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METO/I IIEHTU®IKALII MOJEJI ABTOPETPECIi-KOB3HOI'O
CEPEJHBOI'O APKC(P,Q) 3 JOBLIbHUMHU 3HAYEHHSIMU NOPSIIKIB
P, Q, IKMI1 Y3ATAJILHIOE METOJUKY I0JIA - YOKEPA

3anpononosano memoo idemmuikayii mooleni asmopeepecii-ko63Ho20 cepednvoco APKC(p,q) 3
O00BINbHUMU 3HAYEHHAMU NOPAOKIe p,q, saxutl memoouky Ona — Yoxepa, pospobneny ons idenmupixayii
Mmooeni asmopezpecii AP(p), yzacanvuioe nHa eunadox, xoau asmopecpecitinuti ckaaouux mooeni AP(p)
0ONOBHIOEMBCSL CKIIAOHUKOM K083H020 cepednbozo KC(q). Aneopumm 3anpononosano2o memooy mMicmums y
co0i sk cucmemy niHitiHuX pieHans muny FOna — Yoxepa ons eusnauenns p napamempis asmopeepecii, max i
000amKo8i  HeniHiuHl pieHsAHHSA Oas  [0enmugpixayii g napamempié K083H020 cepedHbo2o. Pobomy
anzopummy npooemMoHCmMpo8ano Ha npukiadip = 3, q = 3.

Knrouoei cnoea: uacosi psaou, mooensb asmopezpecii-ko83Ho20 cepedrbozo, memoouka FOna — Yoxepa,
HeniHiline donosHenHs memoouxu FOna — Yokepa.

IlocTanoBka 3aau4i i BUXiaHi nepexyMoBH
Ax Bimomo [1, 2], inentudixyBaru moaens AP(p), sika Mae BUTIISAT
=012 TPz 0 T T QpZ, T4y, (1)
1€ z, — LICHTPOBAHE 3HAYEHHS 4YacOBOTO PNy y MOMEHT 4acy f, a, —IMIIyJbC OLIOTO IIyMy 3
JWCTIEPCIEI0 &, 3TEHEPOBAHMI B TOW K€ MOMEHT 4acy f, MOJKHA, 3aCTOCOBYKOYHM METOJUKY
IOna — VYoxkepa, 3riqHo 3 SKOK YHMCIOB1 3HaueHHsA Koe(ilieHTIB perpecii ¢, i = I, 2, ..., p
3HAXOJATh 13 MAaTPUYHOTO PIBHSHHS
p=M"p, (2)

y sikoMy MaTpurs M ' € 06epHEHOI0 10 MaTpHIli M, a MaTpuili @, M, p MalOTh BUTIIS:

() 1 Pr1 P2 P "’pp—]_ P
2 P lp] P "'pp—Z P>

e=\os |, M=\p,plp,.p, 5|, P=|Ps| (3)
_qDP_ _pp—]pp—pr—3"’1 i _pp_

Haranaemo, mo B matpuusax (3) p,, i = 1, 2, ..., p — Ile aBTOKOPEJIALIl LEHTPOBAHOTO YaCOBOTO

psanly z,, sIKl pO3paxOBYIOTb 33 BUPa3OM
p =l i=12,p, )

y KoMy ¥;, i = 1, 2, ..., p — aBTOKOBapialii, 0 PO3paxoBYIOTh AJI IIEHTPOBAHOIO YaCOBOTO Py
Z, 3a BUpa3oM
1
N —i
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Ta BUKOPUCTOBYIOTb, OKPIM PO3B’S3aHHSI MaTpUYHOTO PIBHSAHHSA (2), 1 A7 0OYUCIEHHS qucnepcii
2 .
o, OLIoro mIyMy @, 3a BUPa3oM

62 =Y =G~ DYy =T PRV s (6)

y KU TaKOK MIACTaBISAIOTh PE3YAbTaTH PO3B’A3aHHSI MAaTPUYHOTO PIBHSIHHS (2).

Bupasu (1) — (6) 3a1a10Th BUXIJHI IEPEAYMOBH JUIsl IOCTABJIEHOT HAMU 3a]1a4l TOOYI0BU METOLY
inenTudiKanii Mozeni aBroperpecii-koBzHoro cepeanboro APKC(p,q) 3 10BUIBHUMHU 3HaYEHHSAMU
HOPSJKIB p, ¢, CTPYKTypa SIKOi AJIsl HEHTPOBAHOT'O YaCOBOTO Psly Z, MAa€ BUTIIA
-0, ,—...—0a (7)

=0zt 0z 5tz Tt —6a P

t-1

LUISXOM MOJAJIBIIOT0 PO3BUTKY MeTouku FOna — Yokepa.

