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Pedepar

B cratbe npeacTaeneHs! paspabotanHble nporpaMMHble Moaynv Ans paboTbl ¢ rpadyamm, OpUEHTUPOBAHHBIE HA PeLLeHWe MPUKaHbIX 3ahaqy aHanmsa
1 ONTUMMU3ALMM. A MMEHHO aHanM3 CoumarbHbIX CETEN, UH(OPMALMOHHBIX MOTOKOB, YCTAHOBMEHWE XapakTepa KOMMYHUKALMA MEXZYy WHTEPECYLMMM
MOAMHOXECTBAMM.

Peluenne atux 3afay O4YeHb TPYAOEeMKO U Tpe6yeT BHEPEeHNA HOBbIX METOO0B, KOTOPble MOXHO UCNONb30BaTh B KIMACCUYECKMX 3adaqax C I'pa(baMI/I
Ha Ba3e cucTem KomnbroTepHoi anrebpebl. B cTaTbe uccnepyloTes crocobbl 3apaHns rpadioB B ciMBOMbHOM NakeTe Mathematica, JemoHCTpuUpytoTcs ero
BO3MOXHOCTM mpu pabote ¢ rpacamu. Mathematica — 310 molHas cucTema kommbroTepHol anrebpebl, paspabotanHas komnaHven Wolfram Research.
OHa vcrionb3yeTes Ans MaTeMaTiieckux, MHXKEHEPHBIX 1 HAYYHbIX BbIMMCTIEHUIA, @ Takoke NS BU3yanu3aumi AaHHbIX N MOZENMPOBAHUS CTIOXHBIX CHCTEM.
B pabote npuBeneHo obobleHre 3apay, paccMOTPEHHbIX aBTopamu paHee. PaccMatpuBaeTcs (hyHKUMOHAN MOAYMen, no3somstowmX BblAensTs nogrpad
no BblﬁpaHHbIM BepLiMHaM, HaxoauTb OKPECTHOCTb 0ﬂ,HOI7I BEPLUMHbI, @ TaKke BbIMUCNATb OKPECTHOCTU TpéX BEPLUMH 1N KX 06'be}:|I/IHeHI/Ie. anBeﬁleHbl
MpOrpaMMHbIE peanu3aumy AaHHbIX MOZYMEN W MoKa3aHO MX MPUMEHEHWe Ha MpuMepe 3ajadun onTumu3aLym paboTbl KoMMaHuW, Toe rpacdosas Mopenb
1CNonb3yeTCs Ans aHanusa B3aMMOLENCTBUA MexXdy NoApasfeneHnsMi 1 NOTOKOB WHopmaumu. Takum oBpasoM, paspaboTaHHble aBTopami MOgynu
CTaHOBSTCS MHCTPYMEHTOM CTpaTernyeckoro nrnaHupoBaHWs, MO3BONSS PYKOBOAMTENSM MpuHUMATL OOOCHOBAHHbIE PELLEHMS O MepepacnpeaeneHiii
0653aHHOCTEN M oNTMMM3aLK paboumx NpoLIECCoB.

MonyyeHHble pe3ynbTaThl AEMOHCTPUPYIOT AthEKTUBHOCTD MPEANOKEHHBIX MHCTPYMEHTOB [N BbISBMEHWS KIOYEBbIX Y3MOB CUCTEMBI 1 NOMCKA MyTeit
ONTUMM3ALN  OPraHU3aLMOHHON  CTPYKTYpbl, 4TO MOLTBEPXAAET MPaKTUYECKYID LEHHOCTb ucnonb3oBaHns Mathematica B mccnegoBaTensckux
11 0Bpa3oBaTenbHbIX LENSX.

KntoueBble cnoBa: aneMeHTbl Teopum rpadhos, cucTeMa koMmnbtoTepHoit anredpbl Wolfram Mathematica.

MODELING OF GRAPH THEORY IN SOLVING INFORMATION PROCESSING OPTIMIZATION PROBLEMS

A. |. Zhuk, E. N. Zashchuk, L. A. Yarmolik, V. A. Sheina

Abstract

The article presents the developed software modules for working with graphs, which are focused on solving applied problems of analysis and
optimization. Namely, the analysis of social networks, information flows, establishing the nature of communications between subsets of interest.

Solving these problems is very labor-intensive and requires the introduction of new methods that will use classical problems with graphs based
on computer algebra systems. The article explores the ways of setting up graphs in the symbolic package Mathematica, demonstrates its capabilities when
working with graphs. Mathematica is a powerful computer algebra system developed by Wolfram Research. It is used for mathematical, engineering, and
scientific calculations, as well as for data visualization and modeling of complex systems. This paper provides a generalization of the tasks discussed by
the authors earlier. It examines the functionality of modules that allow for the selection of a subgraph based on selected vertices, the finding
of the neighborhood of a single vertex, and the calculation of the neighborhoods of three vertices and their union. The paper presents the software
implementations of these modules and demonstrates their application through the example of optimizing the operations of a company, where a graph model
is used to analyze the interactions between departments and information flows. Thus, the modules developed by the authors become a tool for strategic
planning, allowing managers to make informed decisions about the redistribution of responsibilities and the optimization of work processes.

The results obtained demonstrate the effectiveness of the proposed tools for identifying key nodes of the system and finding ways to optimize
the organizational structure, which confirms the practical value of using Mathematica for research and educational purposes.

Keywords: elements of graph theory, computer algebra system Wolfram Mathematica.

