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MNPEAUCJIOBHE

B y4eOHbIX MaTepnanax H3I0KEHB METOIHYECKHE BOIIPOCHI, NPHMEpPHI
pElICHHA BO3HHKAIONIMX B MPAKTHKE HHTCIICKTYAJIBHOTO aHAIH3a JaHHBIX
3a]1a4 MOCTPOCHMA, aHAIN3a M BH3YAIn3alii rpador ¢ HCMoNbp30BaHHEM HH-
CTPYMEHTOB CHCTeMBI KoMmnbloTepHoil anreOpsl Wolfram  Mathematica:
Graph, Basic Properties, Structural Properties, Graph Isomorphism, Basic
Measures, Distance Measures, Connectivity Measures, Centrality Measures,
Similarity, GraphComplement, GraphDifference, FindClique, RandomGraph,
FindShortestPath. [TpuBejeHHbBIE TEKCTHI, KObI IPOIPAMMHBLIX MOJYJIEH, HII-
JOCTPALUH PEKOMEHIYIOTCH CTYIEHTaM [PH H3yueHHuH (B (popMarte yrpasis-
eMoil caMocToATeNBHOI paboThl) AMCLUMILINH creuanu3anun: « KorHuTueHas
BU3yAnU3aumsay» (ydebHas AMcUMIUIMHA Ans creumansHoctH 1-31 03 03
«llpuknannas MaremaTHka», HalpapleHHe crneuuansHocTd 1-31 03 03-01
«[lpuknagHas maremMaTHKa, HAYYHO-TIPOM3BOJACTBEHHAA JI€ATEIEHOCTEY),
«KoMmnbroTepHBIi aHanu3 M BH3yanusauua» (y4eOHas QUCLMIUIMHA 1A Chie-
muansHocTH 1-31 03 07 «[lpuknagnas wHopMaTHKa», HANpaBIecHHE CIEIH-
aneHocTH 1-31 03 07-01 «IIpuxnaanas undopmatuka, mporpaMmmuoe obecne-
YEHHE KOMIBIOTEPHBIX CHCTEM»), « TEXHOMOIrMHM MHTCPAaKTHBHOH BH3yalH3a-
iy (yaeOnas aucummanna s cneunansiocta 1-31 03 04 «Mudopmartn-
Kaw), « HTepaKTHBHBIC BRIYHCICHUS H BH3YAIH3aunsa» (yueOHas QHCUHIIIHHA
juis cnenuanbioctd 1-31 03 03 «llpuknajnas mMareMaTHKay, HanpaBiecHHE
cneuuansiocT 1-31 03 03-01 «llpuknagnas mareMaTHKa, HaY4HO-IIPOH3-
BOJICTBEHHAS JIEATEIIbHOCTbY ).

B marepuanax akueHTbl c/Ie/1aHbl HA:
® Ppa3BHTHE HABBIKOB (PYHKIIMOHATLHOTO TNMPOTPAMMHPOBAHMA CPEJACTBAMH

cucremel Wolfram Mathematica;

* OCBOCHHEe 00y4yaeMbIMH WHCTPYMEHTOB co3jianua B Mathematica unrtep-
AKTHBHBIX MPOrPAMMHBIX MOJYIEH ¢ BO3MOKHOCTAMH TOYHBIX CHMBOIIb-
HBIX BBIYHCIICHMH, MWHTEPAKTHBHOTO rpaduueckoro npeicTaBlIeHHS pe-
3y/IBTATOB MATEMaTHYECCKHX NMpeoDpa3oBaHHH H pacuEToB.

CoBeTbl H KPHTHYECKHE 3aMeUYaHus 10 W3JIaHUI0 NpockOa HanpasisaTh Ha
taranchuk(@bsu.by.




NMOCTPOEHWE U BU3YAINU3ALUA TPADOB

CuuTaercs, YTO YUTATENH, MCHIONBL3YIOUIHE MATEPHATB! JAaHHOTO NMocoOHs,
3HAIOT OCHOBLI TEOPHH TPaoB, W HENBI0 TEKYIIETO H3INOKEHHS ABIACTCA
o3HakoMneHHe ¢ mHpokuMH BosmomHocTAMH CKA Wolfram Mathematica, B
OCHOBHOM, [UIA TECTHPOBAHUA COOCTBEHHBIX alTOPHTMHYECKHX M MTPOTPAMMHBIX
peanu3aimii myTeM ConocTaBIeHHns, T.K. Bce npuMepsl U pemenns B Mathemat-
ica BCErJa TINATENbHO [POBEPEHbl, ONTHMH3HMPOBAHBI 10 OBICTPOJEHCTBHIO
BBITTOJIHEHHH,

['pachel ABNAIOTCA NpeACTABHTENBHEIMH dMIeMeHTaMyu A3bika Wolfram Lan-
guage, MOTYT HMCMONB30OBATECA B KAYECTBE BXOJHBIX H BHIXOJHBIX [aHHEIX B
nporpaMmax M JoKymenTtax. HeopHeHTHpORAaHHBIC H OPHEHTHPOBAHHLIC Tpafbl
oOpabaTeiBaloTC B CHCTEME €IHHOOOPA3HO H NOLJIEPAHBAIOT PAJ CTAHIAPTHBIX
CBOHCTB J71s BepiiuH H pedep. CyumecTsenno, uto rpade B Mathematica taxxe
NOMYCKAKT  MOJB30BATENBCKHE  CBOICTBA 11 oDecneueHHs  THOKOCTH
MOJE/THPOBAHMA HIH BBIYHCIIEHHIT, MOTYT ObITh NpeodpasoBaHbl 18 PasiH4YHbIX
NPeICTABIEHHI, BKIKOYAA MATPUILBL, €CTh BOSMOAKHOCTH IKCIOPTA B PA3IHYHbIE
(popmatel daiinos.

Oovem ¢yukunonana B Mathematica no rpadam, HX TOPHIOKEHHIM
rpoMaIHLIH HEeCKONMLKO — pa3fieNoB ¢ NOJApOOHBIMH  ONMHCAHMAMH W
METOJAHYECKHMH PEKOMCHIALHAMH, KOHKPETHBIX cTaTell mo (yHKUHAM H
CTICLHANBHEIM ONIHAM B TIOJCHCTEME NOMOIIM Oonee THICAYH, NMPHMEPOB H
ynpakHeHuit — Oonee 50 Teicau. OTMETHM HECKOIBKO OCHOBHBIX Pa3/Ienos:
[Tporpammuposanune rpador  (guide/GraphProgramming), [loctpoenune n
npeacrariende rpador (guide/GraphConstructionAndRepresentation), I'pads
n marpuubl (guide/GraphsAndMatrices), Ceoiicta rpados M H3MepeHHs
(guide/GraphPropertiesAndMeasurements), I'padpei w  cern (guide/Graphs
AndNetworks).

I'pader 8 Mathematica momxno GOpMHPOBATE pasTHYHBIMH cocoDaMH, B
YAaCTHOCTH, W3 BEPUIHMH M pedep HEMOCPEACTBEHHO B CHMBOIBHOI (opme. Oun
MOTYT OBITH NPHUHATHL H MCHONBL3OBAHLL, MOJH(HIHMPOBAHBE M3 BCTPOSHHBIX
KOJIIEKIMH  TEOPEeTHYECKHX MM IMIHPHUECKHX TrpadoB (IeTanH HHKE):
crelnanbHble rpafpl MOTYT ObITh CTEHEPHPOBAHBI HA OCHOBE MAPaMETPHUYECKHX
cnetmpuranmii.  Cnyyaiineie  rpadsl,  QopMupyeMbie 110 Pa3IHUHBIM
pacnpejiefieHHaM, MO3BONAT CO3/1aBaTh WMHTHPYEMBIE WHTEPHET-CETH HIIH
rpadbl  UMTHPOBAHUA M TECTHPORATE aNnropuTMbl. I'papel  MOryT OBITh
MOMHOCTEIO 38]aHBI HECKONBKHMHM THNAMH MATPHI[ WIH HMIOPTHPOBAHEl W3
MHOMKECTBA MOAACpKHBAacMEIX  hopMaToB  aiinop; clokHble CMelIaHHBIC
rpapl Takke MOTYT OBITH MOCTPOCHBI MOCTIEJOBATCIBHBIMH JICHCTBHAMH
MOIL30BATENA NYTEM BBIMOIHEHN ONepauui Haj uMetomumMHacs rpadamu [1].
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Mpumepbl nocTpoeHus rpados, WX NPOCTEALAA BU3yanu3aums

B cucreme Mathematica  cymecTByeT  BO3MOMKHOCTL — CO3/1aBaTh
OPHCHTHPOBAHHBIC M HEOPHEHTHPOBaHHLIE Tpadbl, NPOBOAMTE HAL HHMH
MHOKECTBO onepauuii ananusa. Jlng cosganus, Kak OpHEHTHPOBAHHOTO, TaK H
HEOPHEHTHPOBAHHOTO rpaha wucnonw3yercs ¢vukuua Graph. [lpumeps
3a/laBacMbIX nonbzoBateneMm rpados graphl u graph2, xoraa mx wsobpakenns
BBIBOJATCA € YCTAHOBKAMM TI0 YMOIHaHHIO (HET HMKAKHX IOJIL30BATE/ILCKHX
YTOUHEHHI ), TOKa3aHBl B CIEAYIONINX CEKIIMAX BBOA H pe3yabTara:

graphl =Graph[{1l+s+2, 2++3, 3421, 1esd, 325, 5+46, 6+=3},
PlotLabel - Style["graphl", 14, Blue],
ImageSize —+ 2687 ;
graph2 =Graph[{1+—2, 2—n, n—1, n—4, 1.5},
PlotLabel - Style["graph2", 14, Blue],
ImageSize -+ 2687 ;

Row[ {graphl, graph2}, Spacer[1@] ]

graph graph2
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B kome Beimie Hcnonb3oBaHel cHMBOARL  Mathematica «— u . llpn
HeOOX0IHMOCTH MOXKHO /118 HEHANPABICHHLIX W HAMPABICHHBIX pedep 3anMcarth
nonusie hopMel UndirectedEdge w DirectedEdge wnn ASCII-cumBone <->, ->.
B npumepax graphlr u graph2r rak onpeaenenst pebpa 1-2 u 2-n. Taxke
nobasnens! onunn VertexLabels BoiBoga uMeH (METOK) BEPIIHH ¢ YTOUHEHHAMH
ctuna VertexLabelStyle:

graphlr = Graph| {UndirectedEdge[1, 2],
2e23, 321, 1e2d8, 3+25,5+46, 63},

VertexLabels - "Name", VertexLabelStyle - {Black, 17},
PlotLabel — Style["graphlr", 14, Blue],
ImageSize — 2607 ;

graph2r = Graph[ [DirectedEdge[1, 2], 2->n, n«>1, n+24, 1.5},
VertexLabels — "Name", VertexLabelStyle — [Black, 17},
PlotLabel - Style["graph2r", 14, Blue],
ImageSize — 26087 ;

Row[ { graphlr, graph2r}, Spacer[18]
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Eciu rpad coszgan WiH MMIOPTHPOBAH, HO HeoOXOAHMO H3MEHEHHE, eCTh
MHOTO (PYHKUMHA, NO3BOAAIONIMX NpeodpasoraTk cam rpad (M3MEHMTL CBA3M,
cpoiicTBa), moaudmuupoBats pebpa ®  Bepumnbbel.  [lonnesii  nepedens
BO3MOMKHOCTEH PEIaKTHPOBAHUA COIEPAMTCA B CHCTEME IOMOLIH B pasiene
Graph Operations and Modifications. Otmetum TOnpK0 Hawbonee wacTo
ucnonwiyemsie: UndirectedGraph (nenanpasnenssiii rpad) — npeodpaszyer

HanpaBleHHbIl Tpaf B HeHanpaeneHuwlil, DirectedGraph (opueHTHpOBaHHBINH
rpah) — nmpeodpazyer HeHanpaBleHHEI rpad B nanpaencuuslii, ReverseGraph
(obpaTHeli oprpad) — naer odpaTHEI I8 TeKyulero opuenTHposantoro, Index-
Graph (MHAEKCHEIH rpad)) — BRINOJHAST 3aMEHY TEKYVIIHX HOMEPOB BEpLIHH HMX
unaexcamu; EdgeAdd (10basuts pedpo)., EdgeDelete (ynanute pebpo), EdgeCon-
fract (cTauyTh pedpo), VertexAdd (nobasute epumny), VertexDelete (ynanutn
sepiinny), VertexReplace (3amenntn mepuinny), VertexContract (cTanyTh
BEPIIHHEI B OJIHY).

Heckoneko npumepos.

[Ipeobpazosanue ucxoanoro rpaga graph? B nenanpaeneHuslii (Bce pebpa
HE HMMCIOT OpHEHTALUMH) WUNOCTpHpYeT npumep graph2u,  pesyabrar
obecnieunaet Gpyuxuus UndirectedGraph:

graph2u = UndirectedGraph [graph2,
VertexlLabels — "Name", VertexLabelStyle —» [Black, 17},
PlotLabel - Style["graph2u”, 14, Blue], ImageSize — 268] ;

Row| { graph2r, graph2u}, Spacer[1@]

graph2r graph2u
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[lpeobpazoeanne rpada B opHeHTHpoBaHHBIT (Bce pedpa  HMelOT
HanpasieHue) wimocTpupyer npumep graph2d, xorma ans rpada graph2
€IHHCTBEHHOMY pebpy 1-5 Oe3 yxkasaHHOro HampasiIeHHA MPHCBOEHBI 00a
HAIPaBJIEHHA:



graph2d = DirectedGraph [graph2,
VertexlLabels — "Name", VertexlLabelStyle — [Black, 17},
PlotLabel - Style["graph2d”, 14, Blue], ImageSize - 268];

Row[ [ graph2r, graph2d}, Spacer[18]]

graph2r graph2d
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M3menenue rpada graph2r nobapnenuem pedpa 2-5, npuueM, ¢ yKazaHHeM
HanpaeliedHns 2—35 HINOCTPHPYET NpuMep graph2g:

graph2g = EdgeAdd [ graph2r, 2-+5];
graph2gN =
Show [graph2g, PlotLabel — Style["graph2g", 14, Blue] |;

Row[ {graph2r, graph2gN}, Spacer[18]]

graph2r araph2g

[Ipumep graph2e nnmocTpupyer usmenenue, xoraa a1 pebpa ¢ ykasaHHBIM
HanpapJeHHeM 100aBIEHO TONOIHHTENBHOE HANIPABIEHHE!

graph2e - EdgeAdd [ graph2r, n.s2];
graph2eN =
Show [graph2e, PlotLabel — Style|"graph2e”, 14, Blue] |;

Row[ [graph2r, graphZeN}, Spacer[18]]

graph2r graphZe
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[Tonyyenne u3 umeromerocs graph2r apyroro rpada graph2v yvnaneHmem
BEPIIHHBI 4 HILTKOCTPHPYET HPUMED HHKE:



graph2v = VertexDelete [ graph2r, 4];
graph2vh =

Show [graph2v, PlotLabel - Style["graph2v", 14, Blue] ];
Row[ [graph2r, graph2vN}, Spacer[18]]

graph2r graphay
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Mimenenne rpada graph2r ynanenwem pedpa 1-2 MATOCTPHPYET NpHMep
graph2h:

graph2h = EdgeDelete[graph2r, 1= 2];
graph2hN =

Show [graph2zh, PlotLabel - Style["graph2h", 14, Blue] ] ;
Row|[ [ graph2r, graphZhN}, Spacer[18] ]

graphzh
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MOyukuun Wolfram Marthematica aBToMaTHuecKoro nocTpoeHHs TpadoB C
3a7JAHHBIMH CBOHCTBAMH OIHCAHBI HHIKE.

