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CTpyKTypa cTOXaCTHYE€CKOr0 ONTUMH3ATOPA

Kamunaun B. M., Ceuctynos C.T., SIxosnes B. B.
[eTepOyprckuii ToCyIapCTBEHHBI YHUBEPCUTET
myTeit coobmmenus Mmmepartopa Anekcanmpa I
Canxkr-IlerepOypr, Poccus
science@vadimkalinin.ru, ssg47@mail.ru, jakovlev@pgups.ru

Annomayus. B coBpeMeHHOM MHUpe HIHPOKO MPUMEHSIIOTCS
3J1eKTPOHHO-BBIYHCINTEIbHBIE YcTpoiicTBa. [Ipu 3TOM BaKHBIM
¢akTopoM ABIAETCH UX MPOU3BOAUTEIbHOCTD, T.€. 32 eAHHHUILY
BpeMeHH [10JIZKHO BBINOJHATHCSA 00JIbllIee KOJIMYeCTBO OIlepaLMii.
Ho Tpynoémkue onepauum, HanpuMep, yMHOKeHHe, 1ejleHue, BO3-
Be/JleHHe B CTeNeHb 3aHUMAIOT MHOTO BpeMeHH. JIJ1sl MX BBINOJI-
HEHHSI MOKHO MCII0JIb30BATh CTOXACTHYECKHE BLIYHCIUTEIbLHbIE
yeTpoiicTBa. B cTaTbe onucana cTPyKTYpa CTOXaCTHY€CKOI0 ONTH-
MH3aTOpa, 1aHO ero cxeMaTu4yHoe u3odpa:xenue. Paccmorpen aJj-
rOpUTM PadoThl CTOXACTUYECKOI0 BHIYUCIUTEIbHOI0 YCTPOHCTBA
JJISl pelieHus] 3aJa4U cToXacTuyeckoii onrtumusanuu. [IpuBesen
aHaJu3 ObICTPOEHCTBHS CTOXaCTHYECKOI0 ONTHMU3ATOpa, Npea-
CTaBJIeHA 3aBUCUMOCTb OBICTPOJEHCTBHS OT TPedyeMoii TOUHOCTH
BbIYUCJEHUI U OT pa3MepPHOCTH MPOCTPAHCTBA.

Kniouesvie cnoea: cToxacTHIECKHIl ONITHMHU3ATOP, CTOXaCTHYe-
CKOe BBIYMCJIUTEIbHOE YCTPOICTBO, JHHeliHbI nMpeodpa3oBare/ib
«KOJ1 — BePOSITHOCTB», NOC/IeI0BaTe/IbHOE apU(PMEeTHKO-10THYecKoe
YCTPOHCTBO, CyMMATOP € IPYNIOBBIM IEPEHOCOM.

BBEJIEHUE

B u3MepuTenbHOM TEXHUKE, paauoJIOKAUH, THIPOaKyCTH-
K€ 4acTo TpedyeTcsl pelnTh ONTHMH3ALHMOHHYIO 3a71a4dy 110
oIpeneneHuro 3kcTpeMyMa GyHkunu perpeccun. [lox Merogom
ONTUMHU3ALMH IOHUMAIOT CIIOCO0, KOTOPBIHA MoMoraeT HaiiTu
MUHUMYM HJIM MakcUMyM (QyHKIUH perpeccur. Ha mpakrtuke
IPY M3MEPEHUHU [TAPaMETPOB CUTHAIOB HEOOXOIMMO yUHTHIBATh
BO3JCUCTBUE CIIyYailHBIX IIOMEX, KOTOPbIE HAKNIAABIBAIOTCS Ha
(byHKIHMIO, TO3TOMY I10J1 BO3CHCTBHEM ITOMEX U3BECTHA HE cama
GbyHKIMs, 2 HeKOTOpasi PyHKIUS WK €€ TPaUeHTHI.

Heo0xoa1mMo 0TMETHTb, YTO COBPEMEHHBIE BBIYNCIHTEIbHBIE
YCTPOWCTBA SIBIISIOTCS] BBICOKOIIPOU3BOIUTEILHBIMH, O/IHAKO Ta-
Kue apu(hMeTHIECKUE OIepalny, Kak yMHOXEHHE, JIeJICHHE, BO3-
Be/ICHHE B CTETICHD JI0CTaTOYHO TPYTOEMKHU U 3aHUMAIOT MHOTO
BpeMeHH. Vcrionbp30BaHne CTOXaCTHYECKOTO ONITUMU3aTopa Ho-
3BOJISCT MX UCKIIFOYUTh, 3aMEHHB Ha 0oJiee MPOCThIe, TAKHE KakK
CJIBUT, CIIOXKECHHE M BbIYMTaHUE. [1aBHAs LeJIb UCTIOIb30BaHHs
CTOXACTHYECKOT'O ONITHMH3aTOpa — COKpAIlleHue BpEeMeH! pado-
THI QJITOPUTMA Ha KaXKIOW UTEpalny, YTO JOJDKHO YMEHBLINTD
obIee BpeMs pean3aliy aaropurMa.

CTPYKTYPA BBIYMCIIUTEJBHOIO YCTPONMCTBA

Teopema 1. ITyctb f(x) — BbImyKI1asi (BO3MOXKHO, HEIVIAIKas )
(GyHKUMS, 3a1aHHasl Ha BBITYKJIOM KOMIIAKTHOM MHO)KE€CTBE
X < R". ®yHKuus yaoBIeTBOPAET yCaoBuro Jlummmua Ha X.

Ecnu Beinonusercs:

max ||x - y" =,
x,yeX

<c=2'nmn. leZ, k=1,...,n,

&k

ME = f(x"),
F(x) edf(x*),6, =y — F(x*),
&

a’ eU[0,c],8 >0,

vy = csign(&u, (& |—a)k =1,...,n,

TO C BEPOSATHOCTHIO 1 BCe MpeseNbHbIe TOUKH HOCIe[0BaTelb-
HocTH {x"}, 3a/1aBaeMble COOTHOIICHUAMHU

ent(ry)

7),s=0,1,...,

s+l s
T =n,(x =2

Fo = min{qo,rs _<ys+l’Axs+1>_62ent(rs)},
90 > 0’ = 0’ Axs+1 — xs+l — ,

* * * .
npuHAIIeKaT MHOKECTBY X ={x € X : f(x )=min f(y)}
yeX

[1], roe:

& — croxactnueckuit kBazurpaauent (CKID);

S — HOMEp UTepalny;

¢ — TNana3oH YKCeN B PETUCTPE;

M — MaTeMaTH4eCKOE OKUIaHHE;

fk (x*) — 0600 LICHHBII TPaHEHT;

u, (t)= {l’t >0 _ ¢dbyuknus Xepucaiina;
0,6<0

T, — IPOCKIMA TOYKH Ha MHOXKCCTBO.

Ha ocHoBaHUU TeopeMsl | ompenensieTcss anropuTM padoTHI
CtBY s pemennst 3aqa9u CTOXaCTHYSCKOW ONTHMH3AINH, B
ANTOpHUTME, TIPeTHA3HAYCHHOM UTS allllapaTypHOH peatn3anni,
JIOJDKHA OBITH MPEAYCMOTPEHA BOSMOKHOCTD MapajuIeIbHOTO
BBITIOJTHEHUS OTACTBHBIX OTEpAIid B KOKI0M OJIOKE anropuTMa
(cm. puc. 1).

B Giioke 1 3amar0Tcst HavabHBIC 3HAYEHUS BEIMYUH:

eltne 2’ =c> |& mu,

*p,TaC 6 = 2> 0;

* [a,, b,] — TpanuLBl 0OTACTH 1N X

* q,— OTPaHMYEHNE Ha CTENEHb MIArOBOrO MHOYKHTEJIS, O0bIY-
HO g, = 2;

* 7, — Ha4aJbHOE 3HAYEHWE CTETIEHH IIar0BOTO MHOXKHTEIA,
00br4HO 1, = 0;

* x* — HauanpHAasE KOOP/IMHATA,;

* g — YCIIOBHE OKOHYAHUS CUETa;

* G, — cpeHsAs BENMIMHA MOMYIIS CABHIa, HAYallbHOE 3HA-
uenne G, = 10g;

* AG, — mpupallieHne MoJyNs CABHIa, 0ObIMHO HavyaubHOe
snauenue AG, = 0;

* Y, — 3Ha4YEHHE Ha BBIXOJIE JIMHEHHOTO MpeobpasoBares
«xof — BepoaTHOCTh» (JIITKB) [2], HavanbHoe 3Hauenue y,” = 0;

Hnmennekmyanvhovle mexnonozuu na mpaucnopme. 2017. Ne 3 5
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L
( Ha4ano \
\

1 - 4

gpla,;n:Sxtk=1,n
a,;b ;G AG, v, Ab, =x| —b,;Aa, =a, — x|

l
2 h 4

d=202""0 8 =8 1 =7, ;AG, = AG, 27"
xit=xr =2y oAb = Ab, =27y

Aa, =Aa, +2“" Py k=Ln a';

s+1 s+1y, . . s+1 s+1 5.
‘ ET(x T hAr = —dir =1 —di AT = x0T - x5G, =G+ AG,

v =2'sign(& M u, (67— a")

_Gk;

=1

n n
s+l ., _ s+l FEE SR I _ s+l
K, =71 - Z ,( k yk)’ Ar = Ar— (Axk yk)’ Xp =X s AGk - |Ax-’(
k=1 k=

X ;

14 15

v =rr+l< m @ ‘ ,,;<_2 o ﬂ;f; —=ypyr—2
HET

A 4

Puc. 1. Anropurm padotst CTBY st peruenust 3a1a41 CTOXaCTHUECKON ONTHMH3ALMU

* § — o0IIee KOIM4eCcTBO UTCPAIIHIA; * T0OABKH K CTEIICHHU IIIara UTepaI d,
*Ab, =x,-b,Aa, = a,~ x, — OTKIIOHEHHE X OT TPAHHIIBI * HOBOE 3HAYCHUE KOOPIUHATHI X**;
obnactu X. * HOBOE 3Ha49eHue MOy casura AG,;
B G1oxe 2 BEIMHCISAIOTCS 3HAYCHUS: * U3 COICPKIMOT0 CICTYHKA YHCIIa UTePAIHid S BerauTaercs 1;
* CiTydaitHOM BeNUYUHBI 01!, pABHOMEPHO pacrpe/ieieHHOM * BEIIMYMHA OTKJIOHEHHS KoopauHat (Aa u Ab) OoT rpaHUIIBI
B nuamnasose [0, c]; obmactu X;

Hnmennekmyanvhovle mexnonozuu na mpaucnopme. 2017. Ne 3
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* 3aIIOMMHACTCS TEKYIEE 3HAYCHUE 7.

B Onokax 3, 4, 6, 7 onpenensercs: MpoeKius Touku x*'! Ha
obnacts s X.

B Gioke 5 mpoBepseTCsl YCIOBHE OKOHYAHUS BEIYUCICHHH.

B Gnoke 8 orpenensoTcs BeIUYUHbL:

RS{Cat

* pUpanieHus: KoopauHat Ax**!;

* [IpUpAICHNE [1ara CTerneHn Ay ¥ HOBOE 3Ha4E€HHE CTCIICHH
I1ara UTEPAINH 7, HOBOE 3HAYEHUE CPEMHETO MOy capura G, .

B 6noke 9 Bemonmsercs JINKB n onpenensercs 3Ha4eHNE v,

B 6moxe 10 BEIYHCISIOTCS BETWIHHEL:

* CTETEHb LIara NTEPaIyHy 7' ;

* [IpUpaIlleHNE CTEIICHN 1I1ara urepanuu Ar;

* HOBOE 3HAUYCHUE X°;

* HOBOE 3HA4YEHUE NMPUPALIECHUS MOy ciBura AG,.

B 6nokax 11 u 12 orpann4nBaeTcs CTEIeHb I1ara UTepalun
U MPOMCXOMT Iepexos Ha 0ok 2.

B 6rnokax 13, 14, 15, 16 orpaHn4YmMBaeTcsi IPUPOCT CTETIEHH
1Iara UTEpayy ¢ y4eTOM TOTO, UTO CTENEHD ¥ HE JIOJDKHA Me-
HATHCS 32 OJMH LIar' CIUIIKOM OBICTPO, BBEICHO OTpaHUYCHHUE
|Ar| < 2. Ha ocHOBaHHMHM aNropuTMa CTPOUTCS (PyHKIMOHATBHAS
cxema CTBY.

W3 anroputMa MOXXHO CIIENaTh CIACAYIOIINE BEIBOIBI:

* C YBEIIMYCHUEM Pa3MEPHOCTH MMPOCTPAHCTBA /1 yBEIUIHBA-
eTcsl KOJIMYECTBO Napajie]IbHO BHIIOTHAEMbIX OIepaluii;

* MICTIOJIB3YIOTCS TOJBKO «KOPOTKHE» apUu(pMETHUKO-JIOTH-
YeCKHe ONepalyu: NMePeChUIKH, CIIBUT, CIOKEHHE, BHIYUTAHUE,
CpaBHEHHE YHCell.

Kaxk m3BectHO [3], cTpyKTypBl apu()METHUYECKNX YCTPOUCTB
TIOJIPA3IeIIIOTCS. HA TPH TPYIIIBI: PETUCTPOBBIE, TaOIHYHbIE,
MarpudHble. TaOmyHast CTPyKTypa COAEpKUT TaOlMIHbIe JaH-
HBIE, XPaHSIIUECs B IIOCTOSHHBIX 3aIIOMUHAIOIINX YCTPOHCTBAaxX
(IT3Y). MarpuyHast opraHu3aIis CTPyKTyphl apu(hMETHIECKUX
YCTPONCTB MPUMEHSETCS B HACTOSIIIEE BPEMsI, ITTaBHBIM 00pa-
30M, [UI peanu3aluy yMHOXCHHUS U AeieHus. Tak Kak B AaH-
HOM aJITOPUTME OTCYTCTBYIOT ONEpAlliyl yMHOXKEHHUS, ICTICHNUS,
BO3BEJNIEHUS B CTETECHb, 0OpamieHus k Tabaumam 13V, cnenyet
BBIOpATh PErUCTPOBYIO CTPYKTYPY C (PUKCUPOBAHHOI TOUKOH.

Takum 00pa3oM, UCXONs M3 aITOPUTMA, CTOXACTUYECKUIl

ONTHMH3aTOp BKJIIOYAET B Ce0s:
« n pernctpos (RG &'
CKT;

* nn peructpoB (RG x} ) UIs TeKYLIUX 3HAYCHHIT KOOPIHMHAT;

) 7St mprueMa O4epeIHOTO 3HAYCHHUS

* n peructpoB (RG A"Gk) JUIS TIpUPAILEHHS] CPETHETO MO
CIBHTIa,;
* n peructpoB (RG xi”) JUIsl HOBBIX KOOPJIMHAT;

* n peructpoB (RG G}) A1l CpeHero Moy CIBUIa;

* n perucTpoB (RGy,) s TeKyIIUX 3Ha4eHUI KBaHTOBaH-
ueix CKT, momygennsix B JIIKB;

* n peructpoB (RG Ax;i“) JUI IPUpAILEHUH 3HaYeHNH KOOp-
JIMHAT;

* n peructpoB (RG a;) u n peructpos (RG by,) mis orpanu-
YEHUH Ha KOOPIUHATBI,

e peructp (RGAr) nnst Ar =ry —75;

KR

* peructp (RG/) mys xpaHeHUs 3HAYCHUS CTETICHH (C = 2Z);

« peructp (RGp) jist XpaHeHus 3HadeHus cTener (5 = 27);

* peructp (RGS) mans cuéTunka KOIMYECTBA [IarOB UTEpa-
uuu S

* peructp (RGg) nns OKOHYAHUS Ipoliecca BEIYUCICHUMN
1o 3HayeHno Gy;

* peructp (RGq,) U1l XpaHEHHS OTPAHMYIEHHUS Ha CTETIEHb
[IarOBOTO MHOXKUTES;

* peructp (RGd) st 106aBKH K CTETIEHH IIArOBOTO MHOMKH-
Test;

* peructp (RGr) Juis XpaHEHUsI CTETIEHH TIATOBOTO MHOXH-
Test;

* peructp (RGrr) ans NpeabIIyIIETO 3HAYEHNS 7'

* n peructpoB (RGAa) A7t OTKIIOHESHHST KOOPAWHATHI OT HIK-
Hell rpaHumEl obmacta X;

* n peructpoB (RGAbD) nng OTKIOHEHUS KOOPAWUHATHI OT
BEpxXHeH rpaHuIbl obmact X.

MHorue onepaiyy B alroOpuTMe MPOU3BOIATCS HaJl KOMIIO-
HEHTaMH{ BEKTOPOB MapajuiebHO. [ PyIIIBI perucTpoB, XpaHsIIue
BekTopa, 0003HaunM (RG ums Bektopa). Hampumep, rpymmna us
1 PETHCTPOB VISl TEKYIMX 3HAYEHUH KOOPJHHAT 0003HAYaeTCst
RG x’,rne x° =(x{,...,x},) —Bekrop. Ha pucyHKax rpymisi pe-
THCTPOB YCTPOMCTBa, MPOU3BOIAIINE TapaslIe/IbHbIE ONepaIliy
HaJl KOMIIOHEHTaMH1 BEKTOPOB, U JIMHUY Iiepejaur 3HaueHU ! BeK-
TOPOB 0003HAYEHBI YTOMILEHHBIMH JTHHUSIMH.

Jlnsa cuHTe3a CTPYKTypHOM CXEMBI CTOXaCTHUECKOTO ONTH-
MH3aTopa He0OXOIMMO PacCMOTPETH OCHOBHBIC OTIEPALIUH, BbI-
MIOJTHSICMbIE B aJITOPUTME. DTH OIEpaIliy MOYKHO pa3/iesIuTh Ha
CJIETYFOIIHE TPYTIIHI:

« TIEPECBIIKH U3 PETUCTPA B PETUCTD;

- BBIIUCIIEHne 27, TIIE Z — 1IENI0€ YUCIIO;
- cokeHue (BeIuTanue) ¢ 2%;

- CpPaBHEHHE C KOHCTAHTaMH Buja +2°;

- aNreOpPanvECcKoe CIOKEHHUE;

« CJIBHT.

Boruncuts 3Haverns d = 27205 ymokmo CIELYIOIINM 00-
pasoM: 1elTast KOHCTAHTa p 1 leJiasi YacTh (CO 3HAKOM) F, TONaéT-
sl Ha BXOJ Aeuin(paTopa, U YUCIO Ha BHIXOAE JAeudparopa
nmMeeT | B Hy)XKHOM paspsze [4], a ocTaibHbIe paspsias! OyayT pas-
Hb1 0 (puc. 2). AHATOrHYHO BhIuMCHseTCs 3Havenne 277y,
T.K. Y € {—21,0, 21), rae / — KoHCTaHTa.

p ent (r,)

DC

RGd

Puc. 2. Cxema pabortsl nemudparopa

3nauerme 27 (5) Y —9T0 | B OTHOM M3 IBOMYHBIX Pa3psIOB,

s+l _ X _2enr(rs)

CJICA0BaTCJIbHO, 3HAYCHUA X Y, MOXHO BbIYHC-

JUTH Ha peBepcuBHOM cuérumke (puc. 3). B kauectse RG x,i+1

UCTONB3yeTcs peBepcUBHBIN cuéTunk. Onepanus S = S — 1 BbI-
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MOJTHSACTCA Ha OOBIYHOM CUETUHKE, a cpaBHeHHE S = ( jerko
peanu3yercsl Ha KOMOMHAIMOHHBIX cXeMax. BrIOpaB g kak cre-

HEHb 2, JIerko cpaBHUTh Gy < g. OnpeneneHue 3Ha4yeHUs a**!
Ha BBIXOJIe TeHepaTopa nceBpocydaitapix gucen (I'TICH) cso-
JIITCS K ONEpalMy CABHUra Ha OIMH pa3psf, TaK KakK 371ech KOp-
peiAnnsa MKy Cﬂyqaf/'IHBIMI/I YqucCJiaMU HE ABJIACTCA KPUTHYC-
ckoif, mockoibKy CKI™ MOXKET 3aBUCETh OT CBOMX MPEIBITYIINX
3HauYeHHH (10 YCIOBUSAM TEOpeMHI 1).

Bemnuunsl Aa;, u Ab; onpenensioTcs aHaJOTMYHO BBIYHC-
s+1

JICHUIO X}, .

Oneparwu cpaHeHnst Ag;, > 0u Aby, > 0 MOXXHO BBITOIHHUTh
Ha KOMOMHAIIMOHHBIX CXEMax; ONpe/ie/IeHIe IPOEeKIMH Ha MHO-
xecTBO X NMOTpeOyeT orepanuii nepechuUIoK.

3nayenuss CKT' (?;”1) OIPEIEISIIOT IyTEM U3MEPEHUSI WIH
BBIUMCIICHUS [T KaXJI0M KOHKPETHOU 3aja4uul (3TU JaHHbBIE SIB-
JISIOTCSI «BHELLTHUMU).

Boiuncnenne Ax* ™ u 7, IOTpedyeT onepanuu anredpande-
cKkoro cioxeHus. Bennuuna vy, BbIipabateiBactcs JITIKB u mMo-
KeT OBITh peali30BaHa Ha KOMOWHAIIMOHHEIX cxemax [2, 5].

RGx

RGx"

DC

1

ent (r,) | sign(y,)

Puc. 3. Cxema paboTHI cueTUHKA

n
OnpezernieHne 3HAYCHUI 7y =7, — ) (Ax”ly ) U Ar MoXeT

k=1
moTpeOoBaTh ONEPAIMH CIABUTA Ax,i” Ha [ pa3psioB U MpU-
CBOEGHHs 3HaKa, TaK KaK Y, € {—21 ,0, 21). IMockonbky / = const,
ornepanus Ax”ly & MOXKET OBITh BBINOJHEHA M10JaYel Ha COOT-
BETCTBYIOIIHE pa3psAIbl Ha BXOJAE CyMMaTopa dncia Ax,i+l c

yuérom 3HaueHus [ u sign(y,) (puc. 4).

RG Ax;™

Puc. 4. Cxema paboTsl cymmaropa

CpaBHuts 1, > q, =2, Ar 22, Ar < -2 MOXKHO Ha KOMOUHa-
LMOHHBIX CXEMaX.

CTpyKTypa CTOXaCTHYECKOTO ONTHMH3aTopa MpeCcTaBIeHa
Ha pHUcC. 5.

AHAIN3 BBICTPOJIEMCTBUS OIITUMHU3ATOPA

Bpewmst peanuzaunn aaropuTMa 3aBHCHT OT penlaeMoi 3a-
Jla4yy onTUMHu3amy, T. €. oT CKI, cTpyKTypbl BEIYHCIUTEIHHOTO
YCTPOMCTBA, BPEMEHH BBIIMTOIHEHHS IIEMEHTapHbIX OTIEpariui —
C/IBUTA U CIIOXKECHUS, TpeOyeMOol TOYHOCTH BEIUHCICHUN. B nais-
HelmeM OyZeM paccMaTpuBaTh aCHMIITOTHYECKUE OLIEHKH CKO-
POCTH BBIIOJIHEHHUS aJTOPUTMA JUIS IBasKAbI HETIPEPBIBHO AU (D-
(depennupyembix Gynkuumii. TpeOyemast TOUHOCTH BBIYMCIICHUSA
orpezesieT ooiee KOJIUMYeCTBO UTepaluii S.

