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YK 62-519:681.5
B.B. FAPAHHUK, O.10. OTMAH LIAJIN, A.B. XAXAHOBA

METO/J CHUXEHUSA UHTEHCUBHOCTU BUJIEOIIOTOKA B
NHOOKOMMYHUKAIIMOHHBIX CUCTEMAX

[Toxa3pIBaeTCs aKTyaJIbHOCTD BOIPOCOB, CBA3aHHBIX C MTOBBIIIEHNEM Ka4eCTBa IIPEI0CTaB-
JICHHSI BUIEONH(OPMAIIMOHHBIX YCIYT C UCHOIB30BaHUEM OECIIPOBOIHBIX TEIEKOMMYHHUKAIIN-
OHHBIX TeXHOJOTHI. OOOCHOBHIBAETCS BaKHOCTh YMEHBIIICHUS HAarpy3KH HA CETh HA OCHOBE
CHIDKCHHSI HHTCHCHBHOCTH C)KAaTOTO BUICOTIOTOKA. BBISABIISIOTCS YSI3BUMEIC CTOPOHBI (PYHKIINO-
HUPOBAHUS CTAHAAPTU3UPOBAHHBIX TEXHOJIOTHI 00pabOTKH 0a30BBIX KalipoB. PaccMarpuBarorcst
OTJIMYUATEIIHHBIC ATATIBI TEXHOJIOTHUH KOIUPOBAHUSI 0230BBIX KaIPOB LIS CHIKCHHSI MHTCHCUBHOC-
TH FIX KOJIOBOTO ITPEICTaBICHI. V311araroTcsi OCHOBHBIE 3TAIIBI OIEHKH HHTEHCUBHOCTH ITOTOKA,
MpUXOAAIIeTrocs Ha 0a30BBIH KaJIp, ¢ yaeToM (OPMHUPOBAHUSA KOJOBBIX KOHCTPYKIIHN CKAaTOTO
MIpeCTaBICHUS TpaHC(OPMAHT Ha OCHOBE THATrOHAIBHO-HEPAaBHOMEPHOTO TMO3UIIOHHOTO KO-
nupoBaHus. Pa3pabaThIBacTCs METO ISl OIICHKH MHTCHCHBHOCTH Ha TPYIITY KaJpPOB M BCETO
BUJICOTIOTOKA C y4eToM: M depeHInpPOBAHHOTO BKIaa THIIOB KaJApPOB B MHTCHCHBHOCTH U
Ka4yeCTBO BU3yaJbHOTO BOCIPHATHS PEKOHCTPYHUPOBAHHOTO BUICOMIOTOKA; KOMIIPECCHU 0a30-
BBIX KaJIpOB Ha OCHOBE MX TPAHC(HOPMHUPOBAHUS U TOCIEAYIOMIET0 JHaroHaIbHO-HepaBHOMED-
HOTO MTO3UIIMOHHOTO KOJMPOBAHUS.

1. Beenenune

CoBepIIeHCTBOBaHHUE CEKTOPa MPEAOCTaBICHHS BUACOMH()OPMAIIMOHHBIX YCIYT C UCTIONB30-
BaHHEM OeCIIPOBOIHBIX TEJIEKOMMYHHUKAIIMOHHBIX TEXHOJIOTHIA CBA3aH C HEOOXOAMMOCTHIO CHH-
JKEHUS Harpy3Ku Ha ceTh [ 1, 2]. DTo Hen30eKHO MOBBICHT Ka4eCTBO MOTydaeMoil BuaeonHpopma-
. [1o3TOMy yMeHbIIeHHEe HHTEHCUBHOCTH TIOTOKA KaIpOB B IIPOLIECCE UX KOMIPECCHH SIBIISIET-
Cs aKTyaJIbHBIM HAIpPaBIICHUEM HAyYHO-TIPUKIIATHBIX HcciemoBanuii [3-5]. 3xech kimrodenas
COCTABIISIIOIIAs MHTEHCHBHOCTH MTOTOKA ONPEAeNsieTCs HHTEHCHBHOCTBIO KOJOBOTO MPEACTaBiIe-
HUSA 0a30BOTO Kajpa. ITo 00yCIOBIEHO TeM, YTO 0a30BBIN KaJap B rpyIIe GopMupyeT Kaapsl P-
tmnia u B-tuma [4-6]. s o6paboTku 0a30BOro Kajapa MCHOIB3YETCS MPUHITUITHAIHHO HOBBIN
METOJ] CHI)KEHHSI HHTEHCUBHOCTH €T0 KOoZoBoro omwucanus. OH 6a3upyercs Ha TuaroHaJbHO-
HEpaBHOMEPHOM TO3UIIMOHHOM KOJWPOBaHUHU TpaHC(HOPMAHT B HEPaBHOBECHOM 0a3uce OCHOBA-
HU. B TO e Bpemsl M1 Takoro MeToJa OTCYTCTBYET COOTBETCTBYIOIIMH METOI OLCHKH
uHTeHCUBHOCTH. OTCIONA Yeib uccied008auuss COCTOUT B pa3paboTke MeTona id OIEHKHU
MHTEHCUBHOCTH BHJICOMOTOKA C YYETOM HCIOJIb30BaHUsI HOBOTO KOAEKa Il KOJUPOBaHUS 0a30-
BBIX KaJIPOB.

