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R.A. Makedonov, A.A. Zuenko

QDE-MODEL AS A BASIS FOR QUALITATIVE SIMULATION OF
DYNAMICAL SYSTEMS

Abstract
The article describes the features of qualitative model of differential equations i
QDE. Under this approach, we developed a simplified model of the evolution of
commercial enterprises, applicable for qualitative reasoning about the properties of
such systems and forecast of its evolution. The use of qualitative models eliminates
the necessity for unfounded hypothesizing about the unknown parameters of the
subject domain model and makes the modeling more intuitive for the end user.

Keywords
dynamical systems, qualitative modeling, constraint satisfaction problem.
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sBteOL 5d3:

Level(3.25) =2.6cm

sOyd Mise j dzdzOW OB MisteOC ydw, Lendses dzQifipddty dzb Sls stcts 2 Z to &
otej dG3fadlEP - sSH dIsMW  d3j y H kzzerg dztsdflz W e@jsdg J flzzC sflsd ) o BH 2
(toswg dz2@ d3dtsy J§ Is des |9 to jififipii®e dzj dzO IsOC dd3 B KLOL 5d3:

Level(t;) = zercé top.

1 Hj ! tsydz j HOdzdz fnj StedzHe toj ag) dizff 3 028§ dzj dzf
fnd ddo sdzd ud MEdd&3 B SL d2O YU ded} j=§ Isdisiely drlsOQizdptsg J diilsdad) X H § dzd
i LOHOjl Ibkoydsj otjdkY, O mssshojlks, ykst j0ls:

5B O ydg dzdz’ B, Co0CC sls stcLevel dzdgjtsioly ddz € OL Odedesy € OyJ Mise j dadzts,
Ld&ZOyYyjddd. ¢ vyt COMOjIlMmwy MOBsets SOy Mise j dzdetse 5 L daC
Bdetsy  Mlses ydmidz tsls 0 Hts 62.54 B d&zs Mo jtoedzklsts o
zercé top. ] ftesyj MMmd HOdtcdky Dijes dEBpfHstcOsd Is!
ftesdedzstcdtetso Odets fMbkh jMsotso Odzdy SCtwOW JBEBMISd M oBHEE
d Wstcdsz dzd tetso Odets [k Is olevely H ftzdii dzls 118 s dz¥i3iE K i dz
fsdzsy dlsj dz dz" &3, S tsbstetsj LOfdMr eOjlsmw MmMdzj HEs hdd3 tsB G

Level(t,) = pos

dBMstcOcjtc s ofOeis L o tSH dz" n IS o toj 34 dad flzlsj a3 dn
sBtsL dzOyYJ dedw d3d dzOf tcOo dzj dad 2 d L o3 dz ded W

t OmMmdeslsted 3 Mdzj Hize M j g Ctsdzd ud Mise j dzdats § Elseo jtey H] d
Ptosdelwlf 5 o tcj d3j ded :

d/dt Level(3.2s) =0.12mnvs.

sOyd Mlse j dzdzOw OB MIstcOC yYydqvw 1 Isscs HAddwojjtatg H § dzedw Mtsmls
Levelo 3ts d3d dzlst;tp g rd3y @zfls mw .

dBMstcOcdteso Odzgd ] WEkdzS yd?2 fEljd L ORj dr BEsdesls sdzdz «

t OfMmBslsted d3 Mdzj Hize M jj Ctddujfmise jdudatsj Elso jteyHj ded

Amount= Level* (Level+ 5.7).

l B Mists dzjes By jls dmftsd L so Ol Mw; Mdzj vz h OW € OV
J mdzd Izt és/el(Odz’ Ists ¢ tsdzd yAnfolebtistc j 8 lis@o dzv jIs Mise 52
Bsdzslstsdzdzts o 5L e OMis Oévdt v YisksdzC Wytets (3Ol dzts L Of dfr 9 O Isfy
fdzj Hiz¥ W d &3 Ms'HAE@uUNitkege) . Cls L dOYOJIs, Yylsts fted fHsorh
L dz0y Jezro j dzd ydoe O Isfw Am@uaty | dz0tz®gptz j ¢ dzOdztse d ydzts,
Bsclzls ftoddij devils' MW dBsdeslstsdedzs .o O hdj WEdCydd, B

dBMistcOcdtcso Odedj oL tcOMIsOs h drn otej dzgj dedz" = f sfdzj H ts¢
1 mw IsOB dzd y O, fMsH j toy Oh OW L dg@oyni ded W Ctsdzd yj Mlse O
f sfdzj Hise Olsj dz dz" § B3ts d3j dzl9r, 3 o tdjj Bjeddsf ' SIS 3B Y jHSs B1 SIS ¢
OBMistcOcdticso OO fllsjdz LOBIde JJ4 BHddB SOy Mise j dedzr o
Ctsdzd yj Mis Amunets Hg dzls j tco Odzj o st & erakdz0O o365 o d &k iy w
d3J X Hdzo d full, ftod {lstdz ktetse j dp. eautdCtdsqQ ) iskOlg dsjote y(HIg @BddE
By il BoBOZN ds L OfdmMOdsts Mdzj HEE h dd3 tsBLOL 503:

Amount(startt end = zera. full / inc.

sOuj Mise j dadets § Msmistsw dzd § mdmlsj & ftoj HMisOs dz¥ j Is
COyjMmlse jdzdgr = MsmMlssWwdgd?2 f jtoj d&3j dede" ~. 1 jtojdgjdeder j o €
i tod dzd BBOIs ! COuyd mise j dzdz" | L dipisde v s e j K jsdik ded Ws.dzr -
sOyd Mlse j dedetsy MMmistswdzady Jte d3 dedzts?2 da3d 4 Is W sted3lz:
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Domain QMag/ Dir,
G HQPMagi ¢ Oyd Mise j dzdzOwW 9 j dzd yd dzO, ColststcOW  di3tsy
SlsH j dz dats COyj Mmise j dadzts § L dzOy g dzd j , zd B 5
COyj mMise j deder d3d s sl 2 de$ B R czCefdds) dadh) v DE 1O €
2O tOo dzj ded§ dL o3j daj ded W , o tsL d3tsy dz' gy stdL dzOy 4
dec 1dyd HtdejHjd HOeO Htddij teO® ¢ Bewififnlse j dz
sB dzOMmlis' 8  tsfzezq tepdindzj dzd w

level zero/ inc;

levet zera.top/ std

t OmMmMislstcd &3 tsmdeso dz" | o dHT COyd mise j dzder -
dMmysdz! L s Ol MW dedyd fGted BYfdMOddd dBBsHJ dzd:

1{ ¢ tc O dzd Dpraze(’4, Y). o COuyd mMise j dzdetsR 1 Uslsts €
ftotsdL o ts XAHORY  asidsj d3j dz( . ltetso jtoC O 1 Istsjcds G to
f otsMmisds@ff tc OO0 dzj dzed j dL d&3j Maj wzdpy dztf | fig 5 &Rl azfds B ls o ts¢
i Jtc] d3jydadats 2

1{ cteOded W (dY). 1 jtcj BY deg@MlsOo dzv jIs M 52
otsLteOMIsOs Mz XV Iz de@Xydhed digls s  WDis QrdgigX/ DirX d
Dy: QmagY/ DirY. 1 tod o #flgjtdaly,” = , &ZzOf 0o dzj dzedw dL d3j dz.
fnts ¢ dzO fn) SRNOEDIrY, -Dlstster 7, H ¢s diz® s o iy © I O H O dzdz
Mtstslso jlsMmisekzs M dj L dzOyy ded v .

1{cteOded Wj GdY). 1 jtcj BdPA@MISOs dzv jIs Mt 52
Eero0Oshzs WK HHFNESE 3 J d iyggsBxsQmiagX/ DirX d
Dy: QmagY/DirY. 1 tod +flgitdaly," na ts dzgOf tc Qo dzj ded v dL d3j da
Mtse zOMtseo Odz" Mdzj HEE h ddi3 BB LOL BA3:

DirX =inc, DirY =deg

DirX = std, DirY = std

DirX = deg DirY =inc,
ommIstster n, HBdyd B'ls! Mtsc dzOMmaspddz | Misde®Gg jj d

1 ¢ tc O dzd ‘punagy, Y, 2). Clsts tseteOdzd yj dzdj MmMstsilso j k
X+Y=Z, 9o Ctltstesd o2 § jtsj dgfndzd®@o jzve s Mmtse 52
mMsmissw dad W f J toj d3jDdrdainfQmag Dir.W s t€ dg js 3lz ts¢ tc Odzd
Mz d3dzd e s Odad W Hplsy el Olsftstsds @ ge®f tc OO0 dzj dz v dL
o J dadz" j 0 j dzdf ydede™ =, |l Htose jtow jlsmw Mse dzOMmts o
dL dsd dgj dzd2. 1 Ofteddsjte, o' Oy dad

inc +std=inc
WodzWw j Ismw dMisddads’ o3, G digdgaiE " jj o' Oy ded

inc + std=std

]l ®mltster 7, COyJ mieo j dedetcj Ky Gdedidpdizy dz B' Is!
Mse dzOMBso Odz" M ff jteOyYydj?2 Mezdzdsdtctse Odzd W .

sOyjMmise j dedzgO" BtsH jdz' ©OLodldw ksteesor 7 §to

{ OffBsslstedds HdZOBdSE ©OLodlsdw Ilksess |
ftesftsj HftedWIisdw) o L Oadmd&smisd tsHsj tdnjtedy H dz,
fldzj Hize h ) fjtejdsjdedy j: Stddyujfmset oL dadC
ZdCodHdese Odgde’ = fejHtedwisd?2 (sBOdS teslsd
Csddujmsets fwjHfwdwisd?2, Mt HdY dzOiyj dz O
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), Meind'Y fodeOgd He)Obedy Kd? HOW (e | &
B

s 2fmis d 3, Yybsts Ctsdzdyjfmlses oL dds O h da ftoJ HY tod "
B "NOGE] dBcHjddqtese Odzd W . ydMmilsr 2 -ftedtetsmils ¢ tsdzd yy
w (SNOXN tcOL detsfls ! @RI HE otsL dzd C O h d di3d d dzd € o
dv di3ded te i jfpQjy  dzOd3d  Mdlskzoydw Mmtslse jlsmisalzjls Ists
4 dzd , CseHO ydmlsr 2 ftoedtetsls Ctsdzdyd Mlsea©® o HY b
YyOlsj dzt dets?2 9 j dzd yd dets?2 , sts j fls! otsLdedC O hdrn ftoj
dHdtese Odzdz" = .

ltojHY sdzsy d a3, Yt dL dzOyOdis ddeste 2of dBjj-jj Is fifvte j B H dats W &z dz€
ftedwisdg .

YIstsB ' Wstcd3sOdzd L s9 Ols COud Mise j dedz" 4 tcOmMMmEzy Hj ded W,
o jdzdzz BsHjdz2 HJEZOBIJSd ydmdzO ftejuHftedwisd?2. 1 jtej ydm

TProfit i ftej Hdzww ftede’ & HjHftedwisd?2 (tBhOw fteds' d
tcOL Hj dzj dgdzOW 2O dr Ctsdzdyj Mlse 5) ;

fMarkupi te j Hdzw v dzOYyj dz€ © dzO Istso Ote’ ;

TAmounti (sB N)Ejsdzd yj Msets ftojHftcdWisd 2 ;

OpenAmount € sdzd yj Mlsoe s otsL ddS O hdrs ftejHtftodwisd?2 (o f
dzd 2, f tsflssWw dzdzts afensnaniizs L dzOyJ dzd ¥

fCloseAmount ¢ sdzd yj Mlsoets dzdSCodHdtetseo Odzgde" » ftejHf tocdWwisd?;

fDeltai § tc d tepdnfiigida®if tc d WDekhZ OpenAmount CloseAmount

[ dzv  COYHB2 f(jtoj ddjddes? BftejHjdvE MY j4i tOL ddud
o Oj dy'lsjdzj Is & Od3q

rdzv  Mtej Hdzj 2 Profif odsy def] L dzOyj dzdd dd3d dIs B3 ded d30 dz
Hstf EfMmisd BBts § L dzO uningz( @3d didiaizOsdz dago W ftedBr dz , ftcd Ctslsts
fcjHftcdwvisd] hsyjl ttOBBIOK! BjL EBFMkCO), {iltsdklkz B
zero 9 € dz¥ ydls! 9 MtsmisOo Slsdzj Ists ¢ Llsts L dzOyJ dzd j . J Is t
setcOddyj 0 MmMe jternlz (9o Mddkzk HfEH Pdifv ) . v OCdd3 BB tcC
LOHOdts Mdzj Hize h jj kY stclydislyyg dedzts dBdztsy j Mlse ts

min, OProfit Omax,

1 HJ fpin, § fls! ®Bd dzd O dz! dzOV  ftedB " dz fejHftedWwisd?,
MsrteOdzv j Isfqw  dr toj dzZlsOB § dz' dztsfyls: . 1 COyd Mise j dedets?2 s
cOL dzdydw d&BiyHE btsyd &3d ydmdzser &3 L dzOyj dzd W d&3d, dzO~R &
min, H tSma, fstelizls o j My dqdzls jtco Oz Mdzj HEjls tOLBdIs! dzO0 Ist
L dzOygd ded w  ( Isitenin, M@ @ecglsag ) s o Odzlsr ftoj HMIsOQodzw ¥ Is Mtse 52
zdets IsySd ydmzsets?2 ftew s, ddBt GlsCterilsr j ddas] tco
dfmnr sHdz 2 dqdzls j tco Oz ftoj HiNlsOoa dzw pls C ;B ezsBo . € dzj Ydats §
so0dkElstso Odegdy ddzlsjtcoOdzse Lotz jIs ftoj sBtcOL SO 9 Ols!
fdtej 3 dde' § o dgj udmdzsor j (S OYJMmlsejdedz j) .

0 ZOEsed ydets sz ddz B koMY &3d stftej HJ dzj dzd
9 0dz! dzr = f jtoj d3gj dadz" = .

[ dzv  fMmtej Hdzj 2Markia® y jedzCHlj dad 3 fydzjCHoz:® 0 3yl deds Is d3j Is
BOdz' dets§ MEP U dedzPC M BOdzmagk] L dzOyd dedd (

min, OMarkup Omax,.

v 0O¢ ¢co¢ ) ORS¢ On B H j dzd dzj s fMd3r MdzO@ tOMMd&ZOIs
i tod H{ tc dAmsuh)? g4 dz' M § SHdzs G 5, o 20FBEFGHOVESISA) SE 2
Mstslseo j smMisakzjls ydMmdzk dtairf tcdwisd?2 O desdizz tsH

QA oOo=X 0 =g
LT EHFTO0O0O0 HO
N E- 0.
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oneOAmountOmax,.

¢ dzO dzts ¢ d y dzts

zeroOCloseAmoun©open amount.