CTpyKTypa BEIYUCIUTEIFHOTO YCTPOHUCTBA (PUC. 5) 3aBUCUT
OT pPa3MEpPHOCTH pellaeMol 3a7a4u # U OT Pa3psAHOCTH UC-
TMOJIB3YEMBIX PEruCTPOB, KOTOPasi, B CBOIO OYepe/lb, 3aBUCHUT OT
TpeOyeMoii TOYHOCTH BBIYMCIIEHHUH. BpeMs BBIOIHEHUS SJIeMeH-
TapHBIX OIlepalfii 3aBUCUT OT UCIIOJIb3yEeMOii 31IeMEHTHOH 0a3bl.

Bynewm cumtars, uyto /,S,n — pa3psAHOCTb PETUCTPOB 1,
BpeMs COBUIa HA OIMH Pa3pafl f.,,, BpeMs CyMMHPOBAHUS 7,
BpeMs IIEPECBUIKH [y 3a1aHbl.

Omnpenenum BpeMs BBIOTHEHNS OTHON ntepanuu ft. O60-
3HAYUM Pa3psAHOCTE peructpa kKak m (RGums). Bpems Bbimon-
HEHHs UTEPALUU OIpeNeNnseTcs U3 aHaJln3a alropuTMa (cMm.
puc. 1) ¥ CTPYyKTypbl CTOXaCTHYECKOTO ONITUMHU3aTopa (puc. 5).

PaccmoTpuM BpeMs BBITTOTTHEHUS OTACTBHBIX onepanuid. A2:

-reHeparms [1CY skBuBaeHTHA CABUTY U €€ TIPOJIOIKUTENb-
HOCTb (5}

« BEIUMCIICHUE d 3aMET BpeM 1;

« BBIYHCIICHUE x,i“,Abk,Aak cBOAMTCS K jo0aBieHuio | x
COOTBETCTBYIOLIIEMY pa3psily PEBEPCHBHOTO CUETUHKA, UTO 3ai-
MET BpeMs, HE IPEBOCXOIAIIEE fi 5

+ HOBOE 3Ha4YeHHE S BHIYUCISIETCS BBIYUTaHUEM | U3 caéTdn-
Ka, 9TO 3aUMET BPEMS, HE IPEBOCXOMAMIEE Iy

+ BBIYMCJIEHUE CPETHETO NIPUpAllieHHs 3HaueHus cisura AG,
3aiMET BpeMs /oy,

Tak kak Bce omepamnuy BBINOJHAIOTCS HapaljelbHo,

CIB> yM?

IA2 =lonp:

A3, A4, A5, A6, AT7: 3nauenns S, Aay, Ab, cpaBHHBarOTCS
¢ 0 Ha KOMOMHAIIMOHHBIX CXEMaX, MOXKHO IIOJIOXKHUTD {43 =ty
(k=1,n).

AS8: Bpems orpezienieHnst (M3MEpEeHNs], BEIYMCIICHHS) Ouepe-
Horo 3HaueHusi CKI" #cyr 3aBHCHT OT MHOTUX (DaKTOPOB IS
Ka)XK[JOH KOHKPETHOI 3a/1au¥l (B CHCTEMax peajJbHOTO BPEMEHH
OHO MOXXET 3aHUMATh JI0 TIOJIOBHHBI [UTUTEIILHOCTH BBITIOITHEHUS
ozHOro mara anropurma). OObIMHO 7ok > feyy. puMem
a8 =IcKr-

A9: ouepenHoe v, Ha Bbixone JIIIKB onpenensercs Ha KoM-
OMHALIMOHHBIX CXEMaX M 3aHUMAET BPEMs fpg =ty (k=1,n).

A10: yunTsIBasi, 4TO Y € {—21 ,0,2/ }, orepanyst BeIMUCICHHS
r, 1 Ar and (n+1) cnaraeMeIX MOXeT ObITh pealli30BaHa Ha
cymmarope Juis (n+1)-yucna ¢ yu€tom capura Ha [ pas3psioB
JUIsL xi” (cm. puc. 4). Bpemst BBITOJIHEHHUS 3TOM ONepaiy MOX-
HO OLICHHUTb KaK 510 = Icyy[ent(log, n) +1].

All, Al12: onepanus cpaBHEHHS C ¢, = 2 peIIaeTcs Ha KOM-
OMHALMOHHBIX CXEMaX, MOXKHO NPUHATD A1) A1 = I17-

Al3, Al4, A15, A16: cpaBHEHHE C 2 1 —2 pemaeTcs Ha KOM-
OMHAIIMOHHBIX CXeMaX, 100aBIeHUE UM BbIYMTAHHE 2 U3 7,
3aiMET BpeMst He Gonee £ .
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(&)
A9 a2 l AR
‘_
RGE™ A8 Imcy e ! «— RG Ax=*! ALD
— -~
™ M
Y A 4
A9 A2 Al0
JIIKB — RG1 - SM6 «—
Al10

A2 A10 X Al13
RGy - SM5 - RGAr s
e <

A A
A2 ? A4 — A2 ¥
DC1 l—— Ag >2 | A13
RGr, [ ALD CcCs (= eee
— A1
«— AL2
L) NP
——® |
iy
. \ 4 — A2 o A2 l v A2
le—— A6
CT A8 CT |¢——
RGx™! [ A7 RGx* - A7
% - RGAD
PN
3 l <2 | A15
A8 —0| a4 -
M1 cc2 CCé —
\—r\;

3 l—® a2 v —l v ¢ 2

RGAa [ RGh RGrr Sl
—— Ale

\_’® I | )

Puc. 5. Crpykrypa croxacTuueckoro ontumusaropa. Hagamo
CC1 — cxema cpaBHeHus Tekyuuero 3uadenus S ¢ 0; CC2 — cxema cpasuennst Ab, > 0 ; CC3 — cxema cpasnenns Agy, > 0 ; CC4 — cxema cpaBHeHus
7y > q,; CC5 — cxema cpasHenmst Ar > 2; CC6 — cxema cpahenuss Ar < —2; CC7 — cxema cpasrennst Gy, < g; RGS — CYETUHK YHCIIa HTePALUi;

s+1 R o o o
RG x;" — peepcuBHblii cuéTunk, paGoTarommii ¢ MuKpoonepanyeil A2, B OCTaJIBHBIX ClIy4asx pafoTaeT Kak o6bruHbll peructp; RG Aay, RG Aby, -
PpeBepCUBHbIE CYETUHKM, ycTaHauBatoTcs B 0 1o curnanam co cxem CC2 u CC3; RG 7, — peBepCuBHBIA CYETUMK, paboTaroluii ¢ MUKpoonepanuei

A14 nm A16; SM — anrebpandeckuit cymmarop; JIITKB — nuneiinsiii npeodpa3oBaTens Koxa (E_,S_H)_B BepositHoCTb; RG AG), — peructp casura,

OCYIIECTBIIET CABUT Ha 4 paspsina Bipaso. (Besne k= 1Ln)
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CT AS

RGS A2

CC1

All

RGg, A12

3

CC4 All

ccy =90 A

RGa A6

N/
A
y A5
| RGG }4—!\8
«—A10
L] [

l < A2
| RGAG }4— A8
| < A10

<

y
| RGd }4— A2
< A8
N\ /"

Puc. 5. CrpykTypa croxactuaeckoro ontTumusaropa. OkoHUaHHE

OGHICC BPEMs BBITIOJIHCHUSA O}IHOﬁ HUTCpalnu 11 CTOXaCTU-

YECKOI'o onTuMmnu3aTropa

Ecnu 3a7aHa morpenHoCcTs BeIYucieHus 0, To moayunm [1]:

) 2 < 1,56con -0
tur = 2epg + 3t +igyy[ent(logy n) +1]+tckr T (S+nB*
B peanpHBIX 3amauax max(n) = 5, Torna TaK kak S>> 1, umeem
max tI/IT = 2tC£[B + 3tn + 3tcyM + tCKF‘ S = 1,566‘0}’! (2)
=2
OG11iee BpeMsl BBIOIHEHHS aJITOPUTMa OyIeT ONPeaessThCs 0B
YKCJIOM IIIAr0B UTEpaIuu S. W3 popmymnsl (1) nomyuum:
ty = Styp = S[2 ey + 3ty +1eyylent(logy n) +1]+1ckr]- (1) tekr =1, /S = 2tepy =3ty — ey —teywent(log, n) -
Humennexkmyanwvnvie mexnonozuu na mpancnopme. 2017. Ne 3 10
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OueBuaHO, uTO fckr > 0, Torma kputepueM QusHUecKon
peann3yeMOCTH CTOXaCTHIECKOTO ONTHMH3aTOpa OyIeT BBITIO-
HEHUE HEPABEHCTBA

_1,56con

>t
0B

' > tin [2fc, + 30 + foym + tCYMent(logz n)].

[Ipu annaparypHoli peanu3aluyu TEXHUYECKHE apaMeTPhl
Hanboree pacIpoOCTPaHEHHBIX CXEM PETUCTPOB U CyMMAaTOpPOB
MOYKHO OTPEIETUTh CIEAyomuM oopazom [3]:

t

cIB = 3mT3

=31, g =r1, feym

Ie T — AJIUTENBHOCTb TaKTa; /M — Pa3psAHOCTh MOCIEI0BATeIb-
HOTO apH()METHKO-IOIHYEeCcKOro ycTpoiictBa. OTciona momy-
YHUM:

(o= 1’26%[9 +3m+3m-ent(log, mt.

HpI/I HCIIOJIb30BAHNHU CYMMATOPOB C I'PYIITIOBBIM IEPEHOCOM

to =24/mt [3], Torma

cyMm

t

min

= 1’26—‘:2"”[9 +23m +2/m - ent(log, n)lx.
B

B Tabnunax 1 u 2 npuBeneHs! 3Ha4eHUA f,,;, / (ST) 4711 Ba-
PHAHTOB IIOCJIEA0BATENILHBIX U MApaJlIeIbHBIX CyMMAaTOPOB.

Tabmuua 1
BapuaHTsI IOCII€10BaTEIBHBIX CYMMAaTOPOB

m n 9+3m+3m-ent(log, n)
8 1 33

8 2 57

8 3 57

8 4 81

8 5 81

16 1 57

16 2 105

16 3 105

16 4 153

16 5 153

32 1 115

32 2 211

32 3 211

32 4 307

32 5 307

Paccmotpum nprMep pacuéra OBICTPOICHCTBHS CTOXACTHIC-
CKOTO OIITUMH3ATOpa MPH CISTYIOIINX HCXOIHBIX TaHHBIX: G =
=0,3,c=1,B=1, 1t =5 Hc, TOrga UMeeM:

1,56cont _ 1,56n0,3-5
() 0-1

=234 ue.
0

Tabmuna 2
BapuaHThI mapajuiebHBIX CyMMAaTOpOB

m n 9+ 2\/; + 2\/; -ent(logy n)
8 1 14,6
8 2 20,2
8 3 20,2
8 4 25,9
8 5 25,9
16 1 17
16 2 25
16 3 25
16 4 33
16 5 33
32 1 21,3
32 2 33,6
32 3 33,6
32 4 45,9
32 5 45,9

Ha puc. 6 mokaszana 3aBUCUMOCTb #,;) OT 0 Hpu pasHBIX 71,
m = 32 17 TOCNeN0BaTeNIbHOI0 apuhMETHKO-TOTHIECKOTO
YCTPOMCTBA.

Ha puc. 7 naHa 3aBUCHUMOCTb #;, OT O IIpH pasHBIX 7,
m = 32 1151 CyMMaTopoB C IPYNIOBLIM HEPEHOCOM.

t_ (mKc)

min

1750
1400
1050

700

350

\

0 0,002 0,004 0,006 0,008 0,01

— =] e—=] n=3

Puc. 6. 3aBucuMocTb I nocieosareasaoro AJIY

t  (MmKc)

'min

250

125

\

0 0,002 0,004 0,006 0,008 0,01

——)=]  —=7 n=3

Puc. 7. 3aBHCUMOCTB AJIs1 CyMMAaTOPOB C TPYIIIOBBIM NIEPEHOCOM
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Kak BugHO M3 npuBeAEHHBIX 3aBUCUMOCTEN, BpeMs cuéra
OoJble 3aBUCHUT OT TPeOyeMOi TOYHOCTH BBIYHMCICHH U OT pas-
MEpPHOCTH MPOCTPAHCTBA A.

JomnycTumas NorpenHoCTb OIPEAeIIieT KOJIMYECTBO 1IaroB
urepanuu. s npuBeaéHHOrO BhIlle npuMepa npu ¢ = 0,3,
6 =0,001, n=1, B =1 u3 popmynsl (2) momyunm

_1,56con
08>

MuHuManbHOE BpeMs BBITIOJIHEHHS OJJHOTO IlIara MTepaluu
T min (0€3 yuéra fcyr) IS OCe10BaTENbHBIX APUPMETHKO-
JIOTHYECKHX YCTPOHCTB

S =468.

YT min =19 +3m+3m-ent(log, n)]t,

IS CyMMaTOpOB C IPYTIOBBIM MEPEHOCOM
T min =9+ 23m +23/m - ent(log, n)]t.

Hanpumep, npu 1= 5 He, m = 16, n = 1 umeem 1718 nociie-
JOBaTEIbHBIX apU(YMETUKO-TOIUYECKUX YCTPOUCTB YT min =
= 285 Hc. [Ij11 cyMMaTOpOB € IPYIIIOBBIM IEPEHOCOM YT min =
=85 Hc.

3AKJIIOYEHUE

BpewMs peanuzarmu anropuTMa 3aBUCUT OT peliaeMoi 3a1a4u
ONTUMM3AIHH, T. €. OT CTOXaCTHUYECKOTO KBa3UTpaIUeHTa, CTPYK-
TypBI BBIYUCIUTEIBHOIO YCTPOUCTBA, BPEMEHU BBINOIHEHUS
3JIEMEHTAPHBIX ONEpaIMi CABHUIA U CIOKEHHS, TpeOyeMoit Tou-
HOCTHU BbhlYHcaeHUs. CTPyKTypa BEIYUCIUTEIBHOIO yCTPOMCTBA
3aBUCHT OT Pa3MEPHOCTH PEIIAeMOM 3a7a4i ¥ OT pa3psAHOCTH
UCTIONB3YEMbIX PETHCTPOB, KOTOpAsi, B CBOIO OYEPE/Ib, 3aBUCUT
0T TpeOyeMOi TOYHOCTH BEIYUCICHHH.
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Structure of the Stochastic Optimizer

Kalinin V.M., Svistunov S.G., Yakovlev V. V.
Emperor Alexander I Petersburg State Transport University
St. Petersburg, Russia
science@vadimkalinin.ru, ssg47@mail.ru, jakovlev@pgups.ru

Abstract. In today’s world, many different processes are
associated with the use of electronic computing devices. When using
them, an important factor is the performance of these devices, i.e.
for a unit of time, more operations should be performed. But there
are time consuming operations, for example, such as multiplication,
division, exponentiation, occupying an extended period of time.
Stochastic computing devices can be used to perform such
operations. The article contains a description of the structure of the
stochastic optimizer and its schematic representation. An algorithm
for the operation of a stochastic computer for solving stochastic
optimization problems is considered. The analysis of the speed of
the stochastic optimizer and the representation of the dependence
on the required length of computations and on the dimensionality
of space are given.

Keywords: stochastic optimizer, stochastic computer, linear code-
probability converter, sequential arithmetic logic devices, adder
with group transfer.
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Mogesb TeJeMeTpUpyeMbIX MPOLECcCOB
KOCMHUYECKHX CPEACTB CO CTPYKTYPHOU
HEOAHOPOAHOCTHIO
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Annomayun. PaccmarpuBaercsi MoJeJb TeJleMeTPHPYeMbIX
MPOIeCCOB CO CTPYKTYPHOI HEOAHOPOAHOCThIO. Pe3ynbTaThl Be-
POATHOCTHOIO HCCJIeA0BAHUSA TesJeMeTpUYecKoii nHpopmanum,
nocrynampomieii or pakersi-Hocutest «Cor3-2», 103B0OIAI0T 000-
CHOBATh MOJIeJIb B BH/Ie CMECH TayCCOBBIX pacnpenejeHnii. B xaue-
cTBe HHGOPMATHBHBIX NPU3HAKOB TeJeMeTPUPYeMbIX MPOIeccoB
HMCHOJIB3YIOTCH XapaAKTEePUCTUKH «IPeBbILIeHUsA YPOBHsA». s
ajanTaluy XapaKTepUCTHK MO/EJIM K NOCTyNawIleid B peajJbHOM
BpeMeHH TejieMeTpHYecKoil MH(popManuu BO BpeMeHHO# 00.1acTH
HCIO0JIb3yeTcsl aNMPOKCUMALINS pe3yIbTHPYIoLIeli NJIOTHOCTH Be-
POSITHOCTH PAAOM JMKBOpTA. /L1 aganTanuu XapakTepUCTHK B
YaCTOTHOH 00/1acTH NpeAIoKeHa KiIaccupuKanus TeJeMeTpupH-
PpyeMBIX HpolieccoB Mo (hopMe crneKTpa.

Knroueewvie cnosa: aBTOMaTH3MPOBAHHBIN aHAIN3, CTPYKTYpHAast
HEOHOPOJAHOCTh, BHIOPOCHI CIYy4YaifHBIX MPOLECCOB, MPEeBbIIIEHNE
YPOBHs, AaHOMAJILHBIIl pe3yJbTaT U3MepeHHUii, 3arpsi3HeHHe TeJjie-
MeTpHYecKoii HH(popMAaLHH.

CoBpeMeHHBIH 3Tan pa3BUTHUA KOCMHYECKON OTpaciy Xa-
pakTepusyeTcs pocToM 00beMa M CIOXKHOCTH PEIIaeMbIX €10
HapOJIOX03HCTBEHHBIX, HAyYHBIX M BOCHHBIX 3a/1ad. B cBsi3n
C 3THM BO3pacTaeT U 00beM TeleMeTpuIecKoi HH(popManuy,
HEOOXOAMMBIH ISt IPUHATHA PEIICHUH B 3a]ja4aX, CBI3aHHBIX C
MIPOLIECCAMH YIIPABICHHS X KOHTPOJIS TEXHMYECKOTO COCTOSTHUS
KOCMHYECKHX cpencTs [1, 2].

OnHMM U3 COBPEMEHHBIX U NIEPCTIEKTUBHBIX IPEACTABUTENICH
KOCMHYECKHX CPEICTB SIBISETCS CEMEHCTBO paKeT-HOCHUTENCH
«Coro3-2». Pakera-HOCHTEIb ABISCTCS CIOXKHBIM, U3MCHSIO-
LIMMCS1 BO BpeMEHH 00BEKTOM, COCTOSIIIM n3 Gosee yem 30 Gop-
TOBBIX cucteM. O0beM TenemMeTpuyeckoi HHpOpMau 00 X
(YHKIIMOHMPOBaHMUU cocTaBisieT okoso 30—40 MiIH 3HaYeHUH,
nocTtymnaromux 3a 9-10 MuH akTUBHOrO yyacTka nouera. CTpyk-
TypHAs! CIIOKHOCTb U 9KCTPEMAIIbHOCTh YCIOBUH IKCIUTyaTalnu
PaKeThI-HOCUTES MTO3BOJISIOT PACIPOCTPAHUTh BBIBOABI O Xa-
pakTepe U CBOWCTBaX €ro TelieMeTpHYecKoid HH(pOpMannu Ha
TENEMETPHIECKYI0 MH(DOPMALIUIO, TOCTYTAIONIYIO OT PA3TOHHBIX
0JI0KOB M KOCMHYECKUX anmaparos [3].

Jnst uaenTuUKanuy HHPOPMAIIMOHHBIX IPU3HAKOB Telle-
METPUPYEMBIX ITPOIIECCOB MPOBEICHO BEPOSATHOCTHOE HCCIIEI0-
BaHKe HanOojee HH(POPMATHBHBIX TPYII (yHKINOHAIBHBIX U
(yHKLIMOHAJIbHO-/IMAIIA30HHBIX [IAPAMETPOB C YaCTOTaMH OIIPO-
ca 50, 100 1 200 I'u, moyry4eHHBIX B XOJI€ JIETHBIX UCIIBITAHUN U
LITaTHOM KCIUTyaTallly ceMeiicTBa pakeT-Hocurenel «Coro3-2»
B 20092016 rr. ITpu 3TOM CUMTANOCH, YTO MYJIBTUILTUKATUBHAS
COCTABJISIONIAs! TOTPEIIHOCTH MCKIII0YEHa Ha 3Tare MpeaBapu-
TeJIbHOI 00paboTKH, a yaJIeHHBIE pe3yIbTaThl H3MEPEHNH BOC-
CTaHOBJICHBI METOIAMH CIUTAHH-MHTEPIIOISIINH.

CucTeMHBI aHAJTU3 Pe3yabTaToOB MEPBUIHON 00pabOTKHU
TeJeMeTPHUECKOi MHPOPMALIMU MOKa3al, YTO OHa o0ianaeT
CIIO’)KHOM, U3MEHSIOLIeNcs BO BpEMEHU CTPYKTYPOH, HaTHYUEeM
OJIMHOYHBIX AHOMAJIbHBIX PE3YJIbTATOB U3MEPEHU (T. €. SIBJIIeTCs
CTPYKTYpPHO HEOTHOPOAHOH) [4], IPOIyCKOM JaHHBIX, H30BITOU-
HOCTBIO, pa3HO00pa3ueM CMBICIIOBOTO CO/IEPKAHMSI, CIIOKHO-
CTBIO MHTEPIPETALIH.

s obecnedenust TpeOyeMoit TOUHOCTH OLICHUBAHMS OBLIH
WCTIONIb30BaHbl AaHATUTHIECKNE 3aBHCUMOCTH MEXIY AJIUTEIb-
HOCTBIO aHau3a 7, CPEAHCKBA/PATHICCKUM OTKIOHCHHEM Oy
Y MHTEPBAJIOM KOPPEJSALUH T, TeleMeTpUPYeMOro mpolecca:

4k 2k
iy

rae k € {0,1,2,3,4} — mopsAIOK OIIeHNBaEMOTO MOMEHTa; D [mé‘ } -
Jcriepcusi k-ro MOMEHTa pacTpefeeHIs. 3a BEpXHIOK OICHKY
UHTEpBaJla KOppeJIsiLUM ObLIO IIPUHATO r*K =(Fy/4+1)/F,, rne
Fy —49acToTa TMCKpEeTU3aIHH.

PacueTsl, mpoBeieHHBIE AT PA3IMYHBIX TAPAMETPOB, MOKa-
3aJIM, YTO JUIMTEJILHOCTh aHAJIN3a JOJDKHA COCTABIATE 12—17 uH-
TEpBAJIOB KOPPEJALIUH, YTO COOTBETCTBYET NIPUMEPHO 3—4 C.

[Mocrynatomas Teaemerpudeckas HH(GOpPMAIKs Ha BCEX ITa-
nax ee GopMupoBaHHs U Iepeadu MoJBepraercs 0OJIbIIOMY
YUCITy CIy4YalHBIX U HECTy4alHBIX BO3/I€HCTBUI, OJHAKO OLIECH-
KU pe3yJbTHPYIOIIEH TNIOTHOCTH BEPOSITHOCTH TeJIeMeTpUpye-
MBIX IIPOILIECCOB N3-3a HAJMYHMS HKCLECCa U aCHMMETPHUH HEJIb3sI
COOTHECTH C TIPOCTOH I'ayCCOBON MOJEIBIO.