BeepneHnue

B ycnoBusix pocTa HTEpeca k aHanmay CeTeBbIX CTPYKTYp 0COBYI0 3Hauu-
MOCTb MpYOBPETaIOT MHCTPYMEHTBI, NO3BOMSHOLLIME HE TOMBKO M3y4aTb Teope-
TWYECKVE CBOVCTBA rpadioB, HO W MPUMEHSTL UX AMS PELLEHUs pearbHbIX 3a-
nay [1]. CoumanbHble ceTh, TPaHCTOPTHbIE CUCTEMBI, BrONOMMYeckue B3anmo-
[ENCTBUS 1 MHADOPMALOHHBIE NOTOKM — BCe 3TM 0bracTy TpeByIoT HamsaHbIX
1 yOobHbIX CPEnCTB AN MCCeNoBaHNS oKarbHbIX W rmofanbHbIX CBA3EN.
MOLLHbIM MHCTPYMEHTOM [NS M3YHEHUS TEOpUN PacpoB B TaKOM acrekTe Bbl-
CTYMatoT CUCTEMbI KOMMBKOTEPHON anrebpel, Hanpumep, Wolfram Mathematica
[2]. Tak, B paborax [3-5] npvBeseHa KOMMbIOTEPHAs cuMynsums Guronormye-
CKIX MPOLIECCOB, OMMCHIBAIOLLIX KOHKYPeHLMIo; B paboTax [6-9] paccMoTpeHs!
3aaum ruaponorun; B mybnukaumsix [10-13] comepkatcst pekoMeHgaLmv npu
peLleHM 3aaa4 aHanUTYECKon Teopun AudepeHLManbHbIX YPaBHEHMA.

Tak aBTopamu Bbinn paspaboTaHbl nporpamMmHblie Mogynu B Wolfram Mathe-
matica, KOTOpbIE NOMOraoT YyuLLINTL 0Bpa3oBaTeNbHbIN MPOLIECC MPK YTEHUN
TIEKLWIN NO HEKOTOPbLIM pa3aernam Marematiki [14-22].

B cpene Wolfram Mathematica 6binm paspaboTaHbl Mogynu, opueH-
TMPOBAHHbIE Ha MPaKTUYECKOE MCMONb30BaHWE B MPUKITAZHBIX CLEeHapu-
ax. Cpeam Hux:

— cpeacTBa Anis BbIBOAQ Ha dkpaH nogrpada no BbiGpaHHbIM
BEpLUMHAM WNW MO 3aaHHOMY YMCIY BEPLUWH, YTO NO3BONSIET MOAenu-
poBaThb NokarnkHble hparmeHTbl 6onbLunx ceTei [23, 24];

—  VHCTPYMEHTbI ANs MOMCKA COCEeAE OHOM BEPLUMHbI, @ TaKke
pacluMpeHHble BEPCUM ANs aHanu3a coceaeit Tpex BEPLUMH C nocneay-
0WUM 06bEeAVHEHMEM MHOXECTB, YTO OTKPbIBAET BO3MOXHOCTU ANS
13y4eHus B3aUMOAENCTBIN B CIIOXHBIX cucTeMax [25, 26).
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Pa3paboTka Takux mMogyneii nokasbiBaeT XOpOLYK 3PdeKTUBHOCTb
Mpu NpenoaaBaHuy Teopum rpagos, 4To oTobpaxeHo B pabotax [27-30].
B HWX npoaeMOHCTPUPOBaHbl MeToanyeckue 0COBEHHOCTM 0byyeHus
CTYAEHTOB TexHudyecknx BY3oB, koTopble momoralT Bu3yanusuposaTb
rpacbl 1 yCTaHaBNMBATH WX CBOWCTBA.

BuiBoa noarpadha no BbiGpaHHbIM BepLIMHAM
[aHHbIi MOaYNb NpegHa3HayeH Ans MocTpoeHus nogrpada Ha oc-
HOBE MHOXeCTBA BepLUWH, BblGpaHHbIX nomnb3osatenem. OH no3sonset

BbIAENUTb MOKanbHYK YacTb rpada 1 BU3yanusmposaTs ee, YTo obrer-
YaeT aHanu3 CTPyKTYpbl CBA3EN.

MporpammHbIn koa Mogyns npeactasned B CKA Mathematica [12].
Crepytowas nonb3oBaTensckas PYHKUMS OCYLLECTBASET CryyaitHyto
reHepauuio rpada C MCNoNnb30BaHWEM BCTPOEHHOWM dyHKLuuM Ran-
domGraph. B kayecTBe aprymeHToB OHa MpWUHWMAeT TpW napametpa:
konmu4yecTBo pebep, KOMMYECTBO BEPLUMH W NOMMYECKYID MEPEMEHHY!O,
onpeaensioLyto, GyAeT nu CreHepupoBaHHbI rpac OPUEHTUPOBAHHBIM
WnK Her.

RG[n0_, m0_, t0_] := Module[{n = n0, m = m0, t = 10, style},style = {VertexSize -> 0.2, ImagePadding -> 10,

ImageSize -> {220, 320}};

g1 = RandomGraph[{n, m}, DirectedEdges -> t, VertexSize -> Medium, style];
g3 = Graph[g1,VertexLabels -> Table[i -> Subscript[v, i, {i, VertexCount[g1]}],style];g3]

OcHoBHOW MOAYNb peann3oBaH C WCMOMb30BAHWEM KOHCTPYKLMN
Manipulate, obecneunBatoLLeln MHTEPAKTUBHOE YNpaBneHWe napameT-
pamu rpacha. Mpu HaxaTuM KHOMKM «HOBbIN rpad» BbI3bIBAETCS MOJb-
3oBaTenbckas yHkuma RG [n0_, mO_, t0_], koTopas reHepupyeT rpad
1 otobpaxaet ero Ha akpaHe. Konnyectso BepwuH 1 pebep 3agaetcs
yepe3 anemeHThbl HTepdeica, a nornyeckas nepemeHHas, onpeaens-
lowas Tun rpaca, ycraHaBnuBaeTcs KIMKoM nonb3oBartens. Mocne
nocTpoeHns rpadha HeobxoaMMO BbIGpaTh HyXHble BEPLUMHBLI C MOMO-
b0 YekBOKCOB M aBTOPCKMIA MOAYMb aBTOMaTMYeCckn copMupyet u

BU3yanuaupyeT COOTBETCTBYyLWMI noarpad. loctpoeHne nogrpacda
B MOZYNE OCYLUECTBNNAETCA C UCMOMNb30BAHMEM BCTPOEHHOM (DYHKLMN
Subgraph, koTopas dopmupyeT rpag Ha OCHOBe BbIGpaHHOTO Monb30-
BaTeneM MHOXeCTBa BeplunH. [luHamuyeckoe o60CHOBaHWe BU3yanu-
3auMm peanu3oBaHo y4epe3 KOHCTpykumto Dynamic, nossonsioLlyto
oTobpaxaTb W3MeHeHusi rpacpoBOI CTPYKTYpbl B pearibHOM BpeMeHu
npu B3aUMOAENCTBUM C SneMeHTaMu WHTepdeica. Takoe coyeTaHue
obecneynBaeT WHTEPAKTMBHOCTb, HarmsgHOCTb M rMbKocTb paboTbl
¢ rpachamm.