Jlo 1uX mecTu mepeayMoB HEOOXIIHO JO0JIaTH IlI€ OJIHY — CbOMY IIE€pPEIyMOBY, SIka 3yMOBJICHA
BIJICYTHICTIO KOPEJSLii MK CYCIIHIMU IMITyJbcaMH OUIOro mymy i Moxe OyTH 3a/laHa BIIOMHUMH
Bupazamu [1, 2]:

o, ons (i =0),

0, s (i # 0). )

cov(z,a,_;)=

o, ona (i =k),

0, o (i # k). ®)

cov(z,_,a, ;)=

3aBepiuyoud BCTYI, a0 MIJKPECIUTH HETPUBIAIBHICTh 3alpONOHOBAHOTO HAMHU METOY
inentudikanii moneni APKC (p,g) 3a NOBUIBHUX 3Ha4eHb MOPSAAKIB p, ¢ HaBEIEMO LMTATYy 3i
cropinku 97 monorpadii Bokca i Jlxenkinca [3]: «SIk y Bunauxy $hikcoBaHOro o, TaK iy BUNAIKY

(biKcoBaHOTO Gf (0oHAKOBOrO 3a BU3HAYEHHSAM ), — ABTOPChKA peMapKa) ONTHMaJIbHUH BUOIp

NPU3BOJUTH JO JIE€AKUX BUIIAJKOBUX IIPOLECIB, MapaMeTpu SKUX € (QYHKIISIMH HEBLIOMHUX
OUHAMIYHUX napametpiB. Tomy Mu onuHsieMocs B A00pe BiOMIN mapaJoKCalbHIA CUTYyallii, KOJIH
MOKHa 310paTy Kpallli JaHl TUIbKH 3a YMOBH, 110 BX€ LIOCh BIIOMO PO BIANOBib, SKY IIYKAIOTh.
[TocnigoBHUI MOXiH, 3a SKOr0O MM  IOKpAllyeEMO PEXKHUM BIIMOBLAHO A0 OTPUMAaHHA HOBHUX
BIZIOMOCTEH PO MapaMeTpH, BIIKPUBAE MOXKIIUBOCTI, sIKI HOTPEOYIOTh MOJAIBIIOIO BUBYEHHSD).

Po3B’A3aHHA mocTaBJICHOI 3ada4i

Ha nepmomy eramni nobynoBu merony inentudikauii moaeni APKC(p,q) ta iioro anroputmy B
Mozeni (7) KOHKpPETU3yeEMO 3HAUEHHS IapaMeTpiB Ha TaKOMY pIBHI, Ha SIKOMY B)Ke€ MOXHa Oyze
poOUTH y3arajbHEHHS, aje SKl 1€ He MPU3BOJATh IO 3aHAATO IPOMI3JIKUX MaTEMaTUYHUX BUPA3iB.
OueBumHO, AKIIO 3amatu p = 1, ¢ = 1 abo p = 2, g = 2, m10 € XapakTepHuM st podotu [1], To
oTpuMaHoi iHopMmarlii s y3araibHeHHs Oyne HelnoCcTaTHbO, ToMy Hexail p = 3 1 g = 3. Toxi i3
Bupazy (7) mns APKC(3,3) matumemo:

Z, =0z, + 0z, ,+ @z, s +a,—6a, 0,4 ,-0.a, ;. (10)

JomHOXKyroun o0uzaBl wactuHM piBHAHHA (10) 1o wepsi Ha z,,z, |,Z, ,,Z, 3.2, 4,2, 5.2, ¢ »

yCepeIHIOIYN OTpUMaH1 JOOYTKHU 3a BUPa3oM Uil aBTOKoBapialii (5) 1 BpaxoByroun ymoBH (8), (9),
OTPUMAEMO TAKy CUCTEMY PIBHSIHB!
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Y0 =0 + 0272 + @373+ 04 —0i(9, —0))0, —0,(0, —6,)5; —0(p3 —65)c,

V1= P70 + 0211+ 9372 — 0,0, —0,(9, = 0))o; —03(p, —6,)a,

V2 =011+ 0270 + 037, — 0,0, —05(p, — 0o,

V3= QY2+ Py + 0370 — 0507, (11)
Ya =PV T@2V2 P37

Vs =P1Va TO2V3 0372,

Ve =P1Vs T P2Vs + 9573

AHanizyroud OTpuUMaHy cuctemy piBHsHb (11), Gaunmo, 110 3 il MepImMX YOTUPHOX PIBHSHb,
3acTocoByrouu 10 HUX Meroauky lOma — VYokepa, nerko Mo’kHa 3HAWTH BCl TpH HapaMeTpu
aBToperpecii. OueBUIHO, 10 B LIbOMY BHIIAJIKy MaTpHIll, 10 BUKOPUCTOBYIOTHCS B METOMIMIII
KOna — Yoxkepa, MaTuMyTh BUTJISIA:

? Vs V2 N V4
o=lo, |, M,=\vqy v 725 7=|7s5| (12)
(0 Vs Va4 V3 Ve

a aHaJIOTOM MaTPUYHOI0 po3B’s3KYy (2) Oyzne MaTpuUuHUN BHUpa3
-1
qD = My }/ 2
y sikomy M, ' — MaTpuns, obepHeHa 10 MaTpuLi M , » 3a1aH01 Bupasom (12).