HccenenoBanHust TelleMeTpHpPyEMbIX IIPOIIECCOB HAa YPOBHE MO-
MEHTOB OJJHOMEPHBIX pacnpezeneHui (puc. 1) mokasanu, 9To Ha
y4JacTKax ¢ yCTosBIIeHCs paboToi OOPTOBBIX CHCTEM U arperaron
pakeTsI-HOCUTEN S TUTeIbHOCTRI0 100—150 ¢ m3MeHeHus cpen-
HEKBaIPaTHYECKOrO OTKIOHCHUS O, KO3((ULMCHTOB acuMMe-
TPUM Y| M DKcIecca Y, HEBEIHKH, IOITOMY Ha 9THX y4acTKax
TeleMEeTPUPYEMbIE MapaMeTpbl MOXKHO MPEJICTABUTh PeaT3aIiH-
el cTallMoOHapHOTO B HIMPOKOM CMBICIIE CIIyYaiHOro mpolecca.

Knaccudukanus (puc. 2) OI[eHOK MIIOTHOCTH BEPOSITHOCTH

p(E) mo koapdunrenTam Gopmel y = I/Jyz +3 U ’HTpONUHU

K, = %exp - OJ? pE)In(p(€))dE | [5, 6] no3BonmIa OTHECTH
c b

13 0
HX K CEMEHMCTBY SKCIIOHEHIHAIBHBIX pacIpeaeICHui, OIU3KoMy

K rayccoBy. Takum o0pa3oM, TeJleMETPHPYEMbIE IIPOLIECCHI MOK-
HO OTHECTH K KJIacCy NMPOILIECCOB, 3HAUEHUS KOTOPHIX U 3HAYECHUS
UX NMPOU3BOAHBIX B COBMAAONINE MOMEHTHI BPEMEHU CTaTUCTH-
YECKU HE3aBHCUMBIL.
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V2

Puc. 1. I'paduku n3mMeHeHUs (CBEpXy BHU3) CPEAHEKBAIPATHIECKOTO OTKIIOHEHHS Cg» KO3((HHUIINEHTOB ACHMMETPHH Y}
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Puc. 2. Pe3ynprars! Ki1accH(pHKaLiU INIOTHOCTH BEPOSITHOCTH TEJIEMETPUPYEMBIX IPOLIECCOB
110 ko3 uumentam popmsl §, 1 suTpornun K,

Pesynbrarsl Kmaccu(puKayu 1 MNMATAIIMOHHOTO MOJEIIHPO-
BaHUS PA3INIHBIX CMEcel pacrpeneneHuil mo3BoIHiIN 000CHO-
BaTh MOJIENIb BPEMEHHOI CTPYKTYpBI TEIEMETPUPYEMBIX MPO-

IIECCOB CO CTPYKTYPHOH HEOTHOPOXHOCTHIO [4] B BUAE CMeCH
unpopmanuonHoit py(E) u anomanshoit p,(E) xomnonewT,
MMEIOIINX TaycCoBO pacmpenenenue [7, 8]:
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p&) =(-a)p, (§) +op, () =
I-a &2 o §2 (1

= exp| — + exp| ——= |,

\/E 2Gi \/E 2G§

rae csfI — qucnepcust HHPOPMAIOHHON KOMIIOHEHTBI; cﬁ — Jmc-
nepcus aHOMaJIbHON KOMIIOHEHTBI, IPU 3TOM Gﬁ << cﬁ .

BecoBoii k0a(h(GHUIMEHT o0 UrpaeT pojb BEPOSTHOCTH IOSIB-
JICHUSI aHOMAaJIbHOW KOMITOHEHTHI M XapaKTepH3yeT YPOBEHb 3a-
IPSI3HEHUS TeIEMETPUIECKOi HH(OPMALINH.

s amantaiuu Monenu (1) BO BpeMeHHOM 00JIacTH K Xa-
paKTepUCTHKaM MOCTYIAIOMIEH TeleMeTpuiIecKoil HHopMauu
J00aBseTcss B3aMMOCBS3b BEPOSITHOCTHBIX XapaKTEPUCTHK C
XapaKTEePUCTUKAMH THIIA KIIPEBBIIICHHS YPOBHs» [9]:

_ 2nnt (H,1)

oe-7"(0)
e n' (H,T,) — 94CI0 MONOKUTENBHBIX MEPECEYEHUI YPOBHS
H; r"(0) — Bropas mpou3sBomHas KOPPEISIUOHHON QYHKINY 1

anMpoKCUMAIIUH TTOJTYYEHHBIX OIIEHOK IJIOTHOCTH BEPOSITHOCTH
psnom Dmxksopra [10]:

p(H)

2
exp—E" X

1
Pe)= x/ﬁci Zcé

2

1+ﬂh3 5 +y—2h4 5 ,
3! Gg 4! G&

rae iy (x) = X =3xu hy(x) = x* —6x? +3, a0 mo3BoNsET OLIE-
HUBaTh KO3()OUINEHTH aCHMMETPHH, IKCLIECCa U BETUUNHY
BTOPOY MPOU3BOAHON KOPPESIHOHHON (PYyHKINH TeIeMeTpH-
pyeMoro napamerpa IryTeM IIPOCTOro MOACYETa YUCIIA MOIOKH-
TEJIbHBIX IIEPECEUEHUI Ha TPEX YPOBHSIX.

B 3aBucuMocTH OT BBIOOpa ypOBHEI, Ha KOTOPBIX MO/CYH-
TBIBACTCSI YUCIIO NIEpECeYeHUi, TOYHOCTD alMpOKCHUMAanuu (2) u,
CJIeIOBATENBHO, TOYHOCTh MOJTY4aeMBbIX OLIEHOK OyJeT N3MEeHSTh-
cst Toxe. [Ipr HeOonbIIKNX 3HaYEHHSX (pHUC. 3) anmpoKcuMaIus
(2) maet xoporee NPUOIMIKEHNE K «OPUTHHAIBLHON IIIOTHOCTH,
OJIHAKO e TOYHOCTb HAYNHACT 3aMETHO Najiath npu H > 2oy,
MIOCKOJIBKY 3a 3THM IIpeIesIoM HaxXoAuTcsl MeHee 5 % Bcex 3Ha-
YEHUH TeJIeMeTPUPYEMOTO TIpolecca.

Jnst ynpoIieHus MoMy4aeMbIX aHATUTHIECKUX BBIPAKECHUH
ObLTH BBIOPAHBI CIIEAYIOIINE 3HAYCHUS:

hy(H[o:)=0, H=0,

hy(H/o:)=0, H=0,T4c;.

02

015

| 1
§h3(H/G§)+4—!h4(H/G§) =0 H=0,23c;,

TOr1a 3HaUeHUs KOI(PPHUIUCHTOB aCHMMETPHH, IKCLIECCA H BTO-
PO MPOU3BOHOM KOPPESMOHHON (PYHKIMK MOTYT OBUTB TIPEA-
CTaBJICHBI B BUJIC

1 =-0,31Q2nn"* (0,740, T, )R ~1) v, =8Qnn* (0,T,)R 1)

J-r"(0) = 0,57(0,912" (0,T,) +

3
+0,1977(0,74,T,)— 0,951 (0,23, T,)). )

Takum 00pa3oM, OLICHUBAHUSI MOMEHTHBIX M CIIEKTPAJIbHO-
KOPPEISIIIUOHHBIX XapaKTEPUCTHK C HCIIOIb30BAHUEM XapaKTe-
PHUCTHK «IPEBBIIICHUS YPOBHS» TECHO CBA3aHBI MEXAY COO0M U
MO3BOJISIOT PEIIaTh 33][a4y COBMECTHOTO OLIEHUBAHMS XapaKTe-
PHUCTHK TEJIEMETPUPYEMBIX IPOIECCOB KaK BO BPEMEHHOM, Tak
U B YaCTOTHOM 00JIACTSX.

B kauecTBe MOJENN IBYMEPHOM MIIOTHOCTH BEPOSITHOCTH
TENIeMETPUPYEMBIX MPOIIECCOB MONYYESHHbIE OIIEHKH JIBYMEPHOMH
HErayCCOBOM IUIOTHOCTH BEPOSITHOCTH (puc. 4) ObLTH IPECTAB-
JICHBI MOJIENBIO CO CTPYKTYPHON HEOJHOPOAHOCTHIO [4] B BUIE
CMecH JIByMEpHbBIX — HHPOPMAIMOHHON 1 aHOMAaJIbHOW — rayc-
COBBIX KOMITOHEHT [8]:

p(il,éz;l‘ptz): (4)
=(1—G)Pn(§1a§2 |GH’FH(T))+apa(&1’§2 |Ga’ra(T))-

OHaKo aJITOPUTMBI OLICHUBAHHUS XapaKTEPUCTUK ABYMEPHBIX
pacnpeneneHuii TpeOyoT O0IbIIOro 00beMa BBIYUCICHUI U X
CJIOXKHO NPUMEHSATH B YCIIOBUSX PEAJBHOTO BPEMEHH, ITO3TOMY
Ha TPaKTHKe 0OBIYHO HCIIONB3YIOT OoJiee MPOCThIe JByMEPHBIE
XapaKTePUCTHKH: HOPMUPOBAHHBIE CIIEKTPAIIbHbIC IIOTHOCTH
S(f) u HopMuUpOBaHHEBIE KOppEIANINOHHBIC QyHKIUH 7(T). U3
MOyd9eHHOU MozenH (3) MOXKHO TTOKa3aTh, YTO CIIEKTPAIbHO-
KOPPEILIMOHHBIC XapaKTEPHCTUKU TAK)KE MOTYT OBITH IIPECTaB-
JICHBI B BUJIE MOJIENIH CO CTPYKTYPHOI HEOTHOPOIHOCTEIO [8]:

r(t)y=(1-a)r(t)+or(t);

S(f)=A=)S, (f) +aS, (f)-

[Tpu »TOM BecoBbie K03(pPHULIMEHTHI 3arps3HEHUS O IS
CIIEKTPAJIbHO-KOPPEISIMOHHOM, ABYMEPHOI MOJIENTM U MOJEIHN
TEeJIEMETPUPYEMBIX MPOLIECCOB BO BPEMEHHOH 00IacTH COBIA-
JIAIOT.

Jlns amantanuu Moaenu (4) K XapakKTepUCTUKAM MTOCTYIAK0-
niel TeneMeTprudeckoi HH(OpPMaIK B YaCTOTHOW 00IaCTH ObLITH
MIPOaHATN3UPOBAHEI (POPMBI CIICKTPOB TEIEMETPUPYEMBIX MPO-

&)

WcxopHas
NNOTHOCTb
BEPOSITHOCTU

01

0.0s

0

005 : !

0 1 2 3
4

Puc. 3 M3MeHeHre TOYHOCTH alMpOKCUMALUH UIOTHOCTH BEPOSTHOCTHU PSIOM DIDKBOPTA TPH PA3IMYHBIX 3HaUCHUAX H
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Puc. 4 XapakrepHblil pe3y/1bTar OlleHUBaHHs ByMEPHOH IIOTHOCTH BEPOSTHOCTH TEIEMETPUPYEMBIX MIPOLIECCOB

LIECCOB, BBIICHWIIOCH, YTO Hanboiee OJM3KU K HUM cIeKTpsI [a-
ycca, paBHOMEpHBIH 1 Onu3kuii k criekTpy Jlopenna (cM. Tabmu-
11y). DTH MOJIETH CIIEKTPOB XOPOIIIO U3YYEHBI U MO3BOJISIOT MPO-
CTO IOJTy4aTh UX 000OIIEHHBIE CIIEKTPAIbHO-KOPPEISIIMOHHbIE
xapakTepuctuku [11].

J1iist onepaTHBHOM KilaccuuKaLiy TeeMeTpUpyeMbIX Hapa-
METpOB 10 (hopMe CrieKTpa ObLia UCIOIb30BaHa METPUKA v? [11]:

V2= 1= (1" (0,T,) /e (T,))

XapakTepHbIe pe3yabTaThl KIACCU(PHUKAILINN TEIeMETpUpye-
MBIX IIPOLIECCOB 10 (hOPME CIIEKTpa MPHUBEIEHBI Ha pHC. 5.

Merpuka v2 OIpeNEeIAeTCsl KOPPEISILUMOHHON 3aBUCUMO-
CTBIO MEXy 3HAYCHHUSIMU TEIIEMETPUPYEMOTo apaMeTpa 1 €ro
IIPOM3BOJHOM B COBIIAIAIOINE MOMEHTHI BPEMEHH U TTO3BOJISIET
IIyTEM MPOCTOTO MOCYETa YHCIIA TOJIOKHUTEIBHBIX IEPECEUCHNI
«Hy11eBOro yposHs» 7' (0,7,,) ¥ YKCIIA TOKATBHBIX MAKCHMYMOB
Aax (1) TEIEMETpUpyeMOoro mapaMeTpa 3a Bpems aHanusa I,

Pa6ota Y
|- cTyneHn

Pabota Y
1I-# cTynexu

MOJTy4aTh OIEHKH CIEKTPATbHO-KOPPETAIIUOHHBIX XapaKTepH-
cTuK (cM. Tabnmiy). Kpome Toro, 3HaueHus v2 IUIA JETEKTH-
pyeMbIX opM CHeKTpa HepeKpHIBAIOT BeCh TUAIAa30H €€ N3Me-
HEHHUH OT Y3KOOJIOCHOTO TAPMOHNYECKOTO TIpoIiecca vi=0 no
IIAPOKOIIOJIOCHOTO vi=1 [11-13].

HccnenoBanus TeneMeTpudeckoir nHGoOpMauy ceMeiicTa
pakeT-HOCHTeneH «Cor03-2) MO3BOIHIH:

* 000CHOBATH JBYXKOMIIOHEHTHYIO MOJIEITb TE€IEMETPHpye-
MBIX TIPOIIECCOB B BHJE «CMECH» WH(POPMAITOHHOM U aHOMAaITb-
Ho kommoneHT (1), (4) u (5);

* IOJIyYUTh HECMEIIICHHbIE OIIEHKH MOMEHTOB OTHOMEPHBIX
pacmpeseNieHni, UCToNIb3ysl COOTHOIIeHUS (3);

* OMEPATUBHO KIACCUDUIIMPOBATH TCIACMETPUPYMBIC Ma-
paMeTphl Mo GopMe CIeKTpa M OINCHUBATH CIEKTPalbHO-
KOPPEJIAIUOHHBIC XapaKTEPUCTHKH (CM. TaOJIHILy).

Takum 00pa3oM, UCIIONTL30BAHKE COOTHONICHUH (3) M THIIO-
BEIX CIIEKTPAIBHBIX IDIOTHOCTEH (CM. TaONHITy) TaeT BO3MOXK-
HOCTh COBMECTHO OILICHUBATh XapaKTEPUCTHKH TEIEMETPUPY-

Pabota Y
11I- cTynenu

\
i
Y

dopma cnektpa X = 0,67
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af—---
(=)
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i
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.
g —----
=

t,cex

Puc. 5 Pe3ynbrarsl Kaccu(uKaIyy TeIEMETPHPYEMOro mapamMeTpa, nocrynasomero ¢ garanka AJIE048 paxersi-Hocutens «Coro3-2»
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Bzaumocss3b XapaKTCPUCTUK «IIPEBBILICHUS YPOBH» U CIIEKTPAJIBHO-KOPPEIIIHUOHHBIX XapaKTEPUCTUK TEJIECMETPUPYEMBIX ITPOLECCOB

€ Pa3IMYHBIMEU (HOPMAMH CIEKTPa

v2 S(f) r(7) Af n*(0,1) Pinax (1)
SRS (1+k|f|+l(kf)2jX 3,54n" (0.1) 0,09K(1+Y—Zj o,zsl{nﬂj
0,86 3(k% +2nf)?)? 3 (1+7,/8) 8 8
exp(—k 1))
T @)’ exp(—kt?) 2,51n"(0,1) 0.93 (1 T2 j 0.39 ( ) j
0,59 \/;exp[ 41(] 7(“”/8) A x/E + 2 5 x/E + 3
2/k, | f]<k/2 sin(k 1/2) 1,751%(0,1) 0.05A '(1+sz 0.25A [HLz]
0.39 {0, If]> k)2 /2 (1+7,/8) O 1 2| I

C€MbIX MPOLECCOB BO BpeMeHHOﬁ M YaCTOTHOM o6nacmx, TEM
CaMbIM YMCHBIIATh BBIYUCINUTCIIbHYIO CIIOKHOCTDb (I[O ABYX paS)
AJITOPUTMOB JISI UX ONE€PATUBHOT'O OLICHHUBAHUS.
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Model of Telemetered Processes of Space Means
with Structural Heterogeneity

Kargin V.A., Nikolaev D.A.
CJSC SKB Orion,
St. Petersburg, Russia
dima.nikolaev.77@gmail.com

Abstract. The article considers a model of telemetric processes
with structural heterogeneity. The results of the probabilistic investi-
gation of telemetric information coming from the Soyuz-2 launch ve-
hicle make it possible to justify the model in the form of a mixture of
Gaussian distributions. As information signs of telemetric processes,
the characteristics of “exceeding the level” are used. To adapt the
characteristics of the model to the real-time telemetric informa-
tion in the time domain, the approximation of the resulting prob-
ability density by the Edgeworth series is used. For the adaptation of
characteristics in the frequency domain, a classification of telemetry
processes according to the shape of the spectrum is proposed.

Keywords: automated analysis, structural heterogeneity, emis-
sions of random processes, excess levels, zero-crossing, abnormal
measurement results, contamination of telemetric information
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Statistical Model of Time Series

Garbaruk V. V., Fomenko V.N.,
Emperor Alexander I Petersburg State Transport University,
St. Petersburg, Russia,
vmkaf@pgups.ru

Abstract. Railway obligatory medical inspections are aimed at
enhancing safety of train traffic as well as maintaining staff health
and employability. In this work a method is suggested of rapid iden-
tification of drug dependent people by means of pupillograms (i. e.,
curves representing the time dependence of human pupil area as
reaction to light stimulus). These curves are processed using factor
analysis, data points being treated as variables. Correlation between
data points appears as presence in each of them factors common for
the whole process. Clustering experimental data is done using test of
statistical significance. Two criterion variables are introduced: one
of them depends on common factors whereas the other is related
to individual factors. A class of pupillograms obtained for survey
subjects having some pathologies has been revealed as a result of
analysis.

Keywords: factor analysis, cluster analysis, maximum likelihood
method, pupillograms.

INTRODUCTION

A is known the human eyes reflect the psychoemotional and
physiological state of men. A number of researches were per-
formed earlier which proved the relation of pupil characteristics
to the state of tiredness. For instance, correlation between pupil
contraction rate and the state of being without sleep for more
than 24 hours has been demonstrated in report [1]. Thus medical
examination based on pupillograms can be used to assess one’s
attentiveness and reaction rate as well as his validity. A pupillo-
gram examination lasts 5 minutes, is non-invasive and harmless
to patients [2]. For this reason the pupillogram examination is fit
for institutions which must permanently monitor staff efficiency
and find out persons being in drug or alcohol intoxication. In
the present paper pupillograms are treated as time series. Their
statistical processing allows one revealing facts of a psychotropic
substance exposure upon the subject under examination.

An important task in using time series is classifying them into
classes according to a specific criterion. Existence of an appre-
ciable stochastic component in the time series disguising the
classifying criterion can greatly complicate solution of the above-
mentioned problem. The goal of the present paper is to suggest
a method which, in a number of cases, enables one to eliminate
the influence of the stochastic factor and more clearly distinguish
an interesting feature of the time series. The method proposed is
based on factor analysis [3—5] which allows extracting common
components in data points of a time series, so-called common
factors. All data points are expressed through common factors.
The set of n random variables fill a domain in » dimensional
space which is segment of a linear manifold with dimensionality
equal to the number of common factors. Strong correlation be-
tween data points ensures that the number of common factors is
not large. In such case the stochastic component in the process
under investigation can be removed to a large extent and reliable
conclusions can be drawn on whether the time series belongs to
a specific class.

Kupriyanov A. S.,
000 «T-Sistems RUS»,
St. Petersburg, Russia,
akuprijob@rambler.ru

The present approach to take into account correlation be-
tween data points is an alternative to autocorrelation function
method [6]. Its advantage is that it does not imply transition into
frequency domain and, as a result, loss of clearness. Moreover,
a non-stationary process is admissible too. In conventional ap-
proach the time-frequency transform would be necessary in that
case what causes further difficulties.

FACTOR ANALYSIS AS APPLIED TO
STOCHASTIC PROCESSES

Let X(7) be the random process to be investigated observed
at time moments ¢, (i = 1, 2, ..., n). Denote the corresponding
process values (further on referred to as terms of the time series)
as x, = X(t). The quantities m; = Mx; and o; = \/Dixl stand for
the expected values and rms deviations. Let R be the correlation
matrix for random variables x;.

In factor analysis the matrix R is decomposed with respect
to its eigenvectors as follows

0
0
v,
0
}\'}’l

where V' denotes a matrix with the eigenvectors of R as its
columns, A; are eigenvalues (A; > A, >...>X,). Letus choose
the first p eigenvectors from their complete set so that they make

n
a dominant contribution to the sum > A, =n.
k=1
The following matrix is computed starting from the selected
eigenvectors

M 0 .. 0
oo oy, o0
R=V 2 yT (1)
e 0
}‘p

where ¥ has dimensions nx p and contains the chosen eigen-
vectors. Further, the eigenvectors of R are found, p ones of them
with the greatest eigenvalues are selected, a new matrix R is
calculated via Eq. (1) on their basis and so on. The iterations are
repeated until convergence with desired accuracy is achieved. As
a result the initial correlation matrix takes the following form

R=R+AR. )

The diagonal elements #; = R;;, which are portions of the
total variance o; of the x, variables reproduced by the p main

eigenvectors of R , are called communalities. They may essen-
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tially differ from 1. The matrix AR represents residual correla-
tions and variances.

Splitting the correlation matrix into two parts (2) is associated

with the following representation of the x, variables
p —
X =m;+6; . ag fr +u;,  i=ln, 3)

k=1

where f; are non-correlated normalized random quantities
(“common factors”). The coefficients a;;, (“factor loadings”) are

collinear with the eigenvectors of R with a factor of \/A, . The
quantities u; (“individual factors”) are statistically independent
from the common factors.

The diagonal elements of AR have the following form

Du; .
1—h; =—= . They might not be small as compared to 1. How-
i
ever, in accordance with the principles underlying factor analy-
sis, the non-diagonal correlation coefficients of AR should be
small because common factors have to take into account the main
part of x, correlation:

Cov(xl 2X7) Cov(u;,u; )

_"9\’17\7 Zalkalk +—

If communalities #; are about 1 (i. e., the individual fluctua-
tions are sufficiently small), one can omit the individual correc-
tions in Eq. (3) to a good accuracy. Then one obtains for terms
of the time series the following approximate representation

i9

P
X; = my+0; ) ay [y 4
k=1

Eq. (4) means that the vectors (x;,x,,...,x,) are contained
by a n dimensional domain (linear manifold) in the » dimen-
sional linear vector space. The reduction of dimensionality of the
space segment filled by the stochastic process is obviously re-
lated to correlations between data for different time moments.
These correlations are described in factor analysis by introducing
components common for the different terms of the time series,
the common factors.

