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YETHUPU-PA30B MUKPOKOHBEWEP C EJJHOTAKTOBU H
MHOI'OTAKTOBU MUKPOKOHBEHEPHU 3BEHA

Humutsp C. Tanes

Pe3tome: Pasriexnar ce cTpykTypHH Npo0ieMH Ha MUKPOKOHBEHEp, CBbp3aHH C TIPOU3BOIIHOTO BKIIIOYBAHE
B ChCTaBa My Ha €JHOTAKTOBH M MHOTOTAKTOBM MHKpPOKOHBelepHHM 3BeHa. C 1en na ObJe CHHTE3UPaHO
001110 ¥ HE3aBHCUMO OT CTPYKTyparTa KOHBEHepHO YIIpaBJIeHHUE, € TIpeIokeHa 0000IeHa HHTepIpeTanus Ha
KOHBeﬁepHaTa opranusanuys, 1nocraBsdlla B HEHTbpa MHUKpOOI€palud 3aluc B KOHBeﬁepHHTe PErucTpu.
[Mocturanero Ha Ta3u opraHu3anus o0avye € OrpaHHYEeHO OT BHUJA HAa BXOJHUTE PETHCTPU Ha
MHOTOTaKTOBUTE MUKPOKOHBEHEpHH 3BeHa, M3MOI3BAIU TpUrepu cbe cTpykrypa Edge. Tosa obcrosTencTBo
TpeoIpeeNss MU3MOoA3BaHeTo Ha 4-(Ga30BUsS KOHBEHEpEeH MPOTOKON 3a TpaHchep Ha maHHW. [Ipyn Te3m
YCIIOBUS € pa3pabOTeH aCHHXPOHHUAT KOHBEHEpEH aBTOMAT U IUIOCTHATA CTPYKTypa Ha MHKPOKOHBEWep,
KOMTO KOMOMHHUpA U JBaTa BUJIa MUKPOKOHBeiiepHH 3BeHa. [1oka3aHo e (yHKIIMOHUPAHETO Ha KOHBEHEepHHUS
MPOTOKOIL.

KarouyoBu nymu: MukpoxoHnseiiepy, 4-(a30B aCHHXPOHEH NPOTOKOJI C U3lipeBapBane, CHUHXPOHU3ALHA.

Four-Phase Micro-Pipeline with One-Cycle and Multi-Cycle Micro-Pipeline Sections
Dimitar S. Tyanev

Abstract: There are micro-pipeline’s structural problems considered, related to the arbitrary inclusion of
one-stage and multi-stage micro-pipeline sections. In order to be synthesized common and structure
independent pipeline control there is generalized interpretation of pipeline organization presented, with
accent on the micro-operation “store” in the pipeline’s registers. The achievement of this organization is
limited by the type of the used input registers in the multi-stage micro-pipeline stages, using flip-flops with
Edge-structure. This circumstance predetermines the usage of 4-phase data transfer pipeline protocol. In
these conditions there is an asynchronous pipeline automation developed, as well as the whole structure of
micro-pipeline combining both types of micro-pipeline sections. The operation of the pipeline protocol is
presented.

Keywords: Micro-pipeline, Four phase handshake protocol, Race conditions, Synchronization.

BbBeaenne

MUKpOKOHBEHEPUTE CHABPKAT IMOCIEAOBATEIHO BKIIOYEHM MHUKPOKOHBEMEPHH 3BEHA,
YHUATO CTPYKTypa C€ CbCTOU OT PErHCThP-(PUKCATOP U KOMOMHALIMOHHA JIOTHYECKa cxeMma [6+18 u
np.]. duxcatopbT NoAxbpKa JaHHUTE, a KOMOMHAIIMOHHATa CXEMa pealu3upa HEOoOXOIUMHUTE
M3YHMCIEHHsI, HO KaToO TakaBa He € 3aAbKuTenHa. Ciel BCeKH eAMH 3alucBalll UMITYJIC, MOJaAeH
KbM (uKcaTop (KOHBEHEpEH PETHCTHp), B JaJEHOTO 3BEHO IOCTHIBAT M CE MpepadoTBAT HOBU
naHHU. Taka ciie BCEeKU 3alMCcBalll UMITYJIC Pe3yiTaThT OT €IHO 3BEHO NPEMUHABA B CIIEBAILIOTO
3B€HO. B TO3M cMHCBI, MUKPOKOHBEHEpHUTE 3BE€Ha C TakaBa CTPYKTypa Morar ga Objaar
OTIpeIeNIeH! KaTo €AHOTAKTHU. [Ipoab/KUTENHOCTTA Ha TAKTOBETE B OTAEIHUTE 3BE€HA CE OMpeaess
OT MPOABDKUTEITHOCTTA Ha BPEMETO 3a MPEBKIIOYBAHE HA KOMOWHAIIMOHHATA CXEMa Ha 3BEHOTO.
[IpuaBm>kBaHETO Ha JaHHWUTE B ACHHXPOHHM MUKPOKOHBEHEpH OT CIIOMEHATHsI TUI, OT 3BEHO KbM
3B€HO, C€ peaJu3upa Bb3 OCHOBA Ha MPHUHLIMIA, HapedeH “pbKOCTHUCKAHE”, B
2-(hazoB unu 4-pa3oB aCHHXPOHEH MPOTOKOJ. [IpOTOKONBT ce peanus3upa OT ymnpaBisBalla CXeMma,
KOSITO ChIbpKa HIKAaKbB BapuaHT Ha u3BecTHUA Mronep C-enemeHT [5+18 u np.]. ChiuHOCTTA Ha
YIPaBJIEHUETO € ACUHXPOHHA, Thil KaTO MPUABMKBAHETO Ha TEKYIIUTE PE3YJTATH OT 3BEHO KbM
3BEHO, € Bb3MOXXHO CaMO aKO MOCJIETHOTO € CBOOOHO.
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B [11,[2],[3] u [4] ca pasrienaHn MUKPOKOHBEMEpHM 3BEHa, YHATO CTPYKTypa ce
XapakTepusupa ¢ BbTpelIHa oOpaTHa Bpb3Ka. Te3M MHUKPOKOHBEHEpPHH 3BEHA peanu3upar
WTEpPAIMOHEH HW3YUCIUTEICH TMPOlleC M ca MPOCKTUpPAHU KaTO CHHXPOHHHU YycTpoicTBa. Te
(GyHKIIMOHMpAT KaTO TakuBa OjarojapeHHe Ha JIOKaJlleH TakToB reHeparop. IlpemBun Ha
BBTPEITHOTO (JIOKATHOTO) TaKTyBaHE, MUKPOKOHBEHEPHUTE 3BEHA OT TO3HW BHUJ MOTaT Ja Obaar
ONpEJIETICHN KaTO MHOTOTAKTOBH. 3aKbCHEHUSTA, KOUTO TaKHWBAa 3BEHA I'€HEpPUpPAT, Ca ChIIECTBEHO
pa3IUYHM, €TO 3aIl0 KaTo 3aBBPIICHH YCTPOWCTBA TE€ MOTaT Ja ObJaT BKIIOYBAHH CJIMHCTBEHO B
ChCTaBa Ha aCHHXPOHHU MUKPOKOHBEHepH.

HanuuueTro Ha pa3nuyHu MO TUN MUKPOKOHBEHEPHH 3BEHA (€THOTAKTOBU M MHOT'OTAKTOBH)
Mopa<Jia HOBa 3ajaya MpH KOMOMHHUPAHETO UM B €IMH MHKPOKOHBeHep. 3agauaTta ce CBeXAa 0
CUHTE3 Ha MOAXOJAI] KOHBEWEpPEH aBTOMAT, KOMTO Jla € HE3aBHUCHUM OT THUIIA HA 3BEHATa, KOUTO
cBBbp3Ba. TyK € H3JI0kKEeH MOAXOAbT, KOWTO MO3BOJSIBA YCIOBHOTO YEIHAKBsIBAHE Ha 3BEHATa, B
pe3ynTar Ha KOETO ca Ch3JaJCHU YCIIOBUS 32 CHHTE3 Ha HE3aBUCHUMHS KOHBEHEpEH aBTOMaT.
[IpencraBena e HeroBaTa MPUHIIMITHA JJOTHYECKA CXEMa M OpraHu3alusaTa Ha MUKpOKOHBeEHepa.

MHOroTakT0BO MUKpPOKOHBEHEPHO 3BEHO

MHOTOTaKTOBUTE MHUKPOKOHBEHEPHHU 3BEHA CHIBP)KAT BBTPEIIHA 00paTHAa BPH3Ka M MOTaT
Jla ce MPEJICTaBAT ChC CeHaTa 0000IIeHa CTPYKTYypa:

SS CS
<€ Control < >
CS SS
Local
Clock
T

Register [« DataOut
File >
I | |

Dataln

@ur. 1. O6obmeHa CTpyKTYpa Ha MHOTOTakTOBO MK3

CrpykTypaTta chaAbpka TPU OCHOBHHU €JIeMEHTa — perucTpoB ¢aiin (Register File), kolTo ce
CBbCTOM OT €MH WM IOBEYE PETHCTPH W CHBKYIMHOCT OT KOMOWHAIIMOHHH JIOTHYECKH CXEMHU
(Operation_Logic), peanuzupaniy HeoOxoaumure uzuucieHus. Haii-cbliecTBeHaTa 0cOOGHOCT Ha
Ta3u CTPYKTypa € BbTpEIIHaTa 00paTHa BPB3Ka, KOATO € €CTECTBEHA MPEIIOCTABKA 32 ChCTE3aHMHS.
ITo Ta3u npuYMHa PErHCTPUTE B MHOTOTAKTHUTE 3BEHA Ca peaTM3MpPaHy OT TUHAMUYHH TPUTEPH ChC
CTpyKTypa Edge, MpeBKIIOUBAIIN CE CaMO IO €WH OT (JPOHTOBETE Ha YHPABIABAINNS CHTHAJ 3a
3armc.

Tperust enement (Control) — BbTpelIHaTa ynpasisBalia cXxeMa, € Hepas/ieJHa 4acT OT Te3U
3BEHA U peasu3upa BHPEIIHOCXEMHOTO UM yrpasiieHue. To3n eneMeHT o0aue Hen30€KHO yJacTBa B
JMajora ChC CBhCEIHUTE MHKPOKOHBEWEPHM 3BEHa, Karo o0paboTBa M TeHepupa CHOTBETHHTE
CUTHaJIM — (hJ1aroBe Ha ChCTOSHUETO U ynpasisBauu (SS, CS).

Opranunsanus Ha MUKPOKOHBeliepa

MukpokoHBelepuTe, KaTo MOCJIEAOBATEIHOCT OT PETUCTPH-(PUKCATOPH U KOMOMHAIIMOHHU
CXeMH, UMaT 0000IIeHaTa Joruyecka CTpyKTypa, Ioka3aHa Ha ¢urypa 2. B noBeuero myOnukanuu
TE3H JIBOMKH CTPYKTYPHH €JIEMEHTH C€ Pa3IiIekIaT KaTo CBbP3aHH, T.€. KaToO eIH O0II] eIEMEHT —
MUKPOKOHBEHepHO 3BeHO. ToBa pa3bupane oOaue Hamara TyK Ja ObIaT W3JIO0XKEHU HOBU U
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OpPUTHHAIIHU ChOOpa)KEHHsI OTHOCHO CTPYKTypaTa Ha MUKPOKOHBEIepa, KOUTO W3BEXKAAT Ha MpeieH
IUTaH 3HAUYEHHETO Ha OmepalysTa 3aluc Ha JaHHM B peructbpa (pukcarop, a He mojpendarta Ha
CTPYKTypHUTE e€JeMeHTHU. Pa30upaHeTo, KOETO € H3JI0KEHO I0-710Jly, € B OCHOBaTa Ha
IIPEICTAaBEHOTO TYK I10-/10JIy PELICHHE 3a YIIPABJICHNUE HA ACHHXPOHHHUS MUKPOKOHBEHED.

— " A)

4
Register
v
Logic
Register
]
Logic
Register
]
Logic

@ur. 2. CTpyKTypa Ha MUKPOKOHBelep

B ropnara cTpykTypa chBceM YCIOBHO, ITOJI MUKPOKOHBEHEPHO 3BEHO MOKeE Jia ce pa3dupa
JIBOMKaTa perucTbp-jaoruka (cirydaid A) uiau 1BOMKarTa JOTHKa-perucTop (ciayyail B).

EnaHo MUKPOKpPOKOHBEHEpHO 3BEHO MOXKE Ja MpHeMe JaHHHU OT MPEIXOAHO 3BEHO CaMO aKo
€ CBOOOJHO, HE3aBUCUMO Jalli C€ pasriiexkia opraHuzanus A win opraHuzauus B. B mbpsus
ClIy4ail TOBa O3HauaBa, ye 3a Ja padoTH TEKYIIOTO 3B€HO C KOPEKTHH JaHHM, TPSOBa Ja U3BBPIIBA
3aIuC Clie]] KaTo JIOTHKAaTa Ha MPEIX0JHOTO 3B€HO 3aBbPILIU CBOETO MPEBKIIOYBAHE, T.€. TpsOBa 1a
M34YaKkBa 3aKbCHEHUETO Ha MPEIXOJHOTO 3BEHO, OTYETEHO CIPSIMO MOMEHTA Ha HErOBHsI 3anuc. BB
BTOpHUs CiIydail, BeIHara cjiejl 3aluca B perucTbpa, TEKYIIOTO 3BEHO HE € B ChCTOSHUE J1a 110J1aBa
KOPEKTHH JaHHU KbM CJIEJBAIllOTO 3BEHO, Thii KaTO CHOTBETCTBAIlaTa My JIOTMKa OLIe HE T'U €
m3uncnwia. M B 1Bata ciyyas npoOJeMbT € €UH U CHIIM M € CBHP3aH C MOMEHTA Ha 3alucC BbB
BCEKH OTJeNIeH perucTbp. OOIIUAT U3BOJ OT TE€3HM PA3ChKACHUS €, Y€ BCEKU PETUCTbp TpsiOBa na
MOJIbPIKa JAHHUTE TOJIKOBA BpeMe, KOJIKOTO € He00X0AMMO Ha CileJBallaTa o JIOTUKa Ja U3UUCIIU
CBOMTE PE3yJTaTH. B TO3M CMUCHI BCEKU €IMH PErHCThP MOXKE Ja ObJe ONpeieieH KaTo 3aeT BbB
BpPEMEBHS MHTEPBAJ C HAYaJIO 3aMuca B IPEAXOIHUS PETHCTBP U C Kpail KpasiT Ha MPEBKIIOUYBAHETO
Ha MpeaxokaaliaTta ro JOrMKa W JOKaTo JaHHUTE B HEro ca BCE OIle HYXHU 3a HaAEKIHO
3alMcBaHe Ha pe3yliTara B cieapamus peructbp. C Apyru IymMH, ChCTOSHHETO Ha (UKcaTtopa ce
orpezesnis OT TOBa Jalli CeIBalUAT GUKCATOp c€ € OCBOOOIMII U OT TOBA JaJIM MpeaxoKaliara ro
JoruKa ce e npeBkiounia. Kakro ce pazoupa, M3ka3aHOTO MOJIOKEHUE HE 3aBUCH OT CTPYKTypHAaTa
WHTEpIpeTaIs Ha MUKPOKOHBEHEPHOTO 3BeHO (ciayuaid A miu ciydait B). OT Tyk cienBa, ye e
MIPAaBUJTHO J1a Ce TOBOPH 32 CBOOOJICH MIIM 3a€T PErucTbp-pukcarop, a He 3a L0 3BEHO.

AKO ce mpueMe, Y€ U3YUCIICHUATA ca ChbCPEAOTOUEHH B JIOTMYECKaTa cxeMa (KaTo eJIeMEHT B
CTPYKTypaTa Ha MUKPOKOHBeEiepa), TO B 0OII CMUCHI Ha HEHHO MSCTO MOXeE Jla C€ MMa MPEABU]
BCSIKO MHOTOTaKTOBO MMKPOKOHBEHEpPHO 3BEHO, KOETO MpPEACTaBIisiIBA MHTEpeC TyK. ThH Kato
KOPEKTHOCTTa Ha JaHHUTE B KOHBEWepa ce Ompenens €IMHCTBEHO OT MOMEHTHTE Ha 3aluc B
peructpure (QuUKcaTopu, TOBa JaBa OCHOBAaHUE 3a WHTEpIIpEeTalMs KaTo TaKbB Ha CHOTBETHHUSA
BXOJIEH MJIM M3XOJEH PETUCTbP B MHOIOTAaKTOBUTE 3BeHa. [lopanum ToBa, 4e B MHOIOTAaKTOBUTE
3BEHa TE€3U PETUCTPU ca 00XBaHATH OT BHTPEIIHUTE OOpaTHU BPB3KH, OLIE BEAHBXK CIE/Ba Jla Ce
oTOeneXu, 4e Te ce MPEBKII0YBAT CaMO MO €AMH OT ()POHTOBETE HA YNPABIABALIUTE CUTHAIH 32
3ammuc, KOUTO ca (PYHKIHS Ha JIOKATHUA TakToB renepatop (Local Clock) (purypa 1).

[Ipn mocnenoBaTENHOTO CBBP3BAHE HAa KOHBEMEPHUTE 3BEHA 3a YNPABJICHHE CE€ M3II0JI3BA
acMHXpoHHa (CHOMTHIIHA) JIOTWKA, OCHOBaBamia ce Hai-uecto Ha Mionep C-enmemenra. [lpu
HACTBIIBAaHE HA TaKWUBa CHOMTHS TO3HM €JEMEHT NMPOMEHS BCEKH BT CBOETO CHCTOSHHE (CHOpen
TabiuiaTa My Ha UCTUHHOCT) B MPOTHUBOIOJIOKHOTO, KaTO C TOBA YIPAaBJIsBa 3aluca Ha JaHHU BbB
¢ukcatopure. YIpaBleHHETO Ha MUKPOKOHBEiiepa B TO3M Cilydail ce H3pa3siBa ChC ClIeJHATa
nocienoBareHocT (purypa 3), B KOSATO HE ca U3pPa3eHU PETHCTPUTE (PUKCATOPH.
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@ur. 3. YcnoBHO npencTaBsiHe Ha 2-(a30B aCHHXPOHEH MUKPOKOHBEHep

B cxemarta ca BB3mpueTH OOMKHOBEHO ymnoTpeOsiBanute o3HaueHuss — DL (delay) 3a
3aKbCHEHUE, Req (request) - 3a 3asBKa 3a oOMeH, Ack (acnowledgement) - 3a MOTBBPKACHUE 32
ycnemeH oomeH, W (write) - 3a 3amuc. 3akbCHUTENHHUTE eiaeMeHTH DL wu3passBaT ycinoBHO
peaTHUTe 3aKbCHEHHSI HA KOMOMHAIMOHHUTE CXEMH B OT/ICITHUTE 3BCHA.

JlorukaTa Ha TOBa ympaBiieHHE € “0e3 BpblllaHe B HyJia” U peanusupa 2-Gpa3oB MPOTOKOJ HA
obmeH. T u3ncKkBa 3a peann3anus Ha GUKCATOPUTE 3aTIOMHSIIN €JIEMEHTH, KOUTO 3alUCBaT JJaHHU
u 1o iBara (poHTa Ha curHana W, Teit kato C-eeMeHTHT ce TMPEBKII0YBA B KPBI' OT JIBE ChCEIHU
3BeHa (¢urypa 3). Thil KaT0 B MHOTOTAaKTOBUTE MUKPOKOHBEHEPHH 3BEHA, KOMTO CIIE/Ba Jia Ce
BKJIIOYAT B ChCTaBa HA MHUKPOKOHBEHEPA, C€ U3IMOI3BAT PETUCTPH (PUKCATOPU, KOUTO PAOOTAT CamMo
MO0 eJMHUS OT (PPOHTOBETE, 3a ANTOPUTHM Ha KOHBEHEpHUS aBTOMAT Ca BB3MOXKHHU CaMO JBa
npoTokoiia — 4-¢a3oB wim 4-ha3oB ¢ u3NpeBapBaHe, T.€. JOTUKA “C BpbIaHe B Hyna . C men mo-
BUCOKA MTPOU3BOIUTEIHOCT TYK € MPHIIOKEH CaMO MPOTOKOIBT C U3MIPEBapBaHE.

[IpoTokombT 32 OOMEH ¢ HW3MpEeBapBaHE C€ TOCTHra 4Ype3 HM3MPEBapBaIllo HyJIUpaHEe Ha
C-enemeHTa, KOETO ce Mpeajara Ja ce peaau3upa, Karo ce OTYeTe 3aKhCHEHHETO MpHU 3alluc,
BBBEXKJAHO OT TPUrepuTe Ha (ukacaropute. ToBa 3aKbCHEHHE MOXKE J1a CE€ OTIEIH YCIOBHO OT
00II0TO 3aKbCHEHUE HA ONEepallMOHHATA JIOTHKA 110 HAYMHA, TI0Ka3aH Ha (urypa 4.

Ack :]

Ack
o]

\_\ d C \ C
C DLI pr2  Red ZE

Req DLI pr2  Req

:

Res

Res
Res Res Wy
Wv Wy

®ur. 4. 4-ha3oB MUKPOKOHBEHEP C MpeIBApUTEITHO HyIupaHe Ha C-eleMeHTa

Ot cxemara ce Bk, ue C-eleMeHTUTe ca CHaOJCHH C JOMBIHUTENICH BXO/l 3a HyJIHpaHe,
Ha KOWTO € MOoJaJeH CUTHaIbT OT 3aKbCHEHHMETO Ha (ukcaropure Res (response). EnemMeHTbT,
KOWTO ro peanusupa e o3HaueH DLI1. DL2 e enemMeHTHT, KOHTO OTUMTa 3aKbCHEHHMETO Ha
oTepaloOHHATA JIOTHKA B 3BEHOTO.

Crnen oTuMTaHEe HA WU3IIOKEHUTE ChOOPAKECHHSI KAKTO OTHOCHO MPOTOKOJIA, TAKa ¥ OTHOCHO
peructpure (GUKCATOpH, € MOJyUYeH BapUaHT Ha CTPYKTypHaTa cXxeMa Ha MHKPOKOHBelep, B KOHTO
MOrarT J1a ce peayBaT KaKTO €IHOTAaKTOBH TaKa U MHOT'OTaKTOBH MUKPOKOHBeMepHHU 3BeHa. Cxemara
€ TIpesicTaBeHa Ha gurypa 5.

KonBeliepHusIT aBTOMAaT € M3rpajJicH BbpPXY JOTHKaTa, mpeacraBeHa Ha ¢urypa 4. Bceku
C-eneMeHT pabOTH CBBMECTHO ¢ eauH D-latch Tpurep, KOWTO 3allOMHS CBCTOSHUETO Ha
C-enemeHTa Tpu 3amuc BBB (¢UKcaTopa, T.e. NPU CTApT HA MUKPOKOHBEHEPHOTO 3BEHO.
CocrosiHuero Ha C-enmeMeHTa € HeOOXOAMMO J1a Ce 3allOMHH, 3all0TO B NMPOTHBEH CIydald HE €
BB3MOXKHO MPABHIIHOTO T'eHepupaHe Ha curHaia Reqg. Cnen toBa C-eleMEHTHT M3MNpPEBapBallo ce
HyJIHpa 4Ype3 CHUTHajla OT WHBepcHUs u3xon Ha D-latch tpurepa. Twit karo C-elneMeHTHT U
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D-TpurepsT ca 0OXBaHATH OT OOpaTHAa BPB3KA, NMPU KOETO 3aAHHUAT (QPOHT Ha curHama W ce
3acThIIBA BHB BPEMETO C MpeAHMs PPOHT Ha HEroBOTO 3akbcHeHHE DL 1, To HanexTHOTO 3anmucBaHe
B TO3W TpPHUrep M3UCKBA (PUKCHpaHE HA CHCTOSHUETO IO mpenHus GpoHT Ha 3akbcHeHHeTo DLI.
VIMeHHO ¢ TakaBa LieJl BbB Bepurata Ha Bxox C ¢ BKIIOYEH JeTeKTopbT Ha npeneH ¢pont DFT, a
BBB BepHUrara Ha oOpaTHaTta Bpb3ka — 3akbcHeHHeTO DLI, koeTo 3ambpka BHB BpPEMETO 3aHUS
¢bpoHT Ha curHasia W, 1O OTHOIICHWE Ha 3aJHUS (DPOHT HA 3amMHUCBAIIUS HMITYJIC DFT. 3a
usnon3Banusi D-latch Tpurep mpoabIKUTETHOCTTa Ha TeHEpUpaHUAT umnyic t1 TpsOBa ma e mo-
rojisiMa OT BpPEMETO 3a HEroBoTo mnpeBkitouBaHe (t1>2.1). C T e O3Ha4eHO BpEMETO 3a
MPEBKJII0YBAHE HA €JH JIOTHYECKHU €JIEMEHT B CXeMaTa Ha TpUrepa.

REQ k2 ; DL3 5 % DL3
— DL
E Pl | G » S | P}
v ClTL 1 v <
<_
C a) D C
- — R

Wi-1 > Wi
)
= O
A 0 < o~ 9 % g

b 5 & > & & > &

& - ~ - _ & -
5 ﬁ = 6
3 Wik 3

« L <« L

@) R TL FDT ) R TL
=Y Yo T =Y D

~

Y ¢l Pt . cl Pt
% DL2 REQ,; | < DL3

@ur. 5. CTpyKkTypHa cxeMa Ha MUKPOKOHBEHepa

Ot cBost ctpana D-latch Tpurepure ce HyaupaT u3NpeBapBaiio ot curHaiaute Ack. Toa e
HE0OX0UMO, Thi KaTO C€ OYaKBa MPH Ch3JaBaHE HA CHOTBETHHTE ycloBus, C-€IeMEHTHT Ja ce
MPEBKJIIOYM OTHOBO B €IMHUYHO CHCTOSHHE, KOETO B MOCIEACTBHE Ja ce€ (PUKCHpa OT ChIIUS
Tpurep. Mmaiiku mpeaBua MOTCHIUATHUS XapaKTep Ha aCHHXPOHHUTE CUTHAIM BHB BEPUTHTE 32
yIpaBlieHHEe Ha MUKPOKOHBelepa, HynupaHeTo Ha D-Tpurepa TpsiOBa J1a ce OCBIIECTBH 110 MPEIHUS
dbpouT Ha curnana Ack. 3a nenra npex Bxoxa R Ha D-tpurepa e nocrasen aetektop Ha ppont FDT,
AQHAJIOTMYEH C BeYe OMMCaHWs. Taka ciiel HyJupalus UMIYJC, Ha Bxoaa R ce ycTaHOBsSBa HHUCKO
HUBO, JIOKAaTO B CHLIOTO BPEME CUTHAIIBT Ack MpoabikKaBa Ja UMa BUCOKO HUBO. 3a /1a ce OTHajieuu
BbB BpPEMETO MpeBKIOYBaHeTO Ha C-eneMeHTa, CUTHanbT Ack e 3aabpkaH oT enemenra DL3.
CroiiHOoCTTa Ha 3aKbCHEHHETO t3 cienBa ma Obae MO-roysiMa OT BPEMETO 3a NMPEBKIIIOYBAHE Ha
C-eneMeHTa IUTIOC BPEMETO 3a MPEBKIIOYBAHE HA Tpurepa. Taka IIe ce OCUTYPH HaJEeKIHOTO
HyJIUpaHe Ha TOCJEeJHUSA U OTHaJaHe Ha HyJIUpaUlUs MMITYJC, C KOETO HsIMa Ja ce MOMpedyHd Ha
CJIeIBAIIMS 3aIUC B CHIIHS TPUTEP.

