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CrnpageasimBble Jej1esKH 001ero J10Xo0/aa
B KOOIIEPATHBHBIX UI'PAX

o.¢.-m.H. M.M. Jlynenxo, k.1.H. A.M. [I¢mun
[TeTepOyprckuii rocyIapCTBEHHBINH YHUBEPCUTET Ty Tel coobmennit imnepaTtopa Ajiekcanpa |
Canxkr-IlerepOypr, Poccust
ml4116@mail.ru

Annomayus. PaccMOTpeHbI IPHHIMIILI TOCTPOCHUS JeJIesxKei
(m1aTeskeii) y4aCTHUKAMU OITHOTO MPOEKTA, €CJIH Pa3Hble y4acT-
HMKH HMMEKT Pa3Hblii KOHOMMYECKHUH M AJMHHMCTPATUBHBIH
BKJaJ B 00muii npoekT. CTposATCS KOONEPATHBHbIE HIPbI, Y4H-
ThIBAKOIME PA3HBI cTaTyc HTPOKOB. O0CyKAaI0TCH AAPO U BeK-
Top Illenuin kak NpuMepkI «CHpaBeLIUBBIX» Jejiexei. st urp ¢
YACTHYHO YNOPAJOYEHHBIM MHOKECTBOM HIPOKOB, B KOTOPBIX
(yHKIMSI BBINTPLINIA COIIACOBAHA C 3TUM MOPSAIKOM, NpPHBe/e-
Hbl aHaJuTH4YecKHe ¢opmyJibl pacdera BekTopa Ilemum. s
NPHBeJeHHBIX MPHMePOB KOH(MJIUKTHBIX CUTyalHii 00cyxKIaeTcs
«CNPaBeJTHBOCTB) MOCTPOCHHBIX Jes1eskeii.

Kniouesvie cnosa: xoonepatnBHasi urpa, Bektop Ilennm,
YacTUYHBIA NOPSAOK, CHpaBelIMBOe pacHpeielieHHe 10X0/a,
pacnpejaesieHue 10J1ei MIaTexen.

BBEJEHUE

Besikoe ycnemHoe npennpusitie (MIPOeKT) HaYMHAETCS C
MPOJyMaHHOM KOONEpaluy Y4YacTHUKOB. llpu coBMecTHOI
MIPOKJIAJIKE (SKCIUTYaTAlMH) KOMIIBIOTEPHBIX CETEH BO3HUKAIOT
mpoOJIeMBbl, CBSI3aHHBIE C pacIpepesieHHeM OOIIero IoXoia
(mmaTtexa) MeXIy ydYacTHHKamMu mpoekra. Koomepamws
yCTOWYMBA TOTJIA, KOT/Ia BCE YYAaCTHUKH COIVIACHBI C MPUHIIHU-
IaMH paclpesieNeHus] uX o0Ilero aoxona (miaarexa) U MOHH-
MAIOT, KaKue J0XO0/bl (IUIaTeKH) OHU MOTydaT (BBIIIOJHST) B
pe3ynbTate 3aKio4eHHoro coriameHus. IloctpoeHuem
«CHPaBEIUIMBBIX» JIENISKEH 3aHMUMaeTcsi TEOpHsl KOOIepaTHB-
HbIX urp [1-5].

B aTtux Monensx Kaxaas KOAJIHMIUs YYaCTHUKOB IPOEKTa
MOJKET OTKa3aThCs OT HETO WM NMEPEKITIOYNTHCS Ha APYTOi mpo-
eKT C JOXO0JIOM, 3apaHee M3BECTHBIM BCEM YYAaCTHHKAM OOIIe-
ro mpoekra. IlosTomy mpu 0OCYXIEHHH IOTOBOpa KaxIas
KOAJIMIHUS yYaCTHUKOB MOXET 0OOCHOBAaHHO yIpOKaTh BBINTH
n3 OOINero CcorNalleHus, 4YTO CYLIECTBEHHO 3aTpyIHSAET
HaxoK/eHHe o0IIero KoMmpoMmucca. B Tteopum koomepaTus-
HBIX UTP MpeajiaracTcCsa HECKOJIbKO IMPUEMIICMbIX BBIXOJI0B M3
KOH(IIMKTHOU cuTyaru. OJUH U3 HUX — COBMECTHOE MPH-
HATHE TpaBWiIa pPacIpeeNieHns] JOXOJIOB, OCHOBAHHOTO Ha
UAeSX «CHMMETPUM ¥ aJUIMTHBHOCTH»: DPaBHBIC YYaCTHUKH
KOOTIepanyy JO0/DKHBI MOJTydaTh paBHbBIE JONMH OOIIEro 1oxo-
7la, @ TIPY OAHOBPEMEHHOM YYacTHUH B HECKOJBKHX MPOEKTax
JIOXO/bl YYaCTHHKOB CKJIaJpIBafoTCsi. HecMoTpst Ha yHuBep-
CaITbHOCTB 3THX HJIEH, MOCTPOSHHOE Ha HHUX MPAaBHIIO pacipe-
JIETICHUs] I0XOJI0B MOKET TPHBOAUTH K COBEPILIEHHO HEOXH-
JAHHBIM pe3yJbTaTaM, OCOOEHHO B T€X CIydasX, KOTAa ydacT-
HUKH HMMEIOT Pa3HbI 3KOHOMHYECKUH WM aAMHUHHUCTPATHB-
HBI BecC.

B pabote Oyner paccMOTpeHO /Ba MPHHIMIIA TOCTPOCHUS
«CTIpaBeJUIMBBIX» Jenexeil: c-sapo u Bekrop llerum [1-5].
HecMmoTps Ha KX NOMyNAPHOCTH, BBINOJHEHHE KOHKPETHBIX
pacyeToB OKa3bIBACTCS TEXHWYECKH TPYAHBIM, TAaK KaK MBI
JIOJDKHBI YYUTHIBATh 3HAYEHUS (YHKIMH, 3aJaHHOW HA MHO-
KECTBE BCEX MOJMHOKECTB MHOXECTBA YYaCTHUKOB MPOEKTA.
CrnoxHocTh (OpPMyD 3aTPyAHSET BHEAPEHUE IPHHIUIIOB
«CIIPaBEIIMBOCTI NPH HOCTPOSHUN KOHKPETHBIX JETIECKEH.

B mocnennue ronpl ObUIM BBIIETIEHBI HEKOTOPBIE KJIACCHI
KOOTIEPAaTUBHBIX HIDP, B KOTOpBIX BekTop lllemnm umeeT mpo-
CTYIO CTPYKTYpY [4, 6, 7]. DTO KOOTIEpaTUBHBIE UTPHI, TIOCTPO-
€HHbIC TI0 HePapXUYECKUM CHUCTeMaM. B HUX TOXOJbl ydacT-
HUKOB 3aBHCST HE TOJIBKO OT MX BO3MOXHOCTEH, HO M OT
YIPaBISIIOIIMX BO3JEHCTBUH «0o0Jiee 3HAYMMBIX» HIPOKOB.
Ananurnueckuid Bun BekTtopa lllerum crmocoOcTByeT TOMY,
YTO JeNIeK, ITOCTPOCHHBIN UIA MOJOOHBIX MoJenei, Oynmer
TIPUHST BCEMHU YY9aCTHUKAMH TTPOEKTA.

VYcenemHoe NpuMEHEHHE aHAIMTUUYECKUX BBIPAXKEHUN IIPU
MOCTPOEHUH ONTHUMAIIBHBIX PELICHUH B CIOXKHBIX Hepapxuye-
CKHX CHCTEMax Ha TPaHCIIOPTE MOXKHO HaiTh B pabote [8].

KOOIEPATHUBHBIE UT'PbI M X PEILIEHUA

st noctpoeHust MozieNel CupaBeiIMBOro pacipeieieHust
JIOXOZIOB COPMYIIHPYEM OCHOBHBIE OTIpEleNIeHUs U Heo0Xo-
JTIUMBIE YTBEPKICHIS KOOTIEPATUBHON TEOPHUH HT.

Onpenenenue 1. KooneparusHas urpa — ymopsgo4eHHast
mapa I' = (N, v), B KOoTOpor N = { L2,..., n} — MHOXECTBO
UTPOKOB, & U — XapakTepucThdeckas (QyHKIM, 3a1aHHasl Ha
MHOYKECTBE BCEX IOJMHOKECTB MHOXKECTBa UTPOKOB N . Xa-
pakTepuctudeckas QyHKOUSA U Kaxmol koamummu K (mon-
MHO>€CTBa UTPOKOB, K < N ) CTaBUT B COOTBETCTBHE BBIUT-
PBILI, KOTOPBIA UTPOKK MOTJIM OBI TIOJyYUTh, CO3/IaB ATy KOa-
JIULHIO.

Benmnunny ©v(K) 4YacTo HHTEPNPETHPYIOT KaK J0XOH
YYaCTHUKOB IPOEKTa, 00beIMHEHHBIX B Koanmnuio K . B He-
KOTOPBIX CIlydasX 3HAuCHHE XapaKTEepUCTH4ecKOW (yHKIMH
v(K) MOXHO HHTEPIPETUPOBaTh KakK IUIATEeX, KOTOPBIHA
JIOJDKHA BBITIONIHUTE Koanuuusi K, eciiu oHa Oyner co3paHa
[1-5]. TTomobOHas cuTyarst MOXKET BOSHUKHYTH IIPU COBMECT-
HOM CTPOHTENHCTBE KOMITBIOTEPHON CETH.

OmnpenenyM Te YCIOBHS, MPHU KOTOPBIX BCE UTPOKH O00B-
enuHATCS B Oonpmryio koamumuio N . Takoe oOwennHeHHE
BO3MOJKHO, €CITH UTPOKH JOTOBOPSATCS O TOM, KaK OHH IOJe-
JAT 0OUMiA BEIMTpHIN (Tu1aTex) v(N).

Humennexkmyanovnvlie mexnonozuu na mpancnopme. 2019. Ne 2 5
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ITon menexxom koomepaTUBHON Hrpel I’ =<N , v) MBI I10-
HUMaeM YIOpPsJIOYeHHbII HA0Op umcen x = (xl, Xyserns xn), B
KOTOPOM KOMIIOHEHTa X, — JI0J BBIMIPBIIIA (ILIATEXa), KO-
TOPYIO MOJYYUT UTPOK i B COOTBETCTBUU C IEIEKOM X . MbI
CUMTaEM, YTO BCE JEJIEXKH KOJUIEKTHBHO PallMOHAIIBHBI, TO
€CTh CyMMa BCEX KOMITOHEHT KaXKIOro Jenexa pasaa v(N).

Omnpenenenne 2. A0pom KIACCHYSCKOW KOOMEPATHBHOMN
urpsl "= (N , v> Ha3bIBaeTCsl MHOXKECTBO Aenexeit C(v), s

KOTOPBIX BBIIIOJTHEHBI HEPABEHCTBA

x(K) = in >v(K) nnsaBcex K< N .
ieK
Bo3moxxna cieayromada MHTeprpeTaiurs BBEACHHOI'O BbIIIIE
onpenenernus. Ilyctes koamumms K wnMeeT BO3MOXKHOCTB
CaMOCTOSTEIIFHO 3aKIIOYHTh Ha CTOPOHE KOHTPAKT HA CYMMY

v(K) (3TO YMCIIO MOXET PaBHATHCS HyIm0). JlomycTum, 4To B
pe3yibTaTe IpeIBAPUTENBHBIX IEPErOBOPOB  MPEATIOKEH

CIIEAYIONIMHA JeNeX: KOMIIAHHSA C HOMEpOM [  IOIydaeT

n

BEIMYMHY X;, IPUYEM in =ov(N), x,20. Ecimn cymma
i=1

iek

npeanaraeMasi koanmiun K ) menpmie BennunHbl 0(K), TO

BCIIMYNH X C

i

HOMEpPaMH (obmas cymma,

KOMIIAHWM, BXOISIIHE B KOAIWLHUIO, OTKAXYTCI OT
NPEIOKEHHOrO JeNie)ka Ha TOM OCHOBaHHH, YTO Y HHX €CTh
OoJiee BBITOJIHOE TIpe/uIokeHue. TakuM oOpazom, mpoOiema
COCTOMT B  HAaXOXICHMH  BEKTOpa X1y Xgser X, ),

o(N),

YIOBJICTBOPSIIOIIECTO BCE BO3MOXKHbBIC Koanuiu, a sapo C(v)

OITMCBIBAIOIICTO JCIICK CYMMBI KOHTpaKTa

— BO3MOJKHO ITyCTO€ TIOJJMHOXKECTBO JIEJICKEN, CTaOMIN3UPY-
€MBIX TPOCTBIMHU yTrPO3aMu. 3aMETHUM, YTO BCE JCICKH B spe
UHIUBHUYallbHO PAllMOHANBHBL: X, > (i) Ansi BceX i€ N .
Cucrema HEpaBEHCTB, ONHKCHIBAIOMIAS AP0, BMECTE C
YCIOBUEM  «KOJUIGKTUBHOW  PalMOHAJIBHOCTH»  COJCPIKUT
2" —1 orpaHmYeHUH (CTOJBKO XK€, CKOJIBKO MMEETCS B UrPe
r= (N , U> HEMYCTHIX KOAIUIUI) U 3a1aeT B #-MEPHOM IIPO-
CTPAHCTBE BBIMYKIOE 3aMKHYTOE MHOXecTBO. Takum oOpa-
30M, MHOKeCTBO jenexeil C(v) ompenensercss CBOUMHU Kpaid-

HUMH TOYKaMH B IPOCTPAaHCTBE R".
B Tex cmywasx, xorma 3HaueHne v(K) XapakTepuCTHYC-

CKOH (DyHKILIMM HHTEPNPETHPYETCS KaK IUIaTex Koamuuu K,
onpesensior qBoictBenHoe sapo C™(v) uepes chcTeMy mpo-

THBOIOJIO’KHBIX HEPABEHCTB [9]:

x(K):in <uv(K) nnaBcex K < N .

ieK

JIBOMCTBEHHOE SIIPO COCTOUT M3 IUIATEeNKEH, CTAOMIH3HUPY-
€MBIX MPOCTHIMU YTPO3aMH BBIX0/1a U3 OOJIBIION KOAIHIIHH.

K HemocraTkaM siipa cieayeT OTHECTH ero BO3MOXKHOE OT-
CYTCTBHE, WJIX OHO MOJKET OKAa3aThCsl CIMIIKOM OOIIMPHBIM,
TOr/Ia BBIOOp peamn3yeMoro Aenexa M3 TAaKOTO SiApa MOXKET
OKa3aThCsl 3aTPyJHUTEIHHBIM.

CIIPABEJIJIUBBIE JIEJTEXKH

MHOXECTBEHHOCTh PACCMOTPEHHOTO BBINIEC TPUHIIHIIA
PEIICHUST KOOMEPATHBHON WUIPHI, a TAKKE JKCCTKHE YCIIOBHSI
CYIIECTBOBAHMUS €€ sApa CTUMYJIUPYIOT TOTMBITKUA MOCTPOCHHS
JPYTHUX TPUHIUIIOB, TPUMCHAMBIX K KaXKJOW KOOICPAaTHBHOM
I/II'pe. O}IHI/IM N3 TAaKUX HpI/IHL[I/IHOB SABJIACTCA HOpMaTHBHbIﬁ
MPUHITUI paclpeesieHus obmero noxoaa (TaTexa) MEKIY
YYaCTHUKAMH KOOIIEPATUBHOW WTIpHl. [l ero mpuMeHeHHs
HE00XOAUMO, YTOOBI BCE UTPOKH COTJIACHIIUCH Ha €ro IMpUMe-
HeHHWEe [0 Hayama wurpel. [locienoBaTenbHOE IPOBEICHUE
MPUHIIUIOB: PABHBIM UTPOKAM PABHBINA BBIMIPBILIL, BHIUTPHIIIN
YYACTHUKOB HECKOJIbKAX WIP CKJIAQJIbIBAIOTCS, IMOJydaeT
OosbliIe TOT, KTO OO0JbIlle BHOCHT B KOAIHIHIO, — MPUBOJHT K
Jenexy, «crnpaseamuBomy» o lleru, uin Bekropy lerun.

Urak, mox pereHneM KOOepaTuBHOW UTPBI MBI IIOHIMAaEM
byHKIHIO, CTaBSIIYIO B COOTBETCTBHE KK IOH

KoonepaTtuBHoi urpe I' = (N , v) 13 HEKOTOpOro Kjlacca Urp
Sh(v) = (Sh,,Sh,,...,Sh,),

«Pa3syMHBIMI», C TOYKH 3PEHHS BCEX HIPOKOB, CBOWCTBAMH.
Kommnonentsr Bektopa [llermm mbl OyzneM MHTEpPIPETHPOBATH
KaK IIOJIE3HOCTH, IOJydaeMble HIPOKaMU B pe3yJbTare
COTJIAIICHUS WM PeIleHus apOuTpa. MBI cunTaeM, 4To Halln
COOOpaXeHHsI O CIIPaBEIJIMBOM JIEJISKE BOIUIOIICHBI B
CIEIYIOUINX YeThIPEX aKCHOMAaX, BIIEPBHIC B HECKOJBKO MHOU
thopme cpopmynupoBarabivu ermu 8 1953 1. [10, 117.
Omnpenesenne 3. Bexropom Illerum HasbiBaeTcst oToOpa-

G BEKTOP oO0JIamaronmn

J)KeHue Sh , KOTopoe KaxKJ10M KoonepatuBHOM urpe I' = (N , v)

C N UTPOKOB  CTaBUT B  COOTBETCTBHE  BEKTOP
Sh(v) = (Sh,, Sh, ..., Sh, ), obnajawoIIMii CIETYIOMUMH CBOi-

CTBaMH.
1. Axcuoma 6onsana. Ecam Wrpok i TakoB, YTO A
moboit  koanmmmuu K C N BBINOJHSETCS  PaBEHCTBO

(K u{i})=v(K), TO COOTBETCTBYIOIIasl KOMIIOHEHTa BEK-
topa lllennu paBHa Hymo, TO ecTb Sh,(v) =0.

Wtak, ecnu UTPOK i HUYEro HE BHOCHT HU B KaKylo Koa-
JIMIUIO, TO €T0 JI0JI OT OOLIEro BBIUTPHIIIA PaBHA HYJIIO.

2. Axcuoma s¢hpexmusnocmu. CyMma KOMIOHEHT BEKTO-
pa llennu paBHa 00IIEMy BBIUTPHIITY BCEX HTPOKOB:

D Sh(v)=0(N).

ieN

Takum 00pa3oM, UTPOKH ACIAT MEXKIY CO00H MX oOImi
noxon (TiaTex).

3. Axcuoma cummempuu. Ecam UrpoKH BXOASAT B UIPY
OJIMHAKOBO, TO COOTBETCTBYIOLINE KOMIIOHEHTHI BekTopa Ille-
TUTH PABHEI.

4. Axcuoma Ecnu

azpecayuu  (a0OUMUBHOCMILL).

xapakrepuctudeckast pyHKIws urpel [ = (N , v) paBHa CyMMe
XapaKTEPUCTUYECKUX (YHKIMH HIrp (N,vl> U (N,vz>, TO
eCcTb U =7, +7U,, TO BEKTOP CyMMbl PaBEH CyMME BEKTOPOB:
Sh(v, +v,) = Sh(v,)+ Sh(v,) .

Ota akcnoMa yTBEp)KIAaeT, YTO BBIMIPHIII WIPOKA, ydacT-

BYIOLETO B JBYX MUIPax OJHOBPEMEHHO, CKJIAJAbIBACTCS U3
BBIUTPBILLIEH B 3TUX UIPAX.
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Teopema 1 (Teopema lllenniu o cymecTBoBaHuU cnpa-
BeUIUBOro aesiexa [10—11]). CymecTByeT, U MPUTOM TOJILKO
OJTHO, OTOOpa’KeHNE MHOXKECTBA XapaKTEPUCTHYECKUX (YHK-
OUA Wrp 71 JIMIL BO MHOXKECTBE JENexeH, obianarolee ue-
TBIPbMSI TIEPEUUCIICHHBIMH BBIIIE aKCHOMAaMH, MPUYEM KOM-
TTOHEHTHI 3TOTO O0TOOPa’KEHMSI MOJKHO HAMTH O opMyIie:

n—k-Dk! .
(0= ¥ D ok o i - 006)
Kcil M
k=K|;n=|N|,ieN.
Bexrop lemnm o6nagaeT LeabM psaaoM JOMOITHUTENIbHBIX

CBOI7[CTB, MOATBEPKAAIOIHNX €T0 UCKITIOYNUTECIbHOCTD. OI[HO us3
HUX CBA3aHO C MATCMATUYCCKHUM OXUIAHUEM JI0XOJa UTPOKaA.

Onpenenenue 4. Jnsg urpoka ie N B urpe I’ =<N , v)
BemmuuHa A, (K)=0v(K U{i})—v(K) Ha3bIBaeTcs 6x1adoM
uepoka i 6 koaruyuto K Wiy mpuparieHreM BBIUTPHINIA Koa-
qmuimn K 3a cueT urpoka i .

Bemnunna A, (K) =v(K U {i})—v(K) — pasymHO# miaToi
3a MPUCOEAMHEHNE UrPOKa i K Koanuiuu K , eclii mocieIHsIs
yxke chopMUpOBaHa.

Teopema 2 (BepoAATHOCTHOE OMNpenesiecHHEe BEKTOpa
IMenau  [1-5]). Ecau Wrpoku KOOHMEpaTUBHOM  UTPbI
r =<N, v) IIPUCOEIUHSAIOTCS K HEMl B CIydyallHOM IOpSAKE,
MIPUYEM TPH CBOEM HPUCOSIUHEHHH i-i WIPOK IOJy4aeT
BkIag A,(K), rge K — Koanuiys, BO3HUKILAS 10 €ro Ipu-
COE/IMHEHUSI, TO MaTeMaTHYECKOe OXKHMJAaHWE BBIUTPHIIIA i-TO
WIPOKa paBHO COOTBETCTBYIOIIEH KOMIIOHEHTE BEKTOpa
enu.

Bce nepeuuncnennsle cBoiicTBa Bekropa Lllemin roBopsar o
TOM, YTO MIPOKH ITIOCUHUTAIOT CIIPABEUIMBBIM PACIIPEACICHNE

00IIIero BHIMTPHIMA (TUIaTeXa) B COOTBETCTBHH C €r0 KOMIIO-
HEHTaMHU.

BEKTOP HIETIIN JJI51 UTP C UMEPAPXUYECKOU CTPYKTYPOI

PaccmorpuM nBe Momenu, B KOTOPBIX HIPOKH IOJDKHBI
pa3menuTh oOmmii [ox0 (IUIaTeX) ¢ y4eTOM OpraHU3aIloH-
HOW MepapXuH U «CHPaBEIITUBBIN IS BCEX €€ COTPYAHUKOB.