I Mmddazkz Hsfkhj ddDela B § s d3jfdezEakd 3o ls Is ts
s dzd tcts 0 Odzdz’ in zero (zten gzgizg & j L ge® U § tedzis ) d Isj dz! dz
Oyd dzd § ) zeroq @AY a6 d L & jtdsc Hi ISCagddng §, ko 5 s
Cter s 7 fjnftoduisd? GHzOGEs®, B6C L d
infedwisd?2 Bsd hj, yjd LOCE! Isr o,

Jidhjd3 dz©0 jMisjfise jdadetsds wiL'"Cj §ts9jH]
masmouowlws CodS ztej dgyd™ 20 tor dzS iz dad L § ©
fdz oL SO N dn fejHfdwIsd? Bsdz h j
c1Hlsa(3ls;dzJ dzts , Csdzdud mMsets fjHftedwisd? )
de¢ 2t dzydd o, COC MmdzjHfMmlsedj, Mmdedyd ded®
COLBd, stp GOGIES o6 o) ddeff ¢ O zd 4 | ffleojti § 4o
(0]

)

fn

d

\.ERI_I_Q_l
FOg"

Bjls ©Oodyr 8 Stsdzdyjmsok ddSodHdEso Odeds -
sjBO fjtej2Hijls o MmMsMmMisswded] t©Oodeso j mdWw
stswdzdzgr 3. | teOWdSE dL d3d dzgj dedvw €S tsdzd yd Mlse ©
B tedesf OO, O&OS &zO0 twdfm. 1.

SR IITE T
§EQT @ g

Kon-eo
NpeanpuATHA

MAKCHMY M

(Maxg) | nocToAHHoe (std)
a

pocT (inc)

OAHD
(one)

BpenAa

tdhL oW ds dLdg daj dedv CoBdduimlse O fwiHny

[ dzw ftcj HilsOo dzj dzd W stse s wWOoCls0o, Yls ts
ftocdHftoedwisd? tc Oo dzts S H dzts B3Iz d oL cOMIsO, |
sB L dzZOyJ ded § d3:

Amount= one/ inc.

1 sfdzj L sz ®] sdzOffilssd3j Y ZIssC 9tej d3d dzd ,
ftoclHftedwisd?2 dzOmtsHdIsMwonge His | gP QG GZ@&dz' dets dlts
max) d HftebHsd Ojls oaLtOMISOIs! . v OG(d

Amount= one&& max,/ inc.

{ud 6 Hdetsd COud mis JW@S%BH«I{B
Csdzdyd Msets fYtejHftedwisd2 §Jteif
f5C0OL Odets dzd ¥ J -

Amount= oneé may, / std

Cls tjLizd sdqekzeh jj MomMisswdadj BsHj dzdtckz,
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ud fdte! SsftejHjddds LOsdMmddsmisd d&ixHEk ¢ jte] d3j dadz’
L Oo d ) d dgsLfiflseodO stz i dzd \ j dAfi e fg@sdz’ S 2 dzO kOGOt s tsftej Hj dzj d
ftojHjdzZr dzgO L dzOyj dedw  jtcj d3j dedz’ =

] ©OL1cOBOI' 90 B2 dBsH,jdd ftedhjd s sy BcteOddy
COydmMlse jdedzr » teOMMEyHjdd?2. [Hds dL BOSCdr GetOdzd Ud
B A HE ] tcjAdgudedMatkdpi Y &3 Btsdz M j ydfdzts fwejHftedwisd?,
dzdy j Rktwtse jdo@ deOyjdeCd. Clsts tseteOded yj ded j 1jq’fnr904lsfn

M " (Amount Markup).

[ BBL dZOMi0EY) i E2C OL " ¥Odgtsdzts lgtsdgdzts kBT 9 O h OW W EZdzC ydw
SIX:  ftsmdzj € OYHXks3] dHa ) @J efpimdtsls. | dzv sO0Cts2 Mo WL d
M " (Amount Markup) ECOyJ a3 Mdzi Hize A dJ mMsslse jIsMisoazs h dj l
(ong max,) 1 j fdzd ftcjHftedwisdj SH dzts, Is ts Mtcd H daw W dzOy J dzf
(SBdeC 2o dzyd VW nimig il simstedz j Y ded 3O dz' dets?2 ftej Hdzj 2 dzOyJ dzs
Mstslse j sMise zs M jlROB I das alatzfis ds,j dzudmMdzs ftej Hftedwisd?2 dBBOS
sOCYj MY tcobe nadrgneetnar).

J ceteOdzd yg ded v , sftej Hydzwe h dj Besdsistsdzdzts o 5L OMISOH
S yds, wWodwelsmw syjdd bkHted &3 d yYOfst (Lo
dMOdedy (BHJdd. M!(@dapjMakp ,L O lfdnj sy HOJj v, ybst
dHdVWw dOyj 2 O Mmdedy OjIsmw fted COYHBR kojdzdud ddd !
JdZzdyde 04 sfmw f sfdzj Zdsd dz' h jdedw < ssets SCtdzduyd Mlse O.
HOdzdets ] BceteOdedyjdedy MisOjlsmy MftcOo jHdzde ™ O3 Hdzw dz® B
o d3j Mdstsc 8 tsftej HY dzdIls! Istsydetsy SCtsdzdud Mise j dzdetsy W kdzS yd s

Markup=f (Amoun},
sts tsdzts L OoadMmjdzs B' s MssddisMmisd Istse Otc®, CO¢ ¢ OL
BOzs?2 Missddsmisd, CO0¢ ftcOo ddzts, dd&3dj 4 Is BBd hEz¥ dzOy
fdzed 3 4 dzed v  dzCpjtsdrlSdzfs +otg figds| € 9 Gldzdudd Il ctwkzffr Istso
Msd Bgsmisd) . 1t ) COyjMmlse jdedes?2 IbsySd Litcjddw tslsdzs
Cosdzdyj Msotsds ftojHftodwisd2 wWodzw jlsfpw dRsdslstsdadzss kBT 9 OF
sso Otc®. 1 st lssBz, ybtser fftcj H | dafusH d dfsGusidilis e j dedzz® o3
fsHtesBdzs dL ZyOls: Wesrkaigsid (Amo@® d ) di dgreofplasth Ot 1 Is s a3z
L OHOYO BsH | dzd tctso Odad W yofmist L dz2Ouyd s dz! dats Eftcsh O
COyd Miso j dzdzOWY dBsHjdz2 ofpj Jhji BMsOjlsmw ftedj digdzj BBs2 H
dzj Cslstster o 90y dz' - j B2 MY Misdstih j dzd oz

74
g
tc
)

Fpynna ToBapoB Manoi CTOMMOCTH (#eB. pe3HHKa, NeleHUbI)

CpeaHAR
HaUeHKa
i Markup)

KOM-EO NpegnpuATHEA { Amount )
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[pynna Topapoe cpedHell CTOHMOCTH (XNeb, MONOKO, Macno)

CREAHAR
HaLeHKa
{ Markup)

KONM-E0 NPpednpHATHE [ Amount )

[pynna Topapoe GO0NLWOH CTOMMOCTH {Op&XH, aNKorone, HKpa peldbA)

CpeaHAnA
HaLEHka
{ Markup)

KOM-EO NRegnpEATHA [ Amount )

t dBuvBsydetsj tslsdatsh jdzdd d3d Y HEZ Mo Hdzj 2 dzOyJ dz¢
kstecsodzd L Oodmdl ©ls Missdd®shsds? ctekzffr I
wodw jlsMY Bsdtslstddets BT oO®sh j2 WekdSydj?2 s
'3
te

1 O0fteddzj e, gz ¢ tsgzd
ZoMmskzf dls IsOC 2 dsd3j dzls o B3d dzd, CBSEHO BIEH
feiHftedwisd?2, d feiHftedwisdw dzO y dzlz Is BOf
COyd mMlso jdedetsy fYtsojHjdzdy WwWodzwjlsipw EO&m@FIs] t
(dzi LOoadMmMddizs BIs Iktsets, COCt2 cwkzfifs?2 IIstso Ots

OS] dydl BECOLOI Mv MmMdztsyd &3 Istsydatsy
Mtcj Hdzj 2 WOkygdzCts@d BPrafit: ¢« 1\ &5 M SOy Mise j dzdats 2
sdets WodzW jIsfw Bsdatsls sdzdets o 5L QMdska Prafitiis. 1 O
fdzy HizE N dj Mistsise j Is mysim,minid i dzddz@a@jydedizs:0  (d3d dzo
Ists § sz yOj B3OV ftedB " dzmaxpnimy)j lf tc gd dzPd®)dfd3E2 |
ZOyj ¢y fdkzyoj 0w ftder dz BEHjls ®&BOSCMdd3
(Minyé max, mingé max,). )

LEOYJ A SOC Y| ME ClpgssAmbua)d joB3j 3 HE o] iBj d
Profit d CloseAmount (max, zerg i §f tod HBOC M BOdz! dzts?2 Hteds ™ ©
ZzdSodHdctse Odzdz” i tod H{ tafny, lsogeh amdar) oi dafs te  dzlz dz
d3d dzd d30 dz' dzts 2 ftcdBr dzd tlismdfiads fikls o # to j dadf Steodofv HsL
Cosdzdyd Mok otLddSOshdn (o H] odimé&dgiy ¢ Oyl
fJtc] BjPdRtitEBsIlse jIsMisealzjls MOL £ Kos®AMowAD y j dzd »
open amountd zere@ open amount

ltedo jHJ] O3 f tsdzdz 2 f4ted yj dz 56 e Odzd Wd
tcOL tcOB OIsT 9 O] di3ts?2  dtsH J dzd :

A
s
9

qwisd2 BEHjlk Istd
4
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M (Amount Markup),

M (Markup, Profit),

M "' (Profit, CloseAmount

Sun{CloseAmountDelta, OpenAmount

Deriv(Amount Delta),

OpenAmount constant= open_amountstd

1VHIM &) d2O §jtej 3 dede’ = dzO U djaed@> IShpsvdzfils Qfdsts f d o) dz" -
imMs Mistesydz = .

ltesd dzazt Mistedtelzj d3 HOdzdzr | BEteOdedyd dedvw f ftsdissh 8 ¢
CltOW O Mtslse jlsMmisabkzs s f4teg d3j dzdz" s dstsH j dzd , O MmMtjiHd
sBtSL dZOYOt Is tseteOded ygj ded v .

deriy
Amount ———— = Delta

/-

Markup OpenAmount = open_amount !/ std

N:
-

Profit «=—— = CloseAmount

(dBLeOVduimMisd fwiHMisOs dzj ddj dBsHJ dzd

ltedmlsezf ddz ¢ i tetsdzfs & 5 dzddzts H gzt o tizo O dzd W i s BBJ stsHE
COyd MmMlse jdzdgr » WOMMEYHjdd2 M dIdMfisd Lo Oded] &3 BsHJ dzd
r dzw L Ists@e s BkHjdz ftodd3i dzv Is mMdzj Hize P 28 mMdMmilsj 3kz S
Amount=onetsL dzOy O Is, ylsts COuyd Mise j dedpsnjtc OQodtsyj dedd 4 toj o34
s H dzts GBlz, Qmoun@&thregfimc sL 2Oy 04 Is, Yylsts €C0Oyd Mlse j dzdzts L dzO
fJtc] d3jAdndzmty j tco sdzOyYyOdz! dzts BT dzs tOo dzgs tsH dzts BBz, O Isj {4
1 Oydzj &3 d@3sH j dzdtetso Odedy Mt Mdzj HEE N jets dzOyoOdz' degsets bk Mmd

Amount= one )

b Euyi stsdz dzOdzd ydM' (ArsosirisMedzdpy j dzdife Wi g 8 O h
f4 toj d3j Apuingd Markup ( pgd &) , M fGogRsh! s dsedyd Mitsets of o
fsdkzzydd MmdjHikeh jj:

Markup= max,.

s btz tctOdd yd dzd s § td (Warkiey Préfif v midstsO dzd u § ded J
fsLoadv jls dsedyuimMéd orojmlsd MdzjHlze h jj:

Profit = max. )

[ Odzf s ¢ tc O dadM|' j(RiaditvCloseAmountdsj ¥ Rrifit d CloseAmount
ff ts dzlz \COgeAMgount zera

1 smdzjls 5 dsts to O dzd \Bung@dpgeAmountDelta, OpenAmount d dzd
CloseAmount Delta= OpenAmounf ts dz$ tc j Is d 5 @ SGzgizes@nv s o3

zero+ Delta= open amount

Clss L otsdew j lo sty wishs]

vg i’ tOMmmdtis DeivAnmentOdidyd udgjdadniz § § toj 3§ dedz’ oi3d
Amountd Delta, SCtlststetsjy ESCOL '™ DEtgisQo das s to waPiyg) maddes 2 §
o toj d3J d&nouttls 1 tsf CDReltats fok M fodshi s Zsecdyj MSEtsets o' o tsi
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s tej HJ dzWij dB) Y JAdefigtH sSdzy dzts B ' IS oL tcOMIsOs h d o
ded o J :

Amount= one/ inc. )

Jeddsj dzv v ¢ L lstsdikz L MOdM ded f 5tz wDdgd yJ dzd v

Markup= max,/ deg

Profit = max, / deg

CloseAmount zero/ inc.

1 Ols j 835 tc O dzd ySutfgseAmountDelta, OpenAnounf), Ists j Mls
CloseAmount Delta= OpenAmountS ts dz¢ te j Is d,5 etz § @ diz® oz

zero/ inc + Delta= open_amountstd.

[ dzw ssets ylstse FHBsodzj so steW dzsfDBeltat IS5
Htsdzy dzgO0 dd3j s+ Mmdzj Hize h j i L dzOyd ded J :

Delta= pos/ dec

vOLdd3 t5BWAaddls ] Y dMOded) MsMistswdedj dBsH

Amount= one/ inc,

Markup= max,/ deg

Profit = max, / deg

CloseAmount zero/ inc,

Delta= pos/ dec

vd g te! tcOMmMMdBIslstcd d3 o tsL dzgtsy dzr J fJtej mtSHT
Memisswdd Mdmisy B . Idej Hf s@zOBOdzls @Y yE8Y
fjtojdgdjdeder » ot otcj dgided wWodzws Isfqw ¢ dzOH ¢ d o3
LdzOyj dzed?2 ftesdmMotsHdls daj ftej ter o dats, d ftsdL
SOCYd WwWodzwe Isw dzJ fted tof o dz" d3( . ddzj Hts9 Ols j dz
slsted yOls gzflz’ dgtsy j Is MmisOls: fsdztsy sy dz' dzts? , dzd
L dzOyd dad 4§ . I silstsBz tslstcd yOlsj dzv dzOw 9 J dzd yd «
otcj BBj dzd dzdBts BMISOIl! Mwv Blsted yOlsj dz' dets?2 , dzd
sBtOL 503, oL tcOMIsOs h O  f j to] d3j dzdzOfyls @Iy ,J Is dze
sMmis©o Ols+ Mmw f smissW dzdats 2 . 15 BdO dzj B Jls
fsmMEsdz Sk o dzOYyoOdzj LIsO 4 tej d34 dzdzOW H 5 dzy dz!
sMisOe Ols! MW f sMissW dzdzts 2 . ROz d3d Mdzse Odzd, 4
fJtc] @3 dedzts? 5B SinckzO (O fsbigOMBE OE N @Gw ) sts 1 1s0O
dZzdets tsilsOo Ols! incd , o ddf B figls t5'Y dad 4| 6 dzjndf i ds Js dzdlzg
dzs dzy MteOL zde®d TS v dzpy "OWv MW ) . (" j SHdzS
tcOMf otsMistcOdzgy jJ Isw dz0 o tsL 3y dgdj thisthlsAsteHs" o«
Ylsts dL d3j dzv e h owiw fjtej &g dzdzOW dzj syl s
LCL B dzvtctsds sHdzsets d Issets ¥ j L dzOyj dzedvw tsls
fizero/incO o Mt fizdsdd imaded fzj B sL d3tsy § dz.

g yjlbtsds o h jMms OL Odzdzets asty  fipdeimHsssy hdgd ii  d Q .
Amountssy jIs BT Is! ftojHMIsSOoadzj des IsOCdd3 tsBteOL 50

Amount= one.max/ inc.