A
n
| B

Mokaszatenw, komBuHaToOpHLIE CBOWCTBA rpados

Muorne anropuTMEI M Tpoueaypsl TpebywoT Hanudus rpadoB  c
OMpeIeIeHHBIMH CBOHCTBAaMH. JT0 MOryT ObITh Da3oBble CBOICTBA, TAKHE Kak
HEOPHEHTHPOBAHHOCTL, HIH Oonee rmy0oKHe CBOMCTBA TOMONOTHH, TAKHE Kak
CBA3HOCTH WIH alMkIMuHOCTE. B HexkoTopeix obnactax kmodesoii npobdnemoi
ABRJIASTCA ONPEeIe/IeHHE TOro, ABIAKTCA JH JBa rpada OJHHAKOBBIMH, €CIIH
3AMEHHTHE HMEHA BEPILHH, T.€. IPOBEPHTh, ABIAIOTCS JIH OHH H3oMopdHeIMH [2].

Aspik  Wolfram  nopjiepskueaer  IWHPOKHIA  CHEKTP  NoKasaTelei,
XapakTepu3yoLMX rpadel, 0T NPOCTLIX NMoKazareled, TAKHX KakK KOJIHYECTBO
BepiiuH U pedep, KOTOpeIe ONpeAendloT pa3Mep H paspeacHHoCTh rpada, 1o
cTereHell BepLIMH, KOTOPLIC MOKA3LIBAIOT, HACKOABKO JIOKATBHO XOPOLIO



cBA3aHA Kaxnaas BepwmHa. [lpyrue nokasatend BKEIIOYAIOT TE0C3HYCCKHE
paccTOAHHA Ha Tpaje HIHM MOKa3aTelH LIEeHTPAJLHOCTH, KOTOPBIE 40T
MpeICTABIEHHE O TOM, HACKOABKO LEHTpanbHOH B o0uem rpade sABmAeTCA
Kasnas pepiiuHa; HanpuMep, PageRank u HITS — nokazarenu, ucnonsiyeMsie
I YIOPAJAOMMBAHMA — BAKHOCTH  BeO-CTpaHMIBL 10 Pe3yiILTaTaM,
BOZBPAILASMEIM TTOHCKOROH CHCTEMOM.

B paspenax [2] MOKHO O03HAKOMHTBCH € ONMHCAHWAMH H TNpHMEpaMH
ucnoneiosanud 3anpocos Basic Properties, Structural Properties, Graph Isomor-
phism, Basic Measures, Distance Measures, Connectivity Measures, Centrality
Measures, Reciprocity and Transitivity, Homophily, Assortative Mixing, Similar-
ity.

Wenonesya  rpader wnm apyrue oOBEKTHI  (JKCHIOPTHPOBAHHEIE,
chopMHpPOBaHHBEIE TIO pe3ynbTaTaM BLIMHCIEHHI), B cHcTeMme Mathematica
MOKHO ITPOBEPATH/YTOUHATE HX CBOHCTBA.

Brawunte B Tekyilee nocobHe MOTHOE HIIOMEHHE TOIISPKHBAEMBIX,
npoeepsemMbix B Wolfram Mathematica croiicts rpados He npeicTapisercs
BO3MOMKHBIM H3-32 00beMa COOTBETCTBYIOIIHX MAaTEPHAIOR, KOTOPhIE NOAPOOHO
ONMHUCAHBl B JIOKYMEHTAIMH CHCTEMBl W  CONPOBOAIAKOTCA NPHMEpamMH ¢
YPOBHAMH CIOAHOCTH HAYHHAKOLIHX, YBEPEHHEIX, MPOABHHYTEIX
nonezoBatencii. B noareepikaeHHE MEpedHCIMM TOINBKO NpPHBEAcHHEIE B [3]
KATErOpud  CcBOIicTB rpadoB: OCHOBHEIE, HHJIEKCAa, J0OKanbHoro Trpada,
raobansHOTO rpafda, cBA3aHHBIE ¢ KIHKOH, CBA3AHHBIE C MOKPBITHEM, CBA3AHHbBIE
¢ HaDOpOM HE3aBHCHMBIE, CBA3AHHBIE C MOIKIHYAEMOCTEIO rpaa, CBA3AHHBIE C
oTobpamenuem rpada, CBA3AHHBIE ¢ PACKPACKOH, CBA3AHHBIE ¢ BLIBOJIOM THIIA
CIIMCKA AHHOTHPYEMBIE, JIAKOIIME NpeAcTaRtoue rpadoBble MHOIOMIEHBI
YHCTRIE (PYHKIIHH,

[lpueenem ko monyudeHds cnucka knaccoe rpador Mathematica, umcna
IEMEHTOR CIIHCKA M PE3yIILTATE BRIMOTHECHHA:

GraphData|"Classes”]
Length[%]

{Acyclic, AlmostHamiltonian, AlternatingGroup, Andrasfai,

Antelope, Antiprism, Apex, Apollonian, Archimedean,

ArchimedeanDual, ArcTransitive, Arrangement, Asymmetric,

BananaTree, Barbell, Beineke, Bicolorable, Biconnected,

Bicubic, Bipartite, BipartiteKneser, Bishop, BlackBishop,

Book, Bouwer, Bridged, Bridgeless, Cactus, Cage, Caterpillar,

Caveman, Cayley, Centipede, Chang, Chordal, Chordless,

ChromaticallyNonunique, ChromaticallyUnique, Circulant, Classl,
Class2?2, ClawFree, CocktailParty, Complete, CompleteBipartite,



CompletelyRegular, CompleteTree, CompleteTripartite, Cone,
Conference, Connected, CriticalNonplanar, CrossedPrism,
Crown, CubeConnectedCycle, Cubic, Cycle, Cyclic, Cyclotomic,

DeterminedByResistance, DeterminedBySpectrum, Disconnected,
DistanceRegular, DistanceTransitive, Doob, DutchWindmill,
EdgeTransitive, Empty, Eulerian, Fan, FibonacciCube,
Firecracker, Fiveleaper, FoldedCube, Forest, Fullerene,
Fusene, Gear, GeneralizedPetersen, GeneralizedPolygon,

Grid, Haar, Hadamard, Halin, HalvedCube, HamiltonConnected,
HamiltonDecomposable, Hamiltonian, HamiltonLaceable, Hamming,
Hanoi, Harary, Helm, HoneycombToroidal, HStarConnected,
Hypercube, Hypohamiltonian, Hypotraceable, Identity,

IGraph, Imperfect, Incidence, Integral, Johnson, Keller,
KempeCounterexample, King, Kneser, Knight, Kuratowski, Ladder,
LadderRung, LCF, Line, Lobster, Local, LocallyPetersen,
Lollipop, Matchstick, MaximallyNonhamiltonian, Median,
Mengersponge, Metelsky, MoebiusLadder, MongolianTent,

Moore, Mycielski, Noncayley, Nonempty, Noneulerian,
Nonhamiltonian, Nonplanar, Nonsimple, NoPerfectMatching,
MotDeterminedByResistance, NotDeterminedBySpectrum,
Muciferous, Octic, Odd, Ore, Paley, Pan, Pancyclic, Path,
Paulus, Perfect, PerfectMatching, PermutationsStar, Planar,
Platonic, Polyhedral, Polyiamond, Polyomino, Prism,
Pseudoforest, Pseudotree, Quartic, Queen, Quintic, Regular,
RegularPolychoron, Rook, RookComplement, SelfComplementary,
SelfDual, Semisymmetric, Septic, Sextic, SierpinskiCarpet,
SierpinskiSieve, SierpinskiTetrahedron, Simple, Snark,
Spider, SquareFree, StackedBook, StackedPrism, Star,
StronglyPerfect, StronglyRegular, Sun, Sunlet, Symmetric,
Tadpole, Taylor, Tetrahedral, Toroidal, TorusGrid, Traceable,
Transposition, Tree, TriangleFree, Triangular, TriangularGrid,
TriangularHoneycombAcuteKnight, TriangularHoneycombBishop,
TriangularHoneycombKing, TriangularHoneycombObtuseKnight,
TriangularHoneycombQueen, TriangularHoneycombRook,
Triangulated, Tripod, Turan, TwoRegular, Unicyclic,
UnitDistance, Untraceable, VertexTransitive,

WeaklyPerfect, WeaklyRegular, Web, WellCovered, Wheel,
WhiteBishop, Windmill, Wreath, ZeroSymmetric, ZeroTwo}

218

Buaum o pesynbTaTy B CEKLMH BBILIE, YTO TONBKO Knaccos 218,
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CD,II,CPH{HHHG T000ro Knacca M3 NPHBEICHHOID CITHCKA MaCT BLIMOITHCHHE

CEKLIMH THIIA:
GraphData|"Platonic”]

{CubicalGraph, DodecahedralGraph,

IcosahedralGraph, OctahedralGraph, TetrahedralGraph}
GraphData["Tetrahedral”]

{{Tetrahedral, 6}, {Tetrahedral, 7},

{Tetrahedral, 8}, {Tetrahedral, 8}, {Tetrahedral, 10} |}

GraphData [ "SierpinskiCarpet”]

[{Cycle, 8}, [SierpinskiCarpet, 2!,
[SierpinskiCarpet, 3}, [SierpinskiCarpet, 41}

[Mpu 5TOM B OTAENLHBIX Kiaccax 4ucao rpador  momer

HECKONBKO ThICAY. B npuMepe Hiuxe B cnincke Dosiee 6 ThiCsY:

GraphData ["Hamiltonian"]
Length[%]

{{5, 31}, {s, 86}, {6, 92}, {6, 95},
{6, 96}, {6, 188}, {6, 189}, {6, 118},
5 {ZeroTwoNonbipartite, {7, 49} 1},

{ZeroTwoNonbipartite, (7, 58],
[ZeroTwoNonbipartite, {7, 521},
[ZeroTwoNonbipartite, {7, 531},
{ZeroTwoNonbipartite, {7, 54},
[ZeroTwoNonbipartite, {7, 551},
{ZeroTwoNonbipartite, {7, 56} } |
large output show less show more show all set size limit...
6087

COCTABIATE

B nono0HBIX pe3yasTaTaX MHOTIA BBIBOAMTCA DONBIIOE KOIHYECTBO DIEMEHTOB
THNA, Kak B cekuud Beime — {nk}. llostomy uenecoobpasno npemxae
NPOCMOTPETE YHCIIO 3JEMEHTOB CIIHCKA (HHKEe B npHmepe Snark BhinmonneHue
Length[%)] maer 367), a chneayomuM ILIAroM BBIBOJMTE TOJIBKO T€, KOTOpLIE
coJepiaT uMeHa 3nemenToB. Hiske — nomyuenne uyncna aneMenTos kiacca Snark:

GraphData|["Snark"];
Length[%]

367
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B cnenyiomeii cekuuu sanucana gyukuua Cases ¢ IHPEKTHBOH _String, BLIBOJ
INEMEHTOB, HMEHIIHX KOHKPETHBIE HMEHA:

Cases |[GraphData|["Snark"], _String]

{CelminsSwartSnarkl, CelminsSwartSnark2, CrossingNumberGraph3E,
DoubleStarSnark, FlowerSnarkls, FlowerSnarkl?,

GoldbergSnark3, GoldbergSnark5, GoldbergSnark?7,
LoupekinesSnarkl, LoupekinesSnark2, PetersenGraph,
SzekeresSnark, TietzeGraph, TriangleReplacedPetersenGraph,

WatkinsSnark, ZamfirescuGraph3g}

[Monck u wm3pnedeHHe KOHKpeTHBIX snemenToB u3 GraphData BosmoikHO
NyTEM MEPEYHCICHHS HYAHBIX CBOHCTB. Hanpumep, MOKHO NOIYYHTB CIHCOK
MeMeHTOB [aMHMIbTOHOB rpad) ¢ KOHKPETHBIM YHCIOM BEPIUHH (HHAE MOCie
CHHMCKA € PE3YIBTATAMH BHIOOPKH JIONOIHHTENBHO BBIBOIUTCA YHCIIO ITEMEHTOB):

GraphData ["Hamiltonian", 6]

Length[%]
{{6, 86}, (6, 92}, {6, 95}, {6, 96}, {6, 188}, {6, 189}, {6, 118},
16, 111}, {6, 112}, (6, 114}, {6, 124}, {6, 125}, {6, 128},
{6, 129}, {6, 138}, {6, 135}, {6, 136}, {6, 137}, {6, 138},
{6, 139}, {6, 140}, (6, 141}, {6, 144}, {6, 148}, {6, 149},
{6, 158}, [BiggestlLittlePolygon, 6}, {BlackBishop, {3, 41},
{Complete, 6}, [CompleteTripartite, {1, 2, 3}}, {Cone, {3, 31},
{Cycle, 6}, DominoGraph, {Fan, {1, 5}}, {Fan, {2, 4}},
{HamiltonLaceable, {6, 111, [Hexahedral, 31, [Hexahedral, 4},
{Hexahedral, 5}, {King, {2, 3}}, OctahedralGraph,
{Polyiamond, {4, 1)}, {Prism, 3}, {Queen, {2, 3!},
{TriangularGrid, 2}, {Turan, {6, 5}}, UtilityGraph, {Wheel, 6}}

48

Taxke MOKHO YTOUHHTBH CIHCOK [ONOJHEHMEM 341poca ¢ YKA3aHHEeM.
HalpuMep, OCHOBHOI'O Kiacca, B KOTOPOMY, CIASAVA TEPMHHOIOIMH CHCTEMBbI,
otHocsTes: Bipartite, Nonplanar, Nonsimple, Planar, Simple, Tree.