Ilycte N = {ocl,ocz,...,oc"} — MHO>KECTBO BCEX COTPYIHH-

KOB opraHmzauuu. s corpyaHuka O 0003Ha4MM dYepes
S(0) MHOXECTBO €ro NpsMbIX NOAYMHEHHBIX. bynem cum-
TaTh, yTo QyHKIMSA S(0U) MOPOXKIAET HA MHOKECTBE COTpPYI-
HUKOB N HppeQeKCUBHBIN YaCTHYHBIH MOPSIOK. MbI Tpen-
M0JIaraeM, 4To COTPYAHUK Ol MPUHOCHT JIOXOA d, B TOM U

TOJBKO B TOM CJy4Yae, KOrla OH IOJy4aeT pa3pelieHHe OT
BCEX CBOUX PYKOBOJIUTETICH. O0603HaYNM qepe3
a= {al,az,...,an} HEOTPHULIATENbHBIA BEKTOp JIOXOJOB Opra-

HM3aLMH, OIPHIEM d9epe3 d;, 0003HaYMM J0XOJ, KOTOPBIA MO-

AKET IPUHECTU COTPYAHUK o, [ =Ln.
IToctpoum kooneparuBHyo urpy I =<N, v), B KOTOpO¥H

UTPOKaMH OYyIyT COTPYIHHKH pPaccMaTpUBacMOW OpraHH3a-
mun. ITo cTpykType opraHuzanuy U crocoOy MOJTydeHHs To-
XO0a TIOCTPOMM  XapaKTEPUCTHUECKYI0 (DYHKIMIO HWIpbI

I'= (N R U). B yacTHOCTH, MBI 3HaeM, 4yTo koanuus K N

TIOJIy4YUT O0X0[4 a, TOrJa U TOJIbKO TOTJa, KOorja 3Ta KoaJIulus

COJICP)KUT BEpXHHI 3aMKHYTHIH KoHYC V[a] (pykoBomurenei
U caMoro ydactHuka). CieoBaTeIbHO, 3HAUCHUE XapaKTepu-
CTHYECKOW QPYHKIMH U Koamumuu K MOKHO HaWTH KaK CyM-
My J0XOJOB BCEX YYaCTHHKOB KOoanuuuu. B pesynbrate Mbl
HOJTy4UM:

()= Yy (K).

aeN
rac Up — XapaKTCpUCTUUCCKad (l)yHKHI/IfI HpOCTeﬁLHeﬁ HI'PBI

c Hocurenem 7 . B pabore [6] npuBeneHs! npocTbie GopMyItbl
Jutst pacuera Bekropa [lemm.

Ipumep 1. IIpeanonoxuM, 4To B MNPEINPUATHE BXOAAT
YeThIpe MNOApa3/eNICHNs], UMEIOINX pa3Hylo CTENeHb caMo-
crosTenbHOCTH. Kaxknoe nosapaszesieHue BHOCUT CBOM BKJIaJ B
o0muit 10X0x MPEANPUATHSA, OTHAKO JUIS PaBHIBHON PabOThI
MOJYMHEHHBIX MOJpa3eNeHNd HEOOXOANMO pa3peleHne
BCEX MX pykoBoauTened (cMm. cxemy). OGo3HauuM depes q,

TOT BKJIaJl, KOTOPBIH BHOCHUT IOJpAa3ZeieHUe i I0Cie TOJy-
YEeHUsI paspelleHns pyKoBoauTeseil. B wacTHocTH, HTpoku 2 1
4 BHOCAT (3apa0aTblBalOT) @, U @, HE3aBUCUMO OT OCTaBIIMX-

ca nogpazaenenuil. Ilogpasaenenue 3 MOXKET MPUBHECTH Be-
JIWYUHY da,, JUIIb IOIY4YUB pa3pelleHue (BCTYNUB B KO-

IIUI0) OT CBOCTO PYKOBOIWTENS, moapa3aencHus 4. Iloapasne-
JieHue 1 MOXKET IPUBHECTH BEJIMYUHY @, , TUIIb ITOIYYHB Pa3-

penreHue (BCTYIHB B KOAJHIIMIO) OT BCEX CBOMX PYKOBOJIHTE-
Jiel, noapazaenenui 2, 3, 4. [Ipeanonoxum, 4to Bce moapas-
JIEJICHUS COTJIACHITNCH paboTaTh BMecTe. PaccunraeM nenex,
crpaBeanuBblil o Hlenmnu.

a4

as

o

a
as 4

az

a1

ay

CxeMa uepapXxudecKkoi CTPYKTYpPbI U BBIUTPBIIIH UTPOKOB

3anuiieM 3HaYEeHHs XapaKTEPUCTHIECKON (DYHKIIUKM UTPHI:
0,=0, v, =0, =7, =0, v, =0, =0,3=01,3=04,,
Uy =014 =0y, V34 =034 =034y, U,,=0p,=0a,+a,,
Uys4 =y +az+a,, 0,5, =0a,+a,+as+a,.
Takum 00pa3oM, UTPOKH JOJDKHBI Pa3lelUTh 3apaboTaH-
HYI0O UIMH BMECTE CyMMY: U, ,,, =4, +d, +a; +a,. Vcnois-

3ysl pe3yabTaThl paboTHl [6], paccuntaem BekTop Illemmu. Ero
KOMIIOHCHTHI OYIyT
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Sh,=a, /4, Shy=a,+a,[4, Shy=a,/2+a, /4,
Shy =a,+a,/2+a, /4.

Takum oOpa3om, mogpaszeneHue 1 JODKHO IOIydaTh
JIMIIb YeTBEPTh 3apaboTaHHONW UM cyMMbl. [loxpaznenenune 2
B COOTBETCTBHH C COTJIACOBAHHBIM IPUHIIUIIOM CIIPABEIJIHBO-
CTH TIOJIY4YHT BCIO 3apabOTaHHYIO UM CYMMY M YETBEPTHb CyM-
MBI, 3apaboranHoi noppaznenennem 1. [onpasmenenue 3
MOJYYUT TIOJIOBUHY CBOEH 3apabOTaHHOI CyMMBI M YETBEPTh
CYMMBI, 3apaboTaHHOl moxapaznencaueM 1. Takum oOpazom,
aJIMUHHCTPATUBHAS HAICTPOWKA OMPABABIBACT HKCILIYaTaIHIO
noapasaeneHus 1.

PaccmoTpum Ipyroii npumep Urpbl, B KOTOPOM YaCTUYHBII
TOPSIIOK HA MHOXKECTBE MI'POKOB COTJIACOBAH C MX BBIMIPHI-
mamu. Ilyere N = {ocl,ocz,...,ocn} — MHOKECTBO Y3JI0B KOM-
NBIOTEPHOM CETH, YaCTHYHO YIOPAIOYCHHBIX HPPE(ICKCUB-
HBIM OTHOIIEHHEeM. MHOXecTBO y310B S(a), Hemocpen-
CTBEHHO TPEIIECTBYIONINX O, CBA3aHO C Y3JIOM OL JIMHUEH
CTOUMOCTBIO a,, U y3ell O OyzeT paboTaTb, €ciid paboTaloT
BCE Y3Jbl, IpenuecTByomme y3my o . i paboTsl cetn ¢
y3/1amMu n3 MHO)kecTBa K < N HeoOxoamumo, 9To0bI paboTanu

BCE Y37bI, TMPEIIECTBYIONME y3maM u3 K, TO €cTh 4TOOBI
OBUTH MTOCTPOEHBI COOTBETCTBYIOIIME JTHHUM CBsi3U. CienoBa-
TEJIFHO, CTOMMOCTh CTPOUTENBCTBA CETH C y31aMu U3 K ecTh
3HaYEHHE XapaKTePUCTHIECKON (QYHKINH

oK)= Ya_,
ael[K]
rae V[K] — MHOXECTBO y3J10B, IIPEALIECTBYIOIIUX Y311y U3

K, Bimrouas ux camux. [IpocTeie Gpopmysr pacuera KoMMo-
HeHT Bektopa lllernnu 6pu1H oTy4eHs! B pabdote [6].

Ipumep 2. I'pynma npeanpuHUMaTeneil U3 4eTbIpex de-
JOBEK COOMpPAeTcsi MOCTPOUTH BOJIOIPOBOJHYIO (3JIEKTpHUe-
CKYI0) CETb IO TPUBEJCHHON BhilIe cxeme. O003HAUNM depes
@; CTOMMOCTb YacTH y4acTKa CeTH, oOecleunBarolei Bogon

1
(3MEKTPUYECTBOM) I-TO MpeanpuHUMaress. TakuM o0pa3om,
npeanpuHuUMarento | J10CTarouHO MOCTPOUTh YYaCTOK CTOM-
MocThIO ¢, . [IpeanpuHuMaTens 2 MOIy4UT BOAY JIHMIIb TOTAA,

Kkorza OH IIOCTPOUT y4aCTOK CTOMMOCTBIO @, WU NOAKINOYHUTCI

K yXe IOCTpOEHHOMY ywacTKy mnpennpunumarens 1. Ilpex-
IpUHUMATENb 3 MOJIYYUT BOAY, €CIM OH IOCTPOUT y4YacTOK
CTOUMOCTBIO @, W HOAKIIOYUTCA K BOAONPOBOAY, IIOCTPOEH-
HOMY TNpeanpUHuUMareneM |, a mpeanpuHUMaTenb 4 MOXy4UT
BOJy, IIOCTPOMB Y4aCTOK CTOMMOCTBIO @, W MOJKIIOYHBIINCH
K npeanpuHuMmarento 3. Ecim npeanpuHuMaTenu coryacsTes
MIOCTPOUTH OOIIYI0 CETh B COOTBETCTBUM C TNpeIaraeMoi
CXEMOM, TO KaK OHHU JOJDKHBI Pa3JeNUTh IUIATEK 3a CTPOH-
TEJIBCTBO, UCTIONB3Ys BekTop Lllenmu?

3anumieM 3Ha4YeHUS XapaKTEPUCTHIECKOH (QYHKIIMU UTPBI:

v,=0,9v =a,0,=0,=0a+a,, V; =0, =a,+4a;,
Uy3=0,5=0a,%a, ta;,
Uy =014 =034 =05, =a a5 +4,,

Ug4 U104 T U334 = U534 =0, Ay +a3+a,.

XOTs 3TH WUIPbl UMEIOT Pa3IMuYHBbIE XapaKTepHCTUYECKHE
(YHKIMH, OHAKO OHM MUMEIOT OJMHAaKOBbIe BeKTOphl Lllernmm
[4]. CnenoBatensHO, UrpoK | JOMKEH 3aMIAaTUTh JHIIL YET-
BEpPTh CTOMMOCTH IIEPBOTO y4acTka, TO ecTb q,/4. Urpok 2

JOJDKEH OIUIaTUTh CBOM y4YaCTOK M YETBEPTb CTOUMOCTH
HavaJabHOIO ydacTka. Urpok 3 orutauuBaeT MOJOBUHY CTOH-
MOCTH CBOETO YYacTKa U 4eTBEPTh CTOMMOCTH IIEPBOTO y4JacT-
ka. Urpok 4 ommadmBaeT CBOM y4acTOK, ITOJIOBHHY ydacTKa
UTPOKa 3 M 9eTBEPTh CTOMMOCTH UrpoKa 1.
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Fair Sharing s of Total Income at Cooperative
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Abstract. The paper considers the principles of construction of
distribution (imputations) by the participants of the same project,
if different participants have different economic and administra-
tive contributions to the overall project. Cooperative games are
built, taking into account the different status of the players. The
core and the Shapley vector are discussed as examples of «fair»
distributions. For games with a partially ordered set of players,
analytical formulas for calculating the Shapley vector are given.
For the considered examples of conflict situations, the «fair» of
the constructed distributions is discussed.

Keywords: TU-game, Shapley value, partial order, fair
distribution of income, distribution of shares of payments.
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YHupuuupoBaHHass MoaeJ b MHOTOYPOBHEBBIX
YIpo3 HAPYIUIEeHUSA UH(POPMALIMOHHOH
0€30I1aCHOCTH B ceTsIX
¢ JTHHAMUYECKOM TOI0JIOrHeH
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Annomayus. PaccMaTpuBaercs 3a/1a4a BbISIBJCHHUS YTPO3 KH-
0ep0e30NaCHOCTH B TPAHCIIOPTHBIX CeTAX ¢ JUHAMUYECKOIl Tomno-
Jgorueii (VANET, FANET, MARINET, MANET u ap.). [loka3ano
HaJIMYMe MPOsIBJIeHMII YyIPo3 Ha MPOrpaMMHOM H CeTeBOM YPOB-
HSX NpeJCTABJIeHHs] CHCTEeMBbI, B CBSI3H ¢ YeM MpeACTaBIeHa MO-
JIejb yrpo3 B 3TuX cersx. IIpenioxen HeiipoceTeBoii moaxox 1mo
YHU(DHUUUPOBAHHOMY BBISIBJICHHUI0 TaKHX YIPO3, JKCHEpPHMEH-
TaJbHO HOATBEP:KACHA CIOCOOHOCTH IOAX0Ja K BbIABJICHUIO
000UX THIIOB Yrpo3.

Kniouesvie cnosa: ananus xkubepyrpos, riydokoe odyueHue,
rudpuaHasi HelipoHHasi ceThb, JMHamu4eckass cerb, VANET,
FANET, MARINET, MANET.

BBEJIEHUE

B Hacrositiee Bpemst HaOIIOAAETCs MOBCEMECTHOE TPOHUK-
HOBEHHE COBPEMEHHBIX CETEBBIX TEXHOJIOTHH B pa3iIHuYHBIC
cepbl YeIoBeUeCKOM KU3HEAeATeNbHOCTH. OTHOW U3 HUX SIB-
JIsieTcst HoBasi cepa TPAHCIIOPTHBIX CETeH, CPEAN KOTOPBIX BhI-
JensroTest cetn aBrorpancnopta [1] (aBroner, VANET), nera-
TENBHBIX W TUIaBaTeNbHBIX cpeacTB (adponer, FANET, wma-
putet, MARINET cOOTBETCTBEHHO), a TaKXkKe MPOINX MOIUDH-
karuii. OCHOBOW TaKWX CETeW SIBISCTCS TOABIKHAS Oecrpo-
BOJHAsl OJHOPAHTOBasi KOMIBIOTEPHAs CETh C AMHAMUYECKON
toronorue (CAT), kotopast obnagaeT KIFOUYEBBIMU 0COOCHHO-
CTAMH, TAKHMH Kak:

® OuHamuuecKkull xapakmep Mmonono2uu: CTpyKTypa ceTu
U3MEHseMa ¢ TEYCHUEM BPEMEHH 110 Mepe 100aBIeHUs U yaa-
JIEHUS CETEBBIX YCTPOMCTB, a TAKXKE B CUILY UX IIEPEMELLEHU;

e caMoopraHu3anus u aoanmusHocm: apxurexrypa C/AT
paboTaeT aBTOHOMHO U INHAMUYECKH pearupyeT Ha U3MEHEHUS
CBSI3HOCTH y3II0B. Anroput™mbl MapmpyTtu3anuu B CJIT mo3Bo-
JISFOT TIEPECTPanuBaTh MapIIPyThl B CETH TP OBICTPOM H3MEHE-
HHUH €€ TOIOJIOTHH;

e nenenrpanu3anus: CHAT paccantana Ha paboTy B ycio-
BHUSIX OTCYTCTBUSI BBIJEIICHHBIX y3JI0B-MapILIPYTH3aTOPOB;

®  PAGHOZHAYHOCMb Y3106: KaXKAbIH CETEBOM y3€l HCION-
HSET POJIN KaK OTIIPABUTENISI ¥ TIOJTydarelisi nHpopMalum, Tak 1
MapuIpyTU3aTopa. MapumpyTsl MeXAy y3JIaMH IpOJIETaloT ye-
pe3 HECKOJIBKO IPOMEXKYTOUHBIX Y3JIOB.

[lepeuncienHble CBOWCTBA B COBOKYITHOCTH 00€CIICUMBAIOT
ycroituuBocTs C/T Kk U3MEHEHUSIM U NEPEMELCHUSIM CETEBBIX

y3710B. JluHaMu4eckui XapakTep TONOJOIMU paccMaTpuBae-
MBIX C€TeH He MO3BOJIAET UCIOJIb30BAaTh TPAAULUOHHBIE MOJ-
XOIbl K MapIIPyTH3allMU JaHHBIX. JTO, a TaKKe IBOMCTBEH-
HOCTh cereBoi ponm BepmuH CJT Tpebyer mcmomb3oBaHHA
CIEIHUATIbHBIX IPOTOKOJOB MapupyTu3amuu. Ha cereBoM
ypoBHe B CJIT mNpUMEHSIOTCS TMPOTOKONBI TUHAMUYECKOH
MapIIpyTH3aIM1, KOTOPbIE YCIOBHO MOXKHO Pa3/iesIUTh Ha BA
KJiacca:

e  mnpoaktuBHeie (DSDV, OLSR): mapmpyTsl cTposiTcs
JUISL BCE! CETH U PacIpOCTPAHSIOTCS KaKAOMY y3Iy;

e  peaktuBHble (AODV, DSR): MapmipyTsl cTposTCS IO
TpeOOBaHHUIO.

Ha ceromusimnuii geHs HanOoliee pacrpoOCTpaHEHHBIM Ha
MIPAKTHKE aJITOPUTMOM MapIIPyTU3ALIUU SBJISIETCS peaKTUBHBIN
nporokoa AODV [2]. AODV ocraercs 3¢)(eKTHBHBIM B CITy-
yae C/IT Gonpmnx pasMepoB, AIHMHHBIX MyTeH U 9aCTHIX TIEepe-
CTpoeHNi MapmpyToB. Kpardaiimme IyTH OT MCTOYHHKA K
LIENTH CTPOSATCSI «I0 TPEOOBAHUIOY, YTO MO3BOJISIET MOIIEPKHU-
BaTh TOJILKO BOCTPEOOBAHHBIEC MApIIPYThl U N30€XKaTh M3JIHII-
HEl NEPEerpy>KEHHOCTH CETH.

MHOI'OYPOBHEBBIN XAPAKTEP YI'PO3 B CETSX
C IMHAMUWYECKOM TOIIOJIOI'MEN

Xapakrepusie ocoderrocTr CAT popMupyroT HOBBIE yCIT0-
Bus Juis peanusanyu B CIIT pa3nuyHeIX yrpo3 HapynieHus 0e3-
omacHoctu (YHDB). O6mumy npudrHaMH WX BO3HUKHOBEHHS
SBIIAIOTCS:

e o0mas ¢uznyeckas cpena mnepeiaynd AaHHBIX: MO3BO-
JSIET MacCCUBHOE MPOCITyIIMBaHue 3(Upa 3I0yMBIIIIICHHHUKOM;

e 0O0IIEIOCTYIHOCTD YCTPOMCTB: OTCYTCTBHE BCTPOECHHBIX
CPEJICTB 3alUTHI Y3JIOB OT IIeJIeHAIPaBICHHbBIX BO3EHCTBHUI Ha
CETEBOM CTEK YCTPOHCTB CO CTOPOHBI 3JI0YMBIIUICHHUKOB,;

® OTCYTCTBHE CTaHAAPTHU3ALUH, LEHTPATM30BAHHOTO
YIPaBIICHUS U CHCTEMBI IOBEPEHHOM BepH(UKALIMH y3JI0B, YTO
TIO3BOJISICT HAXOXKICHUE B CETH KaK N3HAYaJIbHO BPEIOHOCHBIX
YCTPOHCTB, TaK U JIETHTUMHBIX YCTPOHCTB C YS3BHUMBIM yIIPaB-
jstromum I10;

e 0COOCHHOCTH PEaKTHBHOW MapUIpyTHU3aIlH (JOBEpHE K
HOBBIM Y3JIaM «I10 YMOJIYaHUI0», OTCYTCTBUC BCTPOCHHLIX ITPO-
HeIyp YCTaHOBJICHHs IOBEpHsS MEXIy y3JaMH, BOWCTBEH-
HOCTB CETEBOH POJIH y3JIOB);
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® HEBO3MOXKHOCTH peajM3allii €IUHOHM IOJIUTHKH 0e3-
OIIACHOCTH BBHY OCOOEHHOCTEH KJIaCCHUYECKOW apXUTEKTYpHI
CAT, takux Kak OTCYTCTBHE (MKCHPOBAHHOI TONOJIOTHH H
LEHTPANbHBIX Y3JIOB.

IloTeHmaneHbl  370yMBIIIIEHHUK MOXKET —PEaM30BaTh
YIpo3y HapyIIeHUs 0e30MacHOCTH ¥ LENICHAPABICHHO BO3MCH-
ctBoBarh Ha C/IT ¢ 1esnbio coBepILIEHHUs BPEIOHOCHBIX JEWCTBUM.
Yrnomsayteie YHB nmeroT pazmianyro npupony (puc. 1) u mpo-
SIBISTFOTCSI Cpa3y Ha HECKOJIBKHUX YPOBHSX ITPEACTaBICHUS CETH.

baokupoBanne
Tpaduka
BpPeI0HOCHBIM
V3J10M

Ha npozpammnom yposne. Vicnonb3yst ya3BUMOCTH yTIpaB-
nsitomero  nporpammuoro obecnedenust (I10) y oraenbHBIX
yctpoicTB CAT, 310yMBbIITIEHHUK MOXKET pealli30BaTh pa3iny-
HBIE BPEIOHOCHBIE CLIEHAPHU: HECAHKIIMOHNPOBAHHBII JIOCTYI
u cbop uHpopmanuu, danscupuKanus U yHUITOKCHUE JaH-
HBIX, BBIBOJ YCTPONCTBA M3 CTPOS, 3apaKCHUE BPEIOHOCHBIM
KOZOM C LENbI0 JAJbHEHINEro pa3BUTHA aTakd Ha JApYyTHeE
ycrpoiicta CAT.

Yazeumas
NPOIMIMBKA y3J1a ¥3

I\ KnbepaTaka

\/ 3JIOYMBIILI€HHHKA
M HAa JJerHTHMHBIH
! y3ell

Puc. 1. MuoroypoBHeBbIit xapaktep npossienus YHbB B CAT

Ha npozpammmnom ypoene peaCTaBICHUS CHCTEMAa MOXKET
ObITH onvcaHa rpadamu Hepesayn ynpaBieHUs LEJIeBOH Mpo-
rpaMMBI ¢ 0a30BBIMHU OJIOKaMH1 KOZIA B Ka9€CTBE BEPIIUH U C HH-
CTPYKLUSIMH MIEpeIady yIPaBICHUS B Ka4eCTBE OPUEHTUPOBAH-
HBIX pebep. B cimydae camomomuduimpyromerocs kojga mpo-
rpaMMa IIPEACTAaBISIETCS HECKOJIBKHMMHU TakUMU rpadamu.
Cpenn YHB mporpaMMHOTO YpPOBHS MOXXHO BBIIENHUTH HPO-
IpaMMHBIE YS3BUMOCTH THIIA «IIepenoHeHne Oydepay, «IBoii-
HOE OCBOOOK/ICHUE TTAMSTH» U IP.