A nmam gisstTumemo Tak. s KOXKHOTO 3 MepUIMX YOTUPbOX piBHSAHB cuctemu (11) 3Haiimemo
YHUCJIOB1 3HAYEHHS aJIre0paidHOT CyMU CKIIaJOBUX, Mo3HaYnMoO iX A, B, C, D, BUKOpHUCTOBYIOYH TaKi
BHpa3H:

Yo = @1V = PY2 — 373 = 4, (14)
V1= @1V —PY 1 — @37, = B, (15)
V2= @1 = @270 — 937, =C, (16)
Vs =@V =00 — 037, =D (17)
[TincraBnstoun Bupas (17) y uerBepre piBHsHHS cuctemu (11), 3Haiiaemo, 1o
o2 =-2. (18)
6;

a migcrasistoun Bupasu (14) — (16) 1 Bupas (18) y nepiui Tpu piBHsHHS cuctemu (11), matumemo
HOBY CUCTEMY PIBHSHb Y BUTJISIIL:

A0y = D(-1+0,(p, —6,) + 0,(p, = 0,) + 0;(5 — 03)),

BO; = D(0, +0,(¢, = 0,) + 05(p, - 60,)), (19)

CO; = D(0, + 05(p, — 6,)),
13 TPETHOT'O PIBHSAHHS K01 3HANJIEMO, 110

o, PO 20)
C-D(p,—-06))

[TincraBnsitoun Bupa3z (20) y mepuii aBa piBHSHHS cucteMu (19) Ta crpolilyroud, OTpUMaEMO
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HOBY CHCTEMY JIBOX PIBHSHB i3 1BOMa HeBigomumu ,, 0, , ika MaTUMe BUTIISL

{f](elaez) =0,

f2(9],92)=0, -

y SIKIH:

1(6,,6,) = 46,(C — D(p, - 6,)) - (C - D(¢, _91))2(_1"‘91(@1 —60,)+6,(p,—6,))— (22)
—D0,(p;(C—-D(p, - 6,))—D6,),

/2(6,,6,) = B0, —(C—D(p, —0,))(6, +0,(¢, —6,)) — D6, (9, - 6,). (23)
OTxe, IpyruM €TaroM 3alpOIOHOBAaHOTO MeToAy iAeHTH(iKalili Oyae BU3HAYEHHS YHUCIOBHUX

3HaueHb 0, , 0, mapamerpis 0, 6, KOB3HOIO CEPEIHBOTO MOJIEII.

OCKUIbKM PIBHSIHHS, 110 BXOJATh y cucTeMy (21), € HemiHIMHUMH, TO A pO3B’sA3aHHS i€l
CHUCTEMHU HEJIHIMHUX PIBHSAHb 3aCTOCYEMO OJIMH 13 HAOMMKEHUX METOJMIB. SIKIIO, HAMPUKIA, TS
pO3B’si3aHHS I1i€l CUCTEMHU MU 3acTocyemMo Meton Herotona [4], TO, 3HAIOYM n-HAOIMHKEHHS
napametpiB 6,, 0, , ixae (n+1)-HabnKeHHS 3HAKAEMO 33 JOMOMOTOI0 PEKYPEHTHUX BUPA3iB:

Mo, () Mo, (m)

O1nsn =0y + s Oy = O+ , n=0,1,2,.., (24)
(n+1) (n) Afelez(n) (n+1) (n) Afelez(n)
Y SKUX:
0, By Os)) U1 (0,505
M = 00, 0, 25)
0 Buins Oan) O (BB
0, 0,
af‘(en’grz) af‘(en’grz)
_ﬁ(gl(n)’QZ(n))% %‘f](@m’%m)
Af n = ? > Af n = : (26)
e o PG| (06000
_fz( 1(n)> 2(n))T T‘fz( 1(n)> 2(n))
2 1

ITepamiitauii mporec 3ymUHSEMO TICHS TOTO, SK BIJHOCHA MOXMOKA YE€pProBOTO HAOJIMKEHHS
CTaHEe MEHIIOIO ii 3aJaHOTO anpiopi 3HAYEHHS O , TOOTO KOJI

92(n+]) -0

GO B e s @)