2. O6ocHoBaHUEe HEOOX0AMMOCTH 00pPadoTKH 0a30BOro Kajapa

BazoBoii crpyktypHOii eaunmnueii MPEG-notoka sisetcs rpymmnosoii kanp (I'K, Group of
Pictures — GOP). OH cOCTOWT M3 HECKOJNBKHX KaJpOB pPa3HOro THIa. Kakmprii THT KaapoB
oOpabaTbIBaeTcsa ¢ ucnoib3oBanueM MetonoB Ha JPEG coBmectumoii mnardopme. Ilpu stom
YUUTBIBAETCS MepapXHsi OTHOCUTEIIFHO 3aBUCUMOCTH TOPSAIKA PEKOHCTPYKITUH KaApoB B rpymre. B
pe3ynbTaTe yCTaHAaBIMBACTCS HEPABHO3ZHAYHOE BIMSHHE KaJpPOB PA3NIUYHBIX THIIOB Ha Ka4€CTBO
pexoHcTpykimu Beex kaapoB B GOP. [{ns JPEG Texnonmoruit Takas HEpaBHO3HAYHOCTh YUUTHIBA-
eTcsd TMyTeM BBIOOpa COOTBETCTBYIOIIECH CTpaTerny KBaHTU3AIWH. 3/1ECh BKIIAJ WHTEHCHUBHOCTHU
KOJIOBOT'O MPE/ICTAaBICHHU 0a30BOTO KaJpa B CyMMapHyI0 HHTEHCHBHOCTb BHICONIOTOKA B 3aBUCH-
MOCTH OT KaueCcTBa BU3yaIbHOW PEKOHCTPYKIINH KaIpoB mmMensieTcs ot 50 1o 75 % u Bo3pacraer
C YBEJIMYECHHEM KauecTBa PEKOHCTPYKLMHU BHJIEONOTOKA. JTO YKa3bIBACT Ha 3HAYMMOE BIIUSHHE
MHTCHCUBHOCTH 0a30BOT0 KaJipa Ha CyMMAapHYI0 HHTCHCUBHOCTD BHICOTIOTOKA.

3. Ouenka ys3BUMOCTeH CYIIECTBYIOIIMX TeXHOJIOTHHA 00padoTKH §a30BOro Kajapa

CrannapTU3UpOBaHHBIE TEXHOJIOTHH 00paboTKH 6a30BbIX kKaapoB MPEG-TexHomoruii xapak-
TEPU3YIOTCS HAIMYUEM yA3BUMOCTEH, & UMEHHO:
1) cTereHp cKaTHS TOCTUTACT HANOONMBITUX 3HAYCHUH 111 HU3KuX BemmauH [1OCIL;
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2) B cmyuae Heooxoaumoctu obecrieunts [IOCII Ha ypoBHE 45 b HHTEHCHUBHOCTH KOJOBOTO
MPEICTaBICHUS HEOOX0IUMO JIONIOTHUTEIHLHO CHU3UTE B 1,5 pasa;

3) aust 6a30BBIX KaJPOB C BBICOKUM MPOCTPAHCTBEHHBIM pa3pelieHHeM, YTOOBI 00ECIICUnTh
CBOEBPEMEHHYIO JIOCTABKY C HCIIOIb30BaHUEM HH(POKOMMYHHUKAITMOHHBIX CHCTEM C MTPOITYCKHON

criocobnocteio U, >100 M6ut/c, nmpu Hanuuuu uckakenui Ha yposHe ITOCIH 25 — 30 nb

WHTEHCHBHOCTH CXKATOT'O BHUIEOMOTOKA HEOOXOANMO YMEHBIIUTH KaK MUHIMYM B 1,3 pasa;

4) nns nporokona TCP npu yBenuuenun yucia y3iaoB ot 1 g0 20 3aaepikka yBeTUIuTCs B 8
pas, a IpH NMOSABICHUH NMOTEPh MakeToB A0 20% oT ux obuiero uncna - B 18 pas;

5) B ciTydae HCTonb30BaHus MpoTokoaa UDP moTepstHAbIE WITH TTOBPEXKICHHBIC TTAKETHI B X01e
nepeayd He MEepeAaroTcsi BHOBb MEpelarolleil CTOPOHOHW W MPH ATOM CUHUTAETCSs, YTO BCE
COOOIIICHHE SBIISAETCS TOCTABICHHBIM IO KOHEYHOTO 000pyIoBaHusI. AHAIN3 PE3yIbTaTOB 00pa-
60TKH 6a30BBIX KaIPOB B 3aBUCHMOCTH OT KOJMYECTBA MOTEPSIHHBIX MAKETOB ITO3BOJISIET 3aKITIO-
YHUTb, YTO JJI HACKHIIEHHBIX 0a30BbIX KaapoB 3HaueHue [IOCII cHmkaercs B cpenHeM Ha 86%
mpu 1% moteps makeToB u Ha 92% cooTBeTCTBEHHO TpH 3% MOTEPH MAKETOB.

[TosTOMY HE00X0IMMO C034aBaTh HOBBIE KOJEKH 0a30BBIX KaJpOB.

4. Pa3pafoTka TEXHOJOTMM KOJUPOBaHUs 0a30BOro Kajapa

[IpuHIMTIHATEHO HOBBIN KOJIEK 6a30BOT0 KaJipa OCHOBAH Ha TOM, YTO KOMIIpeccHus TpaHcqop-
MaHTBI 00CCIICUUBACTCSI B Pe3yJIbTaTe JHAroHaIbHO-HEPABHOMEPHOTO TIO3UIMOHHOTO KOJTUPOBa-
Husi. OcoOEHHOCTh METOa 3aKJII0YaeTCs B TOM, YTO:

1) mo3UIMOHHBIE YKCIIa CTPOATCS Ha 03¢ HEPAaBHOMEPHBIX TUATOHANICH TPAHC(OPMAHTHI;

2) OCHOBaHUS IIEMEHTOB AMAarOoHAaJIEH ONpeaeNI0TCS KaK 3HaYeHUs AMHAMHYECKUX IUaIazo-
HOB Ha OCHOBE HEPaBHOMEPHO-TNAarOHAILHOTO METO/1a BHISBIICHUS;

3) mepBas ¥ TOCIEAHSS AWATOHAIM WCKIIOYArOTCs W3 Oasmca ocHoBanwii HJIIT dmcen u
00pabaThIBAIOTCS OTACIBHO. DTO OO0YCIIOBJICHO TEM, UTO: TepBas AMArOHAIb COIACPKUT HU3KO-
YaCTOTHYIO KOMIIOHEHTY TPaHC(OPMAHTHI, KOTOpas UMEET PE3KO OTINIUTEIbHBIE XapaKTepPHUC-
TUKW OTHOCHTEINILHO IPYTHX KOMIIOHEHT TPaHC(HOPMAHT; MTOCIIEIHSS TUATOHAND JIJISl IOCTATOYHO
IIPOKOTO KiIacca n300pakeHui OyIeT collep:KaTh KOMIIOHEHTY C HYJICBBIM 3HAYCHUEM.

5.0neHKka MHTEHCHMBHOCTH KOJ0BOI0 MpeacTaBJdeHHs 0a30BOro Kaapa
ITpoBenem cHauasa OLIEHKY MHTEHCHMBHOCTH I JUI KOMIIAKTHO-IIPEACTABICHHOIO Kajapa I-

THIIA C UCIIOJIb30BAHUECM paspa60TaHHoro METoaa.