Manipulate] Module[{ style},style = {VertexSize -> 0.2, ImagePadding -> 10, ImageSize -> {150, 150}}; flags = ConstantArray[1, n]; Grid[ {{g, Dy-
namic[Panel[Column[{"YkaxuTe BepwuHbl nogrpada”, Table[With[{i=1}, Checkbox[Dynamic[flags[il]], {0, 1}, {i,n}], "Homepa BbIOpaHHbIX BepLnH",
Dynamic[Pick[Range[n], flags, 1]],Dynamic[HighlightGraph[g, Subgraph[g, Pick[Range[n], flags, 11],

GraphHighlightStyle -> "Thick"]]}],imageSize -> {300, 400}, Alignment -> {Left, Top},FrameMargins -> O]I}}]1.{{g, RG[5, 6, False]}, None}, {{t, {}}, None},

{{n, 5, "konnyectro BepLumH rpada n}, 2, 10, 1,

Appearance -> "Labeled"},Control[{{m, 4, "konuyectBo pebep rpacha m"}, n - 1, n (n - 1)/2, 1,Appearance -> "Labeled"}], {digraph, {True, False}},

Button["Hosbil rpadh”, g = RG[n, m, digraph]],
AutorunSequencing -> {3}, SaveDefinitions -> True].

Ha pucyHke 1 npencTaBneHo Nonb30BaTeNbCKOE OKHO paspaﬁoTaH-

HOTO MporpaMMHoro Mogyns. MHTepdelic opraHu3oBaH Takum obpasom,
4Tobbl 0BECneynTs MHTYMTUBHOE M TBKOe ynpaBrneHue napameTpamu,

KONMYECTBO BeplwmH rpada n

no3Bonss Momb3oBaTenio Nerko hopmMupoBaTb CTPYKTYPY rpadia, BbiGH-
paTb MHTepecyloLue BepluHbl U HabnoaaTh pesynbTaTbl B peanbHoM
BPEMEHU.
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PucyHok 1 — Pe3ynbTat paboThl NporpaMMHOro MOAYAS N0 HaxoXaeHuto noarpaca ¢ BeIGpaHHbIMU MOMb30BaTENEM BEPLLINHAMN
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Mogyrnb reHepupyeT CryJaiiHbIi rpad Mo Ymcny BepLuMH 1 pebep mpu
HaXaTun KHOMKM «HOBbIA rpach». Momb3oBaTenb MOXET OnpesenuTb Tun
co3naBaemoro rpada (OpUEHTUPOBAHHLIN I HEOPUEHTMPOBAHHBIIT) MPOCTO
YCTaHOBMB ranoyky B COOTBETCTBYIOLLEM OkHe UHTepdeiica. Mocne reHepa-
v rpacha OH aBTOMATU4ECKM OTODPaXaETCA Ha 3KpaHe B MHTEPAKTVBHOM
OKHe, rae Kaxaas BepLuvHa BU3yanbHO npeacTaBrneHa u AocTynHa Ans Bbl-
Bopa. lNonb3oBaTens MOXET OTMETUTbL MHTEPECYIOLLNE €ro BepLUMHBI, YCTa-
HOBVB rarnoyKki B COOTBETCTBYHOLLEM Crincke. Kak Tombko BbIGOp 3aBepLUeH,
MOZymb MTHOBEHHO MepecTpavBaeT M3obpaeHue, Bbiaenss u oTobpaxas
noarpad, cofepxalLmi TONbKO BblIGpaHHbIE BEPLUMHBI.

Mogynb npumMeHUM Ans aHanusa nokanbHOro coobLyecTsa B coLn-
anbHom cetu. Mccneposatens BbIGUPaET rpynny nons3osatenei, YTobb
U3y4nTb WX B3auUMHble CBA3W. [oarpad nokasbiBaeT, KTO CBA3aH Hanps-
Myt0, @ KTo 06pasyeT 13onmMpoBaHHbIe Napbl UK Knactepsl. ITO NoMora-
€T BbISIBUTb AP0 CO0DLLECTBA U NOTEHLMANbBHbIX NUIEPOB.

lMpounniocTpupyem npumMeHeHne paspaboTaHHOro Moayns Ans aHa-
n13a HeKOTOpOil coLmanbHoit cetn. Ha pucyHke 1 npeactaBneH pesynb-
Tat pabotbl Mogyns. Monb3oBatenem CreHepupoBaH HEOPUEHTUPOBAH-
HbIl rpad ¢ 10 BepumHamu v 20 pebpamu. [Ins aHanuaa BbibpaHbl Bep-
WnHbl ¢ Homepamu 1, 3, 4, 5, 6, 9, NOCTPOEH COOTBETCTBYHOLMA NOA-
rpadh. MHTepnpeTupyem rpac n COOTBETCTBEHHO €ro noarpac Kak coLu-
anbHylo CeTb 1 NPOAHANU3MPyeM NoMyyeHHble AaHHbIE.

CrpykTypa cooblecTsa:

— yanbl M CBSA3M:
v6 — v9; v4 — Bes ceszel;

—  KOMMNOHEHTbI: ocHoBHas rpynna {v1, v3, v5, v6, v9} u u3o-
NIMPOBaHHBIN y4acTHUK {v4};

— dgpo: v1, v3, v5, v6 0bpasytoT NNOTHbINA LK, obecneymsas
anbTepHaTUBHbIE MapLUPYThI 0BLeHVs.