POINT ESTIMATION OF FACTORS

Let us construct the point estimators of common and indi-
vidual factors using the maximum likelihood method. To make
the matter more explicit we assume that factors are distributed
normally. As a result, the terms of the time series obey the same
distribution rule. Then, having in mind that common factors are
uncorrelated with each other and the individual ones, the likeli-
hood can be written down as follows

V(s

fp,ul,...,un):

p Q)
ST

ljl

with N as a normalizing factor. In Eq. (5) we have taken into
account correlation between the individual factors. It must be
done despite of the fact that the common factors do care for
an important part of x, correlations. Really, residual correlation

between the individual factors can lead to correlation coefficients
far from zero because the variance of the individual factors are
small too if the communalities are near unity. Residual covari-
ance is defined as the difference between total covariance and its
portion related to the common factors

Cov(u;,u;) = Cov(x;,x;)—Cov/) =

=Cov(x;,x;)~ 0,0 Z Ay d .
k=1

The matrix C of coefficients entering Eq. (5) equals C =
= "Cov(ul U )”
The estimators of the factors fk and #; are obtained as val-
ues maximizing likelihood (5) under addltlonal conditions
maX\u(fv“?.fp»”;]a-"sﬁn)y

r.
X =mp+0; ) ag fr +i;,i=1,...,n,
k=1

where %; are experimental data.

One obtains the following system of equations for #; using
Lagrange multipliers:

n P n

j=1 k=1/=1

The common factor estimators are gotten from the relations

fk - z Cl]ujclalk (7)
i,j=1

However, it may occur to be rather cumbersome to straight-
forwardly apply formulae (6) and (7) because this would require
to successively invert two large (possibly badly conditioned)
matrices in order to compute Cj; and then #; . The difficulty is
overcome by passage to new variables w; instead of #; in the
following manner

n

=2, Cov(u;,u;)-w;. (®)

The w; variables are calculated from the system of equa-
tions

n
2. Cov(x;,x;)w; = & —m;. Q)
j=1

The common factors are expressed through the new vari-
ables in the following way

fe = woiay . (10)

i=1

It is to be noted that the covariance matrix Cov(u;,u ;) may
be even singular rather than badly conditioned. It is the case if
exactly eigenvectors of the correlation matrix R are chosen as
factor loadings (for instance, it is done so in the Principle Com-
ponent Method). The C matrix in the expression for likelihood
(5) does not exist in this case. Never the less formulae (8)—(10)
which were used for computation of point estimators are still val-

Hnmennekmyanvhovle mexnonozuu na mpaucnopme. 2017. Ne 3 21



Intellectual Technologies on Transport. 2017. No 3

id. They can be justified by a regularization procedure implying
transfer of some amount of covariance from the individual factors
to the common ones according to the following relations

Cov)' = Cov) 4 ¢E; "Cov(ui,uj )"' = "COV(ui,Mj )" —¢E,

where F is identity matrix and ¢ is a small parameter. The new
matrices are not degenerate and they allow obtaining formulae
(8)—(10). Passage to the limit e—>0 is obvious because covariance
Cov(u;,u;) is continuous with respect to .

CLUSTERING OF STOCHASTIC PROCESSES

When operating with time series it is important to know if the
current stochastic process represented by experimental data be-
longs to a process class. Let us assume that the following charac-
teristics of the class are available: expected values and rms devia-
tions (in fact, statistical estimates of them) and factor loadings of
the time series terms. Here we solve the class membership prob-
lem using the test of significance algorithm and taking into con-
sideration two reasons. The rms deviation of the observed values
relative to their approximation through common factors should
not be large if the process belongs to the given class and factor
analysis performed earlier has shown a considerable contribution
of common factors to correlation between terms of the time series.
Second, the magnitudes of common factor minimizing the rms
deviations should not considerably exceed unity because common
factors are normalized random variables.

Likelihood (5) prescribes distribution of two following sta-
tistics

1o =2 Cyttiu . (11)
ij
and
2 L 2
Xy =21 (12)
k=1

Let us dwell on the first statistic. Denote as D the matrix with
orthonormal eigenvectors of the matrix C as its columns. Since
C=Cov™', the quadratic form (11) is positive definite, because
the covariance matrix has positive eigenvalues. Let ;' be vari-
ables in terms of which the form (11) is diagonal:

n
xe =Yk . (13)
i=1

Here «; are eigenvalues of C. We have for the u;' vari-
ables

It follows from expression (13) that the Xlz, statistic has a xz
distribution with » degrees of freedom. The variable (13) can be
cast in the form

2

n n )4

2 ~

Y =2 ZDji(xj_mj_szajkfk) .
i=1 j=1 k=1

This relation allows treating x,f as the weighted rms devia-
tion of orthonormal linear forms of the terms of a time series

n
2. Dj;x; from the values predicted by common factors
=t
n P
ZlDﬁ(mj +cjkzlajkfk).
Jj= =

As was said above, computation of the coefficients C;; can
turn out to be difficult. One can avoid this problem by expressing
statistic (11) through variables w; (see Eq. (8))

n
= w Cov(u;,u;)w;. (14)
i

Formula (14) is also valid if the matrix ||cOv(u,.,u j)|| is de-

generate. It is derived in that case by using the regularization
procedure described in section 2.

Statistic (12) has a X2 distribution with p degrees of freedom
because of independence of common factors.

Let £, and P, be confidence levels for both test statistics

with F)(x) being cumulative 32 distribution function with r
X

degrees of freedom. Then the tolerance domain of test of sig-
nificance is determined by the system of inequalities

2
<K ;
x;, " (15)
wr <Ky

where quantiles K, and K, obey to equations

FOK)=BFP (K ) =Py

/R

AN APPLICATION OF THE OUTLINED METHOD

The method outlined above has been applied to investiga-
tion and clustering of the set of pupillograms, which give the
dependence of pupillary diameter on time after a light stimulus.
The consecutive frames of pupil are produced during 3 seconds
at a rate of 50 frames per second. A set of 544 pupillograms of
healthy people was investigated, each pupillogram containing
readings for 155 time moments. A generic pupillogram is de-
picted in Fig. 1. The light flash takes place at zero time. One can
learn more about pupillography in paper [7].

A factor analysis procedure has revealed three common factors
with individual communalities not less than 0.99. Data were ana-
lyzed using criteria (15) with confident levels £, = P, =0,95.

In Fig. 2 open circles depict the points with abscissas and
ordinates equal to the values of statistics xﬁ and X%« correspond-
ingly. The dashed lines show the critical values of K,, and K £
These lines confine the tolerance rectangular domain. From the
total number of 544 pupillograms 22 ones go beyond the toler-
ance domain being positioned near its boundary. That is in ac-
cordance with the confident levels adopted. 109 pupillograms of
healthy people are only shown to make the figure clearer.

A statistical model has been built as described above on the
basis of the normal pupillograms, i. e. those of healthy people.
This model is used to detect pathologies of drug dependent pa-
tients suffering from intoxication and drug withdrawal. In Fig. 2
upright crosses depict points for pupillograms of peoples af-
ter drug withdrawal (totally 30 patients). The points shown as
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Fig. 1. A generic pupillogram
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Fig. 2. The critical values of K, and K I

slanted crosses relate to pupillograms of people with intoxica-
tion (20 surveyed persons). It is seen that 19 pupillograms from
20 ones made in condition of intoxication do not meet the tol-
erance domain. All 30 pupillograms of people after drug with
drawal are far beyond the tolerance domain either.

Thus, one can certainly draw the conclusion that the method
of identification of the specified pathologies suggested in this
work is efficient. Note that both pathologies are well separated.
However, creating statistical models for pupillograms with a spe-
cific pathology is necessary to completely solve this problem.
Unfortunately, relevant experimental data are not available at
the moment.

CONCLUDING REMARKS

The approach to stochastic processes proposed in this work
and based on factor analysis has the advantage that it can be used
both for stationary and non-stationary time series and allows one
avoiding time-frequency transformation. It is in contrast with the

Fourier transform method that information on the process class
as a whole is contained in the factor loadings whereas informa-
tion on a specific realization of the process is related to common
factors which are normalized independent random variables. It
allows mapping individual features of a process realization into a
linear manifold with dimensionality which is equal to the number
of common factors and therefore may be much less than dimen-
sionality of the space spanned by experimental data.

One can conclude that the method suggested allows perform-
ing discriminant analysis of random processes. The example
given in this paper proves its efficiency.

Statistical simulation of stochastic processes with preset
characteristics could be another application of the method.
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Crarucruyeckast Mojae/Ib BpeMEHHbIX PSAT0B

I'ap6apyk B.B., ®omenko B. H.,
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Annomauusn. Ob6s3are/ibHble METUIHHCKHE OCMOTPBI HA Ke-
JIE3HOJOPOKHOM TPAHCIOPTE MPOBOASATCS C LEJbI0 MeTUIHHCKO-
ro odecneyeHust 6e30MaACHOCTH IBHKEHHS M0€3/10B, COXPAHEHHsI
310POBbA M TPYI0CHOCOOHOCTH padoTHHKOB. B padoTe npeanoxen
MeTo/ ObICTPOro OIpe/ieeHusl HAPKO3aBHCUMBbIX JIIO€ii 0 My M-
JiorpaMMaM (KpUBBIM 3aBHCHMOCTH ILIOINAIU 3pavyKa YejoBeKa
OT BpeMEHH B OTBET Ha cTUMYJI). K TAKHM KPHBBIM NPHUMEHSIETCS
(akTopHBIii aHATN3, IPUYEM B Ka4eCTBe NepeMeHHbBIX paccMaTpu-
BalOTCs BpeMeHHbIe ceyenusi nynuiuiorpamm. Koppeasiuus 3Tux
ceyeHUil MPOsIBJsieTCs Yepe3 HAJIMYUe B HUX OOLIUX /ISl BCEero
npouecca paxropos. [Ipu kiaacTepuzauum IKCNEPUMEHTAIBHBIX
JAHHBIX HCIOJL3YeTCs] KPUTEPHii 3HAYUMOCTH, IPUYEM BBOIATCS
JABAa KPUTEPHUsi: OUH COTEPKUT 001HeE, a APYIOii — HHANBUHAYATb-
Hble pakTopsl. B pe3ynbTaTe aHau3a 4eTKO BbIeJsieTcsl KIace
NMyNHJIOTPAaMM, OJTYYeHHBIX Y 00c/IeyeMbIX ¢ MaTOJIOTHSIMH.

Knrouesvie cnoea: pakTopHblii aHAIN3, KIACTEPHBINH aHAINU3,
METOJ MAKCMMAJIBLHOI0 MPABI0NOI00HSs, MyIHII0rpaMmma.
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Boi0op CYDB/l u onipenesieHre onTuMajibHOIO

YHCJIa JATYMKOB U151 JIOKAJBLHOIO0 cepBepa
B coctaBe CAI'M

by6nos B.II., Mouanos A.B., Conossena B.T.
[MeTepOyprekuii TocyoapCTBEHHBI YHUBEPCUTET My Tel coodmenns Mmmeparopa Anekcanzapa |
Canxkr-IlerepOypr, Poccus
bubnov1950@yandex.ru, exxxcepter@yandex.ru, v_solovyova@outlook.com

Annomayun. B crarbe paccMaTpuBaeTcs npouecc Boioopa
CYB/l, Hau0oJ/1ee NPUTOIHOI AJS MCHOJIb30BAHMA HA JIOKAJIHLHOM
cepBepe CHCTeMbl ABTOMATH3UPOBAHHOIO reo1e3M4ecKOro MOHM-
TopuHra. OnuceIBaeTcsi apXUTEKTYPa MPOrPpaMMHOTO KOMIIJIEKCA
aBTOMATH3HPOBAHHOIi CHCTeMBbI reoe3H4ecKOro MOHHTOPHHIA HC-
KYCCTBEHHBIX coopy:keHuii. [IpoBoasATcsi cpaBHUTEIbHBIH aHATU3
CYB/l u o6ocHoBaHue UX BbIOOpa. OmnpenensieTcss HaudoJIbIIEe
YHCJI0 JATYMKOB, IOAKJII0YAEMbIX K CepBepy, IPH KOTOPOM padoTa
JaHHOTO cepBepa He OyaeT HapyIeHa.

Knruesvie cnosa: CAI'M, CYB/l, MOHUTOPHHT, JaTYUK, NPO-
rpaMMHBIIi KOMILIEKC, JIOKAJILHBIN cepBep.

BBEJIEHUE

JUi1 0OBEKTUBHOTO aHAIN3a TOTYYaeMbIX JaHHBIX M CBOE-
BPEMCHHOT'O p€arupoBaHuA Ha OIMACHBIC OTKJIOHCHUSA UCKYC-
CTBEHHBIX COOpPY)KEHHUI1 OT HOpMaJIbHO# paboThI TpebyeTcs, 4To-
OBl B COCTaBE CUCTEMBI KOMIIEKCHON 0€30I1aCHOCTH ABUKECHHS
HaXOJWJIach MOACUCTEMA aBTOMATU3UPOBAHHOIO MOHUTOPUHTIA
HCKYCCTBEHHBIX COOPYXKEHUM.

MOHHTOPHHT KPUTHYECKH BaKHBIX U OITACHBIX 00OBEKTOB —
MPOIECC HHCTPYMEHTAIBHOTO aBTOMATH3UPOBAHHOTO KPYTIIO-
CYTOYHOTO HAONFOACHUS 32 OIPENICIICHHBIMH ITapaMeTPaMy 3THUX
00BEKTOB. 3a1aueii MOHUTOPHUHTA CIUTACTCS TPEIOTBPAICHIE
OTIACHBIX CUTYallNid, HaHECEHH ymiepOa 00beKTaM TN HX pa3-
pyuenus. [IpobiemMa MOHUTOPHHTA UCKYCCTBEHHBIX COOPYKe-
HUM paccMoTpeHa B [1-6].

B nanHoOi1 cTaThe npeayiaraeTcs OpraHu30BaTh CUCTEMY aB-
TOMaTU3UPOBAHHOTO Treoze3nueckoro Mmouutopurra (CAI'M).
CAT'M npowusBoaut cOop, cUCTeMaTH3alHI0, XpPaHEHUE, aHa-
U3, npeobpa3oBaHue, OTOOpaXeHHE U paclpoCTpaHECHHE
IIPOCTPAHCTBEHHO-KOOPANHUPOBAHHBIX IAHHBIX O KOHTPOJIUpYeE-
MBIX 2JIEMEHTaX 0C000 OMacHOTO OOBEKTA JIsl CBOEBPEMEHHOTO
00HapyKCHUS OMACHBIX BEIMYUH Je(OpMAIIHiA, ONpeICICHUS
MIPUYNH UX MOSBICHUSA, COCTABIICHHUS IMPOTHO30B Pa3BUTHSA Jie-
(hopmManmii, oripeaeneHus i IPUHATIA Mep Al TUKBUAAINN Pa3-
BHTHS OIIACHBIX MPOIIECCOB U MX TMOCIEICTBHI.

Orranmsanus CAI'M

Co3nannslit mporpamMuslii komivieke (I1K), npencrasisto-
i coboit sspo CAI'M, maeT BO3MOXKHOCTh MOIKIIOYUTh JTHO-
Oble HaOOPBI TaTYMKOB, IPOU3BOJUTE COOP, Nepe/iady, aHaIN3 1
XpaHeHue JaHHBIX. B OyayiiemM BO3MOXKHOCTH KOMILIEKCAa MOTYT
PacIIUpPATECS B COOTBETCTBUU C aKTyalbHOCTBIO TEXHHUECKUX
TpeOOBaHUH K TAKIUM KOMILICKCAM.

1K BrItOUaeT cleayromne OCHOBHbIE KOMITOHEHTBI:

* mporpaMmMHoe obecrnedenue JokaapHoro cepaepa (IIOJIC);

* mporpamMMHoe obecrniedenne ynanéunoro cepsepa (REST
API);

* rpaduueckmii maTepdeiic (Web Application) (puc. 1).

ITOJIC moKHO COOTBETCTBOBATH CIEAYIOIIUM TpeboBa-
HUSM:

* HE3aBHCHUMOCTH OT IIaT(HOPMBL;

* CITOCOOHOCTH K THOKOHM HACTPOWKE MPH PA3INIHBIX THITAX
M KOJIMYECTBE TaTYUKOB, IIOMEIICHHBIX Ha OOBEKTE;

* CITOCOOHOCTB K CaMOBOCCTAHOBJICHHUIO (IIPH YTPaTe COSAU-
HEHUS C OJJHUM U3 JaTYMKOB CHCTEMA J0JDKHA IPOIOIDKaTh pabo-
TaTh ¥ MBITAThCS BOCCTAHOBUTH MOTEPSHHOE coeanHenue) [7].

ITroniecc BoiboPA CYB]I

MOHUTOPHUHT BaXKHBIX /I 0OBEKTOB — OJTHO M3 OCHOBHBIX
HAIIPaBJICHUN TPEIOTBPALICHUS aBapUid U pa3pyIICHUAS ITHX
00BEKTOB. YUUTHIBast BAXKHOCTH 3TOH 3a/1auM, IIPH BEIOOPE CHUCTe-
MBI yripaBieHus 6a3zamu naHabix (CYB/I), BXoadme B cucTeMy
MOHHTOPHUHTA, CIIEAyeT MPUHUMATh BO BHIMAaHHUE CICYIOLIIE
(hakTOpHI:

* MOJICIMPOBAaHNE JAHHBIX:

— TPUITEPH! U XpaHUMBIE NIPOLETYPHI;

* 0COOEHHOCTH apXUTEKTYPbI U (PYHKIMOHAIbHBIE BO3MOXK-
HOCTH:

— MaclTabHpPyeMOCTh;

— CeTeBbI€ BOBMOXKHOCTH;

* 0COOCHHOCTH Pa3pabOTKH MPHI0KCHHIA:

— TOIIepKUBaeMbIC SI3BIKH IPOTPAMMHUPOBAHHS,

* HaJC)KHOCTE!

— BOCCTaHOBJICHHUE MOCIEe COOCB;

— Ppe3epBHOE KOTIMPOBaHMUE;

—~ MHOTOYpPOBHEBAsl CHCTEMa 3aIlIHTHI;

* TpeboBaHuUs K paboueit cpene:

— TOJJIep)KUBAcMbIE arlaparHble mIar(hopMBI;

— OmepalMoHHbIE CUCTEMBI, MOJ] YIPaBJICHHUEM KOTOPBIX
cnocoOHa paborats CYB/I;

* CMEIIaHHBIC KPUTCPUH:

— CTOUMOCTb.

CYB/I BeIOUpany U3 4eThipex HauOoJIee MOIXOIAIINX O]
9TH TpeOOBAHUS MPOAYKTOB:

* MySQL;

* PostgreSQL,;

* Oracle;

* DB2.

[Tepsrie nee CYBJI GecrinatHbie, Ipyrue — IIaTHBIE.
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Puc. 1. Cxema CATM

Cpenu 6ecrutatasix CYB/] Hanbonee nogxoxsmas — Post-
greSQL. Ee nocrouncTna:

* cooTBeTCTBHE cTanmapraM. Tak kak MySQL He cTaBUT 11st
ce0s 1eNb MOHOCTRI0 COOTBETCTBOBAThH cTaHAapTaMm SQL, ata
CVYB/] He nonmHocthio nopaepxuBaer SQL. Ecin B Oynymem
utaHupyetcs nepexoz Ha miataeie CYB/], nanpumep, Oracle,
TO cnenarh 310 ¢ PostgreSQL Oynet 1oBosbHO MpoOCcTo 1O cpaB-
HeHuto ¢ apyrumu 6ecrutatasivu CYBJT;

* MHOTOITOTOYHOCTb. [ lapajiiensHbie oneparyy YTeHHs-3aIiCH
MoryT co3narh mpobdaems! B MySQL. [Tomumo 3toro, npeacras-
nenue kaxnaoro knmueHnta CYBJl PostgreSQL B Buae otaensHOro
Iporiecca Mo3BOJSIET MOBBICUTh HAJEKHOCTh U 0€30MacHOCTh
CHCTEMBI;

* hynkronan. Hecmotpst Ha To, uto MySQL npenocrasiser
JOCTaTOYHO OOraThlil (PyHKIIOHAT, COOTBETCTBUE CAMBIM HOBBIM
CTaH/JapTaM 1 OIPOMHOE KOJIMUYECTBO JOIOIHEHU AenatoT Post-
greSQL ooee dpyukimonansHoit CYB]I, mo3BoIsist MOMYYUTh BCE
HE0OXOANMBIE BO3MOXKHOCTH;

* [IEJIOCTHOCTh IaHHBIX. PostgreSQL obecrnieunBaet 66IBITYIO
HaJIeKHOCTh U LIEIOCTHOCTh JaHHbIX, 4eM MySQL;

* CIIOKHASI CTPYKTypa AaHHBIX. [1o cpaBHEHHIO ¢ JPyTrUMH
otkpsIThiMi CYBJI, PostgreSQL npenocrasnser 6osbliie Bo3-
MO>KHOCTEH IS CO3/IaHUSI CIIOXKHBIX CTPYKTYp IaHHBIX 0€3 HeoO-
XOIUMOCTH JKepTBOBATh KAKUMHU-TTHOO0 acriekTamu |8, 9].

U Oracle, u DB2 orBedaroT TpeOOBaHHUAM K UCTIOIB30BAHUIO
¢ paccMarpuBaeMoii cucteMoit MoHnTOprHTa. O0Iagast B IEIOM
CXO’KUMHM XapaKTEePUCTUKAMH 1 BO3MOXKHOCTSIMH, OoJiee JTorud-
HbeiM BeiOopoM Oymet CYB/I Oracle, mockonbky y Hee:

* GoJiee BBICOKas TPOM3BOIUTENBHOCTD U HAJIE)KHOCTh, XOTS
U 1ipu 6oJiee BBICOKOH CTOMMOCTH;

* GoJee MpocCTast HHTErpalys CTOPOHHUX MPUIIOKEHHH;

* KoM4ecTBO cnenuanucToB no pabore c CYB/] Oracle 3Ha-
YUTEJIbHO MPEBBIIIAET 3T0 KonnyecTBo y DB2 [10].

PACYET UNCIIA JATYMKOB

HJ'ISI OIpeaACJICHUA ONITUMAJIbHOIO YMCJia JaTYMKOB, ITOAKIIIO-
YaceMbIX K OJHOMY JIOKaJIbHOMY CEPBEPY B CUCTEMEC MOHUTOPUH-

ra, mpoBeneH dKciepuMedT. [Ipeamourenne 6su10 otnano CYBJ
PostgreSQL. U PostgreSQL, u Oracle obecreunBatot Tpedye-
MBI QyHKIMOHAI, onHako OecrutatHas PostgreSQL Gomee BbI-
TOJIHA C 9KOHOMUYECKOH TOYKH 3pPEHHUS.

Harpy3ska na cepsep b/l npoBepsinacey s cieayronmx cu-
Tyauui:

* YUCJI0 KIMCHTCKUX HoaKodeHnii K b/1:

50;

- 100;

- 150;

- 200;

- 250;

* CyMMapHOE YHCIIO 3asBOK OT OJHOTO KIIMEHTAa 3a BPeMs
SKCICPUMECHTA!

- 500;

- 1000;

- 1500.

WuTepBan Mexmy 3asBKaMu OT ofHOTO KiueHTa 0,2 c.