31ech UTHHA ainxn)

KOJIOBOM KOHCTPYKITHH C)KATOTO MPEACTABICHUS (hparMeHTa orpeaess-
eTcs o GopMmyJie

—(nxn)

Q =Q,+Qz+Qg> (D
rje Q, — KOJIMYECTBO Pa3ps/IoB HA MPEJCTABIEHAE KOJOIPAMMbI KOMIIPECCHOHHOTO OMUCAHHS

TpaHC(l)OpMaHTBI; QZ — KOMITaKTHOC NPCACTABJICHUC JBOUNYHOU MATPUIBI 3HAKOB, QR — KOJIH-
4ecTBO OWT Ha IIPEACTAaBJICHUC Iara R KBaHTH3aIlHUU.

COOTBETCTBEHHO BEJIMYMHA (Q, ONPEJENAETCS Kak CyMMapHOE KOJIMYECTBO Pa3ps/IoB, 3a/1a-
BaeMoe ciieayroiei Gpopmynoit:

an = GDC + a(nxn)—Z +6vﬂ (6HT)’ (2)

34€Ch QDC — JJIMHa CTAaTHCTHYCCKOI'O KOJa HM3K0YaCTOTHOM DC—KOMHOHCHTBI; Q(nxn)72
KOJIMYCCTBO pa3spdaa0B Ha IPCACTABJICHUC TpaHC(l)OpMaHTBI IMyTEM JUaroHaJbHO-HCPAaBHOMCPHO-

'O TIO3WIIMOHHOTO KOIUPOBaHUS 0€3 yueTa IepBoi U IMMOCIICTHCH THaroHaICH; Q\,H — KOJIMYECTBO

pa3psIoB Ha TPEICTABICHUE MTOCIETHEN qUaroHaiy TpaHC(POPMAaHTHI.

’

CoOTBETCTBEHHO CYyMMapHOE KOJIMUECTBO Q (nxn)-2 Pa3psiioB Ha IIPECTABICHUE BCEX KOJIO-

BBIX 3HAUYCHHMI AUarOHaJIbHbBIX HCPABHOMCPHBIX IMO3UIHUOHHBIX YHCCII 6y;[eT OMPCACIIATHCA Ha
OCHOBC COOTHOIICHMA
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— 2n-2_ 2n-2
Q(nxn)72 = gQé,ng = g([né’;KOgZd%] +1) (6I/IT) (3)

Caepnys BeipaxeHus (1)—(3) B 01HO, ITOTYINM COOTHOITICHHUE JIJIST BETTHIHHBI I%nxn) , 3 IMEHHO:
(nxn) — 2n-2 , — — —
I; =Qpc + X ([nééogzdé]+l)+Qvﬂ +Qz+Qg . )
£=2

Ha ocHOBe 1aHHOTO BBIpaKE€HUSI HHTEHCUBHOCTB [ IOTOKA, MPUXOMAILErocs Ha O1UH 06a30-
BBIH Kajp, OyaeT popMHUPOBATHCI Kak CyMMa HHTEHCHBHOCTEH ero parMeHToB, T.€.

MN/nn

= XonE 5)
i=

nxn .
3nech Igi ) UHTEHCHMBHOCTB i-T0 ¢parmenTa 6a3oBoro kaapa;, MN/nn — KOJUYECTBO

(hparMeHTOB pa3MepoM (nx n) B 6a3zoBoM Kazape; M N — pa3smep 0a30BoOro kajapa.

6. OneHKAa MHTEHCHBHOCTH BH/IEO0IOTOKA

Paccmotpum Teneps orieHKy WHTEHCHBHOCTH I(GOP)j KOMITPECCHPOBAHHOTO BHJIEOMOTOKA,
MIPUXOJIATIYIOCS Ha TPYIITY KaJIpOB, C UCIIOIb30BaHNEM pa3pabOTaHHOMN TEXHOJIIOTHH IUATOHATb-
HO-HEPAaBHOMEPHOI'O MO3UIIMOHHOTO KOJUPOBAaHUS. 37€Ch IPUHUMACTCS B pacuer, YTo IpyIma
COCTOWT W3 8 KaJIpOB M BKJIFOYaeT B ceOa omuu Kajap I-tuma, aBa kaapa P-tumna u nste kanpos B-
tuna. O6paboTKa KaJpoB MPOBOJAUTCS B COOTBETCTBUU C PEKUMOM PEATBHOTO BpeMeHU. B aToM
CIIy4ae HE YUUTBIBACTCA KOMIICHCALMS IBYOKCHUSA MEXK LY KalpaMU B IIOTOKE U JOIIyCKAETCsI, YTO
CTETIeHb CKAaTHs JJIs KaJpOB KOHKPETHOTO THITAa OYJeT OTandaThesl He MeHee, yeM Ha 5%. Torna
C YYETOM BBIPAXKCHUS JIJI1 MHTEHCUBHOCTH 0a30BOTO Kajpa MOIYYHM CICIYIOIIee COOTHOIICHHE

JUI OLIEHKH MHTEHCUBHOCTH 1(GOP); :

MN/nn o
I(GOP), =1, +2Ip +5Ig = > IV + 20, + 515 =

i=l

MN/nn __ 2n-2 — — —
’
= Z‘i (Qpc + aZz([ n. flog, d;: ]+1)+QVH+ Q; +Qp )i + 21 + 513, (6)
1= =
rae I;, Ip, Iz —3Ha4eHUA MHTEHCUBHOCTEN U1 KOMIIAKTHO-TIPEICTABICHHBIX KaJPOB COOTBET-
cTBeHHO [-Tuma, P-tumna u B tuna.

3nech BennunHa [(GOP), oneHMBaeTcs Kak KOJIMYECTBO OMT, IepeiaBaeMoe 3a BpeMs tgop »

paBHOE tgop = 8/Vv, (€), Tlle Vv, — KOJIMYECTBO KaJpOB, KOTOPOE nepeaaercs 3a 1 c.

Kaxxnprit Tvmm kaapoB oOpabateiBaeTCs ¢ BCTOIb30BaHneM MeTonoB Ha JPEG coBmecTtumoit
iatgopme. [Ipu 5TOM yunThIBaeTCs MepapXusi OTHOCHTEIEHO 3aBHCUMOCTH TIOPSIIKA PEKOHCT-
PYKIIMH KaJpoB B Tpymme. B pesynbrare ycraHaBIMBaeTCS HEPaBHO3HAYHOE BIHMSHUE KaJpOB
Pa3IMYHBIX TUTIOB Ha KAYECTBO PEKOHCTPYKIIMU BcexX KaspoB B GOP.