Hl(n) 92(;1)
Ti uncnoBi 3HaYeHHS mapaMeTpiB 6, 0,, sAKi 3a10BOJBHAIOTH HEPIBHICTH (27), 1 mpuiiMaemo 3a
NIMCHI 3HaUEHHs LIUX [apaMeTpiB, 3Hai/IeH1 B pe3ysbTaTi po3B’si3aHHs 3a1a4il ijeHTudikanii. ToOTo
MIPUHAMAEMO, 110

9]* = 9](}1), 9* = 92(}1) . (28)

A Ha 3aKJIIIOYHOMY TPEThOMY €Talll PO3B’sI3aHHS TMOCTAaBJICHOI 3adadil iIeHTU]IKAI] MOTPIOHO
BHKOHATH JIMIIE JBI [, a caMe — CIOYaTKy MiJCTAaHOBKOIO BHUpa3iB (28) y cmiBBigHOIIEHHS (20)
HEOOXIIHO BU3HAYUTH YMCIIOBE 3HAUCHHs 6, TpeThoro HeBimomoro napamerpy mozaeni APKC(3,3),
a TOTIM MMJICTAaHOBKOIO IIhOTO, Y)K€ 3HAWIEHOTr0, 3HAYEHHS TPEThOTO mapameTpy y Bupa3z (18)
BU3HAYNTH YHMCJIOBE 3HAYEHHsS OHUCHeEpcii o OUIOro mymy a,, IMITyIbCH SIKOTO, 3T€HEpPOBaHi

CTaH/IAPTHOIO KOMIT'IOTEPHOIO TPOrpaMol0 3a 3aJaHOr0 3HAueHHs JucHepcii, HeoOXIAHO
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«IAMINIYBAaTU» 10 yacoBoro psay (10) Tak, sk TOro BUMarae CTpykTypa Ii€i MoJIeni.

Jlerko momiTUTH, 110 ISl OTPUMAHHS PO3PAaXyHKOBUX BHpPA3iB 3aIPOIIOHOBAHOTO METOIY JUIS
3HaYeHb MOPSJIKIB p 1 ¢, MEHIINM 3a TPHU, HEOOXIIHO B CHUHTE30BAaHMX HaMHU BHpa3ax NMPUPIBHITH
HYJIIO T1 IapaMeTpH, sIkux BuOpaHa Hamu Outbil rpocta Mozaenbs APKC(p,q) y cBoiii CTpyKTypi He
Mmae. Hanpuknan, sxio p = 3, ¢ = 2, To 3aMicTh CUCTEMH PiBHSAHD (11) MaTuMeMoO cucTeMy piBHSHb

Yo =071 0272 + 0373 "'05 —0,(p _91)05 —0,(, _92)@3’

V1=01Y0 TO2Y T Q372 _9105 —0,(p, _91)05,

V2 = Q1 T30 + 937, — 0,0, (29)
V3=Q1V2 071 @370,

Ya=Q1V3 @), + @374,

Vs =Q1V4+0r)3 0375,

a 3amicTh MaTpulb M,y y Burisii (12) Oynemo mMatu iX y BUTIIsL

Y271 7o 73
M,=lys 72 1| V=|Val (30)
Ya V3 72 7s
3amicTb Bupasy (18) maTumemo
oi=-<, (1)
92

a 3aMICTh cucTeMH piBHAHB (19) OynemMo Matu cuctemy piBHSHb

{Agz =C(-1+6,(p, = 6)) +0,(p, - 0,)), (32)
B0, = C(6, +0,(p, - 6,)),
3 JIpyroro piBHSHHSA K01, 3aMICTh Bupasy (20), MaTumMeMo
0, = C—H‘ (33)
B- C(@] - 91)
3aMicTh CUCTEMU HENHIMHUX PIBHAHD (21) OyzneMo MaTH JiMlIe OJJHE HeJlIHIMHE PIBHSHHS
f1(6,)=0, (34)
y AKOMY
£1(6) = 46,(B~C(p = 0) = (=1+6,(0, ~0))(B~Clg, - 6)))° - a5)

0,(p,(B—C(g, —06,)) - CO)).

VY upoMy BUINAAKY, 3aMICTh IIPOLIEAYPH, 3aaH01 Bupa3amu (24) — (26), po3B’s30K piBHAHHS (34)
3HaXOJAUTUMEMO 3a BUPa30M