Jist sxciepuMeHTa OBUIO HAMMMCAHO MPUIIOKEHNE Ha SI3BI-
Ke mporpamMMmupoBanus Java [11], kotropoe mogxirogano k bJ]
PostgreSQL [12] u renepupoBaio 3asiBKA COITIACHO 3aaHHBIM
napameTpam — YUCIy KJIHMEHTOB U KOJIWYECTBY 3asBOK OT KaXK-
JIOTO KJIMEHTA. 3asiBKa MPECTaBIsIa CO00i 00bEKT BUIA IIEJI0-
YHCJIeHHOE 3HaueHue + cTpokay (int + String).

B kauectse cepsepa B/] Beictynan 1K co cnenyrommmu xa-
PaKTepUCTHKAMHU:

* 4-sniepHsIii npoueccop ¢ yacroro 1,5 I'T;

* 8 I'b oneparuBHOI maMsITu;

* JKECTKHI JUCK ¢ 4acToToil 5400 06/MUH.

CxeMa 3KCIeprMeHTa U cXeMa paboThl MPOTrpaMMbl TIpeI-
CTaBIICHHBI HA pHC. 2, 3.

B xone skcriepuMeHTa OTYYIEHBI CICAYIONINE PE3yAbTATH:

* 00beM OZHOTO KIIMEHTCKOTo Iporecca cocrasisier 2 Mb;

* MICKOBAasi aKTUBHOCTH OIHOTO KIIMEHTCKOTO IIpoliecca He
npessicuna 50 Kb/c;

* U3MEPEHO CPEeIHEEe YMCIIO TPAH3AKIIMN B CEKYHTy JJIS pa3-
HOTO YHCJIa KIMEHTOB (Tabm. 1);
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Tabmuua 1
CpenHee 4MCIIO TPaH3aKLHN B CEKYHIY

* U3MEPEHO BpeMs B MUHYTaX, HEOOXOAUMOE IS 3aBepliie-
HUS DKCTIEPUMEHTA TPU Pa3HBIX UCXOMHBIX JaHHBIX (Ta0d. 2);

* U3MEPCHA CPEIHsA HArpy3Ka Ha )KECTKHU TUCK IJISI Pa3HOrO
qrcia KIUeHToB (Taom. 3);

* U3MepeHa cpeHsis Harpy3ka Ha LI nis pasHoro uncna
KITUCHTOB (TallI. 4).

Ta6nuna 2
Bpewmst, Tpebyemoe [uis 3aBepIICHHS SKCIIEPHMEHTA

Yucno 3as1BOK
YUucno KIMEeHTOB
500 1000 1500
50 1,97 3,96 5,93
100 1,93 3,86 5,8
150 2,14 4,41 6,33
200 2,3 4,27 6,34
250 2,35 4,62 6,49
Ta6muna 3
Cpennsis Harpyska Ha XKeCTKUil Auck

UwcIio KIMEeHTOB Cpennsia Harpyska, %

50 20

100 26

150 31

200 35

250 40

Ta6nuna 4
CpenHsist Harpy3ka Ha IpoLeccop

Yucno KIMeHToB Cpennsia Harpyska, %

50 10

100 12

150 15

200 17

250 20

Ha puc. 4 npencrasnens! rpadgukn 3aBUCHMOCTH BpPEMEHH,
3aTPadeHHOro Ha SKCIEPUMEHT, OT YHCia KIUEeHTOB. i Bcex
TpeX CUTyalui MPOCIEXKUBAETCS TCHICHIUS YBEIUYEeHUs Bpe-
MEHHU MPH yBETHUUEHUH YHCIA KITUEHTOB.

IIpuHrMas Bo BHUMaHNE HENOJHOE UCIOIb30BaHNE alla-
parsbix pecypcos [IK (LI, O3V, xxecTkuii T1CK) BO BpeMsl 9KC-
MEPUMEHTA, MOXXHO YIy4IINTh CUTYaIHIO:

a) CHU3UTh YaCTOTY 3asBOK OT KJINCHTOB;

b) orpaHnuHTE MakcHMabHOE YHCIIO KreHTOB (50—-100).

HawuGornee BBIrOHO B JAHHOM CITy4ae CHU3HUTh YaCTOTY 3asi-

Yucao KIMEHTOB Yucro TpaH3akuuii/c
50 279
100 613
150 1017
200 1254
250 1617

BOK, TaK KaK 3TO ITO3BOJIUT Hauboee 3G(heKTHBHO HCTIONB30BaTh
anmaparssie pecypest [TK.

Ha puc. 5, 6 npeacTanensl rpadvKy 3aBHCUMOCTH HAarpy3KH
Ha >kecTkuit nuck u LI oT uncia KIUeHToB.

BEIBOJIBI

O06a rpaduka Harpy3KH IpeaCTaBISIOT cO00i TMHEHHYTO
3aBUCUMOCTb, YTO ITO3BOJISIET ONMPEACITUTh MAKCUMAIIBHO JIOITY-
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Puc. 6. 3aBucumocTts Harpy3ku Ha L1 ot umcia KnueHTOB

CTHUMOE YHCJIO KIMSHTOB. B JJaHHOM ciy4ae 3TO 4uciio OymeT
OMPEJIETISITHCS IO HArPY3Ke Ha KECTKUil IUCK KaK Ha Hanboee
MEJUIEHHOE YCTPOMCTBO B cucTteMe. PekoMeHyeMoe 3HaueHne
quciaa KIMeHToB — 350, Tak Kak Harpy3Ka Ha KEeCTKUH JHCK B
9TOM ciy4ae OyneT HaxonuTbes B npenenax 50 %. OnHako 3a-
MeHa JKECTKOT0 JicKa Ha 0oJiee MPOU3BOJUTEIbHYIO BEPCHIO
MO3BOJIUT YBEJIMUUTH YMCIIO TOIb30Batenel. Heobxonumoe st
JIaHHOTO 4Kclia KineHToB konudecTBo O3Y cocraBut 700 Mb
(6e3 yuera ro6oro apyroro [10). O6beM nepechUIaeMbIX Ha cep-
BEp JTAaHHBIX cOCTaBUT okoiio 20 MB/c; s nepenaun norpedyer-
cs aBa kanazna o 100 Mowut/c ninu ogun kanan 1 I'our/c.
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Database System Management Selection
and Determination Optimal Number of Sensors
for the Local Server as a part of AGMS
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bubnov1950@yandex.ru, exxxcepter@yandex.ru, v_solovyova@outlook.com

Abstract. The selection process of DBMS, which is the most us-
able on the local server of AGMS is considered. The architecture of
the software complex of AGMS is described. A comparative analysis
of DBMS and the reason for its selection are given. The maximum
number of sensors connected to the server, at which the work of the
given server will not be violated, is determinated.

Keywords: AGMS, DBMS, monitoring, sensors, program pack-
age, local server.
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Bou10op moxeau SSD-HakonuTe s
HA OCHOBE AJITOPUTMA HEYETKOI0 BBIBO/A
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Cankr-IlerepOypr, Poccus
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Annomanus. llpepnaraercs noaxoa K Boidopy SSD-nucka, yno-
BJIETBOPAIOLIETO 321aHHBIM NapaMeTpaM. JJuck BpIOMpaeTcs Ha
ocHOBe (opMUpPOBaHMsA 0a3bl HEYETKUX MPABUJ U NMOCJIEAYIOLIEro
NPUMEHEHHs AJITOPUTMA HEYETKOro BbIBoAa MaMaaHu. AHAJIN3H-
pyloTcs nomyJsipubie Moaesn SSD-1uCKOB, peICTaBJIeHHBIX HA
poinke. [IpuBoasiTcs mpuMepbl BIOOpa ONTHMAIBHONH MOJEH
SSD-HakonuTeas 1Sl BBIYUCIUTENbHONH CHCTEMBI € 32 IaHHBIMH
napamMeTpaMmH.

Knrouesvie cnosa: SSD-auck, HedeTKUI BBIBOJI, XpAHEHHe 1aH-
HBIX, KecTKHi q1uck, MATLAB.

BBEJIEHUE

Wudopmanus Bcerna Obl1a 1 0CTAaeTCs 0Y€Hb BaXKHOM CO-
CTaBIISIIOIIEH Hallel KHU3HH, a ee XpaHEeHHe TPECTaBIsIeT cO00i
BXHYIO 3a7a4y. HecKkonbKo JIeT Ha3ax MpoHu30IlIa HacTOsIIas
peBosonnsA B 0071acTH XpaHEHUs WH(POPMAIUH: TOSBHINCH
MIEPBBIE MacCOBBIC HAKOITUTEIH, NCTIONIB3YONIHE MUKPOCXEMBI
¢rrenr-naMsTH.

B Hacros1iee BpeMs CyLIECTBYIOT JBa BUla yCTPOMUCTB Xpa-
HeHUs1 HHPOpMAITIH:

* HDD (hard disk drive) — HakoruTenu Ha ®ECTKUX MarHUT-
HBIX JTUCKaX, JACHCTBYIOLIME MO MPUHIHUITY HAMarHHYUBaHUs
KECTKUX (He TMOKUX) MIACTHH U3 aFOMUHUS WM CTEKJIa, Ha
KOTOpbIE HaHECEH cioii peppomarneTrka. B HacTosmee Bpems
9TO Hanbolee pacpOCTpaHEHHBIE YCTPOWCTBA XpaHEHUS HH-
¢dopmanmy;

* SDD (solid state drive) — TBepaOTEIbHBII HAKOIIUTEINb.
B otnuune or HDD, B HEM OTCYTCTBYIOT MEXaHUYECKUE YACTH.
3anmce, onpoc U mepe3anuch HHPOPMAINH Ha KECTKHN THCK
SDD ocymiecTisieTcss Ha MUKPOCXEMax MaMATH IO yIpaBie-
HHUEM TIpoIieccopa.

SSD nabupaet Bce OOJBIIYIO MOMYISPHOCTH ¥ TOTPEOUTE-
JIeld, TOATOMY TIPH BHIOOPE AMCKA BAXKHBI OIIPE/IeIICHHbIE XapaK-
TEPUCTHKH.

OB30P XAPAKTEPUCTUK SSD-HAKOUTEIEN

Paccmorpum noctonHcTBa M HegocTatku SSD-HakonuTe-
JIen.

K nocrouHcTBaM OoTHOCATCS:

* CKOPOCTb YTeHHA U 3anuc nHpopmaimu. [lo cpaBHEHHIO
¢ OOBIYHBIMH JKeCTKUMH Juckamu SSD pabotatoT Ha 0OIBIION
ckopoctu. K nmpuMepy, HaKOIHUTeNb, MOAKIIOYEHHBIH 110 HHTEp-
¢eiicy SATAIIIL, paGoraer na ckopoctu 500 Mb/c;

* YCTOMYMBOCTh K MEXaHUYHBIM MOBpexaeHusM. B SSD Het
AKTHBHBIX DJIEMEHTOB, II03TOMY OH HE OOUTCS CHIIBHBIX MeXa-
HUYECKHX MOBPEKACHHH;

Xomonenko A. JI.
[TeTepOyprckuii rocyIapCcTBEHHBI YHUBEPCUTET
myTeit coobmmenus mmneparopa Anekcanmpa I,
BKA um. A. @. Moxaiickoro
Cankr-IletepOypr, Poccus
khomon@mail.ru

* Hu3Koe 3HepronoTpednenue. ITo cpasrenuto ¢ HDD SSD
UCIIONB3YeT MEHBIIIE HIEKTPOIHEPIHH, Il HOYTOYKOB 3TO OY€Hb
aKTyaJIbHO;

* IOHM)KEHHOE TEIUIOBbI/Ie/IeHHe. BHyTpeHHee TecTupoBaHye
B Komranuu Intel mokasasno, yto HOyTOyku ¢ SSD HarpeBaroTcs
Ha 12,2 °C meHble, yem aHanorudasie ¢ HDD;

* OecurymHas pabora.

K Henmocrarkam oTHOCSTCS:

* BEICOKAsl CTOUMOCTb.

* OIPaHIYEHHOE YHCIIO IIUKJIOB nepesanvcu. OObIMHBIN cpen-
Huil SSD-mick Ha OCHOBE Quem-maMaTi ¢ TexHonorueit MLC
cnioco6eH npousBecty mpuMepHO 10 000 IMKIIOB YTCHNUS/3aUCH
nHpOPMAIUH;

* TaK KaK KOHTpPOJUIep (pU3NUECKU PACHONOXKEH MEXIY UH-
TepdeiicoM U MUKpOCXeMaMH NaMsTH, BEPOSTHOCTh €ro I0-
BPEXJICHUS B pe3ysibTare cO0s WM NpoOJieM C ITMTaHUEM OYEHb
Besuka. [Ipu 3ToM camu 1aHHBIE B OOJIBIIMHCTBE CIIy4aeB CO-
XPaHSIOTCSL.

OnpenennMcs ¢ xapaktepuctukamu SSD-HakonuTenei, no
KOTOPBIM BBIOMPAIOT ONTHMAIGHBIN BapHUaHT:

* 00beM SSD-nurcka BeIOHpaeTCs B 3aBUCUMOCTH OT IIeTieit
nokynku Hakomurtensa. K mpumepy, ecaun SSD-auck Heobxo-
JIVIM TOJIBKO JJISI YCKOPEHHS 3arpy3KH ONEePanioOHHON CHCTEMBI
Windows, 0pHCHBIX TPOTrpaMM ¥ ITOBBIIICHNS OT3HIBINBOCTH CH-
cTeMsbl, To 00bema Jicka 60—64 I'6 (rurabaiT) GymeT 10CcTaTogHO.
Eciu TpedyeTcst yCKOPUTh paboTy Cepbe3HbIX MPodheCcCHOHAb-
HBIX MTPUJIOKEHHUH (MOHTXK BUJICO, CUCTEMbI IPOCKTHPOBAHUS 1
T.1.), TO MoHanoouThest SSD-muck oobemom 120-128 T°6;

* CKOPOCTb YTEHHSI/3aI1CH OOJIBIINHCTBA COBPEMEHHBIX SSD
HaxoauTcs B mpeaenax 450—550 Mo6/c. Uem BbIlie JaHHBIN Ta-
pameTp, TeM ObicTpee Oyner paborarb HakonuTedb. OnHAKO HE
CTOMT 3a0BIBaTh, YTO MPOMU3BOIUTEIH YKA3bIBAIOT B crenuu-
Kalli¥, KaK MPaBHII0, MAaKCUMaJIbHO BO3MOXKHBIE CKOPOCTHBIE
XapaKTEPUCTUKH, U B PEATbHBIX YCIOBUIX HAaKOIHUTEINb, CKOPEe
Bcero, OyaeTr paboTars He Tak ObICTPO;

* KOJIMYECTBO omepaiuii BBoxa/BeiBoaa B cexyHay (IOPS):
YeM BBIIIE JAaHHBIHA I0Ka3aTellb, TEM ObICTpee HAKOMUTENb OyAeT
paboTarh ¢ 60NBIIUM 00beMOM (aiioB. ITO HEMATOBAKHBIH
(akTOp /151 HAKOMMTEIIS, HA KOTOPOM YCTaHOBJIEHA OTEpalu-
OHHasl CHCTeMa;

* Tumbl TaMATu U pecypc SSD. B coBpemennsix SSD nuc-
Kax UCTONb3yeTcs MaMsITh HeckoabkuxX Tunos: MLC, TLC u 3D
NAND (V-NAND).

MLC — HanGoree mormynsipHbIHA THIT TaMsATh 11t SSD-1uckoB
C ONITHMAJILHBIM COOTHOIIIEHHUEM LIEHA/CKOPOCTH/I0JATOBEYHOCTD
U OpUEHTUPOBOUYHBIM pecypcoM 3000-5000 nuknoB nepe-
3aIIHCH.

TLC — Gornee AemIeBbIi THIT TaMSTH, BCTPEYAIOIINICS B OFOI-
*keTHBIX SSD, ¢ pecypcom nepesanucu okono 1000 muxItoB.
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3D NAND — coBpeMeHHas OBICTpast HaMATh, pa3paboTaHHas
KOMIIaHHeH Samsung, ¢ caMbIM OOJIBIIUM PECYPCOM Iepe3amnu-
cu. YctaHaBimMBaeTcs B 6osee joporue moaenu SSD komnaHuu
Samsung.

Croumocts SLC-4nnoB HAMHOTO BHIIIE U pecypc paboThI
B cpenHeM B 10 pa3 Gonbine, yemM y MLC-4umoB namsti, HO
TIPY MTPAaBUIIBHOM SKCILTyaTallly CPOK CITy>KObI HAKOTIUTENEH Ha
MLC-uynnax namsiTH COCTaBJISIET HE MEHEE TPeX JIET;

* Oydep obMeHa (k3m1) Ha ocHoBe mamsaTa DDR3 yckopsieT
paboty SSD-nucka, HO [IeNiaeT ero HeCKOJIBKO opoxe. Ha xax-
neiit 1 I'6 oopema SSD momxao npuxonutbest 1 M6 kama DDR3.
Takum obpazom, SSD obremom 120-128 I'6 momkeH nMeThb
128 M6 DDR3, 240-256 I'6 — 256 M6 DDR3, 500-512 I'6 —
512 M6 DDR3, 960-1024 I'6 — 1024 M6 DDR3;

* 3amuTa OT o0ecTounBaHus. JKenaTeabHO, YTOOBI JUCK C
Kam-naMaTeio DDR3 nMen 3amuTy 0T BHE3aITHOTO OTKITIOYEHHS
sHeprun (Power Protection), koTopasi 00BIYHO MOCTPOCHA Ha
OCHOBE TAHTAJIOBBIX KOH/IEHCATOPOB U MO3BOJISIET COXPAHUTh
JlaHHbIe U3 Oy(depa Ha MUKPOCXEMBI IIAMSATH B cIy4ae 00ecTo-
guBaHus SSD. Ho ecnm uMmeeTcss HCTOYHUK OecriepeOoiHOTO
mutanus (MBI, UPS), To 3amuToit 0T 00ecTOYNBaHAS MOKHO
MpeHeOpeYs;

* koHTpOoIIepbl SSD. CymecTByeT MHOKECTBO KOHTPOJIIEPOB
st SSD-nuckoB. K Hanbosee momyssipHBIM TOPTOBBIM MapKaM
otHocaTes Intel, Samsung, Marvell, SandForce, Phison, JMicron,
Silicon Motion, Indilinx (OCZ, Toshiba). JIyumiue SSD-nucku
cTposiTcs Ha KoHTposutepax Intel, Samsung, Marvell. B cpennem
KJacce 0oJiee MOMyJIIPHBI TaBHO 3aPSKOMEH I0BABIIME CeOs1 KOH-
Tposuiepsl SandForce u 6osee mononsie Phison;

* nopnepkka SSD nakonurenem S.M.A.R.T., TRIM, ECC,
TEXHOJIOTHH BEIpAaBHUBAaHUS U3HOCA ¥ (POHOBOH yOOpKH Mycopa
(Garbage Collection) mo3BoIUT IPOKOHTPOIMPOBATE COCTOSI-
HUE HAKOIMTENSI M B 3HAYNTEIIFHOW Mepe MPOIUTH CPOK €ro
CITYKOBI;

* ckpbITast oomacte SSD. Kaxnprii SSD-auck mMeeT 10BOIb-
HOM O0JNBIIOI 00BbEM MaMATH B CKPBITOW (HETOCTYITHOHN ITOJb-
30Barento) o0macTu. JTH TYEHKN UCTIONB3YIOTCS B3aMEH BBIXO-
JIAIIAX U3 CTPosi, Omarogaps 4emy o0beM JUCKa CO BpeMeHeEM
He TepseTcs U 00ecreunBaeTCss COXPAaHHOCTh JIaHHBIX. B kave-
ctBeHHBIX SSD 3TOT CKpBITHIN 00beM MokeT focturarh 30 % ot
3asIBJICHHOTO 00BbeMa JicKa. HekoTopble MpON3BOUTENH C IIENIBIO
SKOHOMHH U MOIYYEHHUsI KOHKYPEHTHOT'O IPEUMYIIECTBA JIETaloT
CKpBITBIN 00beM aucka Mensbine (10 10%), a JoCcTyImHbIH mob-
30BaTento — Oonbie. braroxapst 3ToMy 1MoJIbp30BaTENb NOTyYaeT
OOJBINI TOCTYIHBIN 00bEM 3a T€ JKE JACHBIH;

* npousBoautenu SSD. Jlyumum npousBonutenem SSD nuc-
KOB sIBJsIETCS KoMITaHus Intel, HO MX CTOMMOCTB BeChMa BBICOKA
1 OHM HCHOJNB3YIOTCSI B OCHOBHOM B KOPIIOPaTHBHOM CEKTOPE
JUIsl OTBETCTBEHHBIX CHCTEM U cepBepoB. CIeayIomuii 1uaep B
IUTaHe TEXHOJIOTMYHOCTH — KommaHusa Samsung. Mx SSD ctost B
CpellHEeM BBIIIIE, YeM BCE OCTaJIbHBIE, HO OTIIMYAIOTCs Oe3yrped-
HBIM Ka4€CTBOM, HaJI)KHOCTBIO ¥ CKOPOCThI0. Jlyurimmu o co-
OTHOUICHUIO leHa/kadyecTBo npu3Hanbl SSD Opennos Crucial,
Plextor (Toprosast mapka Samsung) u SanDisk. Taxoke B kauecTse
KOMITPOMHCCHOT'O BapHaHTa B IUIaHE [IeHa/KadeCTBO MOXXHO pac-
cMmarpuBath SSD 3apekomenoBaBmiero ceds Openma Corsair u
A-DATA;

* hopm-daxrop u unTepdeiic SSD. Hanbonee momymsapHbIMEI
Ha ceroqas sBisttorces SSD ¢opm-dakropa 2,5” ¢ nHTEpHEHCHBIM
pazpemoM SATA3 (6 ['6ut/c). Takoit SSD MOXHO yCTaHOBHTE B
KOMIIBIOTEP MM HOYTOYK;

* BpeMs HapaboTku Ha otka3 (MTBF) y OonpmmHCcTBa Ha-
KOTIUTENIel B CPeIHEM COCTaBisieT 1—2 MUJUIMOHA YacoB. Yem
BBILIE IAHHOE 3HAUSHHUE, TEM JIy4llIe.

Brisor SSD-HAKOIUTEJSI HA OCHOBE 3AJJAHHBIX
IMAPAMETPOB C UCIIOJIb30BAHUEM AJITOPUTMA
HEYETKOI'O BBIBOJA

B noBceHEBHOM KU3HU ITOIB30BATENb MOKET CTOJIKHYTHCS
C HEOOXOIMMOCTBIO ITpHOOpecT SSD-HAKONUTEh, KPUTEPUHU
OrpaHUYeHUs BEIOOPA KOTOPOTO OH OIPEEISET CAMOCTOSITEIb-
HO. B TakoM ciy4ae ynoOHO IPUMEHUTH aNTOPUTM HEYETKOTO
BBIBOJIa, KOTOPBII OyneT MCIONB30BaH B HacTodAlel pabore.
OmnepaTopbl HEYETKOMH JIOTHKH O4€Hb CXOXH C OOBIYHBIMH OyIie-
BBIMH OIIEpaTOpaMH M MO3BOJISIIOT YIIPOCTUTH NMPUHATHE Pellie-
HU 110 BBIOOpY SSD-mucka. CiioykHOE MaTeMaTnieckoe Mojie-
JMPOBAaHHE MOXKHO 3aMEHHUTH (DYHKIMSIMU MPUHAUIC)KHOCTH U
npaBwiaMu HeueTKoH Joruku [1]. [Toaxonsl K peieHuo Takoro
THTA 33724 paccMOTpeHs! B [2, 3]. OxHOo 13 HanboJee MOITHBIX
CPEJICTB IS pelieHns TakuX 3a1a4 — cucremMa MATLAB, npeno-
CTaBIISIIONIAs MTOJIH30BATENISIM Pa3HbIE CPEICTBA IPOrPAMMHUPO-
BaHUs, B TOM 4HCII€ BU3yalnbHOro. C MOMOINBIO BU3YaIbHOTO
MPOrpaMMHUPOBAHUSI MOKHO MTOCTPOUTH HEOOXOAMMYIO MOJIEIb,
a 3aTeM 3aIlyCTUTh MPOLECC MOACIMPOBAHHS B IPOTPAMMHOM
pexIMe.

