<!!'Ha 3TOT TEKCT CChLIAeTCs CTP-1>

BBeJAeHUue

OyzeM UCXOIUTh U3 MaKCUMBI, uTO Tpad (ocoberHHo HOTpad) ecTh GuUrypa reomerpudeckasi, aHaIOTHYHAsI MHOTOYTOJIbHUKY: HOTpad ecTh
TOYKU COeIMHEHHBIE HEllepeceKaIUMUCcs (KpOMe 3TUX TOUYeK) JIMHUAMU. B ajiredpe rpacdoM MPUHSITO Ha3bIBaTh Ty AJIre0pandecKyio
CTDVKTYDY, KoTopas "mep:kut” crpoeHue rpada. To uyto rpad u ero aarebpamyeckas CTPYKTypa pa3Hble BEIU CJIeAyeT U3 TOTO UTO OJHOMY U
TOMY 2Ke rpady pa3Hble aBTOPHI COMOCTABJIAIOT pa3Hble AC; Hy 1 KOHEUHO 0osiee u3 Toro 4yTo AC JIep:KUT JIUIIH CTPOEHNE HO He TEOMETPHUIO
rpada. JIOTUYECKH TJIaBHOE YTO rpadbl 33IEUCTBYIOT TeOMETPUUECKOE MBIIIIJIEHUE ITPU AaHATU3€ UX CBOMCTB M OCOOEHHO ITPU HAaBUTAITUH 110
rpady.

371eCh COOpaHbl 1 HEMHOTO Pa300paHbl BCTPEUAOIIHEeCs B H-HeTe onpeziesieHus [anredbpanyeckux CTPYKTYp /isi] rpada. MOHATHO YTO
mpuMeHsieTcs: To winu nHoe TM-Hoe KOHCTPYHPOBaHME, eCTh CY’KEHUSA U HETOYHOCTH. HY a KaK U3BECTHO MbI ITpuzep:;kuBaemcss KMAC:-)

a pacxoskas ujiesi: MHOXKECTBO BEPIIIMH M MHOKECTBO YT, MPUYEM KaKI0U yTre MpUIKcaHa mapa BepmuH (rmapa BnosHe TM-Has, T.e. MOXKET
OKa3aThCsA UTO BEPIITMHA IIPUITHCAHA BCETO OJTHA;-).

nepenncKa

19.11.2020 nocJiaj to Eric IIpEAJIOXKEHNE 3aKOHHEKTUTbCA.

<<ompeaejgeHusa rpacda

PlanetMath.org

https://planetmath.org/
https://planetmath.org/graph



https://sites.google.com/view/open-science-2018/grafy-praktika
https://planetmath.org/
https://planetmath.org/graph

A graph G is an ordered pair of disjoint sets (V, E) such that E is a subset of the set V' of unordered pairs of V. V and E
are always assumed to be finite, unless explicitly stated otherwise. The set V is the set of vertices (sometimes called nodes)
and E is the set of edges. If G 1s a graph, then V' = V (G) is the vertex set of G, and E = E (G) is the edge set. Typically,
V (G) is defined to be nonempty. If z is a vertex of G. we sometimes write = € G instead of z € V (G).

https://proofwiki.org/wiki/Main Page

"A graph is intuitively defined as a pair consisting of a set of vertices and a set of edges."
https://proofwiki.org/wiki/Definition:Graph_(Graph_Theory)

WolfAlpha

"In a mathematician's terminology, a graph is a collection of points and lines connecting some (possibly empty) subset of them."

https://mathworld.wolfram.com/Graph.html

[I'CuA] - oToOpaxkenue pedep B mapbl BEpIINH

c.11

Ipad G=(V, E) cOCTOHT H3 ABYX MHOMECTB: KOHeYHOr0 MHOMKECTBaA
3JEMEHTOB, HA3HIBAGMBIX 8EPUIUMOMU, W KOHEYHOIO MHOMKECTBA 3Jle-
MEHTOB, HasbiBaeMuX pebpamu. Kaxpoe pebGpo onpejensierca napos
pepiuiH. Ecau pefpa rpada onpefenatores ynopaloueHHEIMH napaMi
BepIIHH, TO ( Ha3bIBAETCH HANPABAEHHbLM HIH OPUCHMUPOBAHHBIM TPa-
tom. B nporHBHOM ciyuae G Ha3bIBAETCA HEHANPABAECHHBIM WIIH HEODUEH-
muposanrsim rpacdoM. B nepBhiX yeTblpex ryiaBaX KHHTH paccMaTpH-
BAIOTCA HeHanpasJeHHble rpadsbl