Ouenka unTeHcuHOcTell I(GOP)) u Ii((24) , IPUXOJSIINXCSA COOTBETCTBEHHO Ha TPYMILY
KaJIpoB 3a BpeMs tgop M HAa v, KajapoB 3a 1 ¢, paccMaTpuBaeTcs B TaOlulle U Ha JUarpamMmmax
pucyHka. 3nechk v, = 24 kaapam. PacdeTsl mpoBoasaTcs no dopmyne (6). B mocnenneit crpoke

TaOIHIBI IPUBOAATCA pacyeThl BenuuuHbl AI(GOP), , olleHMBaeMoli B IPOLIEHTaX KaK yPOBEHb
CHIDKEHUSI MHTEHCUBHOCTH IIOTOKA IPYIIIBI KaJPOB 33 CYET YMEHBIIEHHUSI HTHTEHCUBHOCTU 0a30BO-
ro kazapa. [lodydyenue quarpamMm Ha PUCYHKE OCYIIECTBIISUIOCH IJISi TPEX PEXUMOB 00pabOTKU
KaJIpoOB ¢ yueToM obecriedeHus caeayronmx ypopuen [TIOCIII:

— pexxum 1, Bbicokoe kauecTBO 06azoBoro kaapa: I-kagp — 42 nb, P-xaap — 28 ab, B-kamp —
22 nb;
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— pexuM 2, Xopoliee kauecTBo 0azoBoro kaapa: I-kanp — 40 a1b, P-kagp — 28 nb, B-kagp —
22 nb;

— pexuM 2, moctaTouHoe KadecTBo OazoBoro kaapa: I-xkaap — 38 nb, P-xaap — 28 nb, B-kanp
— 22 nb.

Ilo pe3ynbTaTam ucclieAOBaHUN JaHHBIX B TaONMIE M JUarpaMM Ha PUCYHKE MOKHO CAEJaTh
TaKue 3aKIF0UEHHS:

1. IHTeHCHBHOCTh MOTOKA KaJpOB C YYETOM HCIIOJIB30BAHUS Ui CKAaThsi 0a30BOTO Kajpa
CO3/IaHHOM TEXHOJIOIHMM H3MEHSETCS B mpezaeiax oT 3,7 MOUT/C mias pexuMa JA0CTaTOYHOIO
BH3YaJIbHOTO KadecTBa 70 6,3 MOUT/C [Is peskuMa XOpOIIero KayecTna.

2. 3a cuet 00paboOTKH 0a30BBIX KaJPOB HA OCHOBE AWArOHaJILHO-HEPAaBHOMEPHOTO O3UIHOH-
HOT'O KOIMPOBAHMS TPAHC(HOPMAHT JOCTUTACTCS CHIDKCHNE CyMMapHOH HHTEHCUBHOCTH BH/IEOTIO-
Toka ot 10 no 13 %. Haubonbuiee cCHIXEHNE WHTEHCUBHOCTU MPOUCXOIUT B Cilyyae HanOosee
BECOMOI'0 BKJIaJla HHTEHCUBHOCTH 0a30BBbIX KaJpOB B CYMMAapHYI0 MHTEHCHUBHOCTb. Takoe Ha-
OmromaeTcs U peKuMa BBICOKOTO BU3YaJbHOT'O Ka4eCTBa PEKOHCTPYKIMN BUICOMOTOKA.

3asucumocTs uaTeHcHBHOCTeH [(GOP) 1 Ii((24) ot ITIOCII, M 6ut/c

Tun kagpa h nb
I-kaap 42 40 40 40 38 38
P-kazp 28 28 30 32 28 30
B-kazp 22 22 24 24 22 24
I(GOP)}, 2,13 1,76 2,01 2,17 1,24 1,49
RS 6,3 52 6 6,4 3,7 4,3
AI(GOP), % -11,25 -12 -10,7 -9,6 -11,43 9,7
8
7
6 _
5
n
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2 ‘7 g V
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3nauenns uarencusrocteit [(GOP) u Ii((24) qutsi crangaptusupoBantoii (CTT) u paspadorannoii (PT)

TEXHOJIOTHN 00pa0OTKH 6a30BBIX KQIPOB B 3aBUCUMOCTH OT pexxumoB [TOCIII BumeomoToka

3. CHIDKEHNE MHTEHCUBHOCTH BUIEOITIOTOKA 00ECIIEUNBAET:

— C OJTHOM CTOPOHBI, HCIIOJIb30BaHUE JJIS €r0 Mepenayn OSCIIPOBOIHBIX TEXHOJIOTHH ¢ Ooee
HU3KOH MPOIYCKHOH CIIOCOOHOCTHIO, @ MMEHHO Ha ypoBHE 4 - 10 Mourt/c;

— C JIpyroil CTOPOHBI, TIOBBIIIICHAE Ka4yeCTBa BU3YaIbHOH OIEHKH BUICOIMOTOKA 3a CYET UC-
MOJIb30BAaHUS COOTBETCTBYIOIIMX MATpPHUIl KOPPEKIUH KOMIIOHEHT TpaHc(opmaHT. B mepByro
odepeib MOSBIICTCS BO3MOXKHOCTh CHU3UTh UCKAKCHHMS 0€3 MOBBIIICHUS MHTCHCUBHOCTH BHJICO-
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MOTOKa OXHOBpeMeHHO it P-kampoB ¢ ypoBHS 28 mo ypoBHs 32 nb (Tabmwmira, BTOpod u
YeTBEPThI cToNOLBI) U i KanpoB B-tuna ¢ 22 nb no 24 nb.

