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® RESEARCH PURPOSE AND TASKS

Purpose:

Defining a new graph formalism that can be used as a basis for
a DSM platform development, providing a possibility to perform
multi-level and multi-aspect modeling.

Tasks:

- Analysis of different types of graphs to determine how well they
meet the mentioned requirements.

- Development of a new graph formalism and evaluating and
comparing it with existing ones.

- Development of algorithms for the new graph formalism.

- Development of a visual editor object model.

- Development of a program, demonstrating the practical
significance of the selected graph formalism. j>




i®; GRAPH MODEL DEFINITION:
SETS OF HBRAPH

HP-graph is an ordered triple
G = (P, V, W)

AP={; é&,}isasetof
external poles of the graph.

A V={v,, év_ }isanon-
empty set of mutually
disjoint vertices, consisting
of internal poles.

A W={w,, éw}is a setof
hyperedges, consisting of
poles.

A Pol is a set of all poles of
the graph
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i@z GRAPH MODEL DEFINITION:
SETS OF HBRAPH
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INPUT AND OUTPUT POLES
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i®§ GRAPH MODEL DEFINITION:
BASIC OPERATIONS OF GRAPH EDIT

Addition Operations

Removal Operations

1. v+ pli Addition of the inner pole to the
vertex

2. G + v 1 Addition of the vertex to the graph
3. G +w i Addition of the edge to the graph

4. w+ pl1 Addition of the inner pole to the
edge

5. w+ p2 1 Addition of the outer pole to the
edge

6. G + p2 1 Addition of the outer pole to the
graph

. V1 pl71 Removal of the inner pole from the

node

. GT vl Removal of the node from the

graph

. GT1T wi Removal of the edge from the

graph

. WT pli Removal of the inner pole from the

edge

. W1 p27T Removal of the external pole from

the edge

. GT1 p27i1 Removal of the outer pole from the

graph




i®§ GRAPH MODEL DEFINITION:
DECOMPOSITION BY A NEW GRAPH

p5[1,0]® * P12[0] - 5[,0]"
9[0
p7Il] 7 POl o p11[]
@
Open= @6, G_V
‘ P ( _ 3 e p9[O]
G_V3 o.0] ‘ Open= Wws, G_ W60
12[0] (G W6
O " 5[1,0] “90] O o
O "1
" 5[1,0] O
- " gI] " 9[0]
Vertex Decomposition by Edge Decomposition by
a new HRgraph a new HRgraph




i@z GRAPH MODEL DEFINITION:
DECOMPOSITION BY A NEW GRAPH

(:- p12[0] 5.0
A Every edge can be opened by ordinary links o
between poles. o p11]I]
A For every edge wl W, a set of links is defined:
I_EW:_{el, éen} I(W)>f O(w), where every + p9[O] /
link is a pair (p, r) provided thatp I I(w),
ri O(w). ‘Open e, B
A AsE, I(w)x O(w), some input and output PL2[O] > )
poles can be unconnected such as poles 1101
pP9[O] and pl1ifl]
p9[O] SO
® >

Edge Decomposition by
ordinary links




® COMPARING GRAPH MODELS

Graph model Representation in the HP-graph G' = (P', V', W')
Oriented Graph |V =P'=V', where " vl V" [|V'| = 1]
G=(V, E) E =W, where" wl W' [|w'|=2])
Hypergraph X =P' =V, where" vl V' [[v] =1]
G = (X, E) E=W
Hi-graph IX|xI X&I|x|=1}=P6 V&, whvdWéevd | | =
G = (X, E) EC{x|xl X&|[x|>1}=Wb
Metagraph V=P =V, where" Vvl V" [V = 1]
G=(V,MV,E) |[ECMV=W
P-graph \P/ : \P/
=PV W)W =w, where " wi W [jwo # 2]

1]



@® EXAMPLES OF USIMGGORITHMS

A As is seen, the decomposition of edges
and vertices Is almost equal, therefore, it

is possible to define a common Procedure DecomposeStructure

opening algorithm for these structures. G = new HPGraph();
A Let us define a set of structures foreach pl str:
Str=VCW. it (pl I(str)):
, I(G) = I(G) C p;
A Hence, str | Stris a structure which can If (pl O(str)):
be either a vertex or an edge. O(G) = 0O(G) C p;
Opeﬂstr — C)peﬂstr (; (Str1 G)

A For every structure str several decoding
operations can be defined:

Openstr Str X C':'all




@® EXAMPLES QFSINGALGORITHMS

Let us define a subgraph of an HP-graph:

A subgraph of the HP graph G = (P, V, W)
Is an HP-graph G' = (P', V', W') that Is part
of the graph G and fulfills the condition
Open' Open.

A subgraph can contain vertices called
Incomplete (partials) whose sets of poles
can only be part of the sets of poles of the
vertices of the original graph.