Clsts L dOyjdedj dOtWHE M EteOded yj ded W i3qd
COyd mMlso jdeder § Msmisswdzdw HEZedrs 4t o3 dede’ -
Mtsmistswddj MBOEpdMdf sdefd?2 odH:

Markup= min,..max,/ deg

Profit = min,..max, / deg

CloseAmount zero..open_amoutinc,

Delta= pos/ dec
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t OmmBsistedds Mdzj vk hdj oL dBEyd § COudMmisejdade § Mt
Amount

1. Amount= one.may/ inc.

2. Amount= one.max, / std

3. Amount= may, / std

4, Amount= max,/ inc.

I fjatsds MzEyoj SO0yJ MmMise jAzuamismis@Pigmdedy ¢ jtej d3j d
sO¢dd x4, COSC d o ftojH" HEM j @B MsMissWw dzd d, f 4 sz ¢
st dmoOdzd | COyJ mMiso | dedzts G 5 MsmMissw dzd v , d dzj Is dzj 5B - 5
C Opjofy dedzts § mMemissw dzd § . dlstsdls slsdzj Isd s Yls ts S H dzts
mMemissw dzd | By il MsateOdgv Is: Mw 9 Isj ud dzd 4 ofmMicet O
ot d3d dzq .

IMsOdz dz" | Istced otLBBYd » fjtejarBHO Mstslse jlsmiseolze Is
o0tcdOdzZlsOB s jHjddy mMddalyj 3" , Colster | ff dmMOde

1.1 jtoj d3jlopde®ty j toj MIsOjIs ko j dzdyde Ols! qw d fted dzd d@z©, Is
Ld&ZOyjdzdj Hts Istt@ts, COC Mo jlsMlsoakzs hdj j2 MmMtoj Hdgw W
mMotsdm &3 dzd B3O dz! dz" 7 L dzOyJj dzd 2 . J] eteOded yj ded v , f ¢ 0L Oda
fMH J dzO s 9" 9 tsH, ylgts SO G d jif tofd jdad jogjs dgdz'f smissw dzdz" § L dzO°
d M Ibjr 6t dzj -dfftetsd MoLpyvdly] AAfOC d j1 sl lstsdzdz o H Odzdets 3
C tsdzj ydats j mMsmissw dzd § ftesyd MO BON d dedzts 6 5 BB H | dzd te &
ftol HMIsOo dzj dets Mdzj HEE N Jd3 BB LOL 503:

Amount= one.max, / std,

Markup= min,,..max, / std,

Profit = min,..max, / std,

CloseAmount open_amountstd,

Delta= zero/ std

dlstcsets G SteW, LIss kfMbs2ydetsj MMmisswddj HBMls
ftiosntYHJddY B MEBdz] ydes Btsdz' hsets ftotsd3 Y klsC O otcj dzj d
HOdzdzsds C OyJ Mise j dzdes G3ls s dd@Qdeded v ,dzj  wgEjsdz! € |z ) dzj o3
Eudlsr 9 O smw ftetsHsdzy s dz! desfisd ddzlsj tco Odzse o tej d3j dzd .

2.1 jtoj d3j Apdzanti tcd dzd (3O J Is f smis 5w dadzts § L dzOyj dzd J Is ts Y dz
di3ts d3j dzls 9t d3j dzd , CBEGHO Mtsslse jlsMmlseolzs h ) ftej H dav
HEMisdeOsIs Motsdr  d3d ded 30 dz'dal@ Fls ts1, dzOwlsjlzd B | s tg jj ldrpd3tsiisietvd
sO¢ Ow mMdlszoOydw 9 L iBsy dzO, 9 Hj2Mlseodlsj dzv desmis d t
BOdzso j totsW Is dzts 2 . ] sO¢ 3 MdzzyoJ ofmj Htoclze d J fJtej d3d
f smisw dzdz" | L dzOyj ded w , d mMdztso O dzOfmlszf O] Is C tsdzd ydat
BOh ddzgdetsc s dBsH j dzd tets 0 Odzd W :

Amount= max, / std,

Markup= min,, / std,

Profit = min, / std

CloseAmount open_amountstd,

Delta= zero/ std

3.10yjdz€ 0 d ftedsr dz HefMisdc O Is Moatsdr d3d dzd 3O dz: dz' n
B3y d2sO ftesHEsd O ls kBT 9 Ols! . 1 sfMmdzj 1 Istsets ftojHftedw
EBrlstsCqd yd s dzts BOdzS tetsilsMmis o ftocdHftedwisd? tejLCB 9L to
ftcdodHjdadzOW d&zO tedfy. 3, fiteiMlsOiIls HJj2Mlsotso Ols! . ]
teJLGCd?2 fltcjatsH 9 dztso Iz & tcOB Ykt sB dzOMmlis: . r dzv 1 Ists.
stciBlzjlsmw dztseo OW gtsH j dz' . ldivj HHNGddesy slzdzh $ M st iedadizd y J dz
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HddzOdd ui MEs2 MmMdMmlsi i3r MisOdeseawilsmw ftetslsd o tst
teijLSCdr HijtolrntSHts dzgjtsBratSHdAB M 2 fHAT
HOdzdzts?2 MisOIs (. 1 silssdsz or R tsH o[L tcOB sYy 2
tedfm. 3, BletedaPwoOonmMoPO § jtcjrtH jhj o tHddts !

JJLszndztS o dzts 9 toj Odz! desfplsd ) CtdeCtej Isda
f silstsw dzdz" o3 ’qcffr] 1sd3 slsCter o hdgofmw ftojHtted!
sHddz dqL 1 Isdr Istey 9o O0tcdOdzlstso tcOL o dqdg@Ww Mts
BtsH j dz o dzv j Isfyw HtsatsdzJ dzs ctokzBts?2 OBMIsSteOS
ftosyj Mtse fdmr 9 O h A HJdzORdSE ttOLoadlsd

s
yd mdztse Ow ddztt stedzOydw . sOyd mise j dadats § dBBSH j
tcOLEdsdz’ § GtojHY Bdzsy | ddals’ steBisald s EVOCd$ B "aldfe
oL d3tsy dz' d3( .

sSHjdz2 COydfMmbse j dedesets MisMmistsw dzdw HJdzOdRd yd M
Olstedquydzse s ftoj HMIsOo dzj dzgdwv sG teOded yd dzd 2
R t6d HZOGOj Ismw MeMmMisswdzedd HJdAZOBdU M2 M

fydWdud mM¢dna BOIsted yj §-tschDsigdid sj d3.fls tellztS Hstiz tho:
Modedy MMt WttdOdzdL Oydd sihdetse dz' -
BWdgzlsr 7 BOtdyj i sHsBAd n MlstckzSIskzte sy dz
9 jJHjdes & dgOMlstswh jd&3 MeBstedzd S [ 5] . 1 1k
fr].d3tsr§tejsdzdzﬂ i teteOdzd yJ dzd ? :

M ' (Amount Markup),

M * (Markup, Profit),

M ' (Profit, CloseAmount

Sun{CloseAmountDelta, OpenAmount

Deriv(Amount Delta),

OpenAmount constant= open_amountstd,
C drn ®BOdyudtsdsz §toj HMIsOo dzj dzd ¥ .

rdzv SOxHB2 ofdEDdipb] GPdgE? o9 jH]jd §!
BOtedy BeOddXhezdRe j fikwealr PIs L 2Oy dgde f J
O ttOo dzj dzd® dL d3j dzj dzad ¥ L dzOyj ded™. RIOC, f
tc J d3JAcEda@ O Is to d BXidl&k;
| t6j d3Mezkig@i"O Is te d BXlzdsyly;
| t6j d3PaAdACs to d BXixfls;
j toj dzClimdz@mount Ols tc d BXEdSYg;
| t6j d3Deltez@s t6 d BXizdsyh;
j o d3OprtzOOUNL OIS tc d BXE&dSYE.

codes o"fdh jd3 Hisd3j dz@ OlstedBlzIstso :

XaT {0one (ong max), max};

Xy T {ming, (min, max;), maxq};

Xp 1T {min,, (Min,, max,), max};

Xc 1 {zerq (zerq open_amouni open_amount

Xp 1 {pos zerd;

Xo T {open_amount

Ya, Yu, Yo, Yc, Yo, Yo ) {inC, Std, deC}

lted oo9tHj desor n fjtoj d3j dadze” =, Bsdz' M d dzfm
s6teOdzd uJ ded 2 oM@ OslOdgtds"jvdzdd2O, L Of d MOdzdz” = M

o o o o o
G—.Q—.G—.Q—.Q—. G—.
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v 0¢ ¢ tc Mz(Pugudeflgrkup O MY OH O Is W

e {ong {max} o
My ' [Xa Xul = d(onemax)} {(min,, max)}g;
g {max} {min} g
&inc} {dedg
M. [Ya Yol = st {stchd
gdeg {inc}y

[ ¢ tc Odzd M J(stadkiip Profity L Of dfmr e Oj Isfyw

e {min,} {min} o
M. " X, Xe] = (min, max,)} {(min,, max,)}
g {max) tmax} Y
glinct {inc}g
Mz i Yel = Gste) (st {
gded {degdy

15 OdOdztsedd, WsteRdtekz j 3 BOIsted y i j

(Profit, CloseAmount

dz0:

fr] u’tsdstshjs

(7]

iy

e {max} {zergd z
M ' [Xp, Xd] = g(minp,mam} {( zerqopen_amoun),open_amoun}ﬂ;
& {min} {open_amount ¥
glinct {dedg
M [Ye, Ycl= st {std}$.
gded {incty

[ ¢ tc QjdaEdgiIN{CloseAmountDelta, OpenAmount d dzd
CloseAmount Delta= OpenAmountf tc j tsB tc GsLGE j Is W

e‘;{ zerq(zerqopen_amoun)} {pog g
€

Sum[Xc, Xp] = ;
QSumIXe, %ol &  {open_amoun} {zerd{
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é;{std} {std} {std}g
e{inc} * A{incy
e{lnc} {deg * U
QSum([Ye, Yo, Yo] = g * {inc} {inc}g'

e * {deg {degU
Jded {ind  * §
§deg *  {dedl

JHifM! Cokitddsd A*o sfdh o00jl -&dsy
Mg " jcts ObtdBLO.
[ ¢ tc O dzd Deriv@adgnguntDelta)  jtejfdh jlsfqwv o odH]:
ginc} {pogg
Deriv[Ya, Xp] = gstd} {zerQH-

gded {negy

I ¢ tc O dzd WDpeaieimount constant= openamount/ std L Of d M 8 ©Oj Ismw
fsi3sh ¥ Heobkna d&OLtedy:

OpenAmouriX,] = [{open_amoun];

OpenAmoutiitry] = [{std}].

J COoyj mlsoe j AwHBOO st dfnodedw sjCkhja
H d2O0BBd yd ME 2 MmdMmisd 3" XapY, i ldB)¥jls dQisite o B) Izj ISy W
sjSkhjets Mtsmisswdadwy Bisy dets f s sczdzd Is?  dzO s
BOtedy 6 AGzdusad2MistesdlsmMy L OB COdadj Isj ¢
stsets, C0O¢ MoMmsswdd] HBMstesj ds, ftsdmnsH
LOo jteh jddj (tetsy] MG HdHejQizdsds'e Qd@HOYk L Od3
MeMssw dzd¥ t©wOMMd3OIsted o Ols! COYj 2z OUB] EHEg ¢
H O dzdats 2 L OHOYd ftoj HdZOGOj Ismw Mt dls! d
tcOMf etsMistcOdzj dedw dzj ydmdztser 7 tscteOdzd yd dzd 2,
Oolststetse -Bjistlsd ifOdEd7] IsjCkh jets Msmisswdadw fc
CBEHO MdMmisj BO tscodedd dad YgudzaDiinjs sz & B, MlsOdz
Mo d3j Mlsdes?2. [HAEOSE, ©OLBOBGBICO Ctdl toj Isd
or AatsHdls LO ©O®RSd dzOfmisswh j2 MmisOls! (.

1 OC dz8 ud ded d
] ZOMmlsswh j2 MlsOl! j ftejHEZOCOjIsfqw C Oy fr
d d20dsd yd M& dn- fddgds j w3 dicos@DERE B Y dzd) © dzO s j - det
sfistetsj dzgdv¥ BBHjdzd HJOBIUYI MEs2 MmMdMmisj dsr
tcjHftcdwisd?2.

] HOdz! dzgj 2h dn dmfmdzj Htse Odzed W = L dzOydIlsj dz
‘;dchlsJ tcOL OB tSISC J d&3j stsH 59, toj Odzd L z8 h d -
mdz d Wikde€ yds fjtcjrtsHBa , fsmMetsdz Ck
Is
JH

SgOT

dZdZJQlS|ZOdZJ dz2r &3 HddOBdud M dd3 MdMmilsj &3O,
flsOo dzj dzr . G zestedlsdsr , tj OddL ks h dj HOd
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o MBS B2 or ydmdzdlsj & des2 f)dzs ydisfyle 0% |, UsjsdzOy Bls oz H dzv
dzj o sL Btsy dg” o35, Yteddsjdej dedy weBMN jdede' = Mnj 3 o' yd mdzj dzo
sftse j ddshisd ftojHMsOs dzj dzadv L dzOdzd?2 o fORYId € 5Bl
Hsdy dese s oded BOdzdY o esmMOd EMC sk ddY of ydmddls] & d
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P.A. Lomov

AUTOMATION OF SYTHESIS OF COMPOSITE CONTENT ONTOLOGY DESIGN
PATTERN

Abstract
Using of Ontology Design Patterns (ODPs) become useful for development and
reengineering ontologies. ODPs represent encodings of best practices supporting
ontology construction by facilitating reuse of proven solution principles. In this paper
the automate selection of a CDP combination and sub-sequent synthesis of new
composite CDP is considered.

Keywords:
ontology, ontology design patterns, ontology engineering.