B npumepe Hume ocHoeHOH 3anpoc Hamiltonian yrounsercs JonojaHeHHeEM

— Inanapuwiii rpad (Planar):

GraphData [ {"Hamiltonian™, "Planar"}, 6]
Length[%]

12



{{6, Bb}, {6, 92}, {6, 95}, {6, 96}, (6, 108},

{6, 189}, {6, 118}, {6, 111}, {6, 112}, {6, 124},

{6, 125}, (6, 128}, (6, 129}, {6, 138}, (6, 135},

|6, 136}, {6, 137}, (6, 139}, (6, 14@}, {6, 141},

{6, 1441, {BlackBishop, {3, 4}}, {Cycle, &}, DominoGraph,
{Fan, {1, 5}}, {Fan, {2, 4}}, [HamiltonLaceable, {6, 1]},
[Hexahedral, 3}, [Hexahedral, 4}, [Hexahedral, 5},
{King, {2, 3}, OctahedralGraph, {Polyiamond, {4, 1)1},
{Prism, 3}, {TriangularGrid, 2}, {Wheel, 6}}

36

OTMeTHM  TOJNBKO HECKOILKO Hauboliee 4YacTo MCIOIb3YEMBIX  KOMAaH]L
npoeepkH  croiicte.  Tak  Hanmpumep,  MOMKHO  3anpammearte 110
HMEROLIEMYCH/ONPE/IE/IECHHOMY B CHCTeMe 00BeKTY HBIAETCH M OH rpadom, u
KOHKPETHO noavyams noomeepacoenue ceottemes: 0azoppx (GraphQ — rpad?,
DirectedGraphQQ -~ opuentnposanneii  rpad?, UndirectedGraphQ — —
HeHanpaelenuelii  rpad?, MultigraphQ -~  myaeturpad?, MixedGraphQ -~
cmenanuelii rpad?, EmptyGraphQ — nycroii rpad?, WeightedGraphQ) — rpad ¢
pecamMu?, CompleteGraphQ — nonuwiii rpady?), crpykryvpuex (SimpleGraphQ -
npoctoii rpad?, AcyclicGraphQ - aumknnunsiii rpad?, LoopFreeGraphQ — rpad
oe3 merens?, BipartiteGraphQ neynoneHeiii  rpad?, ConnectedGraphQ)

ceaznelii  rpap?, EulerianGraphQ) sitnepoe  rpad?, HamiltonianGraphQ)
ramuneToHoB  rpadp?, PathGraphQQ -~ rpad mapumpyra?, PlanarGraphQ -
mnanapuetii  rpady?, TreeGraphQQ —~  rpad  nepeso?), HioMopduima

(IsomorphicGraphQ — nzomopdusie rpadu?).
[Ipocreiimue npumeps.

OtHocuTenbHo 0a30Bbix cBOHCTB rpados. BelBoa CHHCKOB BEPIIMH H IYyT
obecneunparyr VertexList v EdgelList. TIpn 510M MOKHO B Ka4eCTRE apryMeHTa
MCTIOIB30BaTE HAeHTH(DHKaTOp (MMs) rpada unu ero n3odpamenue:

graph2d

4
[ i . — 1
1'nfer*-1:f_~:|<Li:;’c ‘graph2d|, Edgelist [ T —— ] }

(11, 2, n, 4,5}, (1«2, 2«—n,n+>1,ne2d, 1«5, 521}]}

Cpoiicrea rpadoB KaTeropHil HHIEKCHl W CHHCKH MOJKHO BbLIBOJHTD,
uenonbsya: VertexIndex — wanexce sepumnsl, Edgelndex — wnnexc pebpa, Adja-
cencyList — cnucok cMmexHelX BepiinH, fncidencelist — cnHcok MHUIMICHLMI,
EdgeRules — cnucok pébep B euae npaeun. (Jleranu, BKmo4as ceoiicTBa
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EdgeWeight, VertexWeight, EdgeCapacity, VertexCapacity, W3I0KCHEI
OTJIENTBHO).

B cekuumm HHXe HMCNONB30BAHEI HECKONBKO W3 MEPCUYHCICHHBIX BLILIE
pyuxnnid Wolfram Mathematica, B wacTHOCTH, N4 OnpeaencHHOrO BeIme rpada
graph2d BBIBOAMTCA HHIEKC BEPIIMHBI C HMEHEM N, NOATBEPAKJACTCA HMA
(VertexList[graph2d][[%]] o0ecneunsaer BBIBOA HMEHHM BEPUIMHBI C HHIEKCOM
npeiblIyIIEro  JeHCTBHA),  BBIBOAATCA:  HassBamuwe 3-ro  pebpa  crHcka
(EdgeList[graph2d][[3]] ). cnucok pédep B BHAE npaBHi, CIIHCOK HHITHIEHIHIT:

graph2d

VertexIndex [graph2d, n]
VertexList [graph2d] [[%]]
EdgelList|graph2d] [[3]]
EdgeRules [graph2d]
Incidencelist[graph2d, n]

graph2d
4 5
01.____ n 1___.--' -
. -~
* /
\\ //
\\%?

3
il
ne-—s1

{1-2,2-»n,n=1,n-4, 1-5,5=1}

[2esn, N1, N d)

[Ipopepka u noaTBep#IeHHE CBOHCTB HEHANIPABICHHbIH, OPHEHTHPOBAHHLIH,

Oe3 nerenb, auMkanuHeli rpada graph2d seimonHAroTes QYHKUHAMH CEKLHH
HHAKE:

{UndirectedGraphQ[graph2d], DirectedGraphQ[graph2d],
LoopFreeGraphQ|graph2d], AcyclicGraphQ|graph2d] )}

[False, True, True, False!

CpoiicTBa mIaHapHbIH, CBA3HBIA, NPOCTOH, JBYAOIBHBIH Tpada graph2d
MPOBEPAOTCA M MOATBEPKIAIOTCA B PE3YITATE BBIMONHEHHA (DYHKLMIT CEKLIMM:

{PlanarGraphQ[graph2d], ConnectedGraphQ [graph2d],
SimpleGraphQ[graph2d], BipartiteGraphQ | graph2d]}

{True, False, True, False}

14



I'padhet 1 matpuuel. Marpuunsle npeacTaBlcHHs o0ECNEYHBAIOT CBA3b C
aNrOPUTMAMH  BBIYMCAEHHA TpaoB, OCHOBAHHBIMM HAa JHHeiHOH anrebpe.
Onucanne rpadoB ¢ NOMOLIBH MATPHIl YacTO HMCMOAB3YETCA 10 CHX MOp, H B
HEKOTOPBIX O00JAaCcTAX OHO MBIAETCA E€IWHCTBEHHBIM (IIPEINOYTHTEIBHBIM)
criocoboM. MaTpHiibl CMEKHOCTH NPEACTARIAT CMEKHBIE BEPLUIMHBI, & MATPHIA
HHIMJIEHTHOCTH — OTHOLIEHWA BepiuHH K pedpaM. Ode ¢nocoOHBI NPeiacTaRIsTh
HEOPHEHTHPORAHHLIE H OPHEHTHPOBAHHBIE TPadbI.

[IpuBeneM HECKONBKO MPHMEPOB McnonbioeaHus (Gpyukuuii AdjacencyMa-
trix — MmaTpuua cmexkHocTH, AdjacencyGraph — rpady 1o MaTpHiEe CMEKHOCTH.

B cnenyiomeii cekupn GopMHpYETCA MATPHIA CMEKHOCTH — pa3pekEHHBINH
MACCHB, KOTOPbIH BEIBOANTCA B BUIE MATPHYHOH (pOPMBI:

rAdjMatr - AdjacencyMatrix[graph2d]
MatrixForm|rAdjMatr]

Specified elements: &
Spar'se.ﬂ;r‘r'ay[ H )y J

Dimensions: {5, 5}
Default:

Density: 0.24
Elements:

{1 21»1

{1, 5}=1

{2, 31=1

3 1}»1

@ 18661
@ 8168
leala@8
8 8 8 8 8
1 88 88,

IMoctpoenne rpada no marpuue cMemudocTd rAdjMatr  obecneunsaer
AdjacencyGraph:

rAdjGr = AdjacencyGraph [rAdjMatr,
VertexLabels — "Name", VertexLabelStyle — {Black, 17},
PlotLabel - Style["rAdjGr", 14, Blue],
ImageSize -+ 2687 ;

Row[ { graph2d, rAdjGr}, Spacer[l@]]

graph2d rAdjGr
4 5 4 5
—__  n 1 —— = "= 3 11—
- e o -
~ 7 °—”‘»\ e
“ 4 rad
\ng/ J

15



3aMeTHM, 4TO UM$ 3-cii BepIIMHBI B Pe3yIbTaTe MPOACIaHHOTO OTIHYACTCA OT
MCXOAHOTD, HO apyrux otamuuii rpados  graph2d u rAdjGr wser, wuto
MOATBEPKIAET NpoBepka 3anpocoM IsemorphicGraph(:

IsomorphicGraphQ[graph2d, rAdjGr]

True

MpocTedwre yHKLWKW NOCTRpOoEeHWA rpadoe

Aseik Wolfram npenocrasnser muoro ¢yHKUMH 108 CO3JaHMA HOBBIX
rpahoB Ha OCHOBE CTApBIX W TEHEePHpPOBAHMA TpadoB ¢ 3a7aBAEMBIMH
ceoiictBamu. ['padp ¢ TpedyempiMH CBOICTBAMH, KaK NPaBWIO, MOKHO
NOCTPONTE, OTTANKMBAACE OT HMMetomerocs rpada. Hoewiii rpad moxer ObITH
4acThio OOJee KPYNHOrO, MM PE3yIbTATOM NOCIEN0BATE/bHBIX H3MEHEHHH
HCXOMHOTO NMYTEM YIIeHHA MK 100asineHus eMeHToB. Takake HOBbIe rpadbl
B Mathematica moryr OblITb HOCTPOEHBL T1yTeM OObEIMHEHHA HECKOIBKHX
rpadioB ¢ HCIIOJIB30BAHHEM JIOIHUECKHX OIepaLLiii.

[Tpumepsl co3aanus rpagoB KOHKPETHBIX THIIOB,

[lonuerii rpad (npoctoil HeOPHEHTHPOBAHHEIA Tpady, B KOTOPOM Kasmas
Mapa pasiIH4HEIX BEPIIMH CMEAHA) ¢ 3a[aHHBIM HYHCIOM BEpIIHH (POPMHpYETCA B
cucteme (yuxuued CompleteGraph. Kon cnenyiomeil cexuun obecrnednBaer
(popmuporanue Tpex rpados ¢ 4, 5 M 6 BepIIMHAMM:

Table [CompleteGraph[i,
PlotLabel - Subscript[K, i], ImageSize —» 1657, [i, 4, 6} ]

K
-
N :;i AN
LY o
Y el LN ~ / Yo
P Y P Y S . - J_-" \'L_" e,
! p e ! . f e
i’ , - \ " Fi \ =
/ A -~ f ., Y \
/ . =~
) B! :-"’ \: Y _:?‘:*-\-\H ,.--':"': r
{ ! Y, - =~ A - < N/ }
3 -, A / |
rd LY \\ - I - 4
A P
If 1\‘ | | IJ.- 1\‘ - " . -I_.l'- N
/ 1 \ . / S e Y
r T A I, | PP i S
.I_.-" - p— 'k_\ \ S 1-._"‘ .I_.-" H‘"‘m‘
i ____.-" S, Y I". |." PN ! — 5 7 -
;- S \ S e %, iy L
= H"‘-L VP =, f o, A il -
T ) e, '\\_ .I_.-" P -~
~ |/
4

B npHeejeHHOM BapHaHTe BRIBOJA B 3arollOBKax rpafoB NpHMeHeHa
HoTalusaA Subscript — ¢ HHAHHM HHIEKCOM.

Jeynoneuetii rpad wnm Owrpad — rpad, MHOKECTBO BEpUIMH KOTOPOTO

MOKHO pazONTL Ha JBe YacTH TakuM oDpasoM, 4To Kakjaoe pedpo rpada
COEIMHACT KAKYH-TO BEPIIMHY H3 OJHOI 4acTH ¢ Kakoii-To BeplIHMHOI Apyroii
4aCcTH, TO €CTh HE CYILECTBYET pedpa, COSNHHAIOUICTO IBE BEPIIMHEI H3 OIHOMH H
TOH ke 4acTH. [Ipyaonsusie rpade K
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Table [CompleteGraph[ i, i},
PlotLabel » K, ;, ImageSize - 165], (i, 4, 6} ]

Honuetii k-noabHblit rpad — rpady, MHOMKECTBO BEPUIMH KOTOPOI0 MOMKHO
pazduTh Ha K He3aBMCHMBIX MHOKeCTB, K-107bHBIH — Takoil rpad, 4ro jaodbie
JIBE BEPLIHHBI, BXOIAALLHE B PasHble 10K, cMexHel. [Tpumep K

Table [CompleteGraph[{i, i, i},
PlotLabel — K; i i, ImageSize »165], {i, 4, 6} ]

Ksss

S
e A £

L e e el
e

PRI IR
;-r"“q‘f!‘ S
SN

'pad-uMKn c¢ 3agaBaeMeIM  HHCIOM BEPUIMH, COCIMHEHHBIX 3aMKHYTOH
nensio, opmupyerca B cucteme ¢yuxuueii CyeleGraph, MmoxHO nMocMOTpeTh
sapuanT Table| CycleGraphl[i,PlotLabel—Subscript|K,i],ImageSize—165],{1.4.6}].