OcBeH mpeicTaBeHHs] IMO-TOpe BapHaHT 3a CXEMHO pelIeHHe Ha MHMKPOKOHBEHEpHHUS
aBTOMAT, MOXE Ja C€ MPEAJIOKH OIle €IWH BapUaHT, MPH KONTO ce M30sSrBa BBHBEKIAHETO HA
JEeTEKTOp Ha (POHT BBB Bepurara Ha 3akbcHeHuero DL1. BvB BTOpHs Bapuant, BMecTto D-latch
TpHUrep KOHBEHEPHHSIT aBTOMAT U3IOJI3Ba quHaMU4eH D-edge Tpurep. Taka mo mpenHus GpoHT Ha
3akbpcHeHMEeTO0 DL1 mIe ce 3amuime emuHMYHATa CTOMHOCT Ha curHama W, 4HeTO HOoCIIeaBaIio
HyJIUpaHe MO W3XOJIHHUS OT ChIIUS TPUTepa CUTHAI M OOpaTHATa BPB3KA, 1€ OBJE JOCTATHYHO
3aKbCHSIIO 32 J1a onpeyr Ha ToBa. CxemaTa Ha ToBa pelIeHHe € ToKa3aHa Ha ¢urypa 6.
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@®ur. 6. MuUKpokoHBeHep C ITMHAMUYEH TPUTEP

3akbcHeHuaTa DL1 1 DL2 uMmaT ecTecTBEHM U3XOIHHM TOYKH B MPUHIUITHUTE JIOTHYECKU
CXEMH Ha MHOI'OTaKTOBHUTEC MI/II(pOKOHBeI\/’IepHI/I 3BCHA, KOUTO MpCACTABJIAIBaXa TyYK HHTCPCC. B to3m
CMHCHJI T€3H 3aKbCHEHUS, BBIPEKH Y€ ca W300pa3eHH YCIOBHO, UMAT PEaHO M3MEPEHHUE, KOETO
IMpU BCAKO U3YHCJIICHHUC CC ONPCACIA OT PCaIHUTC BXOAHHU 3a 3BCHATA JAHHHW W TAKTOBATA YCCTOTa
Ha JIOKAJTHUTE UM T€HEPaTOPH.

3abenexka: Bcnukn MUKpOKOHBEHEpPHHU 3BEHA, KAKTO M BCEKHM KOHBEHEPEH aBTOMAT B ChCTaBa Ha
JaacH KOHBCerp, cjicaBa Aa CC YCTAHOBABAT MPUHYAUTCIHO B HAYAJIHO CHCTOSAHUC CJIICA
BKJIIOUBAaHE Ha 3aXPAaHBAHETO, KAKTO U B APYTU CUTYyallMH, U3UCKBAIINU TOBA ChCTOSHUE (HE
€ MmoKasaHo Ha Qurypa 6). B HauanHO ChCTOSIHHE MUKPOKOHBEWEPHHUTE 3BEHA CE TIOCTABSAT
B ChCTOSIHHE Ha TOTOBHOCT, IIPU KOETO T€ IreHepupar cUrHaiure Ack. 3a craptupaHe Ha
MUKPOKOHBeWepa € He0OX0IMMO B HAYATHOTO 3BEHO Ja C€ MOIaJie CUTHAM OT TUTI Req.

[To-neTaiiiHO MpOLEChT Ha MOCIEIOBATEIIHOTO CTAPTHUPAHE HAa MUKPOKOHBEUEPHHUTE 3BEHA
Ne(k-1), (k) u (k+1), n3006pazenu Ha ¢urypa 6, e mpeacTaBeH upe3 Bpemeauarpamara ot ¢urypa 7.
[Ipenu na 6b1e MosicHeHa BpeMenuarpaMmaTa odaue e MoJie3HO Ja ce 0TOeNexXH, 4e Mpu CTapTUpaHe,
BcekH C-€JIEMEHT ce MPEBKIYBA OT HAYAJIHO B MPOTHBOIIOJIOXKHO chcTossHMEe (W=1), B KoeTo
MpEeCTosIBa KPaTKO Bpeme, onpeaeneHo oT 3akbecHeHneTo DL 1. ToBa cbecTosHME, Ipean 1a N34e3He,
KakTo Beye Oemre oTOensI3aHo, ce 3anoMHs B D-Tpurepa nmo npeanus GpoHT Ha CUTHAJA, U3JTM3AII]
OT ToBa 3akbCHeHHe. [losBsiBamiaTa ce HyJla OT MHBEPCHHUS M3XOJ HAa TO3M TPUTEpP MPEBKIHOYBA
C-enemenrta oOpaTHO B HadaimHO cheTosiHue (W=0).

I'enepupanusT or mpaBusi usxon Ha D-Tpurepa curnan TEQ, Mackupa B IpaBa MOCOKa
curHana Reg, ¢ KOETO M3MpPEBapBallo B CUTHalIa Req ce BbBEX/a 3a/IeH (PPOHT, BMECTO J1a Ce Yaka
pasnpocTpaHeHueTo My B efementa DL2, cneq HynupaHe Ha TO3H TpUrep.

B obOpatHa mocoka pasmpocTpaHeHueTo Ha curHana TEQ ce 3aappka BbB BPEMETO OT
3akbpcHeHneTo DL3. ToBa e HeoOXommmo, 3a Ja ce M34Yaka pecrtapTupanero Ha D-tpurepa mo
npenuust GppoHT Ha TEQ, KOETo ce mocTura upe3 AeTekTopa Ha (ppoHT BbB Bepurara Ha Bxoja R.
Taka, cien ycTaHOBsSBaHE Ha KOHBEHWEPHMST aBTOMAaT B U3XOJHO CBHCTOSHUE M CleJ MOsBa Ha
curHana Ack, Moxe /1a ce U3BBPILY NOBTOPHO CTAPTUPAHE HA MUKPOKOHBEMEPHOTO 3BEHO.

Peannoto cBBp3BaHE HA KOHBEWEPHHUS aBTOMAT C MHOIOTAKTOBO MUKPOKOHBEMEPHO 3BEHO
CUk e mpencraBeHo Ha ¢urypa 8. B cxemarta e HM3IMOJI3BaHO MHOTOTAaKTHO MHKPOKOHBEHEPHO
3BEHO, pealu3upallo airOpuTMUYHA CTPYKTypa IUKBI C MPEIBApUTENHO H3BECTEH Opoit
MOBTOPEHUS OT BHJZA, pa3rienana B [2]. Ot cxemara ce BWXKIa, 4e UMIYJIChT W 3amucBa TaHHU
BbB peructbpa ¢urcarop (Pipeline-RG), cropex Jorukata Ha KOHBEHEpHHsS aBTOMaT. 3a
CTapTHpaHE Ha HW3UYUCIEHUSATA B MHOTOTAKTOBOTO 3BEHO C€ M3MOJI3Ba CUTHANBT TEQ), KOUTO
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Ionaja Ha BBTPEIIHMS CHHXPOHM3aTOp Ha 3BEHOTO, PealM3upaH 4upe3 AuHamudeH D-Tpurep cbe
cTpykTypa Edge. Jlorukara 3a ympaBieHHE HAa TO3M TPUTEp € MOCTPOeHa Taka, ye To (opmmupa
HE0OXOIMMUSI CHHXPOHEH C JIOKaJTHAaTa TaKToBa mocienoBaTestHocT Clock ctaproB ummyic Enable.
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@wur. 7. Bpemenuarpama Ha KOHBeiepa

N3uncnenusTa B MHOrOTaKTOBOTO 3BEHOTO 3aBBPIUBAT C M0sBaTa Ha curHana Ready, KOWTO
CE M3I0J3Ba B KaueCTBOTO Ha KOHBelepeH curHan Reqjk. 3aKbCHEHHMETO, KOETO BHACS TOBa
MUKPOKOHBEHEpPHO 3BEHO, Oemie mpeaw ToBa YCIOBHO o3HauaBaHo DL2 (durypm 5 um 6). Tyx
peaHAT U3X0J] Ha CUTHANA Reqj € IOKa3aHuAT Ha ¢urypa 8.

3akarouyeHue

OOmo mpuetd mpaBWiIa 3a MPOEKTHpPaHE HAa MUKPOKOHBEMEpHHM 3BEHAa BCE OIIE HE ca
¢dopmynupanu. Kakto Tyk Oelie cnoMeHaTo, MUKPOKOHBEHEPHUTE 3BEHA MOTaT Ja UMaT pa3jnyHa
BBTpEIIHA CTPYKTYpa ¥ HauMH Ha (yHKIHOHHpaHe. OT TOBA CIE/IBa, Y€ B €HH pealieH alrOPUTHM
€ BB3MOXKHO TSXHOTO IOCJIEIOBATEIHO MOAPEKIAHE B pa3HOOOpa3sHH cbhbueTaHus. Bb3MoxHO e
BCAKO 3BEHO Ja MpPHUTEKaBa DPA3JIMYHU BBTPEIIHU CHCTOSHUS, HO TO Ou cieaBaio ga Oble
aZlalTHBHO KbM KOHBEHEpHaTa opranu3anusd. Ha ToBa HUBO BCHYKM yYaCTHHIM Ca PAaBHOIIPABHU U
MOJYMHEHM Ha U3JI0’KEHATa TYK OpraHu3aiusl.
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ITpennoxenata o0OOIIEHa HHTEpHIpETalUss HAa MHKPOKOHBEHEPHHTE 3BEHA I03BOJISABA
YIOBJIETBOPSIBAHE HAa Ta3W OpraHM3alMs B JIMIETO HAa KOHBEHEPHHUTE INPOTOKOIM U CHUTHAIH.
[TonoxureneH pe3yaTaT OT Ta3u UHTEPIPETALMS BbPXY MHOTOTAKTOBUTE MUKPOKOHBEHEPHU 3BEHA
€ IPEeosI0JIIBAaHETO Ha 3aIulaxara OT AyOJupaHe Ha KOHBEHEpHUTE (PUKCATOPHU C BXOJHUTE MU C
U3XOJIHUTE PErHCTPHU Ha 3BEHATa.

Peanuzupanusat 4-(a30B aCHHXpOHEH KOHBEWHEpEeH MPOTOKOJ Ha OOMEH MeX1y 3BeHaTa e
BbB BapUaHT C M3MpPEBapBallo HyJMpaHEe (BpbLIaHE B HyJa), KOETO BOJIM 1O IIO-BHUCOKA
IIPOM3BOJUTEIIHOCT KaTo 15UI0 Ha KOHBeWepa.
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@ur. 8. Cxema 3a CBbp3BaHE Ha KOHBEilepeH aBToMaT
C MHOTOTaKTOBO MHUKPOKOHBEHEPHO 3BEHO
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EJAHA HOBA LFSR-CTPYKTYPA 3A N'EHEPUPAHE HA
MCEBJOCJYYAUHA NMOCJIEIOBATEJHOCT

boxunap C. loiinoB, dumutsp C. Tauen

Pe3tome: Ilpennoxena e opuruHaiHa CTPYKTypa Ha T€HEPAaTOp 3a ICEBAOCIYyYANHH ITOCIECIOBATEIHOCTH C
PaBHOMEPEH 3aKOH Ha pas3lpelesieHHe, OCHOBABallla C€ Ha NPEMECTBAIIM PETUCTPHU C JHMHEHHHM 0OpaTHH
BpBb3ku. CTpykTypara wuHTerpupa uzaeutre Ha MaknapbH-Mepcanbus u Knanep-I'openku oTHOCHO
TeHepaTopHUTE Ha CilydaiiHy uncna. [IpencTaBeHn ca eKCIEPUMEHTATIHUTE CTATUCTHUECKH OLICHKH, ITOJIyUYeHH
3a Hesl 4pe3 pa3IMyHU CTaTUCTUYECKU TecToBe. KoMeHTHpaHH ca MoiyuyeHUTE MOJ0KUTEIHU Pe3yITaTu.

KurouoBu gymm: IlceBnociyuaiina nocnegosarensnoct, LESR, CtaTuctuuecku Tectose.

Original LFSR Structure for Generating Pseudorandom Sequences
Bozhidar S. Doynov, Dimitar S. Tyanev

Abstract: This article presents an innovative structure of a uniform distribution pseudo noise generator
based on linear feedback shift registers. The structure integrates MacLaren-Marsaglia and Goresky-Klapper
ideas related to random number generators. The paper presents the experimental statistic assessments of the
system obtained through various statistic tests. The beneficial results are discussed.

Key words: Pseudo noise sequences, LFSR, Statistical tests.

1. BnLBeaenue

['enepaTopute Ha nceBrOCIydyallHH YHCla ca IPEeIMET Ha MHTEPEC B MHOro 00JacTu Ha
HAy4HOTO [IO3HAHME, KaTO aBTOMAaTHKa, Kpunrorpadus, KOMyHHUKALMM, paJUdOJIOKaLus,
XUApoakycTuka U ap. ['eHepupaHero Ha IceBIOCIy4allHU MOCJIEAOBATEIHOCTH Hail-uecTo ce
pean3upa anapaTHO, KaTo 3aKOHBT Ha Pa3NpeeIICHUETO € PABHOMEPEH.

OcHoBuute cxemu Ha ITICII, xouTOo ce mnpunarar B CHOMEHATUTE MPHIOKEHUS, ca
IIOCTPOEHHU Ha 0a3aTa Ha (PU3NYECKH EJIEMEHTH, YMUTO XAPaKTEPUCTUKHU HMAT ICEBJOCIYYaiHO
NOBEJICHNE, WM 4pe3 alapaTHa peaju3alus Ha pPasInyHU ajaroputMuyHu cxemu [2,4,10,13].
N3non3BaHeTo Ha (PU3MYECKH €IEeMEHT o0ade € CBbP3aHO C M3KIIOYMTETHO MpEelU3HH CXEeMHU 3a
NoJUTbpiKaHe Ha CTa0MIIEH PEXXUM Ha padoTa.

Bropara Bp3moxHOCT, ¥ B yacTHOCT I'TICII, peanusupanu upe3 npeMecTBaIlM PETUCTPH C
nuHeiiHn oOpatHu Bpb3kuM (LFSR), mopaam cBosita necHa peanusanusi, HaMUpaT ILIHPOKO
npuioxenue [3,5,7]. Bucoko kauecTBo B Te3u cxeMu o0auye MOKe /1a c€ TIOCTUTHE CaMO MPU MHOT'O
roJIEeMU JTBJKUHH (TIO-TOJsIMa OT 2 [bits]). KakTo ¢ m3BecTHO 0Oaue rojsmMaTa IBIDKUHA OT CBOS
CTpaHa Cb3JaBa M3YUCIUTEIHA 3aTPyJHEHUS, CBBbP3aHM C HAMUPAHETO HAa NPUMUTHUBHU
MHOrouJieHu oT Bucoka creneH [11]. OcBeH ToBa, TreHepUpaHETO Ha Kilacuuecku M-
nocnenoBareqHocTy ¢ LFSR e momatnuBo Ha kpunrorpaduueckus anropurbM Ha bepriexemrn-
Meccu [5].

B mHacrodmara cratus ce Mpeajara €IHa HOBAa CTPYyKTypa 3a TI€HEpHUpaHe Ha
nceBaociayyailHa mocienoBarenHoct. CtpeMexsT € mnoBumaBaHe kadectBata Ha [TICII,
peanusupanu upe3 LFSR ¢ mo-manku qbKMHYU, KaTO IPU TOBA C€ LEJIU Olle 1a ObJaT MOATUCHATH
B MaKCHMaJlHa CTENEeH CIOMEHATUTE UM HeNOCTaThIM. Taka, OTYMTAMKU peaTHUTE Bb3MOKHOCTH
Ha ChBpEMEHHAaTa eJeMEHTHa 0a3a OT eJHa CTpaHa M ChIIECTByBallaTa MOTPeOHOCT OT Apyra ce
paspabotBat ['TICII ¢ yBenuueH nepuo/1 U yCclioKHEHa KPUTITO 3aBUCUMOCT.
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2. Ki1acudyecka cxeMa U OCHOBHM 3aBHCHMOCTH

MaxkcuMatHO Bb3MOXKHUSAT TiepuoJ] P Ha U3XoHaTa MocieI0BaTeTHOCT € GYHKIHUsS OT Opost
Ha pPa3IMYHUTE CHCTOSIHUS HA PErHUCTbpa, KAKTO M OT HEroBara JbJKUHA 71, U CE€ U3pPa3siBa KaKTO
clieaBsa

P=2"-1. (2.1)
HpI/I UMIITICMCHTAaWA B ABOMYHA CUCTCMaA, O6paTHaTa 3ala4a uMa pCIICHUCTO
n=|log,(P)] , 22)

KBJIETO JBJDKMHATA /1 HA PETHCTHPA ce u3MepBa B outose [b].

[IpecnenBaiiku TmceBIOCITYyYaHHOTO TMOAPEXKIAHE HA W3XOAHUTE OWUTOBE, OOIIUAT BHUJ HA
¢dbyHKIMATA Ha OOpaTHAaTa Bpbh3Ka TPsOBa Ja MPEICTAaBIIsABA HEIPHUBOANM TIOJIHMHOM OT /-Ta CTETICH
[7]. To3u monuHOM ce u3pazsBa Ype3 ClieHaTa peKypeHTHa hopMya

q(x)=qy+).q,-x', (2.3)
i=1

KBAETO ¢1,{5,...,{, Ca PEKypCUBHH KOCQHUIUEHTH, a X € (popMaliHa MPOMEHIMBA HA IOJINHOMA.
CBBKYyNHOCTTAa OT KOE(QUIIMEHTUTE ¢; MOMKE Jla Ce pasriexk]aa KaTo Macka, KOSTO Ompenens

oOpaTHHTE BPB3KH Ha cXeMaTa, Thil KaTo 3a KOeUIIMEHTUTE ca TI03BOJIEHU caMo cToiHocTUTE O U
1.
B crotBerctBHe ¢ kazaHoto, I'TICII nHa 6a3ata ma LSFR moxe ma ce mpencraBu Che

cieanara cxema (¢purypa 2.1)
Reset

8itn-1 | dn2 |mmmmm- A+l [ 30 [—>
Out

@uwr. 2.1. [Mpuanunua cxema Ha LSFR ¢ nemkuna 1 [b]

I'TICII e usrpazeH ot equH /1 OUTOB PEruCThP, KOMTO U3MECTBA ChABPIKAHUETO CH HAJIICHO
1 KOMOMHALIMOHHA JIOTHKA, peanu3upaina uzuucienusra (2.3). [IpaBuaHoTo (yHKIMOHHMpaHE Ha
cXeMara € OCHUTYpPEHO 3a BCSIKO HAYalHO ChABPXKAHUE HA PETHCTBpa C M3KIIOYCHHE HA HyJeBaTa
koMOuHamsa. ETo 3amo Ha4amHOTO ChIbpKaHHME B TEXHUYECKaTa peaju3alus ciefBa Ja ce
OCUTYpsIBa MPUHYJIUTEIHO Ype3 CUTHajia Resef. 3a HayaJHO ChABP)KAHHWE MOXE /a Objae u3dpaHa
Hanpumep komOuHarusta “1000...00”.

3. Hpennomeﬂne 3a CX€Ma Ha resepaTop

B nacrosmoTo u3cnensane e npeacraBeHa opuruHanHa crpykrypa Ha ['TICII, u3non3pama
LFSR. B Hes, B moaxojsiia KOMOUHAIMS, Ca U3MOI3BaHN BH3MOXKHU 32 TEXHUYECKA pean3alus 1
¢ no-uucko xauectso I TICII.

[Ipemyiaranata CTpyKTypa € MOCTUTHATAa Bb3 OCHOBaBa Ha WJEsATa B METOoJa Ha MakiapbH-
Mepcanbus [6,4,13], KOSITO U3UCKBA MOAXOMAAINIO0 KOMOMHUpPAHE HA JIBa TEHEPATOPHU €JIEMEHTa OT
eanH U cbliu padr [6]. OcBeH ToBa, UMalku mpeaBu 3aBucuMocTtTa Ha kinacudeckus ['TICII ot
KPHUIITOATaKH, MPEUIOAKEHATA CTPYKTypa AOMBIHUTENHO HHTErpupa noaxoaa Ha Knanep u ['opeuku
[5]. B cvotBeTcTBUE ¢ TO3M moaxoA B cTpykTypara Ha ['TICII e nobaBeHa BBHIIIHA TTaMET, C KOETO
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ce paspyllaBaT PEKypEHTHUTE BpPB3KM B HM3XOJHATa OMTOBA MOCJIENIOBATEIHOCT, B pe3yiTaT Ha
KOETO KPUIITOATAKaTa € 3aTPy/IHEHA.

[lo3uTuBHUTE pe3ynTaTd B MpeljiaraHaTa CTPYKTypa ca TBPCEHH Upe3 MOAXOASIIO
obOeauHsBaHe Ha Te3W nBe uaeu. Kato nombiaautenHa mamet B ctpykrypara Ha ['TICII e nobGaBen
momudummpan LFSR. Momudukanusara e peanu3upana BB3 OCHOBa Hjaesra Ha MakiapbH-
Mepcanpuss. To3u [JONBIHUTENEH €JIEMEHT € CTAaTUCTUYECKH He3aBucuM. (OKOHUYATEIHO
cuHTesupanara ctpykrypa Ha ['TICII e npencraBena Ha ¢urypa 3.1.

Reset LFSR B Reset LFSR A
— v = Out
n-1 0 n-1 0 ——
vy \ v Y
q q
+mod 2 e +mod 2

@uwr. 3.1. Jlorudecka CTpyKTypa Ha IPEIJIOKEHHS TeHEPaTOp

B Hes ce chappxkaT Tpu eneMeHTa OT eauH U cbiuu Bux — A, B, C. U3xoasT Ha
reHepupamiata cTpykrypa Out € oT necHus kpait Ha enemeHT A. Enementute B u C ca BKiItoueHu B
CHOTBETCTBUE C UaesiTa Ha MaxknapbH-Mepcanbus, B Ka4eCTBOTO UM Ha MBPBUYHU T€HEPUPALIU
enemeHTu. OT Apyra cTpaHa, BKJIOYBAHETO HA Ta3H rpyrna KbM MbPBUYHMS T€HEPHUPALL] €IEMEHT A,
€ B ChOTBETCTBUE C HEsTa 3a JONMBJIHUTENHA BhbHIIHA nmameT Ha Knamep u opernku. I'pymara ce
MOJIKITI0YBA KbM elieMeHTa A upe3 pyHkuuute Mod2. I1o T03u HAYMH MOCTHIIBANIUTE B €IEMEHT A
outoBe ot enemeHtuTe B m C ca cTaTUCTHYECKH HE3aBHCHMH, KOETO pa3pyllaBa PEKypPEHTHUTE
BpB3KU (2.3) B uU3XxoaHaTa nocienoBarenHocT. I'eneparopuure eneMenTd B u C ce BkitouBar B
oOpatHata Bpb3Ka Ha ejemMeHTa A pasnuyHo. B reneparopuus enementr C e cb3aanaeH
JOIIBITHUTEIICH U3XO0J, Ype3 KOHTO TOH ce BKIIOYBA KbM OOpaTHaTHA Bpb3Ka Ha eneMeHTa A. Tosm
U3XOJ ciefBa 1a ObJe B3eT OT OWT, YMHTO HOMEp 7 MPEICTABISBA B3aHMMHO IPOCTO YHUCIO C
IbJDKUHATa Ha peructbpa 7. [lopanu Tasu ycinoxkHeHa (QyHKUIHMOHATHOCT B oOpaTHaTa Bpb3Ka Ha
OCHOBHHS TEHEpHpAall €JIeMEHT A TJaBHHS MOJOXHUTEICH €(PEeKT Ce ChCTOM B 3HAYUTEITHO
yAbDKaBaHEe Ha TMepHoJa Ha TeHepupaHaTa T[OCJIEIOBAaTEIHOCT B CpPaBHEHHE C HETOBUTE
COOCTBEHHU BB3MOKHOCTH.

4. U3caenBaHe HA MPeAJIOKeHHS T€HEPATOP ChC CTATHCTHYECKH TeCTOBE

[Ipemnoxxenata CTpyKTypa 3a TEHEpHpaHE Ha IICEBIOCITYyYaifHa IOCIEAOBATEITHOCT ((ur.
3.1) Oeme oleHeHa € pa3jIMYHU CTAaTUCTUYECKU TECTOBE, LEJSAINM Ja MOTBBPAAT 3aKOHA Ha
paslpeneieHre Ha TeHepUpaHaTa M3XO0JHa MOCJIEI0BAaTEIHOCT, a MOJIYUYEHUTE 3a Hed OLICHKH J1a
MOCTy aT Ollle U 32 KaueCTBEHOTO M OLIEHSBaHE IPU CPaBHEHHE C M3XOJHATa POJIMUTENICKA CXeMa
(¢purypa 2.1). [lapamerpute Ha ekclepUMEHTHpaHaTa cxema ca: AbbKMHA 1n=16 [b] 3a Bcuuku
perucTpu; KOMOMHAIMK OT peKypcuBHH KoedwuimeHTtn 3a enemeHT A (1001101000001111), 3a
enement B (1001001111110011) u 3a enement C (1011111000010111); uzxox ot enement C, 7 ¢
Ne 3.

OT MHOKECTBOTO Pa3HOOOPA3HH CTATUCTHYECKU TECTOBE ca M30paHu ClieAHNUTE 4 TecTa:
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e CranmapTeH TECT 3a MPOBEPKA HA 3aKOHA Ha pa3Mpe/IesiecHre Ha cllydaifHaTa BeIMYMHA,
peanusupan B MatLAB ;

e Tect 3a yectora (Tect Ha NIST [9]);

e I'paduuen xucrorpameH TecT ;

e [IpoBepka Ha 3aKOHa Ha pasnpezeneHue upe3 kputepus Ha [lupcon (Xu-kBaapar).

IIpuera € Ta3u CbBKYIHOCT OT TECTOBE 3a JOCTATbYHO aBTOPUTETHA, UMAUKU IIPEIABU]
3aKOHA Ha paslpeziciIeHUe, Ha KOMTO ce IOJYMHABA T€eHEpUpaHaTa I10CIEJ0BATEIHOCT.

4.1. CtanzapTeH TecT 3a IPOBEPKa HA 3aKOHA HA pa3npe/iesieHHe HA CIy4aiHATa BeJIJMYMHA B
cpena MatLLAB [8]

TectsT ce mpoBexaa oT BrpageHata B MatLAB ¢yukims runstest(x), 94uidiTo apryMeHT X
Npe/CTaBlIsiBa TeHEepHpaHa mocienoBarenHocT ¢ abbkuHa M [b]. Komangara 3a Tecta e
[h,p]=runstest(x). B pe3ynrat Ha 00paboTKaTa Ha MacuBa X, PyYHKIHSITA F'UnStest BPhILA:

¢ 3a nmpomennuBara /i croitHoct Hyna (h=(0), ako npuema HyJeBaTa xunotesa H(y, u CTOIHOCT
equanua (h=1), ako OTXBBPJIS HyJieBaTa xunore3a H(y. 3a HyJeBa XUIIOTE3a € IPUETO
TBBPACHUETO 32 PABHOMEPEH 3aKOH Ha Pa3npe/IesiCHHE |

e 3a IIpoOMCHJIMBATa p CTOf/iHOCT, KOATO NpPEACTaBJIsIBA BEPOATHOCTHOCTTA 3a IIPUCMAHE HA
HYyJI€BaTa XHUIIOTE3a, IIpU 3aJaJICHO B TECTAa HUBO HA 3HAYUMOCT OT 5% .

YucriennTte pe3yaTaTH 3a TeCTa ca cBe[eHH B Tabnuma 4.1.1.

