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IMPUKJIA/THI ACIIEKTHU PO3PAXYHKY CTPYKTYPHO-
TOHOJIOTTYHUX XAPAKTEPUCTHUK CUCTEM

Po3spobreno oonocmopinkosuii 6e6-000amoxk 01 0OYUCTIEHHS CIPYKMYD-
HO-MONONOTYHUX XAPAKMEPUCMUK CUCTeEM, AKI 6NIU8AI0Mb HA PI3HOMAHIMHI ac-
nekmu pozeumky cycninecmea. Hagedeno npocpammy peanizayito ancopummie
06uucIeHb CMPYKMYPHO-MONONOSIYHUX XAPAKMEPUCMUK CUCMEM, NPEOCMAsieHO
cmapmosutl inmepghetic po3pobrenozo dodamka. Pobomy dooamka npodemon-
CMpOBAHO HA NPUKNAOT PO3PAXYHKY CIMPYKMYPHO-MONONOTUHUX XAPAKMEPUCTUK
opeaHizayitinoi cmpykmypu Komnamii, sika po3pooéasc iepu. OKkpecieHo nepcnex-
MusU NOOAILULO20 BOOCKOHANEHHS PO3POOIEH020 8e0-000amKa.

KitouoBi cnoBa: epaghosi mooeni; cmpykmypuuii ananis, cmpyKmypHo-
MONON0TYHI XAPAKMEPUCTMUKU, 0OHOCHOPIHKOBUL 80-000aMOK.

Paszpabomarno oonocmpanuunoe 6eb-npunodcenue 015 8bl4UCIEHUS CIMPYK-
MYPHO-MONOLOSULECKUX XAPAKMEPUCTUK CUCEM, KOMOpble GIUAIOM HA PA3IUy-
Hble acnekmul paseumus obwecmsa. [lpusedena npoepammuas pearuzayus aieo-
PUMMO8 BbIMUCIEHUSL CIMPYKMYPHO-MMONOIO2UYECKUX XAPAKMEPUCUK CUCTHEM,
npeocmaesieHo cmapmosulii inmepdghetic pazpabomannozo npunodicenus. Pabomy
NPUNOJCEHUSL  NPOOEMOHCMPUPOBAHO HA NpuMepe pacyema CMpyKmypHO-
MONONIOCULECKUX XAPAKMEPUCIUK OP2AHUZAYUOHHOU CMPYKMYPbl KOMAAHUU, KO-

© T. B. Ciuko, K. B. CmokTiii, A. O. Tkauyk, 2019

ISSN 2521-6643 Cucremu Ta texsoorii, Ne 1 (57), 2019 141



mopas pazpabamvieaem ucpvl. OnpedeneHvl nepcnekmussl OdlbHelue20 cosep-
WeHCMBOBANUA PA3PADOMAHHO20 8€0-NPUNONHCEHUSL.

KitoueBsie croBa: epagosvie mooenu, cmpyKmypHulil aHaius; CMpyKmyp-
HO-MONOo02UYecKUe XapaKmepucmuKku, 0OHOCMPAHUYHOe 8e6-NPULONCEHUE.

Often happens that for the analysis of the system structural properties on a
graphmetric characteristics are inconsequential, at the same such topological
nature parametersas connectivity, compactness and continuity are valuable. The-
se characteristics allow optimizing structural links between elements of any sys-
tem according to different criteria using structural-topological analysis of sys-
tems, which play important role for social and economic development of any
country.

In this paper we analyzed the existing applications for graph processing
and took into account purchasing costs (that can be licensed use) and concluded
that it isadvisable to develop a web application that would be an open source
code (free to use) and to perform the calculation of the basic characteristics for
the structural analysis of the systems that are described by the graph model, for
instance: connectivity, continuity, redundancy, compactness, hierarchy, diameter,
uneven distribution of bonds.

Applied aspects of the calculation of systems structural-topological charac-
teristics are considered and an approach as for the automation of systems struc-
tural-topological characteristics calculations is developed. This approach allows
to synthesize the corresponding web application with its publication in the Inter-
net for further use for the decision-making process concerning the optimization of
the structural relations of the investigated system.

Single-page format was chosen as one of the most widespread and most
convenient to use for the web-application. A single-page application is a web ap-
plication that uses a single HTML document as a shell for all web pages and or-
ganizes user interaction through HTML, CSS, and JavaScript files that are dy-
namically loaded. Developed application is connected to the version control sys-
tem Git, downloaded to Git Hub and connected to Git Hub Pages. As an example,
the organizational structure of the game developing company is considered and
needed calculations of the system characteristics are done. The conclusions
from this research and the prospects for further improvement of the developed
one-page application are presented.