LnpkynauTaelii  rpad -~  HCOPHEHTHPOBAHHBIA  rpaf,  MMEHOIINH
IHHKIHYECKYI) — TPYNny  CHMMETPHil, KOTOpas  BKIIOYaeT  CHMMETPHIO,
Meperodnyo mModylo BepliMHy B molyio Apyryw eepminny. Mopumupyercs B
Mathematica pynxuneii CirculantGraph:

Table [CirculantGraph[17, {1, k},
PlotLabel — Subscript [CircGr, 17, k],
ImageSize - 165], {k, {4, 5, 6}}]

CireGriza CirciGriz 5 CircGry7 g {
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I'padh Tvpana T(n k) — rpad, oOpasoBanuwlii nytem pazdnennsa nabopa M3 n
BEPIIHH Ha k NOJAMHOKECTB C MAKCHMAILHO PaBHBIMH pasMepaMH H COEIHHEHHS
NBYX BEPLIMH pedpoM TOrJa H TONBKO TOrJa, KOTJa OHH NMPHHAIEKAT pPasHbIM
noaMHoKecTBaM. Dopmupyetca B cucteme yukunei TuranGraph:

Table]
TuranGraph[7, i, PlotLabel -=T; ;, ImageSize - 165], (i, 4, 6}]

I'pap Typana Tim k) sxBuBaneHTeH noaHoMmy k-ponsHomy rpady  (NOJHBIH
k-nonsubii rpad — 310 MHOTOA0ILHLI rpad, TakoH, 4TO M00LIE JIBE BEPIIHHLI,
BXOJAIIHE B Pa3HBIE JOJH, CMEKHBI), MOATBEPAKIEHHE JUIA NpUMepa 7 BepiHH
JIAHO BH3VaIH3alMel HHwKe:

[CompleteGraph[{2, 2, 2, 1}, ImageSize — 165],

CompleteGraph|{2, 2, 1, 1, 1}, ImageSize - 165],

CompleteGraph[{2, 1, 1, 1, 1, 1}, ImageSize —» 165]}

Peméruatelii rpady (AuencThli, ceTouHblid) — rpad, pHCYHOK KoToporo,
BIOKEHHBIH B HEKOTOpPOE E€BKIHIOBO TPOCTPAHCTBO 00pa3yeT NpPaBHILHYIO
MO33HKY, €r0 BEPLIHHBI PACTIONATalOTCA B Y371aX MHOTOMEPHOH LETOYHCIEHHOM
PeIeTKH, Pa3sMEPHOCTb PABHA KOMHYECTBY UMKIOB B ruesae. GridGraph[imn} ]
cTpoHT ceTk (Habop) rpador mxn BepmwnH G, ,, GridGraph[{n, na, ..., ng}]
CTPOHT ceTh (Habop) rpaor my x ma x «-+ x ny BepIHH Gy, o -

[1pumepr:

Table [GridGraph[{2, i}, VertexLabels — "Mame",
PlotLabel — Subscript [CircGr, 2, i], ImageSize » 165), {i, 4, 6} ]

CircG .
h Irciars 4 B Clrﬂ(:';irgg, CircGras
B

g p 2 9 A g Je o o F E: m 1z
{ : : |
1 a s |7 ls  |n
; s . LoD |3 5 7 |2
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Row/| |
GridGraph[{2, 31,
VertexLabels - "Name", ImageSize — 268],
GridGraph[{2, 2, 2},
VertexLabels — "Name", ImageSize — 260]
1, Spacer (18] ]

[losTOpuM oTMeucHHOe Boilie — Oubnuoreka rpador cuctemsl Wolfram
Mathematica BKIOUaeT BCE M3BECTHBIE MMEHOBaHHBIE rpadel, Mmool W3 HHX
MOJKHO HCITOIB30BATh s MoH(HKALIHI. Hanee MPHBEIEHBI
COOTBETCTBYIOIIHE  NPHMEPBI, OpH4eM, uTo0bl  MOIH(HKAUMH  ObLUIH
MOHATHBIMH, HW3I0/KEHHE [14eTcA 10CNEe ONMCAHMA HACTPOEK BbIBOJA H
oopmieHus.

MNMpumepel oopmnenva rpadoe. Yrknagka

s npoaykrueHOH padoThl ¢ rpadamMi  BAKHO BHIYVAIMIHPOBATE HX
Hauboslee HArsJAHBIM 00pa3oM, OCODEHHO A3TO BaKHO B ciay4vae OONBIIMX
rpados. B cucreme Mathematica wMeeTca pail  BCTPOEHHBIX  (QYHKIHI
prcoBaHHA rpad)OB Ha TNIOCKOCTH HIH B TPEXMEPHOM MPOCTPAHCTBE, KOTJIa
pacnionokenne BepmiH W (opma  pebep  BeIUMcnAeTcA  Tak, 4TOOBI
ONTHMH3HPOBATL TOT WM HHOH “IcTeTHueckHil” (PyHKIHOHAT.

B unmocTpauMAx HHAKE HCNONB3YIOTCSA NPHBEICHHBIE BBILIE, a TAKKe
rpadper u3z  [4]. Bapuantel odopmnenns gawTea B CAENYHOIIEH
MOCNEN0BATENbHOCTH: YKIaKka rpados, ohopMIeHHE BEPILINH, NOANKUCH pebep,
BbIBOJ] 3HAYEHHIH BECOB.

Chnefys  TEPMHHOIOIHH  MATEMATHYECKOH IHIMKIONEIHH 1M0OJL  YKIaIKO#H
rpada NoHUMaKT oToOpakKeHHe BepiinH | pedep rpadya COOTBETCTBEHHO B TOYKH
M HelpephiBHEIE KPHBEIE HEKOTOPOro MpOCTPAaHCTBA Takoe, 4YTO BeplIHHE,
MHIHJIEHTHEIE pedpy, 0ToOpakaTes B KOHIL KPHBOI, COOTBETCTBYIONIEH ITOMY
pedpy. IlpaBunbHON HalelBaeTCd YKNAAKa, NMPH KOTOPOIl pasHeBIM BeplIHHAM
COOTBETCTBYIOT pa3NHYHBIE TOYKH, a4 KpPHBBIE, COOTBETCTBYIOLME pedpam
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(MCKII04as WX KOHIICBRIE TOYKH), HE MPOXOJAAT Hepe3 TOYKH, COOTBETCTBYIOIIHME
BepLIHHAM, U He nepecekaiotes. JIodoil rpad nonyckaeT npaBUILHYIO VKIAIKY B
TpexMepHoe mnpoctpancTBo. [pad, gonmyckaromuii npaBHNBHYIO VEIAAKY Ha
MJI0CKOCTH, HA3BIBACTCH MITOCKHM.

Wolfram Mathematica npennaraeT nonbL30BATENAM THIOBBIE CXEMBI
YEJIAIKH, 8 TAK/KE BO3MOKHOCTH WHIHBHAYAIBHOTO JIH3aiHA, YTO MPEINoIaraeTt
HCIIONMB30BAHME  JUIA  HACTPOHKH BMAa rpada clHeaywumx  cnocodos:
pasMeIIeHHs  BEPLIHH, NpoYepuuBaHHA pebep, pasMEIEHHA CBAZAHHBIX
KOMITOHEHT BEPILNH — KOMIIOHOBKA YIIAKOBKH.

HaualibHy10 cepHio NpUMEpPOR npuBeaemM i rpada us [4] lefiPLAL:

i
),

leftPLAL = H

Sy

)/

)

[locTpoenne Taxoro rpada, ero mnpeacraBieHHe Oe3 3agaHHAs  OMIIHIL
oopMIeHHS, KOT1d BBIBOJSTCS TOILKO HOMEpa BEPILHH, PEATH30BAHO B CEKIIMAX
Hiske. [Ipocroe nepeuncieHne BepmiMH W pedep, BBIBOJI € YCTAHOBKAMH 110
YMOIUAHHEO TAK0T Pe3yIIbTAT:

1stGPPLA = {1452, 2451, 1455, 531, 2456, 6+52, 304, 4433,

326,623,427, 7—4,4—8,8—4,06—7,7—06},;
graphTe = Graph [ 1stGrPLA, VertexlLabels —» "Name", ImageSize — 548]

B cneayroommx WanOCTpalMAaX MPHBEIEHB HECKOIBKO THMOBBIX BAPHAHTOB
YEJIAJKH H, 4TOOBl COXPaHHTEL JH3aiH OPHIHHAIA B YacTH BH/A BEPIUHH, 3aJaHbI
CTHIb BepmIMH M HX Homepos nogodubie leftPLAl. Hwke, B ctapToBOM
npejacTaBieHHy rpada B Kojae Crnocod yKIaIKH He 3a1aH, HCIOIb3YeTCs BapHAHT
M0 YMOJIYAHUIO!

20



graphTla = Graph [1stGrPLA,
VertexStyle - LightGray, VertexSize » 6.4,
VertexLabels - Placed [ "Name”, Center],
VertexLabelStyle —: Directive[Black, 16],
ImageSize — 548

.-'"-d-..--__.--'" ¥ :
0@ @ F@O—0
xx_____-_.}@;._ ~

JononnutensHo oTMeTHM, NMpoBepHM 3anpocoM and rpada graphTla ceoiicTBa
IIAHAPHBIH, CBAZHLII, NPOCTOI, BYI0NBHEI, MYILTHIPA(, CMEIIAHHBII:

{PlanarGraphQ|graphTla|, ConnectedGraphQ|graphTla],
SimpleGraphQ[graphTla], BipartiteGraphQ[graphTila],
MultigraphQ[graphTla], MixedGraphQ[graphTla]}

{True, True, True, True, False, False}

Kon u pesynbTaT BRINOIHEHHA B CACAYIONIHX CEKLIMAX MOKA3bIBAIOT, YTO BAPHAHT
MO0 YMOIYaHHIO MOTYYaeTcs, B YaCTHOCTH, NPH HCNonb30BaHuK onunn GraphLay-
out c nupextnsoit SpringElectrical Embedding:

graphTlb = Graph [1stGrPLA,
VertexStyle —» LightGray, VertexSize + 8.4,
VertexlLabels — Placed [ "Name™, Center],
VertexlLabelStyle — Directive|Black, 16],
GraphLayout — "SpringElectricalEmbedding"”,
ImageSize - 540

o
”_#_:Z_:_:;@:;_—_:
@‘_...-

HIIH Takoi #e BHJL nonydaerca npu coderanun PackingLayout v ClosestPacking
(npubamnsuTenbHaA ONMAKAHIIAA YIIAKOBKA C/ICBA BBEPXY):

O—0—O——0

graphTlc = Graph [1stGrPLA,
VertexStyle -+ LightGray, VertexSize - 8.4,
VertexLabels - Placed | "Name", Center],
VertexLabelStyle — Directive[Black, 16],
GraphLayout — {"PackinglLayout" — "ClosestPacking"},
ImageSize — 548
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[loxoxuii BapuanT (Kak Obl MepeBepHYTHIH CNpaBa HANEBO) MOMYYAETCA NPH
HCnonb30BaHuH onunu SpringEmbedding:

graphTld = Graph [1stGrPLA,
VertexStyle — LightGray, VertexSize — 8.25,
VertexLabels - Placed | "Name", Center],
VertexlLabelStyle —« Directive[Black, 16],
GraphLayout — "SpringEmbedding",
ImageSize — 548

B cucreme nomoun Mathematica npusenens Oonee 50 THNOBBIX
BAPHAHTOR VKJIaAKH. K BOIMOMKHBIM MOAX0MaM KOMIIOHOBKH rpadoB OTHOCHT:
cnocod, Kak paccraeiaTh BepinnHbl (VertexLayout), Kak nposoauTe pedpa
(EdgeLayout), kak  pasMemiare  CBA3aHHBIE  KOMIIOHEHTBI  BEPIIHH
(PackingLayout)  [5]. Cnoco0wl _paccTaHOBKH _BEpUIHH: ABTOMATHYECKHH
(Automatic), Oe3 Bweluucnenusa (None) — BOCHOPOM3BOIHTCA [IPEACTABICHHE
nonpzoBaTend. MerToasl BelBoja pedep: CBA3bIBAHME pasacicHHBIX pebep B
nmakeT cermenToB (DividedEdgeBundling), oGbenunenue pebep B cOOTBETCTBHH
¢ Hepapxuueckol apesoBuiaHoil cTpykTypoil (HierarchicalEdgeBundling),
npsAMBIE  JHHUM  Mewory  pedpamum  (StraightLine). Meronsl _KOMIOHOBKH
ynakopky  (PackingLayout) BrmouanT  peajdzalmi:  OpHOJIM3HTENbLHAS
Ommkaiimas  ynakoeka ciesa  peepxy  (ClosestPacking), npudamnzurtensHoe
paccrosaue 0 Omwkaiimed ynakoekuw ot ueHtpa (ClosestPackingCenter),
pacrojioxkeHHe CI0AMHM, HauWHas ¢ BepxHero jesoro yrna (Layered),
pacnonoxenue cioaMu, HaunHaa cneea (LayeredLeft), pacnonomenue cnoamu,

HaunHas ¢ camoro Bepxa (LaveredTop), ynopsamouuts Bo BIOKCHHOH ceTKe
(NestedGrid).

basoBpie _cnenmanbHble YETAIKH (BHIBI, BCTPAHBaHHMA) BKIIOYAIOT:
Heynonenoe snowenue (BipartitetEmbedding) sepmnn na nsyx napamnensHbix
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npameix, Kpyrosoe enomenue (CircularEmbedding) sepummn na oxpy#HocTH,
Kpyrosoe  mmuorocroponnee  Bnosenue  (CircularMultipartiteEmbedding)
BCpPIIMH Ha CErMEHTaX OKpYXKHOCTH, JlUCKpeTHOoe cnupanbHOE BCTpaHBaHHE
(DiscreteSpiralEmbedding) sepmmn B auckpernyio  cnupans, CeruaToe
BcTpanBanne (GridEmbedding) sepmmn B cerky, Jlunelinoe BcTpanBanHe
(LinearEmbedding) Bepmumn B nuanio, Muoroctoponnee BCTpaHBaHHE
(MultipartitetEmbedding) Bepmmn B HECKONBKO NapalieNbHBIX — JTHHMIA,
CrnupansHoe serpausanue (SpiralEmbedding) sepummn B cnpoeunpoBaHHYIO B
2D Ttpexmepnyw cnupans, 3BeszgoodDpaszHoe serpamBanue (StarEmbedding)
BEPIUHH B OKPYKHOCTE € LIEHTPOM.