Ta6muma 4.1.1. OtueHku 3a MOCAeA0BATEIHOCTH C PAa3JIMYHU TTEPUOIH
M 17 T8 51 720 720
h 0 0 0 0 0
p 0.9362 0.9579 0.9791 0.9914 0.9961

OueBUIHO TECTBT HE OTXBBPJIA HyJieBaTa XWIIOTe€3a, IpU TOBAa C HapacTBaula
KaTe€ropu4HOCT.

4.2. Tect 3a yectoTa [9]

Ilenta Ha TO3UM TECT € Ja ce ONpEleNN CHOTHOLIEHHETO Ha HYJIUTE U EJCHULUTE B
reHepupaHara I0CJIEeI0BaTeTHOCT, KOMTO TpsAOBa Ja ca MOYTH paBHM Ha Opoil. To3um Tect e
ocurypeH B MatLAB upe3 ¢ynkuusarta erfc(x), KbIE€TO apryMeHTsT X =S, NpPEICTaBIsiBA

CTOIHOCT Ha Taka HAapedeHaTa TECTOBA CTAaTHCTHKA, M3paseHa ¢ dopmymnaTta S, :|Sn|/ N2.n.

N3uncrnenneTo Ha CTOWHOCTTA Ha TECTOBAaTa CTATHUCTHKA M3WCKBA IMPEIBAPUTEIHA MOATOTOBKA HA
reHepUpaHaTa IMOCJIECIOBATETHOCT, KOSATO C€ CBhCTOM B CJIEAHOTO - BCUYKH 7 €JIEMEHTa Ha
MOCJICZIOBATEITHOCTTA C€ TpeoOpasyBaT Mo MPaBUIIOTO: BCska reHepupaHa 1 ce 3amectBa ¢ +1, a
Besika 0 ¢ —1. Criiey ToBa ce M3uMCIsiBa cymara ot eneMenture S, . Komannara 3a tecra e P=erfc(x).

@yHKIMATA BpbIIa CTOMHOCT, KOSTO MO3BOJSBA Ja CE€ OLEHU IOCIEIOBATEIHOCTTA CIIOPEN]
M3Ka3aHus B HAYaJI0TO CMUCHN [12]. B Hail-moOpus ciaydail cTOHHOCTTA HA OICHBbYHATA (QYHKITUS €
1. PeanHo wm3uMcieHara ciell €KCIIEpUMEHTa C TecTa oleHka uma crorHoctTa P=0,9860. T4 e
rmoJrydeHa npu 00paboTKa Ha IeNus TMEepuoJ Ha TeHepHpaHaTa IOCIIeIOBATEIIHOCT U BUCOKAaTa U
Onm3ocT 10 Hail-moOpaTa CTOWHOCT 3a TecTa ce Bb3MpHeMa KaTo OlEHKa 3a BHCOKO KauecTBO Ha
reHeparopa.
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4.3. I'paduuen xucrorpamen rect [9]

XUCTOTPaMHHAT TECT € HaW-4ecTO MpuiiaraH Mopajd TOBa, 4e Mpejyiara HemocpelCTBeHA
rpaduyHa BU3yallHa MpECTaBa 3a Pa3MpeesICHUeTO, KAKTO U YHMCIeHA OIeHKa 32 OTHOCUTEIIHUTE
YECTOTH Ha mornajeHue. HampaBeHo e konBepTupane Ha 16 OUTOBU ABOMYHM YMCIIA B JECETUYHHU.
3a mosy4yaBaHe Ha OLICHKHUTE IO TO3U TECT € M3noisyBaHa (pyHkuus hist B cpena Ha MatLAB. Ha
¢urypure 4.3.1, 432, 433 u 434 ca mnpencraBeHHM XHUCTOTpaMUTE Ha NbpBUTE 4
MOCIIEI0BATEIHOCTH criope Tabnuna 4.1.1.

Histogram of output signal 2exp(17) 150%i5tngram of output signal 2exp(18)
600
1000
3 400 )
i i
500
200
0 0
2 4 G 2 4 6
% x 10° i x 10°
®ur. 4.3.1. TlocnegoBaTeIHOCT C IEPUOLT p @ur. 4.3.2. [locnenoBaTeaHOCT C MEPUOL 2!
Histogram of output signal 2exp({13) Histogram of output signal 2exp(20)
2500 . . . . . ;
4000
2000
3000
— 1500 =
€ 1000 o 2000
500 1000
0
: 2 4 6 2 4 6
X ik B x 10°

®uwur. 4.3.3. IlocnenoBaTeaIHOCT C IEPUO 21 @ur. 4.3.4. Ilocnen-t ¢ nepuos 2%

Ot xwucrtorpamute, mnokazanu Ha d¢urypure 4.3.1, 4.3.2, 433 u 4.3.4, ce BwKuar
NOMAJIeHNsATa Ha TeHepupaHuTe 16 OuToBM uMciaa B 16 HempumokpuBamu ce uHTepBana. C
yBeJIMYaBaHE NEPUOJa Ha MOCIEA0BAaTEIHOCTTA, pa3jiKaTa OT Oposi Ha MOMAaeHUsITa B ChbCEIHUTE
MHTEpBAITH CTABAT BCE [TO-MAIKA H 33 MIOC/IEIO0BATEIHOCTTA C Iepro 22 Te ce H3paBHABAT.

XucTorpama 3a MoC/IeI0BATETHOCT ¢ TIepro 27 He e MoCTpoeHa, Thil KaTo mpu mepuo 27!
TSl UMa MbJIEH Opoii Ha MOBTOpeHUs Ha 16 OUTOBM UucIa.

Tabnuua 4.3.1. TlapameTpu Ha MOC/IEOBATEIHOCTH C PA3IMYHU EPUOTU

M 17 T8 P 720 271

bpoii renepupanu 6ura 131072 | 262144 524288 1047576 2097152
bpoii 16 6utoBu yncia 8192 16384 32768 65536 131072
Bpoii noBTapsium ce yucna 0 0 0 2 65538

20 . .

[Tonyuenara mpu mepuoj 2°° MOCIEIOBATEIHOCT € ¢ Hal-rojiiMa IbDKMHA M Hal-MallbK

Opoiil Ha moBTapsM ce 16 OUTOBU YKCla, KOETO CE€ Bb3MpHUeMa KaTo OIEHKA 32 BUCOKO KaueCTBOTO
Ha TeHepHpaHa MOoCJIeI0BaTEIHOCT C PABHOMEPHO pa3Ipe/ieiICHHE.
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4.4. Tect ¢ kputepuii Ha Ilnpcon (Xu-kBaapar) [9

Lenra Ha TO3M TecT e, ¢ moMolura Ha kpurepus Ha I[lupcoH, ga ce mpoBepu HyJieBaTa
XMIIOTE3a, KOSTO M3Ura TBBPJEHUETO, Y€ FeHepupaHaTa ICEeBIOCIyYaiiHa MOCIe0BaTEIHOCT HE
IPOTUBOPEYM HA PaBHOMEpPHHUS 3aKOH Ha pasnpenerneHue. ToBa TBBPJIEHUE €€ M3AMra IpHU
npeaBapuTeNHO H30paHO HHMBO Ha JocTOBepHOCT. HUBOTO Ha JOCTOBEPHOCT, H30paHO 3a
npoBexnanust tect € 0=0.05. Ilpu 15 cremenn Ha cBOOOJA, CTOWHOCTTa Ha KPUTEpHSs, B3e€Ta OT
choTBeTHaTa Tabmuna [1] e xz(obs)=25,0 .

[IpoBeneHusAT excnepuMEeH HMa cleJHaTa oOpraHu3auus — npu 16 OUTOB pErucTsp,
NEepUoIbT Ha IeHepHpaHaTa MOCIIEOBaTEIIHOCT ce€ MOAYMHABA Ha 3aBUcuMocTTa (2.1). BposT Ha
reHepupaHnTe OMTOBE € PaBeH Ha OpOs Ha TAaKTOBETE 3a M3MeCTBaHE. | eHepaTtopuTe ce cTapTupat
3a HaTpYyNBaHE Ha MOCe0BaTeIHU MacuBH OT 1o 509 16 OuTOBHU eeMEeHTH, YUUTO OPOii 3aBUCH OT
M. [lpu ToBa € cra3eHo yCIOBUETO, Y€ IbJDKMHATA Ha €JIEMEHTUTE U o0eMa Ha MacCHUBUTE Jia ca
B3aMMHO IPOCTH YUCIA.

3a Bcgka m3Bagka or 509 16 OuToBM 4mMciIa € WM3YMCIIEHAa CTOMHOCTTA Ha OIIEHKAaTa Ha
kputepust Ha [Iupcon. Taka mojsyyeHUTe OLIEHKHU ca Noka3aHu Ha ¢urypu 4.4.1 u 4.4.2 B rpapuueH
BU/JI CbOTBETHO 32 POJUTENICKATa CXeMa U 3a TyK NpeJUI0KeHaTa.

Chi sguare diagram Chi square diagram

30 30
s A
m 1)
= A,
= £ 10
S 45 O

10 : : 0 - :

0 50 100 150 0 50 100 150
samples samples
Our. 4.4.1. X2 Ha poAuTEJICKaTa CXxema Our. 4.4.2. x2 Ha MPEII0KEHUS TEHEPATOP

W3BoauTe, KOUTO TO3M TECT MO3BOJISIBA J1a CE HANIPABSAT, Ca CIEIHUTE:

[IpemyioxkeHusAT reHepaTop uMa Mo-rojisiM Mepuo/1 CpsMO POJIUTEICKHUS ;

CpenHata CTOMHOCT Ha OIIEHKUTE Ha KpuTepus Ha [TMpcoH 3a OTACIHUTE U3BAIKU

(20, BmwkTe purypa 4.4.1) e mo-rossiMa OT Ta3H 3a U3CICBAHUS TEHEPATOP

(14,5, Bmwxre urypa 4.4.2) ;

3. 3amnoseude oT 80% OT U3BaJKUTE HA NPEAJIOKEHUS TEHEPATOP, IIPU €ITHAKBU YCIIOBUS,
CTOMHOCTHTE Ha OLIEHKHUTE Ha KpuTepus Ha [IupcoH ca hakThyecku mo-MajiKu OT Te3u Ha
pOJUTENICKATA CXEMA.

4. Karo 11510, TECTBHT MO TO3U KPUTEPHI CHIIIO MPUEMa XUIIOTE3aTa, 4Ye T€HepUpaHara
MICEBIOCTyYaiiHa MOCJIEI0BATETHOCT HE MPOTUBOPEYN HA PABHOMEPHHUSI 3aKOH Ha
pasmpenencHue.

N —

3akjarouyenue

HOHy‘-IeHI/ITe CKCIICPUMCHTAJIHU  PEC3YyJITATH JdaBaT OCHOBAaHHWC Ja CC TBbpAU, UYC
MIPEIOKEHUAT TEHEPATOpP € Mo-A00Bp oT u3non3Banute LSFR, Bimmu3amm B chcTaBa My, KakTo 1O
TBJDKMHA Ha U3XOJHATa IOCJEJI0BATEHOCT, TaKa M IO CTaTUCTHYeCKU oleHKu. CKopocTTa Ha
reHepupaHe Ha U3XOJIHU MOCIIE0BATETHOCTH U Ha IBETE CXEMU € eIHaKBa. MakcuManHaTa 4ecToTa
finax=(Tmin) " 33 TeHepHpaHe MOXE [a Ce OLEHH Upe3 MaKCUMAIHOTO BPeMe 3a IPEBKIIOYBAHE HA
cXemara, KOeTo € OKOJO 8.T=Tpin, KBJIETO C T € O3HAYEHO BPEMETO 3a IMPEBKJIIOYBAHE HAa €IUH
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IpaJuBeH JIOTUYECKH eneMeHT. llpemyiokeHara CTpyKTypa € HE3aBUCHMMa OT JbJDKMHATa Ha
u3non3anute LFSR, xoero s mpaBu necHo moauduuupyema. YcIoBHs 3a TOBa ChIIECTBYBAT B
eJleMeHTHaTa 0a3a Ha IporpaMUupyeMUTE JIOTUYECKU MaTpUILU, Harpumep Ha pupma Xilinx.
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PA3ZPABOTKA HA AJITOPUTMU U UHCTPYMEHTAJIHA
CPEJA 3A ITPOEKTUPAHE U U3CJIEJIBAHE HA MEHIOTA.

Mutko M.MurteB

Pe3tome: B mokiana e mpencraBeHa KiacupUKaus Ha MEHIOTA 3a yIIpaBiieHHe Ha mporpamu. Jledurmpan e
npobJieMa 3a MUHUMH3UPAHE IBM)KCHUETO Ha Kypcopa MpH JICHTOBM MEHIOTA. BuBeseHa e (opmanusaius
MOCPEICTBOM Teopusi Ha Tpadure. TeopeTHIHO € OOOCHOBAaH ampUOpPEH alNTOPHUTHM 3a MOIAPEkKAaHe Ha
MO3UIMHTE OT MEHIOTO. [IpeanoikenHa e TeXHOIOTHYHA cXeMa 3a MPOeKTUPaHEe U M3CIIeABaHe HAa MEHIOTA.

Development of Algorithms and Tools Environment for Design and Research of Menus.
Mitko M. Mitev

Abstract: The paper offers a classification of menus for management of programs. The problem for
minimizing the cursor movement in strip menus is defined. A formalization by theory of graph is introduced.
A priori algorithm for arrangement of the menu items is theoretically proved. A technological scheme for the
design and research of menus is proposed.

1. YBoa

MeHIo-TeXHUKaTa € MJHAa OT OCHOBHUTE HAa4MHU 3a YIIPABJICHHE M HACTpOMKa Ha mporpamu. B
oOuIus ciyyai, o CBOsSITa CTPYKTypa MEHIOTaTa MoraT Jia ce kiacuduuupar Karto:

- Touxoeu menroma. AKTHMBHA € €IHAa €QUHCTBEHa no3uius. Celiata ce crapThpa Mpu
ONpeNeNIeHa, E€IWHCTBEHA II0 CBOATA CBIIHOCT, MPOrpPaMHAa YacT C€ OTHOCUTEIHO
CaMOCTOsATEeNIHA (PYHKIIMOHATHOCT.

- Eonomepnu, nenmosu mentoma. OnpeneneHa nocaea0BaTeIHOCT OT MO3UIIMU, aKTUBUPAILU
MPEeJUMHO YacTH Ha €JHa U Chlla (PyHKIMOHAIHOCT, MO3BOJISIBAILlA M3BECTHA M300PHOCT
IIpY U3MBJIHEHUETO Ha mporpamata. Hanpumep, ToBa ca OTAEIHM TEXHOJIOTMYHM €Talu Ha
pa3paboTKa WM MHOTOBAapUAHTHU PELICHUS.

- Meymepnu, mabauunu mentoma. Te BkiouBaT B cebe CH KaTo OCHOBA JICHTOBO MEHIO U
OTIpeNIe]ICH0 MHOXECTBO OT T.Hap. nadawu MeHioTa. [IpuioxeHnero UM MNpPEeJUMHO €
CBBP3aHO C NPOBEXKJIAHETO HA QAJITEPHATUBHM BapUAHTU 32 M3IBJIHEHHE, KATO BCEKH
BAapHUaHT € pa3zeiieH Ha OTAEIHU €Tally WIH JPYTH, B3aUMHO JAOI'BJIBALLYU CE BB3MOKHOCTH.

- Mnozcomepnu mabauunu menroma. llpakThdecku TOBa € JABYMEPHO MEHIO, KaTro Ha
OIIpEACIIEHHU MO3ULUH OT NaJalluTe MEHIOTA UMa MTOJAMEHIOTA U T.H. V310/13BaHeTO Ha Te3U
MEHIOTA C€ HaJlara IpH CJI0KHH M0 CBOATA CHUTHOCT MPOTPAMHHU CUCTEMH.

- Cneyuannu menroma. Te ce XapakTepu3upar ¢ U3IMO0JI3BAHETO HA HEKIACUYeCKU CPEACTBA 3a
yOpaBieHHEe OT THUMA Ha pa3IMuyHU ObpP30 CMEHSIIM CE€ AHMMAllUW, JIBUXKEIIW OOEKTH,
LIBETOBU U 3ByKOBH IIPOMEHMU U T.H.

HesaBucuMo OT BHJAa Ha MEHIOTO, MOCIENOBATENHOCTTA 332 M3MBJIHEHHE HAa NPOECKTHUPAHATA
(YHKIIMOHATTHOCT € CBBbp3aHa ¢ (PU3MUECKO JBIKEHUE HA Kypcopa WM IpeMecTBaHe Ha gokyca. OT
€proHOMHUYHA TJIeHA TOoYKa [1] MOXe Ja ce mpuemMe, ye CPaBHHUTEITHO JOOPO pelieHre 3a MEHI0-
TEXHUKA Ha YTpaBJICHUE € TOBa peIllIeHHE, KOETO MO3BOJsIBAa ObpP30 HAMHUpAHE Ha >KEJlaHaTa WU
HeoOXouMa TMO3ULMsS NpU MUHUMAIHO JBI)KEHHE Ha Kypcopa. B moBedero cimyuail ToBa €
HEOOXOJUMO , HO HE JIOCTaThbYHO YCJIOBHUS 3a IMPOEKTUPAaHE HA TMOTPEOUTEICKH OpPHEHTUPAH
uHTEepdercC.

Ilenra Ha HacTosAIMSA JOKJIAJ € NPOEKTUPAHETO M H3CIEABAHETO HAa E€IHOMEPHHM, JIEHTOBU
MEHIOTO, JOKOJIKOTO T€ Ca OCHOBA U 3a OCTAHAJIUTE BUJOBE MEHIOTA.
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2. ®opmanu3zanus

Hexka e 3agajmeHa nporpamHa cHCTEMa YINpaBisiBaHa IOCPEJICTBOM  €IHOMEPHO,
XOPHU30HTATHO(JIEHTOBO) MeHI0. Besika mo3umms ce xapakTepusupa ¢ AbDKHHATA HAa BKIIOYECHUS
TeKcT u/wm gurypu. Ilpu nmpemecTBaHeTO Ha Kypcopa OT €IHA MO3UIHS KbM Apyra, GU3NIECKOTO
pa3CTOsTHHUE € MPONOPLMOHATIHO Ha 0o0I11aTa UprUHA Ha 00XBaHATUTE MO3ULIUH.

[Ipu Ta3u mocraHoBka opMmanu3alMsITa MOXE Aa ObJe CBEAECHA /10 KpacH OpUEHTHpaH rpad
G(X,U,P,W,F) ¢ HaacTpoiika, KaKTo CJe/Ba:

Kozt €1, NN =|X| — MHOKECTBO Ha BbpPXOBET€ Ha rpada, UHTEPIPETHPAHU KAaTO
HOMEPHMPAaHM MO3ULMH Ha JIEHTOBOTO MEHIO. MOIIHOCTTa HA MHOKECTBOTO C€ ONpenest OT Opos Ha
MO3HUIIMUTE B MEHIOTO.

U ={uy}.t} LN - MHOXECTBO OT IbruTe Ha rpada. Beska pra ce MHTEPNpeTHpa Karo
JOrHYecKa WM (YHKIMOHATHO CBBP3aHOCT MEXKIY OTACTHHUTE TO3WINHU, TPEAU3BUKBAIIN
U3IBJIHEHUETO Ha €IHU WM Apyrd QyHKiuu. Yact oT aprure morar na ObJaT perucTpUpaHd U
CJIeJl U3BECTEH IEpPHOJ OT BpeMe, KaTo MpPOCTH (U3MYECKHM MPEMECTBAHUS Ha Kypcopa MeEexay
MO3ULIMUTE B MIPOILEca HA ThPCEHE UM KOMOMHUPAaHE Ha Bb3MOKHOCTH.

P(x,U;;%;) - TPUMECTEH NPEIMKAT, BHBEKIAIl HHIMACHTHOCT MEXY JBOHKATA BBHPXOBE
x¥pxp & X 1 aprata g, &= U, UHIMAEHTOPBT € ucmuna, ako Ibrata CBbp3Ba JIBaTa BbpXa UIlM 1bJiCd
B MPOTUBEH CITy4ail.

W = {w,}t € LN.N = |W| — MHOXECTBO OT Tera Ha BHPXOBETE, KBAETO MEXIY X <> W
CBIECTBYBa €IHO-EIHO3HAYHO CHOTBETCTBHE. TErIOTO HAa BBbpXa C€ OmpeAens OT (PU3MYECKHs
pa3Mmep Ha MMO3ULMATA, T.€. OT JbJDKUHATA HA CTPHUHTA.

F={fi}t} €L K - mHOXECTBO OT TernoBHH Koedurmentn Ha jgerute. Mexay U < F
CBILECTBYBA €IHO-EIHO3HAYHO CHOTBETCTBUE, KBAETO fi € F € uecToTaTa Ha NpPEIUTAHE HA
Kypcopa OT MO3ulus [ KbM no3unus j. Tazu yectora MoXKe Aa ce ONpeAenad KaTo alpuopHa WIN
anocTepropHa.

Bcesiko mpeHoMepupaHe Ha BbPXOBETE MPEJCTABIsABA KOHKPETHO PEIIEHUE OT MHOXKECTBOTO Ha
pemenusita R. Heka e 3aganeHo HauanHO pemieHue Iz = K. AKo KypcopbT ce Hamupa Ha i-ma
no3unus U ObJe MPEMECTEH BbPXY MO3UIIMS j, TO TETJIOTO Ha Uy s € U e Obae vy €V, KbaeTO
TETJI0TO Ha JIbraTa 3aBHCH OT O0IaTa IbIDKUHA Ha npejemenume BbPXOBE B IpaBa MOCOKA U MOXE
na ObJIe ONPEeNICHO 0 CIICAHNS HauuH:

(XpXppy € XJP(XpTypanrFaar) — Prpar = Fresa®
(mpxpeg EXIP(Rptippmar Fpaz) — Vygsz = Fraea(wy + wiey)

B o0mus ciyyvai

. . '_l
(%7 € X)B(xptey ) (1 <) > vy = fip Bimy Wi (1)
B TIpaBa MOCOKa 1

. . — .}'_l
(mewp € XIP(rumew)() <1) — vy = frp Doy Wy 2)
B 00paTHa MOCOKa.
CrnieoBaTesHo, 3a PeLIeHHETo 1 = & e B cuia
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KbACTO

—

V- CyMa OT T€rjiata Ha ABI'TC 1O IIOCOKAa Ha HapaCTBAaHC HA MHACKCA.

—

IV — cyMa OT TeriaTa Ha Abr'uTe B 00paTHA MOCOKA.
V.. € dynkuus Ha pemenuero ry € B. Chblata MOXKE Jia C€ NPUEME B KAYECTBOTO HA LEJIEBA

GbyHKIMA, T.K. aKO HEWHATa CTOMHOCT KIOHHM KbM MHHHMYM (JIOKQJICH WM TJIOOANeH), TO
OTIPE/ICNIEHOTO PEIICHUE € CBBHP3aHO ¢ MHHHMAIHO CYMapHO Pa3CTOSIHHE MEXKIY MO3UIMUTE Ha
MEHIOTO IMPH YCJIOBHE, Y€ MPOLECHT Ha ThPCEHE € B JIBETE TTOCOKH.

AnTepHaTUBHO MOXE Ja ce neduHupa pelieHrue Ha eAHOMOCOYHO THhPCEHE KAaTo Ce 3aroyBa
BHUHAru OT HA4aJ0TO Ha MEHIOTO. ToBa € YecTo cpellaHa CTpaTerus 3a HaBUrauus Mo Mo3uIHUNUTe Ha
MEHIOTO.

3a ompezensAHe HA EKCTPEManHa CTOWHOCT Ha V. € HEOOXOQMMO MNPEIBAPUTENHO Ja ca
M3BECTHU CTOMHOCTUTE HA MHOKECTBOTO U M CHOTBETHO F.

OOHMKHOBEHO , MpU MPOEKTUPAHETO Ha AAJlEHO MEHIO Te3M CTOMHOCTH HE ca W3BECTHH.
CrnenoBarenHO, TOBa HaJIara MPOCKTUPAHETO JIa CE U3BBPIIH MPU AIIPUOPHU YCIOBHSL.

3. AlpHOpeH aJIrOpuTbM

ATIpUOpPHUTE aJTOPUTMH CE OCHOBABAT HA MPEIOI0KEHUETO, Y€ BCUYKU MO3UIUU OT MEHIOTO
ca CWJIHO CBbp3aHHU. Ta3u IOCTAaHOBKA CHOTBETCTBYBAa Ha IPOIPAMHU CUCTEMHU C aKTHUBHA
notpeduTencka kKomyHukamus. [Ipu ToBa, KOIKOTO MOTPEOUTEICKHUAT HHTEp(EiiC € MO-UHTEH3UBEH,
TOJIKOBA PE3YyJTATUTE 1€ ObJAT MO-0JIM3KH 10 UAeaIM3UpaHaTa HOCTaHOBKA.

[Ipu anpuopHHTE aJrOPUTMHU HE C€ OTYUTA YECTOTHOTO HATOBAPBAHE Ha IMPEXOIUTE MEXIY
MO3UIIMUTE HAa MEHIOTO, T.K. C€ CUUTA, Y€ TO € JOCTAThbYHO BUCOKO M 3a OTIEIHHUTE NPEXOAH €
NpUOIU3UTEITHO €HAKBO.

ATpUOpHUTE pEIIeHUs] 33aBUCAT OT HAYyMHA 1O KOUTO c€ M30UparT OTIENHUTE MO3HULUU.
Bb3MoxHM ca 1Ba OAX04a:

- 08ynocoyro usbupane. To3n HAUMH € XapaKTEPEeH 3a YIpaBleHHWE Ha JOOpe IMO3HATH

IPOTrpaMHU CHCTEMH C aKTUBEH MOTPeOUTENICKU HHTEp]eETicC,

- eOdHonocoyHo ¢ epvuwjane. THpPceHETO Ha HeoOXoauMaTa IO3UIMUS 3allo4Ba BUHATH OT
HA4aJ0TO Ha MEHIOTO. ToBa € XapaKTepHO 3a cabo MO3HATH CUCTEMH, KBAETO ThPCEHETO €
OTJISIBO HASCHO (WM OTIOJNY Harope) A0 HaMHpaHe Ha HEoOXoqumara MO3MLMS WU B
CJlydauTe Ha Majalo MoJIMEHIO ¢ (PU3NIECKO ThPCEHE OTrope Ha/louy.

CrhriacHo npueraTta OCTaHOBKA 3a allPUOPEH aJlTOPUTHM, TO

(Yuy; E€U) = fiy = const. )

Kommnonenture ot (3) u3paszenu nocpeactsom (1) u (2) Mora 1a ce MpeACTaBsT O CIETHUS
Ha4YUuH:

T el ey 1.
V= Iy Lmpes Eimg Wi )

Y aHAJIOTUYHO B 00OpaTHa IMOCOKa
V= Ef:: E;';%_ Ei;? W, (6)
N3pasu (4) u (5) oTunTar nbmHKUHATA Ja AbraTa B 3aBUCUMOCT OT “TIpeJIeTEHUTE” BBPXOBE. 3a
Jla ce OIpeJeNId alPUOPHOTO PA3IoyIaraHe Ha MO3UIMHUTE MPH JBYIOCOYHO ThPCEHE € Heo0XoauMa
OIIeHKa Ha Oposi Ha IBTUTE TMPEIUTAIIN BCEKH BPBX.
CymupaHo B J1BETE IMOCOKHU 32 IPOU3BOIHO M30paH BPBX k
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P(k) = 2(k-1)(N-k) (7)

KBJIETO U3Pa3bT MPUTESKaBA MAKCUMaJIHA CTOWHOCT pu &k = (N+1)/2 ¢ TOYHOCT J10 115710 YUCIIO.
Crenosatenno, MOXKe Jia C€ JOKaXe, Y€ MHHMMAJIHaTa CTOWHOCT Ha V. ce momydyaBa mpu

anmpHOPHO TOIPEKIAHE Ha BBPXOBETE, CIOPEN TEXHUTE Terla ChC CTOWHOCTH OOpaTHM Ha
ynxmusra F(E), no npasunoro:
(Vrey €X) (412

N+l

P
-

— (W 2 W) &

(¥pkgeg € XY (L+ L2 T0) = (W S Wiay) (8)
OpH yCJIOBHE, Y€ cymara OT TerjiaTa Ha BBPXOBETE B JisiBaTa 4acT Ha Makcumyma Ha fUK) e
MPUOJIM3UTETHO paBHA Ha JIACHATA CyMa T.C. PAaBHOMEPHO pasmpe/eicHUe Ha HATPYIBAIIUTE CE€
cymu. Pasnukara Ha nBeTe CymMu He TpsiOBa 1a NpEeBHUINABA TErJIOTO Ha CIEABAIIUS BPBX 3a
BKJIFOYBAHC B CbOTBETHATA CyMa.