Key words: graphmodels; structural analysis; structuraltopo logical cha-
racteristics; one-pageapplication.

IlocranoBka nmpo0semu. [IutaHHs ynpaBiiHHS CKJIQJIHUMU CUCTEMaMH 00y-
MOBIIIOIOTh JTOCJI/DKEHHSI, B SIKUX BHKOPHUCTOBYETHCS MaTeMaTH4YHA TEOpis, IO J1a€
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MOKJIMBICTh IOEIHATH MaTEMaTW4YHI BIIACTMBOCTI COLIAIbHO-€KOHOMIYHHX CHCTEM
Ta IX eKOHOMIYHUH 3MicT. Takoro Teopi€lo € TeopeTUKO-TpadoBe MOICITIOBAHHS €KO-
HOMIYHHMX 00’€KTIB 1 MPOIIECIB BUPOOHHUIITBA JIO SIKOTO OCTAHHIM YaCOM BHUSBIISETHCS
OlbIIa 3aliKaBIEHICTb. Tak, TeopeTHKO-rpadoBi Mozeni He JMIIe BiToOpakaroTh
CTPYKTYPY CHCTEMH Ta 3B’SI3KM MDK €JIeMEHTaMH, ajie i BUKOPUCTOBYIOTbCS IS
NPUIHATTS ONTUMAIBHHUX YIIPABIIHCHKUX PIlIEHb Y MOJICIIOBAHH] COLIiaTbHO-EKOHO-
MIYHHUX CUCTEMH Pi3HOI CKJIATHOCTI.

AHaJi3 ocTaHHiX gocaizxenb i myOJikauniii. ['padosuii migxin mo mMoze-
JIIOBaHHS CKJAQJHUX CHUCTeM po3risgaerbes y mnpangax [ M. MenbHuka,
O.M. Iapy6us, O. I'. Knmumxko, C. I1. Kobus, L. I. Ckpunsauk, A. A. Koukaposa,
A. M. Ulranrpera, K. B. Hikonaesa, B. B. KoGifiuyka Ta iH.

Teoperuko-rpadoBi MOeNi 3aCTOCOBYIOTHCS ISl PO3B’SI3aHHS BEIIUKOTO
KJIacy ONTUMI3alIMHUX 337a4, a caMe: 3a/1a4yl PO3MOUTY pecypciB, 3a1adl yrpaB-
JHHS 3aracami, 3a/1a4i IJIaHyBaHHS Ta PO3MIIIEHHS TOIIO. PO3B’S3aHHIO TaKuX
3a/1a4 MPUCBSIYCHO TOCTIKEHHS MPOBIIHUX yKpaiHchkux ydeHux 1. B. Ceprienka,
H. 3. llopa, 0. T'. Ctosna, O. O. €mug, 1. M. JIsmenka, C. B. SIkosnesa.

AnropuTMaM po3B’si3aHHS ITUX 33J1a4 Ta iX MpOorpaMHiil peami3aiii pi3HUMHA
MoBaMu TnporpamyBaHHs (Bix VBA no C++) npucBsyeno ¢pyHIaMeHTalbHI Mparii
I'. A. Yepnomoposa [1, 28-73] ta P. CemxBuka [2, 231-304], mpote OUIBIIICTh
BITYM3HSIHHUX aBTOPIB CIPSIMOBYIOTH CBOi JOCIHIKEHHS Ha MIATPUMKY pPO3B’s-
3aHHS €KCTpEeMaJIbHHMX 3a/1ad Ha rpadax 3a gomnomororo Haadymosu Solver (Ilo-
mryk pimenns) MS Excel [3-6].

Jlist po3B’si3aHHA 3a/1a4, 00’ €KTaMU SIKUX € Tpadu, BUKOPUCTOBYIOThH TaKe-
TH aHaMITHYHUX oOumcieHb: Mathematica, MATLAB, Mathcad, Maple, mo na-
I0Th MOKJIUBICTh BUKOHYBATH aHATITHYHI CUMBOJIbHI TIEpEeTBOPEHHS [ 7].