[lo maTepuanam uccieI0BaHUN MOXKHO CHIENATh CIEAYIOMINE BHIBOABI:

1) paspaboTran METOJ OICHKH MHTCHCHBHOCTH Ha TPYINTY KaJpOB M BCETO BHACOIOTOKA C
YUETOM:

— muddepeHIIMPOBaHHOTO BKJIaJla THIIOB KaIpOB B HHTCHCUBHOCTh M KAYECTBO BU3YaIBHOTO
BOCIIPUSATHS PEKOHCTPYHUPOBAHHOT O BUCONOTOKA;

— KOMITpeccu# 0a30BbBIX KaJpOB Ha OCHOBE UX TPAHC(HOPMHUPOBAHUS U IMTOCIETYIONIETO THATO-
HaAJIbHO-HEPAaBHOMEPHOT'O TTO3UIIMOHHOTO KOJPOBAHWS;

2) AOCTUTHYTO CHUIKCHUC ,I[I/IC63J'I3HC3 MCKAY MHTCHCUBHOCTBIO Ik " CKOPOCTBIO NI€peaavuun

no cetu U, B cpeaHem Ha 12 %. DT0 1O3BOMSET:

— UCTIOJIb30BaTh I iepenadn Buaeonoroka MKC TexHomoruii ¢ 601ee HU3KOU MPOITyCKHOMH
CIOCOOHOCTHIO, 2 UMEHHO Ha ypoBHE 4 - 10 Mout/c;

— TIOBBICUTH Ka4€CTBO BHU3YaJIbHOW OILIEHKH BHIEOTIOTOKA 3a CUET CHIDKEHHS MCKaXeHHH 0e3
TIOBBIIIICHHS MHTCHCUBHOCTH BHJICOTIOTOKA OJTHOBPpEMEHHO /715 P-kanpoB ¢ ypoBHs 28 10 ypoBHS
32 nb (Tabnmira, BTOPOW W Y€TBEPTHIN CTONOIBI) U sl KanpoB B-tuma ¢ 22 o 24 nb.

Cnucok urepatypst: 1. Onughep B.I'. KomnbrotepHbie ceTr. [IpUHIMITBL, TEXHOJIOTHH, IPOTOKOJIBL: Y UeOHHK
Juts By30B. 3-e u311. / B.I. Onughep, H.A. Onughep. CII6.: ITurep, 2006. 958 c. 2. Gonzales R.C. Digital image
processing/ R.C. Gonzales, R.E. Woods. - Prentice Inc. Upper Saddle River, New Jersey 2002. 779 p. 3. Lee
S.Y. Temporally coherent video matting /S.Y. Lee, J.C. Yoon, I.K. Lee // Graphical Models 72.2010. P. 25— 33.
4. Kpacunvnuxos H.H. ITudposas o6padoTka nzodpakenuii. M.: By3osckas kaura, 2011.320 ¢. 5. Fapannu-
k B.B. KogupoBaHnue TpaHC(OPMUPOBAHHBIX N300pakeHUH B NHPOKOMMYHHKAIIMOHHBIX cucremax / B.B.
bapannux, B.I1. Iloasxos. X.: XYIIC,2010. 234 c. 6. Barannik V. Method Of Encoding Transformant Uolsha
Is In Systems Air Monitoring Of Earth / V. Barannik, A. Yakovenko, A. Krasnorutkiy // Lviv-Slavsko,
Ukraine, Lviv Polytechnic National University, International Conference TCSET 2009, Modern problems of
radio engineering, telecommunications and computer science, February 19 —23,2009. P. 381-383.

Hocmynuna 6 pedkonneeuro 23.05.2014
Bapannux Baagumup BukropoBud, 1-p TexH. Hayk, Ipodeccop, HadaJabHHUK Kadeapbl 00eBOro
npuMeHeHus U 3kcityaranuu ACY XappkoBckoro yHuBepcureTa Bozaymueix Cun. Hayunsie

nHTEepecHl: 00paboTka 1 epenada napopmanmu. Anpec: Ykpauna, 61023, Xappkos, yin. Cymc-
Kas, 77/79.

Otman aan O.F0., actmpant XHYPO. Hayunsle uarepecsr: 00paboTka u nepenava nHpopma-
muu. Anpec: Ykpauna, 61166, Xapekos, yi. JIlenuna, 14.

XaxaHoBa AHHa BiragumMupoBHa, kaH1. TeXH. HayK, aoreHT kapenpsl AIIBT XHYPO. Hay4-
HbIE HHTEpECH: 00paboTKa 1 niepeaada nHpopmanmu. Aapec: YkpanHna, 61166, Xapbkos, yiI.
Jlennna, 14.
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PE®EPATHU

VK 681.326:519.713

IMmuieMeHTanis KyOiTHHX CTPYKTYP AaHUX B MapaeibHuii o0unciaroBad / B.1. Xaxanos, [.B. Xaxanoga,
Tamer Bani Amer, Farid Dahiri (@apin Jaxipi) // ACY Ta npunaau aBromatuky. 2014. Bum. 167. C. 4-16.

3anporoHoBaHa MpakTHYHA peattizallis renepatopa HDL-ko Iy «KBaHTOBHX» TIPOIIECOPIB, III0 BUKOPHUCTO-
BYIOTb JliarpaMu Xacce s mapajieIbHIX BEKTOPHO-JIOTIYHHX (TEOPETUKO-MHOXHHHUX ) 00UUCIICHD OyIleaHiB,
110 3aCTOCOBYIOTHCS TS IPUCKOPEHHS BUPIIICHHS 3aBlaHb, MOJICIIOBaHHS, Bepr(iKaIlii, JiarHoCTyBaHHS.
[IporpamHo-anapatHa peaiizalis Iporecopa I'pyHTYETbCSI HA BUKOPUCTAHHI MOB IporpamyBanHs: C ++,
Verilog, Python 2.7 i nnardopm: Microsoft Windows, X Window (B Unix i Linux) i Macintosh OS X.
I'enepatop HDL-kony nae MoxiuBicTs aBTOMaTHyHO cuHTe3yBaTi HDL-koau nponiecopHoi cTpyKTypH Bix 1
1o 16 MBIHKOBHUX PO3PSIIB IS MapalielbHOT 00pOOKH BiAMOBITHOI KiTbKOCTI BXiTHUX BEKTOPiB 200 CIIiB.
Bepudixkamis HDL-koxy mporiecopa BUKOHYEThCS Ha TECTOBUX MPHUKIIAIaX 3a7a4i IIOKPUTTS, 1110 BUKOPHCTOBY-
IOTh JIBi CTpaTeTii ONTUMI3allii: peBepCUBHUI alrOPUTM Il YCYHEHHS HaJMIPHOCTI i PO3OUTTSI MaTpHIl
MOKPUTTIB HA YACTHHU 3 METOIO 1X [MOIANBIIOI TapaieIbHOI 00poOKH mporecopamu Xacce.

Tabmn. 5. L. 8. bi6miorp.: 6 Ha3B.