Ha ocHoBanme (8) Moxe 1a ce TPEIIOKHU alpUOPEH alTOPUTBM OIPEACTSIl Hbpeo
npu6ﬂuofceﬂue 3a pasnojaraHe IMO3WINUHUTEC Ha CAHOMCPHO JICHTOBO MCHIO. AJ'IFOpI/ITT)M'BT ce
OCHOBAaBa Ha COPTHUPAHC HA BBPXOBCTC BHB BB3XOAAN[ PCA Ha TCrjaTa W IMMOCICABAIIO TAXHO
PaBHOMEPHO pa3mpenesieHne OKOJIO cpeaHaTa Touka. AKO IMBPBOTO MPHUOIMIKEHUE € PEHICHUETO

1y © R ompezensamo o0ua cyma ot Teriara Ha BbPXOBETE, CbOTBETHO V. , TO HEKa ca 3a/1a/IeHH [1Ba
NPOM3BOJIHK BbpXa X% € X' , KBAETO [ # j ¥ € ONpEMENeHa OIepanusaTa a[.cc_:xj] pasMmecTBaiia

MecTaTa Ha JBara Bbpxa. llpumaranero Ha omepanusta BOOM 1O HOBO peuieHue ¥, €H u
CBOTBETHO V, .

Axo ¥, = V. , TO HOBOTO pelicHHe NpuOIMKaBa leneBara QYHKIHU 10 HEHHUS rI00aneH
WIH JIOKAJIEH MUHUMYM.

CrnenoBaTenaHoO, OCHOBHMAT MPOOJIEM 3a HaMHMpaHE Ha JIOKAJIEH WJIM IJ00alleH eKCTPEMYM Ce
CBEXKJA J0 ONpeJesIHe Ha MOCIEA0BATEIHOCTTa OT JBOMKHM BbPXOBE U KPUTEPUIl 32 1OCTATBYHOCT
Ha MUHUMM3ALMATA B Clly4yail Ha He3aTHXBalll IPOLEC.

B cnyuas moxe na ce u3nmon3Ba J00pe M3BECTHUS AITOPUTHM 3a COPTHpPAHE IOCPEICTBOM
IUKJINYHO OOXOXJaHE Ha BCHYKM JIBOMKHM BbpPXOBE. BbIpeku, ye alropurbMbpT € B Kjaca Ha
KOMOMHATOPHHUTE, CHINUAT MOXKE J1a CE M3II0JI3BA 3a U3CJIe/IBAaHE U ONITUMHU3UPAHE Ha MEHIOTA.

IIpennocTaBka 3a TOBa € CPABHUTETHO MUHMMAIHOTO KOJIMYECTBO MO3UIIMU B YIIPABIISABAIINUTE
MEHIOTa Ha IPOTPAMHUTE CUCTEMU. ANTOPUTBMBT OIPEIEIIS U CXOAIL IIPOLIEC HAa COPTUPaHE

4. O0001I€Ha TEXHOJOTHYHA CXeMa.

OCHOBHHUTE DPEXUMH pEaTH3UpaHU OT IMpeUIoKeHaTa TexXHoJoruuHa cxema (¢wur.l.) ca
CJICTHUTE:!

- TeHepupaHe Ha aOCTPaKTHM MEHIOTa CBhC CIy4YallHH MapaMeTpu M U3INBIHCHHE Ha
[IPOM3BOJIHA IOCIIEIOBATEIHOCT OT BKJIIOUEHHUTE ANpHOPHU M IPU ONPEAESICHH YCIOBHUS
aroCTEepUOPHU ANTOPUTMU,

- BBBEXJIAaHE Ha KOHKPETHU PEILECHUs Ha JEHCTBUTEIHO MPOEKTUPAHU U U3IIBIHEHU MEHIOTa
OT peajiHo JIeHCTBYBAIM NPOTrpaMy U MPUIJIAraHeTO NPEJUMHO Ha alloOCTEPUOPHU AITOPUTMHU
3a CTPYKTypHUpaHE U

- TEeHEepHupaHe Ha ClIlydailHU IOCJIEOBATEIHOCTH OT MO3MIMHM Ha MEHIOTO W HATpyNBaHE Ha
CTaTUCTHYECKa MH(MOpPMAIHS 332 EKCIUIOATAllMOHHUTE XapaKTEPUCTHKH Ha TPOECKTUPAHOTO
MEHIO.

CxemaTa mo3BOJISIBA ChXpaHSBaHE Ha MEXIUHHUTE U KpalHU pE3yJTaTH, NPEKbCBaHE Ha

mpoleca Ha NPOEKTUPAHE WM M3CIEIBAHE CBbC CIEABAIIO MPOABIDKABAaHE OT MACTOTO Ha
IIPEKbCBAHE.
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Vnpasnenue na uncmpymenmanuama cpeoa 3a npoexmupaue u u3cieogame Ha

U U. U U ~<m cenepamopu

H360p na
eeHepamop

Jlauuu Ha
KOHKDEMHO
MeHIo

I'enepamopu Anpuopnu  Anocmepuopnu Modenupawa
Ha MeHioma aneopummu  aneopummu npozpama
Quwr. 1.

O0600111eHa TEXHOIOTUYHA CTPYKTYpa Ha MHCTPYMEHTAJIHA CPEia 3a MPOEKTUPAHE U U3CIICIBAHE

Ha MCHIOTaA.

I/IHCTPYMCHTaJ'IHaTa Cpcaa U3MbJIHABA CICAHUTC TCXHOJIOT'MYHU CTAIIU:

n300p Ha TeHEpaTop Ha CIy4ailHU yKciia (pa3IudyeH 3aKOH Ha pas3npe/iesieHue),

reHepUpaHe Ha XOPU3OHTAJIHM (JICHTOBH) C OINpenesieH Opoi MO3UIMHM, IIMpUHA Ha BCSAKa
no3uuus (Opoil CUMBOJIN), TEHEPUPAHE HA MPEXOAN MEXKIY MO3ULUUTE, TEHEPUPAHE YECTOTA
Ha MPEeXOUTe WIN

BBBEXKJJAHE HAa KOHKPETHU WIIM €KCTIEPTHH JaHHU 34 PEATM3UPAHO MPOEKTHO PEIICHHE,
n300p Ha anropuThM (AJITOPUTMH) 32 ANMPHOPHO MOJPEXKAAHE HA TEHEPUPAHUTE MO3ULUU
Ipu cTpaterust Ha ONy)KIaemo ThPCEHE B JIBE MOCOKH, THPCEHE CaMmo Ipe3 HayaloToO Ha
MEHIOTO, ThPCEHE OT CiTy4aiiHa MO3ULUS U Jp.

n300p Ha aNropuThM (AITOPUTMH) 3a arOCTEPHUOPHO MPEMOAPEKIAHE TMO3UIIUUTE HaA
MEHIOTO B 3aBUCHMOCT OT 1ieJIeBa (PYHKIIMS, OTPAaHUYUTEITHH YCIOBHSI U U3MOI3BAaH METOJ 32
MIPETIOIPEKTAHE.

reHepupaHe Ha Oy KJ1aello ThPCeHE U OTYMTAHE Ha MPEXOAUTE,

BCSIKO MPOEKTHO PEIICHUE Ce 3alKcBa B 0a3a OT JaHHU U MOXKE Ja MOCIYXHM KaTO Ha4yallHO
3a cJIeABAILUS €Tall Ha IPENoJIpeXkAaHe I 3a CPABHEHUE C IIPEIXO/IHU PEeIICHUs.

5. 3akarouenue

BbBeznena e popmanuzanus Ha mpoOIeMUTe CBbP3aHH C MMPOSKTUPAHETO U M3CIIEABAHETO HA

NpeMMHO Ha JICHTOBM MeHroTa. [IpencraBeHa e TeopeTHyHa OOOCHOBKA 3a pa3pabOTBaHETO Ha
anpUOpHU W/WIM aNOCTEPUOPHH alTOPUTMH 32 MOJPEXKJaHe Ha MO3MIMUTE B MEHIOTa TNpHU
MUHHMH3HUPAHEe HA CYMHUTE OT JBDKUHHUTE MEXIy TAX. Pa3paboTeHa € TEeXHOJOrMYHA cXema 3a
reHepHpaHe , U3CJIeBaHE U CUMYJIUpaHe Ha IPOCKTHU PELICHHUS 32 JICHTOBU MEHIOTA.

C momolnra Ha MHCTPYMEHTalHaTa cpela MoraT JAa ObJaT TeHEpUpaHU pa3IudyHu

KOHCTPYKTHUBHHU IMapaMeTpyd Ha Hai-4ecTO M3MOJ3BAaHMUTE MEHIOTa Ha 0a3ara Ha TEHEpaTOpH Ha
CIyYyailHM 4HWClia C pa3fiMyeH 3aKOH Ha pasnpezesneHue. [IbpBoHaYaHUTE CIy4YallHU PpEIICHUS
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MoraT jga ObxaT oOpabOTBaHM C pa3UYHM MO XapakTep anpHOPHHU AITOPUTMHU. Besko permienne
MOJKe J1a ce KOMOMHUpa ChC CIEIBAIll al0OCTEPUOPEH ANropuThM. [IbpBOHAYANHNUTE pEllIeHNUs,KaKTO
U TIOJyYEHUTE alpUOPHU U alOCTEPUOPHU pELIEHUs ce€ CbXpaHsBaT B 0a3a or gaHHu. [lo
OTHOIIICHHE Ha TAX € Bb3MOXHO C MOMOIITAa Ha TeHEpAaTOPU Ha CIy4yailHH 4uclia Ja ce€ CUMYJIHpaT
KOHKPETHHM CTpaTerny Ha ThpPCEHE, JAa CE OTYMTAT ABDKMHUTE Ha MPEXOJUTE M CHOTBETHO Ja Ce
II0JTy4r KpaiiHa, MOZIENT HA OLIEHKA Ha BCAKO OT IIPOEKTHUTE PELLIEHUSI.

[TonmydyeHuTe anrOpuTMH W TEXHUTE MPOTPAMHH pEIICHUs, KAaKTO M MpeIoKeHaTa
TEXHOJOTMYHA CX€Ma MOraT Jia C€ M3I0JI3BaT CAMOCTOSITEJIHO UM OT/AETHU TEXHU KOMIIOHEHTH J1a
ObAaT BKJIIOYBAHM B pa3pa0OTBaHM WM CHILIECTBYBAIM CPEAM 3a MPOEKTHPAHE HA MPOrpaMHU
CUCTEMH.
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A Goniometric Rocket Velocity Computation Algorithm

Latchezar I. Georgiev

Abstract: This paper proposes a simple algorithm for computation of the velocity of a rocket from a single
still film frame where the oblique shock-wave cone is visible. The algorithm consists of the following steps:
1. Measurement of the visible oblique shock-wave cone angle, the rocket diameter and length.

Computation of the real oblique shock-wave cone angle based on these values via a simple formula.
Computation of the rocket cone (or cone approximation) angle from the rocket drawing dimensions.
Computation of the Mach number from the Taylor-Maccoll equation of the supersonic conical flow.

. Computation of the rocket velocity from the Mach number and the rocket’s atmospheric altitude.
Applymg the algorithm to the Saturn V rocket gives a more exact real velocity at S-IC (stage 1) staging time.

PIEORN

I'oHHOMeTpHYEH aJIrOPUTHM 32 U3HUCISIBAHE HA CKOPOCTTA HA paKeTa
JIvuezap Un. 'eoprues

Pe3iome: IIpeanara ce mpocT alnropuThM 32 U3UMCISIBaHE Ha CKOPOCTTA HAa pakeTa OT eAWHHYCH (QHIMOB
KaJIbp, KBIETO € BUANM KOHYCHT Ha KOCaTa y/iapHa BhJIHA. AIITOPUTHEMBT CE€ CHCTOU OT CIEIHUTE CTHIIKU:
W3mepBaHe Ha Br'byia HAa BUAMMUS KOHYC Ha KOcaTa y/lapHa BBhJIHA, IHaMeThpa U JbJDKHHATA Ha PaKeTara.
WzuncnsiBane peatHust bI'bJI Ha KOHyCa Ha KOcaTa yJjapHa BBJIHA 110 T€3U CTOMHOCTH ¢ TipocTa popmyna.
W3uucnsBane Ha bI'bja Ha KOHYyca (MM MPUOJIVKEH KOHYC) Ha pakeTaTa 1o pa3MEpHTe OT YepTexa W,
W3uucnsBane Ha YMCIOTO HA Max OT ypaBHEHHETO Ha CBPBX3BYKOB KOHHYEH MOTOK Ha Teilnbp-Makkoir.
. M3uncnsBane Ha CKOPOCTTA Ha paKeTara 0 YHCIOTO Ha Max u atMocepHara N BUCOUHHA.

HpnnaraHeTo Ha aJlTOPUTHMA KbM pakeTa Saturn V naBa Mo-TO4HA peaiaHa CKOpOCT mpu oTaeisHe Ha S-1C.

Al

1. Introduction

Abstract: Above a certain supersonic Mach number, a conical shock wave is attached to the aircraft cone’s
apex. The wave’s cone angle is often used to determine the Mach number [1] (in wind tun—nels to test
airfoils, engines, etc.). Pokrovsky and Popov first did this to a rocket in open air [2], analysing NASA’s
Apollo 11 launch clip [3] by this and two other meth—ods. They found the rocket’s real velocity at S-IC
staging time to be much less than the nomi—nal, meaning that too little load was launched so no Moon
landing occurred. But they made ap—proximations leading to impre—cise results. This paper aims to fully
define the rocket ve—locity computation formulas and algorithm to get a more accurate value of the rocket
speed.

2. Real oblique shock-wave cone angle

If the rocket’s oblique shock-wave cone is filmed, the film fixes only its projection. Measur-
ing the projected cone angle, rocket length and diameter on the photo, and knowing the real rocket
length and diameter, the real shock-wave cone angle can be derived.

Fig. 1 shows a real cone projected on the film plane with its base seen as an ellipse. The pro-
jection is symmetrical, i.e. it does not matter if the cone is visible from the apex or from the base.
The unknown real cone angle @ can be expressed as a function of the projected (visible) cone angle
p and the visible rocket length-shorting cos a. Such an expression (formula) shall be derived. The
equation of the tangents of slope m to the ellipse is [4]:

y=mx +\m’a’ +b’ (1)
Forx=0andm==< =ctg f, c=y=+/a’ctg’f+b’ (2)
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Fig. 1: A real cone (top) and its projection on the Oxy plane (bottom)
a
0= arctg7
0, b, and [ can be derived from fig. 1 as b=asina 3)
c
[ =
cosa
Substituting / in (3) gives for
.Cosa
0 = arctg a 4)
Substituting ¢ from (2) in (4) gives
0 ; a.cosa , a.cosa ; cosa
= arctg _ = arctg _ = arctg ‘
\/azctgzﬁﬁr a’sin’ a \/az(ctg2ﬁ+ sin” &) \/ctg2ﬂ+ sin” o
cosa
0 =arctg (5)

\/ctg2ﬂ+l —cos’ &

Equation (5) gives the desired relation but is complex. Squaring both sides helps simplify it:

2 2 2
cos” a tg 0 tg°0
g’ = —cos’a = + 10’0 — to*0- cos® a = cos® a.(1+ tg’6) = +tg’0
& ctg’ f+1-cos’ a 1g° B e (+1g°6) 12’ p &

cos’a-tg’f  1g’@  sin’6
cos’ @ cos’ B cos’ f.cos’

cos’ a- tg’ B (1+1g°0) = tg’0.(1+ tg’ f) =
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sin” 8

cos” a.cos’ f—; F: =sin’ @ = sin@ = sin B.cos a = O =arcsin(sin S.cos @) (6)
cos
L I'D
Now, cos « can be expressed as cosq =--= L (7)
Lo g

where /, d — rocket length and diameter on the photo; L, D — real rocket length and diameter.
Since (7) is a division of two length-to-diameter ratios, as long as each pair (/ and d, L and D)
is in the same units, such units can be any. For example, both / and d can be in pixels, millimetres,
points, etc., whereas both L and D can be in metres, feet, inches, etc. Substituting (7) in (6) gives
the practical formula for obtaining the real shock-wave cone angle & from the angle £ on the photo:
[xD
dxL ®

€ = arcsin| sin fx

3. Rocket cone angle

The Mach number depends also on the rocket cone angle, albeit, as shall be shown, to a much
lesser degree (so a cone would approximate a complex-shaped rocket well enough). This angle is

easily computed from the known rocket dimensions, as follows:
Dz — D1
9)
XL, ,

where D; — smaller diameter of a cone frustum (can be 0), D, — larger diameter, L; , — the
length between D; and D,. A frustum serves as a “benchmark” for the more complex rocket shape.

o=arctg

4. Mach number

If the real shock-wave cone angle and the rocket cone angle are known, the Mach number can
be computed by solving the Taylor-Maccoll ordinary differential equation. It has no closed-form
solutions and must be solved numerically; one such method is proposed in [5]. There exist accurate
nomograms and computer programmes for such solutions.

5. Rocket velocity

With known Mach number M, rocket velocity is the product of it and the sound speed C; [6]:

o R*.T 1/2
C=|f—¥
’ M,

where y— the ratio of specific heat of air at constant pressure to that at constant volume (it is
set to be 1.4 exact), R* — the gas constant = 8,314.472 N-m / (kmol-K), T, — the absolute tempera-
ture [K] = 273.15 + °C, M, — the mean molecular weight of air = 28.96442 kg/kmol [7][9].

With a known ¢°C, the sound speed is [10] C, =20.0474/(273.15+¢°C) (10)

The temperature at a given altitude varies with the atmospheric model. For simplicity, the
rocket can be assumed to be in the stratopause (altitude: 47-51 km) where a local maximum of the
temperature (and thus sound speed) exists that is —2.5°C [8][11] in both the International and U.S.
Standard Atmospheres and in GOST-4401. There, the rocket velocity is vy, =329.8 x M (11)

6. Velocity computation algorithm steps

1. Measure the projected oblique shock-wave cone angle f, the rocket length /, and its diameter d.
2. Compute its real shock-wave cone angle (8) and the rocket cone angle (9).

3. Find the Mach number by software solving the Taylor-Maccoll equation or a nomogram (fig. 4).
4. Compute the rocket velocity (11).
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Fig. 2: NASA photo S69-39957 [12] showing the S-IC staging of the Saturn V rocket, with values of £, d, [

7. Applying the algorithm

| 21.6 FEET |

Now that the algorithm is defined, it shall be ap-
plied to the real Saturn V rocket. Substituting the
measured values on fig. 2 and real rocket dimensions
on fig. 3 in (8), the real oblique shock-wave cone angle

0 = arcsin| sin(29.22°) x M} =20.757°

72 x 363

As seen on fig. 3, the rocket has a complex
shape, but representing its S-/VB stage as a cone frus-
tum can approximate it, as its angle is small and does
not affect the Mach number significantly. Substituting

the dimensions on fig. 3b in (9), the rocket cone angle
33-21.6
o=arctg———— =5.518°
2 %59

Entering the above values of #as s and o as 6¢
in the Supersonic Cone programme, it gives a Mach
number of M, = 2.863 (fig. 4a). The red line cross
point for these & and o values lies on the same Mach
number curve on the NACA nomogram (fig. 4b). As

the latter shows, the exact rocket cone angle value only

FEET

Fig. 3: Size of a) Saturn V' [13], b) S-IVB [14]
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Fig. 4: The Saturn ¥V Mach number in a) the Supersonic Cone programme [15], b) NACA nomogram [16]
(the Mach number of each curve is shown on the right; the red lines connect the Saturn V' 8and o angles).
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slightly affects the Mach number, so the approximation i —
of this cone was justified. ‘

The Launch-escape motor on top of the rocket is
clearly visible on photo [12] (fig. 2). Therefore, the cam- —%' ‘—
era resolution and thus the maximum error of each meas- \_
urement is less than its diameter of 26” (fig. 5). So, the o oo ot
total maximal error of measurement (and thus, of M) is

26" 2x26" 26" 2x26" . e —

D L (12.33)"  (12.363)"

(Angle measurement error equals the length meas-
urement error, so it’s doubled.) Adding the stratopause
temperature deviation (290/271)* = 3.4% [18](10) rises it
to = 11%. With M = 2.863, the real air-fixed Apollo 11 Saturn V velocity at S-IC staging time (11)

Vv<v, =329.8x2.863=944 m/s+11%

":memm
grain

unrqc
Fig. 5: Apollo Launch-escape motor [17]

The 40 m/s contrary mesospheric easterlies at 28.6° in the summer hemisphere [19] reduce the
real Earth-fixed velocity to about 900 m/s. Compare it to NASA’s declared velocities of 9,064.5 —
1,340.67 = 7,723.83 ft/s = 2,354.2 m/s [20] and 2,402.7 m/s (2,397 nominal) [21].

8. Conclusion

A formula to get the oblique shock-wave cone angle from the projected cone angle has been
derived, and a velocity computation algorithm defined. To find open-air rocket’s velocity, only a
photo of its oblique shock-wave cone is needed, if the well-known supersonic conical flow theory
(used mostly for wind tunnels) is applied. The computed more exact real Saturn V velocity of about
900 m/s (2% times less than the NASA’s values) verifies the Pokrovsky’s and Popov’s findings [2].
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Impruving Security in A Particular Class of Images and Documents

George B. Varbanov

Abstract: In this article we present a modified algorithm for protection of electronic documents using
watermarks. The idea is to assign to each document a unique identification number of the server, specifying
users’ rights for downloading. The proposed method, using watermarking allows certain corrections of
errors in the watermark detection as well as enhanced opportunities for building a message with a greater
length and low rates of modulation

Key words: watermarks, error correction code
ITonoOpsiBaHe HA CUTYPHOCTA HA ONpe/e/ieH KJIAC eJIEKTPOHU JTOKYMEHTH M U300paKeHust
I'eopru b. Bepbanos

Pe3rome:B Ta3u cratus npeacrapsiMe MOAMQUIIMPAH alTOPUTHM 32 3alllUTa Ha eIeKTPOHHU JOKYMEHTH 4pe3
BOJIEH 3HakK. PeammsmpaHa e maes 3a NpPUCBOsIBaHE HAa YHUKaJeH WIACHTHU()HKANMOHEH HOMEpP Ha BCEKH
JIOKyMEHT OT CHEIHAJICH CHhPBBP JCJETHpAIl MpaBara Ha OTACTHUTE MOTPEOUTENH TpU HU3TETVIIHE Ha
CBHOTBETHHUSI TOKyMEHT. [IpenioxkeHuss METO1 U3MOI3Ba 32 METO/I 32 KOPUTHPAHE HA TPELIKUTE P ICTEKIIHS
Ha BOJIHUS 3HAK W J]aBa BH3MOXKHOCT 3a TOJy4YaBaHe Ha BrpakJaHe Ha BOJIEH 3HAK C I10 TOJIsIMa JbDKUHA H U
JIOCTUTAHE Ha TIO-HUCKHU HUBA HAa MOYyJIaIvsl.

KJ'IIO‘lOBI/I }_'[yMI/IZ BOJICH 3HaAK, KOpeKLII/ISI Ha FpeH.IKI/I
1. Introduction:

In this article we present a modified algorithm for protection of electronic documents using
watermarks. The idea is to assign to each document a unique identification number of the server,
specifying users’ rights for downloading. The proposed method, using watermarking allows certain
corrections of errors in the watermark detection as well as enhanced opportunities for building a
message with a greater length and low rates of modulation.

2. Problem definition:

In any modern system for e-learning there exist a lot of problems, linked with copyrights,
when we need to read or download multimedia tutorials, electronic textbooks, manuals. User
Registration is done through the assignment of a username and password or ID.

When the number of users in an e-learning environment is great there comes the problem with
the number of protected users who can simultaneously access documents marked with a special
character in order to ensure the copyright of the drafters of these resources. Usually this is done by
blocking the database for download from non registered users, but the problem with copyright still
remains. One possible solution is to use a print server placed at the gate, assigning a specific
marking of the electronic content of the document for downloads. In such case a watermark may be
used for ID with a length of one byte limit the number of simultaneous users of the marked
documents to 255. A longer protection watermark of 10, 12 or 16 bits will allow a significant
increase of the number of registered users.

On the other hand the requirements for creating robust algorithms (stable) watermarks
contradict with the length of the embedded watermark. In order to solve this problem we may use
specific communications techniques.
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One possible solution is to use BCH codes (Turbo codes)[5],[6],[7], distribution spectrum and
LPDC codes. Such codes are widely used in up to date communications. We follow the
consideration that LDPC codes [2] have greater opportunities to recover the errors of
communications, i.e. of the embedded watermark (IDS), besides they are using comparatively
weaker signals, which leads to less noise, introduced in the media as a result of the embedded
watermark -This is shown in Fig.1

Print server

watarmark all
. documents +W

l;b Internet—~,
by r/-_r'l r

W_J

Marked dokument

f.__r-\ﬁ\_'__

Fig.1.
3. Problem solution

Figure 2 shows the block diagram of a communication system with error correction facility.
Compared to the standard system of watermark data protection we are now adding two additional
blocks, one is at the encoding side and a second one for data decoding. The reduction of errors
when transmitting and encoding data significantly reduces the redundancy of data and increases the
speed of communication.

The “Encoder block™ at the transmitter side takes the message sequence as an input and adds
check bits to it.

The “Decoder block™” uses the redundancy introduced by the encoder to detect and correct
errors that occurred during transmission.

=

A

—p{ Encoder — Modulator —9» Channcl — Demodulator
M r

—p Decoder |—p

Discrete Dala Channel

Figure2. Communication system with forward error correction facility

The binary sequence B is the watermarked message. It passes through the encoder at the
transmission side, the output of which represents the coded binary sequence C. The C vector is
mapped via the chosen watermarking techniques to the modulated signal S, which is transmitted
through the watermarking channel.

It is referred to as an image, which contains all concomitant distortions due to the embedded
watermark.

The watermarked image may suffer from various intentional and unintentional attacks. The
extracted noise containing watermark analog sequence R is fed to the demodulator block, which
will attempt to recover the original code sequence from the possibly distorted channel output
sequence R.

The Demodulator may be constructed in 2 ways [4],[8],[12]:

-“Hard option/decision”, allowing only 0 and 1 values of the output signal (0 or 1 decision)

-“Soft option/decision”, allowing multiple levels of the output signal
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In this article the soft option is being used, which provides a multi-value indication, which
can be interpreted as a measure of how close the received signal is to the 0 or 1 decision. In other
words, it is a confidence measure.

is realized by quantizing the demodulated signal range to more than two, typically 8, levels.
These “soft decision” outputs are used by the decoder for specifying the values of the transmitted

bit sequence.
This algorithm uses the LDPC coding method, based on the soft decision decoding. The

applied watermark embedding techniques is based on the algorithm given in [] Koch and Zhao
3.1. Watermarking Algorithm
3.1.1. Watermark Insertion

Step1 is the generation of binary converse message data sequence b of length 7, .