IcHYIOTH TaKOX TOTOBI MPOTpaMHi PIlICHHS, SIKI peaIi3yloTh OC3Jid ajaro-
puTMiB U1t 0OpOOKH rpadiB: MOMIYK MiHIMAIBHOTO MUIAXY Pi3HUMH CIIOCOOAaMH,
MOIIYK €HJIEpEeBUX 1 TaMiJIbTOHOBUX MAapUIPYTiB, BU3HAYEHHS XPOMATHYHOTO
9Hclia, MOIIYK MIHIMaabHOTO OCTOBHOTO JIepeBa, BU3HAUEHHS MaKCHMAaIbHOTO
MOTOKY, TIEpEeBipKa Ha 3B’SI3HICTH, MOIIYK pajaiyca 1 miamerpa rpada, mepeBipka
9n € rpad IepeBoM, MepeBipKa Ha TUIAHAPHICTH, MOIIYK KPUTHYHOTO MUISXY, TO-
IIYK IUKTIB, MONTYK MaKCHMAaJIbHOTO MOBHOTO miarpada [8—10].

BuHnukaroTs cuTyarii mija yac aHamisy CTpyKTypHHX BJIACTUBOCTEH CUCTEMHU
Ha rpadi, KOJIU METPUYHI XapaKTEPUCTUKH HECYTTEBI, a BAXIMBUMHU € XapaKTe-
PUCTUKH 3B’SI3HOCTI, KOMITAKTHOCTI Ta HENEPEPBHOCTI, TOOTO XapaKTEPUCTHKHU
TOMOJIOTTYHOTO XapakrTepy. Lli XapakTepUCTUKH YMOKIIMBIIOIOTH ONTHUMI3AIliIO
CTPYKTYPHHUX 3B’SI3KIB MIXK €JIeMEHTaMH Oy/b-SKOI CUCTEMHU 3a PI3HUMH KpH-
TEPiSIMH 3 BUKOPUCTAHHSAM CTPYKTYPHO-TOIIOJIOTIYHOTO aHATI3Y CHCTEM.

ABTOpHM TIpOaHaNi3yBaJlM HasBHI JOAATKU i 00poOku rpadis i midnum
BHCHOBKY, III0 3 YpaXyBaHHSIM BapTOCTI MOKYNKH (JTIIEH31THOTO BUKOPHUCTAHHS)
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JOITHHO 3IACHUTH PO3POOKY BeO-A0/aTKa, KU Oy/e 3 BIIKPUTHUM IPOTpaM-
HUM K0/10M (0€3KOIITOBHUM JJIs1 BUKOPUCTAHHA) 1 peallizye po3paxyHOK 0a30BUX
XapaKTEPUCTHK JJIsi CTPYKTYPHOTO aHAJi3y CHCTEM, IO ONMHCYIOThCS TrpadoBOrO
MOJZICIUTIO, @ came: 3B’SI3HOCTI, HEMEPEPBHOCTI, HAIMIPHOCTI, KOMITAKTHOCTI, i€pap-
X19HOCTI, JlilaMeTpa, HEPIBHOMIPHOCTI PO3MOJLTY 3B’ S3KiB.

Merta cTarTi — PO3INISIHYTH MPUKIIAIHI aCIEKTH PO3PaXyHKY CTPYKTYPHO-
TOMOJIOTTYHUX XapaKTEPUCTHK CUCTEM 1 BU3HAUMUTHU MIJX1J 10 aBTOMATH3aIlii 00-
YHCIIEHb CTPYKTYPHO-TOMOJOTIYHUX XapaKTEPUCTHK CHUCTEM, 110, 31 CBOTO OOKY,
A€ MOXKJIMBICTh CHHTE3yBaTH BIAMOBIAHUIN BeO-70/1aTOK 13 HOro myOJTiKaIli€eo
JUTS TIO/IATIBIIIOT0 BUKOPHUCTAHHS B Mepexi Internet ta mpuiimatu pilieHHs 100
ONMTHUMI3aIll]l CTPYKTYPHHX 3B’S3KIB JIOCIIIPKYBAHOT CUCTEMH.

Buxkian ocHoBHoro marepiany. /[nsa peamizarii BeO-nonarka 0ymno odpaHo
OJTHOCTOPIHKOBHI OpMAT SIK OJIMH 13 HAUTMOUIUPEHINNX Ta HaW3PYUHININX y BUKO-
pucranHi. OTHOCTOPIHKOBUH J0O/IaTOK — 11€ BEO-/10/1aTOK, SIKUI BUKOPUCTOBYE €11~
Huit HTML-nokymeHT sik 000JIOHKY I BCIX BEO-CTOPIHOK 1 OpraHi30BY€E B3a€MO-
niro 3 kopuctyBauem yepe3 HTML, CSS, Java Script ¢daitnu, mo ruHaMigHO 3aBaH-
TaXXYIOTBCSL.