(hakTHUECKH OKa3bIBAETCA YTO PEOPA 3TO OT/IEIbHOE MHOKECTBO KasKJIOMY 3JI-Ty KOTOPOT'O COIIOCTABJIAETCS HEYIOop-Iapa BepIuH (B ToM
YHcJIe O/IHA):


https://proofwiki.org/wiki/Main_Page
https://proofwiki.org/wiki/Definition:Ordered_Pair
https://proofwiki.org/wiki/Definition:Set
https://proofwiki.org/wiki/Definition:Vertex_of_Graph
https://proofwiki.org/wiki/Definition:Set
https://proofwiki.org/wiki/Definition:Edge_of_Graph
https://proofwiki.org/wiki/Definition:Graph_(Graph_Theory)
https://mathworld.wolfram.com/Subset.html
https://mathworld.wolfram.com/Graph.html

Hnna obosnaueHHsi BepluHH rpada GyaeMm HCNOAb30BaThb CHMBOJbI
¥y, Vs, Usy. + +, @ 405 OGO3HAUEHHS pebep — &y, €3, €3, . . . . BEpPIIHHLI
U; H Uj, ONpeieasiolide pe6po e, HA3bIBAOTCA KORUEEHIMU BEPUILHAMU
pe6pa e;. B aroum cayuae pe6po e; ofo3Havaercs Kak e;=(v;, v;). 3aMe-
THM, UTo B MHOecTBe E jonyckaeTca Gosiee 4eM 0JHO pebpo ¢ OJHHAKO-
BHIMH KOHUEBBIMH BepluHHamH, Bce pefpa ¢ 0/lHHAKOBHIMH KOHLEBBIMH
BeplIHHAMH Ha3blBAlOTCS napassershoimu, Kpome Toro, KoHuesble Bep-
WIHHE pefipa He o6a3atenbHO pasan4Hel. Ecan e,= (v;, v;), To pebpo e
HazbiBaeTca nemaed, I'pad Ha3bIBaeTCs npocmbis, €ClH OH He COePKHT
netedb H napadaienbnbiX pebep. I'pad G asnaerca rpadom nopadka n,
€C/H MHOKECTBO €r0 BEPIUHH COCTOHT H3 1 3JIEMEHTOB.

'!CTUXUITHO OHU TOBOPSI O IBYX MHOKECTBaX — IBYCOPTHHI!!! T.e. BaHUMAThCA UX «KOHCTPYKTUBHU3AIEN» JOBOJIbHO HHTEPECHO: HAUWHASA C
JIByX MHO?KECTB OHU Jlajiee Ha BTOPOM BBOJIAIT OTOOPAKEHUE B ITapPhI MEPBOTO (IPUUEM ITaphl YIIOp JIUOO0 He yIop).

Diestel

OH HHTEPECEeH TeM UTO IIPOJAET U MOAIeP;KUBAET akTyasib:-) HO u He MHTEpeceH T.K. Ha/I0 ITOKYIIATh;-)
http://diestel-graph-theory.com/basic.html?

https://www.math.uni-hamburg.de/home/diestel/books/graph.theory/preview/GrThs Chi.pdf
1.1 Graphs

A graph is a pair G = (V, E') of sets such that E C [V]? thus, the elements
of E are 2-element subsets of V. To avoid notational ambiguities, we
shall always assume tacitly that V N E = @, The elements of V' are the
vertices (or nodes, or points) of the graph G, the elements of F are its
edges (or lines). The usual way to picture a graph is by drawing a dot for

+110x0x Ha GNA

+?KaK y HETO C apaJuIeJIbHBIMHU PEOpaMu?
!!ly Hero u mereJuas HeT cM. 1.2. degree.
T.€. Y Hero moATeOPHs MPOCThIX rpados!