Ponu y4acTHWKOB:

— nmgep (MocT): v6 — coeduHsieT Sapo C nepudepuen, eamH-
CTBEHHbIW KaHan gocTyna ans v9;

— aktuBHoe sapo vl1, v3, v5 - NOA4EepPKUBAKOT YCTOMYMBYHO
KOMMYHMKaLWIO BHYTPM rpYnMbl, CO3AAI0T pe3epBHble NyTy;

— nepucpepus: v9 — 3aBUCUT OT V6 ANSA CBA3N C OCTamNbHLIMH,
YA3BUM K pa3pbiBYy KOHTaKTa, v6 — v9;

—  W30MMPOBAHHbINA Y4aCTHUK: v4 — He BOBMIEYEH B KOMMYHMKaLIK,
OTCYTCTBYET JOCTYN K MHCOPMALMN BAUSHUIO.

[MaTTepHbl MHOpMALMK 1 BRIUSHUE:

— OCHOBHble MOTOKM npoXogaT uYepe3 uukn vl —v5, v5 —
v6, v6 — v3, v3 — v1; 0OMEH BHYTPU sifpa YCTOWYMB K ELUHUYHBIM
cbosiv;

—  KOHTpOMb AocTyna: v6 obnagaet BbICOKOM MOCPEAHUYECKON po-
MNbl0, BNVMAS Ha pacnpocTpaHeHne nHdopmauum k v9;

—  puCK usonsaumu: v9 TepseT CBA3b C rpynnoi npu npobrnemax
Yy v6; v4 NONHOCTbIO BHE CETH.

Ha ocHoBaHuu pesynbTtaTa paboTbl MOfyNsS MOXHO CAenatb Crneay-
toLLMe NPaKTUYECKME BbIBObI:

— KMIOYeBble Y3nbl BRVSHWNE: V6
v1, v3, v5 (cTabunsHoe 5Apo);

— cnabble MecTa: 3aBUCUMOCTb 19 OT €AUHCTBEHHOIO KaHana ye-
pe3 v6; OTCYTCTBUE MHTErpaLmnn v4.

PekomeHaauum no yny4LieHnto paboTsl ceTu:

— pa3rpysutb MocT. pobasutb cBssb 9 — v3 wm v9 — vl
[ANs anbTepHaTUBHOTO JOCTYNa;

—  MHTerpupoBatb v4: MOAKMOYMTL K v5 Uk v3, 4ToObl BKITHO-
YUTb B 0OMEH;

— cbanaHcupoBaTb POnK: pacnpeaennTb NOCPESHNYECTBO MEXDY
v1 ¥ v3, CHUXasA KOHLEHTpauuio Ha v6.

OTa ceTb MOXET ObiTb MHTEPMPETMPOBAHA B Pa3HbiX MPUKNaAHbIX
KOHTEKCTaX, YTO MOAYEepKMUBAET YHUBEPCANbHOCTb rpacdhoBbIX MoZenel.

vl —v5, vl — v3, v5 — v6, V3 — V6,

(MmocT M KkoopanHaTop),

Bbliwe 6bina paccMoTpeHa coumanbHas CeTb, rae BepLUMHbI OTPaXatoT
YYaCTHWKOB, a pebpa — X B3aUMOZENCTBUS: Mbl BUAUM SAPO aKTUBHBIX
CBA3en 1 nepucdepuio, a TaKke N30NMPOBAHHBIX YYACTHUKOB, YTO NO3BO-
NSeT BbISBUTbL NMOEPOB M YA3BUMbIE TOUKW KOMMYHUKaLmu. [pu aHann3e
TPAHCMOPTHOM CETW BEPLUMHbI CTAHOBATCA CTaHUMAMM WM y3namu
MapLUpyToB, a pebpa — NuHUAMM coobLeHns. C MOMOLLbIO OMMCAHHOTO
MOZYyNsi MOXHO ONpeaenuTb nepecafoyHble yanbl, KOHEYHble CTaHLuu
1 cnabble MecTa CeTw, rae paspbiB CBA3M NPUBOAMT K U30MSALMN HEKOTO-
poro yyactka. Mpu uccnegoBaHuu B1ONOrMYECKoi CeTU BepLUMHbI SIBNS-
I0TCS1 CUMBOJSTbHBIM @HANIOrOM MOJIEKyNn M KneTok, a pebpa — ux B3au-
MoAencTBus. AHanM3 [JaHHOW CETU MOKa3bIBAET KIOYEBblE 3NEMEHTHI,
obecneunBaiolLme  (PYHKLMOHMPOBaHUE KOMMNEKca, nepudepuitHble
CBSI31 M U30NMPOBAHHbIE KOMMOHEHTbI, KOTOPbIE MOTYT UrpaTh Pofb Cre-
LManM3MPOBaHHbLIX B3aMMOLEeACTBMIA. Takum 0BpasoM, ofHa M Ta xe
CTPYKTYpa rpacha no3BonsieT Aenatb BbIBOAbI O IMAEPCTBE U MOCPEaHN-
4ecTBe B COLMAnbHbIX CUCTEMAX, O HAAEKHOCTU W ONTUMU3ALMA MapLu-
PYTOB B TPAHCMOPTHbIX CETSIX, a Takke 0 (PYHKLMOHANBHOM OpraHu3aLmmn
1 YCTOMYMBOCTY BMONOrMYECKNX B3aMMOLENCTBUN.

Mounck coceneil BbIGpaHHON BEPLUNHBI

[ns peannsauum gaHHoro mogyns Tak xe 6bin BbibpaH nporpamm-
Hbllh nakeT Mathematica 6narogaps ero WKPOKUM BO3MOXHOCTAM B 06-
nacTv Bu3yanusauun rpado, MHTEPAKTUBHOTO MOLENMPOBaHMUS U MaTe-
maTtdeckoro aHanu3a. Cpega npenctaBnsieT BCTPOEHHbIE (yHKLMK
ans 06paboTku rpachos, YTO NO3BONSET CO34ABATh HAMSAAHLIE U (yHK-
LMoHanbHble Mogenu 6e3 HeoOXO4MMOCTW MOAKIMHYEHUS CTOPOHHNX
onbnmotexk. CKA Mathematica obbeauHsT B cebe BblYMCIUTENBHYIO
MOLLb, rpaduyeckme CpeacTBa UM 3NMeMeHTbl WHTepdelica B eAnHON
nnatcopme, 4To Aenaet ee 0coOeHHO yAOOHON Ans co3naHms y4ebHbIX
MOAYNei, BU3yanbHbIX AEMOHCTPALMA U MHTEPAKTUBHBIX TabopaTOPHbIX
paboT no Teopu rpacos.