BribpanHubie  HMKE A JIEMOHCTPALMH  CHOCOOBl  YKIAJAKH — HE
CHCTEMATH3HPOBAHBI, IPOCTO HUTKCTPHPYETCA pasHooOpasue.

IMpusenennbie Hmwe rpadel graphTlgll, graphTl1gl2 (nocrpoensr mno
ciueky 1stGrPLA) orHeceHbl B TepMHHOM0rHH Mathematica K KaTeropusm,
KOTOPBIE MOACHEHBI B KOMMEHTAPHAX:

{+Possible structured embeddings for layered graphs such as trees
and directed acyclic graphs include:... BalloonEmbedding -
vertices on a circle with the center at the parent vertexs)
graphT1gl® = Graph [1stGrPLA,
VertexStyle — LightGray,
VertexLabels - Placed | "Name", Center],
VertexlLabelStyle — Directive [Black, 16],
ImageSize - 2887 ;

{«Possible structured embeddings for layered graphs such as trees
and directed acyclic graphs include:... RadialEmbedding -
vertices on a circular segment+)
graphTlgll - Graph [graphTlgle, VertexSize - 0.8,
GraphLayout - "BalloonEmbedding”,
PlotLabel —
Style["graphTlgll, BalloonEmbedding”, 14, Blue]];

{«Possible structured embeddings for layered graphs such as trees
and directed acyclic graphs include:... RadialEmbedding -
vertices on a circular segment«)
graphTlgl2 = Graph [graphTlgle, VertexSize - 8.3,
GraphLayout - "RadialEmbedding”,
PlotLabel - Style["graphTlgl2, RadialEmbedding", 14, Blue],
ImageSize - 3187 ;

Row| {graphTlgll, graphTlgl2}, Spacer|[28]]
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graphT1gl1, BalloonEmbedding
graphT1gl2, RadialEmbedding
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JIONONHHTENRHO  BhIJEJIEHBl  KIacckl: BO3IMONKHBIE CTPYKTYPHPOBAHHBIE
YKI2KH MHOTOYPOBHEBBIX rpaoB, TakWX Kak JepeBbd M HalpapIeHHLIC
aunrnHdeckue rpadel, Bosmoxknbple ONTHMHIMPYIOMIHE BCTPaHBAHHA, KOTOPBIC
CBOJAT K MHHHMYMY KOIHYECTBO, B uacTHocTH: “BricokopasmepHoe
BerpauBanne”,  “llnockoe  Berpampanme”, “CnextpanbHoe  BeTpanBaHHE
“Berpausanne Tutte”.

I'pader graphT1glS u graphT1glé orHecensl B cucreme nomowum Mathemat-
ica K KATErOpPHH BO3MOMKHBIE ONTHMH3UPYIOIIHE BCTPAHBAHHA CBOJAT K
MHHUMYMY KOJIHYECTBa ... — YTOYHAETCA OMIMeH, B Texyuem npumepe — Pla-
narEmbedding:

(+ Possible optimizing embeddings all minimize a quantity
and include: HighDimensicnalEmbedding,PlanarEmbedding,
SpectralEmbedding, SpringElectricalEmbedding,
SpringEmbedding, TutteEmbedding +)

graphT1lgls = Graph [graphTlgle, VertexSize -+ 8.7,
GraphLayout - "PlanarEmbedding"”, (+ PlanarEmbedding
minimize a quantity number of edge crossings «)
PlotLabel - Style|"graphTlgls5, PlanarEmbedding”, 14, Blue],
ImageSize - 2787 ;
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graphTlglé = Graph [graphTlgle, VertexSize - 8.4,
GraphLayout - "TutteEmbedding",
{+ TutteEmbedding minimize a number
of edge crossings and distance to neighbors =)
PlotLabel —
Style["graphTlglé, TutteEmbedding”, 14, Blue],
ImageSize — 2681 ;

Row[ { graphTlgl5, graphTlgle!, Spacer[18]]

graphT1gl5, PlanarEmbedding graphT1gl6, TutteEmbedding
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[lpueenennrie nuxe rpader graphTlgl? w graphT1gl8 unmoctpupyior
BapuanTel yknaaku StarEmbedding v CircularEmbedding:

graphTlgl7 = Graph [graphTlgle, VertexSize - 8.2,
GraphLayout - "StarEmbedding"
{+ StarEmbedding -
vertices on a circle with a center. [lpyrue sapuaHThl
aToW rpynneli: BipartiteEmbedding, CircularEmbedding,
DiscreteSpiralEmbedding, GridEmbedding, LinearEmbedding,
MultipartiteEmbedding, SpiralEmbedding «),
PlotLabel —
Style["graphTlgl?7, StarEmbedding", 14, Blue],
ImageSize — 2787 ;

graphT1gl8 = Graph [graphT1gle, VertexSize - 8.3,
GraphLayout - "CircularEmbedding",
PlotLabel —
Style["graphTlgl8, CircularEmbedding", 14, Blue],
{# CircularEmbedding - vertices on a circle +)
ImageSize — 2601 ;

Row[ {graphTlgl?7, graphTlgl8}, Spacer[1@] ]
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graphT1gl?, StarEmbedding graphT1gl8, CircularEmbedding

Crnenyromme rpader graphT1gl9 w graphT1glA wnmoctpupyioT BapHaHTsl
yknankn DiscreteSpiralEmbedding v SpiralEmbedding:

graphT1gl9 = Graph [graphT1lgle, VertexSize - 8.2,
GraphLayout —« "DiscreteSpiralEmbedding”, PlotlLabel -
Style["graphTlgl9, DiscreteSpiralEmbedding”, 14, Blue],
{+ DiscreteSpiralEmbedding works best for path graphs =)
ImageSize -+ 2887 ;
graphTlglA = Graph [graphTlgle, VertexSize - 8.4,
GraphLayout - "SpiralEmbedding",
PlotLabel - Style["graphTlglA, SpiralEmbedding”, 14, Blue],
{+ With the setting OptimalOrder, vertices are
reordered so that they lie on the spiral nicely «)
ImageSize —» 2487 ;

Row[ {graphTlgl9, graphTlglA}, Spacer[1@]]

graphT1gl9, DiscreteSpiralEmbedding graphT1glA, SpiralEmbedding
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I'pacher graphT1glB n graphT1glC nnmoctpupyior sBapuantel yrnaaku Multi-
partiteEmbedding v CircularMultipartiteEmbedding:

graphT1glB = Graph [graphT1gle, VertexSize - 0.4,
GraphLayout — "MultipartiteEmbedding”,
{+ Use "VertexPartition" -
partition to specify a partition of vertices «)
PlotLabel —
Style["graphTlglB, MultipartiteEmbedding", 14, Blue],
ImageSize - 2601 ;
graphTlglC = Graph [graphTlgle, VertexSize - 8.5,
GraphLayout - "CircularMultipartiteEmbedding",
PlotLabel - Style|
"graphTlglC, CircularMultipartiteEmbedding"”, 12, Blue],
ImageSize — 2587 ;

Row[ {graphTlglB, graphTlglC}, Spacer[18]]

graphT1glC, CircularMultipartiteEmbedding
graphT1glB, MultipartiteEmbedding

I'pacp graphTlgl3d wunnmiocTpupyer Bo3MOXHOCTE VKazanusa RootVertex
BepuIHHel (cneays tepmunonorud mathworld. wolfram "Root Vertex: A special
eraph vertex that is designated to turn a tree into a rooted tree or a graph into a
rooted graph. The root is sometimes also called “eve,” or an “endpoint” /Saaty
and Kainen 1986, p. 30/7). Taxike B npuMepe YTOUHAETCA PACCTOSHHE MEKIY
cnosamu (LeafDistance):

graphTlgl3d = Graph [graphTlgle, VertexSize - 8.4,
GraphLayout — {"LayeredEmbedding",
"RootVertex" — 2, "LeafDistance" - 1.15},
PlotLabel -
Style["graphTigl3d, ..+RootVertex+LeafDistance", 12, Blue],
ImageSize — 2487 ;
Row|[ {graphTlgl3, graphTlgl3d}, Spacer|[28] ]
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graphT1gl3, LayeredEmbedding aphT1gl3d, . +RootVertex+LeafDistan
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CneayeT OTMETHTB, uTO HazHaueHue RootVertex npeanonaraer, Kakas BepIlIHHA
OyJleT BRepXy H300paxeHusd, W, KOHEUHO K€, B HEKOTOPLIX CIy4HasX BHJ rpadga
sameTHo Menderca. B npumepe graphT1gl3e sepmmnoii Root Vertex nasnadena
6-1  (0OpaTHTe BHHMAaHHE, YTO TAKOH BAPHAHT COOTBETCTBYET BHIBOJY, KOTJa

onuus ReotVertex ne nponucana — rpad graphT1gl3). Taxxe onumeii LeafDis-
tance YyTOYHACTCA PACCTOAHNE MEHKILY CHOAMM (110 BBICOTE):

graphTlgl3e = Graph [graphTlgle, VertexSize - 8.4,
GraphLayout —
["LayeredEmbedding", "RootVertex" - 6, "LeafDistance™ - 8.9},

PlotLabel - Style[".. + RootVertex + LeafDistance", 14, Blue],
ImageSize —» 2487 ;

Row[ {graphTlgl3, graphTlgl3e}, Spacer[18] ]

graphT1gl3, LayeredEmbedding .. + F{mt"-."ertax + LeafDistance
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Mpumepsl odopmnenuns rpados. Buayanusauma eepluvH, pebep

B Tekymeil cepun npuMepoB MIUIIOCTPALIMH MOJIOTOBIEHBI JUIA BapHAaHTa
yknanku DiscreteSpiralEmbedding.

B orawune or npumepa graphT1gl9 B papuanre graphTlgl9a uamenens
uger Goua (VertexStyle—Yellow), crune W 1BeT HOMEPOB  BepiIHH
(VertexLabelStyle—Directive[Red,Italic,16]); ® sapnante graphTlgl9b nna
KOHKPETHBIX  BEPIIHH  3aJaHbl  HHIHBHAyalbHBIE  YCTAHOBKH, KOTOpBIE
nepeuncnarorea ({Siyle[1.Green], ...). npuuem, 118 OCTaIbHBIX [I€HCTBYIOT
obume ycranosku ( VertexStyle—Yellow).

B papuanrtax graphT1gl9c, graphT1gl9d nimenensl ve Tonnko ngera pona
(VertexStyle). B otnuune ot npumepa graphTlgl9b B mapuante graphT1gl9c
nepevHclIeHne BepIine CIRIAH0 B JIPYTOM TOPAIKE, YTO MEHAET BHJ YKIAJKH.
B papuante graphT1gl9d nepeuncaenne sepmmn 1 nseta oHa nogodpansl Tak,
4TOOB! HACHTHYHBIMH 1O BHAY ObumH 1-i u 2-if paasl rpada; AOMOIHHTEIBHO
NpH  BLIBOJE BeplIHHBEI 8 Hcnone3osanue onuuu VertexShapeFunction
HIUTHOCTPHPYET BO3MOMKHOCTE YKA3aHHA JAPYToi (JOPMBI BLIBOJHMBIX BEpPIIHH
(Square); B xomMMmeHTapuu nepeducncHsl Gonee 10 BapHAHTOB NPHMHTHBOB
BEPIIMH H3 BCTPOCHHOH KOJIEKIWH (MONHBIH nepedeHb BBIBOJAHTCA (DYHKIHEH
GraphElementData|*Vertex™],  moxkno, Hcrnoneiys  Insef,  BCTAaBIATH
cOOCTREHHEIE PACTPOBLIE HIH BEKTOPHBIE IPHUMHTHREI).

B mapuanrax graphTl1gl9¢c, graphT1gl9d uamenensl ne toneko neera dona
(VertexStyle). B ornuume ot npumepa graphTlgl9b B papuante graphT1gl9c
nepevHc/IeHHe BEPUIHH C/eNIaHo B JIPYTOM MOpsIKe, 4TO MeHAeT BH yKiajaku. B
sapuanTe graphT1gl9d nepeuncnenne Bepmivn M uBera (ona noaodpaHbl Tak,
4TOOB! HACHTHYHEIME 10 BIUAY ObLa 1-ii 1 2-if panel rpada; Z0NoJIHHTEeNLEHO TpH
BBIBOJIC  BEPIIHHEI 8 HCIOAL30BAHHE  OIMUIHH VertexShapeFunction
HILTHOCTPHPYET BO3MOMKHOCTE VKazaHHa JApyroi (opMbl BLIBOIMMBIX BEplIHH
(Square). B zameuanun Huke nepeuuclicHsl Oonee 10 BapHaHTOBR NPHMHTHBOR
BePIIUH M3 BCTPOSHHOH KOJUIEKUMH (NOJHKIA nepedeHk BIBOJAMTCH (QyHKIMeN
GraphElementData[*Vertex™], Take MoOXHO, Hcnonkiys Imnset. BCTaBRIATE