UDC681.326:519.713

Implementation of qubit data structures in parallel computer / V.I. Hahanov, .V. Hahanova, Tamer Bani
Amer, Farid Dahiri // Management Information System and Devices. 2014. N 166. P.4-16.

A practical implementation of the HDL-code generator for "quantum" processors is proposed; it is based
on the use of the Hasse diagram for parallel vector-logic (set-theoretic) calculations of the power set, applied
to accelerate solving the problems of modeling, verification, diagnosis. Software-hardware implementation of
the processor is based on the use of
programming languages C++, Verilog, Python 2.7 and the following platforms: Microsoft Windows, X
Window (on Unix and Linux) and Macintosh OS X. HDL-code generator makes it possible to automatically
synthesize the HDL-code of the processor structure from 1 to 16 bits for parallel processing a corresponding
number of input vectors or words. Verification of the processor HDL-code is performed by using the test
patterns of the coverage problem based on two optimization strategies: a reversible algorithm to eliminate
redundancy and partitioning the coverage matrix for subsequent parallel processing by Hasse processors.

Tab. 5. Fig. 8. Ref.: 6 items.

Y]IK 044.03;658.11.05.06

ApxiTtexTypa indopmauiiiHo-aHaTiTHIHOI cHcTeMH ynpaBIiHHsI 6e3nexoro BupooHnnTBa/ H.H. Ceprok /
/ ACY tanpuianu aBromaruku. 2014. Bum. 167. C. 17-22.

T'onoBHOO TPOOIEMOFO, IO YTPYIHSIE PO3POOKY MPOLIECHUX MOJIEIICH YIIPaBIiHHS OS3MEKOI0 MPOIIECIB
M AIPUEMCTBA, € BIACYTHICTh CHCTEMHOTO TIJIXOIY IO MPOIECHOTO OIMUCY 3aJad YIpaBIiHHA 0e3MeKor0
JUSUTBHOCTI CIIBPOOITHUKIB T ANPHUEMCTBA. 3anporoHoBaHa cTpykTypHa cxema [AC i y3aranpbHeHa KOHIIETITY-
aJbHA cXeMa CXOBHIIA TAHUX, K1 TO3BOJLIIOTH ChopMyBaTH Habip criennikariii Ha po3poOKy 3ade3nedyro-
yoi yactiau [AC ynpaBiiHHsg 0€3MeK0I0 BUPOOHHUIITBA, HACTPOWKA SIKOT HA KOHKPETHUI TUII BUPOOHHUIITBA
BUMara€e MiHiMaJIbHUX BUTpPAT.

. 4. bibmiorp.: 6 Ha3B.

UDC 044.03;658.11.05.06

Architecture of the informatsionno-analiticheskoy system of management by safety of production /N. N.
Serdyuk // Management Information System and Devices. 2014. N 166. P.17-22.

By a main problem hampering development of protsessnih case frames by safety of processes of
enterprise, there is absence of systems approach to protsessnomu description of tasks of management by
safety of activity of employees of enterprise. The offered flow diagram IAS and generalized conceptual chart
of depository of data allow to form the set of specifications for development of providing part of the IAS
management by safety of production, tuning of which on the concrete type of production requires minimum
expenditures.

Fig. 4. Ref.: 6 items.
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YK 62-519:681.5

MeTopn 3HIKeHHsI IHTEHCHMBHOCTI BineonoToky B indokxomyHikaniianx cucremax/B.B. Bapannik, O.1O.
OrMan ani, I'.B. Xaxanosa // ACY ta npmwiau asroMmatuku. 2014, Bum. 167. C. 23-27.

[Toxa3zana akTyabHICTh TUTAHb, OB’ I3aHUX 3 ITi IBUIIICHHSIM SKOCTI TIPEICTaBICHHS BioeiHPOpMAaIiHHIX
MTOCITYT 3 BUKOPUCTAHHSM 0€3IPOTOBUX TEIEKOMYHIKAMIMHUX TeXHOJIOTiH. OOIpyHTOBaHA BOXIIMBICTh 3HU-
JKEHHsI HAIIPyTX Ha MEPEKy Ha OCHOBI 3HIKEHHS IHTEHCUBHOCTI CTUCHEHOTO BiJIeOTIOTOKY. BusiBiieHi ypas-
JIMBI CTOPOHH (DYHKIIIOHYBaHHsI CTaHAAPTH30BAaHNX TEXHOJIOTiH 00poOKH 6a30BHX KapiB. Po3risHyTi BiqMiHHI
€Tl TeXHOJIOT11 KOayBaHHs 0a30BUX KaJ(piB. BUKIasieHi OCHOBHI €Tany OLiHKY IHTEHCHBHOCTI HOTOKY, 1110
npunazae Ha 6a30BUH Kap, 3 ypaXyBaHHSIM (opMyBaHHS KOJIOBUX KOHCTPYKIIIH CTUCHEHOTO PE/ICTABJICHHS
TpaHC(GOPMAHT Ha OCHOBi JiaroHAJILHO-HEPIBHOMIPHOTO TMO3UIIIHHOTO KOAyBaHHS. 3MiiCHEHa PO3poOKa
METOJTY JJIs OIIHKHM iIHTEHCHBHOCTI Ha TPYITY KaApiB i BChOTO BiJICOMOTOKY 3 ypaxXyBaHHIM: Tu(hepeHIiioBaHO-
'O BKJIaIy THIIIB KaJIpiB B IHTEHCHBHICTH 1 SIKICTh Bi3yaJIbHOTO CIIPUHHATTS pEKOHCTPYHOBAHOTO BiIEOTIOTOKY;
KoMmITpecii 6a30BUX KaJpiB Ha OCHOBI iX TpaHc(hHOPMYBaHHS Ta MOJAJIBLIOTO JiarOHAILHO-HEPIBHOMIPHOTO
TO3UIIHHOTO KOTyBaHHSL.

Taom. 1. L. 1. Bi6miorp.: 6 Ha3B.

UDC62-519:681.5

Method of intensity lowering the video stream in infocommunication / V. Barannik, O. Otman Shadi, A.
Hahanova // Management Information System and Devices. 2014. N 166. P. 23-27.

