will create a
basis and will help theoretically to investigate
potential opportunities of the data compression in
Galois basis.

We shall consider linear function y, =c-x;.

There is an invariancy of representation of
different functions by identical sequences bit Galois,
therefore this method results in ambiguity of coding,
is similar to representation of integrals with
indefinite constant C.

To avoid the given shortage any of functions is
coded by a Galois sequence which is generated by a
different key forn=4 N=2*-1=15.

With relation to mathematics the choice of
polynomial is inessential because all finite fields of
the same order are isomorphous. With relation to
hardware implementation the choice of polynomial
is important. Detailed tables of primitive out-of-
register polynomial are presented in [4].

The specified sequences with the help of
generators are formed which contain the registers of
shift from a feedback. The general circuit of such
generator given on a fig. 1.

The restriction of application of the given method
is a condition, that the researched object is in the
fixed condition during n+1 steps, where n-capacity
Galois codon.

Such way of coding of information flows in
Galois basis provides data compression ratio

k, = ]AE[log2 A] , (2)

Xl ™ X2

l

1 X3 > > Xn
)

f(x1, x2, ..xn

Fig. 1 - Structure of the universal generator of a
Galois sequences
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Thatisat A=1024, k_, =10.

Without taking of the above-mentioned

restriction compression ratio is calculated according
to the formula:

n-m

ke, = 3

¢ (m+1)-f, +(m-f,) )

The graphic dependences of compression ratio

are constructed on the basis of expressions (2 and 3)
are presented in figure 3.

12

XMH

0 20 40 60 80 100
fa

Fig. 2 - Dependence of compression ratio on
number of active read-outs.

In a fig. 3 the example of quasi-stationary process
is shown. It is uniquely possible to present this
process by bit — orienting Galois basic function ,
which is described by a line.

A

Gl5+
Gl4r-
G13r
Gl2r
Gl
Glor
G9
G8
G7

00111110

Go6
Gs

G4
G3

01110

11001

111101

G2

Gl +—

G()11117111117111111117111111
G2G2 ... G2 G5G5G5G5 G5G9IGY G9

R

GoG4G4 ... G4

Fig. 3 - An example of coding on the basis of
elementary functions

The practical application of the offered method is
coding state of control objects (CO) The control
objectscan be characterized semantic, technological
and information state. [5].

The offered method permits to code only first
readout by n- bits, and others readouts by one bit.
The given method of coding is effective because the
technological equipment, as a rule in the certain state
during time, which considerably exceeds time of
polling.

Galois basic functions zeros rank can be used for
coding of states of control objects. Drilling rig has 4
semantic, 8 technological and 5 information states. If
every state correspond to fixed Galois codon than
every technological state has appointed code.

1110010 —  drilling,
1101001 —  breakdown
1001110 -  overshoot
0011101 —  liquidation

If control object in this time is in drilling state,
then we'll have such Galois bit-sequence 1110010.
When control object goes into another state the last
bit of sequence is inverted and new Galois codon is
generated. The new codon shows the state of control
object at given moment.

This method gives opportunity to reduce volume
of information.If every state corresponds fixed level
(1-8),then every reading expected for coding 3 bits.
Use of proposed method allows to code 3 bits only
first reading the rest of readings presents by one bit.

Technological plant stays in fixed state during
long time, which exceeds frequency of inquiry, then
the coding is effective. The coding is more effective
when control object is in the fixed state during long
time. In this case we have greater compression ratio.

The similar principles of identification of states
and support of man-caused ecological safety CO of
oil and gas complex are realized for other objects,
and also with the usage of means of a technical
condition diagnostics of oil and gas equipment both
computer monitoring  systems of account
consumption of energy resources.

If the change of value of functions occurs on an
extent less steps it is necessary to enter Galois basic
functions of the first order (fig. 4).

Thus bit-oriented coding of discrete functions in
Galois basis is uniquely possible for spasmodic and
linearly - increasing of functions, which is illustrated
by an example on a fig. 5.

The coding of the data with the help of phase
basic Galois functions is more effective, than coding
with the help of different code keys.

The coding method with use of basic Galois
functions of the first order is expedient to use for
coding the integrated values of parameters of objects
of management. The corner of an inclination of lines
determines speed of increase of integral. To each
corner of an inclination corresponds with Galois
codon , that permits to uniquely decode value of
integral of function.
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Fig. 4 - Galois basic functions of the first order.
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Fig. 5 - Coding in terms of Galois basic functions of
the first order.

3. CONCLUSION

The offered method is hasn’t shortage of
continual increasing of readout capacity, as the
corner of an inclination of lines is in the fixed range.
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