CODCTBEHHBIE PACTPOBLIE WIH BEKTOPHEBIE IPUMHTHEBI):

graphTlgl9a = Graph[1lstGrPLA,
VertexSize - 8.2, VertexLabels - Placed|["Name", Center],
VertexStyle - Yellow,
VertexLabelStyle »+ Directive [Red, Italic, 16],
GraphLayout —» "DiscreteSpiralEmbedding”,
PlotLabel - Style["graphTlgl9a, VertexStyle+..LabelStyle",
14, Blue], ImageSize - 265];
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graphT1lgl9b = Graph|
{Style[1, Green], Style[2, Green], Style[5, Cyan],
Style[6, Cyan], Style[3, Cyan]}, 1stGrPLA,
VertexSize -+ 8.2, VertexlLabels -+ Placed | "Name", Center],
VertexStyle — Yellow,
VertexLabelStyle - Directive [Black, 28],
GraphLayout -+ "DiscreteSpiralEmbedding"”, PlotLabel -
Style["graphTlglgb,..Style(1,2,5,6,3)..LabelStyle",
13, Blue], ImageSize — 265];
Row| [graphTlgl9a, graphTlglsb}, Spacer|[18] |

graphT1gl9a, VertexStyle+. LabelStyle graphT1gl9b,..Style(1,2,5,6,3). LabelStyle
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graphTlgl9c = Graph [Graph|
{Style[2, Green], Style[5, Cyan], Style[6, Cyan], Style[3, Cyan]
Style[1l, Green]}, 1stGrPLA, VertexSize - 8.2,
VertexStyle — Yellow, VertexLabels - Placed|"Name", Center],
VertexLabelStyle — Directive [Black, 28],
GraphLayout - "DiscreteSpiralEmbedding”, PlotLabel -
Style["graphTlgl9c,..Style(2,5,6,3,1)..LabelStyle”,
13, Blue], ImageSize = 265]];
graphTlglad = Graph|
{Style[1, Green], Style[2, Green], Style[3, Magenta],
Style[4, Magenta], Style[5, Magenta], Style[6, Green]},
1stGrPLA, VertexSize - 8.2,
VertexStyle = Yellow, VertexlLabels — Placed | "Mame", Center],
VertexlLabelStyle — Directive [Black, 28],
VertexShapeFunction - {8 - "Square"},
GraphLayout — "DiscreteSpiralEmbedding", PlotLabel —
Style["graphTlgled,..5tyle(1,2,5,6,3)..LabelStyle”,
13, Blue], ImageSize — 265];
Row[ { graphTlgl9c, graphTlglad}, Spacer[1l@]]
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graphT1gl9c,..Style(2,5,6,3,1). LabelStyle graphT1gl9d,..Style(1,2,5,6,3).. LabelStyle
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B npuMepax BeIllle MOMKHO HCIONIB30BATE W JIPYTHE NMPHMHTHBEL, B YaCTHOCTH:
“Triangle™, “Square”, “Rectangle”, “Pentagon™, “Hexagon”, “DownTrapezoid”,
“UpTrapezoid”, *“Parallelogram”, “FiveDown", *Circle”, “Diamond”, “Star”,

“Capsule”

B ormuume ot npumepa graphTlglY B Bapuante graphTl1gl%
JONONHHTENBHO BbIBOAATCA MHIAEKCh pebep (EdgeLabels—"Index™), npuuem,
yKasaHHBIM cTHIeM (EdgeLabelStyle); nepeuncnaiorcs KoHKpeTHBIE pebpa 1«—
2, 2e=1, 15, 5+=1 u onuueit EdgeStyle 3anaetcs cTuas HX 0TOOpakeHHA.
Bapuant graphT1gl9f — npumep yrodnenus ¢ ucnonkzosanneM Qpyaximn High-
lightGraph (rpad ¢ nojakpackoil) CTHJIS KOHKPETHBIX BbIBOJHMBIX BEPILHH
(Style[1,Green]. Style[2.Cyan]) u nepeuncnennsix pebdep (Style[7+—6,Dashed].
Style[ 7T+—4,Cyan]):

graphTlgl9e = Graph[1lstGrPLA, VertexSize + 8.2,
VertexStyle — LightGray, VertexLabels » Placed | "Name", Center|,
VertexlLabelStyle — Directive [Black, 18],
GraphLayout — "DiscreteSpiralEmbedding”, EdgelLabels + "Index”,
EdgeLabelStyle -+ Directive [Blue, Italic, 12],
EdgeStyle + {1— 2 -+ Red, 2 — 1+ {Red, Dashed},
1«5 Green, 5+« 1= {Green, Dashed}},
PlotLabel - Style|["graphTlgl9e, Edgelabels-Index", 14, Blue],
ImageSize -+ 2657 ;

graphTlglof =
HighlightGraph|graphTlgl9e, {Style[1l, Green], Style[2, Cyan],
S5tyle[7 — 6, Dashed], Style[7 — 4, Cyan]}, PlotLabel —»
Style["graphTlglof, Style.., Style.., Style..", 14, Blue]];

Row| (graphTlglSe, graphT1glof}, Spacer[18] |
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graphT1gl9e, Edgel abels-Index graphT1gl9f, Style.., Style.., Style..
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JlononHuTeNsHO OTMETHM, UTO B npuBeneHHoM BapuanTte graphT1gl9t Highlight-
Graph obecneunpaer wismenenne Buaa rpada graphTlgl%e Toneko mno
nepevHcIeHHBIM MO3HIHAM.

Bapuant graphTlgl9g — npumep yTouHeHHS CTHIA BBIBOJAMMEIX pedep,
Korjaa oopMIeHHE ONpeaenaeTes 3aJaBacMbIMH YCIIOBHAMH — BCE IYTH OT y3/1a
¢ OONBIIMM HOMEPOM K Y31y C MEHBIIHM BBIBOJATCHA 3€IEHBIMH MYHKTHPHBIMH
TOHKHMH JTHHHAMH, @ OCTAIbHBIE MATHHOBBIMH CIUIOIIHBIMH TOJICTBHIMH, CTHIIEM
no  yMonganuwy  BeiBogatea  noanuc  (EdgeLabels—"Name™). Bapuaur
graphT1gl9h — npumep yrounenusa Buaa rpada graphT1gl9g ctuna u noanucu
KOHKPETHOIO BBIBOIMMOIO pedpa:

graphT1gl9g - Graph [1stGrPLA, VertexSize - 8.2,
VertexStyle - LightGray,
VertexlLabels - Placed | "Name™, Center],
VertexlLabelStyle — Directive [Black, 16],
GraphLayout - "DiscreteSpiralEmbedding”,
PlotLabel —
Style["graphTlgl9g, Edgelabels-Name, ..x=vy..", 14, Blue],
EdgelLabels - "Name",
EdgeStyle -+ {x_-sy_/; x>y = Directive[Green, Dashed, Thin],
Directive [Thick, Magenta]},
ImageSize —+ 2657 ;

graphTlgloh = HighlightGraph[graphTlglog,
{7+~ 6}, EdgeLabels -+ "Index=16",
PlotLabel —
Style["graphTlglSh, ..[7.s6],EdgelLabels..", 14, Blue]];

Row[ {graphTlgl9g, graphTlglah}, Spacer[1l@]]
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graphT1gl9g, EdgelLabels-Name, ..x>y.. graphT1gigh, .{7—6},EdgeLabels..

) ® j”ﬁ ®
1 577)- 8
. /

T
4

@

Mpumepbl 0opMIEHUS C YHETOM 3afaBaeMblX BECOB

Brumanwe. Hano orcnexuBare HyMEPAalWK) BEPUIMH Y CO3/dBAEMBIX B
Wolfram Mathematica rpador. Y cHcTeMBl 3TO He COBCEM TO, 4TO HHOTJA

KaseTcd (He Te HOMepa, KOTOPHIE MEI BIHCEIBACM, OMpeaenss rpad, eci aenaeM
3TO  caMmocToATensHo).  Baxcmo. Homepa (umpgekcel)  BepuH  rpada
OUpeNeNATes He Toi 1mMppoii (MMeHeM). KOTOPYIO [IPONHChIBAEM. 3a/ABasd
ceazn. Kojawl Hike oDecrneqnBaloT COMOCTABIEHHE CINUCKA HHJIEKCOB BEPIIHH
HCTIONb3yeMoro B npuMepax rpada IstGrPLA ¢ 4HcnoBEIM paIoM HomepoB oT |
JI0 YHCIIa BEPIIMH (B PACCMATPHBAEMOM cllydae — 710 8):

lstGrPLA= {12, 241, 1+55, 521, 226,62, 324, 4.3,
3esB, 623,427,724, 4«38, B34, 6+27, T7+286];
nVertex = VertexCount [ 1stGrPLA]

8

Range [nVertex]
VertexList [1stGrPLA]

{lj 2J 3J 4} 5} EJ ?J 3}
{1, 2, 5, 6, 3, 4, 7, 8}

M3 pe3ynkTaToR BEINIE BHIAHM, 4TO, Hanpumep, 3-eil ApndeTca BeplivHa 5,
4-0ii — 0, ... llogoOunoe cneayer o043aTebHO VUHTHIBATE NIPH 3a/IaHHH_BECOB B
cnucke VertexWeight. Jlo paccMoTpeHHs npHMepoB BH3YAIH3alMH 3HA4eHHH
BECOB JOMOIHHTENEHO MpPHBEIEM MpHMEp “yrnopagouneanug”
HoMepoB(HHAeKcoB) BepminH. Yrtodwl M3Derate HegopazyMeHHH  “Homepa
BepiIvH”, cAeayeT onuckeBaTE pebpa u Bepunuel asno. [lpocTeiimmii Bapuant,

obecnieunBarouii - “ynopagounte Homepa Bepwnn”  rpada  IstGrPLA u
(popmuposanue yrounenHoro rpacda graphT1gl9w:
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graphTlgl9w = Graph [Range [nVertex], 1stGrPLA,
VertexSize » 8.2, VertexLabels - Placed | "Name", Center],
VertexStyle — Cyan,
VertexlLabelStyle - Directive[Black, 28],
GraphLayout — "DiscreteSpiralEmbedding",
PlotLabel - Style["graphTlglow, Range[nVertex]", 14, Blue],
ImageSize —» 2657 ;

Row[ {graphTlgl9a, graphTlgl9w}, Spacer[18]]

graphT1gl9a, VertexStyle+. LabelStyle graphT1gl9w, Range[nVertex]

Obpamums enumanue, 4TO T0CHE NPHBEIEHNA B COOTBETCTBHE HOMEPOB, NpH
orpHcoeke rpada B BapuanTe DiscreteSpiralEmbedding nmeem BepuivHel HayT
TIOJIPAL,

B npeaslayimx npuMepax B paccMOTpeHHBIX rpadax He ObUIM 3a/1aHbl Beca
BepuinH, pedep. [lpueenem npumeprbl, BH3VATH3ALMH BECOB, NpPeABAPHTEILHO
OMpEIenHB HX, Henonb3ya onuun VertexWeight w EdgeWeight.

[lpn  dopmupoanun  rpada graphTlgl9wVa onuueit  VertexWeight
3a/1al0TCA Beca, M JUIA HArIAIHOCTH OHH OMNpeJlelieHsl JIBYy3HauyHOH uudpoil, B
KOTOpPO# Mepeas WHpa — WHACKC BEPIIMHEL, a BTOpas undgpa — 9, 8, ..., 2 (41008
MpH BBIBOJIC BECOB 10 nepioil uudpe ObII0 NOHATHO, KaKad ITO BepIIHHA).

B unmoctpaunn rpada graphT1gl9wVa msmenenwmt user (VertexStyle) n
npuMUTHE BepiinH (VertexShapeFunction) — Kpyru 3aMeHeHbl TpanelnHsMu,
BBIBO/IATCH HE MHIIEKCHI, a Beca. TakKe HAIIOMHHUM JIDYTHE BO3MOMKHBIE BAPHAHTHI
BMECTO HCNOJALI0BaAHHOIO B npumMepe DownTrapezoid: “Triangle”, “Square”,
“Rectangle”, *Pentagon™, “Hexagon”, “DownTrapezoid”, "“UpTrapezoid”,
“Parallelogram”, “FiveDown", “Circle”, *Diamond”,”Star”,”"Capsule”.
Obpamums enumanue, 4To B cnydaax saganud (! ommbdka) uncna Becos Domblle

HHCTa BEPHIHH CHCTEMa CO30acT H IpPH BH3YAIH3alOHH BBIBOIHT "»H}’CTLIE”
BEPUIHHEL.
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graphTlgl9wVa = Graph [graphTlgl9w, VertexSize -+ 8.3,
VertexWeight -» {19, 28, 37, 46, 55, 64, 73, 82},
VertexShapeFunction -» "DownTrapezoid",

VertexLabels -+ Placed ["VertexWeight", Center],

VertexStyle - LightOrange,

VertexLabelStyle » Directive [Black, 18],

GraphLayout - "DiscreteSpiralEmbedding”,

PlotLabel - Style["graphTlglowVa, VertexWeight", 14, Blue],
ImageSize - 2657 ;

Row[ {graphTlgl9w, graphTlgl9wVa}, Spacer[1@] ]

graphT1gl9w, Range[nVertex] graphT1gl92wVa, VertexWeight
DN R D . ——
NN SN A e LN AL /
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[Mpumep mmxe graphTIgl9wVb — wnmocTpanus, Kak BBIBOJIHTE BepUIHHEI,
oopMIAs HX € YYETOM 3a/aBaeMoro NpaeHiIa Mo Becy BepuiHHel. B nmpumepe
BepUIHHEI ¢ BecoM Oonee 50 BEIBOAATCS NPHMHTHBOM POMO:

graphT1lgl9wVb = Graph[graphTlgl9wVa, VertexSize + 8.3,
VertexShapeFunction = Table[v -
If[PropertyValue[ {graphTlglSwVa, v},
VertexWeight] > 50, "Diamond”, "DownTrapezoid”],
{v, VertexList [graphTlgl9wVa]}].,
VertexlLabels = Placed [ "VertexWeight", Center],
VertexlLabelStyle - Directive[Black, 167,
GraphLayout — "DiscreteSpiralEmbedding”,
PlotLabel -
Style["graphTlglowVb, VertexWeight=58 <<, 14, Blue],
ImageSize + 2657 ;

Row[ {graphTlgl9wVa, graphTlglowvb}, Spacer[18] ]

35



graphT1gl9wVa, Vertex\Weight graphT1gI9wVh, VertexWeight=50 <o

Patorta ¢ pecamu pedep, BRIBOJ NOANHCENH BRIMOIHAKTCA AHAIOIHYHO, U1 3TOI0
cnenyer uenonwiosars EdgeWeight, EdgelLabels, EdgeShapeFunction.

DyHKUUKW hopMUpOBaHWA, MOoAWMKALIMK, aHanWaa, cpasHeHus rpados

[IpuBenem HecKoNbKO NMpOCTEHIINX (DYHKUMH NOCTPOSHHS W MAHHIYIIALMI,
aHanu3a, cpaBHeHuA rpadog.
Oyukumua GraphComplement cTpOMT JONOJHEHHA HEOPHEHTHPOBAHHOIO

rpadha 10 nonHoro. B mpuMepax HmKe WUIIOCTpaUMH  JAlOTCA  UIA
(nocrpoennoro seiue) rpada rAdjGrl, nenonssyercs rAdjGr, a ne nauanbHbIR
graph2d, yToOb! He OBIIO HECTAHIAPTHOIO MMEHH BEPLUHHBI N:

radjGrGC = GraphComplement [ rAdjGrI,
VertexlLabels - "Name", VertexLabelStyle — [{Black, 17},
EdgelLabels —+ "Index",
PlotLabel — Style["GraphComplement rAdjGrI", 14, Blue],
ImageSize -+ 2687 ;

Row [ { rAdjGrI, rAdjGrGC}, Spacer[18] ]

GraphComplement rAdjGrl

rAadjGrl
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[VertexCount [rAdjGrI], EdgeCount [rAdjGrI] }
{VertexCount [rAdjGrGC|, EdgeCount | rAdjGrGC] )

{5, 6}
{5, 14}

Hna  warnagnoetn  pononnurensHo  onuweidt  EdgeLabels—"Index” B
wimoctpauuax rAdjGrl u rAdjGrLG BmiBogarca wunzaekcel pedep. Taxxe
ornensHo ans rpagos rAd)jGrl u rAdjGrGC BeiBonaTca uucna BepiiH U pedep
(ncnonbsytotea pyuxunn VertexCount u EdgeCount).