I'edHjded]

1 4d Misistew dzO Is t5, yls s dzO H Odzdz" 2 dBts d3,
ftlosctcORBARdzr ~n-4 MicdH filg &k dfstizse d2 tsdzlstsdzts-8],d yd <t
cOLtcOBBISCO hdistsdtsed? tmMisOjIsmw My dzs?2 L
dmf sdz L s9 Odzad | (reuse) H W W dpdkvs d oSdez@ify i i etc ©
Sdzstsdzsed yj MEse s d@IsH] dzdtetso Odzedw wodzv j Isfpw ¢
gL JGts teJ OdzdL Oy d 2 wodzw j Isfpw dmf sdz L 59 C
ftoesj SIsJteso Odzdw (Ontol ogy Design Pattern
dzj H sMIsOIs ¢ f tcdieqieeizgy dzdffftcd f OtsBLjc OB BISC § d
McftesosyHjdzdd Bdzlstsdzsed?2 B" dzd tOMMdizsIste dzf

]l MmMtske jlsmMiseadd fp [ 10] ODP fttj HMIsOo dzw &
ftosBdz 3 GSdzElstsdzsedyud MEsets BHJ dzdtetso Odzd W . ;
tcJhjddvw 5 fisdgddst d MOdaed v , HOJjIsfMw B BBN | dzdats
mMdkskzoOydd, ) Colststots 2 dzj sBrtsHd®Bs Jjets fted
fsmdzi HiplsoedY dMf sdz L so Odzd™w HOdzdesets tej M j dzo

T OBISO o' f sdzdzj dzO f Ik j W d dr@ dzf) t§ of-08WIREIYEH A LB
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stcOIsdIs: otoj dBY dO fsdmé d kijmbdEss QlER dzic@BL dzf = 9 Ofe
BtsH j dzd tets9 Odzd v, O 9orBtOIls’ , dgmatsHw dL f smilsOo dzj dzdzts
tcj Odzd L ts9 Ols 9 Oted Odzls, ftcj HdZOG O d3" 2 sj &3 ddzd ddzr d3
i tod d34 dzj dzd § ODP LotV jls MsCtcOlsdls! L OlstcOlsr Istclz H

CGOOdzsdtctso Ols ¢ Oy jdfslasecty  ffoigsiAsuigsdgddtx? LoO Myjls § ted d3j o
ftoso jtojdzdzr » tejnN jded?2 o ftesyimmd JJ4 ©OLLOBBIC.

sbkh imMsokjl dimMisd ¢t sdfse ODP, CO3H'2 dL GCtslst
tejhjdadj tOLddyde" = odHBO L OHOY tdstdatsedyj M sets dit
MOl § shdtse detsy o dzf Qs dRH JlistshHEHGBGPR s MY sdz/ L 59 C
sdlssdzsedyud MSdrn O] tedzse MtsH ]ty Odedw (Content ontc
Colstster §j HtojHMisOoadzwe ls otsL sy dz" §J 90tdOdalsr ftoj HMIsOo d

sBd&zOMIsd o© odHj d&OBtttss § &OMMse hklstsdktsedd, Mew L Od
WicOGd3j dzlstseo tdzlstdztse d 2. rdzv CO)3HBEB CDP LOHOJIsfw 1
mMdlszOydd ( Gener al Use Case, GucC) , 9 CBlststets? oz t
1 0fteddi3jte, Ekyofmbsdy o Mtserilsdd, dmy§tsddzj ddd tetsdzd, dC
Htclzc dJ . RMaHY dL GUCQdzdHvdzw Is GfCOlsils j tc@as®@® ISfi'H j d2Q B St ’
CoOdzdW dE Oydesdzdz » o sftetsmMmse ( Competency questions).
Bsy 4 Is B' Is! ftcj sBtcOL s Odz 9 L Of tets T ¢ sdstsdzse d d,
COOdlsJtectso Odes BEZHjIs ftsdzkyjdz 9 MdzEyoj tj OdzdL Oydd

[ BhOw MmMAMBIEGCAz] gz ODP d o yOmbdesMmisd § Olslsj tcdzts
ftcJ HMISOo dzj dzZ0O 9o Isjmrdzsdzscdd { S Miste] 3O dz! datsG s u’tsts'Cls
Desi gn met hodol ogy, XD) . [ dz0 fsHOL kK] 90] s
dzj sSB - SH J BSG s f Olslsj tedz®O MtsH j oy Oded W ) M ydodzdL dte
Cdzejq rfggzso O3 d QaOdzq’Wq’Cqu’tsdzdzfds o s totsfOd3, d i3f stels d t
okehjoets jdB Bdssdtedyj mMitsects WikOedj dlsO o tcOL tcOB (
fsmMdzj HEe hOw jets CtdeCtejlsdL Oydw fklsjdg sftejHjdzjdedw d
d IifMmlsdtese Odzd J i sdzlz Y4 dzdzts@uskz dyyj tg Qscinos J, dzIstOO0 L tded@s tdsdstucdc d .
Btsy 4 Is dzd sB dzOtclzy d Is! f Olslsj tce d&zO, f sdzdztsls+ & slso j y
Ctsdel toj Is dzts 2 L OHOYd. J sOS B3 Mdzkzyoj JBEZ dBsyjl s
dzd MEBBdzr S dm dL dedn. 1 Of ted d3j te, sftejHjdzjgddd HJ2MIse d"
Colstetse ts LOs dquRisls dzf B tsoj e stcjlB 2] Is CsdsBddzd tctso Oded W ]
MsH j ey OdzdY c¢cuvyoOmlsdie (Participation), cyOoOmls: é (P
(Sequence) d cudkkzOydwe (Situation).

lted {3 LOBIIsddz, ybts dmftsd L seaOddj StdzBddzOydd
W H] Mizzyoje dgtshigeseedistp j@ddj dds Mtstsle jlsMmiselze o
WicOed3j dzelstso tsdstsdzsed?2, O btejBlkjl drn it mMstes2¢d
sMtsB BWRBOS . Clts ftopmiswad@e) ls s stz@dsPdz! dz | Istcj BS99 O
ZOdzd ydw M JjydodzdL dqtetseo Odzdz" = L dzOdzd 2 cdO.dzOo " C s tsdzlstsd
vdJd3 MO a3 Mmdedy O Ismw fsdz L O tsls dmf sdz L s Odaed W Is
ltejHMsOoadzjdzdd Y4 © CObOdzsey ofMjcet ddtsy j Mlsea © ¢ sd3B
odHEk dr Btd hsets ydmdzo.

[ dzv tejh jdzdw HOdzdes? ftesBdzj 3 o OBl ttOMMdIOIsted

fn
19
q te
]

o totsfr ¢ s 3B @lacistodatstad W fftsH j ey Odzedw d ftoj HdzOG O Isfw
CGjdzl cOydd MsMisOoadsects §fOLIsjtcdzO 5 bktejBsoOddVvd §
fsLotsdzdls OoltsdOldL Jtetso Ols fsHBtste CtdBddzOyd? f Ol
fisslse jlsMiso ks h dn d& GdssdsecdyujnMids WkOck) dsss
WO di3j dzs© tsdssdscdd MmO dscts §Oklsjtedd MHJ 6
sBjMfjydls! HBdyds] ftojHMisOodzj dzdj L dzOded?2 1 toj H d&3§ Is dats
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JdEstsdzsedyud MSdd G OIlsjteder MBSHjtey Odedwy S OC Is
sdzlstsdztse d

l Bhjd3 ftesyiHEZteO MmMddzlsi L O M-t IS@efimistsedds
dL MmdzjHkshds h Octso:

1.1 sdz’ L s9 Ols j dz 9" BdtOjIs dzOyOdz' dz" 2 f Ols
YWtecOced3j dzls tdlssdzsedd MlsOdsa dls! Mw tshdesoe 52
Mddzsj L ek 3sets § Olslsj edz® X;

2QutejHd ftsdwisd?2, ftojHMIsOo dzj dzdz" ~d3jSdele@ M O
f Olslsj tedzO X, ftsdz L 59 Olsj dz! 9" BdtcOjls Ists,
tcOmMh dtedls! HtzeddBd § Olslsj tcdzO 3] ;

3. RMartsHY dL o' BOddzsets fsdewilsdw d ¢ Ols
Vstedddtekzjlsmw  HfteiHmMisOQodw jIsmw fdz L s Olsj d
of offered patterns, SOP);

4) sdz L s9 Ols j dz 9" BdOjls yj dzOj 3" 2 f Olsls
HsBOQoadzj dzgdWw o MmddalsjLdtelkzj 3" 2 § Oblsjtede X;

5.1 5 3 4 dzO#¥ ftsdz’ L s9 Olsj dzv smizh AMisq dzef j Is f
LOo jteh jdedj HteyjHbktr fjtjrntsHtsd ¢ hOck 6;

6.1 sdz' L 59 Olsj dz shEBHOIBEEY | If cOdz§ BB 5
f Olslsj tedzO X.

1 0d3j Isdd3z, ybts fjteoar 2 hOe ftesyjHEZ" Istej
LAZOCBd M § OllsjtcdzOd3Ed MtsH J oy Odzdw Hdzw o' B St
fcMmisOo dzj dgdets? L OHOYd dBsSHj zdteseo Odgdw . & Mmdzkz
Ed3sdzyOdede ftoj HdzOGOjIsmw § Oklsjtedz ¢l dHr MmEh
ftesmiskzs MstczCktee d GfttjHjdEZYjls M § B!
sdzZssdzsedd thdtsedz §j Isdfr MmEhdzsMmisj 2 o] Hd3J
(Quality), ¢J B j Sdsted € ( QbE veecrtt)),, coudsBiils tc O
(Abstract) . I Mt j dzgdes s ¢ jets dMmMisdz L s Od
H dzw fsdz' L s Olsj dzw HtsB Q9 dzW Is! tSIsH J§ dz' dz" § ¢
fcdz LS9 OIsjdzr Bsyjls HsBOoadls! o MddalsjL dtelzj
HOdzdzse s f OlslsjtcdzO d HOdzjJ tOMh dwils: sl

ltod Wottdidteseo Odzedd dzOBtste® ftoj HdZOG O A3 ~
Eoglsr 9 O Isiqw Mmdzj Hize h1P] dglsyasl jfzglwils | td d&z0 d&3d :

{Ilsdzesh jfodffii y £Odzg L q tskpjels i a | OlsdsgRtd doind) @ dzd
Ldtekzjls Httkzes?2 §JOIjtedz P1, CSEHO ft CtcO2c
Mots2Mmlse o P2 WwWodzw jlsmw ftsHS ZOMMtsds ddzd {1
Mots2MmMlsoa® P1. ltd {lssd o8 tMsOd detsdgs P1 P

{ sdesh jdagj j I& eyAiismrmponent sy wtswigdighlzé
fMdzz yow 7 :

1 Oklsjtedz P2 ©OMhdewjl (extends) ¢ Olslsj
YyjkzdStsd®  HsBOodwjls deser j § &OMmMmr ddd Mot
-1 Ollsjtedz P3 ddasjctedqekjls §Oslsjteds (i nt

o Cdzsyojls P1 d P2;
-1 Olsjtedz P3 tsBi)j Hidodgisijldc df" mePr2geds P1, Is. j
P1 d P2 d LOHOjIs Afslsw Br tHdts wlsdzsh j dzd j
1{ sdetsh j dapdsisls dgtem el at ed) BIYHE JOIIs]
EMlsOdzOo dzd o ©Oj Isfqw o Mz yo,, d mMdzd tded d g
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dzOMmdzj H Zxldsts tedlzjj & ¢ dzO MM’ Hicze HEBECGO. lted L Istsd3 o MMl
te OL dzd ydzr .

budls ftdejH]deder = Slsdatsh j dzd?2 fdeds@rtdts@ dls! Mw §tod W
ftol Hd&ZOCO] &3 = G OIlsj tocdzso H &OP (X ¥ sl tiste thpdig) HEZ® 18 I8 jd3e dzO X
ftcOo d dzO d3:

Aftc Oo ddzts H j lsOdzd i Omydpd @ lgtffojdarfOdzdL ez jls § Olsls j tedz
X, bt A 9Cdz¢ yojbmw 9 SOP( X) ;

AftcOo d dzts H j Is Odzd L O yid oy ditf ofyffrP@sdlsd]j “ie day B lsyfo ls @ § Olsls j to daC
O fOIlsjtedz A M jydodzdL diekzjls §Ollsjttdz B, Ists ff Olslsj tcdz .

Aftc Oo d dzts tcOMN d toijdigfozd Sff QldOjdmldy Al Offstisty ldeidgtshigy
Yd ted L 9" B tcOdzdzts § fsdz LsoOjdzjd3 fsdvisd,, ss dz 9 ¢
SOP(X);

AftcOo d dzts s d iy @ dgdfipdzd y jidddsdsty tedz A MisH jtey dls  Olslsj todz
CoOyd mMsej yomlsqd, It A dz 9Cdz¢t yojlsmw o SOP( X) .