Ha cemesom ypoene. Takue YHD cBsizaHbI ¢ Je30praHusa-
uneﬁ CBA3HOCTHU CCTH U BbI3ZBAHbI BOS}ICﬁCTBI/ICM Ha Ipoxoas-
Ui TpauK CO CTOPOHBI OTAENBHBIX W3HAYaJIbHO BPEJOHOC-
HBIX Y3JI0B IIPY CETEBOM OOMEHE Y3JI0B APYT C IpyroM. /laHHbIe
Yrpo3bl MPOSIBISIFOTCS. B HAPYIIEHUH MapIlpyTHU3aluy U TOIO-
noruu CIT, B BEIBOAE 13 CTPOS Y37I0B, YTO MIPUBOAMT K 3aMeI-
JICHUIO, OJIOKMPOBAHMIO M IEpexBaTy TpaduKa, XUIICHUSIM U
HCKaKCHUSIM MH(pOpMALIUH.

Ha ceteBoM ypoBHE cucTeMa MpeCcTaBIsSeTCs B BUAE U3Me-
HAIOIIETOCS BO BpEeMEHM Tpada CBSI3HOCTH Pa3IMIHBIX
ycrpotictB CAT. Cpenn YHB cetreBoro ypoBHS BBIAETISAIOTCS
YTPO3bI TUIIOB «4YepHas AbIpa» [3], «uepBoTodnHa» [5] u Op.

Takum 00pa3oM, B 000UX CITydasix MOXKET ObITh COPMUPO-
BaHO 000O0IIEHHOE OMKMCaHNe CUCTEMBI B (hOpMe M3MEHSIOIIe-
rocst Bo BpemeHu rpada. OcHOBBIBasiCh Ha 3TOM, B paboTe npei-
JlaraeTcsl yHU(UIMPOBAHHBIA MMOJXO/ K BBISIBICHUIO KaK CeTe-
BBIX, TaK W MPOTPAMMHBIX yYTPO3 HapyLIeHUs OE301acHOCTH B
CAT.

MOJIEJIb MHOTOYPOBHEBBIX YI'PO3 1 HEHPOCETEBOW METO/],
WX BBISIBJIEHUS B CETSX C IMHAMWYECKO TOITOJIOTUEM

B pamkax nonxosa npeaiiaraercsi yHU(pHUIUPOBaHHOE OIIpe-
nenenue Hannmuus YHB B C/IT, npexncraenenHoit rpagom nepe-
Jla4M yNpaBJieHHs TPOTPaMMBbI JIH00 M3MEHSIOIMMCS rpadomM
cessnoctn CIT. Hanuume B cucremMe yrpo3sl 0OyCIIOBIIEHO
HaJIMYMEeM B Hell HEKOTOPOH KOMOMHAIIMH CKPBITBIX (pakTopoB
(CBOWCTB, IPH3HAKOB), KOTOPHIE SBIISIOTCS CTATUCTUYECKUMH H
moI9ac He UMEIOT cTporoit popmanmsanuu (puc. 2) (1).

Vx: 3YHB(x) == h({ckpbiTbie HpaKTOpPbI CUCTEMHI X};)

VX: CKpBITBIH QaKTOp i CUCTEMBI X =
= g,(onucaHue cucTemsl x) (1)

Takum 00pa3oMm, Halu4ue B CHUCTEME MHOTOYPOBHEBBIX
YTPO3 OIpEIeseTCs 3HAUYCHUEM BBEJICHHOU 0)1€601 hyHKYuU
cyuwjecmeoganus yeposvl T (2), (3).

T(x) = h({ckpbITble GpaKTOpPbI CUCTEMBI X};) =
= h(U, g;(ontrcaHue cucreMsl x)) (2)

S = Sprogram Y Sgrapn ~ T:S > {0,1}. 3)
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BbICOKOYPOBHEBLIE
abeTpakuMK Kopa
nonyuenwe BHEWHHE ASHHBIX

NPOM3BOABHOIC pazMepa

Brizoe MeTopa
Wz vtable

Nepenorxenne
Gygepal

0BpalerHe K paHee
onpeaereHHoMy Bydepy
KOHCTAHTHOrO pasmepa

X

A

. OceRODOXAEHHE NAMATH 0BBEKTA

)

6e3 NOACYETE CCbIAOK Ha Hero

LnMkaHYecKan 3anuck B

Bydep 62z npoBepok

Puc. 2. IIporpaMmMHbIe yI3BUMOCTH KaK KOMOWHAINS BRICOKOYPOBHEBBIX CBOIMCTB KOJa

AHaniTu4eckoe ocTpoeHne uckoMor ¢ynkuuu 7 3aTpyn-
HEHO B CHJTy HEBO3MOXXHOCTH (hOpMaIN3aliy NPU3HAKOB HaJIU-
YHs YIPO3 CUCTEME, B CHIIY HEI0CTaTKa MH(GOPMAIUU O HEen3-
BECTHBIX yTPO3ax, a TAKXKE B CUIY OFPaHHMUCHHOIO Xapakrepa
3HaHUH 00 N3BECTHBIX yTPO3ax.

IIpennaraercs moaxof, 3aKIIOYAIOIIUICS B MOCTPOCHHU
nprOIKeHNs K Oy1eBol (yHKIMM CyIeCTBOBAaHHS YIPO3bl 1’
C HCIONB30BaHUEM TIIyOOKOH HEHpPOHHOW CEeTH CIIeIUaIbHON

koHpurypaiuu. Takas ceTh 00ydaeTcs Ha OCHOBE M3BECTHBIX
JTaHHBIX 00 yrpo3ax u odecreynBaeT padoTy ¢ BXOAHBIMH JIaH-
HBIMH B 00OOIICHHOM BHJIEC KaK BPEMEHHOTO Psiia OPUCHTHPO-
BaHHBIX TPa(OB, YTO MO3BOJISAECT OMKCATh CUCTEMY KaK Ha Mpo-
IpPaMMHOM, TaK ¥ Ha CETEBOM YPOBHE IPeCTaBICHHSI.

IIpennaraemast CTpykTypa HEMpPOCETH NPEACTABICHA HA PH-
cyske 3. Ee ctpykTypa conepxut rpadoByr0 CBEpTOYHYIO H pe-
KypPPEHTHYIO YacTH.

R(Q) = P(“Q Hebe3onacHan”)

P(“6e3zonacHan”) -

,
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Bxopg: MU3meHsaowmiica Bo BpemeHu rpad cuctemnol Q

Puc. 3. Crpykrypa cnoes rubpuanoit [HC mis yHubumpoanHoro BeisBieHus yrpos B CAT
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[Tpn oOyueHun HelpoceTH Ha TPEHUPOBOYHOM Habope M3-
BECTHBIX JaHHBIX 00 yrpo3ax CJIT mpoucxomuT moacTporka
JAHHBIX KOA((HUIIMEHTOB, C TEM YTOOBI HAMIYYIIAM 00pa3oM
TIpe/ICKa3bIBaTh HATMYUE YIPO3bI HA IPUMeEpax U3 00ydaromiero
MHOXecTBa. [Tocne ¢a3pl 0oOyueHus maaHHbIE KOAPUIHEHTHI
¢dukcupyrorcsi. O0ydeHHass HEWPOCETh NMPHU MOCTYIUICHHH Ha
BXOJ] OITUCAHUSI HOBOW CHUCTEMBI BBIYMCIISICT MPUOIMKEHHUE K
OysneBoil ()YHKIMM CYIIECTBOBAHHUSI YIrPO3bI, YTO I[TO3BOJISET
OLICHUTh HAJMYHE YTPO3bl JJIsl HOBBIX CUCTEM, HE BXOJSILIUX B
00y4aroIyo BEIOOPKY.

ITPAKTUYECKUE PE3VJIETATBI IIOJIXOJIA

[Ipemmaraemsrii B paboTe moaxoa ObBLT peann30BaH Ha Ipak-
THKE [UISl PA3JIMYHBIX TUIIOB CETEBBIX U MPOTPAMMHBIX yIPO3.

a)

1.0 ‘I[(_wuoctb model accuracy
v hybos Tpennposounsie 4. (rM6pugHan MHC)
:.--.r r;rvq.. - — e —
r aon_miperteption »
—— test_miperceptron
0.9 os — Nposepounsie a. (Mbpuanan MHC)
0.8 -
0.7 %o
M| TpenupoBouHsie 4. (MHOrocn. nepuentpos)
0.6 oo
NN
- o MNposepounbie 4. (MHOrocn. nepuenTpos)
P
__f—
0.5 o= </
] 3 i }'D "{} .‘—'. ;Z
epoch Inoxu obyueHnn

1.0 L0

103

Jlng mporpaMMHBIX yTpo3, KOTOpBIE IO3BOJISIOT peann3o-
BaTh yrpo3y «oTka3 B oOcimyxuBanun» y3noB CJT uepes skc-
ITyaTaluio ysI3BUMOCTH Pa3bIMEHOBAHMS HYJIEBOIO yKa3aTens
B MallMHHOM KOfIe, pealu3alys MOoAXoja MO3BOJIMIA JOCTUT-
HYTb TOYHOCTH B 98 % B pexxume pacrnosHaBaHus. s mpo-
TPaMMHBIX yTPO3, KOTOPbIE MO3BOJSIOT PEaIM30BaTh yIpO3bI
TiepexBara yNpaBJIeHHs, 3apaXEHHsI BPEIOHOCHBIM KOIOM, MO-
BeImeHUs mpuBmiernit Ha y3max CHT dgepe3 sKkcmTyaTamnuio
YA3BUMOCTEH IBOHHOTO OCBOOOXKICHUSI, HCTIONIb30BAHMS TTOCIIE
0CBOOOX/ICHUS U T. A., TEXHOJIOTUS MO3BOJSET MOBBICUTH TOU-
HOCTB /10 3HaueHuH 92...99 % nmns pasHBIX THIIOB NPOrpaMM-
HBIX yrpo3 (puc. 4, a).

TouHocTe model accuracy
traun_hybrid TpenuposouHbie g. (rmbpugHaa THC) .
test_hybrid e . A
train_miperceptron -
- test_miperceptron \
0.9 oo YN
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0.8 o»
i
0.7 .o /
¥ \ /] TpeHnp FiHBIE [, |MHOTD i, ﬁEi.'}i.lEl‘lTilC!il’i
0.6 °f N/,
0.5 0% I'I /
04 osf | 7 \
I/ MpoeepouHbie g. (MHOrocn. nepuenTpoH)

0.3 - - - - - - - -
L] s 10 15 20 FL 30 ¥

epoch Inoxu obyyeHun

Puc. 4. IIpupocTt TOYHOCTH THOPUAHON CETH MO0 CPABHEHHIO C KIIACCHYECKOI HEHPOCETEBOI apXUTEKTypPOM:
a — JUIS yTpo3 Ha IPOTpaMMHOM YPOBHE; 6 — JUIS YTPO3 Ha CETEBOM YPOBHE

J1J1s1 ceTeBBIX yrpo3 THIIOB «YEpHas JbIpay, «UePBOTOUHNHA)
U T. 1., KOTOPBIE TIO3BOJIAIOT PEaT30BaTh OJOKUPOBaHUE, (hab-
CHU(UKANNIO, UCKAKCHUE CETEBOTO Tpadmuka, pa3paboTka mo3-
BOJISICT JOCTUTHYTh TOYHOCTH BBISBICHUS YTPO3 B PEKUME pac-
no3HaBanust ot 95 10 98 % (puc. 4, 6).
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Abstract. The article deals with the problem of identifying cy-
bersecurity threats in transport networks with dynamic topology
(VANET, FANET, MARINET, MANET, etc.). The presence of
threats both on the network and software levels of the system is
shown, and therefore the model of threats is presented. A neural
network approach for unified detection of such threats is proposed
and the ability to identify both types of threats is experimentally
confirmed.

Keywords: cyber threat analysis, deep learning, hybrid neural
network, dynamic network, VANET, FANET, MARINET, MA-
NET.
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Summary. The article deals with the approach to the creation
of communication systems, to the maximum extent providing
information security of the data processed within them. We
propose an optimal algorithm that implements this approach,
which is illustrated by an example. Given the problem statement,
implementing the creation of these communications systems,
based on the ideas of multi-objective optimization.

Keywords: information security of the system, reliability of
the communication system, theory of fuzzy sets, fuzzy logic, edges
of graphs, maximum skeleton.

INTRODUCTION

The article deals with the task of creating the most
effective, according to the criterion of information security
(hereinafter reliable), communication system. This problem is
a modification of the known problem of the shortest
connection [1-4]. The difference is that as a characteristic of
the communication channel is used not its cost, but its
reliability (information security), which involves the theory of
fuzzy sets and fuzzy logic [5-14].

It should be noted that with the help of this task Rossi,
heiser and king proposed a scheme for laying television cables
connecting all stations into a single network [15]. In addition,
the proposed problem is relevant in a number of other cases
when you want to link certain nodes (points) with the least
effort and money, that is, to build a minimum network. In [16],
an example is considered in which the probability of
information loss during its use is used as a characteristic of the
communication channel. It is noted in the literature that some
problems lead to the need to build a network of maximum and
not minimum weight. This task is also applicable algorithm
Kruskal, if you change the sign of the weight of each edge to
the opposite. If you want to find a network with a minimal
product of edge weights, then given that log(ab) = log(a) +
log(b), the minimal main tree of the graph in which the edge
weights are replaced by their logarithms gives the desired
solution. However, the weight of the ribs must be positive.

We give the formulation of the problem in the language of
graph theory [2, 3]. Edge, which is mapped to a number
(length, weight, capacity, reliability, etc.) will be measured.
Graph, all edges of which are weighted, we call balanced.
Let's call the skeleton of a connected graph G subgraph, which
is a tree and contains all the vertices of the graph G. You want
to find the most reliable skeleton.
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The formulated task is particularly relevant when creating
communication networks, when it is important to minimize
hackers ' access to information circulating in them.

It is natural to wunderstand the reliability of the
communication channel as we are confident in the safety of its
use in the course of information exchange. As an indicator of
the reliability of the communication channel, we can use the
probability that there will be no negative consequences due to
the impact on it from hackers, natural and man-made disasters
in the course of information exchange. But here a serious
question arises-where to get these probabilities, especially if
the parameters of the functioning of the communication
channel are confidential, which is quite natural. In addition,
even if these probabilities are known, it remains a rather
difficult technical task to determine the optimal use of the
entire communication network.

We propose to use the theory of fuzzy sets to determine the
reliability of communication channels and the entire
communication network. Recall the necessary for further
concepts of this theory.

The concept of a fuzzy set is an attempt of mathematical
formalization of fuzzy information for the construction of
mathematical models. At the heart of this concept is the idea
that the elements that make up a given set, having a common
property, can have this property to a different extent and,
therefore, belong to this set with different degrees. In this
approach, saying that some element belongs to a given set, it is
necessary to specify the degree to which this element satisfies
the properties of this set.

A fuzzy set A on a universal set U is a set of pairs
(,u A(U),U), where (4 A(U) — the degree of membership

of the element U €U to the fuzzy set A The function
U A(U) is called the fuzzy membership function A,

U A(U) expresses the degree of membership of the element

ueU to the fuzzy set A. The degree of belonging is a

number from the interval [0, b]. The higher the degree of
membership, the more the element of the universal set
corresponds to the properties of the fuzzy set, the more
reliably we can say that it is an element of this set.

As arule, it is assumed that the membership function takes
values from the interval [0, 1]. Questions related to the
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definition of the type of membership function and their
construction are studied, for example, in [10, 17].

In the future, we will often use the words «degree of
belonging», «information security», «reliability» instead of the
phrase «meaning of the function of belongingy.

Definitions of fuzzy set-theoretic operations of Union,
intersection and others can be generalized from the usual set
theory. We present the definitions of fuzzy set-theoretic
intersection and Union operations proposed by L. Zadeh.

The intersection of fuzzy sets A and B given on U is

called the fuzzy set C=ANDB with the membership
function

pe(u)=minju, (W) pg W) @
forall U € U (see fig.1).

L4

Fig. 1. Intersection of fuzzy sets

Fuzzy sets in the case where the universal set is a
numerical axis, called fuzzy quantities. A fuzzy quantity
whose membership function is continuous and has a single
maximum is called a fuzzy number.

Following [18-20], we introduce some concepts of fuzzy
logic. In classical mathematical logic, the values of the truth of
statements can be only two values — «true» and «falsey», with
the value of «true» corresponds to the number 1, the value of
«false» — the number 0. Fuzzy logic deals with fuzzy
statements that may be true or false to some extent. The degree
of truth of a fuzzy statement takes values from a closed
interval, with 0 coincides with the value of «false», 1 — with
the value of «true».

~

The degree of truth of a fuzzy statement F is denoted by

ulF).

Various logical operations are introduced on fuzzy
statements, let us focus on two of them: conjunctions and
disjunctions.

Consider two fuzzy statements A and B . F uzzy logical
operations AND (A) and OR (V) by analogy with the set-
theoretic operations of Union and intersection performed by
the rules:

ulA A B)=min {u(A)u(B) o

The operation of finding the minimum is also indicated by
asign A\, i.e.

pe(u)= uau) A ug ().

The Union of fuzzy sets A and B given on U is called a
fuzzy set D = AU B with the membership function

ppU)=maxiuz(U)ug)i @

forall U €U (see fig.2).
The operation of finding the maximum is also indicated by
asign V,i.e.

Fig. 2. The Union of fuzzy sets

ulAv B)=max {u(ALu(B)} o

Under the reliability of the communication channel, we
understand the degree of truth of the fuzzy statement «the
communication channel is reliable». It is assumed that this
indicator is known for any of the communication channels that
can be created. By determining the conjunction of fuzzy
statements (formula (3)), the reliability (degree of truth) of the
network is equal to the minimum of the reliability (degrees of
truth) of the communication channels included in this network.

So, let's give a connected weighted graph G= (V 5 E),

its edges correspond to the communication channels, each of
them is correlated with a number — the degree of truth of the
fuzzy statement «the communication channel is reliable».

It is required to find the skeleton of this graph, for which
the degree of truth of the fuzzy statement «all communication
channels are reliable» is maximal.

We will solve the problem using the modified Kruskal
algorithm, replacing it only with the criterion of joining the
next edge to the already constructed (perspective) set of edges,
and we will look for not the minimum, but the maximum
skeleton (the skeleton of the maximum weight). Denote the
maximum skeleton will be MakO.

Theorems 1 and 2 take place for the case under
consideration.

Humennexmyanvnovle mexnonozuu Ha mpaucnopme. 2019. Ne 2 16



Intellectual Technologies on Transport. 2019. No 2

Theorem 1. Among the solutions of the problem of the
most reliable subgraph containing all edges of the graph under
consideration there is a skeleton.

Evidence. Suppose the opposite, i.e. that the subgraph
which is the solution of the problem (connecting all vertices of
the graph under consideration and having the maximum
weight) is not a tree. Then there is a cycle in it. Removing an
arbitrary link of this cycle, we get a subgraph containing all
vertices, but not less weight. If the obtained subgraph is a tree,
then we have obtained the required skeleton, otherwise there is
a cycle in this subgraph, removing an arbitrary edge in it,
obtaining a new subgraph of no less weight, etc. By virtue of
finiteness of the number of edges in the original graph, we
eventually obtain the required skeleton. The theorem is
proved.

Changing with regard to the concept of «weight» algorithm
Kruskal, we obtain the following algorithm.

Let a connected graph G = (V , E) with n vertices and m

edges be given, let its weight € € E be defined for any edge

d(e).

We start with a graph G, = (V,@) that consists only of
the vertices of the graph G = (V , E) and has no edges. This

graph can be considered as n connected component, each of
which consists of one vertex.
In the future, the algorithm consists of a sequence of

stages. At the stage with the number k= L,2,...,n—1 the
graph is built Gk = (V ’Tk ), for this purpose one edge is

added to the set of edges Tk—l of the grathk_l , which is
selected by the following rule:

— in the graph G= (V 5 E), select the edge of the
maximum weight of the number of edges that do not belong

I'SE

— if the addition of this edge to does Tk—l not lead to the
formation of a cycle, then we attach this edge to Tk—l , We
obtain Tk and graph Gk = (V ,Tk );

— if the cycle is formed, then of the remaining edges of the
graph Gk = (V ,Tk ) do not belong Tk—l , select the edge
of the maximum weight, etc.

The graph Gﬂ—l is the skeleton of a graph G of

maximum weight.
Theorem 2. The stated algorithm gives MakO. (For a
classic formulation see [4]).

Evidence. We show first that when O <l <n—1 a

graph Gi can be constructed. Indeed, we consider the sets of
edges Ti—l and Ti—l . Valid to the connectivity of the graph
G, there is such an edge (k,l), as well K ETi—l and

E \Ti —] - This edge does not form a cycle with edges from

Ti—l' Having chosen an edge with the maximum weight
from all such edges, we get an edge Ti—l whose joining
gives Ti .

We prove now that Tn—l is the skeleton of the maximum

weight in the graph G.

Consider a graph Gn—l with a set of edges Tn—1~ Since
it is connected, consists of n vertices, N — 1 edges and has no
cycles, it is a tree (see [21]). We show that the weight of the
tree Gn—l is maximal.

Suppose that this is not so. Among all the skeletons of the
graph G having the maximum weight, choose such a
skeleton with a set of edges T that has Tn—l the maximum
number of common edges.

Let € = (a, b) be an edge Tn—l from that is not

contained in | and has a minimum number among the edges

of the set Tn—l that are not included in T . (It is assumed

that the edges in the set Tn—l received numbers in the

process of its construction, in the order of their joining to the
graph under construction). In the set T there is a simple

chain connecting vertices a and b by attaching an edge € to
it we get a cycle. In this cycle, there is an edge e that is not

included in Tn—1~ Replacing an T edge e on €, get a new
skeleton T'=T \ {e} o {ei } But | - the skeleton of a

maximum weight, thus the weight T/ not more weight T. 1t

follows that the edge €j does not weigh more than the edge e.
On the other hand, attaching an edge e to Ti—l (at =1

assuming we T, , =) do not get a cycle, since the edges

i
€1,€2,...,€j_1,€ are included in the set T . If the weight
of the edge e was greater than the weight of the edge €j, then
when building a tree Ti , we would not ei , and e (or another
edge with a weight of more weight €j ). Therefore, the weight
of an edge €} is equal to the weight of an edge e, and the

weights of trees with sets of edges T and T' are the same.
So, T'— the skeleton of the maximum weight. The
number of edges common to sets T and T is greater than

the number of common edges for Tn—l and T
(T =T\ {e} o {ei }), which contradicts the choice of the

set T . The resulting contradiction proves the theorem.