HadvaJibHad TCpDMHHOJIOIHA

y Hero boraTas:
c.2


http://diestel-graph-theory.com/basic.html
https://www.math.uni-hamburg.de/home/diestel/books/graph.theory/preview/GrTh5_Ch1.pdf

incident A vertex v is incident with an edge e if v € e; then e iz an edge at v.
ends The two vertices incident with an edge are its endvertices or ends, and
an edge joins its ends. An edge {z,y} is usually written as zy (or yz).
[fxeXandy €Y, then zy 12 an X-Y edge. The set of all X-Y edges
E(X.Y) in a set £ iz denoted by E{X,Y'); instead of E({z},Y) and E(X, {y})
we simply write E(z,Y) and E(X,y). The set of all the edges in F at a
E{v) vertex v is denoted by Lf-’{-u].

|GNA] — npocroBars;-)

B 610-Ke I'yrir.
OH HOBee (2009?) HO MOIPOIIEe/CI0KHEE/ TyMOBATEE:

1.1 Graphs, subgraphs and factors

A graph G is a pair G = (V, E) consisting of a finite® set V # 0 and a set E of
two-element subsets of V', The elements of V' are called vertices, An element
e = {a,b} of E is called an edge with end verfices a and b, We say that a and
b are incident with e and that a and b are adpacent or neighbors of each other,
E'L'IH]. 1|.'|-r'|'.|tl'! [ f.l'.!i.i or ° IJ.J.
CTP.2 U CMeJIO UCIIOJIb3YyeT A1t subgraph subset;-)
«TIOTEPSI» JKe OH MapasuieabHble pebpa (edge) u gae eIy, T.K. Y HETO JIEUCTBUTEIHHO 2X 3JIEMEHTHbIE MHOKecTBa B E!
I/I, Ha CTP.13 BBIACHAETCA, YTO OH B IIOJIHOH CO3HAHKE U €MY TaK HPABUTCA: MYJIbTHUI [!a!l!bl... HeE EI‘O...(HO MaTeMaTHUYeCKHU 3TO 3a0aBHO: KaK-TO
He BEPHUIIb YTO OH IOHUMAET YTO TOBOPUT, & OKa3bIBAE€TCS UYTO OH TOBOPHUT Jlaxke O rpadax O6e3 meresn!!!
T.€. I10 KJIAaCCUKE HaJ0 OBLIO ¢ CAMOr0 Havajia TOBOPUTDH UYTO 6YI[6M B OCHOBHOM 3aHHUMATbCA IPOCTBIMU I‘pa(l)aMI/I 6e3 I1eTeJIb, 4 OH 3TO

TOBOPHUTH B CHOCKE 3 cM. Hike!!!)



1.3 Euler tours

In this section we will solve the Kinigsberg bridge problem for arbitrary
graphs. The reader should note that Figure 1.1 does not really depict a graph
according to the definitions given in Section 1.1, because there are pairs of
vertices which are connected by more than one edge. Thus we generalize our
definition as follows. Intuitively, for a multigraph on a vertex set V., we want
to replace the edge set of an ordinary graph by a family E of two-element
subsets of V. To be able to distinguish different edges connecting the same
pair of vertices, we formally define a multigraph as a triple (V, E, J), where V
and E are disjoint sets, and J is a mapping from E to the set of two-element
subsets of V', the tncidence map. The image J(e) of an edge e is the set {a, b}
of end vertices of e. Edges e and €' with J(e) = J(&') are called parallel. Then
all the notions introduced so far carry over to multigraphs. However, in this
hook we will — with just a few exceptions — restrict ourselves to graphs.®

The circular tours ocenrring in the Konigsherg bridge problem can be
described abstractly as follows, An Eulertan trail of a multigraph G is a trail
which contains each edge of G (exactly once, of course); if the trail is closed,
then it is called an Euwler four.! A multigraph is called Eulerian if it contains
an Euler tour. The following theorem of [Eul36] characterizes the Eulerian
multigraphs.

Theorem 1.3.1 (Euler’s theorem). Let G be a connected multigraph. Then
the following statements are equivalent:

(a) G 15 Eulerian,
(b) Each vertexr of G has even degree.
(¢) The edge set of G can be partitioned into cyeles.

Proof: We first assume that & is Eulerian and pick an Euler tour, say C'. Each
oceurrence of a vertex v in € adds 2 to its degree. As each edge of ¢ occurs
exactly once in ', all vertices must have even degree, The reader should work
ont this argument in detail.

* Some authors denote the structure we call a multigraph by graph: graphs according
to our definition are then called simple graphs, Moreover, sometimes even edpges
for which J(e) is a set {a} having only one element are admitted; such edges are
then called loops, The corresponding generalization of multigraphs is often called
a pseudograph.