B ocHoBe paspaboTaHHOrO Mogyns neXWT aBTopckas (PYHKLMS
RG[n0_, m0_, t0_], peanusytowas reHepauuto cryyanHoro rpacga ¢ 3a-
JaHHbIM Yucriom BeplunH 1 pebep. [ns nocTpoeHus rpacda ucnonbayer-
csl BCTpoeHHas yHkuns RandomGraph, koTopas nossonset rubko 3a-
JaBaTb napameTpbl CTpYKTypbl. Ocoboe BHUMAHWE YAENEeHO BO3MOXHO-
cTn Bbibopa Tvna rpadpa nocpeacteom onuun DirectedEdges, uto pac-
WMpsieT cnekTp y4ebHbIX W MpUKNagHbIX CleHapueB. Busyanusaums
rpaca ocyLecTBNSAETCS ¢ NOMOLLBIO (yHKUMM Graph, obecneumBatoLLei
HarnagHoe oTobpaXeHue CTPYKTYpbl, BKMKOYAs BEPLUMHbI, pebpa W nx
B3aMHOE pacnonoxeHne. [ins ynpaeneHus BHEWHWM BuaoM rpada
BBEJEH MOMb30BATENLCKUA napameTp style, NO3BONAOWMA M3MEHATb
cTunb oTobpaxeHus rpaca: useT, (hopMy, pasMep BEpLUMH, TUM 1 LBET
pebep u gpyrve BuayanbHble napameTpbl. [lporpamMMHbIA Kof 3TOM
(PYHKLMM NPUBEAEH BbILLE.

KntoueBbIM 311EMEHTOB CaMOro MOZynsi SBNSIETCS WMHTEPaKTUBHAs
obonoyka, NOCTPOEHHAst Ha OCHOBE KOHCTpykuuu Manipulate, koTopas
obecrneunBaeT OuHaMUYECKoe B3aMMOZAENCTBME MONb3oBaTens C rpa-
¢om. B yacTHocTM, nomb3oBaTenb MOXeT BblbpaTb HOMEpP BEpLUWHbI,
Ans KoTopon ByfeT BbluMCrEHA M BU3yanuavpoBaHa €€ OKPECTHOCTb.
[Ons HaxoXOeHWs OKPEeCTHOCTW BEpLUMHbI WCMONb3yeTCsl BCTPOEHHAs
yHkums NeighborhoodGraph, Bo3Bpaluarollas MHAYLMPOBaHHbIA MOA-
rpad, BKMKOYAIOWMIA BCE BEPLWHBI, HAXOAFLWMECH HA PaCCTOSHWM
He 6onee 0AHOrO (MK 3aAaHHOTO) Wwara OT BbIGPaHHON BEPLLVHBI.

BusyanbHoe BblgeneHne HaWAEHHOM OKPECTHOCTW peanuayeTcs
c nomollbko yHkumn HighlightGraph, koTopasi no3sonsieT akueHTMpo-
BaTb BHWMAHWE Ha NOKanbHOM CTpyKType rpada, COXpaHss npy 3ToM
00LWwin KOHTEKCT. [loNONHUTENBHO NpeaycMOTPeHa aHUMaLs, Npu KOTo-
POV HOMep BEPLUMHbI M3MEHSETCH NOCNefoBaTeNbHO, a COOTBETCTBYHO-
Liasi OKPECTHOCTb OBHOBMSIETCS B peanbHOM BpemeHu. OTO co3gaet
agpcpext «obxopa» rpacha u cnocobeTByeT HOPMUPOBAHNID UHTYUTUBHO-
r0 MOHUMaHWS OKanbHbIX CBA3EW W TONonorni. MporpaMMHbIA Kog Mo-
DyNs NPEACTaBMEH HUXE:

Manipulate[ Module[{ style}, style = {VertexSize -> 0.2, ImagePadding -> 10, ImageSize -> {150, 150}};

Grid[{{HighlightGraph[g3, NeighborhoodGraph[g3, s]I}}] I.{{g, RG[5, 6, False]}, None}, {{t, {}}, None},

{{n, 5, "konnyecTBo BepLmH rpacha n'}, 2, 10, 1, Appearance -> "Labeled"},

Control[{{m, 4, "konuuecTBo pebep rpacia m"}, n - 1, n (n - 1)/2, 1, Appearance -> "Labeled"}],{digraph, {True, False}}, Button["HoBbIi1 rpad”, g =

RG[n, m, digraph]], {{s, 1, "ykaxute BepLumHy rpaca"}, Range[n]},
AutorunSequencing -> {3}, SaveDefinitions -> True].
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WHTepaKTVBHbIA MOZYMb Pean13oBaH B BUNE HAMSAHOMO OkHa yrpasrie-
HIsl, T MOMb30BaTENb MOXET MO3TarHO 3a4aBaTb NapameTpbl CO3AaBAEMOr0
rpacha. B BepxHeit YacTv uHTepdeiica pacronoxeHb! ANemMeHTs! BBOA, M03BO-
nsioLme ykasatb HeobxoauMble napametpsl. Ha pucyHke 2 nokasaH npumep

KONNYECTED BEPWWH rpada n

KONWYECTEO pebep rpada m

digraph

paboTbl MPOrPaMMHOTO MOZYIISi: MOCTPOEH OPUEHTMPOBaHHBIM rpady, comep-
Xawwi 8 yanoB 1 17 cBsA3ei, aKTMBHON BbibpaHa BepLUMHA MOA HOMEPOM 3.
Ha skpaHe otobpaxeH nonHbIii rpady, B KOTOPOM OKPECTHOCTb 3TOW BEPLLMHbI
BbllerneHa LIBETOM, NOAYEpKVBas €e HENoCPeACTBEHHbIE CBA3N.