[lepeBaramMu 0JJHOCTOPIHKOBUX BeO-10/1aTKIB €:

— BHUCOKa MBHUAKICTb POOOTH, OCKUIBKH JTOAATOK HE OHOBIIIOE BCIO CTOPIH-
Ky, a TUTbKH TTOTPIOHY YaCTHHY, 110 1CTOTHO ITiIBUIIIY€E IIBUAKICTD;

— BHCOKa MIBUAKICTh PO3POOKHU, OCKUIBKHM TOTOBI 0101i0TeKH 1 ppeiimBOp-
KM JAIOTh MOTYXKHI IHCTPYMEHTH i po3poOku BeO-monaTtkiB. Hax mpoekrom
MOXXYTb TIapajiebHO TpaitoBaTu back-end 1 front-end po3poOHUKH. 3aBAsIKA HiT-
KOMY TO/I1Ty BOHU HE 3aBAXATHMYTh OJTUH OJTHOMY;

— MOOITBHICTD, OCKUTBKU TOAATOK JA€ 3MOTY JIETKO pO3pOOUTH MOOUTEHUM
J0JaTOK Ha OCHOBI TOTOBOTO Koy [11].

APpXITEKTYpHO PO3pOOJICHUH OJHOCTOPIHKOBHI JOJATOK € cTopinkoro html
3 OJHUM KOHTEWHepoM div, JIOTIKOIO BiIOOpa)KEHHS KOHTEHTY, B SKOMY Kepye
CKPHUIIT MOBOIO javascript:

<body>
<div id="root">
f <script src="Topological characteristics.]js"></script>
</div>

</bodv>

Puc. 1. Micre migxiroueHHs Kepyrouoro ckpunry 1o html cropinku

Ile mae MOKITMBICTh YCTAHOBIIOBATH PO3MIPH BCiX €IEMEHTIB CTOPIHKH Bi-
MOBIHO JI0 PO3MIpY BiKHA.
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Ckpunt Moxke 3MiHIOBaTH 3MicT html-cTOpiHKM 3aBASKM BHKOPHCTaHHIO
00’extHOi Mozeni mokymeHnta (DOM). O6’ekTHa MOAens JOKYMEHTA — CIICLHU-
¢ikaris TpUKIaIHOTO IPOrpaMHOro inTepdeicy ans poOoTH 31 CTPYKTYpOBaHH-
MU JTOKYMEHTaMH (K TpaBmiio, JokymMmeHTamu XML). BusHavaerbes st criemu-
¢ikaris korcopriymom W3C.

Pazom 13 mommpeHHsIM Ta pO3BUTKOM BEO-TEXHOJIOTIH 1 BeO-TIeperisiaadiB mo-
yamu 3 SBISATACH PI3HI, YacTo HecyMmicHi iHTepdeiicn podotn i3 HTML-
JTOKYMEHTaMH B iHTepriperaTtopax Java Script, BOynoBanux y BeO-meperisinadi. Le
cnonykasio World Wide Web Consortium (W3C) y3roautu Ta BU3HAYUTH HU3KY
CTaHJAPTIB, siki orpumainu HazBy W3C Document Object Model (W3C DOM). Crie-
mudikariii W3C He 3anexars Bif miarhopmu abo MOBHU rporpamyBanHs [12].

Jlorika oGuucieHb CTPYKTypu peainizoBaHa y kiaci MyGraph (puc. 2).
CrpykTypa 30epiraeTbcsi y BUTIISAL HE3BAXKEHOTO HEOPIEHTOBAHOTO Tpada.

lclass MyGraph{
I constructor(n) {
this.n=n;//KinbricTs Bepmin
this.adjacency=create?limArray([this.n, this.n]);//Mampuiia cymixHOCT
this.distance=create2DimArray([this.n,this.n]);//Marpuusa Bigcranes
this.conneclion=creale2DimArray ([this.n,this.n]) ;//Marpuus 38" asHocri
for(var i=0;i<n;i+4)
for(var j=0;j<n;j++){
this.adjacency[1] []]=0;
this.distance[i] []]=0;
this.connection[i] [7]1=0;
o)
this.redundancy=0;//36uTROBiCThH
this.redundancy?=0;//KBampaThe BiIXMNeHHA SajaHOTO POSNONiNY BEpIMH BiJi piBHOMIipHOTO
this.Q=0;//A6comoTHa KOMIAKTHICTh
this.compactness=0;//BiHOCHA KOMTAKTHICTH
this.d=0;//liauerp cucremm
this.sigma=0;//Cryninp uenrpanisauii