' Sometimes one also uses the term Euwlerian cycle, even though an Fuler tour
usually contains vertices more than once.



| EMesinnueB u ap|

CM. B IIOAIIANKe B O1O-Ke
+¥:ou noxozxe [GNA] a BosamozxHO u Diestel!

Ilycrs V — menycroe Muoskectso, V'® — muomectso seex
ero AByxajeMenTHEIX momMmuoskects. [lapa (V, E), rme £ —
NPON3BOJLHOE TOAMHORECTBO MHO;KecTsa V%) HaswmBaercsa
epagiomn (HeopueHTUpoBaHHBIM 2pagiont).

[CTIT]

«[pad — Ga3zoBoe NoHsATME. BKrovaeT MHOXECTBO 8epUIUH U MHOXECTBO pébep, sBnsoLeecss 10AMHOKECTBOM AEKAPTOBRA KB T2 MHOXECTBa BEPLUMH (TO €CTb
Kakgoe pebpo coequHseT pOBHO ABe BEPLUMHDI).

»

U Jlajiee MO CChlIKe OOBIUHBIN «Opes»

Mpadh, MNu HeopueHTMpoBaHHEII rpat G — 310 ynopanoyerHan napa G := (V, E),
roe ¥V — 3To HenycToe MHOWECTBO BepWWH MNK yanoe, a  — mHoxecTeo nap (B
cry4Yyae HEOPUEHTUPOBAHHOMD rpadra — HeynopAQOYEHHBIX) BEPLUMH, HA3bIBAEMbIX
pEGpamu.

V (a sHaunTt u, E, uHade oHo Bbino Bkl MyNETUMHOKECTEOM) 06bIMHO CYUMTAKITCA

KOHEUYHBIMW MHOKEeCTBAMMW. MHOIMMe peayneTaTel, NONYYEHHBIE ANA KOHEYHEIX TpadoB, HEBEPHEI (MK KAKKMM-
nubo obpasom oTNUYAKTCA) ANA BeCKOHEYHBIX epachos, NOCKONBKY HE BCe YTBEPKAEHWA, UMEIDLLHE MeCTo
ANA KOHEYHBIX COBOKYMHOCTEN, BRINONHAKTCA B cNydYae DeCKOHEYHBIX MHOKECTE.

[GRAPP]

4 3HaueHus TepmuHa rpad - http://pco.iis.nsk.su/WikiGrapp/%D0%93%D1%80%D0%B0%D1%84
!B TOM UmCIIE 1.3 C HHIIUAEHTOPOM MOKHO CKa3aTh OJIM30K ©

3. Tpoiika (I " E, P).rne |/ — mHoxecTso epuiuH, [! — MHOKECTBO 06bEKTOB HEKOTOPOIA

MPUPOALI, OTNMYHOMA OT NPUPO[LI BEPLUMH, HasbiBaeMblx pebpamu, J? — uHuuGeHmop, CONOCTaBNAKLLMIA
C KawabiM pebpom ¢ < F) napy epanudHbix eepliud U w w vs 1/


https://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B0%D1%84_(%D0%BC%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B0)
https://ru.wikipedia.org/wiki/%D0%93%D0%BB%D0%BE%D1%81%D1%81%D0%B0%D1%80%D0%B8%D0%B9_%D1%82%D0%B5%D0%BE%D1%80%D0%B8%D0%B8_%D0%B3%D1%80%D0%B0%D1%84%D0%BE%D0%B2#.D0.B2.D0.B5.D1.80.D1.88.D0.B8.D0.BD.D0.B0
https://ru.wikipedia.org/wiki/%D0%93%D0%BB%D0%BE%D1%81%D1%81%D0%B0%D1%80%D0%B8%D0%B9_%D1%82%D0%B5%D0%BE%D1%80%D0%B8%D0%B8_%D0%B3%D1%80%D0%B0%D1%84%D0%BE%D0%B2#.D1.80.D0.B5.D0.B1.D1.80.D0.BE
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%B4%D0%BC%D0%BD%D0%BE%D0%B6%D0%B5%D1%81%D1%82%D0%B2%D0%BE
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D1%8F%D0%BC%D0%BE%D0%B5_%D0%BF%D1%80%D0%BE%D0%B8%D0%B7%D0%B2%D0%B5%D0%B4%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B0%D1%84_(%D0%BC%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B0)#.D0.93.D1.80.D0.B0.D1.84
http://pco.iis.nsk.su/WikiGrapp/%D0%93%D1%80%D0%B0%D1%84

[ ] [ ]
wikip
"An undirected graph is a graph in which edges have no orientation."
https://en.wikipedia.org/wiki/Graph (discrete mathematics)#Undirected graph

m-w
http://www.merriam-webster.com/dictionary/graph

"3 a collection of vertices and edges that join pairs of vertices"

JuTeparypa

CM.