Jluneiinelii rpad (pebpa craHoBATCS BEPIIMHAMH H HA0DOPOT; KOIHYECTBO
pebep B rpade paBHO KOJIHYECTBY BEPILHH B €ro nuHeHHoM rpade) dopmupyertca
B Mathematica pynxumei LineGraph:

rAdjGrLG = LineGraph | rAdjGrI,
VertexLabels - "Name", VertexLabelStyle - [Black, 17},
PlotLabel — Style["LineGraph rAdjGriI", 14, Blue],
Edgelabels - "Index", ImageSize - 26@];

Row[ { rAdjGr, rAdjGrLG}, Spacer[18] ]

radjGr LineGraph rAdjGrl
4 5 1 6
—3 L s
\ //P-I— o-t—-d-—af::.’ & |? 4
\\\ 2// .-\"‘"3-.\_____\_ 4 '.;2
\‘n o— 3 — i

[VertexCount[rAdjGrLG], EdgeCount[rAdjGrLG] |
{6, 8}

Oyukumns RandomGraph[{n.e}] cosznaer cioyuaiineiii rpad, KoTopbiii
(opMHupyeTCS M3 3aJaBAEMOT0 MHOMKECTBA # H30IHPOBAHHBIX BEPIIHH M
MOCAEAOBATENBHOIO  CAyHaiiHOrO  100ABIEHHA COSIHHANOUIMX BEPUIMHBL €
pedep. [Tpumepn rpador 6 pepiuuy 1 8 pebep:

graphRG1 = RandomGraph|[ {6, 8}, VertexlLabels — "Name",
EdgelLabels — "Name", VertexLabelStyle - [Black, 17},
PlotLabel - Style["RandomGraph graphRG1", 14, Blue],
ImageSize — 2687 ;

graphRG2 = RandomGraph|[ (6, B}, VertexLabels — "Name",
EdgeLabels — "Name", VertexLabelStyle — [{Black, 17},
PlotLabel - Style [ "RandomGraph graphRG2", 14, Blue],
ImageSize -+ 2687 ;

Row[ {graphRGl, graphRG2}, Spacer[18]]
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RandomGraph graphRG1

3 RandomGraph graphRG2
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MopmupoBanHe TPA(OB BHILE BLIMOTHACTCA OJHHM H TEM K€ KOJOM, 4TOOBI
MOKa3aTh CYIIECTBEHHYIO PasHHIly Pe3yNILTATOB; YHCIa BEpPIIHH H pebep Takke
3a7aHbl HE CIy4aiiHO, a OHM TakHe ke, Kak B npumepe rAdjGrLG. Ormernm,
YTO K&#/10€ BBINOTHEHHE CEKIHH BBILIE JIAET APYTHE rPadbl.

[Ipumepsr  ucnonbizoBanus  ¢yuxkuud  RandomGraph|{n.e}]  Boiue
HILTHOCTPHPYIOT TMOCTPOEHHE TICEBJOCTyHaiiHoro rpada ¢ n BeplIlMHAMH H e
pedpamu Oe3 yTouHeHHs (YHKUMH pacnpenencHud. OTMeTHM, 4TO B KadecTBe
TAKOBOTO NpHHHMaerca (no  ymomuauuw) UnifermGraphDistribution
paBHoMepHOe  pacnpenelenue. B Mathematica  BO3MOMKEH — BapMaHT
uenonaeiopauud RandomGraph ¢ wHuupanusaimeidl KOHKPeTHOI'O reHeparopa
MCEBI0CTYUAHHBIX YHCEN, HanpuMep ¢ pacnpenencuuayu: BernoulliGraphDistri-
bution, DegreeGraphDistribution, SpatialGraphDistribution, PriceGraphDistri-
bution, BarabasiAlbertGraphDistribution, WattsStrogat;GraphDistribution.
Cnyuaiineie rpadbl NPHMEHAKTCH  BO MHOrMX o0nacrtax, ocodeHHo npH
MOJEJIHPOBAHHH CHIOKHBIX CETEH, NpHYeM, JIi MHOIHX H3 HHMX CO3JaHbl M
MOCTOAHHO — 0DHOBRIAWOTCA  OubianoTexkn  Moxenei  rpados,  oTpamaoIMX
pazHooOpasnble THnb. TIpH M3VYEHHH pPa3HBIX  COVYAHHBIX  IpadOB  MOMKHO
PEKOMEH/I0BATE MHOIOKPATHOE BBINIOJHEHHE ¢ LEILI0 10100paTh KOHpUIypaluo
(BHI)  NPEANOYTHUTENBHOIO, €ro  3alpoTOKOIMPOBATh, B YACTHOCTH €
uenoneioeannem  Edgelist, a 3ateM  SKCHEPUMEHTHPOBATE €  KOHKPETHBIM
NpeanouTHTENbHBIM (MOHUMas, 4To awdoe BoinonHenue RandomGraph nacr
4YTO=TO JPYTroe).

[IpHBeeM HECKOJBKO npocTeiimx  GVHKUME aHauau3a, CcpaBHEHHS

rpados.
Oyukums GraphDifference crpout Te pebpa Kamioro u3 Jeyx rpados,
KOTOPBIE OTCYTCTBYHOT B JIPYTOM.

grDifferl2 =
GraphDifference [graphRGl, graphRG2, VertexLabels — "Name",
PlotLabel - Style|"Difference graphRGl graphRG2", 14, Blue],
ImageSize - 2687 ;
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grDiffer2l =
GraphDifference graphRG2, graphRGl, VertexLabels - "Name",

PlotLabel - Style["Difference graphRG2 graphRG1", 14, Blue],
ImageSize —+ 2687 ;

Row[ {grDifferl2, grDiffer2l}, Spacer[1@] ]

Difference graphRG2 graphRG1
2

Difference graphRG1 graphRG2 ] 5
B 4 1 2 @ o o
o 0O O a
5 3
o o i 1 4
o O @

Oyukuma  FindCligue|graph,in}]  (HaiitTH  MAKCHMANBHYH)  KIMKY)
BO3BPAILAET CIHCOK BEPIIHH, KOTOPBIE MPHHAIEKAT KIHKE rpada U3 n BEPILIHH
(KJIMKOH HEOPHEHTHPOBAHHOTO rpatha HA3IBIBAETCA NMOJAMHOMKECTRO €10 BEpIIMH,
modbIe JIBE W3 KOTOPBIX coeuHeHnbl pedpom). B npumepe nmxe graphRG3
WILTHOCTpalMA cienana s rpada graphRG2:

graphRG3 = HighlightGraph [graphRG2,

FindClique [graphRG2, [31],

PlotLabel — Style[“graphRG3 FindClique {3}", 14, Blue],

ImageSize — 2601 ;

Row[ { graphRG2, graphRG3}, Spacer[18] ]

RandomGraph graphRG2 graphRG3 FindClique {3}
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5
O
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Yike wMcnonb3oBanHas  Beiue  yuxuws  GraphComplement  crpout
JIOTIOHEHHA HEOPHEHTHPOBAHHOTO rpada 10 MOTHOTO; NMPHMEP NPHMEHEHHS
s graphRG2:
graphRG4 = GraphComplement [ graphRG2,

PlotLabel - Style["GraphComplement graphRG2", 14, Blue],

VertexlLabels = "Name",
EdgelLabels — "Name", VertexLabelStyle — {Black, 17},

AspectRatio - 8.7, ImageSize — 266 ;
Row| { graphRG2, graphRG4}, Spacer|[1@] |
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GraphComplement graphRG2

RandomGraph graphRG2 6
6
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Oyukuua FindGraphCommunities Bo3BpamaeT CHCKH BEPIIHH, KOTOPLIC
NpUHALIEKAT CBA3HBIM  MHOwecTBam rpada. B npumepe graphCmntl
npeasaputenbHo  pyukumeii FindGraphCommunities onpeienserca  ClHCOK
BepiiuH noarpata IstFGC, satem oroOpanHple BepliMHBI cHCKa H pedpa
oopmnaoTcs (¢ YCTAHOBKAMHM MO YMOJIYAHHIO) M BBIBOJSATCA  C
Henons3opanueM yuxkuui HighlightGraph, Map, Subgraph. ©yuxkuus Com-
munityGraphPlot| g, FindGraphCommunities|g|]  ciayxur s yao0HOro
oToDpasKeHWs  JAHHBIX  CBA3HBIX MHOMKecTB. B npumepe graphCmnt2
nononHuTeNnsHO npumenensl onuuu CommunityBoundaryStyle v Communi-
tyRegionStyle, koTopeIMH 3371aHBl ATPHOYTEI JIMHUHA OKaiiMIEHHS MOIMHOMKECTE

H LBETA 3aJIMBKH UX TLIOLILA1EH:

1stFGC = FindGraphCommunities [graphRG2|
graphCmntl = HighlightGraph graphRG2,
Map [Subgraph [graphRG2, ] &, 1stFGC],
VertexSize — 8.3, VertexStyle — LightGray,
VertexLabels » Placed|["Name", Center],
PlotLabel — Style["graphCmntl - GraphCommunities", 14, Blue],
ImageSize - 2687 ;

graphCmnt2 = CommunityGraphPlot [graphRG2,
FindGraphCommunities [graphRG2],
VertexSize - 0.4, VertexStyle » LightGray,
VertexlLabels - Placed["Name™, Center],

CommunityBoundaryStyle -+ {Directive[ {Orange, Dashed}],
Directive[{Cyan, DotDashed}]},
CommunityRegionStyle - {LightYellow, LightGreen},
(* CommunitylLabels-{"one","two"}, +)
PlotLabel —
Style["graphCmnt2 - CommunityGraphPlot", 14, Blue],
ImageSize - 268 ;

Row[ { graphCmntl, graphCmnt2}, Spacer[18]]
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{12, 3, 4, 6}, {1, 5}}
graphCmnt2 - CommunityGraphPlot

graphCmnt1 - GraphCommunities

[ToBTOpHM, 4TO B MpHMEpPaxX BCEra KO 3alHCHIBACTCA MAKCHMAIBHO NMPOCTEIM,
XOTS OYEBMHO, 4YTO B CHTYallMM BBIIIE, HAmpuMep, MOKHO Obl10  OBI
MCNONB30BATE % BMECTO MACHTH(MKATOpAa NOpPEILIVIIEr0 JACHCTBHA M,
cooTBeTCTBEeHHO, ero (IstFGC) He BBOAUTE.

B npumepe graphFGP2 npeasapurensho dyvuxumein FindGraphPartition
onpenenserca cnucok rFGP2 sepmwmn noarpados, graphFGP2 — nokaseizaer
pazonenue rpada graphRG2:
rFGP2 = FindGraphPartition | graphRG2|
graphFGP2 = HighlightGraph [graphRG2,

Map [Subgraph[graphRG2, =] &, rFGP2],

VertexSize - 8.3, VertexlLabels — Placed | "Name", Center],

PlotLabel —
Style["graphFGP2 FindGraphPartition”, 14, Blue]];

Row[ {graphCmntl, graphFGP2}, Spacer[18] ]

{{21 4, 6}, {1, 31 5t

graphCmnt1 - GraphCommunities araphFGP2 - FindGraphPartition
___-3-&-“‘® I ‘E""‘E ____.'.‘-—5-—___@
*,
Se B
Teaf 1e=f
244

Pasdouenua rpadoB HCNonb3yOTCA, KOrAa HaJ0 YOPOCTHTBL 3a1ady  aHaiusa
CNOAHOM cucTeMbl. Hacro pazdMeHne no3BoaseT BBIIOJHMTE aHalini rpadhoBoi
MOJIE/TH CUCTEMBI.

B npumepe graphFGP3 npensaputensno Qyukuueii  FindMinimumCut
onpenenserca cnucok rFGP3 mepmmn noarpada, graphRG3 — nokaseizaer
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MI»{-H]-*IME.J]I:[ILIﬁ paszpes rpada graph_RGZ:

rFGP3 = FindMinimumCut [ graphRG2 |
graphFGP3 = HighlightGraph [graphRG2,
Map [Subgraph[graphRG2, o] &, Last [rFGP3] ],
VertexSize —+ 8.3, VertexLabels — Placed [ "Name", Center],
PlotLabel - Style|"graphFGP3 FindMinimumCut™, 14, Blue]];
Row| [ graphFGP2, graphFGP3}, Spacer|[1@] ]
{21 {‘E}J {1.l 2.: 3: 4: 5‘}}}

graphFGP2 - FindGraphPartition graphFGP3 = FindMinimumCut

o aes ‘@ .\\2"‘3® 28 @

1=—5 Z2—3 15

13 @ @ 3t @ =3 @

FindMinimumCut BO3BpallacT CIHCOK BHAA {Cpin, {C1, €2y oo 3}y TAC Crmin —

3HAUEHHE HAliIEHHOr0 MHHHMMANbHOTO paspesa, m  {Cy, C2, ...} — pasbueHHe
BEPIINH, I8 KOTOpPLIX oHO Haiineno. Ilo ymomuanuio Bec kaammoro pedpa
NpUHUMaeTCd  paBHbBIM  ero  3uadcnuio  EdgeWeightproperty, ecnu  oHo
ornpeseneHo, B NPOTHEHOM ciydae 1. Takke MOMKHO HCMONB30BATE (PYHKIIHIO
FindVertexCut.

EHS}"EIJ'IM:SHLI,MFI pEI..IJEHI-‘IIFI B NpUMepax TUMNOBbIX 3adady

ITpuBeneM HECKOUILKO NPHUMEPOR NOJIYYEHHS PELIeHH M UX BH3YaIH3alluu
IUIS JIBYX BAPHAHTOR 3a/1a4H HAXOMIEHH KpaTyaiiiuero nyTH.