Step2 is the error correction encoding stage. Partition the message sequence b of length T,
into a number of k-length blocks and encode them with an 7, (n,k) block code LDPC . The coded
sequence C is of lengthT, .

Step3 is the repetition coding stage. Every code bit is repeated ch times. That is, a repetition-
coded vector C.. of length T *ch =T, is generated.

Step4 is spread spectrum modulation stage. Generate a 7, + 1 pseudo-random sequence pc of
length 7. using key K, and multiply B, with 7, Pc to obtain W, (This represents personal IDs and

data).
StepS Apply Multilevel DWT to second level and select LL sub band to make next

operation to distribution non-overlaying blocks on domain into 8x8 blocs how is shown in figure

3.2
Step6 is the generation of the watermark mask in the transform domain as follows:

ey
A
s
' rrrsy
A A a4

= DWTLLZ — - DCT L

WATTE AR MR DD T

ey bevcrowsuac U |
Fig -5 a- Selection-of-Block-DCT- tocT 8
SATURATION | = W 8

Coefficients -Fig -3 b)-Marked-region-in-8xs-
DT block-and-Figure3b ) A x M -blocks-of
sizerfxd-in-the: DCT -domain

Fig. 3.2. Flow diagram of the applied
watermarking algorithm
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Distribute W, randomly to the block DCT domain watermark bands, as illustrated in

Figure3, using key K2. The regions left over, are filled with zeros, and consequently the
watermark mask W  of size Nx N in DCT domain is generated.

The common practice for block DCT marking is to skip a few , say 5 or 6 coefficients (the
upper left corner coefficients correspond to low frequencies - this is shown in Figure (3) in the
zigzag scan pattern and to mark the subsequent coefficients band pass coefficients. The frequency
sub range in each 8x8 DCT block is like a trade-off between perception of transparency and
robustness In each N xM block one and the same 16 frequency band pass coefficients are selected
and evenly distributed over the whole transformed domain LL of the wavelet distribution. The
distribution is performed in a zigzag pattern in ascending order.

The deployment of the marked DCT coefficients over the whole image is illustrated in the
N x M block image in Fig. 3.1.b.

The black regions represent the marked DCT coefficients. In each block, 16 coefficients are
watermarked, which are shown with black patterns.

Any element of W, can mark any of the 16 coefficients of any block by a random

permutation operation.
Step7 is the embedding watermark process in the transformed domain.
We embed the watermark W to /I m using an additive algorithm:

L, =10+ 7,,),

y|<1 (3.1

The y value is chosen to tradeoff between robustness and perceptibility. The higher y, the
more robust is the watermark, but at the same time it contradicts to visibility, i.e. distortions in the
resulting image will more significant and more perceptible.

Step8- is the inverse transformation to the spatial domain. The inverse IDCT is being used.

Step9 produces the IDWT

Step10. is saturation. Assign to value 255 the bigger coefficients and to 0 — coefficients,
which are smaller than 0.

Stepl1 is applying a psycho-visual masking in the spatial domain and measuring the
perceptual quality. Now we have the preliminary watermarked image X, in the spatial domain, we

can optionally pass X through visual masking using "Human Visual System" ( HVS') models.

They are used in order to adaptively embed the watermark, in strongly perceptually less
significant regions and weakly in perceptually significant regions. These HVS measures of interest
are the contrast, frequency, luminance sensitivity, edges and textured areas [9],[10,[11].

Based on these measures, a N x N psycho-visual mask matrix M is generated, the elements

of which are in the range [0,1]. The indices of M , where the values are higher, indicate the pixel
locations where watermark can be embedded with (3.2) higher strength.
The marked image is generated from X ., 1n the following way:
X, =MX, +(1-M)X (3.2)
A straightforward first-hand perceptual quality evaluation method is to watch for

watermarking artifacts. A rough measure of image fidelity is given by the peak signal to noise ratio
(PSNR) and it is defined as:

X2
PSNR=10log TR peak : (3.3)
DI (NIED ()]
N i=1 j=I
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where X, is the maximum pixel luminance value in the image.

PSNR Values higher than 38 dB are required for an acceptable image quality.
Another criterion for evaluating the result of the embedded mark in the document is the ratio
watermark/document (WDR ) and it is defined as:
N N
[xG.)-x.6)F
WDR =101log—

(3.4)

N N

> (X))

i=l j=1
It is a measure of the ratio of watermark energy to the energy of host image. There are also
more sophisticated measures such as "visual dB", a signal to noise ratio measure that takes into
account the noise visibility function.
When the perceptual quality is measured, if the requirements are not satisfied the Y — force of
watermark embedding should be reduced and watermark embedding stage should be repeated.

3.1.2. Watermark Detection

Step12- performing second level DWT and choosing the LL sub range

Step13 — performing DCT transform of the chosen LL sub range.

Step14 - is the extraction of the marked coefficients. Extract the marked coefficients
corresponding to each bit, using key K2 . After adding the two coefficient sets, 7, separate sets of

watermarked coefficient sequences, each of size c/, are obtained.

These sets are the data independently handled at the bit decoding level. In other words, each
bit is separately decoded through repetitive marking (8 times).

We denote this set of ¢/ -length vectors as 7, (i) where i is between 1 and 7 .

(QLLE)]  where 7.0)=[7 (72674 )] 35)

Stepl5 is repetition decoding. Key K1 is used to regenerate the same pseudo-random
sequence p. used for spectrum spreading. This p. sequence, which is of length T, is divided into

§NZ
I

™~

=
~1

T consecutive ch length sequences p. (i) corresponding to each coded bit.
1, (i) and p.(i) are used for each bit, specified by the decoder.

Stepl6 is error correction decoding. The message bits are decoded from the detected code
bits.

3.2. Detection Mechanisms

Low Density Parity Check (LDPC)[2][8] codes are linear parity check codes with parity
check matrices H that have a small number of terms equal to 1, while the rest are zeros. A(d , Ds y)
LDPC code's parity check matrix H has p terms equal to 1 in each column and y number of ones
in each row, where d is the row size. Therefore, the column length is (dp/y). The code rate is

(y=p)/y.

3.2.1 Substitution Marking:
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There are various substitution algorithms. We will shortly refer to the one developed by Coch
and Zhao and [3][11].

The algorithm works on randomly selected 8x8 DCT coefficient blocks. Two coefficients
from the mid-frequency range are randomly selected.

Say fy, denotes the 8x8 DCT block and f,(m;,n;), fy(my,n,) denote the selected coefficients.
The absolute difference between the selected coefficients is given by

A, = ‘ﬁv (ml,’ n, ] - ‘fb (mz,a ”z,] (3.6)

To embed one bit w; in the selected block, the coefficient pair fy,(m;,n;), fp(mz,ny) is
modified such that the distance becomes

> =
AH:{_qakow 1} (3.7)
<—q w=0

And a forward DCT (3,8) where q is a parameter controlling the embeddingstrength.and 8x8
inverse DCT(IDCT) is defined as:

7 7
I(u,v) = @@Z Z X(k,1)-
2 2 k=0 [=0 (3 8)
COS((2K+1)M7Z'].COS (2l+1)v7rj
16
And 8x8 inverse DCT(IDCT ) is defined as:

X(1)=y, Y S0 ),

COS(MJ . COS(MJ

16 16

(3.9)

wherekluy £=|01234567)
1 1
1 _ R _ (3.10)
and ()= \/Efor u=0 )= \/Efor v=0
Ifor u>0 Ifor v>0

This set of ch-length vector as T'.(i) where I is between 1 and T,
T =[L0)T0.1m)
where  T,(1)=[T'(1), T2(1).T%()]

4 . Experimental results and discussion

(3.11)

Experimental results are shown in fig.4.1-and fig.4,2. They are valid only for RAW images,
without taking into consideration the specifics of the different algorithms for image encoding and
also without taking into consideration the embedding of the whole watermark.
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Fig.4.1 and Fig.4.2

Experiments were based on the standard images, such a Lena, Barbon, Peppers etc.

Partial simulation of the data traffic via the print server had been accounted. The research
does not analyse data packages.

Simulation embedding shows that we may obtain good results for a sequence length of
approximately 450 bits, together with the correction coefficients. One may see that the proposed
algorithm is able to correct up to 3 % of errors. This scheme also defines the strength of embedding.

The results for the level of credibility are near to the theoretical ones, and they provide
comparatively good results for a level of BER approximately equal to 0,2.

That is why we proposed the LDPC codes as they are reckoned to be the best error correction
codes in the proximity of the Shannon limits[5],[12].

At the same time when choosing an error of ~ 0,175 and going in the vicinity of the Shannon
threshold we observed that LDPC imposes a comparatively high level of noise, so one has to use
some other algorithm instead.

5. Conclusion

Like in every communications system, watermarking systems also depend on the transmitted
signal energy since BER decreases when signal energy is increased. Watermark energy increases

linearly with y., BER test results of the repetition-only and LDPC ¢oded DFT techniques as a
function of y are given. It is interesting to see that repetition- only logarithmic BER decreases
approximately linearly whereas LDP C logarithmic BER decreases at a much higher rate. As the
channel condition is improved by an application of higher vy, LDPC coding brings in further
improvement.

As we increase the watermark strength to achieve more reliable system, we decrease the
perceptual quality of the marked image, which is the second performance criterion of the
watermarking techniques. "Peak signal to noise ratio" ( PSNR) and "Watermark to document ratio"
(WDR) values, which were explained before, are given in Table 4.1.

The theoretical BER for this bit is equal to Q(\/ SNR)=1/Zerfc(\/ SNR/ 2). In order to

determine the BER , we take the mean of the obtained values over all bits.

Table 4.1. PSNR and WDR Results

Y PSNR (dB) WDR (dB)

0.175 42.78 -37.87

0.2 41.65 -36.74
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MN3CJIEIBAHE HA Bb3MOXHOCTHUTE HA
KOMIMIOTBPU3UPAHA CUCTEMA 3A CIUPOMETPUYHA
JAUAT'HOCTHUKA

Emunusa b. bekos, Iletsp I'. ['eHoB

Pe3rome: IlpencraBeHr ca OCHOBHU NMPUHIUIIN HA paboTa U Bb3MOXHOCTH 32 MPAKTHYECKO MPHIOKEHHE Ha
KOMITIOThPU3UpPaHa CHUCTEMa 3a CIHPOMETpPHYHA JUarHocThka. Ha ocHoBaTa Ha pa3sHOOOpa3zHa KIMHHYHA
nHGOpPMaIUs U OT COOCTBEHH EKCIIEPUMEHTAIHU H3CIIEABAHUS ce Mpeaara alropuTMHYHO ONTHMU3HpPaHE
Ha CIIMPOMETPUYHH U3CIIEABAHMS Ype3 BbBEXkAaHe Ha 00001eH HOPMUPaH KOJIMYECTBEH Mmoka3aten. ChIusar
OCUTYpsIBa JOCTaThUYHO OBP3a U MpPEACTaBUTEIHA OLIEHKA Ha TEKYIIOTO ChCTOSHUE HA JUXaTelHaTa cucTeMa
B YCJIOBHSTA Ha IPOBEXKAAHE HA MACOBH MTPODIIAKTHUHH U3CIICABAHUS.

Analysis of the Possibilities of Computer Spirometry Diagnostic System
Emilian B. Bekov, Peter G. Genov

Abstract: The basic principles of work and practical possibilities of the computer spirometry diagnostic
system are presented. On the basis of diverse clinical data and own experimental research is proposed
algorithmic of optimization spirometry research by introducing normalize quantitative indicator. This
indicator provides quick enough and representative assessment of the current state of the respiratory system
in terms of conducting prophylactic examinations.

1. YBoa

[Ipe3 mnocnegHuTe TOAMHM TO JAaHHU OT MPOBEIEHU MNPOYUIAKTUYHM TPEryieau ce
YCTaHOBSIBAT 3HAYUTEIIHU OTKIIOHCHUS B CHCTOSHUETO Ha JUXaTeIHAaTa CUCTeMa Ha W3CIEABAHHUTE
— cpenHo mpu 25 - 30 % ot obuus Opoit u3cinenBanu. Karo OCHOBHM MPUYHMHM CE€ MOCOYBAT
pa3IUYHU BUPYCHH W OaKTepuaHU WH(EKINH, Bb3ICHCTBUETO HA allepreHd U BPEIHU BEIECTBA,
HaJM4Yue Ha BPEJHU HABUIIM (B YACTHOCT TIOTIOHOMYIIIEHE) U HE3/IPaBOCIOBEH HAYMH Ha KHUBOT.

Enua oT Hali-dyecTo W3MOJ3BAaHWTE METOJIM 3a W3CJIECIBaHE W OICHKa Ha OenoapoOHaTa
(yHKIMS Ha YOBEILKHSI OPTraHU3bM € CHUPOMETpUYHHAT. C HEerosa moMmolll ce perucTpupar peauia
XapaKTepUCTHKU Ha JuxaTellHaTa CHUCTEMa, HampuMep W3MEHEHHs Ha o0ema, CKOpPOCT Ha
BB3AYIIHUSA TOTOK W Jp. Haii-uectro momoOHa wuHboOpmaius ce monydaBa mnpu (opcupana
excrupanus (M3IUIIBAHE).

2. Onenka Ha OesoapoOHaTa QyHKIUA

OOMKHOBEHO TIpU EKCIPECHO H3ClieZiBaHe Ha OesofpoOHaTa (YHKLUMS C€ H3IO0JI3BAT
CTIEMATIM3UPAHN TEXHHYECKH CPEJICTBA — CIIMPOMETPH. THUINWYHUAT BUJ HA AMArpaMaTa Bb3IyIIeH
NoTOK — 6enoapobOeH o0eM e mokazaHa Ha ¢urypa 1, KbIETO ca MpeiICTaBeHH U HAKOU XapaKTEepHU
HIOKa3aTelH.

B xiuHMYHaTa MpakTHKa ce padOTH NPEAUMHO ChC CIEIHNUTE XapaKTEPUCTHKH:

Volume - Bp3ay11eH odem;
Flow - BB3ay11€H NOTOK;
Expiration — uznuniBasxe;
Inspiration — BIumIBaHe;
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PEF 197, Flow (/sec)
FEFZS%S_
6-
Expiration )
FEFSO%""‘i
2]
FEF'ZS% ] -
] I [
0 ! v T J T T . T []1
i 2 4 6
2
Inspiration FIF 5, i;
FIF?WTE—' .
FIFSO%/E
81
10-

@ur.1. [luarpama Bb3AyIICH MOTOK — O€T0IpoOeH 00eM

FVC - MakcuMaseH >kKu3HEH Bb3IyIIeH 00eM;

PEF - makcuMainiHa CTOMHOCT Ha U3JIUILIBAaHUS Bb3IyIIEH MOTOK;
FEV | - u3numBan Bb3AyIIIeH 00eM Mpe3 MIbpBaTa CEKyHa;
FEV; - uznumiBan Bb3ay1IeH 00eM Mpe3 MbPBUTE TPH CEKYHIH;

12 - U3IMIIBAH BB3AYIIEH 00eM IPH HaMalasIBaHE HAa CTOMHOCTTA Ha M3AMIIBAHUS BH3AyIICH
FEV y 0 y
moTok ¢ 50 % oT MakcumasHara;

259 - CTOMHOCTTA Ha BB3AYIIHUS MOTOK IIPH JIOCTHUTAaHE Ha o OT MaKCUMAaJHUS WU3IUIIBAH
FEF y 25 %

JKA3HEH BB3IyIIEH MOTOK;

FEF 50, - cTOIfHOCTTa Ha BB3AYIIHHUS MOTOK IpH jgocTurade Ha 50 % oT MakCcUMaJHUS W3IUIIBAH
y

JKA3HEH BB3yIIEH MOTOK;

FEF 750, - cTOMHOCTTA Ha BB3AYIIHUS OTOK IPHU JOCTUraHe Ha 75 % OT MaKCUMaJIHHUSA U3OUINBAH

75% y
JKU3HEH BB3yIIEH MOTOK;

FIF,s50, - cTOMHOCTTA Ha BBL3AYIIHUS HOTOK IIPU AOCTUraHe Ha 25 % OT MakcUMaiaHUS BIWIIAH
y

JKU3HEH BB3IyIIEH MOTOK;

FIF 500, - cTOMHOCTTA Ha BBL3AYIIHUS HOTOK IIpu gocturane Ha 50 % oT MakcuManaHUg BAWIIAH
y

JKU3HEH BB3IyIIEH MOTOK;

FIF 750, - cTOMHOCTTA Ha BBL3AYIIHUS HOTOK IIPU AOCTHUraHe Ha 75 % OT MakcHUMaiaHUS BAWIIAH

75% y

JKU3HEH BB3IyIIEH MOTOK;

OpnauHaTHa OC — BB3yIIIeH NOTOK [L/s];

AoOcnucHa oc — Bp3aymeH obem [L].

KoMImoThbpHH HAYKH M TEXHOJIOTHH 1 2009 41



DATE 17.12.2008
12:09:43
TIME A
FHASE FPRE-BEST FRELD.
Fiic L 4.8 Fuwiz 4 4634
FE%1 L 276 FE1 3,6336
FEWT i % 0 FEWIIWC 81,3482
FEWTIFYWC ] ar.a FEY1IFYWC 21,3982
FEYE L 48 FEYE 4 4634
FEVW1TIFEYR | % a7.h FEVW1/FEYR | 81,20805369
FEF Lrs 3,349 FEF T
FEFZ2A74a L's 214 FEFZ4a7a 3, 7637
FEW3 L 4.8 FEw3 4 19725
FEWIIFYWC % 100 FEWIIFWVC 93,93183242
ELA Years a1 ELA a1
FET =3 2,85 FET B
FEFZ% Lrs 3,04 FEFZ5 7.9y
FEFaO Lfs 213 FEFaO 4 8624
FEFTH Lrs 1,31 FEFYA 1,76493
Evial mbL B0 Evial
FIwiz L 0 Flwiz 4 4684
Fl% L 0 Fl%1 23,6336
FIWTIF W % 0 FIWTIFING 21,3982
FIF Lrs 0 FIF T
1 RERR =1 LSrrin 96,6 v cal) 129130249
14
=1 Below
104 Emilian
-l Male
Zadcasian
"] Age &1
L T¥a cm
- s 78 ko
5ol Mo smoker
2
4
5 4
3]
=10
L1 ] 1 F3 ¥ E | 5 L5 ¥ 5]

Tolwne (L)

@wur.2. Pesynaratu oT uscnensane upe3 Gopcupana eKCrupaTopHa CIUPOMETPHUS

3. Kniuuu4HHu u3cjaeaBaHus

3a menuTe Ha HAcTOSIIATa pa3padOTKa Osixa MPOBENCHU Cepusl KIMHWYHU H3CIIEIBAHUS C
€IMH OT IIMPOKO PA3MpPOCTPAHEHUTE CIHMPOMETPUYHM KOMIIOTHPU3MpAHH amapatd  Minispir
npou3BoACTBO Ha ¢pupmaTta MIR — Uranus.

Ha ¢urypa 2. ca npeactaBeH pe3yaTaT OT KOHKPETHO U3CIIeBaHe, BKIOYBAIIO0 I'paduuHO
n3o0pakeHnue Ha (opcupaHa EKCHHPATOpHAa CIHPOMETPHS, KOMIIOTHPHO ITOJyYCHH KOHKPETHH
YHCJICHU CTOWHOCTH Ha ChOTBETHUTE XapPAKTEPUCTUKU MPU PA3IUYHO (PYHKIMOHATHO ChCTOSIHUE HA
M3CIJICABAHOTO JIAIIE.
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4. 3akiarouyenue

ABanm3sT Ha NpeaACTaBCHUTE TYK, a CbIIO TakKa MW OT JApyrd HU3TOYHHIH, PE3yJaTaTh OT
I/IHq)OpMaI_[I/IOHHa TJICAHA TOYKa IMO3BOJIsABA Ja CC HAIIPABAT CIICAHUTEC O606H_IGHI/IHI

- rpaguuHUTEe N300paKeHUS JaBaT Bb3MOKHOCT CaMO 3a Ka4eCTBEHA OIICHKA;
- MHOTOOpPOWHHTE YHCJICHH TOKa3aTeN (HAKOJIKO JECETKH) OCUTYPSIBAT JOCTATHUHO MOIPOOHA,
HO TpYJIHA 32 MHTEPIPETalrs KOTMYeCTBEHa HHPOpMAIIHSL.

IIpu MacoBU NPOPHUIAKTUUHU CIIUPOMETPUYHHU U3CIIEBAHUS OpOST HA MALIMEHTUTE € TOJIsIM,
a BpPEMETO 3a HHTEpIpeTalys OT CTpPaHa HAa MEIWIWHCKUTE CIECHUAINCTH € OTPaHWYeHO. 3a
YCIIEUIHOTO MPEOI0JIABaHE Ha TO3W MpoOjeM B HacTosmaTa paboTa ce mpeara CUHTE3UpaHe Ha
00001IeH TUAarHOCTHYCH KOJMYECTBeH KoepuimeHT A. [Ipu HeTro ce M3moi3Bar CIeTHUTE OCHOBHU
cnupomerpuyHu xapaktepuctuku: FVCi, FEVsy,i u PEFi, Hopmupanu ¢ aGCoMIOTHH CpeaHu
croitHoctu FVCcc, FEV 500,cc 1 PEFcc, oT Tabnuniata mo-rope, ChOTBETHO 32 MBXKE U JKEHHU.

Toraa o0000meHusT HOpMuUpaH koeduumeHT A (¢ MakcumanHa cTtorHocT 100),
XapakTepu3upai] TeKyIIOTO CBhCTOSHHE Ha OenoapoOHaTa cHcTeMa Ce HM3YMCIABA IO CIICTHUS
HAYMH:

: FEV,,,i ;
A=65LVE g5 T2l g PER (1)
FVCcc FEV 00, €€ PEFcc

IIpu HaOupaHeTo Ha JOCTAaTBYHO CTATHCTUYECKAa MH(OpMALUs, KelaTeTHO MO Bb3PacTOB
IIPU3HAK, KOETO € 3ajada Ha Obpjela padoTa, € Bb3MOKHO YTOUHSIBAHE HA JOBEPUTEIIHU UHTEPBAIU
32 OIIEHKAa TEeKYyIIOTO CBhCTOSHME Ha OeyofpoOHaTa cucTeMa MpPU MacoBU CIHUPOMETPUYHHU
npodWIaKTUIHN U3cieaBanms. B cioydaii, 4e ctoiiHOCTTa Ha 00001IIeHNsT HOpMHUpaH KoeuimeHT A
CE OKaX€ W3BbH I'PAHULIUTE HA CBHOTBETHUS JIOBEPUTEIEH HMHTEPBAJ, € BB3MOXKHO CBC ChIATa
KOMIIOTHPHU3MpaHa CHHPOMETPUYHA amaparypa na ObJe TNOoJydeHa TMOoApoOHa KIMHUYHA
uH(pOopMaIus.
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ITAIIBI PASBUTHUSA PABOUYEI'O IUATHOCTUPOBAHUA
BBIYUCJIMTEJIBHBIX YCTPOUCTB

Aunexcanap B. dpo3n

Pestome: Vccrmenyrorcs atambl pa3BuTHS pabodero AMArHOCTUPOBAHUS BBIYHCIUTEIHHBIX YCTPOWCTB.
OTMegaeTcsi eCTECTBEHHBIM POCT 3HAYUMOCTH NPUOIIKEHHBIX BhIYUCICHUN. OIEHUBACTCSA TOCTOBEPHOCTH
METOJIOB pabodero auarHocTupoBaHus. [loka3wpiBaeTcsi HU3Kas JOCTOBEPHOCTh TPATUIIMOHHBIX METOIOB
pabodero AMAarHOCTHPOBAHWS B 3aJadax oOpaOOTKM TNPHUOMIKEHHBIX NaHHBIX. llpeanmararorcs ImyTH
MIOBBIICHUS JOCTOBEPHOCTH METOIOB pab0Yero TUarHOCTHPOBAHUS.

Development Stages of On-Line Testing in Computing Devices
Alexander V. Drozd

Abstract: Development stages of on-line testing in computing devices are investigated. Natural growth of
the importance of the approximated calculations is noted. Reliability of on-line testing is estimated. Low
reliability of traditional on-line testing methods in tasks of approximate data processing is shown. Ways of
increase in reliability of on-line testing methods are offered.

1. BBenenue

PabGouee mmarnoctupoBanue (PJl) mmeeT MHOro Ha3BaHHM, W NPHHATO CYHUTATh, YTO
3aKJIFOYAETCsl B KOHTPOJIC PABHILHOCTU Pa0OThI IU(POBON CXEMBI BRIUMCIUTEILHOTO YCTPONWCTBA
(BY) na padounx BXxoaubix cioBax [1]. Takoit konmpons 00HapyKUBaeT OMTMOKY OJJHOBPEMEHHO C
paboroit BY (concurrent checking [2], concurrent error detection [3]), maeT onepaTUBHYIO OIICHKY
€ro TEXHUYECKOTO COCTOSHUSA, Ha3bIBASCh TaKke onepamusHuim (on-line testing) [4]. YcioBus ero
BBIMIOJIHEHUST  MOJIPA3yMEBAIOT  alllapaTHYI  peaJiu3aldi0 UM  HEPa3pbIBHYIO  CBSI3b  C
KOHTpoJupyeMbIM BY, 32 4TO JaHHBIA KOHTPOJIb HA3bIBAIOT TAKKE annapamusvim [S] B OTIWYKE OT
MPOTPAMMHOTO U 8CHIPOEHHbLIM B TPOTUBOIOJIOKHOCTh BBIHOCHOMY KOHTpoJito. Ilo xapakrepy
BXOJIHBIX CJIOB — pabO4yuX WU TeCTOBbIX — P/l momy4usiio Ha3BaHuWe B CPaBHEHHUU C TECTOBBIM
JUAarHOCTUPOBAHUEM.

B pa3zButuu P/l MOXHO BbIIETNUTH TPU OCHOBHBIX ATana. Ha HayanibHOM 3Tane P/l HacneqoBano
METOABl M CpPEACTBA W3 TEOPHUHM M TPAKTHKH CBSI3U JJIS Tepefaddl COOOIICHWH Ha pPaCCTOSHHSL.
[TomexoycroitunBasi mnepenadya MoTpeOOBana MCIOIB30BaHUS KOAUPYIOIIUX M JAEKOAUPYIOIINX
YCTPOMCTB, CTaBIIMX Mpoodpa3zoM cxeM koHTpoussi B P/l BY. D1u ycrpoiicTBa cuntanuch abCOMIOTHO
Ha/IeKHBIMU B TpoLIecce Nepeaayr COOOUIEHUI U IOTOMY IPOBEPSUIUCH TOJIBKO B May3ax padoThl HA
tectax. Cxembl KoHTpons P/ HacienoBanm 3Ty 0COOGHHOCTb, YTO M CTAJIO OTIMYUTEIBLHON 4epTOn
HavasjbHOro 3Tana — P/ He pacmpocTpaHsioch Ha COOCTBEHHBIE CPE/ICTBA.

Crnenyroumii, BTOpOM JTall, HayaBIIMHCA ¢ KoHIa O60-X TOJOB MPOIUIOTO CTOJETHS,
O3HaMEHOBAJICS CO3JJaHUEM U PAa3BUTHEM TEOPUHU CaMOIIPOBepsieMbIX cxeM. COrylacHO Omnpe/eneHusIM
ATOM TEOPUU CXeMa SBIISIETCS MOJTHOCTHIO CAMOIPOBEPSEMO B 33JJaHHOM MHOXKECTBE HEUCIIPABHOCTEH,
€CJIM OHa SIBJISIETCA 3ALIUIIEHHON M CAMOTECTUPYEMOM B ’TOM MHOKECTBE HEUCIIPABHOCTEH [6].