Puc. 2. Crpykrypa Kinacy, 1mo 36epirae rpad

Bianmosiani 3mMiHHI 30epiratoTh moka3HUKHU rpada. KilbKicTh BepivH 1 MaT-
PHIII CYMDKHOCTI BBOJIATBCSI KOPUCTYBaueM, a BC1 1HIII MOKa3HUKH OOYUCITIOIOTh-
cs1 y mporieci pobotu. HaBenemo Ha3Bu ¥ neski peanizaiiii METOMIB sl 0OumC-
JICHHS CTPYKTYPHO-TOTIOJIOTIYHUX XapaKTEPUCTUK CUCTEM.

OOuucieHHsT CTPYKTYpHOI HAJIMIIKOBOCTI (HAAMIPHOCTI, 30HMTKOBOCTI),
sKa MOKa3ye MEPEeBUIICHHS 3arajibHOi KUIBKOCTI 3B’43KiB HaJ MiHIMAJIBHO HEOO-
X1JHOIO, BUKOPUCTOBYETHCS JUISI HEMPSMOI OI[IHKM €KOHOMIYHOCTI W HaIidHOCTI
JOCIIDKYBAaHUX CHCTeM. Peamizamiro 300pa)kKeHO Ha pHC. 3 'y METOMIl
calc_redundancy.
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HepiBHOMIpHICTh  pO3MOAUTY 3B S3KIB, IO XapaKTepU3ye HEIOBH-
KOPUCTaHHS MOXJIMBOCTEH 3aJaHOI CTPYKTYpH B JIOCATHEHHI MaKCHMAaJIbHOI
3B’SI3HOCTI, peatizoBaHo B MeTo/Ii calc redundadncy?.

calc redundadncy () {
; var R=0;
for (var i = 0; 1 <this.n; i++)
for (var Jj = 0; ] < this.n; j++)
R += this.adjacency[il[il;
R=R*0.5/ (this.n-1)-1;
é this. redundancy=R;
}

Puc. 3. ®parmMeHT 00UMCIIEHHS CTPYKTYPHOI HA/ITTUIIKOBOCTI

OOGumcneHHs: MaTpHIIi 3B’SI3HOCTI peali3oBaHo B MeToi calc_connection (puc. 4).

calc connection(){
if (this.n > 0){
var Ak=createNDimArray([this.n, this.n,this.n]);
for (var i = 0; i < this.n; i++)
for (var j = 0; j < this.n; j++)
Ak[01[i1[]] = this.adjacency[illjl;
for {var k = 1; k < this.n; k++){
for (var 1 = 0; 1 < this.n; i++)
for (var j = 0; ] € this.n; j++){
Ak[k][i1[31 = O;
for (var m = 0; m < this.n; m++)
Ak[k1[il[]] += Ak[k - 1]1[i]lIm]*this.adjacencyIm][]j];

}

for (var i = 0; i < this.n; i++)

for (var j = 0; j < this.n; j++)

f this.connection[i] []] = O;

for {var k = 0; k < this.n; k++){

for (var i = 0; i <€ this.n; i++)

| for (var j = 0; ] <€ this.n; j++)
this.connection[i] [J1 += Ak[k]1[il1[3]1;

for (var 1 = 0; i € this.n; i++)
for (var ] = 0; j < this.n; j++)
: if (this.connection[i][j] >= 1)this.connection[il[j]=1;

Puc. 4. ®parmeHT 00UMCIIEHHS MaTPHIIl 3B’ I3HOCTI
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OO6uwmcreHHst aOCOMIOTHOI Ta BITHOCHOI CTPYKTYPHOI KOMITAKTHOCTI pealti-
30BaHO y Meroxi calc_compactness. Hampukian, CTpyKTypHa KOMIIaKTHICTB
TPAHCIIOPTHUX CHUCTEM Ja€ MOKJIMBICTH OTpUMATH 1H(OPMAIlIIO PO CTYIIHb BH-
KOPHUCTAaHHS JOPOXKHIX 3B’SI3KIB 3a MOBHOTO HABAHTAXKEHHS Ha cucTemMy (OIHO-
YacHE TIEPEBE3CHHSI BAHTAXKY 3 YCIX €JIEMEHTIB CHCTEMH B YC1 HAIIPSIMKH ).