HOBbIA rpag

YKAXUTE BEPLKHY rpada

PucyHok 2 — PesynbTat paboTbl IPOrpaMMHOTr0 MOAYIISt HaXOXOEHUS OKPECTHOCTY BblGpaHHOM BEPLUMHBI

MpounniocTpupyem MpUMEHeHWe paccMaTpuBaeMoro Mogyns Ans
aHanu3a noKanbHOro BIWUSIHWS B CUCTEME YMpaBIEHUs MpOeKTamu.
B HekoTopoit koMnaHuW ucnonb3ayeTcs rpadoBost MOAENb A1 OTCIEeXM-
BaHWA MOTOKA 3ajady Mexay coTpyfHukamu. Kaxpas BeplwmHa — 310
COTPYAHWK, a HanpaeneHve pebpa — nepegaya 3agady MW 3anpocos.
Llenb: oueHnTb NoKambHY0 aKTWBHOCTb COTPyAHMKA v3. Ha pucyHke 2
NpeAcTaBeHa OKPeCTHOCTb BepLUMHbI C COOTBETCTBYIOLMM HOMEPOM.
lMpoBenem aHan13 AaHHOM OKPECTHOCTY:

—  BXOAflue cBA3W: v3 nonyyaet 3agaum or vl, v2, v6, V7.
OTO TOBOPUT O TOM, YTO ¥3 MCMOMHWTEMb, MONYyYaKWWA 3aAaHus OT
PYKOBOACTBA;

— ucxopsume cBasn: v3 nepegaeT 3agauu Apyromy UCMOMHUTE-
no v8. TO MOXET 03HAYATh, YTO V'3 KOOPAUHUPYET YacTb paboTsl Unm
pacnpegensieT nogsagauyu.

Ha ocHoBaHWM 3TOr0 MOXHO caenath CheaytoLe BblBOAbI:

— ponb v3: MOCPEAHVUK MEXZY MeHemKepamn 1 UCMOMHUTENSMM.
MonyyaeT 3agayn v genervpyeT ux ganblue;

—  LieHTpanbHOCTb: BblCOKash CTeneHb akTMBHOCTU: v3 y4acTByeT B
MATU CBA3AX, YTO AENaeT ero KPUTUYECKN BaXHbIM [N NOTOKa 3agay;

—  YCTOM4MBOCTb CETW: MOTEps v3 HapywwT nepedady sajay oT
MEHeKePOB K UCMOSTHUTENIO.

Pexomerpauum ans ynyJienns paboTsl KoMnaHu:

— onTumusauwus: [obasuTb Npsmble CBA3N v3 — v4 unn v3 — v5,
4T0BbI CHU3NTB HArpysky Ha v3;

—  MOHMTOPWHI: OTCMEXWBATb Harpy3ky Ha v3 U CBOEBPEMEHHO
nepepacnpegensTb 3agayn.

Takum 00pasom, ONMCaHHbIA MOZYNb NpeacTaBnseT coboit yHuBep-
carnbHbll MHCTPYMEHT ANs BW3yanbHOrO M WHTEPaKTUBHOMO aHanusa
rpacboB. bnarogaps rubkoi HacTpoiike napameTpoB, BO3MOXHOCTU MO-
LUaroBO aHNMaLMKM W HarNsgHOMY BbIAENEHMI0 NTOKANbHbIX CTPYKTYP, OH
MOXeT BbITb NErko aganTupoBaH nog 3agaqv noboro npuknagHoro Tuna.
HesaBucumo oT npemeTHO 06nacTi Moaynb MOXeET BbiTb HACTPOEH Ha
paboTy ¢ pasnuyHbIMK TUMAMW [aHHbIX, BU3yanbHbIMK NapameTpamu 1
NOTNYECKON CBSA3bIO, YTO JEenaeT ero MOLHbIM WHCTPYMEHTOM Ans uc-
CcnefjoBaHus Kak pearnbHbIX CUCTEM, Tak 1 y4ebHbIX Mofenei.

IMouck cocenen HeCKONLKUX BbIOPaHHbLIX BEPLUMH U UX 00beaNHEHUS

Ha pucyHke 3 npefcTaBneHo nonb3oBaTenbCckoe OKHO paspaboTaH-
HOro MOZYnNs Mowucka coceieil Tpex BblbpaHHbIX BEPLLUH rpadia, KOTopbIi
HaxoguT elle 1 o6beanHeHMe NOMyYeHHbIX okpecTHocTen. VHTepdeiic
obecneynBaeT MHTYUTMBHO NOHATHOE B3aUMOAEACTBUE: B NPaBOii YacTu
oTobpaxaeTcsl CreHepypOBaHHBIA rpacd ¢ NOACBEYEHHBIMI PA3NNYHBLIMU
LiBETAMU OKPECTHOCTSIMU BbIBPAHHBIX BEPLUMH W PSAOM UCXOLHBIA rpach
C BblJENEHHbIM Ha HeM 0DbeAMHEHWEM 3TUX OKpecTHocTen. [ononHu-
TenbHbIe 3MEMEHTbI YNPaBeHNs PacronoxeHsl cnesa B paboyen obna-
CTM OKHa W NO3BONSIOT 3afaBaTb NapameTpbl reHepaLum rpadha (konuye-
CTBO BEpLUMH 1 pebep) 1 HoMepa BEPLUMH, OKPECTHOCTM KOTOPbIX HE0D-
XOAMMO HanTu.

Ha pucyHke 3 mogynem 6bin creHepupoBaH rpad ¢ 13 BepLimHamm 1
16 pebpamu, ans aHanuaa BbiOpaHbl BEpLIMHbI ¢ HoMepamu 3, 10, 11.
Ha aKkpaH BblBefieH nepBoHaYarnbHbIi rpad) ¢ MOLCBEYEHHBIMU OKPECT-
HOCTSIMM BbIBPAHHbIX BEPLUMH (CUHWIA, KpacHbIA, 3eneHbi) u rpad ¢
BblAENEHHbIM 00BEAMHEHNEM NOSTYYEHHbIX OKDECTHOCTEM.