1 tod HtsB Qo9 dzj dzd d dzs o sG 5 f Olsls j tocdp@z® o mMddelsj L qelzj
ftcjHMisOQodzw s Ispw dzO® o' Btste tOLdzdydz | 90tedOdzlsr HsB Q9 &z

AQ ={action, ({ EConcept}, { AConcept})} ,

{ECothtsreggdzti} J Miso ts f sdev Isd 2 Mddelsj L diclzj Bse s |
ceptk} foHdBdsy Mot fdvisd2 HBBOO &Y j BSEts 1 (
ftesdL o J-acjodzs HJ 2Mmlsedy

[ 4 2Mlsoadvils L®b dMWsdS tej Isdz" n f Olslsj tcdzts ® d B lzls

590 Odzd § fsdgvIsdvw MmddelsjLdelkzj Bsets § Olslsj tocdzO

dzd" HGBOo dzv j Bisets fsdwilsdw COC My jte/ §f 5H S dzO
f

b

wQ
NX>T

jddv d Htkzedj. 10fteddhj tEvertfited twOM" dtej dzd d
te sd3 fOllsjtedzO c¢stdzdzi Syqweée (Coll ection) ig]
4 dzj Cslststetsets  dgdztsy 4§ Mise O, BkHils ftojHdsyjds M
B"Isdje d&O c¢stsdzdzj Sydwutserisdie (EventColl ection)

T O @ Q-

mMtsB § degdesmisd dMy tsdz! L s OdedW dzgj S BIstste’ = § Olslsj tedztso
} tetso j HJ dad W Mddas jLO M dMftsd L soOdedj 3 dzj SBIstster
ey Odzgdw dd3j jls daj Stslstster j wsftse j dedetsMmisd. [Hdzddz dL
Oydw e[12]. Sivtoka tCiodn )sdz dMmMf sdz? LEzjlsmMw o COyJMmise j
ftej HsC) HAVN dg CEBOt] Bk OER j 65y Odd™ (HOM) |
Ols! dn cuedlskzOyd sdedz | f Olslsj tedz” € ) , sts f to
dzd 3" d ¢ dzd d3. tdlskzOydtsdedz j f Olslsj todz ]
SH®BsMisd {OdgdaplsO o teidg daf™ j ded v (n>2) By HE M
d bdzts} Of hodf@flsd . ftoj HMIsOo dzj dzdj MIsOlskMO BI jCIs
stesds MsBr Isdd d dzd dzO dzd y d J z f Oydj dzls © HCfOGi
wisdatsfyls ' s . 1 4 ks MizzyO,] BGlsdesh jdedWw BEZHjIs s todaC
SHdwWhdzd?2 Hjdd ©OMftsMmistcOdz) ded® ds o fgas jj isfiplso sd3 ¢ d M
reC sdzpsdzise d 2 (Ontol ogy [13Ve b ¢ Hlatntgrula g 5L oC&MEW) | Is

L OHO9 Ols! stsdz? €5 B ddzOtcde j tslsdatsh j dzd v, ftoj HiMls Qo dzj dz
Ottdetslsd fesdLosHdl! fiw ] §sdsh s s tej Hj dzj dad W

slsdgsh j ded v e (reifi ed hriededajtei o m p dzw jrisGrpizdzts f f JoulsOds dzr O3
C oMM cudlizOydw (Situation), Ctbktter?2 dd&jjlk B(d
Hdzwé (i sSettingF r) -Ofptezts ¢ 15§ dgdp dzis Yy @ fiplf vz ¢ @ d3di3Y 3 dzj dzls O d:
Mdszoydd) (twdfh

S FOogEmgEgoo T S 0 0SS G
[

- G—.0—.q. BQ—'E’O\Q:W

0
1) .
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Situation isSettingFor > Entity

———hasSetting

tdfh. 1 JOCtLOBBO ¢ zOMMse CDP c¢cudlskzOy

1 Oty d3, Yylsts B ydes fted dMfsd L s Odedd
C L O @zize L Od3d dgv j Ismpw Btsdzj J G20 fzCiAs H 1dzdzC
ECOLTr 908 hddz dz0 totsdz! Mstslse jsMisokzs h jgts
sBtcOL 53, ofMmd ¢ tditfitsuds) fiolidsdiof t€ ek Isnis © e dfizts  § dzL
B@BiYHE M2 yYdtejL lsdatsh jdzdw fyp fsdewisdd d3 M

lted or ftsdzdgj dedd MddzesjL © M dMfsd L 59 O
otsL sy dgr Mdzj HEE M ] MdzEyod:

lL.edlskzOyd tsdedz 2 f Olslsj tedz ftodd3d dzvw § Isfw ¢
fOljtedzO d ftod {Istsdz o fdlsih@rj ditsapzdy - dzjfsO st
HSB Qo dzj dzdz" 7 t6Odzj | ;

2.4dIszOyd tsdadz 2 f Olsjtedz ftedd3gj dgvw j Isfpw ¢

s jtedz®, Sttt bkyj Wwodvwjlkmvw ¢ tdilftdj

Is ddedzr @3  Olslsj te dzts d3;
sz Oy ts dzdz" 2 f Olsjtedz fted d3gj dzv fslefigw ¢
dz0, Colstetsj dzj W dzw j Isfpw C i3y sdzj d
dsdzedzr 3 1 Olslsj tedzts 3. 1ted {lstsdg Mmtsj H
Ehdr hPOcEcOR, jMmls! MdlkzOydtdzds
d
Is
d

3 d3
{1t
O dz

et

J -
jtcotsdy Mdzzyoj ftsdz' L tso Olsj dz ftcj HdzO
so isfac@agidw gt COCdj dL fsdvisd?
K, BftejHjdv Bz HsBOo v j 3" &3 f Olslsj

Il 5 alststesdz Mz yoO,] o OttdOdzlsT HEtSB OO dzj dzd W ¢

- scdztsh (dedbs or pti on) mMdkszoOydd, L OH O dzdzt
Yydosdedzgsds § Olslsjtc@i . J§ £ bRt dgoizs BlzHEkIs o¢
okshlizs o MddesjL dokj I3 § Olsls j todzj ;

-9 Cdze yj(dedhwce l usi on) MmMdlskzOydd, L OH Odzdzts?
fOlslsjtedzgj, ©® odH] SCtdBftsdy dzlsO o MmEkh jMmlselzs

1 sedztsh j dzd 4 Mz HEzjl or hikéizgetlBls ' d MY Szs w B o
sdlssdzse dd, 9 Cdzs yosh j2 MmMddksjLdtekzj &3 2 f Olsl
SlsHjdzt dzts Ctsdzlsj SMls MdlskzOydd (OBt jj € s
HEBOo dzV j s s MdkkzOydtsddtsets § Olslsj tcdzO. Cls1
Csdzd yj Msofgd I€Ddnds,o Ctslstster j 2 Wodzws Isfipw o
Mlse jdedz" &3 o Istsd3 Md3r Mdzj , Yylsts yofmlsts dzj M

N o,
00
:g-qI_d&'{

5B dZOMls d .
l Cdzs yjdedjy MdlskzoOydd o odHj € i tsezj dzls O
dvls', CBEHO jj StdlsjSmls wodv,lsisfdsEpyd

dmitsd LseOddj ftd MddidsjLj §Okljdd ¢} i
fesdLotHd 5. o (odsh!s 1lsscts §Oklsjtdd o
dj Cslste’ 7 MM dsMmisj2 LO Mujls ©ftjHjdjdd"Y
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(foll ows) ,-dzi {f¢sfindgijindiyiels (directlyFoll ows) , cftej HD
(precedes) , -dgifftasifiHe ] jHfidsoolzj jdlslzse (directl yPrecedes) (

[ [ sequence:precedes

l (M sequence:directlyPrecedes |

‘ owl:Thing
| [ sequence:directlyFollows I

)l (M sequence:follows |

tdB. 1 JOCLOBEO C &OMMmses CDP ¢l sfMdj Hise Olsj &z dztsfyls

Jtod HEBOodzjdzdj HOMdzEct 1§ Olslsjtedz®- o Mkh jMlsoks h iz
osHdlMY jets ftedojnjddj S fMdbkOydoddsdkz §Oklsj tdz (

SequenceSit | paqrirstsegp] FirstSegment

v ~ Segment Entity

Situation L _hasContent»

j S—

t dfm 3. 1 dOcteOBRBBO § ZzOMMmMtse CDP ¢l tsMmdzj Hise Olsj dz' dzts
ftcpBOL o Odgdesets © MdlkzOydtsdzdz 2 ff Olslsj todz
Clts ftojHfsZOCOjIs ftojHMIsOodzj dzdj L OHOdzdzts?2 o dzgj O

tc
J di@;ﬂ;:f@(mdcf cudlszOydwl sfmdzj Hs9 Ols j-dz detsfils+ &€ ( Sequ

o dH
hj2 jHddmlse j dzdzf 2 tc § =R FisfSagnads, (S tslsster 2 o Mo tss
sy ! MMmr zOjlsmw yj tejndzj B PdERjcjdgigddgls ec d(dpjajsisNe x t Se g)
dZO0 Mmdzj HEs N d2 d dz0 ki sEMigsyde O Bzt MEh dsfils:

] tsdziz  j dzdzti] szd@Qfigfy ¢ o d sz Oyd W 1 SedyengeSits o Ols j dz! detsfyls s &

MisOdzso d Ismw fted HtBOoadzjdedd CBdRftdsyj delstsds fMmkh jMise kzs
EHOj sy MrteOdzdls! L OHOdzdz 2 ftstewHSE dzO  dzj d3j dzelsO~R .

td St dzH 2z Isfyw IsOC N Jd or ff tsdzdav Is ¢ 9 € dzt yd ded J ftod
ydesdzdz' = f Olslsjtcdztse, L OH[A4.h d& O Sflgts ) figa t§ 2 e as@ Mtsm 'Oy dzts
ftcjHMIsOo dzv 8 Is OlstcdB lzlIsT sBi jJCIstso ftoj HAZ Isdats 2 tsB dzO
A @E IsjtedMisdSs2 (o0 jtesWisdatsfyls: & | ssydetsmilss 8 d Hte. ) d
Ofmf j Slsse ( dOf oddg)ls 4 5Bk deEaweolfisds '

ColsttcOV Jndzd y Oglddzny Mots2Mlsoa © OS] HtojHMISOs dzw s Isfyw ¢
COMMO cudlzOydwe,  d dsificd)difis o Ciygdijyd @z tet jo dscf i -

ftoj HA3j Isdes?2 B dZOMIsd ( dzOf tod oz to, cutcj dgHRL d3j dgj dzd W 5~
BHjls fmlsjtewdyr o MkzEyO] of fsddsj ded" § ¢ desh j dzdv s OS
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mMzz yoy dnr Ctdi3ftsdzj dzlst MlsOdzizls ¢ sd3f tsdzj dzls O d3
MOdzd MisOdizls ddzjs zdzliz)s tslsBtetsh jdgr . Clsts @By jls
fsdzdetslsy ftoj HMIsOo dzj degdWw Jsdewisd2 dets?2 MmdMmisj d3’

l Bbtjls! jd&d MdzEy0O] §od Ls90OIjds BEHjI
Holzn ©odHTto. 1 jtear j BERHEI f tcjnH thtS€d® yQlsizd j 6
dzgj § ©OLdEZdqyde = StdB3BddzOyd?2 fsdvisd?, dz2g W
Mdlszoyd?2 o MmMddalsjLdtelzj ddsds  Olslsj todzj . l Istste
o Cdzs yjdedw o Mmkh jMmlsekshdj ddzd ¢ tscdztsh j dzdw
l escteOBBROY toj OdzdL Oydw Isjrndetsdztse d

tdOdzdL Oydv tOmMmBsslstej dzdz' = fteddzydti se s
B dzd toj OdzdL s90dzr © odH] BdBARItSISjCd dO w1

Il ftesy MM ©OLEOBEBISCd HAdzv tOMMBZOISted 9 O
dL ¢ Ollgdztoc ONptEfling F s tclz € sNsB O R sH W d ¢ Oy
fd delsjrLdilf o H dzj d2" Mdzj vz dj Isdfr:

11 Olsls -6 §lztc § W d f dEnuzegrated CDP) 1 §f Olsilsj tedz" , - ftoj H
zv e h dj tOLddydse j dRdsyimMseO® Bl jClstse o]
Slsdesmw s Ols sBads dz' ¢ s Selta@€clpe),” ¢ «§ s s e (
¢c1 OB tS&e (

11 Olsls j-igdzs & O(fydtFitbasedDP) i §f Olsls j te dzr Clstster |
tcOL dzgso dH dzslsw dizd § OlslsjtedzO wdlskzOydw. s H (
cudlskzOggatiay ,( ¢t sdz PaftOippetBapSc-Otc @zs ] EZyoOmisd
(NaryPaticipation);

M sLdydtsdzdz j§ (HoSitleCPRsiddy Olsls j tedz" ddsd ¢ h dJ
Mistclz Cildiiste s € 2 f dats M ls ! CdzOfmMmtse , Mow L Odede” = 34
HOdzdzts d3lz s f 2 tsls dats v Istiy dz' GbjedsR®Ig t¢ dz' ¢ b Sz fUifnjs®
(Coparticipation , ¢ v yPamiEHtipre  (

dtojHd fLrdydtdedzr = BTr dzd or HJj dzj dz@ Tdzj H Izt

-1 Olsls j-tsdztizts M j (RBofiglePropertyCDPI f Olsls j te dz" o] HMk
hdjstsdz'jSHtE ded mitlgtizls " j dedj By HE f§sdvisdy kd {te]
H O dzdzts d3lz sdfk Slsdztsmw Isfpw f Gerspprieryy, : c
¢} st Olsj dz’Segteinds | e ¢ ¢ af@); e (

-1 Olsls j-®tztlzy j § (SinglePositionCDPi ff Olsls j te dz' 9 C dzs Y
JHddd ydetsy o dOsaizisdiz Isdfkz slsdsmwishy § Olslsj
(Timelnterva) , ¢ [ B BEQify)s,! ec K dH " Mmiype@ibniitieg 2 € (

[ iZ2C O HSG S dL fsHIsdf tso B dz Jatm§ @x@iitse O
o C dzt yor h d2 3 ssH" Ctsd3Bddzdtetso Odzedw f ff Olslsj

] Oy mise § ftodd tO twOMMBEREFHE L 59
tcOL tcOB BIsOdzdzts?2 B d B dzPisls jj SedizO M tu ffdy O sffdidsicHE Is © 9
mMeMmMlsOo Fyomlsdzd € tso Clststetse s SftejHjdzvils
1 sHYJ te€ dzj o3, Ylsts o HOdzgdetsdz fydzlz 9O jts dalzjtsHizisig ls] @
CdzOfmMmr , ftojHMmMlsOQadwves hdj Hj2Mlsoadd, Eyofmlsdzad

dn lsdsh jddYBd. 1 J'tBBEY MBS df ke i deddo te dzts.
kjd MO® &8 tBi jHddedls! dn8 o JjHddy 2 Crtsdasy
ftojHisOo & Ils! o tsdzls s dzastg@L dzsdO { fiote e tedzy d 6@
or f sdzdzgj dzdV¥ ®BHdsEts d Issets yj HJj2Mlsadw ©OL
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EnumeratedCDP PositionCDP

+add(cdp - EnumeratedCDP ) : Enumerated COP ) +add(cdp - PositionCDP ) : PositionCDP

+add(cdp : SinglePropentyGDP) : Position GDP

+add(cdp - EnumeratedCDP ) : PositionCDP
+add(cdp : SequenceCDP) - PositionCDP
+add(cdp : SyntSitbasedCOF,
IncludedConcept: OWLClassf]) : SyntSitbasedCDP

SinglePositionCDP Single Property CDP

A

SyntSithasedCDP

s

SequenceCDP

+add(cdp : EnumeratedCOP ) - SyntSitbased GCDP
+add(cdp | PositonCOR ) SyniSitbasedCOP ’
+add(cdp : SequenceCDFP) : SyntSitbasedCOP

+absorb Sitjedp © SyntSitbasedCDP ) © SyntSithasedCDP ”

+includeSiticdp : SyntSitbasedCOR,
includedConcepts : OWLClass] ): SyntSithasedCDP

Hacneayet

KOMBMHMpYeTCA-C
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gkzh jmsokjls dzgj MEtsdzr €5 M stse f sdzsyj dzgd™v H Odedetsc s
slstcj dz tsHddz dL oL sy dz" - . ] COyj Mo j dfm~tH
LEj &3 f Oblsijlstgdz e¢c I(dTy'pemohfdztemt i t i es) . RL H Odzdzts
B3 HAzv | citsB ODdz@phfledyutsB" sdjée (Event), o odHEk Ists
n), Skttt & ntlsddk ftojHMisOadls!, BEHjI tt0OM

f) o3

s dz

J .

t

ddz BtcOL 53, HtsB Qo9 dzj dzd J ypds SfjettimS) ¢ 1 dHT iz h dzts iy
tc O

Is

J

Lzdsj o 0Ojls oaCdzs yjdedd o MddelsjLdqelzj 3" 2 S dzOmMMO ¢ u
f SHEIOH®OB " Isd j € ( SubEvethttdi 5B QoQidgddzd2d ¢ dzO M
Fgdtedtelzj sy OolstsBOISd Ud MC Y sfjozjsH defjdgy Bsyjls diL
ftesyjxez®) . (ted.