OOuucneHHs iamMeTpa CTPYKTypu peaiizoBaHo B meroni calc d. [liamerp
CTPYKTYpH BU3HAYa€ HAUKOPOTIITY BiJICTAHb MK HAWBITAJICHIIIIMMA BEPITUHAMHU.

calc compactness () {

wvar Q=0;

var Omin—this.n*{this.n-1) ;

for{var i=0;i<this.n;i++)

: for (var j=0;j<this.n;j++) {
; Q=Q+this._distancel[il[jl;

}

this.Q=Q;

var Qrel={Q/0Omin)-1;

this.compactness=Qrel ;

Puc. 5. ®parmenT oOunciaeHHsT aOCOMIOTHOI Ta BIIHOCHOT CTPYKTYPHOI
KOMITAaKTHOCTI

3HaveHHs JiaMeTpa CTPYKTYPH MOXKE XapaKTepU3yBaTu, CKaXXiMo, MPOITYCK-
Hy 3JaTHICTh cHCTeMH. EKOHOMIUHMIA 3MICT JaHOI XapaKTEePUCTUKU BUSBISETHCS
i1 yac ontumizauii iHpopMaiifHuX, MaTepiabHUX, (PiHAHCOBUX MOTOKIB.

calc d(){

var max=this.distance[0][0];

var size = this.n;

for (var 1 = 0; i € size; 1 += 1)

E for (var j = 0; j € size; J += 1)

: f if (max<this.distance[i] []])max=this.distance[i][]];
this.d=max;

Puc. 6. ®parmenT oOunCICHHS AiaMeTpa CTPYKTYPH

OOuuncreHHsT CTyNEHs IEHTpali3aimii CTPYKTypH peai3oBaHO B METOJ1
calc_sigma. Ileit moka3HuWK 3MiHIO€ThCS B mianazoni Big O mo 1. Hyms
BiZIMOBiZja€ aOCONIOTHO JEUEHTpaIi30BaHI CHUCTEMi, OAUHHUIISL — aOCOJIOTHO
[EHTpali30BaHii.
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Martpuris BiacTaHel 0OUMCITIOETHCS 3a IOOMOTor0 anroputMy dnoiina—Bop-
mena, KU sBisie cO00K0 TUHAMIYHUNA alTOPUTM ISl 3HAXOJDKEHHS HAWKOPOT-
IMX BifcTaHe Mk ycima BepmmHamu rpada [13]. Bin peamizoBanuii y meroni
kiacy calc _distancematr (puc. 8).

B noparky mepenbayeHoO J1Bi MOMIJIMBOCTI BBEACHHS MATPHIll CyMiXKHOCTI
rpada: 3 KiaBiatypu Ta 3 (aiiry. MoXIMBICTh YBEACHHS MaTPUIll CYMIKHOCTI 3
(atinmy peanizoBana 3 gornomorotro FileAPI. FileAPI — nie HaGip iHCTpyMeHTIB Java
Script qiis pobotu 3 daiinamu, BiH MIATPUMY€ETbCS OUIBIIICTIO CydyacHUX Opay-
3epiB [14].

calc sigma(){
var size = this.n;
var Z=new Array(size);
for(var 1=0;i<size;i+4+){
var tmp=0;
for(var j=0;]j<size;]j++){
E if(isFinite (this.distance[i1][]])=—false) {
E tmp=Infinity;
; break;
}
; tmp=tmp+this.distance[i]l[]];
}
Z[il=this.Q/ (2*tmp) ;

}

var Zmax=7[0];

for({var i=l;i<size;i++)

- if(z[i]>Zmax) Zmax=%[i];
this.sigma=({size-1)*(2*Zmax-size) )/ (Zmax* (size-2))