PaccMoTpum npumep npuKNagHon 3afayu, pelleHne KoTopon pea-
n13yeTcs C MOMOLLbK JaHHOro Moayns. B odmcHOI ceTn coTpyaHuku
npeacTaBneHsl BeplMHamm rpada, a 3ajaqn — HanpaeneHHbIMU peb-
pamu. YBOMbHEHWE COTPYAHWKA O3HAYAEeT yAaneHue BEepLUMHbI U BCEX
ee cBs3en. PaccmatpuBaetcs cutyaums, korga HeobXxomumo MpuHATb
pelueHre 06 yBonbHEHUM coTpyaHukoB 3, 10 1 11. BaxHo oueHuTb no-
CNESCTBUS KAXAO0TO BapuaHTa, ONMpEeLenuTb OnTUMarbHOe peLLeHne 1
NpeanoXuTb NNaH nepepacnpeaenexys paboTbi.

[ns Hayana onpegenumM porb Kaxgoro COTPYOHMKA:

— COTPYOHWK 3 — KII0YEBON MOCT: MPUHUMAET 3agaum ot 4, 8, 12 u
nepegaet nx 9, 0TKyAa OHM NOCTYNAtT K paboumm yanam 5 u 6;

— coTpypHuk 10 — MHMUMATOP BETKW: 3amyckaeT MOTOK yepe3 4,
fanees3un13;

— COTpyAHuK 11 — TepmuHan: nomydyaeT 3agaqm ot 1 1 2, HO He
nepegaet ux fanbLue.

CueHapuit yBOMbHEHUS OJHOTO U3 COTPYAHWKOB:

— YBOMbHEHWE 3 KPUTWYHO: pa3pbiBaeTcs maructpanb 4 — 3 —
9 - {5,6}, y3en 9 TepseT BXxoA, 3afayn Ha 6 nepectaioT nocTynarb.
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PekomeHpaaLust: BBECTU HOBbIE CBSI3M (Hanpumep, 4 — 9,12 —» 9,3 -
{5,6} n1s KoMneHcayK);

— yBonbHeHue 10: noTok oT 10 — 4 ucyesaeT, HO MOXHO NepeHe-
CTU (PyHKUMM 3anycka HanpsMyio Ha 4. PekomeHgauus: HasHauutb 4
koopauHatopoM, [O0b6aBuTb nmpsamble ¢ 10 — 3 wiam 10 —
9 npu HEOBXOJUMOCTH;

— yBONbHeHWe 11: noTepu MuHUManbHbI, 11 — TynuK, He BAWSIHO-
LKA Ha pacnpegeneHve 3agady. PekoMeHpauws: nepeHanpaBuTb 3aaaqum
oT 112 Ha 4 vnn 8, 4Tobbl OHY Monany B NPOAYKTUBHbIE BETKM.

PaccmoTpum cLieHapuii YBONBHEHNS BCEX TPOUX COTPYIHUKOB.

OeKT OT yBOMNbHEHNS:

— notok 10 » 4 —» 3 - 9 — {5,6} NONHOCTbIO UCYE3AET;

— 9116 cTaHOBATCS HEAOCTYMHbI.

Pekomerpavum:

— nepeHecTH dhyHKLMK 3anycka Ha 4 (HOBbIN KOOPAMHATOP);

— pobaBuTtb MpsMble cBA3M K 9 u 6 (Hanpumep, 4 — 9,4 —
6,8 - 5);

— nepeHanpasuTtb 1 1 2 Ha 4 unu 8;

—  MCKMIOYUTb Ha3HayeHus B Tynuk 13;

KOAMYECTBO BEPWHH rpada n I 13
xonnyecteo pebep rpaga m ' 16
digraph
HoBbIN rpad

Vi 012345678910 1112
V2 0123456789101 12
Vi 0123456789101 12

obbeauHeHne

—  KOHTPONMPOBATL Lk 1 — 8 — 1, YToBbl 3ada4u He 3acTpesan;

— yBOMbHeHWe 11: noTepu MUHUManbHbI, 11 — TYNKK, He BAMSHO-
LW Ha pacnpefenexme 3agay.

Ha ocHoBaHWM aHanuaa ceT MOXHO cAenaTb crieaytolume BbIBOAbI:

— HaumeHee BornesHeHHoe yBorbHeHme: cotpyaHuk 11. Ero ynaneHue
MOYTY He BIUSIET Ha CETb, AOCTATOMHO NEpeHasHaumTb 3adaun ot 11 2;

— ponyctumo, Ho TpebyeT nepeHacTpoilkn ceTi yBonbHerne 10,
€ro (yHKLN Nerko nepeHecTy Ha 4;

— HexenaTemnbHO YBOMbHEHWE 3, 3TO PaspyLUaeT KM4eByo Maru-
cTpanb k pabounm y3nam 5 u 6;

— YBONbHEHWE BCEX TPOMX COTPYAHWKOB BO3MOXHO, HO TpebyeT
CEpbe3HON PECTPYKTYpU3aLMK CETU: BBEAEHWS HOBbIX CBS3en W nepe-
pacnpeaeneHus ponemn.

MpakTnyeckas pekoMeHAauus: NS COXPaHeHWs YCTOMYMBOCTY
OI1CHON CETU ONTUMAMNbHO YBOMUTL TOMbKO COTpyAHMKa 11, nepeHa-
npaBuB ero 3afayu Ha NpoayKTMBHbIE y3nbl. YBombHeHne 10 fonyctumo
npu yCnoBumu nepeHoca yHKLMA Ha 4. YBOMbHEHWE 3 1Nk BCEX TPOMX
O[HOBPEMEHHO MNpWUBEAET K 3HAYMTENbHbIM noTepam W noTpebyet
CMOXHOW NEPEeCTPOMKIA MapLLPYTOB.

o) o]
4 d
vy vg
v , w ®
o* " ot 1
P ® 4 ‘
va Y12 ! vi vi
.vz - L] ‘o< ’v g
= Y i %
vy \
|
‘OL vq e ‘OL v4
.‘ .‘
L] L

PucyHok 3 - lNonb3oBatenbckoe okHO nporpammHoro mogyns “GraphNeighborhoodExplorer”

Takum 0Bpasom, pa3paboTaHHbIA aBTOpamMi MOAYMb CTAHOBUTCS
MHCTPYMEHTOM CTPaTerMyeckoro MnaHMpoBaHMs, NO3BONAS PyKOBOAK-
TENAM MpUHMMaTb OOOCHOBAHHbIE pPELIEHNs O nepepacnpegeneHnmn
00513aHHOCTEN M ONTUMK3ALIMK PaBounx NpoLEeCcCoB.