We illustrate the proposed theoretical provisions by
example.

Possible communication lines are presented in the form of

a graph G in figure 3. Next to the edges representing the
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communication lines, the reliability of these lines is indicated
(for example, the degree of our confidence that there will be
no unauthorized access to information during the transmission
of information on this line). The main source of information
(the point of issue of directives) is points 1, i.e. it is necessary
to transfer messages from points 1 to all other points. To
determine what channels of communication should be created
to allow the reliable transmission of information without
violating its confidentiality in the context of this
communications system would be the maximum.

Define GO = (V,@), V = {1,2,3,4} We list the

edges that make up the MakO, specifying them in the order in
which they were attached to the created skeleton:

(4,6),(3,4),(4.5),(2,5), (1,2).

This is the skeleton of maximum reliability; its reliability
index is 0,7.
Note that the order of construction of the skeleton could be

different. Note also that joining an edge (3,5) instead of

(2,5) , say, impossible, since the edges
(3,5), (3,4), (4,5) form a cycle.
04
2 ' 4
o7z 09
0,7
05 na
1 D B b
06 06
3 07 g

Fig. 3. Graph, which shows all possible communication
channels

Let's complicate a little the formulation of the considered
problem, we will take into account not only the indicator of
the reliability of the communication channel, but also the cost
of its creation. Let's complicate a little the formulation of the
considered problem, we will take into account not only the
indicator of the reliability of the communication channel, but
also the cost of its creation. Let each edge of the graph

G= (V , E) correlate the degree of truth of the statement

«communication channel is reliable» (reliability) and the value
of its creation (cost). Let us consider two problems in
connection with the above.

1. Build the most reliable skeleton, provided that its cost
should not be more S.

This problem can be solved by consistently excluding the
edges of minimal reliability from the original graph.

The decision starts with the consideration of the initial
graph, which is built the skeleton for a minimal cost. Let its

cost is less S and its reliability is equal I}. Remove from the

original graph communication channels, the reliability of

which does not exceed I . For the resulting graph again build

the skeleton of the minimum cost. The cost and reliability of
the resulting skeleton will not be less than the skeleton

obtained earlier. Let its reliability is equal ;. Remove from
the original graph communication channels, the reliability of
which does not exceed I, etc. until we get a skeleton cost

more S or a graph that does not contain all the vertices of the
original.

2. Build a skeleton of the minimum cost, provided that its
reliability must be at least R.

To solve this problem, we remove from the original graph
communication channels, reliability of which is less R, and
build the skeleton of the minimum cost for the resulting graph.
If we get a graph that does not contain all the vertices of the
original one, then the formulated problem has no solution.

CONCLUSION

As a conclusion, we note that the article proposes an easily
programmable algorithm for creating a communication system
that provides maximum information security, implemented
within its framework of information exchange.
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Annomayua. PaccMaTpuBaercsi MOAX0J K CO3IAHUI0 CHUCTEM
CBSI3H, B MAKCHMAJIbHOIi cTeneHu ofecne4yuBawinux uHdpopma-
HHMOHHYI0 0e30acCHOCTh 00padaTbIBaeMbIX B HX PAMKAaX JaHHBIX.
IlpenJioskeH ONTUMAJBHBIA AJTOPUTM, PeaTM3YOIIUIA YyKa3aH-
HbI M0AX0/, KOTOPBIH NMPONIIOCTPUPOBaH npuMmepoMm. IIpuse-
JeHbl MOCTAHOBKH 3aJa4H, pealu3yloueil co3qaHne yKa3zaHHbIX
CHCTEM CBfI3H, OCHOBAHHbIC HAa H/JAesIX MHOTIOKPHUTEPHAILHOMI
ONTUMM3ALHH.

Knrwuesvle cnosa: nadpopmannonHas 6e30nacHOCTb CHCTEMBI,
HAJeKHOCTh CHCTeMBbI CBSI3H, TeOPUS HEYETKHX MHOKECTB, He-
4YeTKas JIOTMKa, pedpa rpadoB, MAaKCHMAaJIbHBIA O0CTOB.
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0030p KOIAOB AJI NIOMEXOYCTONYUBOIO
KOAMPOBAHMSA
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Annomayusa. PaccmaTpuBaloTcss 0a3oBble  AJITOPUTMbI
MOMEXO0yCTOMYHBOI0 KOJUPOBAHUS [IJIsi 00ecneyeHHusi JH0CTOBep-
HOCTH TepeaBaeMbIX U XPAHUMBIX JAHHBIX B BHIYHCIUTEIbHBIX
CHCTEeMAaX M ceTAX nmepeaayu AaHHbIX. [logpo6HO onmucaHBI MPUH-
IUNbI Pad0ThI KO0B, TAKHX KAK OMT Y€THOCTH, BEPTUKAIbHBIN
U TOPU30HTAJbLHBIA KOHTPOJIb 10 YeTHOCTH M KOJ X3MMMHIa, U
cepa ux npuMeHeHusl.

Knrouegvie
JeKOHpOBaHHE.

cuoea: YETHOCTDb, MOMEXH, KOJAUpoOBaHUE,

BBEJIEHUE

IIpn mepemade cooOmieHHs (IAHHBIX) OT HCTOYHUKA K
MPUEMHUKY  MOXET  NPOM30MTH  omubOKa  (TTOMEXH,
HEHUCTIPaBHOCTh 0OopymoBaHua W mp.). s oOHapyxeHHUS H
WCTIPABICHUS OHMMOOK MPUMEHSIOT IIOMEXOYCTOHUYMBOE
KOJIMpPOBaHUE, T. €. KOTUPYIOT COOOLICHHE TakUM 00pa3oM,
4YTOOBI TPHUHUMAIONIAs CTOPOHA 3Haja, MPOU30ILIA OUIMOKa
WIM HEeT, W MOIjla HCIPaBUTh OMIMOKM B Cilydyae WX
BO3HUKHOBEHHUSL. [Mpumenenne MIOMEX0YCTOHYNBOTO
KOJMPOBAaHUSI C HCIPABJICHHEM OMIMOOK B COBPEMEHHBIX
cHCTeMax CBSI3M ABIsIeTCs 00s3aTenbHbIM. [log KogupoBaHneM
MOHUMaeTcad  J00aBlieHWe K  HMCXOAHOHW  MH(OpManuu
JOTIOTHUTEIBbHOU MPOBEPOYHOMN nH(POpPMAIIHH. Hdnst
KOJMPOBAHUS Ha MEPENAIOIICH CTOPOHE UCIIONB3YETCs KOJEP,
a Ha TPUHUMAIOMIEH CTOPOHE AJSI IMOJIYYEHHS HCXOIHOTO
COO0IIECHNS UCTIONB3YIOT Aekoxaep (puc. 1), [1, 2].

LWymbi

2N
Koaep —):—b [Nekonep P

Kanan

UcTouHmk MpuemHuk

Puc. 1. IIpoxoxaeHue curnana 1no KaHaty CBS3H

[Ipu ncronp30BaHNN KOAUPOBAHUS BO3HUKAET ITOHATHE
W30BITOYHOCTH Koaa. [loJ HUM TOHHMMAaeTcs KOJIUYECTBO
MIPOBEPOYHON MHPOPMALINU B COOOIIICHHH.

BUT YETHOCTH

but uerHoCTH (OUT MapuTeTa) — METOA Al OOHAPYKEHUS
omMOOK B IepenaBaeMoM Makere AaHHbIX. [lo3Bossier oOHa-
PYXUTH OIUHOYHYKO OIIMOKY, 0€3 BO3MOXHOCTH BOCCTaHO-
BWTH JaHHbBIC [3, 4].

C.B. Kinmmenko
Nmxenep-nporpammuct Dell EMC

Canxr-IlerepOypr, Poccus
s.klimenko@live.ru

DTOT OUT PACCUUTHIBACTCS M YCTAHABIUBACTCS BO BPEMsI
OTIPABKHU JAaHHBIX KOJEpOM (pHC. 2); TOCIE MONydCHHS JTaH-
HBIX JIeKO/IepoM (pHC. 3) OH PAaCCUMTHIBAETCS 3aHOBO M CpPaB-
HUBAETCS C TMONydeHHbIM. [l pacdyera OWTa YETHOCTH WHC-
moyp3yercss OyneBa (QYHKIHMS — cymMMa IO MOIyiro 2 (uc-
xmouatomiee «MJIN») s Bcex OMT maHHbIX. VI3MeHeHHne 3Ha-
yenus dToro 6ura ¢ 0 Ha | wmm ¢ 1 Ha O cBHOETENBCBYET O
HaJM4YWW OIMUOKH [5].

— B7 B6 Bi BO

BxozHoWM noTtok

—> AO

L.
/4 o

\ 4

C

v A8 (nposepouHblii 6uT)

Puc. 2. CtpykTrypHas cxema paboThl Koaepa

— A8 A7 Ai AO
BxozHOM NOTOK

3 B0

4 .
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A 4
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A 4

C

v
NHdopmauus 06 owmbke

Puc. 3. CtpykrypHas cxema paboThl JeKoaepa
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Muorue peamuzamma UART (Universal Asynchronous
Receiver-Transmitter —  yHHBEpCalbHBI aCHHXPOHHBIN
MIpUEMOTIepPEJaTYNK) HMEIOT BO3MOXKHOCTH aBTOMAaTHYECKH
KOHTPOJIMPOBATh IEJOCTHOCTh J@HHBIX METOZOM KOHTPOJIS
6utoBoii yerHocTH. Korma 3ta  (yHKIMS  BKIIOYEHa,
MOCJICTHUN OWT ITaHHBIX B MHHUMAJIBHOH TOCBUIKE («OHT
4eTHOCTH») KoHTposmpyercs yorukoii UART n comepxut
WH(POPMAIHIO O YSTHOCTH KONWICSCTBA SANHUYHBIX OUT B 3TOU
MHMHHMAaJIbHON OCBUIKE.

BEPTUKAJIbHBIV U TOPU30OHTAJIbHBII KOHTPOJIb
10 YETHOCTH

[Ipencrapnser coboif MOTUPHUKANNIO OIMKMCAHHOTO BHIIIE
Merona. Ero oTnmuume COCTOMT B TOM, YTO UCXOIHBIE JaHHEIE

a)

A B, Bg Bs
-
0 1 0
“ 1 0 0
“ 0 1 0
0 1 0
“ 1 0 0
1 1 0

0)

Ha cropone otmpaBku:

0000010
1011011
1101100
0000011

[1] 1001100
I—Vl

npumep
COJICPKUMOT0

1001101=1s- cymMa 1OTIOTHEHUIA
HaBepTupoBaTh
0110010= BCC

paccMaTpuBaroTCs B BUJIE MaTPHIIbL, CTPOKH KOTOPOM COCTaB-
JSIOT OaiiThl NaHHBIX. KOHTPONBHBII pa3psi NOJACYUTHIBAETCS
OTJETBHO JUIS KaXJIOW CTPOKH M JUIs KaXKJOro CTOJIONA Mart-
punsl. [IpuMep mOCTpOeHHs M MPOBEPKH METO/a Ha OCHOBE
tdopmupoBannss BCC (Block Check Character — mposepka
CyMMEI 0JIOKa) TIOKa3aH Ha pucyHke 4. MeToa mo3BoiseT 00-
HApY>XUATh OOJBIIYIO0 YacTh IBOWHBIX OIIUOOK, OJHAKO 00Ja-
aer ere 0oJbIIeNd N30BITOYHOCTBIO.

Ha npaxTtuke MeToJ INOYTH HE NPUMEHSAETCS H3-3a €ro
0ONBIION H30BITOYHOCTM M HEBBICOKOM JUArHOCTUYECKOU
CTIIOCOOHOCTH.

0 0 1 0
1 0 0 0
0 1 1 0
0 0 0 0
1 1 0 1
0 0 0 0
0 0 1 1

0 0 0 0 0 1 1
S I I I

Ha cropone npuema:

0000010

1011011 co/iepKaHue
1101100

0000011

0110010 =BCC

[1] 1111110

I

1111111 = nyne B 1s-qonoaHeHuun

Puc. 4. Meron npoBepku Ha ocHOBe hopmupoBanust BCC: a — mpuMep moCcTpoeHUsT BEPTUKATBHOTO
U TOPU30OHTAJIBHOT'O KOHTPOJIA IO YCTHOCTH, 6 — (I)OpMHpOBaHI/Ie JOIMMOJIHUTCIIBHOT'O KOJJa CYMMBI
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Ko X3MMHHI'A

Konmer XomMmunara — Hamboliee M3BECTHBIE U3 CEMENCTBA
CaMOKOPPEKTHPYIOUINXCS KOJOB. I1oCTpOCHBI OHM TPHUMEHH-
TETHHO K IBOMYHOHN cucTeMe cuucieHus [6, ri. 5; 7].

Kox XsMMmuHTra 1Mo3BoJisieT 3aKOANPOBaTh Kakoe-I11u00 HH-
(dbopMaroHHOE COOOIICHHE Ha OCHOBE IMPEJICTABICHHOTO Ha
PHUCYHKE 5 alropuTMa U MOCJIe Mepeadd ONPeICIuTh, MOSBHU-
Jlach JIM Kakas-au0o ommbKa B 9TOM cOOOLIeHUH (BBUIY IO-
MeX, HEUCTIPABHOCTH 000pPYIOBAHUS U TIP.), ¥ IIPH BO3MOYKHO-
CTH BOCCTAHOBHTH 3TO coobrienue [8, 9].

JIJIs KaXKIoTo 9rclia MPOBEPOYHBIX CHMBOJIOB HCIIONB3YET-
cs crienmansHas MapkupoBka Buaa (k, i), rme k — xomudecTso
CHUMBOJIOB B COOOIICHHH, i — KOJIMYECTBO HH(OPMAIIMOHHBIX
CHUMBOJIOB B coo0mennn. Hampumep, cymecTByoT (cM. puc.
5) xomwt (7, 4) (15, 11), (31, 26). Kaxxaplii MpOBEpOYHBIA CHM-
BOJ B KoJ¢ X3MMHUHra HpPEACTaBISIET CyMMYy II0 MOIYJIO 2
HeKOTOpOﬁ IIOAIIOCIICAOBATCIBbHOCTHU JAHHBIX.

a)

> i4 i3 i2 il
BxoaHoM noTok

/_> k3

A 4

k5

» k6

» k7

6)
— k6 k5 ka4 k3 k2 k1 —bfl\—b

BxozHo# noTok

Konep XammuHra Vckniovatowee “UNN"

b
C
v

b
C
v

Cuerumk 1-7

Puc. 5. CtpykrypHas cxema pabOTHI IeKoaepa

Kox XsmMmuHra ucnons3yercs B HEKOTOPBIX MPUKIAJAHBIX
nporpamMmax B O0JIaCTH XpaHEHHs JaHHBIX, HalpuMep B
RAID-2. Kpome Toro, mero X3MMUHra AaBHO MPUMEHSETCA
B mamsiti thuna ECC (error-correcting code memory — rma-
MSTH C KOPpPEKIHEl OMMOO0K), TO3BOJIIET «HA JIETY» HCIpPaB-
JSTH ONHOKpAaTHBIE M OOHApPYy>KMBATh ABYKPATHBIE OIIMOKH
[10].

3AKJIFOYEHHUE

B cratbe paccMOTpeHBI IPOCThIE METOMIBI OOHAPYKEHUS U
ucHpaBieHusT ommOoK. [IpencTaBieHbl CTPYKTYPHBIE CXEMBI
paboTHI KOAEPOB, NEKOIEPOB I KAKIOTO U3 HUX, OTMEUYCHBI
MPUHITUIHATBHBIC OTINYHS METOAOB APYT OT APYra, a TaKxke
ompeneneHa cepa MPUMEHEHHS.
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Overview of Codes for Error-Correcting Coding
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Abstract. The article discusses the basic error-correcting cod-
ing algorithms to ensure the reliability of transmitted and stored
data in computing systems and data networks. The principles of
operation of codes (such as: parity bit, vertical and horizontal
parity check and Hamming code) and scope are described in de-
tail.

Keywords: parity, interference, encoding, decoding.
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Annomayusa. PaccmaTpuBaercsi npodieMaTHKa aJanTanuu
NMPUJI0KEHHNH ISl JIIoiell ¢ OTKJIOHEHHSIMH B I[BeTOOLIYIIeHHH.
IIpuBoauTcs pa3dop MCTOYHHKA NMPOOJEMBbI, PacCMaTPHBAKOTCS
BO3MO’KHbIE METO/IbI €€ PelllecHUs, 2 TAK:Ke Psii IPUMEPOB peasn-
3allMH 3THX MeToA0B. OIMH M3 caMbIX NMPOCTBIX CNOCO0OB ajan-
THPOBATh NpPHJIOKEHHe s JAJILTOHHMKOB — HCHO0Jb30BATh
CHMBOJIBI, TEKCT WJIH Pa3IMYHbIe H300paKeHHs] BKyIe ¢ I[BETOM.
IIpumepoM Takoro moaxoaa cay:kut nmpuio:kenue Trello — op-
raHaiizep, peaju3oBaHHbIi kak Bed-cepBuc. Eme nasa cnocoda
obecrieyeHHs! TOCTYMHOCTH NMPWJIOKEHHs ISl TATbTOHUKOB: HC-
N0JIb30BAHNE 0COOBIX NAJUTP I[BETOB H MPOCMOTP Bcero Au3aiiHa
B MOHOXpOMe.

Knrouegvle cnosa: naabToHU3M, NpHIOKeHHe, BeT B DBM,
KOMIIbIOTEepPHas rpaduka.

BBEJIEHUE

JlanbTOHM3M, WM LIBETOBAs CIIENOTa, — 3TO HapyIleHHue BOC-
NPUATHSL [IBETOB, BBI3BAHHOE PACCTPOMCTBOM IIBETHOTO 3pe-
Hust. CrieiyeT OTMETUTb, YTO 3TO OJHO U3 PACIPOCTPAHEHHBIX
HapyleHuil 3peHus: okoio 8 % myxuuH U 1 % >KEeHUIUH
AMEIOT JaJbTOHHM3M Kakoi-1ubo crenenu [1]. DTo o3HayaerT,
YTO TIOYTH KaKABIA JIECATBHIA 4YEIOBEK, MOJb3YIOUIMHCS TeM
WM WHBIM TPOTPaMMHBIM IIPOXYKTOM (TIPHIIOKEHHEM) OyneT
UMETh TPYAHOCTH C NMPABHIBHBIM HOHMMaHHEM (00paboTKOM)

BU3YyaJlbHBIX JaHHBIX. Eciu paboTa MpHUIoKEHHs 3aBHCUT OT
BOCIIPUSTHS [IBETA TOJIb30BATENIEM, TO 3TO MOXKET CKa3aThCs
Ha MOJIb30BATENIBCKOM OIIBITE, MYCTh AaXe U OJJHOTO U3 Jecs-
TH 4eJOBEK, T. K. UMEHHO cOalaHcupoBaHHas uH(orpaduka
MPEANoJaraeT rpaMOTHOE MCIOJIb30BAHUE BU3YAILHOTO TIpEI-
cTaBjeHUs (HampuMmep, auarpamm, rpaukoB, HKOHOK, H300-
pakeHUi), COOTBETCTBYIOIINI BHIOOP IBETOB W IIPUPTOB U
ap.

Tax kax sice Ham Hacmpoums npuiodxcerue? Kax ucnpa-
sumu npodaemvi? Kax moscrno npedomspamums 3mu npooie-
Mmot?

TIPEICTABJIEHUE [IBETA B DBM

IIpu nmoctpoennn Moxenu nsera B OBM omuparorcs B
NIepBYI0 O4Yepeb Ha TO, Kak paboraer yenosedeckuii ria3. Ero
MOXHO NPEACTaBUTh KaK ONTHYECKHH INPHOOp CO CBOUM
«OOBEKTHBOM» — XPYCTAINKOM — ¥ CBETOUYBCTBHUTEIBHBIM
JIEMEHTOM — ceT4aTKoi. C MOMOIIBIO T7a3a MOYKHO pa3iiu-
YUTh HE BCE AIICKTPOMAarHUTHBIE BOJIHBI, @ TOJIBKO T€, JJIMHA
KoTopbIx Haxoautcs B nuamasoHe 400..700 M. Xpycrammk
HpOSLUpPYeT BUANMOE M300pakeHHE Ha CETYATKY, HOKPHITYIO
CBETOYYBCTBHUTEJILHBIMH PELENTOPAMU — ITAJOYKaMH U KOJI-
6ouxamu. CTpoeHHe Ti1a3a MOXKHO YBUJIETh Ha pUCYHKe 1.

CeeTovyBCcTBUTENbHBbIE peUenTopbl

T nUEMeNMNEA
xnemxa
NanowKY

Puc. 1. CtpoeHue yenoBeueckoro riasza
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Penentopbl cozepar HECKOJIBKO THIIOB IIBETOYYBCTBH-
TCJIbHbBIX ITUI'MCHTOB GeHKOBOFO MPOUCXOKIACHU. TaK,
HanpuMep, B KOJIOOYKax CojaepXHTcs Homorcuu (oOriee
Ha3BaHHUE 3PHUTEIBHBIX MUTMEHTOB, COJICPIKALIMXCS B KOIOOY-
Kax ceTyaTku). B cocTtaB HomomcuHa BXOJAT TPH IMHIMEHTA,
OIMH W3 HUX — XJOpoyad, crenupudeckuii (GpoTOIyBCTBH-
TENBHBIA MUTMEHT. XJI0p0oJad MONYYnII CBOE Ha3BaHHE B CBS-
3M CO CICHU(PUISCKHM CIIEKTPOM IIOTJIOIICHUS B BHIMMOI-
o0JIaCTH CHEKTpa, ¢ MAaKCUMAJIBHOM YyBCTBHTEIBHOCTBIO K
00J1aCTH, COOTBETCTBYIOIICH JKENTO-3JICHON YacTH CIHEeKTpa
(MakcumyMm okos10 534-545 um). Bropoit — sputpoiad, mak-
CHMaJIbHasi YyBCTBHUTEIBHOCTh K O0JIACTH, COOTBETCTBYIOIIEH
JKENITO-KpacHOM JyacTu crekrpa (okosno 564—-580 um). Tpetwuii
MMUTMEHT — IIUaHOJIa0, ¢ MaKCUMaIbHON YyBCTBUTEIBHOCTBIO
K cuHe-(roneToBoi yactu criekrpa (420—440 um) [2].