Relevance of the questions connected with improvement of quality of video information provision
services with use of wireless telecommunication technologies is shown. Importance of network load lowering
on the basis of intensity lowering of an oblate video stream is justified. The vulnerable sides of standardized
technologies functioning of processing of basic frames is identified. Distinctive stages of technology of
basic frames coding for intensity lowering of their code representation are considered. The main evaluation
stages of intensity of the flow falling on a basic frame taking into account formation of code constructions of
transforms oblate representation on the basis of diagonal and non-uniform positional coding are explained.
Development of a method for an intensity assessment on group of frames and all video streams is carried out
taking into account: a differentiated contribution of frames types to intensity and quality of visual acceptability
of the reconstructed video stream; compressions of basic frames on the basis of their transformation and the
subsequent diagonal and non-uniform positional coding.

Tab. 1. Fig. 1. Ref.: 6 items.

YK 004.942: 004.89

IIpencrapiieHHs 00pa3iB IMHAMIYHHX IPOLECIB B CHCTEMAX ABTOMATHYHOI'0 KepyBAHHS 32 0IIOMOT0I0
camoHasaromxkyBaabHux arenTiB / .C. Konox // ACY Ta npunaau aBromaruku. 2014. Bum. 167. C. 28-37.

Po3rnsHyTOo nuTaHHs M0OYJOBU yHIBEpCaIbHOI MOJIEI IIPOIPAaMHOTO areHTa, 10 31aTeH yTBOPIOBATH
CaMOHAJIAT0KyBaJIbHY CTPYKTYPY JUIS 3aIlaM’ SITOBYBaHHS 4acOBUX 00pa3iB CUTHAJIIB CHCTEM aBTOMATHYHO-
ro KkepyBaHHs. Ha 0CHOBI OJiIOHUX CTPYKTYp MOKIJIMBO BU3HAYATH CTYIIHb CXOXOCTI TOTOYHOT CUTYaLl 3
Oynb-siKoi, 10 BinOyBanacsi B MUHYJIOMY, Ta IPOTHO3YBaTH HOAANBIIY MOBEIIHKY 00’€KTY KepyBaHHS 3
BUKOPHCTAHHAM (YHKIIH y3araibHeHHs. [lokazaHa MOXKIIMBICTb JUPEKTUBHOTO BHECEHHS B MYJIbTHArC€HTHY
CHCTEMY anpiopHUX 3HaHb. 3anponoHoBaHo UML-giarpamMu mporpaMHOro areHTa 3 CaMOHAJIAIITyBaHHSM,
10 To0yI0BaHi 3a MPUHITUTIAMH 00’ €KTHO-OPIEHTOBAHOTO MPOTPaMyBaHHS.

In. 9. Bibmiorp.: 5 Ha3B.

UDC 004.942: 004.89

A dynamic process images presentation in the system automation by means of a self-tuning agents /L.S.
Konokh //Management Information System and Devices. 2014. N 166. P. 28-37.

The article deals with the issue of building a universal model of software agent that is capable of forming
self-tuning structure for storing temporary images of automatic control systems signals. On the basis of such
structures may determine the degree of similarity of the current situation from any that happened in the past
and predict the future behavior of object management functions using generalization. The possibility of
policy making in Multi-agent system of apriority knowledge. Self-adjusting agent software UML-diagrams
built on the principles of object-oriented programming.

Fig. 9. Ref.: 5 items.
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YK 629.391

MeToa AMHAMIYHOT0 YIIPABJIIHHSA 6iTOBOK NIBWIKICTIO BileONOTOKY i3 BHKOPHCTAHHSIM TPUBHMIPHOT0
npeacrasyieHHst Tpancopmant / B.B. bapannik, /I.E. J/Isyxrnasos, B.B. Tepnoxmi6 / ACY Ta npunaau
aproMatuku. 2014. Bum. 167. C.37-43.

PosrisHyTa akTyanbHICTh TOCIIHKEHB, CTIPSIMOBAHUX Ha 3MEHIIICHHS 01TOBOT IBUAKOCTI 00POOKH KaApiB
BI/ICOIIOTOKY U IMiABUIIICHHS SIKOCTI HaJIaHHS ITOCIIYT BiJjeocepBicy i1t eHeproedeKTuBHMX iHQOKOMyHIKal-
IMHNX cucTeM. 3anpOITHOBAHO TPEICTABICHHS OJIOKIB BiZleOKaApy y BHIVISAI OITOBOro KyOy Ta IPHHIMIH
oprasizarii yrpasIiHHS Iepeiadero Kapy s TAKOTO MPEACTABICHHS, sIKi BUKJIAJICH] y BUTJISII TOTOBUX IS
peaizarii anropuTMiB 00poOKH KaZpy Ha CTOPOHI, sSIKa Tiepeac Ta sika puiiMae. Takosk po3riIsTHyTO T aXig
JUTSI BHOOPY OTITUMAJTEHUX TTapaMeTpiB repenadi 07I0KiB Ha OCHOBI IPUHITHITIB TUHAMIYHOT'O MPOTPpaMyBaHHSI.

1. 3. Bi6miorp.: 4 Ha3BH.

YK 629.391

Method for dynamic management of the bit rate of the video stream using a three-dimensional presentation
of transformant / V. Barannik, D.Dvukhglavov, V. Tverdokhleb /Management Information System and
Devices. 2014. N 166. P. 37-43.

The fctuality of research aimed at reducing the bit rate processing frames of the video stream to improve
of service video service provision the quality for energy-efficient infocommunication systems has considering.
Invited presentation blocks of the video frame as a bitmap cube and principles of the transmission control
frame for such representations which are stated in the form of ready to implement the algorithms of frame
processing to the transmitting and receiving side. Also the approach for selection of optimal parameters of
transfer units based on the principles of dynamic programming.

Fig. 3. Ref.: 4 items.

YK 519.6

Po3p’s13aHHsA AeTepMiHOBAaHOI 3a1a4i onTHMI3allii TPHPiBHEBOI Mepeki mocTaBoK 0HOT0 ToBapy / M.B.
Hogoxxuiona, I.B. llItans // ACY ta npuinaan aromatuky. 2014. Bur. 167. C. 44-50.

PosrisayTO 0Oy IOBY METO Ty pO3B’sI3aHHS 3a7adi ONTUMI3aIlii TPUPIBHEBOI MEPEkKi MOCTABOK OJTHOTO
TOBApy Ha OCHOBI BU3HAYCHHSI XapaKTCPUCTUK PIBHOBATH PUHKY 32 YMOBU MOXJTBOCTI TIOAaHHS (DYHKITIM, 1110
OTIMCYIOTh JCTePMiHOBaHY IMOBEIAIHKY OCHOBHHX CYO’€KTIB PHHKY IOJiIHOMaMHU JPYTOTO TMOPSAKY depe3
BU3HAUYCHHS CI/IJIOBOT TOYKH BIAMIOBITHO 10 OOy moBaHOi (yHKIIiT Jlarpanxky.