Puc. 7. ®parmeHT 00UUCIICHHS CTYIICHS IIEHTPpaJi3allii CTPYKTYpPH

MoXJIUBICTh YBEICHHS 3 KJIaBiaTypH peajli3oBaHa B 2 €Tallu: BBEACHHSIM
KUTBKOCTI BEpIIIMH Ta BBEIEHHSM MaTpUIli cyMikHOCTI. [losie nis BBeneHHS Mart-
PHIII peali3oBaHO K TaOIHIl select-eJIeMeHTIB, y KOKHOMY 3 SIKHX € TUIbKHU JIBa
BapianTu 0 a6o 1 (ockinbKy rpad HE3BXKEHHMI). 3a 3aMOBUYBAHHSM YCl1 €JIEMEHTH
3aMOBHIOIOTHCS HYJSIMH. 32 3MIHOIO OYyJIb-SIKOTO €JIEMEHTA 3MIHIOETHCS €JIEMEHT,
CUMETPUYHHI HOMY BIJIHOCHO TOJIOBHOI JiaroHami (OCKiTbKU Tpad € HEOpIEHTO-
BaHMM). Peati3oBaHO MOXKITUBICTh 30€perTy BBEIECHY MaTpuIlo y ¢aiin, mo aae
MO>KJIMBICTB 11 3MIHUTH 1 3HOBY 3aBaHTAXXUTHU JJIS MMOAATBIINX PO3PAXyHKIB.
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calc distancematr () {

wvar size = this.n;
for (var i = 0; i € size; 1 += 1) {
for (var j = 0; j <€ size; j += 1) {
if (i 3) A

this.distance[i] [j] = O;
} else if (this.adjacency[i1][]j]=0) {
this.distancel[i1i] [J] = Infinity;
} else {
this.distance[i] [j] = this.adjacency[il[jl;
}
}
}
for (var k = 0; k € size; k +—= 1) {
for (var 1 = 0; 1 € size; i += 1) {
for (var j = 0; j < size; j += 1) {
if (this.distance[i][]j] > this.distance[i][k] + this.distance[k]l[]j])
this.distance[i][j] = this.distance[i]l[k] + this.distancelk]l[]jl]l;

Puc. 8. ®parMeHT 00UMCIICHHS MATPHII BiJCTaHEH

Po3pobsiennii mogaTok MiAKIIOUEHO A0 CHUCTEMH KOHTPOJIO Bepcid git, 3a-
BanTakeHo Ha Git Hub [15] ta niakmoueno no Git Hub Pages.

Jlst ipuKIIamy po3TJITHEMO OpraHi3alliiHy CTPYKTypy KOMMaHii, sika po3-
po0sie irpu.

(= Troika Games

K Mpopatocep

o4

deprioc V.

Jubosenkuii H. H. Beiikep M. Tynkin B.B.

Tpanoscpkmii [, 1. Tosapx T. Ipurop’es B. K. Koopric i

| »
Koros K. A. Cocenos C. C. JlaepTebkuii A. A.

Puc 9. OpranizaiiiiHa cTpyKTypa yrpaBJIiHHSI KOMITIaHii, SKa pPO3pooIIsie irpu

Mouixkaii 5. 51

Monunso IT.
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CtBOpUMO TEKCTOBUH (Daidsl, y IEPIIOMY PAJIKY SKOTO Oyae KiJIbKICTh BEp-
IIMH CTPYKTYPH, & B HACTYITHUX — MATPHIISI CyMI)KHOCTI CTPYKTYpH.

17

919000000 00000000 a0
1211111000000 00ae0
©l1eoee@oeellooeoeeo0o0ae
9100000001100 000O0
©Dl1oo00O00O000001106000
©Dl1loo00oOOo0000000E11O0O0
©DloeoPo0oOo0OEREEBGI1I1
9010000000000 0BOEGE
9010000000000 000O0
0010000000000 0B0O
P PO 10O0O0O00000OG0OGOOBOBOO
OO0 6B100600000060000a0
OO 6O10606000000600ODOGO6G
D00 E@0O10O00000C0QOGO0O0a0
D001 O0000QCOCEEO0O0E0
D001 Oo0O000Q0Q0EEOO0E
D001 O00O000QCOQ0GOGOO0E0

Puc. 10. Bwmicr ¢aiiny 3 MaTpuiero CyMiXXHOCT1 CTPYKTYpH

3amycTUMO Ha BUKOHAHHS PO3pPOOJICHUN OJHOCTOPIHKOBHIA aoaatok. Crap-
TOBUH iHTEep(deiic noaaTka 300pakeHo Ha puc. 12.