OCHOBHBIE ITOKa3aTeNIl Hanbosee MomyIIpHbIX SSD-1ncKoB
obbeMoM 10 256 I'6aiiT mpeacTaBieHb! B TAOHILIE.

Jiist mprMeHeHHs aIropuTMa HEYeTKOTO BBIBOJIa HEOOX0/IHU-
MBI BXOJHBIE 1 BBIXOJHBIC IIEPEMEHHBIC. B KauecTBe BXOIHBIX
TIepeMEHHBIX Oy/ieM HCIIONb30BaTh JINHIBUCTHYECKHE ITEPEeMEH-
HBIE: «CTOMMOCTBY», «CKOPOCTb 3alMCH» U «BPEMs HapaOOTKH
Ha O0TKa3». JINHrBUCTHYECKas IEPEMEHHAs «CTOMMOCTB) MOXKET
MPUHAMATh 3HAYECHUSI «BBICOKA, «CPEAHAN, «HU3KasD). JIuHr-
BHCTHYECKAs IEPEMEHHAsI «CKOPOCTb 3aIMCH» MOXKET IPHHUMATh
3HAYECHUS] «BBICOKAs, «CPEIHSNY, «HU3Kas». JIMHrBUCTHYECKas
nepeMeHHast «BpeMsi HapabOTKK Ha OTKa3» MOXET PUHUMATh
3HAUCHUS «IJIUTEIILHOEY, KCPEHEE», KKOPOTKOE).

B kxauecTBe anropuTMa HEYETKOTO BBIBOJIA MCIIOJIB3YETCS
anropuT™M MamziaHH, MO3TOMY ISl 3TAllOB KOMITO3UIIUH OBIIH
BBIOpaHbI CIIEAYIONINE METO/IBI UX BBHITIOJIHEHUS:

* JUIS JIOTHYECKOW KOHBIOHKIIMU B YCIIOBUSIX HEUETKUX TIpa-
BuJI (And method) — MeTo MUHMMAIIEHOTO 3HAYCHMS (Min);

* JUIS JIOTHYECKOW AN3BIOHKIMH B YCIOBHUSIX HEUETKHUX IIpa-
Bua (Or method) — MeTon MakcHMaabLHOTO 3HAYCHHUS (Max);

* IUIs1 JIOTHYECKOTO 3aKJIFOUCHUS B KaXKJOM M3 HEUETKHX IIpa-
Bua (Implication) — MeTo1 MUHMMAJILHOTO 3HAYCHHMSI (Min);

* ISl arperupoBaHus 3HaYeHUH (PyHKIIMHM TPUHAIIEKHO-
CTH Ka)/IOW M3 BXOJHBIX MIEPEMEHHBIX B 3aKIIIOUCHHAX HEUeT-
Kux npaBmi (Aggregation) — METO/I MAKCUMAJILHOTO 3HAYCHHSI
(max);

* s Aedasz3uduKauy BHIXOAHBIX epeMeHHbIX (Defuz-
zification) — MeTOJ] IEHTPa TXKECTH JUIS TUCKPETHOTO MHOXeE-
CTBa 3HAYCHUH (DYHKIINU TPUHAICKHOCTH (centroid).

Cxema pa3pabarbsiBacMON MOJIENH IIPEACTaBIICHA Ha pHC. 1.

B nporiecce HeueTKOro BEIBOAA HEOOXOANMO BBIOPATh TaKoi
SSD-nakonwTeNnb, Ut KOTOPOTO CBEpTKa (DYHKITUNH IpHUHAITEK-
HOCTH CTOMMOCTH, CKOPOCTH 3aIlFICH ¥ BpEMEHH HapabOTKK Ha
OTKa3 JIUCKa JacT HAWITYYIIUil pe3ysbTar.

Jlnist peanu3aluy HEYETKOTO BhIBOJA Tpedyercst chopmMupo-
Barh 0a3y NpaBHJI CUCTEMbI HEUETKOTO BBIBOZA, KOTOpas AJIs pe-
IIEHHS IOCTABJICHHOM 3aJa41 UMEeT CJIeYIOIINI BU/L.
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XapakTepuCTHKH TBEPIBIX HaKomuTenei 1o 256 I'6ait

CpenHsist po3HUYHAs O6beM mamsTu, MaxcumansHas IpOM3BOAHTENEHOCTS Cpennee BpeMst
HaumenoBanue N
LeHa, pyo. I'6aiiT Yrenne, MGaiit/c Zaruch, MGaiit/c HapaOOTKH Ha OTKa3, 4
A-DATA Premier SP610 6500 256 560 290 1500000
Crucial MX 10 9800 250 555 500 1500000
Intel 730 Series 13000 240 550 270 2000000
OCZ Vector 180 10730 240 550 530 2300000
Plextor M6 Pro 10500 256 545 490 2400000
Plextor M6V 7500 256 535 335 1500000
Samsung 850 EVO 10500 250 540 520 1500000
Samsung 850 PRO 10600 256 550 520 2000000
Smartbay Revival 6000 240 525 500 2000000
Smartbay Ignition 4 5900 240 550 320 1200000
Toshiba Q300 PRO 7900 256 550 520 1500000
Transcend SSD370S 7600 256 560 460 1500000
CToMMOCTb \
; : ; Model
(mamdani}
CropocTe3anncH /
BpemaHapaboTrmHaOTraz

FIS Name: Model FIS Type: mamdani

And method — - Current Variable

Or method o - N

Type
Implication — -
: Range
Aggregation o -
Defuzzification centroid ,: Help —

Puc. 1. Cxema pa3pabarsiBaeMoit Mozenn

HmeroTcst BXOIHBIE TEPEMEHHBIE «CTOUMOCTBY, «CKOPOCTh
3amuCcH» U «BpeMsl HapaOOTKH Ha O0TKa3». Mcromnp3yst nx 3Have-
HUSI, TIOCTPOUM 0a3y IpaBwI AJIsl BEIYUCIECHHS BBIXOAHOMN TIepe-
menHoi PE3VJIBTAT.

* eciiu ctroumocth HU3KAS, ckopocts 3amucu BBICOKA S
u BpeMs HapaboTku Ha oTka3 JJIMTEJIBHOE, to cuutaercs,
YTO pacCMaTpUBAEMbIi HAKOIUTENb ITOJXOANT;

* eciu crouMocts CPEJIHAS, cxopocts 3amucu BBICOKA S
u Bpemst HapaOotku Ha otka3 JJJIMTEJIbHOE, To cunraercs, uto
paccMaTpUBaeMblil HAKOITUTENb TOJXOAUT;

* eci croumocts BBICOKA S, ckopocts 3anucu HU3KA A
n Bpems Hapabotku Ha oTka3 KOPOTKOE, To cuuraercs, 4ro
paccMaTpuBaeMBblil HAKOTIUTEh HE TTOAXO/NT;

* ecimu crommocts CPEJIHSAA, cropocts 3ammcn HU3KA S
u Bpems HapaboTku Ha otka3 KOPOTKOE, to cumraercs, 4to
paccMaTpuBaeMBblil HAKOTIUTEIb HE TTOAXOIHT;

* eciiu croumoctb BBICOKA S, ckopocts 3anvcu CPETHSAA
u Bpemst Hapabotku Ha otka3 KOPOTKOE, To cumraercs, dro
paccMaTpuBaeMblil HAKOTINTEIb HE TOAXOIHT;

+ ecniu ctoumoctb He HU3KASL, ckopocts 3anmcu He BbI-
COKASI u Bpemst Hapabotku Ha otka3 He JJJIMTEJIBHOE, To
CYHTACTCS, YTO PACCMaTPUBAEMBI HAKOIIUTENb YCIOBHO MOJ-
XOJIMT.

Ha puc. 2 noka3zaHo 1U1aJ0roBoe OKHO pefakTopa 0a3sl Ipa-
Bui cucreMel MATLAB.

CreayromyM 1maroM B MOCTPOSHUH MOJIENH SBJISIETCS Olpe-
Jenenne QyHKIUH MPUHAATIC)KHOCTH BXOAHBIX M BBIXOJHBIX
nepeMeHHbIX. X BUI oka3aH Ha puc. 3—6.

Paccmotpum HexoTopsie SSD-iickn U3 TaOIHUIEI 1 BEIOEpEM
ONITHMAJIBHBIN C TIOMOIIBIO AJITOPUTMa HeYeTKOro BeiBoaa. [lep-
B orennM mozens Intel 730 Series: croumocts 13 000 py6.,
ckopocth 3amucu 270 M6aiit/c, BpeMsi HapaOOTKH Ha OTKa3
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i1
2.
3.
4.
5.
6.
7.

If (CTOWMOCTE is Hiskas) and (CrkopocTb3anuck is Bulcokas) and (BpemaHapaboTruHaOTkas is [

If (CToumocTk is Huskan) and (CropocTe3anuck is Cpeguan) and (BpemaHapatoTknHaOTras is AnuTenexoe) then (PesyneTaT is Nogxogut) (1)

If (CroumocTe is Cpegnan) and (CkopocTe3anuck is Boicokaa)y and (BpemaHapaboTrkmHaOTras is AnuTensdoe) then (PesyneTar is Nogxogut) (1)

If (CToMMocTe is Boicokan) and (CropocTe3andck is Huskan) and (BpemaHapaboTrnHaOTras iz KopoTroe) then (PezyneTat is Helogxogut) (1)

If (CTroumocTek is CpegHan) and (CropocTe3anuck is Huzkan) and (BpemsHapaboTrkmHaOTras is KopoTroe) then (PesyneTat iz Hellogxogut) (1)

If (CToumocTe is Bocokan) and (CropocTe3anuck is Cpeghaa) and (BpemaHapaborrmHaOTras is Kopotkoe) then (PezyneTaT is Hellogxogut) (1)

If (CToumocTt is not Huskan) and (CrkopocTe3anuck is not Boicoran) and (BpemaHapaGoTkmHaOTeas is not AnuTenwHoe) then (PesyneTat is YeonoexologxeguT) (1)

CToumocTs is

and
CropocTe3anuck is

and

BpemaHapatGoTkmHaOTras is

PezynbTar is

Huzkan - KopoTroe -
CpegHas Cpegxsa CpegHee
Boicokas Boicokas
none none none
Puc. 2. basa npaBun paszpabarbsiBaeMoii Moaenu
Huskan Cpeghas Buicpras Husgan CpegHas BricpEan
1 1
0.5+ B 0.5+ B
B 1 1 1 1 1 1 1 C 1 1 1 1 1 1
G000 7000 2000 S000 10000 11000 12000 13000 300 350 400 450 500 550

Puc. 3. ®yHKIU NpUHAIICKHOCTH BXOTHOW IIEPEMEHHON
«CTOMMOCTBY, pyo0.

Kopo

ITKOE

CpegHee AnuT

1.4 16 18 2 22
Puc. 5. ®yHkuys npuHaAIEKHOCTH BXOJHOU IIEPEMEHHON
«BpeMst HapaboTKU Ha OTKa3y, 10 u

CToMMOCTE = 1.27e+004 CropocTe3anucu = 270

ﬁ

LI
B

]
]
L]
L]

}

Puc. 4. ®yHKIMS NPUHAIIISKHOCTH BXOIHON ITEPEMEHHON
«CKOPOCTB 3amucu», Moait/c

HeMog

=1
n

[xoguT YcnosnologxoguT

0guT

Puc. 6. @yHKIMS NPUHAIICKHOCTH BBIXOHON ITEPEMEHHON
«pe3yabTaT)

BpemaHapaGoTrnHaOTras = 2e+006

outputi = 0.388

o[ ] ]
i i, |
5900 13000 270 530 1 4
0 1
NPUL | 11 371¢+004 270 26+006] FIITITE 101 T left | right | dnwnl up |

Puc. 7. Pezynbrar monenuposanus 1t aucka Intel 730 Series
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CToumocTte = 6e+003 CropocTe3anucu = S00
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BpemaHapatorrnHaOTras = 2e+006

output! = 0.515
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=
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[6000 500 2e+008] Plot points:
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Puc. 8. Pesysnbrar MoaenupoBanus uist nucka Smartbay Revival

Ctoumocte = 7.5e+003 CropocTe3anuck = 335

]
|
|
EN
|
]

13000

T

tn
@
=
=
]

0

BpemaHapaborrmHaOTkaz = 1.5e+008

output! = 0.452

LTI

o

x 10

Input: Plot points:

[7500 335 1.5e+006]

101 Move: left | right | dnwn| up |

Puc. 9. Pesynbrar MmoaenupoBanus s qucka Plextor M6V

2000000 u. BeixogHast mepeMeHHas! «pe3yabTar UMEET 3HaUYeHUE
0,388 (puc. 7), 9TO O3HAYACT, YTO paccMaTpuBaeMas MOJCIb He
moaxouT (cM. puc. 6). 1 neficTBUTENBHO, IIPH BEICOKOH CTONMO-
CTH MBI TTOTy4aeM HI3KYIO CKOPOCTB 3alHCH U JUTUTEIFHOE BPEMs
HapabOTKH Ha OTKa3, YTO HE SBJISETCS ONTUMAIILHBIM BEIOOPOM.
Taxoke orennm momenu Smartbay Revival u Plextor M6V (puc.
8, 9). Ilo pe3ynbTaraM MOIEIUPOBAHUS MOXKHO CJIENIaTh BBIBOJ,
yro uck Smartbay Revival siBisieTcss onTUManbHbIM Cpein BCeX
npeAcTaBiIeHHbIX SSD-HakonuTenei, Tak Kak OH 00J1aaeT Hau-
MEHBIIICH CTOMMOCTBIO, BEICOKOIH CKOPOCTBIO 3aIIMCH U JUTUTEIb-
HBIM BpeMEHEM HapaOOTKH Ha OTKa3.

BriBog

CoBpemennbie SSD-auCKH yXKe TpOIIIN 3TAll CBOETO CTa-
HOBJICHUSI KaK TEXHOJIOTHU M CETOIHS SABIISIOTCS BIIOJHE CaMo-

JIOCTaTOYHBIMH ycTpoiictBamMu. OHHE obOecrieunBaroT B 3—5 pas
GONBIIYI0 CKOPOCTH YTEHUS/3aMUCH AAHHBIX, YTO O3UTHUBHO
CKa3bIBACTCs Ha OBICTPOACHCTBHN CHUCTEMBI B 1eioM. [Ipn sTom
OCHOBHOH HEJJOCTATOK B BUJIE OIPAHNYCHHOCTH KOJIMYIECTBA U~
KJIOB TIepe3alicy He TaK YK CTpallleH IPU JUTUTEIbHOM BPEMEHH
HapaboTKu Ha OTKa3. B mpexcraBieHHO# cTaThe pa3paboTan
MOAXO0[ K BBIOOPY Moenid SSD-HaKOMUTENs HA OCHOBE aJrOpPHT-
Ma He4eTKoro BbIBozia. C ero MoMoIIbIo BEIOpaHa ONTHMabHAs
Mozienb SSD-nrcka u3 mpejioxKeHHOTO CIIHCKA.
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The Choice of an Optimal Model
of SSD-Drive Based on Fuzzy Logic Algorithm

Klimkina A.A., Valieva A.O., Logashev S. V.
Mozhaisky Military Space Academy
St. Petersburg, Russia
anitaklimkina@gmail.com, baksil123@mail.ru,
logal977@yandex.ru

Abstract: an approach to the choice of SSD that matches the speci-
fied parameters proposing. The choice of drive is due to the formation of
fuzzy rule base and then applying the algorithm of Mamdani fuzzy in-
ference. We analyze popular models of SSD storage on the market. It is
given an example of choosing the optimal model of SSD drive for a
computer system with specified parameters.

Keywords: SSD drive, fuzzy inference, data storage, hard disk,
MATHLAB.
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HUccaenoBanue nmo3uMOHUPOBAHUSA LIEJIH
IJISl BCEHANPABJICHHOT0 MOOUJIBHOTIO
MAHUIIYJIATOPA ¢ 3 CTENEHAMHU CBOOOABI
HA OCHOBE MAIIMHHOI0 3pPEeHUA

So Iy
ITexunckuil TpancnopTHsIil yHUBepcuTeT, [lexun, Kurait
[MerepOyprckuii rocynapcTBEHHBINH YHUBEPCHUTET ITyTEH CO-
obmennst mneparopa Anekcannpa I,
Canxr-IlerepOypr, Poccus
15121222@bjtu.edu.cn

Annomauusn. PaccmaTpuBaeTcsi BceHanpaBJIeHHbIH MOOMIbHBIIH
poGoT ¢ TpeMsi CTeNeHsIMH CBOOO/IBI, ISl KOTOPOIo o0ecneInBaeTcs
yJydlleHHe KOHTPOJIsS ONepanHoHHOii MO3UIHUU U TOYHOCTH pado-
Thl MAHUNYJISITOPA B Y3KOM WJIU NepernoJTHeHHOM padoyeM MecTe
M0 CPABHEHHIO C 00IUM MaHuNyJaATOpoM. Pemnaemasi 3ana4a 3a-
KJII0YAeTCs B yJIy4IleHUH THOKOCTH po0oTa npyu paboTe ¢ HECKOJIb-
KHMMH pa3HbIMH 00beKkTaMu. IIpu 3T0oM 3¢ (pexkTHBHBIM penienueM
sIBJIsieTCS PAcloO3HABaHMe Leau ¢ 00padoTkoii n3o0pakenuii. Ha
OCHOBe 00pa00TKH N300paKeHUs] MOKHO ONpeIe/IUTh I0JI0KeHHe
M N03Y leJIM. 3aTeM CHTHAJI OTHPABJIsIETCS B CHCTeMY YNpaBJIeHUs
MaHHUIYJIATOPOM. B cTaThe m3y4yalorcsi ycJ0OBUS OCBeIleHHs, HC-
KaxkeHus U T. 1. [Ipu pacno3HaBaHUHU 1eJIH € TOMOLIBIO 00PaGOTKH
H300pakeHNii ee MO3UIMS CBepsieTcs ¢ peaJbHbIMH KOOPAMHATAMH.
IKCIEePUMEHThI MOKA3BIBAIOT, YTO PACHO3HABAHUE LieJIel ¢ MOMOo-
b0 00paboTKN H300paskeHuii No3BosAeT 3(PPeKTHBHO YIYy4IINTH
rubKocTh paboThl podora.

Knrouegwie cnoea: MOOMIBHBIA POOOT, MAIIMHHHOE 3pEeHHeE, Ma-
HHIYJSITOP C TPeMsl CTeNleHSIMHU CBOOO/bI.

BBEJIEHUE

CeronHs cTeneHb aBTOMAaTU3AllMU 3aBOJIOB U CKJIAJ0OB CTa-
HoBHTCS Bee BhilIe [1]. OHAaKo TPYIHO paclIMpUTh (PYHKLIUH
MaHHITYJISTOpPa, HOCKOJBKY ero 0a3a ¢ukcupoBaHHas. B aToit
CTaThe OIMCHIBAETCS BCEHAIPABICHHBIH MOOWILHBIN MaHUILY-
JISITOP C TPEMsI CTENEHSIMU CBOOO/IBI, KOTOPBIN MOXKET IIOBBICHTh
TMOKOCTh MaHUIYJISITOPA U 3HAYUTEIBHO YBEIUYUTD €ro (hyHK-
IIOHAIBHOCTB.

Chavana uepe3 aHaJIN3 MaHUIYJISATOpPA C TPEMs CTETICHSIMH
cBOOO/IBI yCTaHABINBAETCS MOJETh KHHEMATHKY MaHHUITYIISITOpa
metogoMm D-H (Denavit-Hartenberg), Ha ocHOBe 3T0O# Momenn
BBIBOANTCS ypaBHEHNE KHHEMATUKU MaHUITYyIIsiTopa. Vzyden me-
TOJI PELICHHUs] 00PaTHOI KMHEMaTHYECKOH 3a1aul MAaHUITYJISITOPA.
[TonmyuyeHo aHaMUTHYECKOE pelieHne 00paTHONH KMHEMaTHYeCKOM
3aj[a4u MaHHITYJISATOPA.

3areM NpoBEPSIOTCS U aHAJIM3UPYIOTCS aHAIUTHYECKHE pe-
LIEHNs YPaBHEHUH IPSIMOA KUHEMATHKU 1 OOPaTHBIX PEIICHHH.
DKCIIepUMEHTAJIbHBIC PE3YNBTaThl JI0Ka3bIBAIOT 3 PEKTHBHOCTD

II3uBy Ban, Baubuix Croit
MexaHI4eCKHH, IEKTPOHHBIN U KOHTPOJIbHBINA (aKyJIbTeT,
INexunckuil TpancnopTHeIN yHUBepcuTeT, [lexun, Kurait

Cyrumaka Macanopu
Alife Robotics Corporation Ltd, fAmonns
1 OTKPBITHIN YHUBEPCUTET, BennkoOpuTanus
15121244@bjtu.edu.cn*

METOAa MOJTYYCHU 06paTHOF0 PCHICHUS MaHUITYJIATOpA U METO-
Ja OeJICBOIro MECTOITOJIOXKCHU .

CHUCTEMHBII OB30P

Cucrema ynpasieHHs poOOTOM O4YeHb BaXKHA IIPH pealn3a-
IIUM aBTOMAaTHYECKOro YIpaBlIeHUs UM. PaccMaTprBaeMblii B
cTaThe poOOT UCMONB3YeT YeThipe Koseca Mecanum 1ijist 00e-
CIICUCHUS BCCHAIPABICHHOTO IBIKCHHUSI TUTaTGOPMBI poOOTa.
B cocraBe cucremsl ynpasieHus: poOOTOM €CTh YEThIPE YaCTH:
IPC (mepcoHanbHbBI KOMIIBIOTED), TVIABHAS [TAHEJIb YIIPABIICHNUS,
JpaiiBephl IacCH U MaHUITYIISATOD (pHc. 1).

MepcoHanbHbI
KomnbloTep

Y

[Opaisepbl
waccu

Y
[nasHaa naHenb
ynpasneHus

Y

MaHunynaTtop

Y
Mmpockonbl
1 3HKOAEpbI

Puc. 1. Cxema ynpasieHust po6oTom

IPC 3amyckaet onepanuonHyro cuctemy Windows gepes mo-
CJIe/IOBATEBHBIN OPT A YCTAHOBJICHHS CBA3M C OCHOBHOM I1a-
HeTbio yrpaBneHns. OCHOBHas IJIaTa yIpaBICHNS CBI3bIBACTCS
C IByMsI yIIPaBISIOMINMHY IU1aTaMK puBoza yepes muHy CAN.