3amuiieHHasl cxeMa TPaKTyeTcs ¢ y4eTOM HaJu4dus B KOJE pe3yibrara WH(GOPMAIMOHHON
M30BITOYHOCTH, T.€. pa3OMeHusT MHOXKECTBAa BCEX CJIOB, MPUHUMAEMbIX pe3yJlbTaTOM, Ha
paspeleHHbie, KOTOpble (OPMUPYIOTCS TpU TMPABUIBHOW paboOTe CXEMbl, U 3alpelieHHEIE,
BO3HHUKAIOIIIKE TOJIBKO MU olnOKe. MHOXKECTBO 3aIlpeIlieHHBIX CJIOB HE SIBISIETCS ITyCTHIM.
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Torga, cxema sIBASI€TCS 3aLIUILIEHHON JJI 3aJJaHHOTO MHOYKECTBA HEUCITPABHOCTEH, €CIU IS
Ka)KJ0W U3 HUX Ha BBIXOJIE CXEMbl Ha padOUYMX BXOJIHBIX CIIOBAaX BBIYUCIISETCS WIH NIPaBUIIbHOE WIN
3ampelnieHHoe  cioBo. (Cxema SBISETCS CaMOTECTHUPYEMOM [l 3aJaHHOTO MHOECTBa
HEUCIPAaBHOCTEM, €Cau Al KaKIOW M3 HUX Ha BBIXOJIE CXEMbl BBIUMCISETCS 3aIlPELEHHOE CII0BO
XOTs1 ObI JUIsl OIHOTO paboyuero BXOAHOTO CJO0Ba. 3aIIMIICHHAs CXeMa He MO3BOJSIET NEpelTH MoJ
JEICTBUEM HEHCIIPAaBHOCTH OT OJHOTO pa3pelIeHHOro CJoBa K JIpyromy, 4ro Tpelyer
Olpe/ielIeHHOW HH(GOPMAIMOHHON HM30BITOYHOCTH, PACCUMTAHHOE Ha IPOTUBOJEICTBHE OJIHOU
HEUCIPAaBHOCTH M3 33JaHHOr0 MHoOXKecTBa. CyTh CaMOTECTHUPYEMOM CXE€MbI COCTOUT B CO3/aHUU
ycloBHsl s OOHapy>K€HHsl NEepBOM HEHMCIPABHOCTH JIO BO3HMKHOBEHHsI BTOpOH. YcloBHE
IpeJIoiaraeT, YTo B MHTEPBaJe BPEMEHH MEX]Ly TUMHU HEUCIIPABHOCTSAMH IMOSBATCS BCE BXOJHbBIE
paGouue cioBa. DTO BO3MOXKHO TPU PEIKOM IOSBICHUM HEUCHpPABHOCTEH M paboTe cXeMbl Ha
BBICOKOM 4acTOTe, T.€. IPH BBICOKOM HAJ€KHOCTH U MPOU3BOIUTEIBHOCTH CXEMHBIX PELICHH.

W3 onpenencHuii TEOpUM CaMOIPOBEPSIEMBIX CXEM ciefyeT Lenb PJl — KOHTpOiIb HCIpaBHOCTH
IUQPOBOIT CXEMBI ITyTEM ITOKMCKA €€ HEHCIIPABHOCTEH B TIpoliecce paOboThl Ha (JaKTHIECKUX JAHHBIX — H
OCHOBHOe TpeOoBaHMe K MeTojaM P/ — oOHapy keHre HenCnpaBHOCTH MO MepBoi omuoke [7].

Ha Tteopuro M mNpakTHKy CaMONpOBEPSEMBIX CXEM IPHUIUIOCH OCHOBHOE passutue PJ[ —
CaMOIIpoOBEpsieMble CXeMbl ObUIM pa3paboTaHbl A KOMOMHAIIMOHHBIX CXeM [8], CHHXPOHHBIX U
ACMHXPOHHBIX aBTOMATOB [9], a Takke cymMMaTopoB, yMHOKuTenel, nemureneit, AJIY u t.4. [10]. Ho
HACTOSIILIEMY BpPEMEHHM KOJIMYECTBO IMyOJMKAIMiA B 3TOM HAlpaBlI€HUH PE3KO YMEHBLIMJIOCh, YTO
3HaMEHyeT OKOHYAaHWE BTOPOr0 M Hayajlo TPEThero sTama B pa3BUTHM PJl, IpoIUKTOBaHHOTO
COBPEMEHHBIM YPOBHEM M JAJbHEHIINM COBEPLICHCTBOBAHMEM KOMIIBIOTEPHBIX CHCTEM M HX
KOMIIOHEHTOB, T.e. o0ObekToB PJ[. Hamerunocws ompeneneHHoe orcraBaHue B pasButun PJ[ 1o
OTHOILEHUIO K €ro oObeKTaM, KOTOpOe MpOsBIAETCSs C BO3pacTaHMEM OOBEMOB 00pPabOTKU
NpUOIKEHHBIX JTaHHBIX. JlaHas pa0OoTa MOCBsIEHa aHaIM3y OCOOCHHOCTEH BTOPOTO U TPETHETO
sranoB pa3BuTvs PJI, CBA3aHHBIX C MEPEMELEHUEM IIPUOPUTETOB C TOYHBIX BBIYMCICHUN Ha
NpUOKEHHBIE.

2. Ocob0enHocT BTOPOro 3tana pazsurus PJ{

Bropoii sran pazsutus P/ BmioTh 10 ero muka mpuilencs Ha nepuoj pazpadbotku BY Ha
JJIEMEHTaX MajJol M CpeJHEeH CTeNeHW HMHTerpalMd B paMKax LEJIOYHUCICHHOW apu(MeTHKH,
paboTaronieil ¢ MOJHOM pa3psIHOCTHIO MAPAJUICIBbHBIX IBOUYHBIX KOJIOB YHCEI.

Cnepyer pasninuaTh TOYHBIE JAHHBIE KaK IEJIble YUCJIAa [0 CBOEH INPUPOAE — HOMepa
9JIEMEHTOB MHOXECTB — M MPUOJIMKEHHbIE JaHHbIE — Pe3yJbTaThl U3MEPEeHU U ux 00paboTKH,
HMEIOIINE ONPEEIICHHBIE TOTPEITHOCTH. YeIOBEK MBICIUT TOYHBIMH JaHHBIMU.

Hanpumep, Temmnieparypy Tena 36,6° oH npeacrasiser cede kak 366-e 1Mo 3HaUMMOCTH YHCIIOBOE
3HaueHue u3 auamnazoHa 0 + 999. B xommbioTepe MOJ/IEPKUBAET TaKO€ K€ BOCIPUSATHE JIaHHBIX,
IIOCKOJIBKY IPEeACTaBIe€HHEe HH(OpPMALMM JBOMYHBIMH WIM JAPYTMMHM KOJAMH, T.. KOAUpPOBaHHE
JAHHBIX, SBJIIETCA HyMepauuei. Bee, 4To MOXKHO 3amucath B pa3psiiHyIO CETKY KOMIIbIOTEPA, — TOUHbIE
JIAHHBbIE, MOCKOJbKY MX 3HAYE€HHMsS MOXKHO IIOCTABUTh B COOTBETCTBUE MOPAIKOBBIM HOMEpaM, T.€.
npoHymepoBatb. Hanpumep, B 3-0MTOBOI pa3psaaHON CeTKE MOTYT OBITh 3alMCaHbl ABOMYHBIC KOIbI,
3HaueHus KOTopbIX 0, 1, ..., 7 MOTYT OBITh OTOXIECTBIIEHBI C UX HOMEpPAMU: OT HyJIEBOT'O JIO CEABMOTO.
B sTOM niposiBIIsieTcs Modenby mouHbIX OaHHbIX, KOTOpPast COCTOUT B TOM, YTO BCE YMCIIA, HE3aBUCUMO OT
UX HaCTOSILIEN IPUPO/IBI, PACCMATPUBAIOTCS KaK TOUHBIE JJAHHBIE.

Ham Mmup, HampoTuB, SBISETCS TE€HEPaTOpOM NPUOIMKEHHBIX JaHHBIX, O00JIaIAIOIINX
MOTPELIHOCTBIO, KOTOpasi 00yCJIOBJIEHa HE HEJOCTATOYHO KAaueCTBEHHBIM M3MEPEHUEM, a CYIIHOCTBIO
3TOr0 Mupa. JlelCTBUTENIBLHO, TIOYEMY, HAllPUMEpP, U3MEPEHHE [UIMHBI CTOJIA HE MOXET JaTh TOYHBIN
pe3ysbTar? Bo-nepBbIX, MBI CO3JaHbl TaKMMH, YTO HE MOXKEM 3a()MKCHpOBATh JBE TOUKH, MEKIY
KOTOPBIMU CJIEYET BBIIOJHUTH U3MEpeHUE. Bo-BTOPBIX, B 3TOM MUpE HE HalETCd UHCTPYMEHTA JUIsl
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MIPOBE/ICHUS M3MEPEHUSI C HyJIEBOW MHCTPYMEHTAJIbHOM morpemHocTbio. Ho naxke ecnm 310 MOXKHO
ObUIO OBl MPEONIONETh, TO OCTAETCsl BOMPOC: «MexkTy KaKUMH TOYKaMHU CJIEIyeT BBIMOIHATH 3amep,
MEXITy KpaHIMHU MOJISKYJIaMH CTOJIa, KpaWHUMH aToMaMu | T.71.7». HakoHer, eciv Obl y1alioCch HAWTH
3TH JBE TOYKH, TO BPEMs B HUX TE€YET pa3HOEe, a IOTOMY Hall MUP MPUHLIUIHNAIBHO YCTPOEH TakK, YTO
TOYHbIE H3MEpEeHHs HE BO3MOXHBL Bce B 3TOM MHpe CyLecTBYeT B JAONyCKaXx U IOTOMY
MoJly4yaeMble B HEM KOJIMYECTBEHHBIE OIICHKH SIBIISIOTCS MPUONMKEHHBIMU TaHHBIMU. Hampumep,
TeMIlepaTypa Tejla >KMBOTO 4YeJoBeka Haxoautcs B umHTepBasie 30° — 42°, B mpenenax KOTOPOTo
peanusyercs MpaBo Ha OUIMOKY, T.e. MPaBO Ha CylecTBoBaHME. [lorpemHocTs yucia — 3T0 €ro
KU3HEHHOE NPOCTPAHCTBO, B IPEAENax KOTOPOrO 3TO YMCIO CYIIECTBYET, T.€. CUUTAETCS
JIOCTOBEPHBIM.

KoHQAUKT Mexay MHPOM MPHUOIMKEHHBIX TAHHBIX U MOJIENBIO TOUYHBIX JTaHHBIX MPUBOAUT K
3a0JTy/I€HUSAM BO MHOTHX OOJIACTSX YEIOBEUYECKOM NEATETbHOCTH M MOXKET OBITh PACCMOTPEH Ha
npumepe passutus P/[. Ero BTopoii sTan oka3aics MOJIHOCTHIO B IUIEHY MOJEIH TOYHBIX JAHHBIX.

JleHcTBUTENBHO, TOUCK HEMCIPABHOCTEHN B X0J1€ BHIYMCIECHUN MTPOTUBOPEUUT 3[IPABOMY CMBICITY,
TaKKe KaK U B MPOILIECCE TOJIeTa caMoJIeTa ¢ accakxupamu. Ecin 3a1aTbesl Takol 1L€Nbo, TO CIELYET
nenatb (Urypbl BBICHIETO MUJIOTaXKa, UCIBITHIBAIOLINE CAMOJIET HAa MPOYHOCTh. OJHAKO CTaBUTCS
Jpyras Uenb — J0JIETeTh, T.€. IOPELIaTh BHIUUCIUTENBHYIO 3a/1ady, YTO BKIIIOYAET B ceOs BHIIIOJIHEHUE
3aJJaHHOTO 00BEMa BBIYHCIICHUI 32 OrpaHUYEHHOE BpEMsI C MOJYYEHHUEM JOCTOBEPHBIX PE3yIbTATOB.

Taxum oOpaszom, Hacrosimas uenb P/l cocrout B xommpone docmogeprocmu 8bluucisgeMblx
pe3yibmamosg, 4YTO TO3BOJIAET PEIINTHh BBIYMCIHUTEIBHYIO 3aJady, IEPECUNUTaB BbISBICHHbIE
HEJ0CTOBEPHBIE PE3YJILTATHI 3a OCTaBIIEECS BpEMSI.

[IpakTuka mnoaTBep)kgaeT Takyio wLenb. Kak u3BeCTHO, OMIMOKM BBI3BIBAIOTCS COOSIMH —
KpPaTKOBPEMEHHBIMU CaMOYCTPAHSIOLIMMHUCS HEUCHPABHOCTSAMU — M OTKa3aMH, T.. YCTOHNYMBBIMU
HapymieHUsIMH  cxembl. COOl BO3HMKAeT HAMHOTO daimie, 4YeM oTka3. [lostomy miepBas
oOHapyxuBaeMas OIIMOKa, Kak MpaBWiIo, BbI3bIBaeTcs cOoeM. OOHapyxkeHue cOOs HE MOXKET
XapaKTepU30BaTh HCIPABHOCTb CXEMBI, IOCKOJIBKY JEWCTBYET KOPOTKHM IEPHOJ BPEMEHU, IOCIE
4Yero cxema cHoBa ucnpaBHa. [lostomy oOHapyskeHHe c0Os HEOOXOOMMO HE C LENbI0 KOHTPOJIA
HCIIPABHOCTHU CXEMBI, a U1 OTBETA Ha BONPOC: «MOKHO JIM MCIOJIb30BaTh BBIUYMCIICHHBIN PE3YyJIbTAT
WIM OH HejocToBepeH?». boiee Toro, mo mepBod OHIMOKE HENb3s CYOUTh O HEUCIPABHOCTU
CaMOIPOBEPSEMON CXeMbI U B CIIydae O0TKa3a, MOCKOJbKY €ro HEBO3MOXKHO HJIEHTH()ULIMPOBATH MO
OJTHOM omnOKe, OIMHOYHOMN B cIy4ae cO0sl HJTH NEPBOM U3 CEpUH OIIMOOK MPH OTKa3e.

[Touemy >xe ompeneneHa He HacTosIIas eab? OOHapyKeHHas! OIIMOKAa OJTHOBPEMEHHO YKa3bIBaeT
Y Ha HaJM4YMe HEUCIIPAaBHOCTU B CXEME M Ha HEIOCTOBEPHBIA pe3ynbraT. Ho ommOouHbIi pe3ynbraT
TOKIECTBEHEH HEIOCTOBEPHOMY TOJIBKO B Clyyae€ TOYHBIX JIaHHBIX. Torga AEWCTBUTENBHO MOXKHO
KOHTPOJIMPOBATh JOCTOBEPHOCTD pe3yJibTaTa OOHApYKEHHEM HEUCIIPABHOCTHU CXeMbI. BoT Tonbko B PJ]
HEUCIIPAaBHOCTh OOHAPYKUBAETCS TI0 OIIMOKE pe3yJibTara, a He Ha00OpOT, T.e. CpecTBa | 1enb B PJ]
NOMeHsIHbI MecTaMu. Cama JIOTMKa caMOIIPOBEPSIEMBIX CXEM — BBIYMCIISITH IOCTOBEPHBIE PE3yJIbTaThl HA
UCIIPaBHOM cXxeMe — cJeqyeT W3 JOTMBI, YTO MCIIPaBHAas CX€Ma BBIYMCIISET TOJBKO JIOCTOBEPHBIE
pE3yNbTaThl, @ HEOCTOBEPHBIE PE3YJIbTAThI BBIYUCIIAIOTCS TOJBKO HEUCIIPAaBHOM cxeMol. OJHAKo JTa
JI0TMa TaK»Ke CIpaBe/IIMBa TOJILKO IS CIydasi TOUHBIX JAHHBIX, 4TO Oy/IeT MOKa3aHo Jaee.

Taxum o6pa3om, BTOpoOIi aTan onpeaenu pazpurue P/ 11 yacTHOro ciaydast TOUHBIX JTaHHBIX.

3. OcobeHHoCTH TPeThbero 3Tana pasputus PJI

Tperuil sTan cBfi3aH C JaJbHEMIINM CTPYKTYPUPOBAaHUEM BBIUYHCIMTEIBHOW TEXHUKU O]
peanuy Halllero MUpPa, KOTOPOE MPOSIBISETCS HE TOJIbKO B IMOCIEAYIOUIEM pacHapajliieIiBaHUU
BBIYMCIICHUH, HO TaKXKe U, IPEXkKAE BCEro, B OypHOM pocTe 00beMOB NMPUOIMKEHHBI BHIYUCICHUH.

OTO MOXXHO MpOCIHEAUTh Ha MPUMEPE DPA3BUTHUS IEPCOHAIBHBIX KOMIIBIOTEPOB B YacTH
anmnapaTHOM MOANEPKKU apU(METUKH C IUIABAIOLIEH TOUKOM, HCHOIB3yeMOM JUIsl MPUOIMKEHHBIX
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BBIYUCIICHUH: OT compolieccopoB HeobOs3arenbHoi nmoctaBku (Intel8087/287/387), no BcTpoeHHbIX
kouBeliepoB FPU ¢ miaBaromiei Toukoit B cocrase Intel486, Pentium u T.1. [11].

Ha ¢one Takoro pa3BuTus jyuiiie BUAHBI 3201y KI€HHSI, CI0KUBLIMECS HAa BTOPOM JTarle.

OcHOBHBIE YepThl TPETHETO 3Tana CBA3aHbl C OCOOCHHOCTAMHU OOpabOTKU MPHUOIMKEHHBIX
JaHHBIX, KOTOPBIE ONPEACISAIOT PE3YNIbTAT, COCTOSAIIMM U3 CTAapIIMX BEPHBIX U MJIAAIINX HEBEPHBIX
pa3psaoB. B HHMX HEHCHPAaBHOCTH CXEMbI BBI3BIBAIOT OLIMOKH, SIBJISIOIIMECS COOTBETCTBEHHO
CYLUIECTBEHHBIMH U  HECYLIECTBEHHBIMH JUIi JIOCTOBEpHOCTH pe3yibrara. (OcobOeHHOCTH
MPUOIMKEHHBIX BBIYUCICHUNH CHMXKAIOT BEPOSITHOCTh P CyLECTBEHHOW OIIMOKH (BEpOSTHOCTH
TOT0, YTO BO3HUKIIIAsl OLIMOKA SBISETCS CYLIECTBEHHON).

[lepBoii 0COOEHHOCTBIO SBIISETCS MCIIOJNB30BAHHME OIEpallM YMHOXXEHHMS B CaMOM 3amucu
OpuOIMKEHHOTO0 JaHHOTO B (hopMaTax C MJaBarolledl TOYKON: YMCIIO 3alKChIBaeTCs B BUJE
npousBeneHust m - q¥, rae m — MaHTHCCA, ¢ — OCHOBAaHHE CUCTEMbI CUMCIICHUS, p — mopsaok [12].
[IponsBeneHne NByX ONEpaHIOB yABAMBAET AJUHY pe3yJbTaTa ABYMECTHOH omnepauuu. CoriacHo
TEOpPHH OLIMOOK, KOJIMYECTBO BEPHBIX Pa3psA0B pe3ysibTaTa He MPEBBIMIACT KOJIWYECTBO BEPHBIX
paspsnoB omnepa”jga. IlostoMy Ha HeucnpaBHOW cXeMe€ MOTYT BBIYMCIATBCS JOCTOBEPHBIE
pe3yJIbTaThl, coAepkKaliie HecyllecTBeHHbIEe OmMOKU. /laHHas 0COOEHHOCTH BABOE CHIDKAET Pc.
Muagmue HeBepHbIE pa3psiibl pe3ysbTaTa, Kak IpPaBUIO, OTOPAChIBAIOTCA, YTO OOBSACHSET
HauOoJbIlIee PacIpOCTpPaHEHHE OIMHAPHBIX (OPMATOB C IUIABAIOUICH TOYKOHM, AN KOTOPBIX
pe3yJIbTaThl HACIEAYIOT Pa3psAHOCTh ONEPaH/IOB.

Bropoii 0coGeHHOCThIO 00pabOTKM NPUONMIKEHHBIX JAHHBIX SBJISIETCS HapylIeHHUE
aCCOIL[MATUBHOTO U JAUCTPUOYTUBHOI'O 3aKOHOB, YTO MOXXHO YBUAETb Ha INPHUMEPE CIOXKEHHUS
MUJUIMOHA ¢ MWIJIMOHOM €IUHUI] IIPU HUCIIOJIb30BAaHNHU IBYMECTHBIX ONEPALUN U pa3psiAHON CETKU
nmuHou n < 2(0. CymMma MWIJIMOHA U €IMHUIBI paBHA MWUIMOHY, MOCKOJIBKY €IWHHUIIA TEPSETCA
IIpY BBIPABHUBAHUM MOPSIAKOB. MWIIMOH TaKUX ONEPALMNA TaKkKe ONPENEISIET PE3yJIbTaT, paBHBIN
IEpBOMY 4HCIYy, T.€. OJAHOMY MIUIMOHY. [IpaBWIIBHBIN pe3ynbTaT — ABa MWIJIHMOHA — MOXHO
MIOJIyYUTh, U3MEHUB MOPSNOK BbUMCICHMA. CHayana ciaeayeT CIOXKUTh INapbl €IMHHUL, 3aTeM
MOJTyYCHHBIE IBOMKH M TaK MPOAOJIKATh 10 BBIYUCICHUS MIIIJIMOHA, KOTOPBIH Jajiee CKIIaJbIBaeTCs
C MEPBBIM YUCIIOM. Bpluncienrne oJHOro MUUIMOHA BMECTO JIBYX ITOKa3bIBa€T HECOCTOATEIBHOCTh
JIOTMBI, YTBEP)KIAIOIEH, 4YTO HCIpaBHAas CXEMa BBIYUCISIET JOCTOBEPHBIM pe3ynbTar. J[lis
BOCCTAQHOBJICHHUS ACCOIMATUBHOTO W JUCTPUOYTHUBHOIO 3aKOHOB HCIIOJIB3YIOTCSl PACIIMPEHHBIE
(opMaThl C IUIaBAIOLIEH TOYKOM, B KOTOPBIX MaHTUCCHI YJUIMHSIOTCS 3@ CUET MJIAJIINX HEBEPHBIX
pa3psiIoB, YTO JTOTIOJIHUTENFHO CHIKAET BEPOSTHOCTH CYIIECTBEHHOM OIMOKH Pc.

TpeTbst 0cOOEHHOCTH CBsA3aHA C BBHIIOJIHEHUEM ONEepaluii HOpMaIM3aluu U JEHOPMaIu3aluu
MaHTHCC, YTO HEOOXOJWMO BBIMOJHATH COOTBETCTBEHHO HAJ pe3yJibTaTaMu U ONepaHAaMu s
COIJIACOBAHUSA JAEUCTBUI HaJ MaHTHCCAMU U NopsAakamu. /leHopManu3anus onepaHia BbIIOIHIETCS
apru(METHYECKUM CIIBUTOM €0 MaHTHCChI BIIPaBO € MOTEpel MIIAJIIUX Pa3psI0B, BIIBUTAEMBIX 32
npenensl  paspagHo ceTku. COOTBETCTBEHHO TEPSIOTCS CYIECTBEHHbIE OIIMOKH, KOTOpbIE
HAaKaIUIMBAJIUCh B pe3yJbTaTax BCEX MPEIbIIyLIUX OMepaluid, YTO CHIXKAeT BEPOSTHOCTH Pc.
Hopmanuzamusi pe3ynpTara TpH  BBIYHCICHWM B HEM HE3HAYamMX IHQp BBHIIOIHIECTCS
LUUKIMYECKUM CJIBUTOM €r0 MAaHTHCCHI BJIEBO C 3alOJHEHHEM MJIAAIIMX MO3MLMNA HEBEpHBIMU
paspsaaMu. ITO BEAET K YMEHBIICHUIO KOJIMYECTBA BEPHBIX Pa3psA0B U CYIIECTBEHHBIX OMIMOOK B
HUX JJIS1 pe3yJIbTaTOB BCEX MOCIEAYIONUX ONepalnii, TAKKE CHUXKast BEPOSTHOCTD Pc.

Takum 00pa3zom, 0COOEHHOCTH MPUOIUKEHHBIX BHIYMCIEHUN MOTYT B 3HAUUTEIbHOW CTENIEHU
CHMIKaTh BEPOATHOCTH CYIIECTBEHHOM OMIMOKHU Pc.

KntoueBsiM Bomipocom B oueHke P/ siBisieTcst AOCTOBEPHOCTH €r0 METOAOB, KOTOPask MOKET
OBITH paCCMOTpEHA C MCTIONb30BAHUEM KBaJpaTa ¢ €AMHUYHOMN IIMHON cTopoH (puc. 1) [13].

Ha ropusoHTanbHOM CTOpOHE KBajpaTa OTKIAABIBAIOTCS BeposiTHOCTH Pc u Py = 1 — P¢ Toro,
YTO BO3HUKIAs OIIMOKA SIBISIETCS CYLLECTBEHHON U HECYLIECTBEHHOM, a Ha BEPTHKAIbHOM CTOPOHE —
BeposiTHOCTH Po u Pr;=1— P ee oOHapyxeHust U mpomycka. [Ipu 3Tom KBagpar pa3OuBaercs Ha
YeThlpe 4YacTH, ompenensionme BepostHocTH Poc=PoPc u  Poy=Po Py oOHapyxeHHs
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CYIIIECTBEHHBIX M HECYIIECTBEHHBIX OIIMOOK, a Takke BeposTHOCTU Prc =P Pc v Py = P Py ux
nporrycka (puc. 1, a).

PC | PH: ]— | | PC | |Pc| PH
|| Poc=Po | Pon=Po
S L W <
< 34 Poc Pod Pon
|
T Prc=Pr |Puu=Pn Py
Pe . -
|| (3 Puc 3] |Pag Py
a) 0) B)

Puc. 1. Onenka gocroBepHocTu metoa0B PJI

CornacHo 1enu, cieaymoolled U3 TEOpUM CaMONpoBEpsieMbIX cxeMm, meton PJI sBusercs
JIOCTOBEPHBIM, €CJIM OOHAPYKUBAETC HEUCIPABHOCTb, HE3aBUCUMO OT TOTO, ABJSETCS JIM OLIMOKa
CYILIECTBEHHOW WM HET. DTO OmpenenseT JocToBepHOCTh Meroda P/l kak cymmy wacteit 1 u 2
kBazparta no gopmyne Do = Poc + Pou = Po.

CornacHo Hacrosieil nenu, merof Pl siBisieTcs 1OCTOBEPHBIM, €CIIM MPAaBUIIBHO MPUYUCISET
BBIUMCIISIEMBIN PE3YNbTaT K JOCTOBEPHBIM WM HEAOCTOBEpHBIM. [loaTOoMy nocroBepHocTs MeTona P/I,
ABJSIETCSl  JIOCTOBEPHOCTBIO KOHTPOJISI PE3yJIbTaTOB W OMPEHETSIETCS C YY4eTOM OOHapyKEHHs
CYIIECTBEHHOW M TPOMyCKa HECYIIECTBEHHOW OIMOKM cymMmoll dvacter 1 u 4 kBajpara:
D:POC+PHH:POPC + (]—Po) (]—Pc)

B ciydae TOUHBIX JaHHBIX BCEe OLIMOKM SIBISAIOTCSA BepHbIMH, T.e. Pc = I, u Metoasl PJ] ¢
TPaJUIIMOHHO BBICOKOH BEPOSTHOCTHIO P 00HApyKEeHHUS! OITMOKHA UMEIOT BBICOKYIO JIOCTOBEPHOCTh
D = Poc, onpenenseMyto 4acteio 1 kBagpara (puc. 1, ).