O MmMdzjHkehjdgs NOej HAEV ttOMh dtByblzgnt, ¢ tsdzvisdw ¢} SH4
ZOHdzj ¥ Oh j i oL dydtsddstz §Olslsjtedz ¢l dHr Mmkh dasfy
dqteOJ smw MmdlskzoNDisdztz 2 L fNErEHsidpdtiond, sO¢

sdz tsftejHjdzv g sBRsadR]Y OEbBi©gOMIsdzd S d d § totsH
j dz' desfls! ). 1 dzv jets HtsBOoadzjdedw © MddesjL dtokzj Gizsddz t
OL OB SIsOdzdzs?2 BB AZdESIS ¢ d:

PositionCDP::add(NanyParticipation, SubEvent) : SyntSitbasedCDP

Il wjLizd Oy jets fteddyj dzgj detfw jls mgeaBg dzydz@ j d3" 2 (
mMdkszoydqvw, L OH OdzdzOW H 58-Ots dizs jj d3"lzdg O ff I©dpJs§ to dzetOdz CodzO
¢l sHutB SkbHvgrk BEkZHjls oCdzs yjdz © dzaiJ. wddasjLdqelzy &i3" 2
odH (ttdfm. 5, b)
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Event Event Object Timelnterval Event Object Timelnterval
A NA A
5‘1“ ’ 5 J isSettingFor
panimpationlncludes-—‘ Y — W
SubEvent SubEvent | |NaryParticipation SubEvent NaryParticipation Situation
»
€
a) b) c)
Event Object Event Object
A\ A- % i A 1*
: | participationincludes T participationincludes
Y ‘ I Y sl
SubEvent NaryParticipation Abstract Action ProbAction Abstract
A hasProbable A
‘7 ﬁ‘ “ # ¥ Duration T
Timelnterval Situation SubAbstract Timelnterval ProbDuration ProbValue
A A A
—isSettingFor— d) I—isSetlingFor— LhasDurakion—J B “hasProbValue-

tdfm. 5. lwddjte MddzasjL O MsmMisOs detse 5 s dzl

1 Od3d sd d3, buwlgsizdas 3 Hak H Odzdetsdz " ©Ocj § Olslsj t
Colstster 2 tsfftej Hj dzw jIs o toj d3 clabzs P d3jddaelsty Ac o @ dals jH
(Timeinterva) . JHdZOCts dzOd3 dzj sBrtsHdBS HBBOodIs!
ted MisidjSclas o j tesW Isdztsls . [ dzv 1 ssG6 5] deOte dizts jmW |
tsisdztsh § dzd § M odigsh s fOlsjtedzO c¢cudlskzOydwe
clto]j dzgd dedzts?2 ddzlsjtcoOdze ( Ti melnterval) d to
(Situation). gdv {1 Itsets dMmftsd Lkjdg o3 stsH

SyntSitbasedCDP includeSi(Situation {Timelnterva} ): SyntSitbasedCDP

] tojLzdz IsOIsj ) mMddzlsj L dqtelzj o3r 2 f Olslsj ted
o Cdze yjded g ds o dzj J fsdwisdw ¢l tej d3gd dedets?2 d dz
tclzj d3r 2 Y OBIjtedz ftcddzdls Mdzj Hze P d2 odH (ted M

10 MmMdzj Hize M jd3 "N OEj dzOd3 dzj tsB & 5 Hffdstlz Oyt tf t
fsdzv Isd j ds, Qtslststc;ts; BEHjls BftSL d&ZOYOls! 94 tc
tcOMh dqted Is f sdzv Isd J cedlsizOydvw e (Situatio
Mz h dzts ) Bypelot entigiey . RL §tfmdzjHdzj et dzgj 5B R SH d d3t
Y daffsdzv Isdj ¢ ¢ B MistcOOdpade t2) , 580 FlStdst@ets j( AB zH J Is
H dzw q’tc;JHfr]lsOadszde 9 Jtetswisdzsmisd . rdzv o fts
Mz HEeE N d2 dilstsH BdBARZIBIS] ¢ d:

SyntSitbasedCDP add TypeOfEntities: SyntSitbasedCDP

] HOdzdzs d3 Mmdzz yOJ , CO¢ d fHtd ¢ todcH dztsdy ¢
mMih dtsmisj 2 &, Hdzw € dzOfMMO, ftcd HMIsOo dzw ¥ h j G 15
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MSLHOjlsMwich tsm@edisigOCIlsder 2 w©Bi jClké (SubAbstract),
HEBOodzw jsfyw o fdkkOyd® (tdf. 5, d).

sdddsjL §Ollsjtd® LOojtehOjlfv (s Slkdess 2 dOd
Csdzgf 6,@dMm.) sdzkyjddyr 2 §Ollsjtedz sL-osdyjls ko jyolk
Coyqtsdd j osftsih' §Oklsjtdss, dhNftsd Lse Odd & Hdw
osftesM’, StjHjEYjd j LOHOdES?2 mMdkkoydji?2. 1 0ftdc
HOdzdzs 2 Hazdlsj dz' desfilsd H j XAyl e . I v OB &3d s QP stedzd Is jp
jLbkd O] BT dz MddelsjL Jtetso Odz § Olslsj teds, YL oOGAEYS h 2
Bsdzj j Mmdtsyder §j sSfdmOdedw L dzOdzd? ftej HBjlsdets?2 B dzOMisd.

1 OC dzs yJd ded §

J HOdzdzs?2 MIsOIs! j ©OMMdiclstej dzO Isj mdesdzsedwY OolssdiO
s Oo dz' 7 s dzls tsdety deflasjom S B H jfie® Odzgd ™ Hdzw 8  ftshdzj HE
By dzj dedw Hdzw tjh jded¥ LOHOY fHtjHMISOs dzj dedwV L dzO dzd
j HMIsOo dzj dzO tsBNM OW ftesyjHktc® MddzlsjL O, tcOMMmdstsis tc j
ydWduj mMsdy Mz yod CtdiBddzdtetso Oded W tcOMmYf tetsfls tc O dz,
Is j fiptEasptcy Oded v . ltcjHMIsOoadzj dz0 toj OdzdL Oydw ftej Hdztsy J
i BHA¥YAEdliCd HEY fJtddidj ddy o MHtsMisOesj fteseteO
dz' deses fMicjHMIsoa O tOLwOBSISSd tdlstsdsed?2 dd tfdse j
MtsH j to) Oded W .
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O dzdats s Oy dw
[ sesh OGtsor j B jffpfflecdo wwdewp siw § jtefyf jSIsdods &8 dzOf Qo dzj dzd J
¥ steBOydsddEdd S Oydsdd 7 Mjlkj2. [Mdseds? s dj Bs2 dnhd
TOOCkjtedmisdS, fjHEZOCOj i 7 o {2 eBdkOMsd twjhjdd2 wod
dzOl ke dz' 7 LCMY jted i3 delstso . 1 54 5Bl sfdzs e dzr o3 mm;Hmsssq
tc OL tc @eiasids - floslstsC sdzts o fjtej HOYd H Odzdz" ~ d sBtStoclzHtso Oded W
didlsOydsddetsj BsHj dzdteso Odzdj. 1 MOl j ftede jHjdd sihts j ddzt
ttj OdzdL Oydd fteslstsCsdzO0 &OthtekzlsdL Oydd OLSR o hdusSt JMy tsd
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sdzs yjorjg MmMozse O:
Bdese sh Oesor j BiMfteso sHAz3] ficlsPESKRMAINET, NS

V.V. Dikovitsky, 1.0. Datyev

FEATURES SOFTWARE IMPLEMENTATION OF ROUTING PROTOCOLS OLSR
THE NETWORK SIMULATOR NS-3

Abstract
Multihop wireless networks are a promising area of information and communication
networks. The high cost of full-scale experiments is the main problem of solutions
evaluating offered in this area. Therefore, the main testing tool of developed
communication protocols and equipment is a simulation. The article presents the
features of OLSR routing protocol software implementation in NS-3 network simulator
that is widely used in scientific research.

Keywords:
multihop wireless networks, MANET, NS-3, OLSR routing protocol.
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Ehifmlseakze hdj ftotse dzj 3" RBdzs e sh Octse ™ 7 M
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l InternetStackHelper ]

| internet-stack-helper I [ Ipvd4AddressHelper ] [ IpvdListRoutingHelper ] [ Ipv4StatingRoutingServer ]
| internet-module '—)l ipv4-address-helper ] | ipvé-list-routing-helper ] | ipvé-list-routing-helper ]
/—l simple-point-to-point-olsr '—bl point-to-point-module ]—)I trace-helper ]—)[ AsciiTraceHelper ]
‘ ) ! )
| application-module I | olsr-helper I | core-module ] | network-module l
h 4 h 4
| OlsrHelper I | config I
) 4 ) A4
| onoff-helper | | packetsink-helper | ( Config )
L 4 L4 ¥ ¥
[ OnOffHelper ] [ PacketSinkHelper ] | node-container l | application-container I

> <iostream> I | NodeContainer ) [ ApplicationContainer |
3
|| <cassert> || \| <fstream> ||

' ¥

( <ctime> [} I <string> I

tdmnd &30 toj OdzdL Oydd fslsstsdzO OLSR o MM

t OmMmdsslste BsWOH OL BRIStsI tc OMfd30 Isdaple O d3ts d3
pointto-pointolsrccls ©¢ x j dd&3j s sy CteOlSdj f swimdsj ded

LogComponentEnablesls e j yOjls L O o" atsH fttsyj mMmo
9 CBdmtsdz .

J dmilsddze 1.
#if 0
LogComponentEnable ("SimpleGlobalRoutingExample",
LOG_LEVEL_INFO);
#endif

1 Offlstes2C 0O t©OL iBj 6O fPHatkgtSiz® o Qff W% tste-FPLj Is
HOYd H OxgdRat®) (f toj HfMls Qafdgjsaf@ze pr Oxzdz' | ff Otc O
5COL'" 9 Oflso plzbizs ] o dzdw dzdj O ftesdL o sH dlsj dz
COS ftOoddts, dmMitd LEzskshw fttd BsHj dtess O
[ dflsd dz¢ 2.

Config::SetDefault ("ns3::0nOffApplication::PacketSize",
UintegerValue (210));

Config ::SetDefault ("ns3::0OnOffApplication::DataRate",
StringValue ("448kb/s"));
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]l 5L di3tsy detsfyls - 99 BHO ©OL dzd ydafum ¢ dz@uda Qg 4 o Isj ted3d dzO
ftoslstsC-gde@azC ydug ! kOCter &3 W kzodgt iagv.dsd W o dzw s s fmw
(18dzj j] ftsHtesB dzts W b dzSSY df d) @@ dak® 4. jsde'’z d3j dzls Oyd d |
J dimisd dze 3.

CommandLine cmd;
cmd.Parse (argc, argv);

| dfls4f dzcH j oBts dzf I 5 & z§ ENodeGqntainer. WizdS ydd, iy
shish & Colststes? MBLHOs sy  MewLrLr 908 Ismw Hike M H
Ldzse L OHOMs o m@OWﬁW&M@@IO&O@M@M@OB&qSOJ%B%
tcd di3gj tcj6 WOwWEZSHddzj dzgdV EL dzse L OHOs Isfqw fElsj i3 EMisOdes o
Odz0Odztse By HE € tsdzl toj s deodegcontaines a vl L jzaz dzO Bq
1)L jRze) (&Get (dotsdB3ideO YO dz' thats €40 ¢.Get ( dzts d3j to
¢ tsdzj Y dztoety))figdzeflz H dz2tzd 8 S Bets L dzseo dzgj BEHjIs EZSOLOds it
kts tsdz fetsflsts dzj BkHjl Hpydshlsotseo Ols: o &sHj zdtetss Odzd d
J dimisddze 4.

NodeContainer c;

c.Create (6);

NodeContainer n02 = NodeContainer (c.Get (0), c.Get (2));

NodeContainer n12 = NodeContainer (c.Get (1), c.Get (2));

NodeContainer n32 = NodeContainer (c.Get (3), c.Get (2));

NodeContainer n34 = NodeContainer (c.Get (3), c.Get (4));
NodeContainer n54 = NodeContainer (c.Get (5), c.Get (4));

0 [T

1 sHC dzt QL BR] St affcckd3sh dedplviste BOth cklsdL Oydd. vyvJitedlL
Bsy dzs " L 90Is! tOL dzd ydz' §J Witedd,ydetsdf] jdzOfiisHedSREdis o ts
s dMOdzdz’ j © HBCHAB] dsOydd ¢ NS3 |
[ dfylsd dze 5.

OlsrHelper olsr ;

Ipv 4StaticRoutingHelper staticRouting
Ipv4ListRoutingHelper list;

list. Add (staticRouting, 0);

lis t.Add (olsr, 10);

InternetStackHelper internet;
internet.SetRoutingHelper (list);
internet.SetRoutingHelper (list);
internet.Install (c);

1 sHCdzs yj ded j p2pyogerfo-dzd € O, HdtstcOcdso OV fMmjls! ) fjtcj
H Odzdz" ~ . 4BLHOdd] COdzOdzseo  jtojHOYd HOdzdzr 7 B HE |
fjtjHOYdp HO.dBE trDevi ceAttribute ... O c¢MmMEtstesMmis! §jtc
sO¢C Y J LOHJtey Cd $P2PpsBetGeOnyde | AQdzdz'i but e . . . (¢cLOHJjte) C(
HOdzj J dzOL dzOyJj dzgdj H Odzdzm™ 0ROt @DVIR)) to fffiyls@RUR K ndk@dg
ZOL dzOyjdedj Hiezets?2 MetstetsMisd fjtjHOUd HOdMM - d Htkzc
L dztsoe .

] dMmisddec 6.

PointToPointHelper p2p;
p2p.SetDeviceAttribute ("DataRate", StringValue ("5Mbps"));
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p2p.SetChannelAttribute ("Delay”, StringValue ("2ms"));
NetDeviceContainer nd02 = p2p.Install (n02);

NetDeviceContainer nd12 = p2p.Install (n12);

p2p.SetDeviceAttribute ("Dat aRate", StringValue ("1500kbps"));
p2p.SetChannelAttribute ("Delay", StringValue ("10ms"));
NetDeviceContainer nd32 = p2p.Install (n32);

NetDeviceContainer nd34 = p2p.Install (n34);

NetDeviceContainer nd54 = p2p.Install (n54);

] 5H G dz¢ ypvdzepH toj Mdese s f sdish dzd € O, fted fts
zOL dzZOy0Oj di3 dz@Htely fiigQ dzO 3 i p

J dmisd dec 7.