S1(Gyy)
O)n+1y = On) A

do,

VY3aranbHeHHs 3anponoHoBaHoro Meroay Ha mogneni APKC(p,q) 3a 3HaueHb MOpPSAKIB p, ¢,
OUIBIIMX 32 TPHU, Ta AJITOPUTM ONTUMI3aLIl CTPYKTYpH MoJeni OyayTh 3alpoOIllOHOBaHI HaMu B
HACTYIHIM cTaTTi. A Ha 3aBepIIEHHS II€] CTaTTi IPOIIOHYEMO 3BEPHYTH yBary Ha Te, 110, Ha BIAMIHY
Bin anroputmy ineHtudikamii moaeni APKC(p,q) 3a meroaukoro, BUKIIageHOIO B pooOoTi [1], me 1
napaMeTpud  perpecii 1 mapamMeTpu  KOB3HOIO  CEpPEIHbOrO  IMPOMOHYIOTh  BH3HAYATH,

n=0,1,2,.. (36)
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BUKOPUCTOBYIOUHM OJIHI M Ti K 3HAUEHHS aBTOKOBapialliil Ta 3aCTOCOBYIOUM MPOLEIYPY MIHIMI3aLil
CyMH KBaJpaTiB BIAXWICHB JJIs MONIYKY OIIIHOK IMapaMeTpiB KOB3HOTO CEPEAHBOTO 32 BU3HAYECHUX
MONEPETHHO 3a TUMU K 3HaYEHHSIMH aBTOKOBapiamiid 3a Meroaukoro KOna — Yokepa napamerpamu
aBTOperpecii, y HalmIoMy MeETOAl, IMO-Tepule, IapaMeTpu aBTOpPErpecii po3paxoBYIOTh 13
BUKOPUCTaHHSIM OJHOro Ha0Opy aBTOKOBapialiifi, a mapaMeTpu KOB3HOI'O CEpPEeIHbOIO
pO3paxoBylOTh 13 BUKOPHUCTAHHSM IHIIOrO HAOOpy aBTOKOBapialidi, 110  BIANOBIIAE
KIOEpHETUYHOMY MPUHLUITY BUKOPUCTAHHS «CBDKHMX TOYOK» 3a PO3LIMPEHHS HaOOpy mapameTpis,
OL[IHKM $KUX 3HAaXoAdThb, a IMO-JApyre, /s BHU3HAUECHHS I[apaMeTpiB KOB3HOI'O CEPEeTHbOTO
3aCTOCOBYIOTH TIPSIMY TMPOIEAYPY, SKa HE BHMAara€ IMOHOBJEHHS MPOIEAypU MIHIMI3alli CyMH
KBaJIpaTiB BUIXWJIEHb i Yac NEpexXo]y N0 IHUIMX 3HAaYeHb MOPSAJKIB aBTOPErpecii Ta KOB3HOIO
CEpPEIHBOTO.

BucHoBxku

1. 3arponoHoBaHO MeTOJ 1eHTU(IKaLIl Moienl aBToperpecii-koB3Horo cepennboro APKC(p,q)
13 JIOBUIbHUMH 3HAYEHHSIMH TMOPSAKIB p, ¢, sSkui metonuky lOma — Yokepa, po3polieny ans
imentudikamii Momeni aBtoperpecii AP(p), y3aranpHIOE Ha BUMAIOK, KOJHM aBTOPErpeciiHUiA
ckiaaHuK MoJeii AP(p) 10MOBHIOEThCS CKIIQAHUKOM KOB3HOTO cepennboro KC(g).

2. Jlna peamizanii alrOpuTMy 3alpoONOHOBAHOTO METOJY HEOOXiZHO Ha TMEepHIoMYy eTari
pO3B’s3yBaTH cUCTeMYy JIIHIMHUX piBHAHb TNy lOma — Yokepa nis BU3Ha4YeHHsS p HapaMeTpiB
aBTOperpecii 3 BUKOPUCTAHHSIM OJHOTO Habopy aBTOKOBapialliil, Ha Jpyromy erari po3B’si3yBaTu
CUCTEMY JIOJIaTKOBUX HENIHIMHMX pIBHAHb Ui iAeHTU(dikauii ¢—1 mnapaMeTpiB KOB3HOTO
CEpEeHbOr0 3 BUKOPUCTAHHSAM IHIIOIO0 HaOOpy aBTOKOBapialliil, a Ha TPETbOMY eTarll 3A1HCHIOBaTH
(dbopMylibHE JIOBHM3HAUYEHHS OCTAaHHBOTO I1apaMeTpy KOB3HOTO CEpeJHbOr0 Ta JOBH3HAYATU
3HaYeHHs Jucnepcii Ouloro mymy, KoTpuil HeoOxigHo «minMminryBaTu» 10 moaeni APKC(p,q) ms
3a0e3neyeHHs 1i aIeKBaTHOCTI peaJbHOMY 4aCOBOMY Psiay.
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INFORMATIONAL TECHNOLOGIES AND COMPUTER ENGINEERING

O. B. Mokin, Dr. Sc. (Eng.), Prof.; V. B. Mokin, Dr. Sc. (Eng.), Prof.;
B. I. Mokin, Acad. NAPSU, Dr. Sc. (Eng.), Prof.

METHOD OF IDENTIFICATION OF AUTOREGRESSION-SLIDING MEAN
(ARSM) MODEL (P,Q) WITH RANDOM VALUES OF P, Q, ORDERS
THAT GENERALIZES YULE-WORKER TECHNIQUE

Method of identification of autoregression sliding mean (ARSM) (p,q) model with random values of
p.q,orders, that generalizes Yule-Worker technique, developed for identification of the model of
autoregression AP(p), in case, when autoregressive component of AP(p) model is complemented with the
component of sliding mean SM(q, is suggested). Algorithm of the suggested method contains both the system
of linear equations of Yule-Worker type for determination of p parameters of autoregression and additional
non-linear equations for identification of q parameters of sliding mean. Operation of the algorithm was
demonstrated on the example p = 3, g = 3.