[Tanouky, pacnonoxeHHbIE B OCHOBHOM Ha Kparo CeTdaT-
KH, 00JIaIAf0T KpaifHe BBICOKOM CBETOUYBCTBUTEIBHOCTBIO, HO
IIpH 3TOM c1a00 pa3IuyaroT IIHHY BOIHBI. Komboukw, pacmo-
JIO)KCHHBIC B OCHOBHOM B LICHTPE CETYAaTKH, 00JIaJal0T HU3KOH
CBETOUYYBCTBHTEIBHOCTBIO U Y3KHM [HAITa30HOM BOCIPHHH-
MaeMBIX JUTHH BOJH (pHC. 2).

Puc. 2. UyBCTBUTENBHOCTH KOJNOOYEK K JUTMHAM BOJIH

Takum 00pa3om, IIBET MOXKHO 33[aBaTh KaKk CyMMY TpeX
0a30BBIX IBETOB — KPacHOT0, 3€JICHOTO ¥ CHHero. Takas Mo-
Jenb nomyuuna HazBanue RGB. Oty Mozens MoXHO npencTa-
BUTH B BHJE KyOa (puc. 3), B KOTOPOM KaXJIbli L[BET Ipej-
CTaBISIETCSl TPEXMEPHBIM BEKTOPOM, KOMIIOHEHTHI KOTOPOTO
OTIPEZICTISIIOT JIONM KPAacHOTO, 3€JIEHOTO M CHHETO I[BETOB,
CMEIINBasi KOTOPBIE MOKHO TOJIyYUTh BCE OCTAIbHBIC IIBETA U
OTTEHKHU. B 3TON Mozenu 4epHbIil LBET NPEICTaBIEH BEKTO-
powm (0, 0, 0), 6ensrit uBeT — (1, 1, 1) [3].

LiseToBol ky6 mogenu RGB

©,0,1) : :
i /
|
|
10,1,0)
ICNCH
(0,0,0) (1,0,0)
YepHu KpRCHRA

Puc. 3. Ky6 npencraenenns nsera B RGB

Hecmotpst Ha Bceobmiee wucnosbzoBanue monenu RGB,
OHa He sBisgeTcs craHaaproM. CTaHAapTOM ABISETCS MOJEINb
CIE XYZ, B KOTOpOH KaXIbli BUAMMBIM YEJIOBEKOM IIBET
OJIHO3HAYHO MPEJCTABISETCA C MOMOILBIO TPOHKU HEOTpUIIa-
tenpHBIX uncen (X, Y, Z). Jnas momydeHust STHX dWCel
UCTIONB3YIOTCS (HOPMYJITBI

X = fl(l)kx(l), y = fl(/l)ky(){),

Z= [1D) k), ()

rae ky(A), ky(A), k(1) — onpenenennsie cranaapToM 6azo-
Bbie QyHKIMHU (pHC. 4).

2'0 — )

y(a)
1.5 — Z(4)
1.0

0.5

0.0 - t et . -

400 500 600 700
A/ HM

Puc. 4. I'paduk pynxumii k, (1), ky (1), k(1)

B MPEACTAaBJICHHBIX MOJCIIAX BCC TPHU KOOPAUHATHI HECYT B
cebe uHpoOpMaluoo o0 1uBere. TeM He MeHee CYIIECTBYIOT MO-
JCJIN C SAIBHBIM JCJICHUEM KOOPJAWHAT Ha SAPKOCTb U XpoOMaTu-
yeckue KoopauHatel. OiHa U3 TakuX Mofenei — YXy, KoTopas

OIpeieNsieTes CNeAYOMUME (HOPMYIaMu:
= _X R ®
= Xtriz’ VT Xvvez

XpOMaTI/I‘leCKI/Ie KOOpAUHATBI X U Y HOJIHOCTBIO OIIPCIC-
JISIFOT LIBCT 0e3 yueTa €ro ApKOCTH.

0.9

03 4 . > 540

06
500 +

05

530

L0 B
00 0.1 02 03 04 05 06 07 0.2

Puc. 5. Xpomarudeckas nuarpaMma
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Ha pucynke 5 mpezacraBieHa XxpomaTHueckas AuarpaMma,
KOTOpasi COJEPKUT XPOMAaTHYECKHE KOOPIMHATHI BCEX BUU-
MBIX YEJIOBEKOM I[BeTOB [4]. Ha 3TOM M300paxeHuu Iyra co-
OTBETCTBYET YMCTHIM CHEKTPAJIbHBIM I[BETaM, a OTPE30K —
L[BETaM, TOJIyYarOIMMCS IPY CMEUINBAaHUN KPAcHOTO U CHHE-
TO IIBETOB.

Ecnu B34Th ABa mBeTa, TO UM OyIyT COOTBETCTBOBATH JIBE
TOYKM Ha JIuarpamMme. Bce MHOXECTBO IIBETOB, IMOJIydaeMoe
CMEIINBAaHNEM 3THX JIBYX LBETOB, OYIET BBIPAKEHO OTPE3KOM
MEXIy STUMH IBYMs To4ukamu. COOTBETCTBEHHO MHpHU Tpex
LIBETaX MHOXKECTBO OYZET BBIPAXKEHO TPEYTOJIbHUKOM.

BbIBOA: HMKaKkOe KOHEYHOE KOJIIMYECTBO IIBETOB HE MOXKET
JIaTh TIPH CMEUIMBAaHUU BCE BHIUMBbIC YEIOBEKOM LBETA.

Hecmotps Ha TO, uro 1BeToBOE mpocTpancTBo CIE XYZ
SIBIISIETCS] CTAH/IapPTOM, Ha MPAKTUKE MOYTH JJIsI BCEX CBETOU3-
JTy4alolUX yCTPOUCTB MCIONB3YI0T Mojienb RGB, mockonbky
OHa TpOCTa W yAOOHA; 1a)ke HECMOTPS HA TO, YTO OHA HE MO-
JKeT J1aTh BCE BHIUMEIC I[BETA, €€ IOYTH BCerja OBIBACT JI0-
CTaTOYHO.

CymiecTByeT erie HeCKOIBKO MOJIeNel TIpeICTaBICHUS:

e CMY (Cyan, Magenta, Yellow) — siBisieTcst oOpat-
Hot Montenn RGB 1 ncnomnp3yercs npu nmevat Ha Oymare.

. HSV (Hue, Saturation, Value) — BBIsSBIISET IBET IO
SPKOCTH, HACBIIIIEHHOCTH U TOHY.

e  HSL (Hue, Saturation, Lightness) — 1BeToBas mo-
JieTib, B KOTOPOI LIBETOBBIMH KOODJHMHATaMH SIBJISIOTCSI TOH,
HaCBIILIEHHOCTb U CBETJIOTA [5].

JIAJTbTOHU3M

JamsToHN3M (LIIBETOBAs CIENIOTa) — HACIEACTBEHHAS, pe-
e TPHOOpEeTeHHas: 0OCOOSHHOCTh 3pEHMHs, BhIpakalomiasics B
HECIIOCOOHOCTH Ppa3inyaTh OJWH WM HECKOJbKO I[BETOB U
orTeHkoB. Ha3Bana B uects J[>xoHa J{anbToHA, KOTOPBIN BIiep-
BbIe, B 1794 romy, nam mmpoOKOAOCTYIHOE OIMCAHHUE OJIHOTO
W3 BUJIOB IIBETOBOW CJIENOTHI Ha OCHOBaHMH COOCTBEHHBIX
OIIYIICHUMN.

HopHansHoe apeHne JeftepaHonus

MpotaHonua

TpuTaHonua

Puc. 6. Bugsl ganbtTonnsMma

Jltonu ¢ HOPMAbHBIM [[BETHBIM 3PEHHEM MMEIOT B PEler-
TOpax BCE TPU MUTMEHTa (IPUTPOJIad, XJI0posad U nuaHoao)
B HEOOXOMUMOM KoiMdecTBe. VX HA3bIBAIOT TPHUXPOMATAMHU
(oT croBa xpoma — 1BET).

CylecTBYET HECKOJILKO THITOB JaIbTOHU3MA:

® MOHOXPOMATH3M, UMEETCS KOO OJWH MHUIMEHT, KOO
MOJIHOE UX OTCYTCTBHE;

® UXPOMATH3M, UMEIOTCS JIBA MIUTMEHTA, TPETHIA MOTHO-
CTBIO OTCYTCTBYET;

® AHOMAJBHBIA TPUXPOMATH3M, UMEIOTCS BCE TPH IIHT-
MEHTa, HO CMEIEH MUK YyBCTBUTEIBHOCTH JUIS OJHOTO W3
HUX, B Pe3yJIbTaTe Yero MoTydaeTcss MEHBIIN CIIEKTp [[BETOB.

JIuxpoMaThl U aHOMAJIbHBIE TPUXPOMAThHI TAKKE JENATCS
Ha TpH Tuna (puc. 6):

® TPHUTAHONHUS — OTCYTCTBHE/HEHCIPABHOCTh KOJIOOYEK
¢ 1mMaHoaboM (CHHHUK);
e JeliTepaHONHsA — OTCYTCTBHE/HEUCIIPABHOCTH KOJIOO-

YeK ¢ XJIOPOJadoM (3eJIeHBINH);

® MPOTAHONHS — OTCYTCTBHE/HEHCIIPABHOCTh KOJIOOYEK
¢ aputpoaadbom (KpacHsIi) [6].

B pesynbrare TOro, 4To MHOTHE LIBETa SIBJISIOTCS COUYETa-
HUSIMH JIPYTHUX I[IBETOB, MOKHO 3aMETHTh, YTO JAJIBTOHU3M
BJIMSICT Ha BECh [BETOBOM CIIEKTP.

Ha pucynke 7 npeacraBiaeHbl XpOMaTHUECKUE AUArPaMMBbl
C JIMHWAMH CITyTHIBaHWA. Bce IBeTa B HampaBleHWH JHMHUI
SIBIIIIOTCSL TPYOHOPA3THIUMBIMU. MeCTO, TAe OHH CXOHATCH,
Ha3bIBAETCSl KOIMYHKTyaJIbHOM TOYKOW. [[s1 Tpex pas3HbIX TH-
OB TAIIFTOHU3MA — TPH Pa3HbIE KOMYHKTYyaJIbHbBIE TOUKH.

Puc. 7. XpOMaTI/I‘IeCKI/Ie JuarpaMmbl C JIMHUAMUA CITYTbIBAHUA
JJIA pa3HbIX BUAOB JAJIbTOHHU3MaA

AJIATITAUMS TIPUJIOKEHWM JIUIST TAJIbTOHUKOB

OpavH W3 caMbIX HPOCTHIX CIIOCOOOB amaNTHPOBAaTh HPH-
JIO’KEHHUE VISl JaNbTOHUKOB — HCIIOJIB30BaTh CUMBOJIBI, TEKCT
WIN pa3IMYHble M300paKeHUs! BKyne ¢ IBeroM. [Ipumepom
TAKOTr0 MOJIX0J[da MOXKET CIIyKUTh npunoxenue Trello — op-
raHaizep, pealn30BaHHbBIN Kak BeO-cepBuc [7]. Ha pucynke 8
BUJIHO, KaK 3Ta IMporpaMMa MEHsSeT BKJIJKH B 3aBHCHMOCTH
OT BKJIIOYEHHOT'O PEKMMA JUTS 1aTETOHHKOB.
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Disabie color biind friendly moda,

Puc. 8. Untepdeiic npunoxenus Trello

Crnenyromuii mpumep — urpa Two Dots, koTopast ocHOBa-
Ha Ha COeJUMHEHUH Todek onxHoro ngsera [8]. C HapyleHHEM
LIBETOOIYIIIEHUS B 3Ty UIPY COBEPIICHHO HEBO3MOXXHO HI-
patb, TeM He MeHee pa3pabOTUYMKH PEeaIM30BAIN PEXHUM, KO-
TOPBI J100aBISET elle OAWH MPHU3HAK Ui KilacCu(UKaluu B
BHJIC PUCYHKA HJIM CUMBOJIA Ha 1BeTe (puc. 9).
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Puc. 9. UnTepdeiic urpst Two Dots

Eme omuuM criocobom oOecrieueHHs IOCTYMHOCTH IpHU-
JIOMEHUS! ISl JaTbTOHUKOB SIBIISIETCS] UCTIOJIb30BAHHE OCOOBIX
nanutp 1setroB. Ha pucynke 10 npencrasnena nanurpa u3 15
LBETOB, CIeJaHHas CHEIUAIbHO JUIS CIIydaeB JICHTEpaHOIHH.
OHna caenana ¢ moMoIbl0 Mojenu npejacrasiaenus HSL, a ve
RGB. HSL oco0OeHHO XOpOIIO MOIXOAWUT AJS CO3IaHUs Ma-
JIUTP JUIA JaTbTOHNKOB, TaK KaK OHU OOJIBILIC OPHEHTUPYIOTCS
Ha spkocTh (Luminosity), gvem Ha cam et (Hue).

15-COLOR PALETTE FOR COLOR BLINDNESS

NORMALVISION  DEUTERANOPIA PROTANOPIA TRITANOPIA
common (6%) rare (2%) very rare {<1%)
L I N
S5 10015 A
R 6 B
1T 0 0 0 6 73 0 146 1M 146 0 0
20730 7e 0 109 219 12 146 73 0
30 0 146 146 8 182 109 255 13219109 0
4% 255 109 182 9 109 182 255 14 36 255 36
5 255182 219 10182 219 255 15 255 255 109

Puc. 10. ITanuTpa 1BETOB AJIs1 AEUTEPAHOITIN

JlaHHas manuTpa Xopolua A ASHTEepaHOINoB, HO HE MOJ-
XOAUT JUIsi HOpMaJibHOTO 3peHus. OOparHas cutyauus Oyzer,
€CIIH CTPOUTH MAIUTPY TOJBKO JJIsl OOBIYHOTO 3pEHHS.

UroOsbl caenath NpHUI0KEHHE TOCTYIMHBIM /IS BCEX THIIOB
LBETOOIIYIIEHUS], HEOOX0MMO CO3/1aTh pa3Hble HaJUTPbI IS
KaXJI0T0 U3 HUX.

MHOXeCTBO KOMIIaHUH HCHOIB3YIOT 3TOT crrocos. Hampu-
Mep, B Android (puc. 11) u iOS yxe B camoit OC BCTpOeHBI
CpeaCTBa Ui H3MEHEHUS MaJIUTpPHI IBETOB [9].

T 95 4l s3% | 4:02 PM T il 53%m 4:03 PM

< Color correction @

& Color correction oy

This function s currently under development and

This function Is currently under development and
may affect phone performance. may phone pe

affect phone performance.

Adjustment mode Adjustment mode

Douteranomaly {red-green)

| Deuteranomaly (red-green) @ =l
Protanomaly (red-green) O
Tritanomaly (blue-yellow) O

CANCEL

Puc. 11. Pexxums! mig nansroaukos B OC Android

OpHOMl M3 caMbIX YAA4YHBIX IONBITOK HMMIUIEMEHTALUN
naHHOTO criocoba sBisiercst Buneonrpa Destiny 2 [10]. B urpe,
IJle [[BET MIPaeT O4eHb BaKHYIO POJb, pa3pabOTYNKH TOYHO
OTIPENIeIIMIIN, KaKhe [BETa HEOOXOIUMBI IS KaKIO0H HauT-
PBI, TEM CaMbIM 00ECIICUYMB OANHAKOBBIHM OTIBIT AJISl BCEX MOJb-
3oBateneii. Ha pucynke 12 MOXHO yBHIETh OKHO HACTPOUKH
TTAJTUTPBI ¥ IPUMEPBHI 1IBETOB.

O BEEcle Bl Off (Default)
O EmEe@em|

Deuteranopia (Red-Green) v

Protano_pia (R_ed—Green) =

DO Ee oo ||
[ D -E Il ] | .Tritan_qaia-iYEE\.'.f—B]uei. v

Puc. 12. Hactpoiiku pexxuma Jutst JansTOHUKOB B Destiny 2

Jis poBepKu BHIOPAHHBIX PEMICHUH MOXXHO BOCIOJB30-
BaThCS CIECUHANBHBIMH CHUMYIATOPAMH JAIBTOHHU3MA, KOTO-
pbl€ aKTHUBUPYIOT (PUIBTP, UMUTHPYIOIINI 3pEHUE YeIOBEKa C
mpobIeMHBIM 1BeToomymeHneM. C MMOMOIIbI0 3TUX (prib-
TPOB MOKHO MPOBEPUTH IPABUIBHOCTH BEIOPAHHBIX LIBETOB.

Erte ogHMM criocoOOM SIBJIICTCS TIPOCMOTP BCETO AM3aiiHa
B MOHOXpOMe. STOT TECT OUYCHb ITOJIC3CH IJISI BBIABJIICHUA CIIU-
BalOMXCA OTTCHKOB, TaK KaK OH ITO3BOJIUT yBI/I)]eTI), KaKHue
LBETA OJJMHAKOBOM TEIIOTLI KIMEIOT CX0KHUE OTTCHKH.

3AKJIIOYEHUE

OueHb BaXKHO Ipu CO3JJaHNH NIPUIIOKEHUA CACIaTh €ro 10-
CTYIIHBIM 1A HIOHCﬁ C OTKJIOHCHHUSIMHU, KOTOPBIC HPU HOP-
MaJIbHBIX YCJIOBHUAX HE CMOTJIN OBI MIM IIOJIL30BAThCS.
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DTO HE TOJIBKO MOJAHUMET MPECTUK TaHHOTO MPHUITOKCHUA
Ha pBIHKE, HO U NPHUBJICYCT HOBYIO YaCTb ayJUTOPHHU.
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Adapting Applications for Colorblind Users

Graduate Student N.K. Uvarov
Emperor Alexander I St. Petersburg State Transport University
St. Petersburg, Russia
nick553@mail.ru

Abstract. The problems of adapting applications for people
with color perception are considered. An analysis of the source of
the problem is given, possible methods for solving it are consid-
ered, and a number of examples of the implementation of these
methods are given. One of the easiest ways to adapt an applica-
tion for color blindness is to use symbols, text, or various images
along with color. An example of this approach is the application
Trello — organizer, implemented as a web service. Two more
ways to ensure the availability of applications for distance tonics:
the use of special color palettes and view the entire design in
monochrome.

Keywords: colorblind, applications, color in computers,
computer graphics.
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I/IHCprMeHT yipaBJ/JICHHUA TECTOBBIMU JaHHBIMHA

ctynent marucrparypsl [.E. Kynrypos, crynent maructpatypst M.B. Illynera
[erepOyprckuii rocyapcTBEHHBIH YHUBEPCHUTET MyTel coodmenns Mimneparopa Anekcannapa |
Canxkr-IlerepOypr, Poccus
decokungurov@mail.ru, maxvik2507@gmail.com

Annomayus. Ilpn paspaGoTke NporpaMMHOro odecnedeHus
TeCTHPOBAHHe 3aHHMAaeT OHO M3 KJIOYeBbIX MeCT M SIBJIsIeTCS
HeO00X0AUMBIM ISl 00ecreyeHusl HAMIY4lIero Ka4ecTsa BhIIIyC-
KkaeMoro mnpoaykra. TecToBble JaHHbIe HANPSMYI0 BJIUSIOT Ha
ycnex B TeCTHPOBAHHMM H SIBJISIIOTCA BaKHbIM apredakTtom. Ha
CerOAHAINHMI JeHb CylecTByeT He0OJIbIIOe KOJHYEeCTBO HH-
CTPYMEHTOB /i1 padoThl C TECTOBBIMH NAHHBIMH, KOTOpbIe B
CBOI0 OYepe/b SABJSAIOTCS MJIATHLIMH JH0O0 He MOAXOAAT IOJIHO-
CTHI0 MJIM YACTHYHO K PelIeHHIO NMOCTABJEHHBIX 327124, YTO NPH-
HYKJ1aeT HH/KEHEPOB K pa3padoTke COOCTBEHHBIX PelIeHHil WIu
K HHTerpanuu ¢ cymecrsyomumi. Leaslo nanHoii craTbu sBIs-
eTcsl JeMOHCTPAIMsl HHCTPYMEHTA yNpaBJieHHs TeCTOBLIMH J1aH-
HBIMH.

Kniouesvie cnoga: tecToBble JaHHbIe, AaBTOMATH3HPOBAHHbIE
TeCThl, YNPaBJieHNe TeCTOBBIMH JAHHBIMHM, KaueCTBO MPOrpam-
MHOro ofecrieyeHusi, HHCTPYMEHT aBTOMATH3HPOBAHHOI0 TeCTH-
poBaHus.

BBEJEHUE

TecTupoBaHue NpPOrpaMMHOTO OOecCIedYeHHss — MPOLEeCC
aHAJIM3a TPOTPaMMHOIO CPEACTBA M COIYTCTBYIOIIEH HOKY-
MEHTALUH C eI BBIABICHUS 1e()EKTOB M MOBBILICHHUS Kadye-
cTBa mpoxykra [1, c. 8].

ABTOMAaTH3UPOBAaHHOE TECTHPOBAHHE — 3TO OTIEIbHAs
JUCIUITINHA WCKYCCTBA TECTHPOBAHUS. 3HAYUTENbHAs 4acTh
3¢ PEeKTUBHOCTH PabOTHI OTJeNa TECTHPOBAHUS 3aBHCUT OT
TOrO, KakWe 3aJayd OTHAHBI IJIs aBTOMATH3alMUd M KaK 3Ta
aBTOMaru3anus ObUIa OCYLIECTBICHA. ABTOMAaTH3alUs MOXET
KakK TPUHECTH OIPOMHOE OOJIErYeHHE BCEM TECTHUPOBIIHKAM,
TaK W 3aBAIUTH pabOTy BCEro OT/Esa U OTIOKHUTH PEu3, mpe-
MHUIO, OTITYCK | JPyTHe MPUATHBIE BemH [2, ¢. 166].

[Ipr mpoekTMpoBaHMM TECTOB Hamboyiee pecypcoeMKast
YaCTb — 3TO MOATOTOBKA TCCTOBBLIX JAHHBIX. OHHu 3aBUCST OT
THIA M LIeNTU TECTUPOBAHUSA, CTAAUM Pa3pabOTKH HPOEKTa H
T. 1. TecToBbIe NaHHBIE caMu MO cebe He ABISIOTCS apredak-
TOM, HO 3aMETHO BIIMSIIOT Ha yCIieX WM Heylady Tecra. Te-
CTUPOBaHUE HE MOXET OBITh BBHIIOJHEHO 0e3 MaHHBIX IS Te-
CTOB, a HIMCHHO:

*  BXOJHBIX JaHHBIX JUUIS CO3TAHUS yCIOBHS;

*  BBIXOJHBIX JAHHBIX JUIS OLIEHKH TPEOOBAHUS

* BCIOMOTaTeJbHBIX JaHHBIX (KaKk MpeIBapHTEIbHOS
yCIIOBHUE IS TECTA).

[TosTOMy HEOOXOMUMO WMETh pEIICHHE Uil yIpaBICHUS
TECTOBBIMH JTAaHHBIMHU M X XPaHCHHS.