<<ompeaegaenusa multigraph

B ontolog-forum Communique-2020 KG onpenensiercs kak labeled directed miltigraph, st mocraBui komMeHT uTO graph XBaTuT u
BocnocsenoBasa nepemnucka ¢ KenB u Paul Black u okazamocs uto 6apaak 60s1bie ueM MOKHO OBLIO OKU/IATh.

njaeu

-s1 B Ha4aJIe 10 TOTo BO30y/IHJICA UTO A1 "can' puayMast Helo THHAMUYEeCKOro/ MeHsolerocs rpada - ad HeT.

+multigraph

+CJIeyeT CMOTPETh MAT-KHUTH T/I€ 3TO MTOHATHE UCIIOJIb3YeTCs & He TPUBOAUTCS
--HampuMep TakoBa kaura Kuyra u Ko! =Tam 5T0 cokpaliieHue s ecTh napasut u/win(?) meTim.

!aTa Tema Bo3HuKIa B Kommionuke (draft) 2020, rie s nmpeammoxui 3ameHuTs TepMuH Ha directed graph, mos:ke B nepenucke ¢ KenB Ha dirg,
usually multigraph, cuuras multigraph mgomycrTumbiM coxparerueM i "rpad ¢ mapaaaeTbHbIMU JyraMu'"

HO u Ken u Paul (PEB) u onipeziesieHus B MHETE HUCIIOJIB3YIOT HelprueMsieMble Ay TT ciioBa Tuma can

HO B HOUYB c 3.11.2020 Ha 4 10 opénuka aouuio (Ken B mepemnucke ynorpebus schema) uro mg nonumaercs nuHamuyecku kak B/l - Torma
KOHKPETHBIU rpad 3TO JIUIIH OHA U3 Peain3anuil HeKoero Mrl..


https://en.wikipedia.org/wiki/Graph_(discrete_mathematics)#Undirected_graph
http://www.merriam-webster.com/dictionary/graph
https://sites.google.com/site/alex0shkotin/grafy-praktika#TOC--8

BOT HOYHOE:

-TeM CaMbIM IMOHUMAaEMBbIH JUHAMUUYECKH Tpad ecTb GopMasbHO COBOKYITHOCTH JOIYCTHUMBIX I'padoB, T.e. CeMEHCTBO, KCTaTH BIOJIHE cebe
CUETHOE;-)

HOHO ectp cTaTnueckue onpesiesIeHUus MT CM.

==9TO 3aKpPbIBAE€T TEMY IMHAMHNKHU KAK HET CYIIIECTBYIOIIYIO 1 BBIBOAUWT HaA II€PBOE€ MECTO B OITMCAHUU CUTyallu1 Wolfram m:-)

30.11.2020 nocjaja Ken-y oTBeT Ha ero onpeaejieHue

cMm.

o+do letter=24.11.2020 ornpaBuj B OHTO}

multidigraph. formal definition
Dear All,

After fruitful correspondence with Ken Baclawski and Paul Black https://xlinux.nist.gov/dads/, let's discuss other opinions about multidigraph
formal definition.

Some important kind of definition is a definition of abstract structure. Usually this structure has some amount of named components somehow
interconnected.

Let's consider a formal definition (Definition 1) of multidigraph from https://en.wikipedia.org/wiki/Multigraph#Labeling

Let's just rearrange components as it's usual for algebraic structures: sets firsts, relations and functions (aka maps or operations) second.
We have:

V - abstract set we name vertices,

A - abstract set we name arcs,

usually we think or hope that these sets do not intersect and are not empty, and finite;

YV, XA - finite alphabets, special kind of sets - not just abstract;-) Maybe we think that they do not intersect; otherwise we should have one
alphabet for both.