Key words: time series, model of autoregression-sliding mean, Yule-Worker technique, non-linear
complement of Yule-Worker technique.

Problem set-up and initial preconditions
As it is known [1, 2], it is possible to identify model AP(p), that has the form
=P 2 TPz 0 T T @z, T4y, (1)
where z, —centered value of time series at the moment of time # a, —white noise pulse with

dispersion o, generated at the same moment of time ¢, applying Yule-Worker technique, according

to which, numerical values of regression coefficients ¢,, i = I, 2, ..., p, are determined from matrix

equation
p=M"p, (2)
where matrix M ~'is inverse to matrix M, and matrices ¢, M, p have the form:
—q[)] ) _1 P1 P2 P "’pp—]_ _p] ]
2 P lp] P "'pp—Z Jo
=05 |, M=\p,plpi.p,5|5 P=|Ps|- 3)
_qDP_ _pp—]pp—pr—3"’1 i _pp_
It should be noted, that in matrices (3) P i,i=1,2, ..., p— these are autocorrelations of the

centered time series z,, determined from the expression

=L ic12,p, @
Yo

where ¥;, i = 1, 2, ..., p — autocovariations, determined for centered time series z, by the expression

1 & .
}/i = ZZIZH_I. . 1 = 1, 2, ...,p (5)

N_l t=1
and are used, besides the solution of matrix equation (2), also for determination of o dispersion

of white noise a, by the expression
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62 =Y~ O1 —PYy =PV s (6)

where the results of the solution of matrix equation (2) are substituted.

Expressions (1) — (6) assign initial preconditions for the problem of creation of identification
method of the model of autoregression-sliding mean ARSM(p,q) with random values of p, g, orders
structure of which for centered time series z, has the form

Z, =0z, H 0z, 5+t @z, +a, -6a,,—0a,,—..—0 a,_,, (7)

t-1

by means of further development of Yule-Worker technique.

To these six preconditions we should add one more — the seventh precondition, that is stipulated
by the lack of correlation between neibouring pulses of white noise and can be set by the known
expressions [1, 2]:

B o, for (i=0),
cov(z,a,) = {0, for (i £ 0). ®
B o, for (i=k),
COV(E4d1) = {0, for (i 2 ). )

Completing the introduction, to underline non-triviality of the method of ARSM (p,g) model
identification at random values of p, g orders, suggested by us, we will quote the following passage
from page 97 of Box and Jankins monograph [3]: «As in case of fixed o, and in case of fixed Gf

(equal by definition y, — authors remark) optimal choice leads to certain random processes,

parameters of which are the functions of unknown dynamic parameters.That is why, we find
ourselves in well known paradoxical situation when the best data can be collected only under
condition that something is known about the answer, we are looking for. Consecutive approach,
when we improve the mode, obtaining new information regarding the parameters, opens the
possibilities, deserving further study» .

Solution of the set problem

At the first stage of creation of the method of ARSM (p,q) model identification and its algorithm
in the model (7) we specify the values of parameters at the level when it will be possible to make
generalizations but which do not lead to rather cumbersome mathematical expressions. It is obvious
that if weset p=1,g=1orp=2, g =2, that is characteristic for [1], then the obtained information
will not be sufficient for generalization, that is why let p = 3 and ¢ = 3. Then from the expression (7)
for ARSM (3,3) we will have:

Z, =0z, + 0z, ,+ @z, s +a,—6a, 0,4 ,-0.a, ;. (10)

Multiplying both parts of the equation (10) by turn into z,,z, .z, ,,z, 3,2, 4,2, 5,2, ¢, averaging

the obtained products using the expression for autocovariation (5) and taking into account
conditions (8), (9), we obtain the following system of equations:

Haykosi npaui BHTY, 2014, Ne 2 2



INFORMATIONAL TECHNOLOGIES AND COMPUTER ENGINEERING

Y0 =0 + 0272 + @373+ 04 —0i(9, —0))0, —0,(0, —6,)5; —0(p3 —65)c,

V1= P70 + 0211+ 9372 — 0,0, —0,(9, = 0))o; —03(p, —6,)a,

V2 =011+ 0270 + 037, — 0,0, —05(p, — 0o,

V3= QY2+ Py + 0370 — 0507, (11)
Ya =PV T@2V2 P37

Vs =P1Va TO2V3 0372,

Ve =P1Vs T P2Vs + 9573

Analyzing the obtained system of equations (11), we see that from the first four equations,
applying Yule-Worker technique it is easy to obtain all three parameters of autoregression. It is
obvious, that in this case, matrices, used in Yule-Worker technique, will have the form:

? Vs V2 N V4
o=lo, |, M,=\vqy v 725 7=|7s5| (12)
(0 Vs Va4 V3 Ve

and analog of matrix solution (2) will be matrix expression
p=My, (13)

where M, ' — matrix, inverse to matrix M , » set by the expression (12).

Further we will proceed in the following manner. For each of the first four equations of the
system (11), we will find numerical values of algebraic sum of the components — we will denote them
by A, B, C, D, using such expressions:

Yo = P17 — P2V —@3Y3 =4, (14)
V1= @Yo~ P2V — Q372 =B, (15)
V2= @1 — @Yo — 0371 =C, (16)
Vs =@~ 00 — @Y =D. (17)
Substituting the expression (17) in the fourth equation of the system (11), we will find that
ol = b (18)
0;

and substituting expressions (14)—(16) and expression (18) in the first three equations of the system
(11), we obtain new system of equations in the form:

A0y =D(-1+6,(p, —0,)+ 0,(9, - 0,) +05(¢; — 03)),

BO; = D(6, +0,(¢, - 6,) + 05(p, - 0,)), (19)

CO; =D(0, +0;(p, - 6y)),
from the third equation of this system, we will find that

93 = D—HZ (20)
C—-D(p,—-6))

Substituting the expression (20) in the first two equations of the system (19) and, simplifying, we
obtain new system of two equations with two unknowns 6,, 6,, having the form:
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{J’](Q],Qz):o, (21)
f2(9],92) =0,
where:

1(6,,6,) = 46,(C — D(p, - 6,)) - (C — D(¢, _91))2(_1"‘91(@1 —60,)+6,(p,—6,))— (22)

— D6, (¢;(C—-D(¢, - 6,))—D0,),

f2(6,,0,) = BO, —(C = D(p, = 6,))(0, +6,(¢, —6,)) — D6, (9, — 0,). (23)
Thus, the second stage of the suggested method of identification will be the determination of
numerical values of 6,, 6, , 6,, 0, parameters, sliding mean of the model.

Due to the fact that equations, the system (21) consists of, are non-linear, for the solution of this
system of non-linear equations we will apply one of successive approximation methods. If, for
example, for the solution of this system we apply Neuton method [4], then, knowing n-
approximation of 0,, 0, parameters, their (n+/)-approximation, we will find by means of recurrent

relations:
A A
amﬂ)zamfw;&iﬂa @MH)zgwfb;&ﬁiu n=0,1,2,.., (24)
Afelez(n) Afelez(n)
where:
(0,0, 02n)) 1 (6> 05))
Af B 00, 00, (25)
OBy Orn) A BBy |
00, 00,
(6,5 05)) (6,5 05))
Af B _fl(el(n)’gz(n))a—gz Af B a—el_f](gl(n)’gz(n)) (26)
B A vy | I o A (Y. V) PN
_fz( 1(n)> 2(n))6—92 6—9]_f2( 1(n)> 2(n))

Iteration process is stopped when relative error of the next approximation becomes smaller than
its a priori assigned value 6 , i. e., when

9](n+]) -6

1(n)
Hl(n)

92(n+]) -0

2(n)
92(n)

<s, <5. (27)

Those numerical values of 6,, 0, parameters of which satisfy the inequality (27) and which we
take as real values of these parameters, are found as a result of identification problem solution. That
1S, we assume that

91* = 91(}1)’ 92* = 92(}1)' (28)

At the final, third stage of identification problem solution it is necessary to perform only two
actions, namely — first by means of substitution of the expressions (28) into relation (20), it is
necessary to determine numerical value 6; of the third unknown parameter of ARSM(3,3), model
and then substituting this already found value of the third parameter in the expression (18) determine
numerical value of o dispersion of white noise a,, pulses of which are generated by standard
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computer program at the set value of the dispersion, it is necessary to add into time series (10) as
this requires the structure of this model.