AHAJIN3 U UJIES

Ha ceronmsimHmii JeHb CymIecTByeT HEOONBIIOE KOIMYe-
CTBO MHCTPYMEHTOB JUIsl pa0OTHI C TECTOBBIMH JaHHBIMH, OHU

JIOPOTO CTOSIT, CIIOHBI B MHTErpalliil C MPOEKTaMH MM BO-
00I1Ie HE MOAXOMAT IUISL 3a]1a4, KOTOPBhIC BaM HEOOXOAUMO pe-
muTh. VIHKEHEpHI 10 aBTOMAaTH3MPOBAHHOMY TECTHPOBAHHIO
pa3pabaTbIBalOT CBOM MHCTPYMEHTHI ISt paOO0ThI C TECTOBBIMHU
JIAHHBIMH WJIM TTOJXOMAT K JJAHHOMY BOIIPOCY Helesiecoo0pas-
HO U KONMPYIOT KOJ W3 NPEAbIAYLINX IPOEKTOB, YTO HECET
CBOU TPYAHOCTHU M IPOOJIEMBI.

Hcxons m3 cka3zaHHOTO, MOXKHO TOCTAaBUTH 1IEJIBbIO CO3/1a-
HHUE NPOCTOrO B HCIIOJIB30BaHWH, THOKOTO MHCTPYMEHTA IS
3G (QEKTUBHOTO YNpaBICHUS TECTOBBIMHU [aHHBIMH, 33/1a4l
KOTOpOTO OYIYT COCTOSITh B CO3J@HWUM CpPEAbl IJisi paboThl C
TECTOBBIMH JIaHHBIMHU, JOCTaBKE TECTOBBIX AAHHBIX /IO TECTO-
BBIX METOJIOB W TPENOCTaBICHUN METONOB s paboTHI C HU-
MH. AHAJIOTOB IaHHOTO MHCTPYMEHTA Ha MPOCTOPax MHTEPHE-
Ta HaiileHo He ObLIO.

Beutn mpoaHann3upoBaHbl pa3HbIC MPOEKTH ABTOMATH3H-
POBaHHOTO TECTUPOBAHUS, KOTOPBIE IO CBOEH CTPYKTYpE UeM-
TO CXOXKH U MMEIOT TaKHe MCTOYHHKH TECTOBBIX NAHHBIX, Kak
TECTOBBII (aily, naHHbIe B 0a3e NaHHBIX MJIM TECTOBHIC JaH-
HBIE HEIOCPEJCTBEHHO B Koze M ap. Kak roBopmioch BhIIIE,
TECTOBBIE JaHHbIE MOXXHO pa3feiuTh. TakuM oOpa3oM, Npu
CO3JJaHUH MHCTPYMEHTa 3TH (DAaKTOPBI HY)KHO YUHUTHIBATh.

Wnes nHCTpyMeHTa JEXWUT B IIabioHax, rae OyJaeT Hero-
CPEACTBEHHO XPAaHHUTHCS MeTamH(pOpMauusi W/WIN TECTOBBIC
JTAaHHBIE Pa3HOTO Poja, HEOOXOMUMBIC JJIsI MPOXOXKICHUS Te-
cToB. PazpaboTanHble malIOHBI, IEPBHIM U3 KOTOPHIX TIPEHA-
3HAYEH ATl 3aBUCHMBIX TECTOBBIX JIaHHBIX, YYAaCTBYIOIIUX B
MOATOTOBKE HEOOXOAMMBIX YCJOBH mepex TectoM (puc. 1),
BTOpPOH — JJIsI TECTOBBIX IAaHHBIX, YYAaCTBYIOUIMX B TECTE
(puc. 2), UMEOT THOKYIO CTPYKTYpPY W XpaHATCS B (Qaiiimax
dopmara .json.

[Tox ruOKo# CTPYKTYpOi MOHUMAETCS CIEAYIONIEe: MOXKHO
VOAISITh HEHYXXHBIE Y376l B (aiiie mnm moOaBisiTh HOBBHIE,
YOAISATh WIN O00aBIATh 3HAYEHHS B y37aX; TakKe HaUMEHO-
BaHMs SBJLIFOTCSI PETHCTPOHE3aBUCUMBIMHU. [laHHBIE MIa0JI0HBI
peoOpa3yloTcs, U Ha BBIXOZE MOJIH30BATENh MOMyYaeT 00beK-
TBI, KOTOPbIE MPEJOCTABIISIOT HA0OP PA3INYHBIX METOAOB IS
paboThI C TECTOBBIMH JIAHHBIMH.

JlaHHBI WHCTPYMEHT MOXXHO KOH(HTYpPHPOBAaTh C MOMO-
IIpI0 aHHOTAIMKA. AHHOTAIMS BKIFOUAeT B ceOsl MyTh 0 (aii-
Jla C TECTOBBIMH JJaHHBIMH, THI OKHJIA€MBIX TECTOBBIX JaH-
HBIX, THI BXOIHBIX TECTOBBIX JaHHBIX, HAUMEHOBAHHE TPYIIIIBI
n3 Qaiima. [locmenHue Tpu SBISIOTCA HEOOS3aTCIBHBIMH H
MOTYT OBITH OITYILCHBI.
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Puc. 1. Hla6ﬂ0H 3aBUCUMBIX Puc. 2. I11a0J10H TeCTOBBIX

TECTOBBIX JaHHBIX JAHHBIX
CHUCTEMHBIE TPEBOBAHUA
Jnst paboTbl ¢ MHCTPYMEHTOM HEOOXOJMMBI CIEIYIOIIUe
TpeOOBaHMSI:
» Java Bepcuu 8 u BblIIIE;
o TestNG;
» Apache Maven.
TestNG — 3T0 TecTOBEIH (QpeHMBOPK, BIOXHOBIICHHBII

JUnit u NUnit, HO BBOIAMHN HEKOTOPHIC HOBEIC (DYHKITUH,
KOTOpBIE JEJA0T ero 0ojiee MOLIHBIM M JIETKUM B HCIIOJIB30-
BaHuu [3].

[IpoBaiinep nannex (data provider) — oxuH U3 crOcoO0B
mepeayn mapaMeTpoB B TecToBBIe MeTonnl. Data Provider —
9TO METOJ B BallleM KJjacce, KOTOPBbIH BO3BpaIlaeT MAacCHB
MacCHBOB 0OBEKTOB. Oror  Merox AQHHOTUPOBaH
@DataProvider [4].

Apache Maven — 3TO MHCTpYyMEHT yNpaBJieHUsI U TOHHU-
MaHHMsl MPOTrpaMMHOTO obecriedeHus. OCHOBBIBasCh Ha KOH-
nenuuu o0bekTHOM Mozpenu mpoekta (POM), Maven moxer
VIPABIATH COOPKOIl MPOEKTa, COCTABICHHEM OTYETOB H JOKY-
MEHTaNueH u3 NeHTpaTbHON YacTu nHpopMarmu [5].

BBICTPBIN CTAPT

Paccmorpum npumep pabOTBI C JTaHHBIM HMHCTPYMEHTOM.
[Nonp30Barento HEOOXOAMMO NPOAEITATH TP MPOCTHIX IIara.

Jnst Haganma yCTaHOBHUM HHCTPYMEHT, JJIS 3TOTO HYXKHO
J00aBUTH 3aBHCUMOCTE B pom.xml (puc. 3).

<dependency>
<groupId>ru.mts.qa.tools</groupld>

<artifactld>testing-data-manipulation=tool</artifactId>
<version>1.2.8</version>
</dependency>

Puc. 3. JlobaBneHne 3aBUCUMOCTH

Ha mepBoMm 11are moJib30Baresib OEpeT COOTBETCTBYIOIIMIA
m1allloH ¥ BHOCHT BCIO HEOOXOAMMYIO MH(OpMAIHio (TIoaro-
TOBKA TECTOBBIX JaHHBIX). [laHHbIH (aiin OyneT uMeTh Ha3Ba-
uue testing-data.json (puc. 4).

{

"CONTEXT": [
{
"CONFIGURATION": {
"IDENTIFIER": "EXAMPLE",
“DESCRIPTION": "NPWMEP TONbKO C CONFIGURATION",
"PARAMETERS": {
"SOMETHING": "SOMETHING"
}

Puc. 4. ®aiin testing-data.json

Ha BTOpoM mIare mosib30BaTenb CO3JaeT MpoBaiijep daH-
HBIX, ucnonb3ys kiacc TDMTTestCaseContext (puc. 5).

class DataProvider {

@org. testng.annotations.DataProvider

public Iterator<Object[]> getTestCaseContext(Method method) {
return TOMTTestCaseContext.qetDataProvider(method).iterator();

}

Puc. 5. Co3nanue nposaiinepa gannsix (data provider)

Ha TpeTbeM 1mare mosib30BaTesb CO3/1AET TECTOBBIN METO/,
rae, ucnoip3ys anxoraiuio TDMTConfiguration ms xoudu-
rypaiuu, yKa3blBaeT MyTh K (haiiily ¢ TeCTOBBIMH JAHHBIMHU
(puc. 6). OOBeKT context KJlacca
TDMTTestCaseContext<Map, Map> coxepxutr HaboOp pas-
JINYHBIX METOMOB JUIS LEHTPAIM30BAHHOTO M 3(P(PEKTHBHOTO
YIpaBJICHUS TECTOBBIMHU JIaHHBIMH.

class ExampleTest {
@TOMTConfiquration(datapath = "testing-data. json")

@Test(dataProviderClass = DataProvider.class, dataProvider = "getTestCaseContext")
public void test(TDMTTestCaseContext<Map, Map> context) {

Cinn?
String description = context.getConfiguration().qetDescription();

Puc. 6. Ucnons3oBanne HUHCTPYMCHTA B TCCTOBOM METO/IC

3AKJIIOYEHUE

PaspaboTaHHbBI WHCTPYMEHT MPOCT B HCMOJB30BAHUU H
HHTETPAIUK B POEKTHI, IMEET THOKYIO CTPYKTYPY, LICHTPAIIH-
30BaHHOE M 3(P(eKTHBHOE yIpaBlICHUE TECTOBBIMU JIAHHBIMHU.
Kpome TOro, oH mo3BoJisieT MOBBICHTh YHTAEMOCTh KOZA, CO-
KPaTUTh 3HAYMTEIILHOE KOJIUYECTBO YEIOBEKO-4aCOB Ha HAIlH-
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CaHUC KoJa IIO pa60Te C TCCTOBBIMH JaHHBIMH H ABJIACTCA
OTKPBITBIM TIPOCKTOM, 4YTO JACJIACT €ro AOCTYIHBIM J'I}O60My
JKeJIaroEeMy pE€AaKTUPOBATh WKW PACIOIUPUTH q)yHKIII/IOHaJ'H)-
HOCTb JAaHHOT'O UHCTPYMCHTA [JIs1 CBOUX 3a4a4.
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Testing Data Management Tool
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Abstract. When developing software, testing takes one of
the key places and is necessary to ensure the best quality of the
manufactured product. Test data directly affects test success
and is an important artifact. Today there are a small number
of tools for working with test data, which, in turn, are paid or
do not fully or partially fit the solution of the problems that
have been set, which leads engineers to develop their own solu-
tions or integrate with existing ones. The purpose of this article
is to demonstrate the test data management tool.

Keywords: test data, automated tests, test data
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Annomayus. OCHOBHOH 1eJIbI0 o0ecneuyeHUus1 Oe3omnac-
HOCTH HA ’KeJIE3HOTOPOKHBIX Tepee3nax sBJIfeTCH CHHXKe-
HHE JIOPOKHO-TPAHCIIOPTHBLIX MPOMCIIECTBUA 3a cYeT
HAHECEHHs] HA HABUTAIIMOHHYI0 KapTy HABHTaTOPOB J10-
NMOJHUTEJILHBIX HHGOPMANMOHHBLIX 3HAKOB (00BEKTOB),
0TOOpaKAIIINX HeEperyJIupyeMble W peryjmpyemMble :Ke-
JIE3HOIOPOKHBIE TIepee3nbl. B 3TOM cirydae BoquTeNb, 1BH-
ralouuiics Mo MapIIPyTy, OyaeT AONOJHUTEIHHO MOJYy4YaTh
3BYKOBYI0 M r0JIOCOBYI0 MH(pOPMALHIO 0 MPHUOIHKEHHH K
JKeJIe3HOTOPOKHOMY Tepee3ay, 0 THIIe Iepee3ia, ero cocTo-
SIHUU, pPa3pelieHHOW CKOPOCTH JIBHKEHHSI M PeajbHOMH
CKOPOCTH AaBTOTPAHCHOPTHOIO CPEACTBA, HEOOXOAUMBIX
neiicTBusix Boautenas aas codmogeHusi IIJIJI mpu ocy-
IIEeCTBJIEHHN Tpoe3na d4epe3 mepee3n. IlonydenHass wWH-
¢opmanust Oyner oTodpakarbcs HA IKpaHe TUCIJIes] HABH-
raropa.

Knrouesvie cnosa: mojielib, KeJIe3HONOPOKHBIN Mepee3,
uuiaroaym, cserodop, GPS, INIOHACC, ATC, ATII,
HABHTaTOP, HABUTAIMOHHAS CHCTEMA.

KeneznomopoxHbIe mepee3asl ABISIOTCS Hanboee CIoXK-
HBIMH W OTIACHBIMH 3JIEMEHTaMH YINYHO-IOPOKHOM CETH, Tak
KaK HaXOMIATCS Ha MEPECeUeHHUH KEIC3HOIOPOXKHBIX MyTeH U
aBTOMOOWJIBHBIX IOPOT B OHOM ypoBHE. B memsx obOecrneue-
HUsl 0€30MACHOCTH JOPOKHOTO JTBHYKCHHSI JKEIIC3HOOPOIKHBIC
mepee3asl  O0OPYAYIOTCS HEOOXOAMMBIMU — YCTPOMCTBaMH,
00eCICUYNBAONUME OE30MAaCHOCTh JBIKCHUS. SIBISISICE 00B-
€KTaMH TIOBBINICHHOM OMACHOCTH, JKEJIC3HOMOPOKHEIC TTepee3-
Il TPEOYIOT OT YYaCTHUKOB JOPOKHOTO JIBHIKCHUS U PaboT-
HUKOB JKENIE3HBIX JIOPOT CTPOTOro BHITONHEHUs I[IpaBmi mo-
poxsoro aemxerus (IIJ1), [TpaBun TexHUMYECcKO# 3KCILTyaTa-
OUU Kele3HeIX nopor P®, [IpaBun mons30BaHHS aBTOMO-
OmbHBIME ToporaMu P® 1 Ipyrux HOPMAaTHBHBIX MPAaBOBBIX
JIOKyMeHTOB. OIacHOCTh 3aKJIIOYAeTCs B TOM, YTO aBTOTpPAHC-
MOPT M KEJIC3HOMAOPOKHBIN TPAHCIOPT O0JANAIOT Pa3INnYHbI-
MU BecorabapUTHBIMH XapaKTEePUCTUKAMH, CKOPOCTBIO IBH-
JKCHUS, TOPMO3HBIM ITyTEeM, IPHOPUTETHOCTHIO TIPOE3/1a Yepes
mepees/.

[IpaBoBEIC OCHOBBI OOECIICUCHISI OE30MTACHOCTH JOPOKHO-
TO JIBIXKCHUS Ha Tepputopuu PO ompeneneHsl B GpenepaibHOM
3akoHe oT 10.12.1995 Ne 196-®3 (pem. ot 26.07.2017) «O
0€30IaCHOCTH JOPOKHOTO ABIKCHIUS.

HeticTByromue B PO xkene3HONOpOKHBIE TIEPEE3bl M0 Me-
CTY PACHOJOXKEHHS TOAPA3ICIIAIOTCS Ha JKEIE3HOIOPOKHBIC
mepee3 sl O0MIETO TONB30BaHMA, CTOSIINE Ha MEPeCEICHUSIX
KEIE3HOIOPOXKHBIX IyTeH ¢ aBTOMOOWMIBHBIMA JOPOTaMH 00-
IIeTO TONB30BaHMSA, MYHHUIMIIATHHBIMA aBTOMOOWIHHBIMH
JOpOTaMH W YIUIIAMH, W Ha >KEJIE3HOJOPOXKHBIC IIepPEe3/Ib
HEOOIIero MOIb30BaHMs, CTOSIINE Ha TIEPECCUCHHAX JKEIEe3HO-
JIOPOXKHBIX MyTeH ¢ aBTOMOOWJIBLHBIMU JOPOTaMH OTIEIbHBIX
MIPEANIPUSTHIA WK opraHu3anuii (HezaBucumMo oT (opM coO-
cTBeHHOCTH). [lOpsSIoK comepkaHus U OOCIYKHBaHUS TIepe-
€3/10B O0ILIEero M HEeoOIIEero IOJb30BaHUS YCTaHABIMBACTCS
Ha4YaJIbHUKOM JKEJIE3HOW JOPOTd. YCTPOHCTBO, 000pY/IOBaHME,
cozep)kaHue M OOCTY)KHBaHHE Tepee3I0B HEOOMIEeTo IMOIB30-
BaHUS BBIMIOJHAIOTCS 3a CUET CPEICTB MPEAIPUSATHIA, OPTaHH-
3alWi WK OPTAaHOB YIIPABICHUS aBTOMOOWIEHBIMU TOPOTaMH
1 OpraHu3anuii, COASPKAILINX aBTOMOOMIBHBIEC TOPOTH, MOJb-
3YIOIINXCS STUMH TIepPee3IaMH.

[lepee3nsl nemsaTcs Ha peryaupyeMble U HeperyanpyeMbie
[1]. K perymupyemMbIM OTHOCSTCS Tepee3zbl, 000pyI0BaHHbIE
YCTPONCTBaMU NEPEE3THON CUTHAIU3AlMK, W3BEUIAIOLIEld BO-
JUTENIeN TPaHCIOPTHBIX CPEACTB O MOAXOAE K Mepee3ny Moes-
Ja (TOABMXKHOTO COCTaBa), WIIA O0OCITYKHUBACMBIC JCKYPHBIMH
paboOTHHKaMU, a TaKKe JIPYTUMH PaOOTHHKAMH JKEIIC3HOH 10-
pOTH, KOTOPBHIM TIIOPYYEHO OCYIIECTBISATh PETYINPOBAHUC
JBIDKEHUSI TTO0E310B (TIOABIKHOTO COCTaBa) U TPAHCIIOPTHBIX
cpeAcTB Ha mepeesne. K HeperynmupyemMbIM OTHOCSITCS TIepees-
I61, He 000pYyIOBaHHBIE YCTPOUCTBAMHU MEPEE3THON CUTHAIIH-
3alUu U He 00CITy)XHBaeMbIe NeKyPHBIMH TI0 TIEpee3ny U Ipy-
TUMH paOOTHHKAaMH, KOTOPBIM ITOPYYCHO OCYIIECTBISTH PEry-
JIUPOBAHUC JBIDKCHHS I10€310B (TMOIBMKHOTO COCTaBa) U
TPAHCIOPTHBIX CPENICTB Ha Iepee3sie.

Bo3mokHOCTH G€30macHOro Impoesa yepe3 Takue mepees-
JIbl OTIpeNiesieTCs] BOAUTENIEM TPAHCIOPTHOTO CPENCTBa B CO-
orBercTBUHU ¢ [IpaBunamu JOpoxHOTO ABMKeHUsST Poccuiickoi
®denepanui.

O6opynoBaHue IEHCTBYIOIIUX IEPEE3I0B YCTPOHCTBAMHU
Tepee3THON CUTHAIM3AIUHN OCYIIECTBIIICTCS JKEIC3HBIME J10-
poraMm B COOTBETCTBHH C TOIOBBIMA M IIEPCIIEKTUBHBIMHU
IUTaHAMH.

Jmst obecriedyeHns 0€30MaCHOCTH Ha IKEJIE3HOAOPOKHBIX
nepee3nax Poccuu vaiie Bcero ucnonb3ytor [2—4]:
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e  V3II — ycTpoiicTBa 3arpaxaeHust KeNe3HOL0POKHO-
ro mepeesqa, TMPEerpakJaiolne BIKEHHE AaBTOTPAHCIIOPTa
yepe3 JKEeNe3HOJOPOKHBIA TIepee3]] MyTeM IOABeMa CIICIH-
IBHBIX TUTUT Ha POE3Kel YacTH aBTOMOOMIIBHOM JOpOTH;

e  TaHENIM JOPOXKHOTO MOKpHITHA. Mcmoneiyrores B Me-
CTaxX MepecedeHNs JKeNIe3HBIX M aBTOMOOMIIBHBIX JOpPOT B OA-
HOM YypOBHE. B KOHCTpYKIMM NpPHUMEHSIOTCS pPE3UHOBEIE, a
TaK)ke OETOHHBIE TTAHEITH;

e  mmarGayMel — YCTPOMCTBA AJISl MIEPEKPBITHS IPOe3-
JKeH 9acTH aBTOMOOWIIBHON TOPOTH W TPEKPAICHHS IBIDKE-
HHS TPAHCIIOPTHBIX CPENCTB (YUYACTHHKOB JOPOXKHOTO JIBHIKE-
HUS) Yepes ’KeJIe3HOMOPOKHBIH Imepees.

Jus obecrieueHns 0e30MacHOCTH Ha JKEIIE3HOMOPOKHBIX
repeesiax 3a pyOekoM Yalle BCEro HCHOIb3YIOT!

e [TAKY — nepee3nHoe aBTOMaTHYECKOE KOHTPOJIBHOE
YCTPOWCTBO, B KOTOPOM MOMEHT BKJIFOUCHHS CBETO(DOPHOM
CHUTHQJIM3AlUM Ha Iepee3ie 3aBHCUT OT PeanbHOIl ckopocTu
JBIDKEHUS T10€3712;

®  TPEAWKTOPH — BBICOKOTEXHOJIOTHYHBIE yCTPOHUCTBA
Ha 0aze pebCOBBIX IeTel, MPUBOISIINE B ICHCTBHE IIepee3I-
HyI0 aBTOMATHKY HE3aBHUCHUMO OT JEHCTBYIOLIEH Ha JIMHUHU
CHCTEMBI CHUTHaNH3anUHU. lIpeIUKTOPHI HCIIONB3YIOT PENBCHI
JUTA TIepefaqyl CUTHAIOB TOHAIEHOW YacTOTHI B 000X HAIpaB-
JIEHUAX OT Tepeesfa. BaxHO, 4TO MPeIuKTOPHl MOTYT OLIEHH-
BaTh CKOPOCTH JIBIKCHUS TI0E3/0B;

e  cucTteMHl ¢ pamunocurHamamu. CHCTeMa HCIIONb3yeT
3aKpEIUICHHbIE Ha PENbCcax JETEKTOPBI, KOTOPBIE MOCHUIAIOT
paano- WM 3BYKOBOW CHrHain HaOmomaremro. Jns momadw
CUTHAJIa 0 IPUOMIKCHNH TI0e3/1a B CIIydae padOThI OJIU3 IIyM-
HBIX ITyTEBBIX MAIIMH MOXXHO TaK)Xe MCIOJIB30BaTh BHOpamu-
OHHBIE YCTPOUCTBA, IPUKPEIIIsieMbIe K OJIEXKIE.