Now we have maps (aka functions):

s, t from A to V, and we hope this maps are full i.e. not partial functions - that is usual for operations, but not so much if we recall division by
Z€ero;

1V from V to XV,
1A from A to A,
both may be partial.

We do not have relations here.


https://docs.google.com/document/d/1k4_DG1bqJBQweUYqiqpNGPF733R7Za7DNkMyav09_XY/edit#heading=h.a5y0jwoluu0
https://en.wikipedia.org/wiki/Multigraph#Labeling

So, two abstract sets (V, A), two alphabets (£V, XA) and four unary functions (s, t, IV, 1A) from-to these sets.
To collect all these components together Kuratowski 's <>-brackets are used usually:

<V, A, XV, A, s(A:V), t(A:V), IV(V:ZV), IA(A:ZA)>,

where for functions we have in ()-brackets their signatures: keeping the "type" of their arguments and results.
Is that a good idea to agree that we have a definition of labeled multidigraph as an abstract structure?

IMHO we have a definition of a labeled digraph.

Is that a definition we should keep in mind for Communique-2020?

Alex

U e1neé

+¥:y EBxiinzia anasiorom rpada MoryT ObITh 1 MHOTOYTOJIBHUK (poligon) u MHororpanauk (polyhedron)

nepenuckKa

+!!!Ken
s1 mpormycTit, yTo KeH yke OsSICHIII, a Ha TOBTOPHBIN Bolpoc KeH He OTBETUII - a BEIb OH MPSIMO HATTUCAIT
"A graph (with no loops or multiple edges) is also a multigraph.":-)

!1!B 3TOM CMBICJIE OIIpe/IeJIeHHe Ha KOTOPOE OH CChLIIAeTCs eMy ITOAXOIUT - TaM OIpeziesi€H rpad;-)

+6.11.2020 K y:kuHy Ken mpuciai urary (Ho 6e3 CChUIKUA HO HApJI 3Ke T7ie-To!) uTo OhIBAET UTO U rpad v MyJIBTH - OJTHO U TOXKE = 51 OTIIYTHJICS.

BOT €ro oTBeT 'The term "graph” is ambiguous in mathematics. It can be synonymous with simple graph or with multigraph. Mathematicians are well aware
of this, and so they must specify in any paper or book what they mean by "graph". In the Wikipedia article for graphs in discrete mathematics this ambiguity

is mentioned:

A multigraph is a generalization that allows multiple edges to have the same pair of endpoints. In some texts, multigraphs are simply called graphs.

Sometimes, graphs are allowed to contain loops, which are edges that join a vertex to itself. For allowing loops, the above definition must be changed by defining
edges as multisets of two vertices instead of two-sets. Such generalized graphs are called graphs with loops or simply graphs when it is clear from the context that

loops are allowed.

a BOT KOMIIOT OTKY/T ItnuTaTa https://en.wikipedia.org/wiki/Graph (discrete _mathematics)



https://en.wikipedia.org/wiki/Multigraph
https://en.wikipedia.org/wiki/Graph_(discrete_mathematics)#cite_note-FOOTNOTEBenderWilliamson2010149-6
https://en.wikipedia.org/wiki/Graph_(discrete_mathematics)#cite_note-7
https://en.wikipedia.org/wiki/Loop_(graph_theory)
https://en.wikipedia.org/wiki/Multiset
https://en.wikipedia.org/wiki/Graph_(discrete_mathematics)

+!!'xemamu 06 ampubymax
"Using the word "attribute" would be too confusing. In all KGs that | am familiar with, attributes are represented as edges whose destination is a data value."
=0H (POPMAJIHHO TIPAB - ATPUOYTHI CBOJIATCS K CTPEJIKAM U METKA OCTAETCS UyTh JIM HE €INHCTBEHHBIM "BHYTpeHHUM ' aTpubyTom!!!

+TYyT HAJI0 KyMeKaTh T.K. 0TOOpakasi y3JIbl U JIyTU B CTPOKU OH HA3bIBAET 3TO METKAMHU, a €CJIU Mbl OTOOpaskaeM B JPYTOM y3eJsl TOMeYeHHbIH
CTPOKOU (JTUTEepaIbHBIN), TO 3TO aTpUOyT!!!

+II0CJ/IaTh YTO-TO THUIIA:

I am continuing thinking about subtle differences between label and attribute. Like this: attribute is not a node with data value label; attribute is
a mapping of node or edge, arc into data values.