It is easy to see, that for obtaining calculated expressions of the suggested method for values of p
and g orders less than three, it is necessary, in the expressions synthesized by us, to equate to zero
those parameters, simpler ARSM(p,q) model, chosen by us, does not contain in its structure. For
instance, if p = 3, ¢ = 2, then instead of the system of equations (11), we will have the system of
equations

Yo = QY1+ P72 + 0375 + 0, — 0@ — ), —0,(9, - 0,)0,

V1= 0170 + 0201 + 037, — 0,0, —0y(p, —0)0,

V2 = Q1+ 0200 + 937, — 0,0, (29)
V3 =@ T 0¥ P37

Ve =P1V3 T 02)2 T 03715

Vs =P1Ya T O2V3 T @372,

and instead of matrices M,y in the form (12) we will have them in the form

Y2 1 7o 73
M,=\ys v2 7|, Y=Vl (30)
Y4 V3 72 Vs
Instead of the expression (18) we will have
ot=t G1)
6,

And instead of the system of equations (19) we will have the system of equations

{Agz =C(-1+6,(p, = 6)) +0,(p, - 0,)), (32)
BO, =C(6, +0,(p, - 6))),
From the second equation, that instead of the expression (20) we will have
0, = C—H‘ (33)
B- C(@] - 91)
Instead of the system of non-linear equations (21) we will have only one non-linear equation
f1(6,)=0, (34)
where
£1(6) = 46,(B~C(g, = 6)) ~ (~1+6,(¢, ~6,))(B - C(p; ~6,))" - a5)

0,(p,(B—C(p, —06,)) - CO)).

In this case, instead of the procedure, set by the expressions (24)—(26), we will search the solution
of the equation (34) using the expression

S16y))
0 =0~ A >
I(n+1) 1(n) dﬁ(gl(n))
do,
Generalization of the suggested method on the model of ARSM(p,q) at values of orders p, ¢

greater than three and algorithm of model structure optimization we will present in the next paper.
And in the conclusion of this paper we suggest to draw your attention to the fact, that unlike

n=0,1,2,.. (36)
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algorithm of model ARSM(p,q) optimization, using the technique, described in [1], where both the
regression parameters and sliding mean parameters are suggested to define, using the same values of
autocovariations and applying the procedure of deviations squares sum minimization for the search
of sliding mean parameters values, at determined earlier at the same parameters of autocovariations,
using Yule-Worker technique, autoregression parameters, in our method, first, parameters of
autoregression are calculated, using one set of autocovariations, and parameters of sliding mean are
calculated, using another set of autocovariations, that corresponds to cybernetic principle of using
«fresh points» while expansion of parameters set, estimations of which are searched, secondly, for
determination of sliding mean parameters, direct procedure is used, that does not require restoration
of the procedure of deviations square sum minimization while transfer to other values of
autoregression and sliding mean orders.

Conclusions

1.Method of identification of autoregression sliding mean ARSM(p,q) model with random value
of p, g, orders is suggested, the given method generalizes Yyle-Worker technique, developed for
identification of autoregression AP(p) model, in case when autoregression component of AR(p)
model, is complemented with sliding mean SM(g) component.

2. For realization of the algorithm of the suggested method, it is necessary at the first stage to
solve the system of linear equations of Yule-Worker type for determination of p parameters of
autoregression using one set of autocavariations, at the second stage the system of additional non-
linear equations for identification of g—1 parameters of sliding mean, using the second set of
autocovatiations must be solved, at the third stage formula definition of the last parameter of sliding
mean should be performed and value of white noise dispersion that must be added to ARSM(p,q)
model to provide its adequacy to real time series should be determined.

REFERENCES

1. Bokc JIxx. Ananu3 BpeMeHHBIX psiioB. [Ipornos u ynpasnenue. Boi. 1/ JIx. boke, I'. xenkunc. — M.: Mup,
1974. — 408 c.

2. . bokc JIxx. AHanu3 BpeMeHHBIX psijioB. [Iporros u ympasnenue. Bein. 2 / JIxk. boke, I'. [lxxenkunc. — M.: Mup,
1974. - 197 c.

3. Mokin Bb. I. Marematnyni meromu ifeHTudikarii auHamivyamx cucteM / b, 1. Mokin, B. B. Mokin,
O. B. Mokin. — Bigauig: BHTY, 2010. — 260 c.

4. Yucnennsie Metons! / [[lanmnmuua H. U., JIyopoeckas H. C., Kpama O. I1., u ap.]. — M.: Beiciias mkona,
1976. — 368 c.

Mokin Oleksandr — Doctor of Science (Eng), Professor, Head of the Chair of Renewable Power and
Transport Electric Systems and Complexes (RETESC), e-mail: abmokin@gmail.com.

Mokin Vitaliy — Doctor of Science (Eng), Professor, Head of the Chair of Computer Ecological and
Economic Monitoring and Engineering Graphics (CEEMEG).

Mokin Borys — Academician of NAPSU, Doctor of Science (Eng), Professor, Department of Renewable
Power and Transport Electric Systems and Complexes.
Vinnytsia National Technical University.

Haykosi npaui BHTY, 2014, Ne 2 6



	11
	11