In.2. Bi6miorp.: 11 Ha3B.

UDC519.6

Solution approach for an one-product supply chain optimization problem/M.V. Novozhylova,.V. Shtan’
//Management Information System and Devices. 2014. N 166. P.44-50.

It is proposed construction and analysis of solution method for an one-product supply chain optimization
problem based on defining equilibrium market parameters due to definition of saddle point for appropriate
Lagrangian taking into account presentation of functions being considered as polunoms having second
order.

Fig. 2. Ref.: 11 items.

YK 004.627(043.2)

MeTtoanka oliHKN e()eKTHBHOCTI TEXHOJIOTII CTHCHeHHS 300pakeHb Ha 0a3i MeTOAIB iIHBapiaHTHO-
npocToposoro koxyBanus nmo meuakoxii / O.K. IOnin, K.O. Kypins, P.B. 3106ina // ACY Tta npuraau
apromatuku. 2014. Bum. 167. C.51-58.

IIpoBeneHo aHai3 TEXHOJIOTiH 0OPOOKH 1 Iepeaadi J7aHuX B iHPOpMaIlitHO-TeNeKOMYHIKaIliHIX CUCTe-
Max (ITKC). BuzHaueHo ocHOBHI Ioka3HHUKH eekTuBHOCTI PpyHKitionyBanHs I TKC. BusnadeHno pois i miciie
ITOPUTMIB CTHCHEHHSI 300pakeHb Juis ckopodeHHs dacy npoctaBku aanux B ITKC. CtBopeHo metoauky
OLIIHKY €(DEeKTHBHOCTI TEXHOJIOTI] CTUCHEHHS Ha 0a3l METOly MHBapPUAHTHO-IIPOCTOPOBOTO KOJIYBAaHHS 110
mBuako il [IpoBeneHo po3paxyHOK THMYACOBHX BUTPAT Ha 00pOOKY TECTOBMX 300pakeHb KOJIEKOM Ha 6a3i
MHBapHAHTHO-TIPOCTOPOBOTO KOYBaHHSI.

Tabm. 6. 1. 5. Bibmiorp.: 9 Ha3B.
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UDC004.627(043.2)

Technique of an assessment of image compression technology of methods of invariant and spatial coding
on high-speed performance / O.K. Judin, K.O. Kurin’, R.V. Zjubina //Management Information System and
Devices. 2014. N 166.P. 51-58.

The analysis of technologies of data processing and transmission is information telecommunication
systems (ITCS) provided in. The basic metrics of efficiency of ITCS functioning are defined. The role and
place of algorithms of images compression in reduction of information delivery time in ITCS is grounded. The
expedience of increase of compression coefficient and development of new technologies and algorithms of
images compression is grounded. The estimation of the developed technology of images compression on the
base of method of invariant spatial coding comparing to the case of the use of JPEG algorithm for images
processing by the value of data delivery time in ITCS is provided. The method of estimation of compression
technology efficiency on the base of the method invariant spatial coding by the high-speed performance is
created. The analytical model of images calculation processing procedure of time for the technology of
compression on the base of method of invariant spatial coding is created. The calculation of time spent on
processing of test images with the codec on a base of invariant spatial coding is provided. Comparative
analysis of the offered technology of images compression by the high-speed performance with codecs on
the base of JPEG algorithm is provided. That results allow to do next conclusions: use of the developed
method on a base of the method invariant spatial coding for images processing allows to decrease the time of
delivery compared with the case of the use of JPEG algorithm on a value which changes in the range of from
2 to 32 ms depending on the size of image and provides the increase of efficiency in a range from 1% to 10%,
that proves the expedience of the use of the developed method of image compression in data transmission
channels.

Tab. 6. Fig. 5. Ref.: 9 items.

YK 567.456

MeTton 00po6Ku BineopecypciB i3 30epekeHHsM HiTicHOCTI B iHopmaniiiaux cuctemax /10 .H. Ps0Oyxa
//ACY tanpunaan aBromatuku. 2014, Bur. 167. C. 59-64.

INokazaHo, 110 iCHYI0Yi TEXHOJIOT1i 00POOKH BiZIcOIaHUX HE 3a0BOJIBHSIOTH TOTPeOaM Cy4acHOro iHpOp-
MarttiitHoro poctopy. OGrpyHTOBaHa HEOOXiHICTH BJOCKOHAJICHHS TEOPETUIHOT 0231 1 TEXHOJIOTiH 00pOOKH
Bizieo1aHuX (KaJpiB, BiICONIOTOKY) B HAIPSIMKY ()OPMYBAHHS KOAIB JUIsl TPUBUMIPHHX CTPYKTYp NaHux. Po3-
POOIISETHCS TPUBUMIPHE KOAYBaHHS JaHUX B PEIKUMI pIBHOMIPHUX TPUBUMIPHUX YUCEIT Ta 3MIHHOI TOBKUHHU
KOJIOBOTO CJIOBA Ha IIPEJICTaBJICHHS TX KOJOBOT'O 3HAUCHHSL.

In.1. Bi6miorp.: 11 Ha3B.

UDC 567.456

Processing method video data saving integrity in information systems/Yu.N.Ryabuha//Management
Information System and Devices. 2014. N 166. P. 59-64.

Is shown that the existing technologies of video processing don’t satisfy to needs of the modern
information space. Reasons for need of enhancement of theoretical basis and technologies of video
processing (frames, a video stream) in the direction of formation of codes for three-dimensional data
structures are explained. Three-dimensional coding of the uniform three-dimensional polyadic numbers this
in the mode and variable length of the code word on representation of their code value is developed. The
created coding provides creation of compact representation of video data in three-dimensional space for
cases, when: there are no rigid restrictions on codegram length; formation of length of the code word
depends on dynamically changing characteristics on a computing resource; for transmission on communication
links a packing of variable length is used; the code shall be built for assigned amount of elements in a frame
or in a flow. Compression is provided for the score an exception of the structural redundance caused by
limitation and non-uniformity of dynamic ranges of elements of video data at the same time on three
coordinates of three-dimensional data structures.

Fig. 1. Ref.: 9 items.
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