JIM3AH BCEHAIIPABJIEHHOI'O
MOBUWJILHOI'O IIACCH
HA OCHOBE KOJIECA MECANUM

Yersipe xoseca Mecanum ycTaHOBJIEHBI [1s1 BCEHAIPABIICH-
HOTO IBMXeHHS ardopmel (puc. 2) [2].

*  Omy6muxoBano: ISBN 978-4-9908350-2-6: Jiwu Wang, Yao Du, Wensheng Xu, Sugisaka Masanori. Study On The Target Positioning For
An Omni-Directional 3DOF Mobile Manipulator Based On Machine Vision. The 2017 International Conference on Artificial Life and
Robotics (ICAROB2017), Seagaia Convention Center, Miyazaki, Japan, January 19-22, 2017. (Ha aHDJTHICKOM).
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Puc. 2. Koneco Mecanum

Ha puc. 3 mpencrapieHb! 4eTbIpe BapraHTa YCTAaHOBKA Me-
canum. Kaxoe koxeco mpuBOauTCS B JBIKEHUE TOJIBKO JBHU-
rareyieM MIETKH IIOCTOSHHOTO TOKA C JIEBBIM M ITPAaBBIM Bpallie-
HHUEM.

ot oA oy
2 LA -
ﬁ’E";“ i éﬂ ﬁ' w5 Vaé'

o o %
Bz shr—0z

S

3
N
oy

Y a all
YU .
(c) (d}

Puc. 3. BapuaHTbl yCTaHOBKH IIACCH

Ha puc. 4 noka3ana cucremMa KOOpAMHAT MOJENH IACCH C
4eThIpbMs KolecaMu Mecanum. Cucrema koopaunar O XY,
(i=1, 2,3, 4) sBusercs IEHTPOM KaXXJOT0 KoJieca, a HCXOIHAS
cucTeMa KOOPJHHAT — IIEHTPOM IOJIOKEHHUST poOOTa.

Kax rnokazano Ha puc. 4, anuHa Tena podoTa cocrasisier 2L,
mpyHa Tena 2/, CKopocTh maccu pobora V= W, Vy), yrioBas
CKOPOCTh po06OTa BOKPYT OCU Z paBHA © , INHEHHAs: CKOPOCTH
xoneca V', = o.R, T1e ®, — yIIoBas CKOPOCTh KaJI0TO KOJIECa;
R — paguyc xoneca. PolyK ¥ KOHTaKT 3a3eMJICHHS, KOTa CKO-
pocth muHEn ¥ - IIPEAIIONOKHAM, YTO CKOPOCTH KaXKI0TO KOJle-
ca I7i= . Viy). Ion O XY, (i = 1,2,3,4) MOXHO pa3JIOKHUTh

ix’

Puc. 4. MonennpoBaHne KOOPAUHAT BCEHATIPABICHHOTO
MOOHIBHOTO poboTa

Baonb X, u Y, takkak V. u V. _,aV. MOXHO BbIpa3uTh Kak —V .
L L w i 15 i
sin,, V, —cymma V', 1 V', cosa,, KOTOpEIE YIOBIETBOPSIOT CO-

OTHOICHHUAM

le = _Vlr Sinal’Vly = _Vlw + Vlr cosay,
Vo ==Vapsinoy,, Vs, ==V, +V,, cosa,;
V3x = _V3r SiIlO(3,V3y = _V3w +V3r cos a3,

V4x = —V4r Sin OL4,V4y = _V4W + V4r Cos (X,4.

B dopmyre o, i — KpyIias och POJNHMKA M YIOJl OCH CTYHHIIBI
(i=1,2,3,4).

B 1e110M CKOpOCTB KaxkI0T0 Kojeca I7i — 3TO CyMMa BeKTopa
CKOpocTH po00Ta N OTHOCUTEIBHOTO LIEHTpa Kojeca. To ecTh
V=V, +®, OO0, paccMaTpHBalOT KaK BEKTOPHYIO HANPABIICH-
HOCTB BIOMb KoopauHaT XY u XY . MoxHO monmy4uTs GpopMyTy
JIEKOMIIO3UIN KOOPAMHAT:

Vix =V, Lo, Wy, =V, +lo,;
Ve =Vy—Lo.,,V,, =V, —lo_;
V3 —

==

Vit+Llo,, Vs, =V, —lo;
V4x = Vx +L0)Z’V4y = Vy +I(DZ.
[IprHHUMas BO BHUMaHHE TO, YTO CKOPOCTh POJIMKA HE KOH-

TPOJIUPYETCSl, U UCKITIOYHB €€, [OTy4YUM YPaBHEHUE BCCHAIIPAB-
JICHHOW 0OpaTHOM KHHEMaTHuKH poboTa:

1
Wl=E[—chota+Vy+(l+Lc0toc)0)ZJ;
w, = LTy Vo—(+L ;

2 _E[ " coto+ y—( + cota)wz}
/2 _ | V. V. —(+L ;
s _E[_ eoto+Vy, —(1+ COta)mz}
_1 I+L
W4_E[—chota+Vy+( + cotoc)(nz].
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3T0 ypaBHEHHE 0TOOpaXKaeT Crocod ympaBIeHUsT poOOTOM
B IIEJIOM.

TIPOEKTUPOBAHUE MHOTOCTYHEHUYATOM CBOBO/IbI
3AXBATA MAHUIIYJISITOPA

Konctpykmms peraara pobora B cyMMe Tpex CTeneHel cBo0o-
JIbl: HaIlpaBJIEHUE 10 OCU X, J[Ba IIaTyHa — 3TO OCU Y U Z.

Ynpasnenue osuscenuem pyuxoii manunynamopa
JUHEHOU UHMepPnoAYUY

PacueT noka3bIBaeT, 4TO €CTh B3aMMOCBSI3b MEKY TO3UIIUEH
cycTaBa po0OTa U MO3ULUEH PYKH:

py+pi-li-l5
241,
Pyl +1,c086,)— p.I, sinB,

E

0, =acos

6, = acos
: (I, +1, c0s8,)* +13 sin2 6,

JUid MOJI0XKEeHUsI IPOCTPAHCTBA PYyKH poOOTa, KOTAa OHA
HEPEMEINAETCS OT (Y, Z,) 10 (V,, Z,) TI0 TIPAMOK JIMHUH, JIMHHUSI
uHTEpnoaupyercs. M3-3a NpocToi MHTEPIOISLUY 110 OCH X WU
0ocH Y MHOTO HEPaBHOMEPHOCTH.

[Ipenmonaras, 4To HAaKJIOH JMHMHU k, Korna y £y, k =
=(z,~z,)/(y,~,), yron HaKJIOHa NpPIMOH:

o = arctan k.

Ipenmnonaras, 9410 d — pacCTOSTHHE OT Jr000H TOYKH (Y, Z)
1o (y,, Z,) Ha 3TOM OTpe3Ke, TOUKa, COOTBETCTBYomas d (y, Z),
paBHa
y=y +dcosa
z=z;+dcosa

rae d Haxogutcs B guamnasone [0, \/(xz —x1)2 + (= )2 1.
Korna d paBHOMEpHO H3MEHSETCS B ’TOM WHTEpBAJIe, IBUKEHUE
PYKH U3MEHsETCs paBHOMEPHO. [1oslydeHHOE ONMCaHHBIM ypaB-
HeHHeM (Y, Z) TOCTaBIIACTCS B BRIpakeHHE MO3UINU CyCTaBa,
YTOOBI peaTn30BaTh MPSIMOIUHEIHOE TBUKECHUE PYKH.

Ynpasnenue ckopocmsio
PYKu manunynsamopa poboma

CooTHOIIECHUEM MCKAY NPOCTPAHCTBCHHBIM IMOJIOKCHUCM
PyKu p060Ta n HepeMeHHOﬁ CyCTaBa SABJIACTCSA COOTHOLICHUC

Py =hacy —hsis; +h¢

Pz =heysy —hes, +1is

HuddepennnpoBanHbie TPON3BOIHBIC U3 PEABIAYIIEH Pop-
MYJIBI MOTYT OBITH IIPEJCTaBIICHBI B BHE
dpy | | =hsip—hsy hLee,

dp, Ley +he  Lep

B marpuunoit popme

oy oy
dpy = a_eldel +£d92 = (_12S12 _lel )del + (_Zzslz)dez

Oz Oz
dp. =—d06, +—d06, =(l,s, —l,¢;)d0; +(=I,¢;,)dO
P 26, 1692 2 = (ls1y —he))dO) +(=1yc15)d0,
Kak BUIHO M3 ONIPEACIICHUS MAaTPULIbI HKO6I/I,
p=Jgq.

Marpuna SIko6u 171t MAaHHTIYIISTOPa MOXKET OBITH MOTydIeHa
1o Gopmyrne

—bysiy —hsy Lo,

hep +hey Loy

ﬂKO6I/IaHCKaH MaTpula B OCHOBHOM HCIIOJIB3YCTCA IJIA O~
CaHus Z[I/I(l)q)epeHHI/IaHLHOFO OTHOIICHUA CMCIICHHNA CyCTaBa U
MMPOCTPAHCTBCHHOT'O IMOJIOXKCHUSA, ABJIAIOIICECCA COOTHOLICHUEM
MEXy IPOCTPAHCTBEHHON CKOPOCTBIO PYKH poOOTa U YIIIOBOM
CKOpPOCTBIO CyCTaBa:

yv=J0.

U Hao0OpOT: CKOPOCTH JBIKEHUS KAXKIOTO CYCTaBa MOXKET
OBITBH Ompe/ieNieHa ¢ MOMOLIBIO XKENAEMOI CKOPOCTH PYKH:

0 =J v
COFJ'IaCHO pacyueram,
C S
12 12

_l =515 =lisip¢
Jl= 161251 1€12512

Lchhe sy, +1s

2€1244 2512 T 481

11 —hls15¢ —” —hilys15¢

16261251 102€1251

JIN3AIIH OBPABOTKM U30BPAXXEHMI

CornacoBanne Ia0JIOHOB — ATO TIOUCK IEJIEBOTO U300pa-
skerwus [3]. s 5Toro HeoOXOAUMO H3MEPHTH CXOICTBO MEXKITY
JIBYMST H300paKEHUSMH TT0 HEKOTOPBIM KPUTEPHSIM TTOOOHS.

Coznacosanue wabionos Ha ocHoge cepoco 3HavyerHus

Korna ma610H CKOIB3UT MO0 N300paKeHUI0, COMIOCTABUM T10-
noous. [IpocTeiiielt Mepoil CXOICTBA SIBJISETCS BBIUUCICHHE
CYMMBI a0COJTIOTHBIX 3HAUCHHUH Pa3IMnduid MEX1y MaOlOHOM U
n300pakeHNeM WM CyMMOHW KBajJpaTtoB Bcex pasiauuuii (SAD
u SSD).

1
sad(r,c) = ;Z(u’v)eﬁt(u, V)= f(r+u,c+ v)|;

1 2
sad(r,c) = ZZ(u,v)ETxP(u’v) - f(r+u,c+ v)| ,

roe f(r + u, ¢ + v) — cepoe 3HaUCHHNE CTPOKH 7 + # CTOIOIA
¢ + v n300pakeHns1, KOTOPOE TOJDKHO OBITh M3MEPEHo; t (T, €) —
cepoe 3HaueHue abioHa n3oopaxenus 1 CTPOKH » CTONONA ¢
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[4]. Korma cBeT MeHsieTCs, 3HAUYCHNE CEPOT0 CTAHOBUTCS OOJIBIIE
nin MeHblie. He3aBHCHMO OT 3TOro pa3HuIa MeXy 3HaUCHHUsI-
MU IOCJIEC UBMCHCHHA U UX CPECAHUM 3HAYCHUECM Maja, 3aTEM
OHH CTaHYT HYJIEBBIMH CPCAHUMHA U €AUHUYHBIMU JUCIICPCUAMHU,
pa3aeNuB AUCICPCUIO TaK, YTOOBI H300pakeHUE OBLIIO MEHEE
YyBCTBUTEIbHBIM K H3MEHEHUIO SPKOCTH YPOBHS U 00131210
CUJIBHOM yCTOWYHMBOCTBIO.

tu,v)—m, . Sr+u,c+v)—ms(r,c)
st2 \/stz(r,c) ’

I1e m, — cpeJiHee 3HaUYeHHe Ceporo mabioHa; s,° — AucrepcHs
BCEX 3HAYEHUU CEepOro m3MepsieMoro u3zoodopaxenus, (r, ¢) —
Cpe/iHee 3HAYCHUE CEPOro U3MEPSEMOro H300paXKeHUsL.

1
nee(r,c) = ;Z(u,veT)

Puc. 5. Cxemarnueckast mupaMujia H300pakeHus

Kaxk nmokaszaHo Ha puc. 5, cTpaTerus 1oucka Ha OCHOBE IH-
paMubl TaKOBa: OT BEPXHEU K HM)KHEW 4acTH IIOMCKA B IIOUCKE
BBICOKOTO YPOBHS H300paK€HHsI 11 OTCISKUBAHUS IK3EMILTAPA
1rabyioHa B HIDKHEW 4acTH NMUPaMUAbl U300paXKeHus, 3aTeM B
HeOOoIbIION 001aCTH JOCOIOCTABUTH B CIEAYIOIIeH 0011acTH 110-
WCKa, YTOOBI HAWTH Pe3ysIbTaThl COMOCTABICHNS HEOOIbIION 00-
JIACTH, Ha KOTOPOIl PaCCUNTHIBAIOTCS CTETICHD ITOA00MS, KOTOpast
CErMEHTHPYETCSI TIOPOTOM, U JIOKAJIbHBIE 3KCTPEMYMBI.

Peanuzayus obxooa

UT0o06B! 00ecednTh aBTOMAaTHIECKHi 00X01 poOOTOB, MBI
JIOJKHBI TTOIY4UTh (PaKTHUECKOE MECTOIOIOKEHUE NTPEIMETOB
B MHUPOBOI CUCTEME KOOPIMHAT.

Kak moka3aHo Ha puc. 6, CHa4ajga JOJKHBI ObITh UCXOMHAS
KOPPEKIHs UCKaKEHHsI N300pakeHUs U CIIa)KMBaHUE IIyMa;
3aTeM U3BJIEKHUTE M300pakeHne KOMIIOHEHTa S HACBIIICHHS U3
npocrpaHcTBa n3oopaxkenust HSV, Mbl MOXXeM SICHO BHIIETb,
YTO HACHIIIAIONMAs KOMIIOHEHTa 00bEKTa, KOTOPBIH MBI XOTUM
0001TH, OTHOCHUTEJIEHO BBICOKA; TPETHH IIar — MOIYy4UTh 00-
JIacTh N300paKEHHS C BHICOKOI HACBHIIIEHHOCTHIO C TIOMOIIBIO
MeToza TMHaAMIU4ecKoro rmopora. [locieqanii mar — oToopasuThb
MIOJTYYSHHYI0 00IaCTh U MOTYIUTh HHPOPMALIIO 00 OPHEHTAINH
obmacti 1 HHPOPMAITHIO 00 OPUEHTAITUH Oy THUIKH.

Puc. 6. Illaru no noucky npeaMeToB

3 AKJIIOYEHUE

B crarse npeacraBieH BceHaNpaBICHHBI MOOWIBHBIN Ma-
HUITYJIATOP C TPEMs CTEHNEHAMH CBOOObI, OCHOBaHHBIN Ha Ma-
MIUHHOM BUieHUU. OHAKO B peabHBIX IKCIIEPUMEHTaX poOOT
KOHTPOJIMPOBAJICS, YTOOBI CXBaTUTh OyThUIKY. Hamu skcrepu-
MEHTBI TI0Ka3aJi, 4YTO OTHOCHTENILHOE JKeJIaeMOe TTOJI0KEHHE 1
OpHEHTalUsI MEXAY KaMepol U OOBEKTOM IOAJIEPKUBAIOTCS B
npeJienax HeCKOIbKUX CaHTUMETPOB. ClenyIonuii mar 3aKio-
yaeTcs B JaJIbHEHIEM ylyqlIeHHH criocoba o0paboTku u30-
OpaskeHHH, 9TOOBI YyCKOPUTH 00paObOTKy N300pakeHusI, YTOOBI
pobot GoItee TOYHO MOHMMAIT OKPY KaoLIyIo cpexy. JlooaBnenne
HEKOTOPBIX AAaTYMKOB, TAKMX KakK JIUAAP, AaeT poOOTy BO3MOXK-
HOCTb IIAaHWPOBATh MYTh W NMPEIOTBPAIIATh CTOJIKHOBCHHS C
IpensaTcTBUAME. Hamo yBenn4nTh MOIBECHYO CHCTEMY IIIACCH,
4TOOBI aJanTHPOBATHCS K O0Jiee HEPOBHONH MECTHOCTH.
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Study On The Target Positioning
For An Omni-Directional 3 DOF Mobile
Manipulator Based On Machine Vision

Yao Du
School of Mechanical, Electronic and Control Engineering,
Beijing Jiaotong University
Beijing, China,
Emperor I Petersburg State Transport University,
St. Petersburg, Russia
15121222@bjtu.edu.cn

Abstract. The omni-directional mobile robot with multi DOF,
because the operation posture and operation accuracy of the ma-
nipulator can be better controlled in a narrow or crowded work-
place compared with the general manipulator, is getting more in-
terested in practical applications. The present problem is to im-
prove its flexibility for operating multiple different targets. Target
recognition with image processing is an effective solution. Based
on the image processing, the position and posture of the target can
be determined. Then the signal will be sent to the arm control sys-
tem. In this paper, the illumination conditions, distortion, etc. are
studied in the target recognition. The target position with image
processing, is verified with real coordinates. The experiments show
target recognition with image processing can effectively improve
the flexibility of our robot.

Keywords: mobile robot, machine vision, 3 DOF manipulator,
omni-direction.
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CpaBHeHHE NPOU3BOAUTEIBHOCTH CIIOCO00B
oJIy4eHus coaep:xkumMoro qopo:xkku CKD-Ttoma
u ee CRC-kona

Knumenxko C. B.
[MeTepOyprekuii TocyoapCTBEHHBI YHUBEPCUTET My Tel coodmenns Mmmeparopa Anekcanzapa |
Canxkr-IlerepOypr, Poccus
s.klimenko@live.ru

Annomayus. B crarbe paccMOTpeHbI cNIOCOOBI MOJYYeHUSs CO-
aep:xxkumoro 1 CRC-xoaa nopoxkkn CKD-aucka. IloapodHo onuca-
HbI PHHIMI PadoThl KAHAJIBHBIX KOMAaHI U UX ¢GopMart, a Tak:ike
€roco0bl TOro, KAk OPraHu30BaTh MPOBEPKY KOHTPOJIA LEJ0CTHO-
CTH IAaHHBIX HA TOMAaX MeK1y CHCTeMOi XpaHeHHs JaHHBIX H MelH-
(peiivom. I8 kaxk10ro paccMaTpHBaeMoro crnocoda onpeseaeHbl
cpeHee BpeMsl OTKJIMKA HA WCIOJIHEHHE 3apoca W BpeMeHHas
3¢ dexTuBHOCTD. 10 pesynbTaTam caenaH BbIBOA, KaKoi c1ocod
OoNnTHMAaJIeH /ISl HCNOJIL30BAHHSA.

Knrwouegvie cnosa: cucremsl xpanenus ganubix, CRC, CKD,
NMPOU3BOANTEIbHOCTb, 3(P(PEeKTUBHOCTD, JOPOKKA, TOM.

BBEJIEHUE

Jnst xpaneHust 1 00paboTKK OONIBIINX 00bEMOB HH(pOpPMaLUH
BO MHOTHUX CITy4asiX BeIylHe KOMIAHUH UCIIOIb3YIOT CHCTEMBI
xpanenus ganHbx (CX/1). Takue cucremsl yamie Bcero pado-
TalOT NOA yIpasieHneM MeiHppeiimoB. Cerogas MeiHbpeii-
MBI TIPUMEHSFOTCS B 00JIaCTH, T/I¢ BaXKHA HaJAEKHOCTh. MHOTHE
KPYITHbIE KOMIIAHWHU, KOTOPBIE CTAJKUBAIOTCSI C MHTEHCHBHOM
TTAKETHOM ¥ ONIepaTHBHON TPaH3aKIIMOHHOI 00paboTKOM, OTHAIOT
MpeIIouTeHHE MEHHDPEHMYy.

OnHoii n3 HanboJee paclpOCTPaHEHHBIX OMEPAMOHHBIX
crucTeM Ha MeiftH(peiiMax sSBISETCS ONMEpaIl[HOHHAS CHCTeMa
z/OS. OCHOBHBIM OOBEKTOM CHUCTEMbl OpraHU3alMU JaHHBIX B
z/OS siBnsiercst Habop naHHbIX [1]. Habops! JaHHBIX pa3Meliator-

cs Ha ToMax CKD (Count Key Data) (puc. 1). CKD — 310 Monenb
JIUCKOBOM OpraHu3aliiy JaHHBIX, B KOTOPOU Mpeznoaraercs,
9TO JUCK COCTOUT U3 (PUKCUPOBAHHOTO YKCIIA JOPOXKEK, KaXKaast
13 KOTOPBIX UIMEET MaKCUMaJIbHYI0 BMECTUMOCTD JJaHHBIX. Ha-
3BaHue apxuTektypbl CKD npoucxoaut ot ¢popmara 3amucy,
KOTOPBIN COCTOUT 13 Mole, cuérurka (Count), HEOOA3aTEIEHOTO
moist kimoda (Key) u camux ganubix (Data).

3anuch ABISAETCS HAUMEHbUIEH agpecyeMol eIMHULEH 1aH-
HBIX, XpaHsmeiics Ha aucke. OqHa wim Ooree 3amuceil MoryT
OBITH 3aITMCAaHbI Ha JOPOXKKY. JlopoXKa — 3TO HAMMEHBIIIas eU-
HUIIa IMCKOBOTO MPOCTPAHCTBA, KOTOPAst MOXKET OBITh HE3aBH-
CHMO OT(hopMaTUpOBaHa WM 3aIIUIIEHa OT HEABTOPU30BAHHOTO
nocryna. Kaxxaprit CKD-auck (ToM) COCTOUT U3 OIpeIeIeHHOTO
YUCJa MWINHAPOB, KAKIBIN MUIUHAP COAECPKUT 15 JOpOKEK.
MexaHu3M, epeMearoInil TOJOBKH YTCHUS/3aUCH B 3a/1aH-
HOE MECTO MarHUTHOW MOBEPXHOCTH, HA3bIBAETCS aKTYaTOPOM.

Pasmep xaxxoli mopoxkku coctaBiseT 47476 6aiT s Toma
monen 3380 u 56 664 6aiiT — i Toma moaenu 3390 [2]. anee
paccMoTpuM Mogens Toma 3390.

JIis 3aIUTH TaHHBIX OT MOTEPH, PEaN3allii aBapUHHOTO
BOCCTAHOBIICHHS, a TAaKXKe JJIs TIEpEHOCa JAHHEIX B HOBBIE Me-
CTa UCIIONB3YeTCs PeTUINKALNS JaHHBIX. Permkanms — 31o mpo-
[[ECC KOMMPOBAHM TaHHBIX B MAaCCHUBE B APYTOE MPOCTPAHCTBO
B IIpejieiaX 3TOro )K€ MacCHBa B APYTOH OTIENIFHBIN MaCCHUB UITH
B ynajeHHbIi maccuB [3]. Llenpio MoXeT OBITh epeMelIeHIE
JIAHHBIX, 3aIIUTa JAHHBIX B JPYTOM MECTOTOIOXKEHUN UITH TIepe-

Puc. 1. Crpykrypa CKD-toma 3390
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Jlada JaHHBIX BO BCIIOMOTATENIbHBIM LIEHTP 00PaOOTKH TaHHBIX
Ul BEICHUSI U3 HETO CBOEH JIESITENbHOCTH.