BezomacHOCTh mpoe3aa Kele3HOIOPOKHBIX IIEPee3IoB pe-
mamMeHTHpoBaHa ctarbeit 15 I1/1/1, B KOTopoi roOBOpHUTCS, UTO
NIPY TIOJIbE3/IE K Mepee3/ly BOAUTENb 00s13aH PyKOBOJCTBOBATh-
csl TpeOOBAHUSIMU JIOPOXKHBIX 3HAKOB, CBETO(POPOB, Pa3METKH,
TMIOJIO’KeHNEM ITarbayMa 1 yKa3aHUSIMH JIS)KypHOTO 1O Tiepe-
€31y U yOemuThCsl B OTCYTCTBHU NPHOIIKAIOLIETOCS I0e3/a
(JToKOMOTHBA, IPE3HUHEI).

HecMmoTpst Ha OrpoMHOE KOJHYECTBO MEpONpUATHHA [5],
MIPOBOJUMBIX PYKOBOIUTEISIMH >Kele3HbIX Jopor, MBJ,
I'BJI/I, MecTHBIMH OpraHaMu BIIaCTH, HAIIPaBJICHHBIX Ha
CHIDKEHHE JTOPOXKHO-TPAHCIIOPTHBIX MPOUCIIECTBHUMA, KOIHYE-
CTBO UX HE YMEHBIIIAETCs, & YBEIUINBAETCSI.

Tak, no nanHbIM BcemMupHOU opraHu3anuu 3/IpaBooxpaHe-
HUS ©XKErOJHO B IOPOXKHO-TPAHCIOPTHBIX TIPOUCIICCTBUSIX
rorudaer okono 1,25 MitH 4enoBek ¥ 10 50 MIIH MoIydaroT
TPaBMBbI Pa3IMYHON CTETEHU TKecTH [6—8]. DToMy cmocob-
CTBYIOT BBICOKHE TEMITBI aBTOMOOMIM3AINH, HHU3Kas IOATO-
TOBKa BOAWTEJIEH aBTOTPAHCIIOPTHBIX CPEJCTB, HECOOMoIeHne
yctaHoBneHHbIX [1/1J], HeBHMMATENBHOCTh, OTBIICUEeHHE (pa3-
TOBOPHI TTI0 MOOWJIBHBIM CpEICTBaM CBs3M). Tak, MO0 JaHHBIM
OAO «PX]I», B 2018 roxgy Ha Teppuropru P® Haxomutcs B
skcrutyatanuu 6osee 11 000 sxene3HOMOPOKHBIX MEPEE3IOB,
MIpUYEeM 9yTh MEHEe TPETH M3 HUX OOCITYKHBAIOTCS HETIOCPE-
ctBeHHO corpynaukamu PXK/I. Ilo crarmctideckuM JaHHBIM
OAO «PX», Bcero npouszouwio 211 ATII, u3 Hux mo BuHE
Bonuteneit ATC — 155, moctpamano 108 wenosek, moru6 31

yenoBek. OCHOBHOW NMPUUMHON CTOJIKHOBEHUS MEXIY AByMs
Pa3ITUYHBIMH TPAHCTIOPTHBIMHU CPEIICTBAMHU SABJISIETCS JKEITAaHNUE
repeceyb KeJIE3HOJOPOXKHbIE IyTH B KpaTdalIine CpoKH, Ur-
HOPHPYsI yKazaHHsl CBETO(OPOB, 3aKPBITHIX HIIar0ayMoB Ha
nepeesziax, IeKypHOro 110 Iepeesy.

K npo6memuasm Hapymmrensim [1/1]] nobGasmnacek Oompimas
rpyIma BOAUTEIeH-MUTPAHTOB ¢ HHU3KOW NpodecCHOHAIBHOM
HO/ITOTOBKOW, HE3HAHMEM OCOOCHHOCTEH YIpaBJieHUsl aBTO-
TPAHCIIOPTHBIMHU CPEICTBAMHM B YCIOBHUSIX KPYIHBIX TOPOJOB U
TIPaBWJI TIPOE3/1A HKEJIE3HOAOPOKHBIX MIEPEE3I0B.

C uenbio obecrieueHus 0€30MaCHOCTH JOPOKHOTO JIBHKE-
HUSI, CHIDKCHUSI TPaBMaTu3Ma M HEJOIMYIICHUs] HapyLIeHUH
BOJUTEIISIMH TIPABHJI TIPOE3/a JKEIE3HOAOPOKHBIX TEPEe3/I0B
TIpe/iIaraeTcsi UCIoiIb30BaTh HABUTAILIMOHHYIO CHCTEMY, (DYHK-
LMOHATBHYI0 OCHOBY KOTOPOH COCTaBIISIET HAaBUTAI[MOHHAs
nporpamma [9—13], mocTpoeHHast Ha 3JEKTPOHHOU KapTe.

BekTopHBIE ANIEKTPOHHBIE KapThl MOUIEPKUBAIOT MapLIpy-
TH3AIMIO0, BKIIIOYAIOT MHOXKECTBO OOBEKTOB C MX reorpaduye-
CKUMH KOOpAWHAaTaMH. B 1oip3y NMpHUMEHEHHS HaBHIAaTOPOB
TOBOPAT pEaJM30BAHHBIE B HUX CIIEAYIONINE HAaBUTalMOHHBIE
(YHKIMU: OmnpenesieHHe TEKYIIEro MECTOIOJIOKEHUS aBTO-
TPAHCIIOPTHOTO CPEJCTBA U €r0 OTOOPaKEHUE Ha JIEKTPOHHOMN
KapTe, TUIAaHUPOBaHME, MPOKJIAJAKa M M3MEHEHHE MapIIpyTa,
OTCIIE)KABAHUE IIPABUIIBHOCTH CIENOBAaHHUA II0 MapLIpyTy M
MH(QOPMHUPOBAaHNE BOAUTEIS B CIydae OTKJIOHEHHS OT Mapll-
pyTa, HHPOPMAIIMOHHOE COTPOBOXKICHUE BOANUTENS IO MapIil-
PYTY U T. A.

CoBpeMeHHbIE HABHTaTOPHI MPEICTABISIIOT COO0M TEXHU-
YEeCcKOe YCTPOHCTBO, Ha 3KpaHE KOTOPOro M300pa)keHa KapTa
MECTHOCTH C HAaHECEHHBIMU Ha Hee HEOOXOAMMBIMH JIOPO’KHO-
UH(PACTPYKTYPHBIMH OOO3HAYECHUSIMUA U 3HAKAMH, PETYIHPY-
IOIIMMH TIPaBHiIa TObE3/1a K TIepee3y M HOPSIO0K €ro mpoes-
Ja.

B nanHOM cTarbe B KadecTBE [ONOJHUTENBHONM MEPBI
obecrneueHns 0€30IaCHOCTH TOPOKHOTO JBIDKCHUS TIperiara-
€TCsI OCYIIECTBISITh CBOEBPEMEHHOE HH(OPMUPOBAHKE U ITpe-
JYNPEXKJCHNUE BOAMTENS aBTOTPAHCIIOPTHOTO CPEACTBA M Ma-
IIMHHUCTA 10€3[a O MPUOIMKCHUU K JKEIE3HOAOPOKHBIM IIe-
peesnam, 00 yCTaHOBJICHHBIX 3HaKaX, PACCTOSHHUM JI0 ATHUX
3HAaKOB M JI0 Tepeesfia, MCIONb30BaTh JaHHbIE HAaBUTATOPOB.
WudopmupoBanue OyaeT OCyIIECTBIATHCSA C IOMOIIBIO BCTPO-
SHHBIX B HABHUTAI[OHHYIO CHCTEMY TaKuX (YHKIHWH, KaK 3BY-
KOBasi CUTHAJIU3AIUS M TOJIOCOBOE COIPOBOXKIICHHUE.

Ha pucynke 1 mokasaH anroputm HH(OpPMannOHHOTO B3a-
nmoznencteug Boautelst ATC M HaBATallMOHHOM CHUCTEMBI Ha
pEryJimpyeMoM XeJIe3HOJOPOXXHOM Iiepees/ie, Ha PUCYHKe 2 —
uHpopmanus, oTodpaxkaemasi Ha SKpaHe JUCIUIes] HaBUraropa
NIpU TIPOE3JE YEPE3 PErYIUPYEMbIH HKEJIE3HONOPOXKHBIN mepe-
e31. Ml BuinM Ha 9kpaHe MoHuTopa, 4yto ATC nmpubnmxaer-
Cs K HeperyaupyeMoMmy Iiepeesqy, O 4eM HAET IOoJI0COBOE U
3BYKOBOE COOOIIEHNE, MOKa3bIBaeTcs Tpedyemas U peanbHas
CKOPOCTB JABHKEHHS, IPEAJIOKEHNE O HEOOXOAMMOCTH CHIKE-
HHS CKOpocTH. Ha npaBoM pHCYyHKe MOKa3aHO 3ByKOBOE U TO-
JIOCOBOE COOOIEHHUE O TOM, YTO CKOPOCTb JBIKEHHUSI COKpa-
LIAETCS], HO COXPaHSETCsl BEPOSTHOCTh BO3HUKHOBeHUs I TII.
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Pezynupyembil xene3HodopoxHsl nepeesd
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8Buzambcs coznacHo
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(100 mempob) NPUBAUXEHUU K <
Xene3HodopoxHoMy
nepee3dy
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Bodumenb npunsn
npedynpexdeHue u Hayan
8Buzambcs coznacHo
npabunam

Cuznan o8 ocmaHobke
abmomoduns neped

(neped wnazdaymom)

wnazBaymom <«
Y I MNpedynpexadeHue Ha4yuHaem
Xene3Hod0pOXH020 _
padomams cpasy c Seicmpol
nepeesda

yacmomod ¢ npedynpexdeHuem
0d abapuiHod cumyauuu

Hem T

Cnedyem nu Bodumens
npedynpexdeHutk?

Bodumenb npunsn

npedynpexdeHue u

ocmaroBuncs neped
wnazdaymMoM nepeesda

Cuznan Bodumenio, 4modsl
oueHun cumyauuk neped
danbHedwum dbuxeHuu

4epe3s XenesHodopoxHsil
nepee3d

MpedynpexdeHue o npodneme
Ha nepee3de nepedaemcs
dnuxadwum Bodumensm u
ducnemyepy dnuxalwed

CMAHUUU, @ makxe
MawuHucmam noe3dob

MNepee3d cobepweH de3
npodnem?

YBedomneHue o moM, 4Ymo
nepee3d npoldeH ycnewHo
u de3 npoucwecmbud

KoHew,

Puc.1. Anroputm nHbOpManuoHHOTO B3aumoaeicTust Bogutens ATC 1 HaBUTallMOHHOW CUCTEMBI
[IpH NPOE3e YEPE3 PErYIUPYEMBIi KeJIe3HOAOPOKHBIN Tepee3]
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byabTe BHUMaTe 1bHbi!

Yepes 300 m 40 @
Heperynupyembiii ¥/,

nepeesg. CHU3bTE

CKOpOCTb O

P VA

71km  08:56 1414 MuUH

bﬁﬁﬁ]ﬂﬁﬁﬂlllﬂﬁiﬂ.:

OCTOPOHO!
Bbl npubnukaereck 35 @
K /[0 nepeespy
CHusbTe cKopocTb! O
BeposaTHoCTb

71km  08:56 1414 MuUH

o E— e — | — | T —

Puc. 2. Undpopmanus, otoOpakaeMasi Ha SKpaHe JHUCIUISs] HABUTaTopa MpH MPoe3Jie Yepe3 HeperyIupyeMblil
JKEJIE3HONOPOKHBIN NIEpEE3]L

Ha pucynke 3 mokaszan ajroput™ HHGOPMAIMOHHOTO B3a-
umonerictBus Boautenss ATC 1 HaBUTAIIMOHHOW CUCTEMBI ITPH
MPOE3/Ie Uepe3 HEPETYIUPYEMBIl JKeJIE3HOIOPOKHBIN mepees].
OtoOpaxeHue nH(GopMaLK Ha SKpaHe MOHUTOPA OyAET COOT-
BETCTBOBATh OOCTAHOBKE, CKJIAIBIBAOIICHCS BO3JIE IIepee3a.

3AKJIIOUEHUE

C NOMOIIBIO NPEUIOKEHHBIX ANTOPUTMOB MOBBICUTCS 3(¢-
(eKTHBHOCTH 0E30IAaCHOTO MPOEe3/a KeJIS3HONOPOKHBIX Hepe-
€3710B 3a cUeT NpuBiIedeHUs BHUMaHUs Boauteneit ATC mytem
peanuzanuy (QYHKIUHA 3BYKOBOI'O M TOJIOCOBOTO COOOIIEHHH,
0TOOpa)kaeMBbIX Ha SKpaHe MOHUTOPA HaBUI'aToOpa.
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Koneu,

IIpyu Ipoe3J€ Y€pe3 HeperynupyeMmﬁ )KCJ'IC3H0}IOpO)KHI:II71 nepeesa
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Abstract. The main purpose of safety at level crossings
is decrease the number of accidents by adding to the navi-
gation systems auxilliary signs (objects) which represent
regulated and non-regulated level crossings. In this case
drivers will get additional sound and voice information
about approach to the level crossing, type and state of it,
allowed and current speed of the car, necessary actions
while passage of the level crossing. This information will be
shown on the display of the navigation device.

Keywords: model, level crossing, gate, traffic lights,
GPS, GLONASS, accidents, navigation, navigation sys-
tems.
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Cunrakcnueckuu aaans koga HLASM
B cpeae paspadorku Intellij IDEA

ctyneHt Maructparypsl K.A. Xacanos, ctyneHT maructpatypsl B.1. Kapako3os
[TerepOyprekuii rocyjapcTBEHHBIH YHUBEPCUTET ITyTel coodienus Mmnepatopa Anekcanmapa |
Canxr-IlerepOypr, Poccus
hasanow.kamil@yandex.ru

Annomayusa. PaccMaTpuBaloTesl pelleHUsl MO0 CHHTaKcH4Ye-
ckoMy pa3dopy koaa Ha sisbike HLASM c¢ mociaenyromeii noa-
CBEeTKOH CMHTAKCHCA, IPUMEHsieMOiil B cpene paspadorku Intellij
IDEA nasi nosbimeHus 3¢ (pexTHBHOCTH padoThl IPOrpaMMHCTA.
IIpu anajau3e 3TOH YacTH KoOJAa MOKHO BBIIEJIUTH OOLIMII MoO-
AyJib, B KOTOPOM 00bSIBJICHbI HHCTPYKIIMH, B KOTOPBIX HMEIOTCSI
HEKOTOpble mapaMeTpbl. Moay/b HY’KHO O0TPa3uTh B BHIe ¢op-
MAJIM30BAHHOI Moje/H, KOTOpasi MOKa3bIBaeT TUIbI, 3HAYEHHS,
BJIO’KEHHOCTb KOJa W CAMH CYLIHOCTH. JlJIsl 3TOr0 MCHOJIb3yeTcst
CHHTAaKcHYecKoe JepeBo. CeMaHTHYeCKasi MOJe/Ib KO/ U IepeBo
pa3dopa cTposiTC € HOMOIIBIO JIEKCHMYECKOr0 aHAIU3ATOPa M
napcepa, KOTopble IOHUMAKT I'PAMMATHKY BbLIOPAHHOIO SI3bIKA
NPOrpaMMHPOBAHHUS, NIPOXOJsl OT BepIIMHbI K KOHEYHBIM OIle-
pangam. OnuceiBaeTcss XapaKTepHCTHKA NMPOrpaMMHOIl peaJiu-
3anun. IlpuBoauTces cxema mepapxum npasmi. IlpemsioskeHHoe
pellleHHe MO3BOJIeT MOBBICHTh Y100CTBO Mpolecca HANMHCAHHUSA
Koja.

Kniwouesvle cnosa: xon, HLASM, cMHTaKcHYecKMid aHaJIn3,
Intellij IDEA, Tpumjier, rpaMMaTHKa, CHHTAKCHYECKOE /1epeBO,
Jekcep, napcep, Java, ANTLR.

BBEJEHUE

B COBpeMEHHOM MHpPE MHOTHE KOMIIAHMU 3aHUMAIOTCSI
pas3pabotkoii mporpammHoro koja. s Toro 4robbl ympo-
CTUTh W TMOJUICPKHUBATH MPOLIECC CO3IaHUS U OTIAJIKH KOJa,
pa3pabaThIBalOTCS Cpeibl MPOTrPaMMUPOBAHUS, KOTOPBIE SIB-
JISTFOTCSL BOCTPEOOBAaHHBIMH Ha PBIHKE MPOTPAMMHOTO oOectie-
YeHusl. BoJblIoe KOMMYECTBO MOMYJSIPHBIX H JIMAUPYHOIIMX
A3BIKOB IIPOrPaMMUPOBAHUS PACIIPOCTPAHAIOTCS B BUIE UHTE-
TPUPOBaHHBIX Cpell, IMOPOH SBISIOUIMXCS MHOTO(YHKINO-
HaJIbHBIMH, KOTOPBIE YIPOIIAIOT M MPEOCTABISIOT IPOrpam-
MHCTY JIOCTYI K BO3MOXKHOCTSIM si3bIKa. CIIOHOCTH COBpe-
MEHHBIX HMHTEPIPETATOPOB, KOMITWIATOPOB W apXUTEKTYp
TpeOyeT OT cpea pa3paboTKu Bce OONBIICH aBTOMATH3AIUH,
UCKJIIOYCHUS] U3 pabOThl MPOrpaMMHUCTa PYTUHHOW TEXHHUYE-
CKOM paOOTHI.

WuTerpupoBaHHbie Cpeibl Pa3pabOTKU [Jar0T OOJbIINE
MIPEUMYILECTBA JJIsl IPOrPAMMHECTOB, KOTOPBIE TOJIBKO HAYalld
3HAKOMCTBO C SI3BIKOM, a TaKXKe MOBHIIAIT 3((EeKTHBHOCTH
Hanucanus koxa [1]. JIrobas kpymHas cpeaa pa3paboTKu uMe-
€T BCIIOMOTI'aTCJIbHBIC CPCACTBA, TAKUC KaK BbBIACJICHUC CTPYK-
TypBl UCXOJHOTO KOJIa, KOHTEKCTHO-3aBUCHMBIE TOJICKA3KU U
TIOMOIIIb, PACIIBETKA CHHTAKCHCA.

K coxanenuto, mpouecc pa3pabOTKH ¥ BHEIAPEHHS IOJ-
JIEP>KKH HOBBIX SI3BIKOB IIPOIPAaMMHUPOBAHUSI C UCTIOIB30BaHH-

€M TIPaKTUYeCKH JII000H M3 CYIIECTBYIONIMX CpPeJ SBISIETCS
CJIO’)KHOU U TPYJIOEMKOM 3a7auei.

B nanHoit pabGore mpencraiena padota c Intellij IDEA
SDK — uHCTpyMeHTapueM Juis pa3pabOTKU MPUIOKEHHS, B
YaCcTHOCTH, U penakTopoB koxa. Intellij IDEA — 3to mMynbTH-
s3bIYHAsE MHTETPUPOBaHHAs cpelia pa3padOTKH MPOrpaMMHOIO
obecnieueHns, Takux kak Python, Java, JavaScript, co3manaas
kommnanwuei JetBrains.

Ha ocHOBE CHMHTaKCHYeCKOI0 aHaJIN3a TEKCTa MPOrPaMMBI
BBINIOJIHAETCS PACIBETKA TEKCTa, KOTOPas MPEIOCTaBISIETCS
oubsmorexoii Intellij IDEA SDK. TIporecc paciBeTkd — 3T0
BBIJICJICHUE 3HAUYUMBbIX JIEKCEM U CONOCTABJICHUE UM BU3Yallb-
HBIX aTpUOYyTOB, TakWX Kak pasmep, mpudr, user. [lomumo
BU3YaJIbHBIX aTPUOYTOB MPENOCTABISETCS aHAN3 CTPYKTYPHI
TEKCTa: PEKYPCHUBHBIX M MAPHBIX KOHCTPYKIMH; BBIJEICHNE
CTPYKTYpHOTO jepeBa no3Bosser uenesoi IDE peanuszoBathb
pacuIMpeHHYI0 HaBUTAIHIO 10 TEKCTY.

SI3BbIK ACCEMBJIEPA BBICOKOI'O YPOBHSI HLASM

B kauectBe si3bIKa, JJIs1 KOJa KOTOPOTO MPOBOJUTCS] CHH-
TAKCMYECKUH aHaiu3, BhIOpaH sI3bIK accemOiepa BBICOKOTO
ypoBHs (High-Level Assembler, HLASM). On npencraBinsieT
co00i1 s3bIK acceMmOiiepa BbICOKOTo ypoBHs (upmelr IBM, uc-
MOJBb3YeMbIH I0J] YIpPAaBICHHEM OICPAllMOHHBIX CHUCTEM
z/Architecture Ha kommbroTepax MeitH(peiim. Kommbrorep
TaKOro THUIMA IMPEJCTaBIsAET cOO0H OOJNBIION OTKA30yCTONYH-
BB BBICOKOIIPOU3BOIUTEILHBIN YHUBEPCAIBHBIM CEPBEP CO
3HAYUTEIBHBIME PECypcaMu BBOJA-BBIBOJA, OONBIINM 00Be-
MOM BHEIIHEW U OINEpaTUBHOW NaMATH, MpeAHa3HauYCHHbIN
JUIS UCTIOJNB30BAaHUS B KPUTHYECKH BaXXHBIX CHCTEMax C WH-
TEHCHBHOM MaKeTHOW M OMEPaTHBHOW TPaH3aKIMOHHOW 00pa-
00TKOH.

OcHoBaHHbIN Ha accemOnepe IBM H, on mo3Bosser mpo-
rpaMMHUCTaM IHcaTh Ha acceMOJiepe KoJI, KOTOPBIH UCIIOJB3Y-
eT psii 0COOCHHOCTEH, CBSI3aHHBIX C SI3bIKAMHU BBICOKOT'O YPOB-
Hs. Hampumep, Hanu4me OUPEKTHB, 3aBHCAMBIX M OTMCUCH-
HeIXx 0T USING, Gosee moiHast IepeKpecTHO-CCHUTOYHAS MH-
(hopMmanms, a TakKe TOTMONTHUTEIBHBIE MaKPOSI3BIKOBBIC CPE-
cTBa (HampuMmep, U1 pa3pabOTKH IMOJIB30BATENbCKUX (YHK-
i) [2].