Transformation can be divided into 2 parts:

A Removal of a subgraph, isomorphic
to a pattern

A Addition of a replacement graph to the
original graph

Function DeleteGraph (HostG, G))

G &= Find_Isomorphic_Subgraph(HostG, G));
partials = {}
foreach wbW( G:6)
W(HostG) = W(HostG) \ {w0; }
foreach viovV( G:6)
if (v I6V(HostG)):
V(HostG) = V(HostG) \ {v0; }
else:
partials = partials C {v0; }
foreach pd P(G6:)
if ( $wl W(HostG)[pd w]):
P(HostG) = P(HostG)\pg
return partials;




® EXAMPLES QFSINGALGORITHMS

Let us define a subgraph of an HP-graph:

A subgraph of the HP graph G = (P, V, W)
Is an HP-graph G' = (P', V', W') that Is part
of the graph G and fulfills the condition
Open' Open.

A subgraph can contain vertices called
Incomplete (partials) whose sets of poles
can only be part of the sets of poles of the
vertices of the original graph.

Transformation can be divided into 2 parts:

A Removal of a subgraph, isomorphic to a
pattern

A Addition of a replacement graph to
the original graph

Procedure AddGraph (HostG, G , patrtials)

foreach pl P(GR):
if pl P(HostG):
P(HostG) = P(HostG) C {p};
foreach vi V(Gy):
if (vl Partials):
V(HostG) = V(HostG) C {v},
foreach wl W(Gp):
W(HostG) = W(HostG) C {w};
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@® CONCLUSION

A The definition of the mathematical apparatus underlying the visual
model editor was given above.

A Algorithms for decoding vertices and edges, as well as algorithms for
performing transformations, were described.

A The
grap
grap

HP-graph unites expressive possibilities of various types of
ns, therefore, algorithms that are designed for these types of

ns can also be implemented for HP graphs.

A The time complexity of model transformation algorithms can be
reduced.

The paper proves that HP-graph allows the creation of a flexible visual
model editor based on this graph formalism for a DSM-platform.
Representing both vertices and links as sets of poles simplifies the
object model of DSM editor and visual model editing algorithms.
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@ RESEARCHRELEVANCE:

MULTI-MODELING APPROACH

12

13

(® GRAPHMODEL DEFINITION:

@ RESEARCH PURPOSE AND TASKS
SETS OF HP-GRAPH

Purpose:

HP-graph is an ordered triphe E
- R e Defining a new graph formalism ths.ﬂ F:an be uss.:d_ fas a basis for G =[P V. W) bl 3
e — | L a DS_M platform de'.[elupment, prm_rldlng a possibility to perform o B=im,.. . isa et of -
L] Pocssieg L= oy multi-level and mulii-aspect modeling. extemal pales of the graph. (& v 1:l'| L4
s V=W, V) s & non- S = T —— \1
Tasks: ty st o i = |
1 I ] - . . :?:j;il’:ir‘.icrxlxniisﬁng W 'n-ln L] .PI!" Wa |
Genzrators - Analysis of different fypes of graphs to determine how well they of intatRal pakes. ) | ™ |
| N — | | - ._E_h| meet the mentioned requirements. ] S & o b “1.-,
— _— - Development of a new graph fermalism and evaluating and hyperedges, consisting of o 1@ KEl
[ ap—— comparing it with existing ones. ples. - — — —
------------- X\- 7/-/- T - Development of algorithms for the new graph formalism. + Polis & st of all pales of W
[rp— - Development of a visual editor object model. the graph '
ot S - Development of a program, demonstrating the practical
E:) significance of the selected graph formalism. E:) E:)
F 13 i4

0 TIME COMPLEXITY:
LAYER STRUCTURE FOR OPTIMIZING ALGORITHMS

iGraph Layor !
Represantstion in the HP-gragh G' = (P, V', W) I
| 1

@ COMPARING GRAPH MODELS (® EXAMPLES OF USING: ALGORITHMS

Graph model

.

Oriented Graph | V= P = V. where 9¥s V- [Iv] = 1]

G =V, E) E = W, where Tw'sW': [|w| =2])

Hypergraph H=F =V, where vl [|v] = 1]

G=(X E) E=W

Hi-graph x| xeX & =11=F =V, where VWe V" [|V| = 1]
G=(X E) Eufx|lxeX&x=1}=W

Metagraph V=P =V, where TWe W [|v| = 1]

G=(V.MV.E} EvM/=W

P-graph E:E

G=(PF, V. W)

W= W, where TwsW: Iw| =2]

21

.

.

A% is sean, the decomposition of edges
and vertices is almost aqual, thenafare, it
is possible to define 8 commaon
opening algorithm for these structures.

Let us dedine a sed of struchines
Sir= ol

Hemsa, a8 & Sir s a Strociure which can
b githar a vertax ar an sdge.

For avery structure Sr several decoding
oparations can ba defined:

Openg-c 5iF % Ga

Procedurs Decomposs Structure

= = mew HPGraphi):
foreach pesir
IF {p= i str):
§G) = iG)wp
IT {p= Oy =ry):
QG = 0(E]wm
Openg = Opengw (5, G)

22

Wartices and Edgas Layer
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[ - [ —
e
o - -
N = = W 3
— 4" P 'ﬁ - & &
— g W= L ]
| | II‘: | l{.! : :
| A——
] I s
- - E——
i [ere——
e r—
s i
- —

') RESEARCH RELEVANCE:
TRANSFORMATIONS