O0epiTh coci0 YBEAEHHS CTPYKTYPU

YBecTn MaTPULIO CYMiKHOCTI CTPYKTYPH 3 KJIaBiaTypu

3aBaHTAKUTH MATPULIO CYMI’KHOCTi CTPYKTYpH 3 (aiiay

Puc. 12. CraproBuii iHTepdeiic po3poOaeHOTO 0THOCTOPIHKOBOTO JA0/1aTKa

O6epeMo BapiaHT 3aBaHTAXEHHS MATPHUIll CYMIKHOCT1 CTPYKTYpH 3 haniy.
dopmar daiiny:
KibKICTh BEpPLUIHH
MaTpHis cyMizKHOCTI

INpuknan gaiiny:

5

01110
10111
11010
11101
01010

Puc. 13. Intepdeiic nns 3aBanTaxeHHs (aitry
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Harucuemo xHonky “3aBanTakutu (aitn”. Y HacTymHOMY BiKHI 00epeMo
(aiin, sxuit 0ys10 CTBOPEHO paHilie, i HaTucHeMO “Binkputn’ . OTpuMan po3pa-
XOBaH1 TOMOJIOTIYHI XapaKTEPUCTUKU OPraHi3aliiHOi CTPYKTYpH KOMIaHii, ska
po3po0isie irpu. HaBenemo HUXK4YE NIEsK] 3 HUX:

Hapmmxosicts crpykrypu  (R)=0
KBapaTHe BiIXUICHHS 3aIaHOTO PO3IO/IITY BEPIIUH Bil pIBHOMIPHOTO (£2)=31.765
AGcomoTHa KOMIakTHiCTh cTpykTypu  (Q)=772
Bignocna komnakTHicTh cTpyKTypH  (Qpin)=1.838
Hiametp ctpykrypu  (d)=4
Puc. 14. Pesynbratu poO0oTH pO3pOOIEHOTO OAHOCTOPIHKOBOTO JO1aTKa

BucHOBKM 3 1aHOT0 JOC/IIIKEHHS | MEPCNEeKTUBH MOJATbIIMX PO3BIIOK Y
AAHOMY HampsiMi. 3aITpONIOHOBAHUM TIX1JT 1a€ MOKITUBICTh aBTOMAaTH3yBaTH TIPO-
BEJICHHS aHAII3Yy OpraHi3alliifHOi CTPYKTYPH YIPAaBIIHHS Ta PO3PAXyHKY CTPYKTYp-
HO-TOTIOJIOTIYHUX XapaKTEPUCTHKAX, IO, 31 CBOr0 OOKY, A€ 3MOTY MpHAMATH
pIIIEHHS 3 ONTUMI3allli CTPYKTYPHUX 3B’ SI3KIB JTOCIIPKYBAHOI CHCTEMH.

[lepcneKTHBY MOAANBIIOTO BIOCKOHAJICHHS PO3POOJIEHOTO OJHOCTOPIHKO-
BOT0 JI0J]aTKa aBTOPH BOAuYaioTh y po3poOli OUIbII JIAKOHIYHOTO AM3AaWHY Ta
PO3MIUPEHH] MIATPUMKH MOOUIBHUX TIATGOPM, YOTO MOKHA JTOCUThH LIBUJAKO JI0-
CSATTH 3aBISKM 3aCTOCYBaHHIO MOBM Ju3aiiHy Material Design [16]. Material
Design BUKOpHCTOBYE OibIlle MAKEeTiB HA OCHOBI CITKH, aJeKBaTHUX aHIMAIlii i
MEePEex0/IiB, JOTIOBHEHHS Ta €(DEKTIB TTMOMHM, TAKUX SIK OCBITIICHHS i TiHi.

JominbHo Oyio 6 peanizyBaTh MOXKIJIMBICTh YBEJICHHS CTPYKTYPH LHUIAXOM i1
300pakeHHs y BUIIIAI rpada il MOKIMBICT aBTOMAaTHYHOTO 300pakKeHHs CTPYK-
TYpH BIAMOBITHO 0 ii MaTpHUIli CyMi>KHOCTI. [[pOro MOXHa MIBUAKO JOCSTTH 3aB-
nsku 0167i0TeM 3 BIAKPUTUM BHUXITHUM KOJIOM, HamucaHiid Ha JS — cytoscape.js
[17]. Cytoscape.js Aa€ MOXIMBICTH JIETKO BiJOOpakaTH Ta MAaHIIyJIIOBAaTH Je-
TaIbHUMH 1HTepakTUBHUMH Tpadamu. Cytoscape.js JIETKO IHTETPyeThCS Ta
niaTpuMye MOOLIBHI Bepcii Opaysepis.
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