B oneparmoHHsIx cucteMax z/Architecture numeercst peaakTop
ISPF (Interactive System Productivity Facility), BHelHuit Buj
KOTOPOT'O TPEJICTAaBJICH Ha PUCYHKE 1. DTOT penakTop MMeeT
JHIIb 0a30BYIO TOJCBETKY CHHTAKCHCA.
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Puc. 1. Pegakrop ISPF

B Hacrosmiee Bpemsl HE CyLIECTBYeT cpell pa3paboTKu c
nmonaepxkoit si3pika HLASM. ITostoMy co3ganue mporpamm-
HOTO NPOJYKTa, KOTOpBIH Oyzaer paszoupars xoq HLASM u
M0JICBEYHMBaTh €ro, a TaKKe NalibHelIee pacumpeHue QyHK-
uuoHana ¢ nomouipto cpencts Intellij IDEA SDK no3Bonut
00JIeryunTh Mporecc HamuCaHus KoJa JJIsl TPOTrPaMMHUCTOB.

CHHTAKCHUYECKHI AHAJIA3 ITIPOTPAMMHOI'O KOJIA

BriOpaB s3bIK TIPOTPaMMHUPOBAHHS, MOXKHO TEPEUTH K
CHHTAaKCHYECKOMY aHAJIN3y MPOTrPaMMHOTO KOJa.

VY nmo0oro s3bIka MPOrpaMMHPOBaHMST UMEETCsl CBOW alda-
BUT, COCTOSIITUI U3 HETEPMUHAIBHBIX U TEPMUHAIBHBIX CHUMBO-
J0B. HeTepMMHAnNbHBIM CHMBOJIOM SIBISETCSL JIEMEHT KOH-
CTPYKLMU $5I3bIKA, KOTOPBII HE UMEET 3apaHee W3BECTHOIO 3Ha-
YeHHMs1, TAKOU Kak (popMyJia Wi KoMaHna. TepMUHAIbHBIM CHM-
BOJIOM SIBJISIETCS JIFOOOH MMEIOINI KOHKPETHOE M3BECTHOE 3Ha-
YeHWe CHMBOJI, HanpuMep mudpa win Oyksa. MHOXECTBO Tep-
MHHAJIBHBIX CHMBOJIOB 00pa3yIOT HETEPMHHAJIBHBIE.

JIr060#1 A3BIK TPOTPaMMHUPOBAHHUS MOXKHO OITMCATh Habo-
POM MpaBHJI, KOTOPBIE BBIIEISIIOT HEKOTOPOE MOAMHOXKECTBO
U3BECTHBIX CHMBOJIOB U3 MHOXKECTBA CJIOB KOHEYHOTo ajidaBu-
Ta s3biKa. [laHHBIN HAOOp MpaBMJI HA3bIBAETCS IPaMMAaTHKOMN
sI3bIKA, KOTOpas 3aJaeT NpaBHia, ONpeAessioIlre MpaBHIIb-
HOCTb IOCTPOEHUS CJIOBA S3bIKA, ¥ MO3BOJSET MOCTPOUTH JIHO-
60e HOBOE CJIOBO sA3bIKa. [IepBbIe SABISIOTCS PACIO3HAIOLINMH,
WIM AHAIUTUYECKUMH, TPaMMaTHKaMH, BTOPBIE SIBISIOTCS
TTOPOKIAOIIUMH [3].

Kon, wammcannmerii wHa HLASM, Oymyunm mnpaBmiIbsHO
oopMIICHHBIM, TIpeZCTaBIseT COOOI IMOCIEnOBATEIbHOCTD
nHCTpyKimi. CoOuronas mpaBuiia IMEHOBAaHMS CYLTHOCTEH B
KOJIe M €r0 NPABWIBHON CTPYKTYpBI, MOXKHO HOJYy4UTHh 00B-
€KTHYI0O MOJEIb, KOTOpas OTpa)kaeT OpraHm3anuio kojga. B

nporpamMme KaIblii 00BbEKT MOXKHO PaccMaTpuBaTh aroMap-
HO, HE B/IaBasICh B IMOJPOOHOCTH €ro peann3alui — C UCIOJb-
30BaHMEM aOcTparupoBaHus. Taxke 1000 OOBEKT MOXKET
SABJIATBCA MOJIMHOXKCCTBOM JIPYTHUX 06’])6KTOB, KOTOPbIC MOXK-
HO paccMaTpuBaTh KaK KOHCYHYH) aTOMapHYI CYIIHOCTb.
DNeMEHTapHBIC THUIBI, BKJIFOYAIONIMECS B OOBEKT MOMHMO
JPYTHX, BCETNA SBISIOTCS KOHECYHBIMHA W HE MOTYT WHKAICY-
JUPOBaTh B cebe uTo-mub0. Kaxmplii 00BEKT UMEET CBS3b C
JPYTUMH, HAOpUMEP, UMEET HEKYH BIOXEHHOCTb B JPYroit
00BEKT.
PaccMoTtpum creayromuil npumep Koja:

LA R2,3
LA R3,5
AR R2,R3

OTa YacTh KOJa 3allUChIBAaeT 3Hau€HHE 3 U 5 B PErucTphl
R2 u R3 cootBercTBeHHO. 3aTeM CKJIQABIBAET 3HAUEHUE ITUX
PETUCTPOB, COXpaHss Nnoyryuusiieecs B R2.

[Tpn aHanmmM3e 3TOH YacTH KOJa MOXXHO BBIAEIHTH OOIIWH
MOJyNb, B KOTOPOM OOBSBICHBl WHCTPYKIHH, B KOTOPBIX
MMEIOTCSI HEKOTOphIe mapamerpbl. OTCIofa CleayeT, 4To 3TO
MOXHO M HYXHO OTPa3uTh HE CIIOBaMH, a B BU/E HEKOH (op-
MaJIi30BaHHOM MOJIEJIM, KOTOpasi MOKaXET THIIbI, 3HAYCHHS,
BJI0’KEHHOCTh KOJIa M CaMH CYIIHOCTH. JIJsI 3TOro JIydInmm
00pa3oM MOJOHIET CHHTAKCHUECKOE AEPEeBO, KaXKIbIH y3el
KOTOPOT'0 MOXKET OBbITh KOHEYHBIM, 2 UMEHHO MOXET OTPa)KaTh
ToJie JII000ro MPUMUTHUBHOTO THUIIA WM HEKOE JIeTEPMUHHPO-
BaHHOE 3HAYCHHE, JMOO PacXOAMTHCS BHH3, MOKAa3bIBasi, YTO
JJIEMEHT HE SBJSIETCS KOHEUHBIM B Hepapxuu. [lpumep nepe-
Ba, TIOCTPOEHHOTO Il MPUBEACHHOTO BBIIIE KOJA, MPECTaB-
JIEH Ha PUCYHKE 2.
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Label Humhber
R3] (9]

Puc. 2. [lepeBo pazbopa xona

Takum o00pa3oMm, IpH CHHTAKCHYECKOM aHAJIN3e KOja
MOYKHO TOJYYUTh UEPAPXUI0 U DJIEMEHTAPHBIX TUIIOB, U 00b-
€KTOB, a TAK)X€ [IPOBECTH CBSA3U U 3aBHCUMOCTU MEXKAY HUMH.
Takylo Wepapxuio NpencTaBiIsieT aOCTPakTHOE CHHTaKCHYe-
ckoe aepeBo (AC/), unu Abstract Syntax Tree (AST), BeTBU
KOTOPOTO TNPEACTABISAIOT OOBEKTHI B KOJE, @ JIUCTbI — 3JIe-
MEHTapHBIC THIIbI, TPEICTaBICHHbIE B KoJe. AOCTpakTHOE
CHHTAKCHYECKOE JIEePEBO — ITO KOHEYHOE, IIOMEUYEHHOE, OpH-
SHTUPOBAHHOE [EPEBO, JIHCThSI KOTOPOTO COIOCTABIEHBI C
COOTBETCTBYIOIIMMH OTIEPaH/IaMH, a BEPIINHBI — C OINEpaTo-
pamu s3bIKa mporpaMmupoBanus. OTcrojia Cleayer, YTo JIH-
CTb TPEJCTABIAIOT TOJBKO KOHCTAHTHI M IEPEMEHHBIC, a
TaKKe SBILIFOTCS JIMIIB ITyCTHIMH omeparopamu. KommdectBo
BETBEH, KaKk M KOJIMYECTBO JIUCTHEB, MOXET OBITH JIFOOBIM,
OJIHAKO JIEPEBO BCET/Ia COCTOMUT U3 OJHON BEPIIMHBI — 00BEK-
Ta, KOTOPBIH MPEACTABISET IPOTPaAMMYy HEITHKOM.

B abcTpakTHOM CHHTaKCHYECKOM JIEpEBE JIEMEHTHI MOTYT
HE OINpEeeNsIThCsl KOHKPETHOM rpaMMaTHKO pa3dupaemoro
A3bIKa. KilaccudeckuM mpuMepoM SIBISIOTCS OTPAHUYUTENb-
HBIE CKOOKM B SI3BIKOBBIX KOHCTPYKIHSX — TPYHIUPOBKA
ornepannoB B ACJl sABHO 3amaercs CTPYKTypoil nepeBa, a
OTPaHUYMBAIOIIHE CKOOKH BOOOIIE OTCYTCTBYIOT B paszbope,
Tak Kak He BIusAOT Ha ACJl. bonblioe KoIM4ecTBO MPaBHI
TpaMMAaTUKH CO34ar0T BEPIIUHY, a CUMBOJIbI B IIPpaBUJIC CTAHO-
BATCA peOpamu. IlpaBuima MOryT HUYETr0 HE HMPUBHOCHUTH B
ACJ. TIpumepoM MOTYT CIIy>KHTH TPYIITUPYIONINE, KOTOPBIE
MIPOCTO 3aMEHSIOTCSI B BEpIIMHE OJHUM M3 CBOMX CHMBOJIOB.
Taxske aHaIU3aTOp MOXET CO3JaTh MOJTHOE JEPEBO pazbopa, a
oCiIe MPOMTH Mo HeMy, MOMYTHO yHaysis y3Ibl M pedpa, He
UCIIOJIB3YIOLIHECs] B aOCTPaKTHOM CHHTAKCHCE, YTOOBI IOJTy-
qute ACJI [4].

PELIEHME 3AJIAYM CUHTAKCUYECKOI'O AHAJIM3A

[TocTpouTh CEeMaHTUYECKYIO MOJENIb KOJA U JIEPEBO pa3-
0opa IODKHBI JIGKCHYECKAN aHaIM3aTop M Imapcep, KOTOpHIe
MMOHUMAIOT TPaMMATHKy BBIOPAHHOTO SI3BIKA TPOTPaMMHUpPOBa-
HUS, IPOXOI OT BEPIIMHBI K KOHEYHBIM omepaHnam. JIexcu-
YEeCKHUil aHaIM3aTop OIpeessIeT, Kak conepxkumoe daiina Oy-
JIeT pa30MTO Ha MOCIEIOBATEIHLHOCTh TOKEHOB, T. €. HETEPMU-
HAJIBHBIX CHMBOJIOB fI3bIKa IporpammupoBanus. K npumepy,
TOKEHAMH 53bIKa Java JUIs MOJTHON TpaMMaTHKH sI3bIKa OyayT
SBJSITECSL OJIOK KoJa, OJIOK KOMMEHTapHeB, METOM, Kilacc.
Jlekcuueckuil aHATU3aTOP CITY>KUT (DYHIAMEHTOM TOYTH IS
BCeX (DYHKIUIA SI3BIKOBBIX CPEJ, TAKUX KaK MOJCBETKA CHHTAK-
cuca, (GyHKIMM aHamm3a koja u apyrue. APl mexcudaeckoro
ananmzatopa ais Intellij IDEA SDK onpenesnen B uatepdeii-
ce Lexer, a g mapcepa — B uHTepdetice Parser.

IDEA BEI3BIBaET JIEKCHYECKUN aHATN3aTOP B TPEX OCHOB-
HBIX KOHTEKCTaX:

- TIOICBETKA CHHTAKCHCa;

- IOCTpOEHHUE a0CTPAKTHOTO CHHTAKCUYECKOTO JIEpeBa;

- IMOCTPOEHHME HHIEKCa CIJIOB, KOTOpbIE COJEp)KaTcs B
(hatiire, — €CITM UCTIONB3YeTCS pearn3alisi CKaHepa, OCHOBaH-
Hasl Ha TI0JIh30BaTEIILCKOM JICKCHYECKOM aHaJIH3aTope.

Jlexcuueckuit aHamuzatop mns s3eika HLASM nmomxen
BBIICATh B KOZE CIIEAYIOIINE CYIIHOCTH, ONHCBHIBAIOIIHECS
JIEKCHYECKUMH MTPABUIIAMH WIIN TPAMMAaTHKOM:

- JHUPEKTHBHI;

— HUHCTPYKIUUH,

- MAakKpoCBhl;

-  MCTKH;

- KOMMEHTapuH;

- 4YHcla;

- MPOCTbIE CUMBOJIbIL;
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- pasnuuHble aTpuOyTHI JII00O0H U3 MEPEUNCIICHHBIX CYIL-
HOCTEH.

IMapcep — 3TO TIPOrpaMMHBIN MOJIYIb, OCHOBBIBAIOIIHIACS
Ha TOCTYMAIOIINX U3 MOTOKA JEKCUYECKOr0 aHaJIM3aTopa TO-
KEHaX, KOTOPBIN MO 33/IaHHBIM [TPABUIIAM CTPOUT abCTPAKTHOE
JepeBo pasbopa. BBugy TOro, 4to HCXOAHBIA KOJ| SI3bIKa
HLASM cocrouT u3 mocienoBaTeIbHOCTH WHCTPYKUIWH, TH-
PEKTHB M MaKpOKOMAaH/l, BECh HCXOJHbBII KOJ MOXHO pa30OHUTh
Ha OTIEJbHEBIE OJOKH, COCTOSIINE U3 IOJHOIO ONMMCAHHUS MaK-
poca WM OTIENBHBIX HMHCTPYKUUH M nupekTtuB. OHH, CBOIO
oqepe):lb, COCTOAT U3 MCTKH, Ha3BaHHUA KOMaHJIblI U aprMeH-
TOB. AprMEHTbI pa3)len;1}0Tc;1 3aIIATBIMU U COCTOST U3 TOKC-
HOB MJIM KOMOMHALIMKM TOKEHOB.

[TPOTPAMMHA 51 PEATTU3ALISA

CymecTByeT MHOKECTBO NPOIPAMMHBIX OMOJIMOTEK, KOTO-
pbl€ MOMOTaloT pa3odparh TEKCT MPOrPaMMBbl U TIOJIyYHUTh €ro
abcTpakTHOE TpeJICTaBIeHUE B BUje jaepeBa. Kaxnoe Takoe
CpeAcTBO pa3bopa OIepUpyeT TI'paMMaTHKOW BBHIOPAHHOTO
SI3bIKa, IPOBOJIS JICKCHYECKUI M CHHTaKCHUECKHH pa3oop.

OnmHUM M3 TOJNOOHBIX HPOTPAMMHBIX CPEJICTB SIBISIETCS
Another Tool for Language Recognition (ANTLR). ANTLR
— 9TO TeHEpaTOp JIEKCHYECKNX aHAIN3aTOPOB M MapcepoB Ha
sI3BIKe Java, mpUHUMAromui Ha BXoJ (aill ¢ MCXOIHBIM KO-
JIOM pa30upaeMOl IMPOrpaMMBI, a Ha BBIXOJE CO3MAIOIMNI a0-
CTPAKTHOE CUHTAKCHYECKOE JIEPEBO.

Omnpenenumcs ¢ HabopoM mpaBui. Tak Kak UCXOAHBIA KOJ

s3pika HLASM COCTOMT M3 MOCJIEI0BATENIBHOCTH HHCTPYK-
Ui, To 0003HAYMM KOPHEBOW 3yeMeHT, win juHuH (lines),
KOTOPBIH COCTOMT M3 OJHOTO WM Ooyee 3asBICHUM
(statement). Kaxknoe 3asiBiieHue, B CBOIO Ouepe/ib, COCTOUT M3
Makpoca (macro) wiu neno#t auauu (line_wrapper).

Ilenast MUHNS pacKphIBaeTCs B IOCIEIOBATENBHOCTD, KO-
TOopasi cOCTONT U3 MeTku 1o ymomdanuto (label def), muaum
(line) n oxonuanus neno#t muaKHN (endline). [Ipudem nuHUN U
METKH TI0 YMOJIYaHHIO MOXET M He ObITh. MeTka 1o ymomnya-
HHUIO SIBJIAETCS KOHEUHBIM JIEMEHTOM.

Jlunust cocrout U3 KoMaHAbl (commands) ¥ IUPEKTHBEI
(directive), KOTOpBIC SIBIIIOTCS KOHEYHBIMH JJIEMEHTAMH, a
TaKXKe apryMeHToB (arguments). ApPryMeHTHI pa3/eleHb
MEXIy COO0W KOHEYHBIM CHMBOJIOM ','.

ApPryMeHT MOXeT OBITb UMEHOBAHHBIM  aAPSYMEHMOM
(named argument) uiaM HEKOTOPBHIM 3HAaUYE€HHEM (expression).
3HaueHHWe SBISCTCS TOKCHOM WJIM KOMOWHAIMeW TOKEHOB.
VIMeHOBaHHBIM apryMEHT COCTOMT M3 IIOCIENOBAaTEIHLHOCTH
MeTkH (label), 3Haka '=' 11 3HAYCHUS.

Maxkpoc coctout u3 nocienosatensHocTi: 'MACRO', ap-
TYMEHTBI, OKOHYaHHME  CTPOKH, OIMCAaHHE  MakKpoca
(macro_def wr), muann, Metka mo ymomdannto, MEND!', ap-
I'YMEHTbI, OKOHUYaHUE CTPOKH.

Onucanue Makpoca BKJIIOYAET B ce0sl LIENY0 JIHHUIO.

[MpumepHas cxema Hepapxuy NpPaBWJ MpPEACTaBICHA Ha
pHCYyHKe 3.

lines

[}

expression

Puc. 3. Nepapxus npaBun

statement (%)
line_wrapper macro
label_def (?) WACRC
line () arguments
- endline
endline
L— macro_def wr
lines
commangdirective label_def (?)
arguments MEND'
E—— arguments
andline
argument
Vargument %)
lahel Expression
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CrnenyromuM 3TaroM SBJISICTCS MOJCBETKA CHHTAKCHCA U
oIMOO0K, KOTOpasi BBITOJIHAETCS Ha Pa3HBIX ypoBHsAX. Ha mep-
BOM — IOJICBETKA CHHTAKCHCA, KOTOpasi OCHOBAHA Ha PE3YJib-
TaTax JEKCHYECKOro pa3dopa, OCYIIECTBISETCS IMOCPEACTBOM
unTepdeiica SyntaxHighlighter. 3ToT naTEpdEiic Bo3BpammaeT
sx3eMIusIpbl TextAttributeKey mis kakaoro Tura TOKEHOB,
KOTOpBIN TpeOyeT 0ocoOyro MOACBETKY. JIJIA TOJCBECUMBAHUS
OLIMOOK JIEKCHYECKOr0 aHAJIM3aTOpa MPUMEHSETCS CTaHAapT-
HbIE 00bekT Kimacca TextAttributeKey s HemomycTHMBIX
cumBojioB (HighligherColors. BAD CHARACTER). Ha BroO-
POM YpOBHE IMOJICBETKU — BBIICJICHUE ONIMOOK, MPOU3OIIC/I-

Zos_idea [DA\ldeaProjects\Zos_idea] - .\TEST\RWPGM.asm [Zos_idea] - Intelli) IDEA

File Edit factor Build

Zos_idea TEST & RWPGM.asm

ol
X Event Log
B Terminal

i & TODO

O

IIMX BO BpPEMs CHHTAaKCHUECKOro pazbopa ¢ ompenesieHHeM
LIEMOYKH TOKEHOB, KOTOpPbIE HE COOTBETCTBYIOT I'DaMMaTHKe
si3bIKa [5].

[Tpumep nozacBeTKM CHHTaKCHCa B cpese pazpadboTke Intel-
lij IDEA npencraBieH Ha pUcyHKe 4.

Bechb nporecc pazbopa Koja M ero MOJACBETKH, KaK «dep-
HBII AIIMKY, JOJDKEH MONyYaTh HA BXOJE MCXOAHBIN KO MPo-
rpaMMBbl, a Ha BBIXOJIe — MOJCBEYCHHBIA KO, IPU HEOOX0Iu-
MOCTH — IIOJICBEUCHHBIEC OIINOKH, KOTOPHIE HE COOTBETCTBY-
10T CHHTAKCHCY SI3bIKa.

Run Tools

o

Help

Add Configuration...

o ]

() Event Log
UTF-8 + 4 spac

CRLF =

Puc. 4. [Ipumep monceetku koga HLASM B Intellij IDEA

3AKJIIOYEHUE

B pabore paccMOTpeHBI OCHOBHBIE NMPUHLMIIBI PELICHUs
3aJa4d CUHTaKcuueckoro ananusa xona HLASM u ero 0aso-
Basl MOJICBETKA CHHTAKCHCA, KOTOpBIC OBUIM peaM30BaHbI B
cpene paspadotke Intellij IDEA. Drta cpena paspaborku moj-
JICP)KUBAET OOJIBIIOE KONWYECTBO (YHKIMOHANA, KOTOPBII
MOXHO J00aBUTHh B 3TOT HpOrpamMMHBINA mpoxykt. [Ipemmo-
KEHHOE PEIICHHE MOXKET HAHTH MOCTaTOYHO IIHUPOKOE IPH-
MEHEeHHe TpHU pa3paboTke mporpamm Ha s3eike HLASM, mos-
BOJISIA TIOBBICUTB YA0OCTBO IpoLiecca HalMCaHUs KoJia.
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Syntax Parsing for HLASM Language in the
Development Environment Intellij IDEA
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Abstract. Considering solutions for parsing code in the
HLASM programming language with syntax highlighting, that
used in the development environment Intellij IDEA to improve
the efficiency of the programmer. When analyzing this part of
code, the main we can identify a main module that declares
statements that have some parameters. The module needs to be
reflected in the form of a formalized model which shows the
types, values, nesting of the code and the entities. The syntax tree
is used for this purpose. The semantic code model and parsing
tree are built with the help of a lexical analyzer and parser that
understand the grammar of the selected programming language,
passing from the top to the final operands. The characteristic of
software implementation is described. The scheme of the rule
hierarchy is given. The proposed solution improves the conven-
ience of the code writing process.

Keywords: code, HLASM, syntax analys, Intellij IDEA, tri-
plet, grammar, syntax tree, parser, Java, ANTLR.
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