[Mocie co3aanust perivKy 4acTo BO3HUKAET MOTPEOHOCTH B
TIIPOBEPKE HEIOCTHOCTH JaHHBIX MEKAY JUCKOBBIMU MaCCUBaMM.
[Tox 1eoCTHOCTBIO TIOHUMAETCSI, YTO ITOCIIE TIPOIecca PerUIn-
KallMy JaHHbIE Ha TOMaX MJICHTUYHBI IPYT JPYTY.

[MonyuuTts conepkumoe, XpaHsiieecs Ha JUCKe, s ocIe-
JIYIOIIEr0 CPaBHEHUSI MOXKHO HECKOJIBKHMH CIIOCO0aMHU.

[TpokoHTpPOAMPOBATH LEIOCTHOCTH MCXOJHOTO H IIEJIEBOTO
TOMOB 7151 3aJaHHBIX JOPOXKEK M IIWIMHIPOB MOCIIE PEIUTHKALINT
MOXKHO CJIEIYIOIINMH CIOCO0aMu:

* BOCITIOJIb30BATHCS CTAHAAPTHBIMU CPEJICTBAMH OIEpAIH-
OHHOI1 cucteMsl z/OS 1 cOCTaBUTH KaHAJIBHYIO IPOTPaMMYy, KO-
TOpasi OyAeT CUUTHIBATh COAEPKHUMOE B BbIJICIICHHBIE 3apaHee
Oydeps! 1 MPOBEPATH HEMOCPEACTBCHHO CaMH JaHHBIC MEKIY
co0olii;

* BOCIIOJIb30BaThcs Bo3MoxkHOCTsIMH CX /1 M 3ampamnBarb
koHTposbHYI0 cyMMy (CRC-kon) conepXxMMOro u npoBepsaTh
KOHTPOJIBHBIE CyMMBI MEXTy COOOM.

[Tox XoHTpONBEHON CYMMOI OHMMAeTCsi HEKOTOPOE 3Haye-
HUE, pacCYUTaHHOE 10 HaOOpy JaHHBIX MyTEM IMPUMEHEHUS
OTIpeIeNIEHHOTO aJATOPUTMA, HCIONb3yEeMOE JUIS IPOBEPKH 1ie-
JIOCTHOCTH JaHHBIX MIPH UX TepeIadue Wik XpaHeHuH [4].

I'maBHOE paznuyane MeXmTy ABYMsI 3THMH CIIOCOOaMH COCTOUT
B TOM, YTO B [IEPBOM CPaBHHMBACTCS COAEPKHUMOE HCXOAHOTO U
L[EJIEBOTO TOMOB, a BO BTOPOM — KOHTPOJIBHBIE CYMMBI COJEp-
KHUMOTO.

Bropoii crioco6 ocyiecTBUM Oraromapsi TOMy, YTO COBpe-
MenHble CX/] 00nanaroT paciimpeHHBIMH (pyHKIMOHAIEHBIMU
BO3MOXXHOCTSIMH M MOT'YT ITPOM3BOJIUTH MOJICUET KOHTPOIBHBIX
cymm (Cyclic Redundancy Check (CRC) xomoB) 1o 3ampocy, B
YaCTHOCTH, MOTYT MOJICYUTHIBATH KOHTPOJIBHYIO CyMMY BCei J10-
poxkn. Hanpumep, Takoi BO3MOXKHOCTBIO 00J1a/1aeT IPOrpamMm-
HBIA MIPOAYKT AJISt TPOBEPKH IETOCTHOCTH JaHHBIX Ha TOMax
DiskCompare [5].

JlaHHBIE CIIOCOOBI OBLTH MCCIIEIOBAHBI C HCIIOIb30BAHUEM
CX[ Symmetrix VMAX 40K, noakmtouennoit mo FICON-
KaHally K MeiH}ppeliMy, paboTarolieMy MmoJl ynpaBieHHEeM OIle-
parmonHo# cuctemsl z/OS1.12.

PaccmarpuBaemMbie criocoObl pa3inyaloTcst U KOJTUYECTBOM
TpeOyeMoil maMsTH JJIsl BpeMEHHOTO XPaHEHHs COJEePKUMOTO
nopoxek uinn ux CRC-konoB.

ITpu 3TOM pa3smep ogHON TOPOXKKH cocTaBister 56 KoawT,
a TIOCKOJIBKY B IIPOBEPKE LEJIOCTHOCTH y4YacTBYIOT JiBa TOMA,
HeoOXOoIMMO UMeTb JiBa Oydepa (2-56 Koaiit) asst xpaHeHust co-
JiepKuUMoro Jopokek TomoB. Pasmep CRC-kona ofHOM TOPOXKKH
cocranisieT 4 GaiiTa, COOTBETCTBEHHO, pa3mep Oydepos OyneT
CYILIECTBCHHO MEHBIIIE.

KananbHBIE KOMAHIBI DE 1 A6

JIJ1s oIy e s CONepKIMOTO JOPOKKH 33JaHHOTO IIHJIHH-
Ipa UMeroTcs kKaHanbHBIe KoMaHael Channel Command Word
(CCW — kaHanpHOE CIIOBO KaHAJIBHOH mporpaMmel). KanamsHast
nporpamma coctout u3 Habopa CCW-koman 1. OHa UCTIONHAETCS
MyTeM MOCJIeA0BaTeNbHOT0 cunThiBaHUsA KoMan] CCW u BBITION-
HeHus 3agaBaeMbix B CCW-komaniax onepanuii ¢ nepudepuii-
HBIM ycTpoiicTBoM [6]. Cpenu TakuX KOMaHJ €CTh:

» Read Track — kananpHas kxomanga DE;

» Read Track Data — xaHanbpHasg koMaHzga A6.

Ha puc. 2. npencrasnena cxema B3aumoznenctust CXJI u
MelH]peiimMa 11 cpaBHEHUS COICPIKUMBIX TPEKOB.

Komanma Read Track mepemaet HeCKOIBKO 3aIiCeil B KaHAL.
Ora KOMaH/a IpeIHa3HaYeHa, TIIaBHBIM 00pa30oM, IS CIyXeo-
HBIX TIPOTPaMM JaMIla WA BOCCTAHOBJICHHUSA. DTa KOMaHJa OT-
MPaBJISIET BCE 3aIMCH C JIOTHYECKOTO TOMa 0e3 MpeaBapuTEIbHOTO
ompeaeneHus KOITUIeCcTBa 3alicei Ha TOPOKKE U MX GOopMaToB.
[Tocne mpouTeHust MOCIEAHEH 3aMCH Ha JOPOKKE COMEPIKUMOE
nepenaeTcs Ha KaHall.

Komanna Read Track Data mepemaet HeCKoIbKO 3ammuceil ¢
JIOPOXKKH Ha KaHall. UTeHHE JaHHBIX JOPOXKKH JICHCTBUTEIIEHO
TOJIEKO B JIOMEHE KOMaH/TbI «JIoKaTbHast 3aImichy, B KOTOPO# yKa-
3aH KoJ omnepanun «YTeHue JOpoxKKW» Win KoManna «Haittu
3aIUCh», KOTOpas ykaspiBaeT «[IpodunTaTh JOPOXKKY» HIIH KO
orepanuu «YTeHne TOpOKKm» [7].

CtrykTyPA CCW-KOMAH/IBI

CCW — 570 omeparisi BBOJIa-BbIBO/IA, UCTIONIB3yeMast JJIs CBSI-
3 ¢ noacuctemoii kaHana. CCW conepxuT KoMaHIy KaHama,
HaMpUMEp YTCHHUE, 3aMKCh WK YIIPABJICHHUE, a TAKKE aJpec TaH-
HBIX 00JIaCTH JaHHBIX. [laHHBIC TEPEIaroTCs B MOACUCTEMY Ka-
HaioB. [TomcucremMa kaHasa nepeactT COCTOSHUE BBO/IA-BBIBO/IA
00paTHO B BBIAAOMICE MPHIOKCHUE.

[ MefHppenm (xocT) \

Mepefada No kaHany c4YMTaHHoro Tpeka

[ 3aMpoc CofepHIMOra Tpeka ¢ Toma'l ]

>I] CoxpaHeHiie B bydep1 |7

CX0,

[ Kawl

YTeHue Tpeka

e/

[ 3ampoc CofepHMoro Tpeka ¢ Toma2 }

CoxpaHeHie g bydep2

[ [NoBariTHoe cpaBHeHMe cofepxiiMbix BytepoB ]

- J/

Puc. 2. Bzaumoneiicrue CX/1 u meiiHdpeiimMa 1J1st CpaBHEHUsI COIEPIKMMOI0 TPEKOB
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PaccmoTpum nmpumep KaHajabHOM MPOrpaMMbl C UCIOJIB30-
BaHMEM KaHaJibHOU KoMaH bl DE 11 ony4yeHus: copepxumMoro
ONIMHHAANATON OpOKKHM (B,,) Tpuanaroro muwmeapa (1) ¢
TOMa!

* CKD CHANNEL PROGRAM TO READ TRACK

* 0123456789 A B CDEF

* BLKS CCCCHHHHCCCCHHHH

DXPARM DC X’C0C0000000000000001E000BOOL
EOOOB’

* XXCCCCHHHHCCCCHHHHRR

LRPARM DC X’4CO00001001EO00BOO1EOOOBOOF
F0000"

TRACK1 DC XLFFFF

CCWO0 63, DXPARM,40,10 DEFINE EXTENT
CCw047, LRPARM,40,10 LOCATE RECORD

CCwWwO DE, TRACK1l,20, FFFF READ TRACK

ConocraBuM CTpyKTypy Komansl ¢ komanaoi CCWO0 DE,
TRACKI1,20, FFFF:

CCWO0 — kiroueBoe CJ0BO;

DE — kon onepanuu;

TRACKI — agpec maHHBIX;

20 — ¢marm;

FFFF — cueT4yuk IaHHBIX.

Pe3zynbrar BBINOIHEHNS KaHAIBHOM MPOrpaMMBbl IPUBEIICH B
COKpAIIIEHHOM BHJIe (TaK KaK pe3ysibTaT BBIMOJIHEHUS KOMaH/IbI
cocrasiser 56 Koaiit) Ha puc. 3.

[Mon komuposkoit EBCDIC (Extended Binary Coded Decimal
Interchange Code — pacimpeHHsIi IBOMYHO-JIECATUYHBIN KoJ| 00-
MeHa HH(pOpMAIIHEiT) MIOHUMASTCS CTaHIAPTHBIA BOCBMUOUTHEIH
KoJI, pa3paboTaHHbIN kopriopanuelt IBM i ncrons3oBanus Ha
MelH(ppeiiMax cOOCTBEHHOTO TIPOM3BOACTBA U COBMECTUMBIX C

armu. K npumepy, ko «C1» B komupoBke EBCDIC cooTtBeTcTBY-
€T JIATHHCKOW OyKBe «A».

W3 pe3ynbrara Mbl MOXKEM YBUJIETh TIOJIE resp-time (Janee —
BpEMsi OTKJIMKa), KOTOPOE JaeT NPE/CTaBICHHE O BPEMEHH T10-
Jy4EHHsI JaHHBIX C JOPOXKKH.

ITonvueane CRC-xona

[Tporpammuoe obecrieuenne EMC aist ynpaBiieHHsT JUCKO-
BBIM MacCHBOM Ha HU3KOM YPOBHE HCIIOJIb3YET ITPOTOKOJ CBSI3H,
Ha3bIBAEMBIN CHCTEMHBIM BBI30BOM (syscall). [Ton cucteMHBIM
BBI30BOM ITOHMMAETCsI HA0Op CHENaIbHBIX KaHATBHBIX KOMaH]I,
KOTOpBIE MOTYT OBITh MOHATHEI CX /[ Symmetrix.

CucteMHBIE BRI30BEI MOTYT 00BbEIMHATECS B Symmetrix App-
lication Programming Interface (SymmAPI) u npeacrasnsaTs co-
60ii API k onepalinoOHHON CUCTeMe XpaHEHUs JaHHBIX.

IIporpammusie Moaynu SymmAPI HaxonsTca Ha XOCT-
cucreme (MeiH(ppelimMe) 1 O3BONISIOT CUCTEMHBIM HHTErPaTopam
Y He3aBHCUMBIM MOCTABIIUKAM IIPOrpaMMHOT0 o0ecTiedeH s Mo-
Jy4arhb JIOCTYII K CUCTEME XpaHeHus TaHHbIX. SymmAPI B3aumo-
JICUCTBYET C CHCTEMOM XpaHEHHS! JaHHBIX ITyTeM HCTIOIb30BAHUS
KaHaJbHBIX KOMaHJl. XOCT-CHCTEMa U CHcTeMa Symmetrix cBsi3a-
HBI Yepe3 OJJMH W HECKOJIBKO (PM3HMUYECKUX MHTep(ElCOB.

B otBer Ha 3ampoc oT NpHIOKeHNS, pabOTarOMIEro Ha XOCTe,
SymmAPI ormipasnsieT cucremusiii Bp30B kK CX]I Symmetrix u
moJyvaeT B oTBeT AaHHbIe oT CX/I.

Ha puc. 4. nmpencrasnena cxema B3anmonerictsua CXJl u
MerHppeiima ans cpaBHeHnss CRC-KoIoB conep>kUMOro Tpe-
KOB.

YroObl mosyuuth KoHTposbHbIE cyMMbl (CRC kozs) opo-
JKeK, He00X0oMMO c(hOpPMUPOBATh KOPPEKTHBIH 3alpoc TOCpes-
CTBOM CHCTEMHOT0 BbI3oBa kK CX]I.

¢ Q@zCqiel RESP-TIME: 00;00,00102%

| COEDLUIMOE HO
JopOMEKE &

Koduposke EBCDIC

| COOEPHILIMOE HO
JOpOMKE &

PackodUpOSIHHOM SL0E

Puc. 3. Pe3ynprar BeIIOTHEHUS! KOMAHIBI

( MefiHchpeiim (xocT) \

Mepefava no kaHany nofdcutaHHoro CRC Tpeka

[ 3anpoc CRC copepxumoro Tpeka c Toma'l }

\Jl CoxpaHeHie B Gydep |I

cxa

[ 3anpoc CRC copepxrmoro Tpeka ¢ TomaZ2 }

)ll CoxpaHeHie B Bydhep2 |

[ [MoBaiiTHoe cpaeHeHKe GychepoB ]%

N\ J

Puc. 4. Bzaumoneiicrue CX/1 u meitndpeiima nist cpapaennss CRC-ko10B coiepKUMOTo TPEKOB
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»>>> Regpcocnse Time: a.
MOAYHEHHOE YUCRD

Seccnds

HOMeED QUCKT HOMED LLUAUHIDT

B 3ampoc Bxoaut cremyromas mHGopMamms:

* HOMEp CHCTEMHOTO BBI30Ba, OTBEYAOIIII 32 ITOICUET KOH-
TPOJILHOM CyMMBI;

» HoMep aucka (Symmetrix device number);

* HOMEp LWINHIPA;

* YUCJIO TOPOXKEK, /I KOTOphIX Hamo BepHyTh CRC-kox (0T
1 o 15).

Pesynbrar BeInoHEeHHs cucTeMHOro BbizoBa K CX ]I npuBe-
JIeH Ha puc. 5.

OL[EHKA BPEMEHHOM 3®®EKTUBHOCTHU

st onieHKH BpeMeHHO# 3P eKTuBHOCTH pa3paboTaH Oau-
HaKOBBI HA0OP TECTOB, MO3BOJIIOMINN COOPATh CTATHCTHKY
0 KaXKIOMY M3 paHee OMMCAHHBIX crioco0oB. Ilon BpeMeHHOM
3 }eKTHBHOCTHIO MOHUMAETCS OTHOIICHUE BPEMEHH OTKIIMKA
Ha nonyueHne CRC-kona ko BpeMeHH OTKJIMKA ITOTyYeHHs CO-
JIEPI)KUMOTO JIOPOIKEK.

CrarucTrka oTpakaeT BpeMs OTKJIMKA Ha HCIOJHEHHE 3a-
MIPOCOB B 3aBUCUMOCTH OT YHCJIa JJOPOXKeK. Bpems oTkimka no-
JIydeHo JUIs i-mopokek, rae i =1, 5, 10, 15.

Brok-cxema anropurma TeCTOB U cOOpa CTAaTHCTHKH MPe-
CTaBJIeHA Ha pHC. 6.

Jnst BBIYMCIIEHUS cpeHeapu(PMETHIECKOTO 3HAYCHUS Bpe-
MEHHM OTKJIMKa Ha NCIIOJIHEHNE 3aIpoca NCIoNb30Baack (op-
Myna

End of Syscall Respcnae
HoMep JopoMiKEL
Puc. 5. Pe3ynbraT BBIIOIHEHHS] CHCTEMHOTO BBI30Ba

CpenHekBaIpaTHIHOE OTKIIOHEHNE PACCUUTHIBAIIOCH IO POp-
MyJie

2
e { — cpeaHeapuhMETHUECKOE 3HAYEHHUE.
Bpemennas 3¢ pekruBHOCT
t +
§=100—CRCTOCRC 1, 3)

tp +0op

The tp " tcpc — Bpems nomydeHus cogepxkumoro 1 CRC-koxa,
COOTBETCTBEHHO; Gp U G pc — UX CPEIHEKBAJPaTUUHBIE OT-
KJIOHEHUSI, COOTBETCTBEHHO.

PesynbraTel m3MepeHuit mpencTaBieHb! B TaOmUmax 1, 2.

Cpennee BpeMsi TOMY4IEHHS 3aI[pOca — BETNYNHA HETIOCTOSTH-
Hasl, TaK KaK 3aBUCHUT OT CTETICHH 3arpy3KH KaHaia MEXIy XOCTOM
n CX]], a Taxoke oT 3arpy>keHHOCTH camoro xocta 1 CX/I. Crour
TaKKe OTMETHTb, YTO INIABHOE IIPEUMYIIIECTBO CIIOCO0a KOHTPOIIS
nenoctHocTH 10 CRC-komy — B MEHBIIEH Harpy3Kke Ha KaHal
mexay CXJI u MeliHdpeliMoM, Tak Kak KOJMYECTBO IepeiaBae-
MOt HH(pOpMaIHu B pasbl cokparaercs. OfHaKoO MPU TAKOM CIIO-
co0e uIeT JONOoNHUTebHAs Harpy3Kka Ha K31, IOCKOIbKY B HEM
noacuuteiBaeTcss CRC-kox conepKUMOro T0poxKKH.

Ta6muna 1
_ 1 XN Pe3ysbTaThl BHITIOIHEHHUS 3aIPOCOB K TPYIIITaM I0POKEK
rey W C C
i=l Tumn 3ampoca | Kommuectso | Komraecto DCHCe DC/IHCKBA-
BpeMs JPaTU4HOE
K JIOPOXKKE JIOPOXKEK 3aIpoCoB OTKINKA. ¢ | oTKIOHEHHE
e ¢, — BpeMst OTKIInKa i-ro coxepkumoro/CRC; n — obmee Ko-
! o 1 100 0,001 0,0007
JINYECTBO OOpaIIeHni K JOPOXKKE.
Hony4enne 5 0,0038 0,0017
CONePIKH-
MOTO 10 50 0,0063 0,0013
15 0,0094 0,0015
[ 380aTb HOMEp [OPOHKWLMNMHOPE TOME ] 1 100 0,0011 0,0001
\./ Tonyyenue 5 0,0040 0,0011
[ 3anaTe KonMYecTBO NoBTopeHKil N ] CRC-kona 10 50 0.0068 0.0015
M =0 15 0,0092 0,0008
/
meT Tabnuua 2
[ VlcnonHiTe KaHarHyto HDOEWMW SanpocuTh CRC koA ] DddexruBrocts nonydernss CRC Ko0B 0 CPaBHEHUIO C COACPIKUMBIM
/o8 [ 3aNOMHHTE BPEMA OTKMMKa ] ngs;g}:(iga KonuvectBo mopokex D dexTuBHOCTD, %
[ YMeHbLWKTE KOMMYecTeo HOBTODeHHﬁ ]7 1 29’41
ITonmyuenune 5 7,27
)@ CRC-koma 10 -9,21
Puc. 6. biok-cxema «CTpyKTypa TecTa» 15 8,26
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PaccmoTpum TOoM pasmepHOCTBIO 65520 nunuaapos. Ero
pa3smep cocrtapiser: 65520-15-56 664 = 55689 379 200 GaiT
~52 I'6aiita (rae 15 — KOMMYeCTBO TOPOXKeEK; 56 664 — pa3mep B
OaiiTax Kaxmoi mopoxku). CooTBeTCTBEHHO, 52 ['0aiita mpu-
JIeTcs Iepeaarh Mo KaHajly TOJIBKO A ofHoro Toma. Crocob
noyuenust CRC-koza TpeOyeT nepechulki MEHBILETo KoJlnye-
cTBa mHQpOpManmu 1o kKaHaiy: 65520-15-4=3931200 Oaiit
~4 I'6aiita, rie 15 — KonmuecTBO HOpOXeK; 4 — pa3mep B OaliTax
kaxxgoro CRC-kona 1OpoKKH.

Takum oOpa3oM, Harpy3ka Ha KaHal YMCHBIIUTCS B
65520-15-56 664

65520-15-4
CucremaTudeckoe U3J10)K€HHE BOIIPOCOB, KACAIOIUXCS MTPO-
0JIeMaTHKK HACTOSILEH CTaThH, cofepkuTces B [9, 10].

=14116 pas.

3 AKJIIOYEHUE

B crarpe omucanbl ciocoObI TOMYyYeHUS COAEPIKUMOTO J10-
POXKH TOMA MPH TOMOIIH CTAHAAPTHBIX CPEICTB OIIEPaIFOH-
Hoii cuctemsl z/OS u cnoco6 momyuenuss CRC-kona, KoTopsiii
reHepupyeTcs mporpaMmmHo Ha ctopone CXJI 1o 3anpocy mob-
3oBarend. CobpaHa CTaTHCTHKA, TIO3BOJISAIOIAs OLEHUTH [IPOM3-
BOJIMTENILHOCTh PaCCMaTpPHBaEMbIX CIIOCOOOB.

AHanu3 pe3yibTaToB MoKasal, 4to crnocob reneparmu CRC-
KoJla IOpOKKU Ha ctopoHe CXJI JuIst KOHTPOIIST LENOCTHOCTH
JIaHHBIX 00JaJaeT PSAAOM MPEHMYIICCTB, TAKUMH KaK BpeMs
OTKJIMKA U MEHbIlIasi Harpy3ka Ha kaHail Mexnay CXJ| u meln-
¢dpeiimoM.
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Comparison of the Performance of the Methods
for Obtaining the Content of the Track
CKD Volume and its CRC Code
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Abstract. The article describes methods of obtaining content and
CRC code of the CKD track. The principle of the operation of the
channel commands and their format are described in detail, as well
as ways to organize a check of data integrity control between stor-
age and mainframe volumes. For each of the methods considered,
the average response time for execution of the request and time
efficiency are determined. Based on the results obtained, it is con-
cluded which of the methods is optimal for use.

Keywords: storage systems, CRC, CKD, performance, efficiency,
track, volume.
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