[ns obecneyeHus paboTtbl Mopynst Gbinu paspaboTtaHbl NoMb3oBa-
Tenbckue (YHKUMK, KOTOPble PacLUMpSioT CTaH4ApTHbIE BO3MOXHOCTM
cuctembl Mathematica n fenatoT npouecc aHanusa rpadoB MHTEpak-
TUBHBIM W neparornyecku LeHHbIM. ®yHkumna RG[n0_,m0_,t0_] nossons-
eT dopmmpoBaTh rpadbl CryyaiiHbiM 00pasoM Mo 3agaHHOMY 4ucny
BepLuH 1 pebep.

OtpenbHas QyHKuns

UNG[v01_, v02_, v03_, g0_] := Module[{vl = v01, v2 = v02,
v3=v03, g = g0, style}, style = {VertexSize -> 0.2, ImagePadding -> 10,
ImageSize -> {320, 320}}; g1 = NeighborhoodGraphlg, v1];

g2 = NeighborhoodGraph(g, v2];

g3 = NeighborhoodGraph[g, v3];

g4 = GraphUnion[g1, g2];

g5 = GraphUnion[g4, g3];

g6 = HighlightGraphlg, g5]; g6]
peanu3yeT HaxoxaeHue 0ObeanHeHNs OKPECTHOCTEN BbibpaHHbIX Bep-
wuH. Monb3oBaTenb 3afaeT HOMepa TPeX BEPLLUMH, NOCe Yero cuctema
aBTOMATUYECKM BbIYMCNISIET MHOXKECTBO BEPLUMH, BXOAAWMX B 00bean-
HEHWEe WX OKPEeCTHOCTE! M BM3yanuaupyeT pesynbraT. OTO MO3BONSET
HarnagHo NPOAEMOHCTPUPOBaTL paboTy C MHOXECTBaMM 1 UX OnepaLy-
SIMU B KOHTEKCTE TEOpUM rpadioB.

[ins opraHM3aLmun MHTEPaKTMBHOTO B3aUMOAENCTBUS UCMOMb3yeTcs
KOHCTpyKuMs Manipulate B coyetaHun ¢ mexaHusmom Dynamic, uto
obecneunBaeT 0bHOBMNEHME rpaha B peanbHOM BpeMeHU Npu U3MeHe-
HWM NapameTpoB. B ocHoBe BM3yanu3auun NexuT BCTPOEHHAs (hyHKLMS
NeighborhoodGraph, koTopasi 0TBe4aeT 3a NOCTPOEHUE OKPEeCTHOCTEN

BbIGpaHHbIX BepLUMH. Brnarojapst aTOMy CTyAeHTbl MOryT CamoCTosi-
TENbHO BbIGMPaTL BEPLUMHBI, M3MEHSITL NapaMeTpbl reHepaLum rpacda u
cpa3y HabriofaTh pesynbTaT Ha aKpaHe.

Manipulate[Module[{ style}, style = {VertexSize -> 0.2, ImagePad-
ding -> 10, ImageSize -> {150, 150}};

Grid[{{Dynamic[HighlightGraph[g,MapThread|

Style[NeighborhoodGraph[g, #1], #2] &, {{v1, v2, v3}, {Blue, Red,
Green}}ll, g6 B, {{g, RG[12, 28, False]}, None},{{n, 10, "konnyectso
BepLumH rpadpa n"}, 5, 20, 1, Appearance -> "Labeled"}, Control[{{m, 9,
"konuyecTBo pebep rpagpa m'}, n-1, n (n - 1)/2, 1, Appearance -> "La-
beled"}], {digraph, {True, False}}, Button["HoBbIin rpad”, g = RG[n, m,
digraph]], {{v1, 0, "V1"}, 0, 12, 1, SetterBar}, {{v2, 0, "V2"}, 0, 12, 1, Set-
terBar}, {{v3, 0, "V3"}, 0, 12, 1, SetterBar}, Button["0bbeauHenue”, g6 =
UNGIv1, v2, v3, g]], AutorunSequencing -> {3}, SaveDefinitions -> True].

Takoe NporpaMMHOE peLleHWe MO3BONSIET COEAMHWUTL CTPOrOCTb
MaTeMaTUYECKVUX OnpeseneHuii ¢ yaobCTBOM NpaKTMYECKOro 1ccneno-
BaHusl. Mpu HeoOXOAMMOCTY MOXHO BHECTU MUHUMArbHbIE M3MEHEHUS
B MpOrpamMMHbIi kog, 4ToObl paclumputb OYHKLMOHAnN: HanpuMep, pea-
N130BaTb NOMCK MEPECEYEHNs] OKPECTHOCTEN BblbpaHHbIX BEPLUMH MIK
n06aBUTb BOMOXHOCTb aHanu3a GOnbLUero yucna BeplMH OfIHOBpe-
MeHHo. Takasi rMbKoCTb AenaeT Moaynb YHUBEPCAbHLIM WUHCTPYMEH-
TOM, KOTOpbI/ MOXeT ObITb UCMOMNb30BaH HE TONBKO AMNS AEMOHCTPaLMUK
0a30BbIx MOHATUA TEOPUN rPacdioB, HO W ANs peLueHust Gonee CroXHbIX
1CCrienoBaTeNbCKIX U MPaKTUYECKUX 3adauY.

3TV nccrenoBaHus MOLYEPKMBAIOT 3HAYUMOCTb COYETAHUS TEOPUM
rpachoB 1 COBPEMEHHBIX BbIMUCTIMTENBHbLIX TEXHOMOMNA, Takux kak Math-
ematica, AN pelieHnst CNOXHbIX 3adady OnTUMM3aLMK, YpaBNeHns pe-
cypcamu 1 nocTpoeHns apekTMBHbIX ceTen. HacTosias paboTta MoxeT
CNYXUTb OCHOBOW ANS AarbHENLLNX UCCNEA0BaHMIA U PasBUTUS NpaKTUYe-
CKUX MPUNOXEHUA rpachoB B PasnuyHbIX 0BNacTsX HayKu 1 TEXHUKN.
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