In RDF literal node is a pseudo-node as it has only one incoming arc, i.e. replicated throughout graph...

6.11.2020 nocsian Keny ToT ke Borpoc uto ¥ PEB:"But if a simple graph is a multigraph then every graph is a multigraph. What do you think?'

+Paul E. Black
https://hissa.nist.gov/~black/

"on BenéeT https://xlinux.nist.gov/dads/ - Kyay onpeaeaenuii!!!

Bot onpesnienenue PEB u3 DADS:
"A graph whose edges are unordered pairs of vertices, and the same pair of vertices can be connected by multiple edges."

+!!lcraTyeckoe MOHUMaHUE AeJ1aeT 9TO OIIpeaeJIEeHUE SKBHUBAJIEHTHBIM OIIpEAEJIEHUTIO rpacl)a, T.e. OecCMBICIEHHBIM

+D-1$$$+Ken B nepenuncke ocraHOBUWJICA Ha onpeaejseHuu Def-1

u3 wikip:


https://hissa.nist.gov/~black/
https://xlinux.nist.gov/dads/
https://xlinux.nist.gov/dads/HTML/multigraph.html
https://xlinux.nist.gov/dads/HTML/graph.html
https://xlinux.nist.gov/dads/HTML/edge.html
https://xlinux.nist.gov/dads/HTML/vertex.html
https://en.wikipedia.org/wiki/Multigraph

Labeling [ sdit]

Multigraphs and multidigraphs also support the notion of graph labeling, in a similar way. However there is no unity in
terminology in this case.

The definitions of labeled multigraphs and labeled multidigraphs are similar, and we define only the latter ones here.
Definition 1: A labeled multidigraph is a labeled graph with labeled arcs.

Formally: A labeled multidigraph G is a multigraph with /abeled vertices and arcs. Formally it is an 8-tuple
G =(Zy,X4,V, A, 5t,8y,£,) where

e Vis a set of vertices and A is a set of arcs.

e Xy and X4 are finite alphabets of the available vertex and arc labels,

e 5: 4 — Vandt: A — V are two maps indicating the source and target vertex of an arc,

e dy:V = Eyand£4: A — X4 are two maps describing the labeling of the vertices and arcs.

Definition 2- A labeled multidigraph is a labeled graph with multiple fabeled arcs, i.e. arcs with the same end vertices
and the same arc label (note that this notion of a labeled graph is different from the notion given by the article graph
labeling).

yTBEPAUB UTO (GOPMAIIBHOE OIIPE/IeJIEHNE BCE TOBOPUT, HO B HEM JJUHAMUKU HeT!

U Ha BOIIPOC fABJISETCSA JIU MPOCTOH rpad MT He OTBETHIL.

+!!!+oTceuka:

Ha3bIBaHUE MYyJIBTUTPadOM IOTUEPKUBAET YTO B pacCMaTpPHUBaeMoM rpade MoryT ObITh 2 MOTYT U He ObITh apajlieJIbHble PEOpA.
==Ken+Paul&Co numeHyT Mys1bTHTpadOM TO UTO MBI Ha3bIBaeM rpacdom!:-)

JI0Ka3aTeJIbCTBO:

-y HUX IIpocTo# rpad - MmyabTurpad (cM. mepenucky)

-definition 1 see Ha KoTopoe cchutaercsi Ken B 3azjaHuu 8-KU MPSIMO M YETKOE 33/Ia€T MO HAIleMy - ITOMEYeHHBIH oprpad (a y HUX 3TO
myabTurpad!!!).

B MaTeMaTHKe Ke MYJIbTH 3TO I'pad ¢ napauieJbHbIMU PEOPaAMMU.

ornpeaeeHus enre

ry definition Multigraph



0asoBoe onpenaeaenve wikip n3 crarbu 0 HEM:

"In mathematics, and more specifically in graph theory, a multigraph is a graph which is permitted to have multiple edges (also called parallel edgesm), that is,
edges that have the same end nodes. Thus two vertices may be connected by more than one edge."

onpeneaenue n3 wikip glossary
multigraph

A multigraph is a graph that allows multiple adjacencies (and, often, self-loops); a graph that is not required to be simple.

wikip https://en.wikipedia.org/wiki/Graph_(discrete mathematics)

yIIOMHHaeTcd 11 pas!