Ipv4AddressHelper ipv4;

ipv4.SetBase ("10.1.1.0", "255.255.255.0");
Ipv4interfaceContainer i02 = ipv4.Assign (nd02);
ipv4.SetBase ("10.1.2.0", "255.255.255.0");
Ipv4interfaceContainer i12 = ipv4.Assign (nd12);
ipv4.SetBase ("10.1.3.0", "255.255.255.0");
Ipv4interfaceContainer i32 = ipv4.Assign (nd32);
ipv4.SetBase ("10.1.4.0", "255.255.255.0");
Ipvé4interfaceContainer i34 = ipv4.Assign (nd34);
ipv4.SetBase ("10.1.5.0", "255.255.255.0");
Ipv4interfaceConta iner i54 = ipv4.Assign (nd54);

1 sH C dzs \On@Hifiglper -f s diBsh dgd € O, slseo j yos h jets d
LO HjtwjHOYkEZ HOdzdz = . 1 jtoj HOWOP (H@ddetalz.rn U Stoet
Datagram Protocolf eslstsS sdz f sdz! L s9 Olsj dz2 MEdrm HOISOG
MsLHOdzd] Htoddztsy jdedV Hdzv slsftcO0Cd HOdzdz = .

stcgdz stsa 5, L HJ M N 4 Mk PadikdtSinkkelgels v f s
f si3sh dzd € O, f si3sc O h jets EftesmisdlIs: ftetsyd
ApplicationContainer -4 Ists f ted dztsy j dzgd jJ H dzv  DdtgRet® H O dzd
ftejHMmisOo dzj dzdp'teX] d3j t6j { Isesh @ Fetsfls! th Otdzpat @y d
(onoff.SetConstantRate (DataRate ("448kb/s");
apps. Start (Sedeomps. Jtcoops j(d3¥ecjiopriedj sz ( i) tef jHdg
ZOYyodkztsds fjttijHOyd (Start), (Stop. S d3 ot
ZOyodzol Mmj ¢ EkzdH O, 0-1 9 te jindg"< I» iz ISV detifo Stafj H Oy d
MemMlsOes d&zvIs* 8. 9 Mmj S kdzH.

] dmisddec 8.

uintl6_t port = 9;

OnOffHelper onoff ("ns3::UdpSocketFactory",

InetSocketAddress (i34.GetAddres s (1), port));

onoff.SetConstantRate (DataRate ("448kb/s"));

ApplicationContainer apps = onoff.Install (c.Get (0));

apps.Start (Seconds (1.0));

apps.S top (Seconds (10.0));

PacketSinkHelper sink ("ns3::UdpSocketFactory",
InetSocketAddress (Ipv4Address::GetAny (),

port));

apps = sink.Install (c.Get (3));

apps.Start (Seconds (1.0));

apps.Stop (Seconds (10.0));
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I'J dflsd dfetgd HMIs Oo dzj dz ftetsyj M MdkzdYyydd §jtejnoyd
L dzOi3d, dmftsd L z2W ffifte drFisujo daxip igezetis plz dzd
[ dMmisddze 9.
onoff.SetAttribute ("Remote”,
AddressValue (InetSocketAddress (i12.GetAddress

(0), port)));

apps = onoff.Install (c.Get (3));

apps.Start (Seconds (1.1));

apps.Stop (Seconds (10.0));

apps = sink.Install (c.Get (1));

apps.Start (Seconds (1.1));

apps.Stop (Seconds (10.0));

1 sHGdz¢ yjdedd ¢ sd3sh ded € O, fsLosdveEh jets MtsL HOo Ols!
dMfsd LEshifmw ot otj dw dMYsddy dzdv ks sdO.
[ dfmilsddz¢ 10.

AsciiTraceHelper ascii;

p2p.EnableAsciiAll (ascii.CreateFileStream ("simple - point -to - point -
olsr.tr));

p2p.EnablePcapAll ("simple - point -to - point - olsr");

slsOkls fEslsss sdo.
[ dmlsdde 10.

Simulator::Run ();
Simulator::Destroy ();

I ftjHmisOo dzj dedzas ds dzgO dzd fls d dzGLOTY dfgfls RO s dzs 3 § o d
OLSR i sdscdy wodw jlsmw MmMkOlduds?, SH&ROSE ftd &SH
mMdlszoyd?2 L OyoOfmilsizs otsL dzd C OJ Is dzj sB R tSH J @3 Mls o ts
fdtej dgyn jdadw.

[ " ) OdzdL Oydd HJ&ZOBdU] MSs2 bofsdsedd mnmjlsd d
MlstekClktcl B owjLOikdl sdz®usd d YesdMS O HEkedn kL dss §jts]
H Odzdz" =, JMmdzd ftjH" HEMJ?2 s5C OL Odzfpw dzj HisMiskzY j da. s
MtsL HOdzd J tOL dzd ydztisdstS dag 5|4 Gzd ) y Jsde@asE jso L kL dzse, f tsH ¢ d
Bsor' 8 kLdse, Is.¢. o IkjCkhj2 t©jOddLOydd fslsts:t
fls Ols d Y dats 2

1 OC dz8 yj ded §

eWjtwO ftoddzj dzj ded W Bdzs e sh Oetsar R BjMftetso SH dz" n fr
hdtetsC O. vsOCdj Mmilsd, sftse j dzdzgts € &zOMMO MANET, f t5d
M OMOljd dz » ©fjttOydwn, ofs otejd¥ oftjddzr » HJj2Mlse
ME sy djddw daHj?2 (d&2Oftdidbdd Hise' Ossdgidgiztg jddapdiad, v 2 yC
o' MlsOo ¢, Wwsklzdseg O, cHj djls Isj-dzj CsBi3zdzd S Oydts
fMtekzSlbkter (dOfteddjte, © 1CMfjHdydwn o EkHOdMj ddzr j
BOwh lzlsdL Oydd HjBsdhsedeizels tOL ddyds j nOtOSCIsj te
Isj dz! detsflsd o L Qo dfyd dztsid lydf ts dzdstc tsto iPddas{ev d 2 fy jWs d . R 3] dzdzts
f st lstsdslz, HdzW 9" Btstc® OHjJCo9OIlsdz i  dzOdedtelzj d3r &5 k& fd
tcjh jdzd2, vyjoojmtssBteOL dts ftedhj dvis! dJidlsOoydddatsj dst
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A.A. Pavlov, I.O. Datyev

RESEARCH OF INFLUENCE THE DIFFERENT PARAMETERS ON
CHARACTERISTICS DATA COMMUNICATION OF WIRELESS MULTIHOP
NETWORKS

Abstract
The article presents the simulation models developed for research the various factors
influence on multihop wireless networks data transmission. Based on the results of
simulation experiments the authors have been made conclusions about the necessity
of taking into account certain factors during the development of the metrics and
routing protocols.

Keywords:
multihop wireless networks, simulation, routing protocols, NS-3.
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fitejHOyd ddlitsttdkOydd o tjcdsdzOl sdizdgteOL o dlss? d d
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gd3j s dda stcd3Oyds Iktsdz! ¢t & MdziHEsEh jd3 hOey f4ted Mr dz€

fsHjdzd Hdzv IsjMmMisdtetseo Odzdw o dzdwdzd™w f OtcOd3J Istese dzO § Oy
C ZOMMO MANET

[ BH ] dzd tets 9 Odzd | ftosaNSA d &Py Jo CMPwmy Mlso J BOL oSG TtS
ot sdz®@ tOdaz factslssCtsdz OLSR. A jdz tOBtls’ L OC dz¢ yoO |
sjrn fOtOWR] stctso, Coltste” | dBseckzls BLCOLT 9 0Ols! L dzOydlsj d
BjMftcsotsHdzs?2 MowLd 6 Isjodsdzsedd MANET.

CCfy jtod d3j dals T ftotso sH d My ) sSHddOCtse " A Eidztse d v
Mdzi HEe h dr f Otc OdfjECgitdn@, tadis hoglpidn Is fd ¢ dzO dzO, MestesfMmls
Csdzdyj Mlsots Ctttej My tsdzH ez h 8 f Ots.

Il BteOdzdz" §j] f OtcOd3j ste” tojHSEE ofplstej yos sfimw o dzOk ydz"
ojdzdydds, BCOLTMo0O8hda Mkh jMmlse jdedetsj odzdwdedj dzO € Oy,
Bdzse sh Octso ™ n B MY tots adidsdlz’ t6:0 BsjISIs W Az y jldz" &) disDaf tc O o dzj dzf
MsLHOdd ] bkdzdo jtemMOdz dz =  (WWjClsiPpder 7 foslstsS szt K

l sdzz yj dedzz . d dz stedBOyd¥ sy dets fteddzd dedlst fted ML H(
mMkzh jmMsekzs hdn ftosksltsdass dd d&jteds &BOteh tekzlsdL Oydd.
tczs h dn & Otc QRGs jStesgshiplted Gj, o dzdw s s dfrtHd J § OO Ister , B
fMtejHdYY LOHjtEYSCO d StiWWdydjdds fYlsjte! §OC o
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vsOBdZdyo 1
1 OOy Ister BB HJ dzd

[ SHj dz g dzlz yO2 dzOw , dzd dzd
[ sh dzsmisy Mmd ¢ dzOdz@g 5-30dB
stsdzd yj Mlse s kL dzts o 1540
g4 Ctstetsfls L dzts o 27 15 ms
t OLdi3j 6 § OCjIstse 64,256,512,1024,2000
1 dlstej 21s 50002000000 bps
4 Is O dz’WVBRs Is 802.11b, 802.11n
t OLd3j o7 Isj totod Is tstg 1500x1500 m
stsdzd yj mMsots  j toj H 1-7
[ SHEdYYydW DsssRatel1mbps
[ BH] dz2 ©OMY tctsMmls t¢d FriisPropagationLaeModel
[BHjd L OHjtY ¢ d | ConstantSpeedPropagationDelayModel
RandomSpeedPropagationDelayModel

[ BH j d&z dmfsdz? L h OV MdzeyO2detsj ¢ jtoj i h J dz
[dv kjmsdeseo Odzd™ odzdwdzgdv t©OL dzd ydz' 7 4
Qo lststce OB B' d&zO tcOL tcOBtsis Pdiz0, dRH ®@&d) lisdidaw
Hod)yJddj kL dtse Mmjd.c Ifipll shHa dztseo Bz d sa d dzO!
Hg OB yj MS 2 &Okh tklsdL Oydd d ©O0Mf tdOc Odd
52 Chtetsdgj L kseEt, SCOYH'?2 bkLjd fjtjdihod
We j@k d &5 kdsedjd BT s dMfsd Lo Oddj
jtej d3jh jdzd" HdW ©OLdF R LCMfjteddsj delsso &
ilsd d BSHddR (0t kL dkss.

3‘::;%}—\
Q—. Q. m -

vOBd&Zd YO 2
RLAZj dgj dzgdj t©OL BjtcO  OCjlsso

tOLd3d 6 §OFute HAdZW WY (MO s Sils f 5(306) t

64 1247.8 22.2336
256 675.3 5,69019000
1024 732.299 43.956
2000 889.186 62.3656

1400 70

1200 % 60 =4

1000 50

800 \y{———*'//’ |+OL5R 40 g —_e_OLSR

600 30

400 20
200 10

¥

0 0

64 256 1024 2000 64 256 1024 2000

tdfy. 0% dCd LOoadmddsmisd MiejHd 2 L OH e
fslsjteWddz’ 7 HOdkdz 7 (MittOo O) Bl tOL

48



10 thdsdsOktspL k&M jtcd di3dd dz2s © sy des fMH j dzOIs* o' 9 SH,
nOttOCIsjtedmisdS d ftesdLotsHdIsj dz' desfylsd HsfMisdc O Isfw ]
cOL i3j tctseo fOCjlsso. 1 tod BOEZSR tOLBjtey §jttjHO O] i3 A
Cosdzdyj Msots f OCjIbtsea, IOC d ®©O8i jndE)] ddPzz0jcs detizdstd® Istc OW d
fesdmMratsHdls L O MmMyjl Istset, ybsts kL dzr dZzOr SHWIsmw 9
27¢ o3/ ) . I silssd@Bdz Bsd M5 ydmzs §O0¢jIstse ftedrtsHdIs
@Ot tlzls O3], Yylss MLHOjIs Bdz s dz2OctelzL S22 d&2zO M Is!
fOC IO IstejBlzjjlsdpyw deGsdg oty jf jotdgi HOYkZ d fGtedj ds, ubt odzj
ftosdLotsHdIlsj dzd detsisd Milsd o EmMzcedwr fthmissw ddsets fJ
Hdzv tcOL dzdyder » MestesMisj?2 fjtoj BinNjddy ELdse dzj sB=Rt
oL Bsy desisd, EMmlsOdzOo dzd o Ols tcOL 33 tels af jJALMlds © o dzOd B =
ok h d2 HtetkEedd § OLOdj IstcOdBE Mjlsd.

vOBdZdyo 3
RLAj dgj dzdj MEstesMmisd kL dzse

S tstesMmis! ButojHAZYWY L O sl § sisj tg
1,8 1123.08 19.0672
2.7 921.419 13.1687
7,5 675.3 5,69019000
15 746.06 42.524
1200 45 Py
1000 \\“\ :2
800 ~ 30
s
400 15 —
200 12 =
0 0

2 2,7 7,5 15 2 2,7 7.5 15

tdB. JOWdSd LOadmddtsmisd MtcjHdzj 2 L OHJjtYSCd
ftslsjtewdzdzr » HOdzedz' » (MO O) sls MEtstesMisd HodyJ
d

Its oty 3w 1 SCMY jtedds delstsea fted dzdL S dn dzd Mmdzdh € s5d
fjtoiBINIddy ELdses fosksitsdz OLOR fs{asfgPils dOdn kzH
tojLEzdz IsOIsr OLSR SCStdftcjlsdes o {12 MmMjtedd 1 St Jtedd3j c
fjtoj d3j hjdedw L dzts o sBi Wdaw 8 Isfmw dzOtelzh jdzed j B3 Mo w L dzts
dzj Bsdz! h s Sz Uj Mlso O kL dztses, wWOL BN jdader 7 dzO Isjteted
f dztsh OH RF15€ @3) 5 ds2 R3O M dzs mils+ © fjtiHOBydStse 1 Isdn ZL o
tGJLIzdlesOlsOd3 L ey jted 3] delstse, dOddzzyh d2 8¢ 0OL Olsj d
7.5 & (27¢d/ y) .
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v OB d&dYUO 4
l dzdwdedjy dsh desisd MdedzOzO ¢ jtoj HOISYdSE O d

[ sh desfmils: Mmdutcjmdet OH jto] s+l §slsj g
5 2531.06 90.2606
6 2282.08 66.941
10 675.3 5,69019000
20 146.566 0
3000 100
2500 0\\
2000 EH\ :Z \q\
40
1000
5 \\“‘x 20
OZ B 0 \'
5 6 10 20 5 6 10 20
tdB. OV dSd LOadmddssmisd MtejHAzj 2 L OHJ to
f slsjteWwdgdzr = HOdzdz" = (MO0 O) sls BshH d
[ shddsfn MdedzOdzO f jtcjHOIYdsSO COLT 90]ls
odzdwdzgd?2 dzO tojL bzdz sOIsT dBsHj dzdtetso Odzedw dL ¢

mMudls EMmddz dzgdv Mde dzOdzO L dzOydlsj dz' dzets MtsC 6 C
Hisdzy dzf ftets2Isd HOdzdz" | H 59 OmMaEd HRQISIEN. Is 5l fifrpftadg’ H
cOL Gtk Ojls EMtets2Mlso® d YsLetsdwjls BT Miste]
1 tod zoJ dzd w4 dzd d L dzOyj dedBY IsdE Odzts Mg HIs* H sSdBBZ
dmf tsdz! L so OdzO Hdzv f j tcjdadBuE fmjOEzdg" Lrdzr BRj LL ORHC
fsd3in.
v®dzd yo 5
RLA3J dzgj dzedj SCtdzdyd Mlso O Ot fjtejHOEN

stsdzd yd Mllstej Hdzw W L OHs B+ f tsis
1 633.467 11.206
2 683.1 8.39419
3 710.031 21.97925
720 25
700 1
20
580
- 15
san [—+—ousR L —+— OISR
620 d e T
£00 5
58D 0

1 Z 3 1 2 3

td. JOWdSed LOadmMmddtsmisd MtcjHdzj 2 L OH ] to
fslsjtewdsde 7 HOdzde" 7 (MO0 Q) ls Ctsdzd yj
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Vo jdzdujddj Stddujfse® §jttjHOsNdR (0Ot KOS yj ¢
o dzd W dzd j 2O L gOYj dzgdW o' RtSHdF R § OwOdjkese. | Bmd hj
scteOdd Uj ded ™ s WdL d uj MS tschls dat€ Pz, dz' digsts tisH tizets 5o i) 19 § @
¢ MmMtedjny YiteiHnOYyd.