Jlns npuOIMKEHHBIX BBIYMCIEHUN C BEPOSTHOCTBIO P << Py TpaauuuoHHble MeTolbl PJ]
XapaKTepu3yrTcs OMUM3KMMU K HYJIO 4YacTAMM KBajgpata 1| W 4, 4TO OIpenenseT HU3KYIo
JIOCTOBEPHOCTBH KOHTPOJIs pe3yiabTaToB (puc. 1, B). Metonbl P/l neMOHCTpUPYIOT HOBOE Ka4e€CTBO —
O0TOpPaKOBBIBATh IOCTOBEPHBIE PE3YJIbTAThI IO HECYIIECTBEHHBIM OIINOKaM (4acTh 2 KBajpaTa).

Fe 2] |7¢] P | [ [ 2w |
] =] ] =
i, | |Fog Fom Foz =
o o
Fon Forr g P P Fop P .
i, i,
1 1
| 4 | 4
ay Fa Foa| | o Fm ]
a) 0) B)
Puc. 2. IlyTu noBbIIeHHUS JOCTOBEPHOCTH METO0B PJ]
AHanu3upys KBaJpaTr, MOKHO NPEUIOKUTh TPU IyTH NOBBINIEHHS JOCTOBEPHOCTH METOOB
P

— qa Pc > 0,5 yBennuMBath 4acTh | KBajpaTta, MOBBILIAs BEPOSITHOCTh Po (pHc. 2, a);
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— g Pc <0,5 yBennuuBath 4acTh 4 KBaJpaTa, CHHXKasi BEpoATHOCTE Py (puc. 2, 0);
— yBeJM4MBaTh yacTu 1 u 4 KBajpara, aesast BEpOSITHOCTb Pp pa3nuyHOM 111 0OHApy KEeHUs
cymecTBeHHBIX (Po - ¢) ¥ HecylecTBeHHbIX (P _ p) ommbok, Po_ ¢ > Po_ i (puc. 2, B).

4. 3akiarouyenue

B passutun P/, HaneneHHOro Ha KOHTPOJIb JOCTOBEPHOCTH PE3YJIBTATOB, MOKHO BBIIEIHUTH
Tpu 3Tana. Ha HagampHOM 3Tane JOCTOBEPHOCTH PE3YJIbTATOB OLICHUBANACh 0€3 PACIpOCTPaHEHHUS
P/l Ha coOcTBeHHbIE CXE€Mbl KOHTPOJs. BTOpO#l 3Tam 03HAMEHOBAJICS CO3/aHUEM U pa3BUTHEM
TEOPUU CaMOIIPOBEPAEMBIX CXEM, KOTOpPas peIIaeT 3a1ady KOHTPOJIS JOCTOBEPHOCTU PE3YJIbTATOB
TONBKO JUISI Ciydash TOYHBIX JMJaHHBIX. Tperuit atam pacmpoctpanser P/l Ha o00paboTky
OpUOJIMKEHHBIX TaHHBIX, 3HAYUMOCTb KOTOPOH C pa3BUTHEM BBIUUCIUTEIbHOU TEXHUKU MTOCTOSHHO
pacrer. OcOOEHHOCTH HPUONMKEHHBIX BBIYUCICHUM CHIDKAIOT BEPOSTHOCTh CYLIECTBEHHOM
OLIMOKH, YTO MPUBOJUT K 3HAUUTEIHHOMY CHHKEHHUIO IOCTOBEPHOCTH TPAIULIUOHHBIX METOA0B PJ|
B KOHTpOJIE pe3ynbTaroB. lIoBbllIEHHE TOCTOBEPHOCTH KOHTPOJI PE3YJITATOB BO3MOXKHO IIpU
OJTHOBPEMEHHO BBICOKMX WJIM HU3KUX 3HAYEHHUAX BEPOATHOCTH CYILECTBEHHOM OIIMOKM U
BEPOSITHOCTH OOHApyXEeHHsI OLIMOKH, a TakkKe Mpu Oojblliell BEPOSTHOCTH OOHApPYKEHUS
CYLIECTBEHHON OIMOKH MO CPAaBHEHUIO C HECYIIECTBEHHBIMH.
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ABTOMATHU3UPOBAHHASI HACTPOUKA ITPOI'PAMMHBIX
KOMIIOHEHT UHOOPMAIIMOHHBIX CUCTEM

Aunexcanapa FO. JIeBueHKo

Pe3rome: Craths TOCBAIIEHa MpoOJieMe aBTOMATH3AIMH MPOIECca HACTPONKH CHCTEMHBIX MPOTPaMMHBIX
KOMIIOHEHT B KOPHOpaTHUBHON wHMopMannoHHOW cucteMe. OCHOBHBIM CHOCOOOM pELICHUS SIBISETCS
aBTOMAaTH3allUs 3TOrO Ipolecca Ha OCHOBE MOHUTOPHHIAa aKTHBHOCTH KOMIIOHEHT. BbINoiHeH anHanu3
CYIIECTBYIOIMX TIOJXOAOB pa3paboTKM OJOKa HACTPOWKH HA OCHOBE OJMITMPHUYECKUX CPaBHEHH,
MEXaHN3MOB OOpaTHOHN CBS3M W aHANUTHYECKWX Mopeneil. [IpuBeneHa cpaBHUTENbHAs XapaKTEPHCTHKA
JOCTOMHCTB M HENOCTAaTKOB MOJXOJOB aBTOMAaTH3MPOBAHHOM HACTPOHKM B ONEpAIMOHHBIX CHCTEMax W
cucTeMax ympapieHus Oa3zamu JaHHBIX. [lokazaHo, 4To HamOoyiee MEPCIEKTUBHON SIBISIETCS HACTpOiika,
OCHOBAHHASI HA aHAJTUTUYECKUX MOJEIIAX.

Automated software tuning
Alexandra Yu. Levchenko

Abstract: The article presents the overview of the problem of software tuning automation in corporate
information systems. The main way to solve this problem is to automate this process using component
activity monitoring. It is analyzed existing approaches to develop the tuner based on the empirical
comparisons, feedback mechanisms and analytical models. The basic works using each of these approaches
for automated software tuning are considered. The comparative characteristic of advantages and
disadvantages of automated software tuning approaches is represented. It is shown, that the most perspective
is the model-based tuning.

1. BBenenue

CoBokyImHast CTOMMOCTb BIIaJieHUs1 HHPopMannoHHo# TexHonorueit (CCB) Bce 6onee 3aBUCUT
OT CTOMMOCTH YEJIOBEYECKOro TpyJa. Bce OCHOBHBIE MOCTABIIMKHM WH()OPMALIMOHHBIX TEXHOJIOTUI
NpU3HAOT BakHOCTh mpoOsembl CCB  u  meITaloTcss  pemuTh €€ MyTeM  oOecredeHus
CaMOYTPAaBIIIEMOCTH CBOMX CHCTEM. ABTOMAaTH3aIMs HACTPOWKHK mporpaMMHBIX KoMImoHeHT (1K)
KopriopaTuBHbIX HH(popMarMoHHbIX cucteM (KHC) mpeamnonaraer pa3paboTky HHGOpMAIMOHHON
TexHosioruu  (OJIOKa HACTPOWKH), peanu3ylomeld moadop 3HauYeHWW KOH(MUTYpaIIMOHHBIX
apaMEeTPOB CHUCTEMBI, KOTOpbIE OOECIIEYMBAIOT HAWIYYIIYIO IMPOU3BOAUTENBLHOCTh. [Ipu 3TOM
HE0OXOIMMO BBINOJIHATh MOHUTOPUHI aKTUBHOCTU KOMITOHEHT omnepannoHHou cuctemsl (OC) mis
0oJiee TOUHOW HACTPOMKHU MPOTpaMM B 33JaHHBIX YCIOBHUAX (pyHKIMOHUpoBaHMs. Ha ceroqHsmHmii
JIeHb aKTyaJbHOHM SBJSETCS 3a/Jadya HACTPOWKH CHUCTeMBbI yrpaBieHusi O0a3zamu naHHbix (CYBJ),
Bxozsmeit B cocraB KHC. [l obecnieueHust HaWIy e mpon3BOAUTEIEHOCTH Pa3IMUHBIX KJIaCCOB
KUC na 6a3ze CYBJl moryT moTpeboBaThCsi pa3Hbie HAaOOpHI TMapaMeTpOB HACTPOUKH. Takum
obpa3om, mipu Hactpoiike mapamerpoB CYB]] crmexayer yuutsiBaTh Kiacc HactpaumBaemoi KUC u
noBejeHue nonb3oBarensa. g xapakrepuctukn kinacca KMC w moBeneHus mOJab30BaTeNs
MCTOYHUKOM JIaHHBIX MOTYT BBICTYNATh OTCHUIAEMBIE IOJIB30BATEIEM TpaH3aKUUH. BoJabIIMHCTBO
crioco6oB aBromatusarnuu HacTpoiku [IK KNC MoxHO OTHEeCTH K TpeM THUIIaM: OCHOBAaHHBIC Ha
HMIIMPUYECKUX CPABHEHUSIX, MEXaHU3MaX OOpaTHOM CBSI3U U aHATUTHYECKUX MOJIEIISX.

Henpto nanHoi palbOTHI SIBISIETCS aHAJINW3 JOCTOMHCTB M HEJOCTATKOB YKa3aHHBIX CIIOCOOOB
aBTOMaTH3anuu Hactpoiiku npumenutenbHo Kk OC u CYBJL u BeIGOp croco6a, 3ppekTuBHOrO 1Is
aBToMaTuzupoBaHHoM HacTpoiku [IK CYB/I.
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2. OMnupuYecKHe CpaBHEHUs

OauH u3 crnoco0OB ONpENENeHHs ONTHMAJIbHBIX 3HAUYEHUH NapaMeTpOB HACTPONKU s
3amanHoro knacca KHMC - smmupudeckoe cpaBHEHUE NMPOU3BOAUTEIBHOCTH HEKOTOPBIX MIIM BCEX
BO3MOXXHBIX 3HAQUEHHUH IapaMEeTPOB HACTPOWKM HAa OCHOBE CpPABHEHUS IPOU3BOJUTEIBHOCTU
CHCTEMBI JUIsl KaXKJIO0T0 M3 UCHBITAaHHBIX 3HaueHUH. OOBIYHO crOocOo0 HACTPOMKH, OCHOBAaHHBIM Ha
SMIIUPUYECKUX CPABHEHUSX, IPEANOIaraeT UCCIEI0BAHUE BCEX BO3MOXKHBIX 3HAUEHUI ITapaMeTpoOB
HACTPOWKM JUIsl ONpEIeNeHHUs] ONTHUMAJIbHBIX, YTO MOXET TpeOOBaTh CIUILIKOM OOJNBLIMX 3aTpat
BPEMEHHM JJIsl HACTPONKU OOBEKTOB € OOJIBIIMM KOJIMYECTBOM BO3MOXKHBIX 3HAUEHHM MapaMeTpoB
HacTpolku. Bo3HuKaeT HEOO0XOAMMOCTH B METOAE COKpallleHHs HpPOCTPAHCTBA BO3MOXKHBIX
3HA4YECHMI ApaMeTPOB HACTPOUKH.

PaccmoTpuM ocHOBHBIE palOOThI C HcHonb30BaHUEM crocoba Hactpoiiku IIK Ha ocHoBe
SMIOHUpUYECKUX cpaBHeHMH. B pabore [1] mpenmaraercs meromosorust moctpoenust sapa OC,
KOTOpPOE€  OTCJIEKHMBAET CBOIO COOCTBEHHYIO IPOU3BOJUTENIBHOCTh M aJanTHpyeTcss K
U3MEHSIOMMMCST pabodynM Harpy3kaM. VX MOmxoj BKIFOYAeT WCIIOJIb30BAaHUE CPaBHEHWH ISt
OTpe/ieIeHUs] ONTHUMAJIbHOM cTpaTeruu (Hampumep, CTpaTerust 3aMeHbl OydepHoro ksma) uis
yIpaBJICHUS] OMpEAETICHHON pabodeld Harpy3koil. CpaBHEHHS BBINOJHSIOTCS MYTEM 3arpy3Kd
CHELHATbHOTO MOJYJS B AP0 AJIS pasHbIX pabO4YMX HArpy3oK M MOCIEAYIOIIEr0 MCHOJIb30BAHUS
ATHX MOJYJeH Uit 00paboTKN (PaKTHUECKUX TPACCUPOBOK pabodeil Harpy3Kku. JJaHHbIE MOy HE
3aTparuBaroT riodanbHele pecypcbl OC B mpoliecce Ucciael0BaHus BO3MOXKHBIX aJbTEPHATUB, UTO
3HAYUTEIBHO COKpAIIaeT IMOTEHIMAIbHBIE OTpHUIATelIbHbIE Y(PQPEKTH BIUSHHUS HACTPOWKH Ha
npousBoauTensHocTh OC. Opnako OonpmmHcTBO OC He 00ecneuuBarOT PpacIIUpsieMOCTb,
HEOOXOIUMYIO JUIS IPOBEICHUS TAHHOTO THIIA MOCITUPOBAHHUS.

B pabGote [2] Takke HCHONB3YIOTCS HMIMPHUYECKUE CpPAaBHEHUS A  JUHAMHUYECKOH
pEryJTUpOBKM 3Ha4YeHHH mapaMeTpoB HacTtpoiiku B OC. B mpomecce sKcriepuMeHTaNIbHOHN (ha3bl
COCTOSIHME CHUCTEMBI 3HAYUTEIBHO W3MEHSJIOCh, HEKOTOPBIE 3HAYEHHs IapaMeTPOB HACTPOMKHU
BBIOMpAINCh B CIIy4allHOM TOPsIZIKE, U 3amepsiach npousBoauTenbHocTh OC. B TeueHne BpemMeHu
CHUCTEMA HAaKONWIA JOCTAaTOYHO MHOIO [JAaHHBIX [JIs OINpPEACIEHUS ONTUMAJbHBIX 3HA4YECHUN
[apaMeTPOB HACTPOMKHM Uil KakJIOTO BO3MOXKHOTO COCTOSIHUSL cucTeMbl. [lamee st kaxaoro
COCTOSIHMSI CUCTEMBI IIPOBOIMINCH JONIOIHUTEIbHBIE SIKCIIEPUMEHTHI IS a1allTallii K U3MEHEHUAM
B OKpy)Xarwolled cpene. ABTOpbl MOMYYHJIM HEOOJBUIOE IOBBIIIEHUE IPOU3BOJUTEIBHOCTH B
9KCIEPUMEHTAX C HACTPOMKOM ABYX NapameTpoB IuiaHupoBaHus B OC ¢ pa3znencHuEM BpPEMEHH.
Crenenp yxyzaueHnus mnpousBoautenbHocty OC Bo BpeMmsi 3KCIEpUMEHTalbHOM (a3l He
OLICHHUBAJIACH.

ABTOpBI paboThI [3] mpenaraloT METOA0JIOIHI0, OCHOBAaHHYIO Ha SMIIMPUYECKUX CPABHEHUSIX
i noctpoeHus camonactpauBaromiuxcs OC. UToObl He BBINOJHATH IOJHOE CpPaBHEHUE BCEX
BO3MOXXHBIX 3HAQUEHMH [1apaMETPOB HACTPOMKM HX METOJOJIOTHUS MCIIONIb3YET TIE€HETHUECKHE
QJITOPUTMBI ISl TIOMCKAa ONTHUMANbHBIX 3HAYEHMH NapaMeTpoB HacTpoiku. Ha kaxaom stame
CPaBHEHMI MPOBEPSIOTCA HECKOJIBKO MApaMETPOB C MCIOJIb30BAHUEM MOJEIMPOBAHUS B NEPHUObI
Oe3neiicTBUsl cucTeMbl. Tekylas rpynna 3HA4eHUH MapaMeTpoB HACTPOHMKUM KOMOMHHpYETCS U
U3MEHAETCS COIVIACHO UX OTHOCHUTENBHOM MPOU3BOAMUTEILHOCTHU. [IpuMenss HawTydlme 3HaueHus
apaMeTpPOB HACTPOMKH, FEHETUYECKNE AJITOPUTMBI JOJDKHBI CXOAUTHCS Ha 3HAUEHHSIX ITapaMeTpoB,
YIIyYIIAIONUX TPOU3BOAUTENBHOCTh CHUCTEMBbl. ENWHCTBEHHAas paTtuduKanus 3TOro IMOAXOa
aBTOpaMM MpEeACTaBIsieT co0OM HACTpOWKY NapaMeTPU30BAHHOIO AJIrOPUTMa IUIAHUPOBAHMS,
KOTOPBI MOXXET OBbITh OIleHeH 000c001eHHO OT octanbHOM yacTu OC. ABTOpBI OTMEYAIOT, YTO
MOTYT BO3HUKHYTb CIIO)KHOCTHU IIPH MOJIEJIIMPOBAHUM APYrux acnekroB padborel OC 1 HE00X0auMo
OLIEHUBATH JOIOJIHUTENbHBIE HATPY3KU B CUCTEME OT MOJEIUPOBAHUS B IPOLIECCE HACTPOUKH.

B pabote [4] aBTOpBHI OomMCHIBaIOT MHCTPYMEHT iTuned, KOTOpBIH aBTOMAaTH3UPYET 3ajady
UACHTU(UKAIIMA XOPOIIMX 3HaueHWi mapamerpoB Hactpoiiku CYBJI. JlaHHBII HHCTpyMEHT
UCMOJb3YeT METOJ| AJANTUBHOW BBIOOPKM NpPU BBINOJHEHUU IUIAHOBBIX AKCIEPUMEHTOB JUIs
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OTBICKaHMS 3HAYeHUH MapaMeTpoB  HACTPOMKH, KOTOpble OOECHEeYMBAIOT  IOBBILICHHUE
IPOU3BOJUTENBHOCTH CHCTEMBI. TakKe B HHCTPYMEHT BKIIIOUEH WCIOJHUTENIbHBIII MOJYJb,
KOTOpbIi mojaepxkuBaeT Online-akcnepuMeHTsl B (pyHKIMOHUpYomeM okpyxeHun CYBJ] Ha
OCHOBE KOHIIETILIMU “‘C 3aXBAaTOM ILIMKJIA~, KOTOpasi MPAKTUYECKU CBOJUT K HYJIIO JONOJHUTEIBHYIO
Harpy3ky Ha (yHKIIMOHUPYIOIYIO CUCTEMY.

3. MexaHu3MBbl 00pPATHOI CBSI3H

[Ipu ucnonb3oBanuM croco0a HACTPOMKHM MPOrpaMMHOI0 0OecreueHusl Ha OCHOBE OOpaTHOM
CBSI3U OJIOK HACTPONKHM UTEPAIIMOHHO PEryJIMPYET 3HAUEHUS TapaMeTpOB, OCHOBBIBASICH HA 3aMepax
OJHOrO Win OoJjiee KpUTEpUEB NMPOU3BOAMTENBHOCTU. TeKkyllee 3Hau€HHE KaXXJ0ro IoKa3aTess
CPaBHMBAETCSI C HEKOTOPBIM KPUTHYECKUM 3HadeHueM. [locie nmpumeHeHus mojyuyeHHoro Habopa
3HaYeHUH MapaMeTpoB, OJIOK HACTpPOMKM  3aMepseT HOBBbIE 3HAYCHHMs  IOKa3aresen
IPOU3BOJUTENBHOCTY M MCIONB3YET WX JI1 ONpPENeICHHUSs HEOOXOAMMOCTH JIONOJHUTEIbHBIX
KOPPEKTUPOBOK. DTOT MOBTOPHBIM LMKI HAOMIOACHUN U KOPPEKTHPOBOK YacTO YIIOMHMHAETCS Kak
neras oOpaTHOW CBsi3W, MOTOMY 4YTO d((EeKTh BIMAHUS OAHOTO Habopa MapaMeTpoB Ha
HPOM3BOJIUTENLHOCT MOJAIOTCS 00paTHO B OJIOK HACTPOWKM M HCHOJB3YIOTCS M ONpeAeeHUs
CJIEIyIOIIETr0 Habopa KOPPEKTUPOBOK 3HAUEHU.

PaccmoTpuM ocHOBHBIE pabOTHI ¢ UCMOJIB30BAHUEM MEXaHHW3MOB O0OpaTHOH cBsi3u. B pabote
[5] ucnonb3yroT NOAX0 ] ¢ 0OpaTHOM CBSI3BIO JUISl HACTPOMKU MyJIbTUIIPOrpaMMHOro ypoBHsi CYBJ]
(MITVY), napametpa, KOTOpBIH OIpaHMYMBAET YUCIO MapajulenbHbIX AocTynoB k bJ[. PerynupoBka
ATOro MapameTpa OCHOBaHa Ha 3aMepax KOH(JIMKTOB NpU OJIOKHPOBKaX B CHCTEME: KOI/Ia 3TOT
IIOKa3aTeNb NPEBbIIIAeT KpUTHUECKOe 3HaueHue, MIIY yMeHbmaercs, Korga OH IMOHMKAETCS HUXKE
KputHueckoro 3HadeHus, MIIY yBenuumBaeTcsi. ABTOpBI ONpPEAEININ KPUTHYECKOE 3HAYCHHE
HKCIEPUMEHTAIbHO, U OHU YTBEPKAAIOT, YTO OHO HE JJOJDKHO OBITh TOYHO HACTPOEHHBIM. B pabote
IIPEACTABIIEHBI PE3YJIbTAThl SKCIIEPUMEHTOB, JEMOHCTPUPYIOLIUX, YTO €CTh JUANIa30H KPUTHYECKUX
3HA4eHUH, KOTOPbIE MPUMEHUMBI JUIs MIMPOKOTO JIMana3oHa paboumux Harpy3oK.

ABTOpBI paboOTHI [6] HCITOJIB3YIOT MEXaHU3MbI OOPATHOW CBSI3U JIIT HACTPONKH MapaMeTpoB,
CBSI3aHHBIX C YNPaBJICHUEM MaMSThIO U KOHTposieM Harpy3ku B CYB/I. Ilens HacTpoMKu COCTOUT B
oOecrieyeHUy I1eJIEBOI0 BPEMEHU OTBeTa Juisl MHAMBHAyanbHbIX KiaccoB KHMC B cucremax c
HeckonbkuMu kinaccamu KHC, ocHoBanubix Ha CYB/I. Ilpu 3TOM mapameTrpsl peryiupyrorcs 10
TeX MOp, MoKa He OyJIeT JOCTUTHYTO LIEJIEeBOE 3HAUEHHE WIJIM TIOKa OJIOK HACTPOMKHU HE OINpeaesuT,
YTO OHO HE MOKET ObITh JOCTUTHYTO. /I KaXkJJ0oro Kiiacca mapaMeTpbl HACTPAaUBAIOTCS OTJEIBHO,
U JUIA BBIABJICHMS B3aUMO3aBUCUMOCTEM MEXIy KIacCaMH WCIOJIb3yeTCs J3BpUCTHKA. B
3aBHCHMOCTH OT XapaKTepa HCIIOJIb30BAHMS NAaMATH JAaHHBIM KJIACCOM, PETYJIMPYIOTCS OAWH WIH
7IBa TapaMmeTpa. DKCIepUMEHTAIbHbIE MOJECIMPOBAHMS TTOKA3alH, YTO 00a OJ0Ka HACTPOWKH, IJIs
OJTHOTO ¥ JUIsl JIByX IapaMeTpoB, CIIOCOOHBI PELIMThH 3ajady JUlsl pa3HbIX pabouux Harpysok. Ilpu
3TOM AaBTOPBI MPU3HAIOT, YTO I JOCTHIKECHMS LIEJIEBOIO BPEMEHM OTBETA UL ONPEACIICHHBIX
TUIIOB PabOUYUX HArpy30K MOXKET HOTPeOOBATHCS 10CTATOYHO MHOI'O BPEMEHH.

4. AHaINTHYEeCKHE MOJEeIH

biiok HacTpoWKM Ha OCHOBE AHAIIUTHUYECKUX MOJEJIEH MOXKET MPOTHO3UPOBATH
MIPOU3BOIUTENILHOCTh CHUCTEeMBI Ui JH0ObIX KiaccoB KMC u 3HadeHHit mapamMeTpoB HACTPOMKH.
g Takoro THUIa HACTPOWKH MOTYT HCIIOJIB30BATHCS CTATHUCTUYECKHE MOJEIH, PErPECCHOHHBIC,
rpadoBbIe U BEPOATHOCTHBIE MOJIenU. Kax/aplil THII MOAETTN UMEET CBSA3aHHBIM Ha0Op mapaMeTpoB,
3HAYEHUs1 KOTOPBIX OOBIYHO MOJYYarOTCs U3 00y4arolMUX MPUMEPOB - KaXIbI U3 HUX COCTOUT U3
CTaTUCTUKM 10 xapakrepuctukam kiacca KHMC, 3HaueHumii mnapaMeTpoB HAcTpOMKM H
IIPOU3BOJUTEIIBHOCTH CHCTEMBI 3d HEKOTOPBIM HHTEPBAJI BPEMCHH.
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BriiennnM OCHOBHBIE Pa0OTBHI C HMCIONB30BaHUEM JaHHOTO mozaxona. Ha mmardopme mms
JTUCTAHIIMOHHBIX BhIUUCIeHUNH Odyssey NPHIOKEHHUS TMPUCTIOCAONNBAIOTCS K HW3MEHEHUSM B
JOCTYIHBIX pecypcax U MOJIb30BATEIbCKUM LIETISAM IMyTEM H3MEHEHHUS TOYHOCTH, C KOTOPOW OHHM
(GYHKIIMOHUPYIOT (HapuUMeEp, 4acToTa KaJapoB, UCIONb3yeMas MPHIOKEHUSIMH MTOTOKOBOTO BHJIEO).
Narayanan u coaBTophl [7] pacmmpsitor Odyssey CHUCTEMOH, KOTOpas HCIOIb3yeT MOJICTH IS
MIPOTHO3UPOBAHMS HWCIOJB30BaHUS PECypCOB TMPWIOKEHUNH Kak (YHKIUU COOTBETCTBYIOIINX
BXOJIHBIX MapaMeTpoB M [OKa3zaTejlel TOYHOCTH, M TakuM o0O0pa3oM pPEKOMEHIYET
COOTBETCTBYIOIIME YPOBHM TOYHOCTU JUIsl JaHHOM omepauuu. JlaHHbIe Ha4dalbHOIO OOYyYeHHs
coOuparoTcsi B CHEIUAJIbHOM AaBTOHOMHOM PEXHUME IyTEM IOBTOPHOTO BBHINOJHEHHS 3a/JaHHBIX
orepanuii co cmydyailHO BBIOPAaHHON TOYHOCTHIO M BXOJamH. /{1 HA4ambHOTO OIMBITHOTO 00pasia
aBTOpbl HCIIOJIB3YIOT JIMHEHHYIO PErpeccuro Mjsi CO3/aHus MOJIEJei, KOTOpbIE HCIOJIb3YIOT
JVHENHHBIN TPaIMEHTHBIA CIYCK /11 OOHOBJIEHUS KO3(PHUIINEHTOB MOJIeNeH.