Wolfram
https://mathworld.wolfram.com/Multigraph.html
"As a result of these many ambiguities, use of the term "multigraph" should be deprecated, or at the very least used with extreme caution."

+!!lTaM BHYIIIUTEIBHBIA COCTaB CChIOK caMasl paHHAA 1990: Skiena, S. Implementing Discrete Mathematics: Combinatorics and Graph Theory
with Mathematica. Reading, MA: Addison-Wesley, 1990.

crarbda 1993 /1. Kuyr+
https://arxiv.org/pdf/math/9310236.pdf

+!!!lucrionp3yroT Mr (329 pas!!!):

-"Sections 1—10 of this paper provide a basic introduction to the theory of evolving graphs and multigraphs, using generating functions as
the principal tool. Two models of graph evolution are presented in section 1, the “graph process” and the “multigraph process.”

-"It may also be called the multigraph process, because it can generate graphs with self-loops x —— x, and it can also generate multiple
edges."

+¥Y:B 11epBOM NPUOJIMKEHUH HECMOTPS HAa IMHAMUKY OHU UCIOJIb3YIOT MT Kak "HempocToii" rpad;-)
A multigraph M on n labeled vertices can be defined by a symmetric n x n matrix
L]

of nonnegative integers m.,,. where m., = m,,; is the number of undirected edges r — y

in ¥ For purposes of analysis, we shall assign a compensation factor


https://en.wikipedia.org/wiki/Multigraph
https://en.wikipedia.org/wiki/Mathematics
https://en.wikipedia.org/wiki/Graph_theory
https://en.wikipedia.org/wiki/Graph_(discrete_mathematics)
https://en.wikipedia.org/wiki/Multiple_edges
https://en.wikipedia.org/wiki/Multigraph#cite_note-1
https://en.wikipedia.org/wiki/Glossary_of_graph_theory#Basics
https://en.wikipedia.org/wiki/Vertex_(graph_theory)
https://en.wikipedia.org/wiki/Glossary_of_graph_theory_terms
https://en.wikipedia.org/wiki/Multigraph
https://en.wikipedia.org/wiki/Graph_(discrete_mathematics)
https://mathworld.wolfram.com/Multigraph.html
https://www.amazon.com/exec/obidos/ASIN/0521806860/ref=nosim/ericstreasuretro
https://www.amazon.com/exec/obidos/ASIN/0521806860/ref=nosim/ericstreasuretro
https://arxiv.org/pdf/math/9310236.pdf

++¥Y:Ha mecre G 10KHO ObITH M - o4ernsaTKa.

https://proofwiki.org/wiki/Definition: Multigraph

Definition

A multigraph is a graph that can have more than one edge between a pair of vertices.
L ]

Thatis, G = (V, E) is a multigraph if V' is a set and E'is a multiset of 2-element subsets of V.

U3

The graph above is a multigraph because of the double edge between B and C and the triple edge between Fand F'


https://proofwiki.org/wiki/Definition:Multigraph

lcraTuka!!! hitps://www.britannica.com/science/multigraph
L ]
Multigraph

mathematics
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£ 2013 Encyclopadia Britannica, Inc.


https://www.britannica.com/science/multigraph

noaoopku SciDir https:

» Multigraph: Two given nodes may be connected by multiple arcs,
typically abbreviated to one weighted arc. The weight is shown as
a natural number next to the arc. The default value is 1, and
usually not explicitly given. Arc weights permit us to conveniently

specify the stoichiometry of (bio-)chemical reactions.

oxford https://www.lexico.com/definition/multigraph

multigraph 00Q¢

Pronunciation (?) /' maltigra:f/ /'maltigraf/

NOUN

1 historical A machine for making multiple copies of a document; especially a small
printing machine which uses specially cast type fitted in grooves on a rotating cylinder.

2 Mathematics
A graph in which two vertices may be connected by more than one edge.
a8

!"eratuxku!!! https://g.colkgsl/ixJk53 book 2003

A graph with self-loops is called a pseudograph, while a multigraph is a graph that contains
multiple edges connecting pairs of vertices. These can be tested using Fseudograph and
Multiplefdgesd, respectively. A simple praph contains no self-loops or multiple edges and


https://www.sciencedirect.com/topics/mathematics/multigraph
https://www.lexico.com/definition/multigraph
https://g.co/kgs/ixJk53
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