[sHid ¢f OtdyOe

[ dzw HOdz! dzgj 2 h dn dMmfidzj Hise Oded 2 tcOL tcOB 5Is ©dzO B H
ssf sdztsc d & ¢c BOted yOe. ] 1Ists2 BSH § dzd ZL dzr fmdlsd
Ldz) d&3j dzlsOd3 BBOIstedyr dz0 tOMMmistsw dzd d RRBIDO dgfj,Istetso Htekze
sO¢ d 5 o9jtlsdtOdd). l1twtd LOC(S?2 bofsdsecdd, CO)YHT2

mMowiLj2?2 dO fitjMmMijuiddd Mmj Clsstetse . [ OdzdzOV Istsf sdztse d W
Ctsdzd yd Mlso s tcOL dzd ydzr = BOtch tclzlstso BB HE Cstete ] MY S dz
RMstsyded ¢ (daW sted3OaDd (is@odsPh Odpdsipe 2 o j toh ddzj § sdzzuj
c BOIstedy" &€, 1@ fHotgdgrdgded?S dzj o ts2. | Odzdz' 2 fBSHRABH L o dz
BOC Md BOdz' dzts § ydmdzs dBZOteh ckzlstse BiyHE Ctttej MY sdzH d tolz
zOodetsdzr hjj Ctdzdyd Mlsots IsStcOdzL dlsdz" = kL dzse o ©OMMBOIsts
v OB d&Zd YO 6
l dzdwdedy dBsh dshMisd MdedzOzO dzO0 LOHjtw)y Sk d flsjt
[ Bh dzts i dtcj HC ) dtcj H( . gt H( )
fnd ¢ dzQ LOHJt@l('f/O;SJ L(DH‘;'tcl('OSA)I)SJ LOHJtt:I(IOSA);S‘J
(dBm) (ms) (ms) (ms)
0,0305
6 Olsr | 0,430404 0 Aodv | 0,442038 2 Dsdv | 3,54894 0
0,0343
7,5 Olsr | 0,433148 0 Aodv | 0,481576 4 Dsdv | 4,71028 0
20 Olsr | 0,430313 0 Aodv | 0,430192 0 Dsdv | 2,10556 0
5 T
4
3 —&— OLSR
—=— ADDV
2 DSDV
1

I e m—

6 7,5 20

tdB. (0% dC LOodmddsmisd MejHdi 2 LOHjEYCd Bl d&sh

I HOdedesds fteddsj ey Ytod dL d3j dad dedd gt desisd Mdc dzOdz
o' AHdZ R (SCOLOIjdzj?2 BEHjIS Wodwls! MW dgj Mizh j Mise j dedets
GjLbd sOIST ofy 3j bkdkzyhOsksmw f ko jddujddjd &sh dsh
Hj Bsdmistediekzjls fslssCtsdz DSDV.
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vsOB kYO 7
ldzdwdedj ©OLBIJWO fOCjIsO dzgO LOHjteyCkz

{ Ot dte] H( . dtcj H( . d1tc] H( .
f O¢j L OH J lgﬁJ LOHJKlgafJ L OH J W 1&§4
(bytes) (ms) (ms) (ms)

128 | Olsr | 2,90626 | 0,003825| Aodv | 3,61412 | 0,0362 | Dsdv | 16,1644 | 0,003815

1256 | Olsr | 0,430404 0 Aodv | 0,442038| 0,0305 | Dsdv | 3,54894 0

512 | Olsr | 0,616321 0 Aodv | 0,621865| 0,0229 | Dsdv | 2,3879 0

RLO3J dgj dedj L dzOyd dzdv t©OL Bj O FOCJISO 5C (
dJLEzdz IsOIs d@sHj dzdteso OdzdvY o Ibtsftsdtsedd dOIlsts
sCOLOIjdzd HBMisdeOs smw ftod L dzOyj dgf®r-s 25
et sdzsof sORISRe O] Is zO0d dzlz yh d 2 toj L zdz! IsC
sOIsd ydetsls ! & EL dztse (ClsstcOW dLB OO dzV j Is
SHHJjty OdedWw IsOBdzdy BOwh tekzlsdL Oydd) .

SHjd ¢f dddwe
[ BH ] dz cdzddzgdw e B &zO ©OLtcOBBISOdZO Oolstste

WY sdzd s OdedY ol sdss HJdOBH Y MSS2
Hdzd 20r BOh tclzlstse . 1 mJ ZL dz teOL d3j h § dz )
Bjlstess HEkeE Gl HiskcO. [ Oddy j §jtojHOs Ishw
(L zOBd, dZORBHYHh dBdMY dz0zBOGEJ &@ize G &5 © O
v OB d&R[ yO

l v dzdj ©OLEBj O §OCjlsO O L OHjEYSE
{ OL d utGJHclsls. HEJHcltsls' HthHclISlS'
fOcj LOHJ i 0/)4 LOHJ Y (0/)4 LOHJ Y (O/)J
(bytes) msy | @ (ms) b (ms) 6

64 Olsr | 1082,29 | 87,7594| Aodv | 2018,29 | 84,7235| Dsdv | 430,209 92,5979

128 | Olsr | 789,501 | 83,933 | Aodv | 1654,23 | 80,2428| Dsdv | 1393,04 | 83,2633

256 | Olsr | 1240,13 | 72,7729| Aodv | 1907,11 | 51,1269| Dsdv | 1486,6 70,5954

512 Olsr | 1304,01 | 58,373 | Aodv 1261,8 | 54,4967 | Dsdv | 429,2 86,8823
2500 100
' |
2000 /K 20 "”:—:::_J\\_\“ ==
1500 \\- —+— OLSR 60 —e— OLSR
/.._~—ln —a— AODV ™~ —8— AODV
1000 = e DSDV 40 DSDV
500 20
0 | | o
64 128 256 512 64 128 256 512
tdB. OV dSd LOadmddsmisd MicjHAzj 2 L OHJ to
ftslsjtewdzdzr 7 HOdzdz' 7 (Mo O) Bl tOL
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[y dts LOKjlsdl:, ybkts dO ftdkjt] bksfsdscdd ¢ ddd
ftesssCtsdz OLSR §COLT 90jls dzOdBtsd hkzé 1 WWjSlkde datsfls:
BO2Is, otoj &gt COC MsOd df j ftsksStsd dzyhj ofjct
fOC kOB ©OL&jtsd 256 BO2IS.

vOC COC o ftshdsd SNy jteddjdlsj (MeEzyo2das] §j ]
fs5COLOj &zd feslssCtsd&zO OLSR BN dzd §tsdkbyj dz ftod L dzOy,
fjH j &zOls' o' otsH BNl W) ket HO® o L Oodmdishmsd sl kit
BtsB d dzt desfylsd bkL dztse .

v OB dAf yO
| dzdw dzd j stsh detsflsd M e OO d&zO@ LOHjtey Sk d flsjts
[ &h dats B4 HG ) ] BBdHG ) o BBJHG ) o
G dz( L OH L OH L OH
f?qum)dz (ms)J ) (ms)J 1 o (ms)J 1
6 Olsr | 1240,13 | 72,7729| Aodv | 1907,11 | 51,1269| Dsdv | 1486,6 | 70,5954
7,5 Olsr | 1741,23 | 78,6958 Aodv | NaN | 100 Dsdv | 1654,43 | 99,9727
10 Olsr | 942,713 | 65,1891| Aodv | 1003,84 | 76,7008| Dsdv | 1003,7 | 58,0506
20 Olsr | 360,461 | 57,7839| Aodv | 95,2154 | 37,7209| Dsdv | 185,138 | 36,3991
- e
1o »)< ~ +2::: 0 ] S —=— AoDv
o /‘ a0 DsDV
T 20

tdMm. 0% dCd LOadmdEemisd Mejndg?2 LOHjEYSd (fdje

fslbjtwddzr ° HOdzdz & (MO O) s d&sh dshlsd Mmdcd

RL A4 dzgv v Bsh dztsfls: fJtjHOYd MJdcedzOdzO dsydets L Od3j Is
Hj Bsdeistediolzé s Mo jteh j dedets o OLjdes | Bttdhjdetiefigts ds Ols ™ . & b
e OZO § ¢ 0L O dd dOyddosls kdazyh Ok! v, ds §0¢ s
COC 9o ftojH" HEM j BB OO duydetsdy + Sy j tod d3d dzls j . d 1 It
ksfsdksecdd Ksh dshs! MdecdOkzd weodwjkhmvw dj kOCE2 MEh

BEy dzs MH | Pt 0 ®wdedy dz j-c G OO lsdoded Wisls 20 € Oy Miso s

fiteiHOYd HOdzdzr » ftod tOL dzdyde » bkfpdzse dWw n.
v OB dAPy O
ldzdwdegdj SCtsdzdyjMmMlso O kL dtse o ddddd dzO LOHjty Sk
s s-dg dicjHA . dicjHCQ . o1 Hdz .
ofs LOHJ'[Q]'SISJ LOHth;ltS‘ls‘J L(Dchtr‘;ltslscj
(%) (%) (%)
zL d7 (ms) (ms) (ms)
5 Olsr | 414,587 41,8358| Aodv | 536,411 | 32,4864 | Dsdv | 375,215 38,4367
10 Olsr | 859,343 65,751 | Aodv | 1274,99 | 50,9075| Dsdv | 836,049 74,3294
15 Olsr | 1240,13 72,7729 Aodv | 1907,11 | 51,1269| Dsdv | 1486,6 70,5954
20 | Olsr| 1252,93 77,5939 Aodv | 2173,99 | 53,9485| Dsdv | 1582,97 68,8103
25 Olsr | 442,216 87,047 | Aodv | 2426,56 | 71,2113| Dsdv | 466,861 87,5167
30 | Olsr | 455,434 87,3043| Aodv | 2267,68 | 66,3813| Dsdv | 1991,29 75,9891
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3000 3000

2500 2500
2000 = —4— OISR 2000 — —s— OLSR
1500 — —n— AODV 1500 o — —B— AODV
1000 /T/ e S\ bSOV woon 2L AN bSOV
500 / g 500 WOy
o | o |

5 10 15 20 25 30 5 10 15 20 25 30

tdB. OV dsd L OodMmd dtsmiipdf] en@)J Hdlzj Rts dzdOw Jd e
flsjtewddr 7 HOdGd 7 (MftOo ®) Gl Ctsdx

lted Eojddyjddd Stsdzdyj mMse O kL dztse o dzd da
Bsdz "5 SCtddyjMmlsets §0OCjktse, ds o HokZ
OLSR LOHjtYSO MtStcOh 0 sigets o UsdzO idde L dpsiztsy
EMsOdzOe dzd o Ojls MisjHdzj dzdw HE OHts)j MOO (
slso jH,jdedats) otejdkw, oemdzjumlsodj ujes §sdkjyod

1 OC dz¥ yud ded §
| HOdds?2 ©OeBls) B'dd MSLHOM &SHj d&]d
f OjOsiese d fsojHjdr dhidjHse Oddw, 56
flsjfjddzr e §OwLOd)stese &O COyjfMmsot §jtjHO
I jLbkd kO] 1CMfjtdd dsss B dts kfMlsOd
OC 0O, &sh dshls! Mndc dzojdo, o dod sdedsjh s
1)
Is
0

tcOL d3j to
COyd mMsets f jtej HOYd HOdzdz =, Yy 3 Stsdzd yj fls
BOteh ozlsdL Oydd. 1 jJ BOdZsoa Oy dz" &3 sMisOj sfmw
LOadMmd ddsfmisd tsls CsdsB d dzOyd 2 L dzOy4d dzd 2 tc
cOmMf sdztsy j ded i d ebdkdis) Bkaly sHisdziso Yylsts ¥ OC sk
Hteczke dz2O0 HEkZzGO. 1 Of tod 3§ to, L dz0y g dzd v , i sd
gL BB dzgj dzd j &3 tcOL Bj O §OCjIsO HOdzdz =, BSC zls
1LCMYf jtoddzj dalsT , dets ) Hteckzeddz §f tsC OL Ols jodzj A&z d3ts
Iy 1t L dzOydls, Yylsts fted t©OLwOBSISS ]
sdL Oydd dzgj MmMlstsdls ftej dzgjBtej 6OIs! L Isdd3d 4§ Ots
f ZOdzftelz j 5" 7 EMmasedwh WekdSydtsddtess Oddw
J dlsjtcOlsktcO
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D.G. Stepenshchikov, A.V. Chernyavsky
AN APPLICATION SOFTWARE FOR RAMAN DIAGNOSTICS OF MINERALS

Abstract
In this paper an application software for primary Raman diagnostics of minerals
involving open database RRUFF is discussed. The program was approved at the
Geological Institute KSC RAS and has improved analysis of the experimental Raman
spectra of minerals.

Key words:
application software, Raman spectroscopy, mineral diagnostics.
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V.V. Dikovitskiy, A.A. Menkova

IMPROVING QUALITY OF VISUALIZATION OF STEREO IMAGES
BY CHANGING THE CONVERGENCE ANGLE

Abstract
The article describes methods of creating and presenting stereoscopic images, the
method of representing three-dimensional image, in which the user will be available
to the possibility of changing the focus of the object (the point of intersection of the
visual axis) by automated change the convergence angle, experimental results of the
method.

Keywords:
virtual reality, stereo pair, binocular vision, convergence, visual axis.
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