Pabora [8] ucnonp3yloT MmoAxox Ha OCHOBE MOJENH IS HACTPOMKH M3MEHEHHOW Bepcuu
xKypHamupyemoil Qaiinosoit cucrembl OK®C). Hanpumep, onu mnozpossror KOC auHamMuvecku
BHIOpATh JIyYIIMA W3 JBYX METOJIOB cOopa Mycopa B JKypHaJle PETHUCTpAIfii, COXpaHsSEeMOM
cucreMoii Ha aucke. [IpenoKeHHble aBTOPaMU MOJIEIH COCTOAT U3 MPOCTHIX (GOPMYIT AJIs1 OLIEHKU
CTOMMOCTH WJIM OTHOILIEHHUS «3aTpaThl-BbIF0JIa» BO3MOKHBIX 3HAUEHUH MapaMeTpOB HACTPOWKH.
OHUM OCHOBaHBI Ha OLICHKE BBIIIOJIHEHHBIX CUCTEMOM ONEPAlMK U CBSI3aHHBIMHU C HUMHM 3aTpaTaMH.
EnuHcTBEHHBIE TapaMeTpbl MOJENIEN - U3MEPEHUs 3aTpaT Pa3IMuHbIX ONEpaluil Ha ONpeaeIeHHOM
mucke. OueHuBaercst 3pQPeKTUBHOCTh UX moxaxona myTeMm MojenupoBanus KPC u aucka, Ha
KOTOpOM OHa XxpaHurca. Ho aBTOpbl HE NOATBEPXKIAIOT BO3MOXHOCTH IPOTHO3UPOBAHUS
MPOU3BOIUTENLHOCTH 00Jiee CIOKHBIX CUCTEM MPHU MCIIOIB30BaHUU TaKUX MOJEIIEH.

Padora [9] wucnonp3yrOT HACTpPOWKY, OCHOBAaHHYI0 Ha MOJCIAX CeTed MacCOBOTO
obcnyxkuBanus (CMO), mis ontumuzanuu kadectBa obOcmyxkuBanus (KO) caiita snexTpoHHOM
komMmepuun. Korma cucrema oOHapyskuBaeT, yto rapantusi KO Obputa HapymieHa, MCHOJB3YETCs
METOJl IIOMCKAa OKCTPEMYMA, YIPABIAEMBI IPOrHO3aMHU MOJENEH, JUId TIOMCKAa 3HAYCHHUH
nmapaMeTpoB HACTPOMKU, KOTOpPhIE OOECIEUMBAIOT JOCTHXKEHUS JoKainpbHOro makcumyma KO. B
pe3ysibTaTax aBTOPBI MOKA3bIBAIOT, YTO UX OJOK HACTPONKHU, PETYNHUPYIOIIUNA YEThIpe MapaMmerpa,
criocobeH obecrieunts npuemiiemyto BennunHy KO B ycnoBusix Bo3pactatouieit Harpy3ku. OaHako,
HECMOTps Ha To, 4To Mojenu CMO 3¢ ¢ekTuBHBI B yCIOBUAX, KOIJIa HACTPauBaeMble MapamMeTphbl
HENOCPEACTBEHHO CBsI3aHbl C odepelsMu 3amnpocoB k Web-cepBepy U cepBepy NPUIOKEHUH,
HEU3BECTHO, MOTYT JIM OHHM JieYb B OCHOBY OOINEH METOJOJOTMH HACTPOWKHU MPOTrPaMMHOTO
o0ecrieyeHus.

B pemsimonnsix CYB/] nHAEKCH U MaTepUaIM30BaHHBIE MPEACTaBICHUS - JOTOIHUTEIbHbIE
CTPYKTYpbl JaHHBIX, KOTOpPbIE MOTYT OBITH CO3JaHbl JUIsl YCKOPEHMSI 4YacTO BCTPEYAIOIIMXCS
3anpocoB kK bJ[. IIpoektr AutoAdmin pa3Buim MeETOIbI, OCHOBAaHHBIE Ha MOJIEIH, YTOOBI
aBTOMATHU3MPOBAaTh BBIOOp IPU CO3JaHUM MHJEKCOB M MaTepUalIM30BaHHbBIX INpexacrasieHuil [10,
11]. ABTOpBI UCHOJIB3YIOT CTOMMOCTHBIE OIIEHKM omnTuMu3zaropa 3ampocoB CYBJ] kak Mmonens u
Pa3BUBAIOT HOBBIE METOMABI JUIA TOTO, YTOOBI BHIOpaTh KakhWe WHAEKCHI U MaTepHaJIN30BAHHBIC
Mpe/ICTaBJICHUsI, paccMaTpuBaTh U 3(PQGEKTUBHO BBINONHITH MOUCK BO MHOXECTBE BO3MOKHBIX
KOMOWHAIM WHAEKCOB M  MaTepUalIM30BaHHBIX IpelICTaBleHUH. BHyTpeHHMe Monenu
ONTUMHU3ATOPA 3aMPOCOB B paboTax HE 0OCYKIAOTCS.

B Tabnuue 1 mpeacraBieHa CpaBHUTEIbHAs XapaKTEPUCTHKA JOCTOWHCTB U HEIOCTATKOB
MIPEAJIOKEHHBIX CITIOCOOOB aBTOMAaTH3aIMK HacTpoiku mapameTpoB CYB/I.

Tabnuna 1. CpaBHUTENbHAS XapaKTEPUCTUKA CIIOCOOOB aBTOMATH3UPOBAHHON HACTPOUKH
napametpoB CYB/]

Cooco0 JlocTouncTBa Henocratku
OMIOUPUYECKUE | - YIUTHIBAIOT BIUSHUE PA3TUYHBIX - HE MI03BOJISIET JI€IATh BEIBOI U3
CpaBHEHHUS 3HAUEHUH MapaMeTPOB HACTPONKHU Ha | OMBITA;
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MMPOU3BOAUTCIIBHOCTD,
- HO3BOJIACT HACTpanBaTh MHOKCCTBO
napamMeTpoB OAHOBPEMCHHO.

- TpeOYIOT JONOJIHUTEIHHOTO
00y4€eHHsl, 4YTO MOXKET YXYAIINUTh
IPOU3BOUTEIHLHOCTH CHCTEMBI,

- TpeOyIOT NOJHOTO nepedopa, 4To

BJIEYET OOJIBIIINE 3aTpaThbl BpEMCHU IIPpU

HACTPOMKE OOJIBIIIOT0 KOJIMYECTBA
napaMeTpos;

- TpeOyIoT (haKTHYECKU UCTIOIB30BATh
OC uau BBIIOHATE HMHUTALIMH.

MexaHu3msl
0o0paTHOH CBSI3U

- IO3BOJISAIOT JIETKO MPUCIIOCOOUTHCS
K U3MECHEHHSIM CPEJIbI;

- He TPeOYIOT TOMOJIHUTEIBHOTO
o0Oy4eHus;

- 3¢ eKTUBHBI TIPU HACTPOIKE B
YCIIOBUSIX PE3KO KOJICOIIOIIUXCS
XapaKTepUCTHK pabodeill Harpy3Ku;
-MOT'YT ObITh 2Q)(PEKTUBHBI JIJIsI
OTIpeIeJICHNS TIOPOTOBBIX 3HAYCHHIHA,
KOTOPBIMH YTIPABISIOTCS
perymsTops! 0J0Ka HACTPOHKHU
apaMeTpoB.

- TpeOyeT UTepalMOHHbIX
KOPPEKTUPOBOK 3HAYEHUH, MOXKET
oTpeOoBaThCs OOIBIIOE KOTUIECTBO
KOPPEKTHUPOBOK ISl TOCTHKEHHUS
ONITUMAITLHBIX 3HAYCHHI TapaMETPOB
HaCTPOUKHU;

- TPYAHO IPUMEHSATH TIPU OTCYTCTBHU
OYEBU/IHBIX KPUTUUECKUX 3HAYCHUIA;
- HE MO3BOJIAIOT HACTPauBaTh
MHOX€ECTBO ITapaMeTpOB
OJIHOBPEMEHHO;

- HE YYHUTHIBAIOT BIUSHUS 3HAYCHUN
apaMeTpoB Ha MPOU3BOJUTEIBLHOCTD
CUCTEMBI.

AHanuTHYECKHUE
MOJIENU

- MO3BOJISIOT HACTPAUBAaTh
MHO’KECTBO I1apaMETPOB
OJIHOBPEMEHHO;

- IOIIYCKAIOT JE€JIaTh BBIBOJ U3 OIIbITA
JUISl IPOTHO3UPOBAHUS;

- IO3BOJISIFOT OIIPENEIUTh
ONTUMAaJIbHBIE 3HAYEHUS T10CIIE
€IMHCTBEHHOTI'O 3Talla BBIYNCIICHUH;
- MIO3BOJIAIOT aIaITUPOBATHCS K
U3MEHEHUSM B CpEZE IIyTeM
OOHOBJIICHHS TAPaMETPOB MOJEIIH;

- CPaBHMBAIOT [IPOU3BOJUTEIBHOCTD
Pa3JIMYHBIX 3HAYEHUH apaMeTPOB
HAaCTPOWKHU HA OCHOBE IIPOTHO30B
MOJEIIH.

- TpeOyIOT Ha4YaJbHBIX 3aTPAT BPEMEHU

Ha 00y4eHue MOJeNy;
- cOOp yueOHbBIX IPUMEPOB CHUKAET
MIPOU3BOIUTENILHOCTh CUCTEMBI;

- CJIOHO pa3paboTaTh TOUYHYIO MOJIEIb
JUISI CTIOKHOM CUCTEMBI TPOTrPAMMHOTO

obecrieueHus.

6. 3akiaouyeHue

Jns aBTOMaTtuzamuu 3amadur HacTpouku napamerpoB CYBJl mepcnekTHBHBIM SBISIETCA
HCIIOJB30BaHUC MMOAXO0Ad, OCHOBAHHOI'O Ha aHAJIUTHYCCKHUX MOACIIAX, KOTOpBII71 IIO3BOJIACT OIIMCATh
XapaKTepUCTUKU  TOBEACHMSI  MOJIb30BaTeNs,  3HA4YCHHs  MapaMeTpoB  HACTPONKU U
MIPOU3BOAUTCIIbBHOCTL CHCTCMEI. HO,Z[XOI[ Ha OCHOBC MOI[GJIGI\/'I IMMO3BOJIICT HCIIOJB30BATh PAHCC
MOJyYEHHBIH OMbBIT, U B OTIWYHME OT SMIUPHUYECKUX CpPaBHEHUN He TpeOyeT KaKIbpli pa3 amns
HaCTpOfIKH BBITIOJIHATE CCPHUIO SKCIICPUMCHTOB B peaanoﬁ CUCTCMC IJid IOMCKAa HaWITyYIIUX
3HAQYEHUW MapaMeTpoB, UYTO MO3BOJSAET COKPATUTh 3aTpaThl BpEeMEHU Ha HAcTpouky. Kpome Toro,
ONBIT MPECABIAYIINX HACTPOCK HOa€T BO3MOXHOCTHL [JCJAaThb IMPOTHO3bBI U HpI/ICHOCElGJII/IBaTBCSI K
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M3MEHEHHSM B cpefie. [lpu ncnonp30BaHUM 1MOAX0/a HA OCHOBE MOJIEIIMPOBAHMS MOYXKHO H30€XKaTh
HNOTEHIMAJIbHO JUIMHHOTO psifia HOBTOPSIOUIMXCS PETYJIUPOBOK, KOTOPBIX TpeOyeT MOAXoJ] C
oOpatHO#l cBs3pt0. C TMOMONIBIO MOJEIHPYEMOTO CIOCO0a HACTPOWKH MOKHO HACTpauBaTh
MHO>KECTBO I1apaMETPOB OJHOBPEMEHHO, UYTO NPAKTHYECKH MCKIIOYAETCS NPU HCIIOIb30BAHUU
MIO/IX0JI0B, OCHOBaHHBIX Ha 3MIHMPUYECKUX CPaBHEHHUSIX U MexaHu3Max oOpartHoil cBszu. Cpenu
NpOaHaJIM3UPOBAHHBIX paboT 111 HacTpodku mnapameTpoB CYBJ] mmpoko HCHoOIb3yrOTCS Kak
SMITUPUYECKUE CPaBHEHHMS [4] Tak U MeXaHU3MblI 00paTHOU CBs3M [5,6]. Moaenupyemsblii moIxo/1
s HacTpoiiku mapamerpoB CYBJl cpenum paccMoTpeHHbIX paOoT He mnpuMeHsercs. Takum
o0pa3oM, Y4YuTbIBas BbIlIE OOO3HAUEHHBIE NPEUMYILECTBA JJAHHOTO MOJX0Ja, MEPCIEKTHUBHBIM
SBJIAETCS IPUMEHEHHUE ero 1 HacTpoiiku napamerpoB CYB/I.
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Ensuring Data Confidentiality in Relational Database Modeling.

Aleksej B. Kungurtsev, Svetlana.L. Zinovatnaya, Al Abdo Munzer

Abstract: In the report a method of data protection in assessment of information management system
performance is offered. The algorithm of data encryption in relational database table columns, providing
solution of the following issues: a) incapability of data decoding; b) saving variables distribution of the real
database, is being considered.

Oobecneuenne KOHGUICHIUAIBLHOCTH JAHHBIX IPY MOJICJTUPOBAHNYU PEJIAIMOHHON 0a3bl JAHHBIX
Anexceit.b. Kynrypues, Cernana.Jl 3unoBatnas., Anbp A61o MyH3ep

Pe3rome: B noxnane npesiaraercs MeTOJ 3alllUThl JaHHBIX MPHU BBIMOJIHEHUHU OLIEHKH MPOU3BOIUTENIBHOCTH
UHQOPMAIIMOHHON cHucTeMbl. PaccMaTpuBaercss aidroputM MHQpPOBaHUS MAaHHBIX B CTOJOLAX TaOauLl
PEISIMOHHON 0a3bl AaHHBIX, KOTOPBIM oOOecledMBaeT pelleHHE CIEAYIOIMX 3aJad: a) HEBO3MOXKHOCTh
pacmudpoBKH AaHHBIX; 0) COXpaHEeHHUE paclpeeseHns BeIMInH U3 peaabHoi b/l

1. Introduction

The use of relational databases simulations is used for the purpose of reliable estimation of
application of different methods of improving informational system efficiency. The necessity of
simulation at the level of relational databases separate tables emerges, for instance, in case of the
index structure optimization. For tasks of efficiency improvement, based on the reconfiguration of
relational databases (denormalization, application of materialized views) simulation is an effective
method for assessment of applied solutions in real practice. Obviously, experiments, related to
reconfiguration of active relational databases, are infeasible in most cases. Working with the copy of
the database requires access rights, which is not always possible. The issue of ensuring data
confidentiality along with the maintenance of reliability of carried out estimations emerges.

Encryption coding is the basic cryptographic technique for information protection, ensuring
its confidentiality. Information encryption is the transformation of open data into the encrypted data
and vice versa [1]. However, for the simulation purposes it is not required to solve problems of data
decoding by virtue as the result of the simulation is not the changed data, but the estimation of
efficiency of such model at certain settings. Therefore, it is important to provide an encryption
mode to preserve basic relation between variables, stored in database table columns.

2. Data encryption technique

Data encryption technique, consisting of the following steps, is proposed.

1. Generation of group G of interconnected tables based on the analysis of a set of queries,
entering into the informational system.

2. Data encryption in group tables.

3. Queries’ encryption Q¢ to the group.

Encryption procedure shall be completed by the person, having access rights to the data of
actual database. The encrypted copy of the database shall be forwarded to the researcher, carrying out
simulation of relational database.

The G group shall include tables, participating together with the present table 7, in queries to

the database: T; € G, provided that 30,7, € 7,,,T; € T,,, where Q — query of the set of queries to the
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relational database, subject to a research, Ty — set of tables, used in the query Q. Also set of queries Q¢
shall be generated for the group G:Q € Q,;, provided that 7, NG # &

The second stage shall include encryption algorithms, providing maintenance of variables
distribution in accordance with column data type. For example, compression or expansion algorithm
may be used for numerical values depending on primary distribution of variables in the column.

Let us assume that the column C of numerical value of table 7, is being examined. At first the

1

set of 4 values shall be defined: 4= 4, U CA4,, provided that 4. — set of values, available for the
active database in the C column; CA4, — set of constant values, used in Q¢ queries in column C

operations. The highest and the lowest values amin and amax respectively shall be selected and
excluded from the A set.
Then, the number of repeated values m shall be determined: starting value m=0, m=m+1,

provided that 3a, =a;,i# jl=1n-1,j=i+1n, where n — the number of 4 set members. The
mean interval shall be calculated from the formula
A= amax _amin )
n—m
If A>16, the interval compression encryption algorithm shall be used, otherwise - interval
extension encryption algorithm.

3. Value interval compression (extension) data encryption algorithm

1. Enter the encryption key k. For the interval compression encryption algorithm 0,5 <k <1,

for the interval extension encryption algorithm % > k> 16 .

A
2.0=Ak.
. Arrange 4 set members ascending.
.a, =a,, .
i=1.
Ifa =a, ,a €A,then a, =a_, ,a'=a,. Switch to paragraph 9.

min ° min ?

.If a, # a, , switch to paragraph 9.

o
.a;,=a.

. i=i+1. If i<n, switch to paragraph 6.
10. a'=a +6.

11. a, = a, +d , where d is the minimum interval between A4 set values. If a, <a_, , switch to

paragraph 5.
12. i=1.
13. For the interval compression encryption algorithma, =a, +A-k-k, for the interval

extension encryption algorithm @ =a, + A -k .

14. The encryption table entry shall be generated 7% (C) =< a,,a, >

15. i=i+1. If i<n, switch to paragraph 13.

16. End of the algorithm.

A special case is possible — all 4 set members are equal: a_ . =a_. ,m=n—1,A=0. Then
one should introduce index (multiplying factor), all set members shall be multiplied by. The index

(multiplying factor) may be generated by the random number generator.

min max ?
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Encryption of queries shall be performed by transformation of 4. set members in queries’
listing using encryption table T* (C).

It should be mentioned that “compression” algorithm is considered as the basic encryption
algorithm as far as it provides encrypted data layout in the same range as the basic data. But in case
the basic data density is so high, that encryption problems may arise, and in the process of table
completion simulation, the “extension” algorithm should be chosen.

The mentioned algorithm is simplified as it does not take account of the following:

1) integrity constraints may be determined for the database, which may possibly be violated as
a result of data encryption;

2) in case of ties between columns the encryption of columns shall be performed consistently.

4. Sequence of columns processing in the encryption procedure

Conditions for the generation of database model under examination (refer to Figurel):
1) table groups may have crosscuts: G, (1G, # D ;

2) not all groups of the basic database shall be the subject for examination: G # G' ”* ;

3) data, contained in tables, may be dependent (within limits of different tables or within
limits of the same table): C* = C" U C”, where C*” — a set of independent columns, C” — a set
of dependent columns, may be an empty set.

Basic Database Database model
Gl T1 Gl T1”
T N \\ T2 N \\
™~ - G2 ~J1s- G2
Tm Tm
Gn

Figure 1. Conditions for the generation of database model

Dependence between columns may be of the following type:

- «parent — subordinatey;

- denormalization dependence .

The «parent — subordinate» dependence shall be determined by the “primary key - foreign
key” pair.

Denormalization dependence shall be possible in case of standardized database failure. The
reason for denormalization is the necessity of system efficiency improvement. The most frequently
used denormalization methods are descending denormalization, ascending denormalization and
input of secondary data [2, 3]. Descending denormalization provides for backup of non-key column
of the parent table in the detail table; ascending denormalization provides for saving of aggregated
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data, obtained on the basis of data from the detail table in the parent table; input of secondary data
provides for saving of data, which may be calculated on the basis of data from other columns of the
same table, in the shape of separate data column in the table.

Obviously, for detail columns’ processing encryption tables of parent columns should be
considered.

For this purpose for each dependence d the following tuple shall be determined

d=<T4,Cq;,Tp,Cp, [ >,
where T, — table, for which column dependence exists;

C,, —column T, , for which the dependence is determined,

T, — parent table, whose column (columns) C, depends on;

C, —set of table columns, data inC,, depends on;

f— dependence function, f € {Eqv, Agr, Expr} .

f = Eqv for «parent — subordinate» dependence and for descending denormalization; means

that column encryption table C,: T*(C,)=T"(C,)is used for C,, processing
f = Agr for ascending denormalization; means that the encryption table for C,, column
shall be calculated using aggregation function Agr:T*(Cg,)=F,,.(T*(C,)).

f = Expr for dependence, determined by input of secondary data; similar to the previous case
means that the encryption table for C,, column shall be calculated using preassigned expression
Expr:T* (C,) = Fy,, (T¥(C,).

Therefore, the sequence for database table columns encryption may be determined.

1) independent columns C" for all G group tables shall be processed;

2) dependent columns C” shall be processed in such sequence that 7% (C,) exists before
column C,, processing.

5. Data structure for encryption procedure

All data, related to groups, database tables, encryption tables and dependences shall be stored
on the CD in form of relational relationship, whose structure is shown in Figure 2.

IdGr
Mameiar

IdT
MameTable
QRecord

MarneCalurmn
DakaType
dT

Firsthalue
o | |kodvalue
1dC

Figure 2. Structure of service database for encryption data storage
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The «Tables» table determines sets of database tables. It consists of a unique table identifier,
the table name and a number of lines, added to the table. The «Groups» table describes groups of
interrelated tables, determined in the process of database queries analysis. The «TableGroup» table
determines participation of a table in the group. The «Columnsy table describes columns of each
table. The «Kod» stores columns’ encryption tables. The «Depends» table determines dependencies
between columns. «OrderGroup» establishes the sequence for columns’ processing.

The present database shall be stored on the PC of the database owner, used only for
encryption purposes and deleted after the database model generation is finished.

5. Conclusion

The proposed method allows for significant enhancement of database simulation modeling
due to application of model for confidential data. The method performs data encryption, which
preserves statistical characteristics, close to those existing for the real database columns, more
specifically data type, the relation between values (“equals”, “more”, “less” etc.) and data
distribution characteristics are preserved. Use of this method does not allow to recover initial (base)
confidential data.

Application of an elaborated encryption method provides an opportunity to carry out research
of database model nearly in the same volume without reduction of results reliability, as in case of
coded data.

For test purposes, the program, which made it possible to carry out experiment and to check
efficiency of the elaborated method, was developed.
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N3uckBanus 3a opopmsiHE HA CTATUUTE HAa aBTOPUTE 3a crrcanue "KoMImoTbpHU HAyKU

Y TEXHOJIOTUUN

I.  PpkomucuTe Ha cTaTHsATa ce MPEICTaBAT pas3leyaTaHd B JIBa €K3eMIUIApa (OpUTHHAI U
Konue) B pasmep no 6 crpanunm ¢dopmat A4 u karo aitm Ha ampec: TexHMUecKH
yHUBepcuTeT — Bapna, katenpa “KomMnioTbpHU Hayku U TexHosnoruu’, yia. CtyneHtcka 1,
9010 Bapna.

I1. TexcTbT Ha cTatusTa Tps6Ba na BkmouBa: YBO/ (mocraBsue Ha 3agadara) U3JIOXKEHUE
(m3mrpHeHUe Ha 3agadara), SAKJIFOYEHUE (nonyuenu pesynratu) , BJIATOJJAPHOCTU
KBbM ChTPYIHHULIUTE, KOUTO HE ca ChaBTOPU Ha pbKomnuca (ako uma takusa), JUTEPATYPA
U ajipec 3a KOHTAKTH, BKIIOYBAI: HAYyYHO 3BaHUE M CTENEH, UMe, WHUIMAIH, (haMuius,
opraHu3zanus, nojeneHue(kareapa), e-mail aapec.

III.  Bcuuku maremaTryeckd GopMyiH TpsiOBa Jja ca HAMCAHU SICHO U YETIHMBO (TperopbyBa ce
u3nonzyBane Ha Microsoft Equation). Homepammsita Ha dhopmynuTe ce gaBa BISICHO OT
HA4ajloTo Ha pena. Tekcta Ha ¢GopMyJHTE ce MO3UIMOHMpAa B CpeAara Ha pena.
ExcrionennuanauTe pyHKINUM c€ U3MUCBAT Ype3 3HAKA eXp.

1. TekcrbT TpsOBa na O6bae BbBeAeH BBB (aiin BbB hopmatr WinWord 2000/2003 cbe
mpudT Times New Roman. ®opmaTtupanero TpsoBa ga Obe KakTo ClaeaBa:

2. Pa3wmep Ha nucta - A4, nonera - JsBO - 20MM, 9CHO - 20MM, TOpHO - 15MM, 10THO -
35mm, Header 12.5mm, Footer 12.5mm (1.25¢wm).

3. 3arnaBwue - (Ha OBJITapCKU €3HK, pazmep Ha mpudTta 16, bold).

4.  EnmH npaseH pen, pazmep Ha mpudTa 14, HopMaieH.

5. HMwmena Ha aBTOpHUTE - UM€, HHULMAJIM Ha Mpe3ume, dpamuius, 6e3 3BaHus U HAYyYHU
CTerneHu, pa3mep Ha mpudTa 14, HopMaJieH.

6.  /IBa mpa3uu pena, pazmep Ha mpudra 14.

7.  Pesrome -(Ha Obarapcku e3uk, pazmep Ha mpudra 11) - go 8 pena, HopmaseH.

8. 3arnaBue (Ha aHTJIMICKU €3UK, pa3Mep Ha mpudra 12) — bold.

9.  Enun npazen pen, pazmep 11.

10.  Mwmena Ha aBTOpUTE (HAa AaHTTIMICKH €3HK, pa3mep Ha mpudTa 11) — HopMaseH.
11.  Enun npasen pen, pazmep 11.
12.  Pesiome -(Ha aHIIIMUICKY €3HK, pa3mep Ha mpudTa 11) - no 8 pena, HopmaeH.
13.  OcHoBHuTe pazaenu Ha ctaTusTa (YBoa, U3noxenue, 3akmouenue, biaarogapraoct)
ce (popMaTupaT B €THOKOJIOHEH TEKCT KaKTO CIIE/IBA:
n. HaNMMEHOBaHWE Ha pa3fiesl WiIM Ha mojpaszzel, pasmep Ha mpudta 12, ynedenew,
LEHTPHUPaH.
0. Tpa3eH pen, pa3zMmep Ha mpudrta 12;
p. TeKcT, pa3Mep Ha mpudra 12, HOpManeH, OTCThII Ha MBPBU pex Ha maparpad — 10
MM; pa3cTtosiHre oT maparpad no cecenuute (Before u After) 3a memus texer — 0.
. OUTUpaHE Ha JHUTEPATYpeH H3TOYHMK - HOMEpP Ha H3TOYHHMKA OT CIHCHKA B
KBaJpaTHHU CKOOW;
r. Howmepanus Ha ¢popmynuTe =- J5CHO MOAPABHEHA, B KPBIJIU CKOOH.
I'paduku : ®opmat Layout: In line with text
JUTEepaTypa — BCEKM JIMTEpaTypeH HM3TOYHMK ce mpencras no BJIC c: nHomep B
KBaJIpaTHU CKOOM M TOYKa, CIHUCHK HAa aBTOpuTe (IBPBUAT aBTOP 3amoyBa C
(bamunus, oOcTaHAIUTE — C UME), 3arjlaBue, U3JATEIICTBO, IPaJ], FOJMHA Ha U3/IaBaHe.
u. 3a KOHTAaKTH: HAyYHO 3BaHME W CTENECH, MMe, Npe3uMe (MHHUIHAIH), (aMUIus,
opranmzanusi, nojaeneHue (kareapa), e-mail aapec, ¢ mpudt 11, 19cHO MOAPaBHEHO.
O6pa3zen 3a ¢popmarupane (komnpecupan Word ¢aiin) MoxeTe ga U3TETJINTE OT ajapec
http://kst-forum.netfirms.com/Spisanie Obrazec.zip
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