Hexonueie nannsie, rpadgel cGopMupyeM ¢ HCNONB30BAHHEM I'€HEPaTOPOR
CIIyHaiiHBIX YHCeN, NMPHYeM, CJe/laeM 3TO JUIH HECKOJBKHX BAPHAHTOB, KOIJa
M3MEHEHHA BHOCATCA NyTeM Moau(pukauuH HadaneHoro rpada. Yrobel B
YIPAAKHEHHAX, BAPHAHTAX BHIYAIHM3IAUHH MOMKHO OBUIO MPOCTO (DHKCHPOBATH
OTJIHYHS ONpeaeluM cOPMHPORAHHEIH Tpad crnucKoMm pedep, NMOHMMAas, HTO
NOJYYEH TAKOROH B pesvibrare BoeinoJHeHus (QyvHruuu RandomGraph||17,
221]. Hixe Oyaem nenons3oBath OOHY H3 0TODPAHHBIX peaiTn3alnii.

OTHOCHTEIBHO OCHOBHBIX MAPAMETPOB MOATOTOBISHHOTO Tpada — BhIBEIEM
€ro  CBOHCTBa  (OpHEHTHPOBAHHBIH,  HEHANpaBIEHHBIH,  MyIbTHrpad,
CMEIIAHHBIH, MPOCTOH, CBASHBIH, MAPILIPYTA, NOJHLIH, D3 neTens):
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dRndm@ = {1++5, 1++7, 1+211, 1212, 1.+17, 2.-4, 2.+ 16,
3.+10, 3++14, 34217, 44212, 5++7, 5++8, 5.+15, 6+ 14,
7ee9, 7+214, 9214, 10+ 12, 12+-13, 12+=17, 13- 16}

inVertex = VertexCount [dRndm®] , nEdge = EdgeCount [dRndm@] }
VertexList [dRndm@]

gRndml = Graph [Range[nVertex], dRndm@,
VertexSize - 8.4, VertexStyle — LightCyan,

VertexlLabels - Placed | "Name™, Center],

VertexlLabelStyle — Directive [Black, 177,
PlotLabel - Style["gRndml, Graph dRndm&", 14, Blue],

ImageSize - 5501 ;

[DirectedGraphQ[gRndml], UndirectedGraphQ[gRndml],
MultigraphQ[gRndml], MixedGraphQ[gRndml], SimpleGraphQ[gRndml],

ConnectedGraphQ[gRndml], PathGraphQ [gRndml],
CompleteGraphQ|gRndml], LoopFreeGraphQ|gRndml] }

gRndml

117, 22}
{1, 5, 7, 11, 12, 17, 2, 4, 16, 3, 1@, 14, 8, 15, 6, 9, 13}

[False, True, False, False, True, True, False, False, True}

®
®_ ®

gRndm1, Graph dRndm0
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3anauy _HaxomJICHHMA _KpaTdyaiilllero IVTH paccMOTPHM Ha [puMepe
gRndm1, mpudem, cienaeM 3710 118 HECKONBKHMX BapHaHTOB, KOTJa W3MCHEHHA
BHOCATCS MyTeM MoaudHKauuH HadansHoro rpada. Busyanuzauuio dRndml B
BApPHAHTE YKIAAKH M0 YMOTUaHHI) MOKHO JOTIOJNHHTE JPYTHMH BHIAMH,
Hanpumep, ¢ yknankamu LayeredEmbedding w RadialEmbedding:

gRndm2 = Graph [dRndm@, VertexSize - 8.8,

VertexStyle —» LightGray, VertexLabels —+ Placed|"Name", Center],
VertexlLabelStyle -+ Directive [Black, 14],

GraphLayout - [ "LayeredEmbedding", "LeafDistance" - 8.6},

PlotLabel - Style["gRndm2, LaveredEmbedding”, 14, Blue],
ImageSize - 265];

gRndm3 = Graph [dRndm@, VertexSize - 8.5,
VertexStyle — LightGray, VertexlLabels » Placed | "Name", Center]|,
VertexlLabelStyle — Directive [Black, 14],
GraphLayout —+ "RadialEmbedding",

PlotLabel - Style|["gRndm3, RadialEmbedding", 14, Blue],
ImageSize — 265 ;

Row[ [gRndm2, gRndm3}, Spacer[18] ]

gRndmz2, LayeredEmbedding gRndm3, RadialEmbedding

JononHuTenbHO MOMKHO MOTYYHTH OCHOBHBIE MapaMeTPhl CIyuaiiHeIM 00pa3zoM
cthopmupoBanHoro rpada, B YACTHOCTH, HCNONb3ya QyHKuuH GraphAssortativ-
ity  (accopratuenocTe  rpada), GraphLinkEfficiency  (>ddexTurHOCTE
coeuHéHHocT rpada), GraphDensity (nnornocts rpada), GraphPeriphery
(nepudepusn rpada), GraphDiameter (nuametp rpada), GraphHub (sanpo
rpada), GraphReciprocity (mepa obpaTumocTH rpada):

{GraphAssortativity [dRndm@],

GraphLinkEfficiency |[dRndm@], GraphDensity [dRndm@],

GraphPeriphery [dRndm@], GraphDiameter [dRndm@] ,

GraphHub [dRndm@] , GraphReciprocity|[dRndm8]| )

e



{ 73 2617 11

S, T, T, (2, 16, 61, 6, (1, 12}, 1]
422 2992 68

Taxke MOAKHO PACCUHTATE U BEIBOIHTE PACCTOAHMA HA rpa:ioe, HampHMEpP:

{GraphDistance [dRndm@, 1, 2|, GraphDistance[dRndm@&, 1, 3],
GraphDistance [dRndm@, 17, 2], GraphDistance [dRndm@, 17, 6]}
{3, 2, 3, 3}

[lpumep pemenus 3anaun

HAXOKJACHUA Kpardaiiero mnyTH M ero
Busyanuzauuu (pynxuns FindShortestPath|g,n,.n;| Bo3Bpamaer kpaTuaiimmii

NyThk, M0 KOTOPOMY MOAHO MPOHTH H3 BEPUIHHEL Ny B BEPILHHY N3 ):
FindShortestPath [gRndml, 14, 2]

gRndmSP = HighlightGraph[gRndml, PathGraph[%],
GraphHighlightStyle - "VertexDiamond",

(« [pyrve BO3MOXHbE BapuaHTe BMmecTo VertexDiamond:
"VertexConcaveDiamond”, "VertexTriangle",

"DehighlightFade", "DehighlightGray", "DehighlightHide" =)
PlotLabel — Style["gRndmSP, ShortestPath 14,2 ana gRndml",
16, Blue] |

(14, 3, 18, 12, 4, 2}

gRndmSP, ShortestPath 14,2 ans gRndm1

e

\@/

@3——1a®

3amerum, 4rto, ucnone3ys FindShortestPath, nony4ate pesyieTarel W
H3Y4aThk BAPHAHTEI, 3a4BddA Pa3HBIC HAYAIBHYH) H KOHCYHYH) BEPLIHHLI, OYCHB
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MPOCTO, HO YacTO JII COMOCTABJICHHS HAN0 NMOAOHPATh YKIAJKY CPaBHHBAEMBIX
rpacos. [loscaum zameuanne npumepom. Chopmupyem rpad gRabl, ucnonssya
u3MeHeHHBI cnucok dRndm0, ynanue B Hem pedpo 10s—12, koTopoe aBnAeTca
HACTHIO Kpardaiimero oyt s gRndmSP. Pemenue u pezyvnbsrarsl gRabl:

dRab = {1++5, 1++7, 1++11, 1412, 1++17, 2++4, 2+-16, 3+-10,

3214, 3—17, 4+-12, 5++7, 5++8, 5215, 6.-14, 79,
Foeeld, 9esld, («10ssl2,+)12w13, 12«17, 13+ 16};

InVertex = VertexCount [dRab], nEdge = EdgeCount [dRab] }

VertexList [dRab]

gRabl = Graph[Range [nVertex |, dRab,
VertexSize » 8.4, VertexStyle — LightRed,
VertexlLabels - Placed [ "Name™, Center],
VertexlLabelStyle - Directive [Black, 177,
ImageSize 5587 ;

FindShortestPath|gRabl, 14, 2|

gRabsSP = HighlightGraph [gRabl, PathGraph[%],

GraphHighlightStyle — "VertexTriangle", PlotLabel —

Style["gRabsSP, ShortestPath 14,2 agna dRab", 16, Blue]]

(17, 21}
{1, 5, 7, 11, 12, 17, 2, 4, 16, 3, 18, 14, 8, 15, &6, 9, 13}
{14, 3, 17, 12, 4, 2|

gRabSP, ShortestPath 14,2 opna dRab
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OueBuano, uro cpaBHHBaTh  kKapTHHEKH  gRndmSP  u  gRabSP
3ATPYIHHTENLHO, TAK KaK B YKJIAJKE [0 YMOTYaHHIO BHIBI rPpaoB COBEPIICHHO
pasuple. Kak noctynuts? [lpumenenue nogoOpanHoi yEnaaku gaeT Oonee
spenninoe npeacranenne. Huke nns ob0oMx BapHaHTOB JONOIHHTEIBHO
naznadcHa yviknanaka LayeredEmbedding:

gRndmSPd = Graph [ gRndmSP,
VertexSize -+ 8.7,
VertexStyle — LightGray,
VertexlLabels -+ Placed | "Name™, Center],
VertexlLabelStyle - Directive [Black, 127,
GraphLayout - {“LayeredEmbedding"”, "LeafDistance"” - 8.5},
GraphHighlightStyle - "VertexDiamond",
PlotLabel - Style["gRndmSP, LayeredEmbedding"”, 14, Blue],
ImageSize — 2607 ;

gRabsSPd = Graph [ gRabsP,
VertexSize - 9.7,
VertexStyle — LightGray,
VertexlLabels - Placed | "Name™, Center],
VertexlLabelStyle — Directive [Black, 127,
GraphLayout - {"LayeredEmbedding", "LeafDistance"” - 0.6},
GraphHighlightStyle — "VertexTriangle",
PlotLabel - Style["gRabSP, LayeredEmbedding”, 14, Blue],
ImageSize — 2687 ;

Row [ { gRndmSPd, gRabSPd}, Spacer[1@]]

gRndmSP, LayeredEmbedding gRabSP, LayeredEmbedding

A

REye:

B npumepax gRndmSP u gRabSP mu1 ne ykaseiBanu Beca Bepuinh, pedep,

KOTOPEIC M0 YMOIYaHHID OJHHAKOBEIC (pﬂEll[:I 1) Koneuno AE, BCCa ClICOYCT
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YYHTBIBATh, H MPHMEPLl HHMAKE MOACHAIOT, Kak 2To jAenars. Jlng wimocrpauuii
MCNONB30BAHE] PE3YALTATEL [5] — rpad TOMOMOrHHA CeTH U MOAH(HIIMPOBAHHBII,
KOTJ1a Bec 01HoTO U3 pedep (17+—3) uameHen:

gExrl = Graph|
{l1++5,1++7,1+-11,1+-12, 1.-17, 2~ 4, 2.-16, 3.-10,
3.-14, 317, 412, 5«7, 5+~ 8, 5+=15, 5216, 6+ 14,
7++49,7++14,9.-.14, 18.-12, 12 ++13, 12--17, 13 ++ 16},
EdgeWeight -» {5, 7, 9, 4, 6, 8, 1, 3, 5, 2, 4,
5,7,9,4,6,8,1, 3,5, 2, 4, 6},
VertexSize - 8.6, VertexStyle — LightGreen,
VertexLabelStyle - Directive|[Black, 16] | ;
Print [Style[Row[ { "VertexCount [gExrl] =", VertexCount [gExrl],
", ", "EdgeCount [gExrl]=", EdgeCount[gExrl]}], 16]]

path = FindShortestPath [gExrl, 4, 9] ;

gExrlv = Graph [gExrl, Edgelabels — "EdgeWeight",
EdgeLabelStyle — Directive[Green, 14],
VertexlLabels —+ Placed [Automatic, Center]];

ExrlHG = HighlightGraph [gExrlv, path,
GraphHighlightStyle —» "VertexDiamond", PlotLabel -
Style["ExrlHG, EdgeWeight-{5,7,18,...", 14, Blue],
ImageSize - 2657 ;

gExr2 = Graph|
[1ae25, 1+27,1+211, 1212, 1+=17, 2+=d, 2+=16, 3.-18,
3++14, 34417, 44412, 5447, 5++8, 5++15, 54416, 6++14,
7++9,7++14,9..14, 18+.-12, 12..13, 12..17, 13.. 16},
EdgeWeight -» {5, 7, 9, 4, 6, 8, 1, 3, 5, 9, 4,
5,7,9,4,6,8,1, 3,5, 2,4, 6},
VertexSize - 9.5, VertexStyle —» LightRed,

VertexlLabelStyle — Directive[Black, 16]1;
Print[Style[Row[{"VertexCount [gExr2]=", VertexCount [gExrl2],
", ", "EdgeCount [gExr2]=", EdgeCount [gExr2]}], 16]]

path2 = FindShortestPath[gExr2, 4, 9];

gExr2v = Graph [gExr2, Edgelabels — "EdgeWeight",
EdgelLabelStyle —» Directive[Red, 15],
VertexlLabels -+ Placed [Automatic, Center]];

Exr2HG = HighlightGraph [gExr2v, path2,
GraphHighlightStyle — "VertexTriangle", PlotlLabel -

Style["Exr2HG, EdgeWeight-(5,3,18,...", 14, Blue],

ImageSize -+ 2657 ;

Row | {ExrlHG, Exr2HG}, Spacer|[18] ]
Print [Style[Row[{"path=", path, ", path2=", path2}], 16]]

VertexCount [gExr1] =17, EdgeCount[gExrl]=23
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VertexCount [gExr2]=17, EdgeCount[gExr2]=23
Exr1HG, EdgeWeight—+{5,7,10,... Exr2HG, EdgeWeight—={5,3,10,...

p‘ath={4_‘ 12, 1?) 31 14, g}]‘ path2={41 12_1 lj ?J, 14J g}
Hanomunanue. 'paer ExrlHG, Exr2HG umeroT 0aMHaKoBOE UMCIO BEpLIMH U

pebep, paccuMTaHHble Kpatyaiiiide nyTtu path, path2 onpenenenb ¢ y4yeTom
BeCOR.
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