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RESEARCH RELEVANCE:

RELATED WORKS

Graph model should:

Allow us to formalize

the description of all

elements, included In
visual languages

Allow us to implement
general modeling
principles

Provide a possibility to
implement
transformations of
various types of
models

Optimize the
algorithms that should
be implemented for
modeling and solving
tasks with models
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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>
13




@ GRAPH MODEL DEFINITION:
SETS OF HP-GRAPH

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

« V={v,,...,v }is anon-
empty set of mutually
disjoint vertices, consisting
of internal poles.

« W={w,,...,w}is a set of
hyperedges, consisting of
poles.

* Polis a set of all poles of
the graph

TS5
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@® GRAPH MODEL DEFINITION:

SETS OF HP-GRAPH

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

 P={m,,...,m,}is a set of

external poles of the graph.

« V={v,,...,v, }is anon-
empty set of mutually
disjoint vertices, consisting
of internal poles.

« W={w,,...,w}is a set of
hyperedges, consisting of
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the graph
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i®§ GRAPH MODEL DEFINITION:

SETS OF HP-GRAPH

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

P = {m,,...,mm }is a set of
external poles of the
graph.

V={v,,...,v, } is a non-
empty set of mutually
disjoint vertices,
consisting of internal
poles.

W={w,,...,w} is a set of
hyperedges, consisting of
poles.

Pol is a set of all poles of
the graph
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i®§ GRAPH MODEL DEFINITION:
BASIC OPERATIONS OF GRAPH EDITOR

Addition Operations

Removal Operations

1. v + p1 — Addition of the inner pole to the
vertex

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

4. w + p1 — Addition of the inner pole to the
edge

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

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

. V-

. W~

p1

p1

— Removal of the inner pole from the

node

. G - v - Removal of the node from the

graph

. G - w—Removal of the edge from the

graph

— Removal of the inner pole from the

edge

. W — p2 — Removal of the external pole from

the edge

. G - p2 — Removal of the outer pole from the

graph
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GRAPH MODEL DEFINITION:

DECOMPOSITION BY A NEW GRAPH

p5[1,0] ®

Vs

p7[I]‘ p‘8[I]

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

(s p12[0]

* Every edge can be opened by ordinary links
between poles. e p11[l]

« For every edge weW, a set of links is defined:
E,={e4...,e,} c l(w) X O(w), where every s 9[0] We

T[5[I,O]\

i

link is a pair (p, r) provided that p € I(w),

: P

« As E, c l(w) X O(w), some input and output
poles can be unconnected such as poles 101
p9[O] and p11[/]

n5(1,0]

'p9[O]

>

>

()

Edge Decomposition by

ordinary links

21



©® COMPARING GRAPH MODELS

Graph model Representation in the HP-graph G

(P, V', W)

Oriented Graph | V=P =V, where Vv'eV' [|V| =1]
G=(V, E) E=W,,where VWeW:[|w|=2])

Hypergraph X=P =V,where VV'eV:][|V|=1]
G = (X, E) E=W

W= W, where Yw'eW: [|W| = 2]

Hi-graph X|xeX&|x|=1}=P =V, where Vv eV:][|V]|=1]
G = (X, E) Eu{x|xeX&|x|>1}=W

Metagraph V=P =V,where VV'eV:[|V|=1]

G=(V,MV,E) |[EOMV=W

P-graph C:C

G=(P,V, W)
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@ EXAMPLES OF USING: ALGORITHMS

* As is seen, the decomposition of edges

and vertices is almost equal, therefore, it

Is possible to define a common
opening algorithm for these structures.

 Let us define a set of structures
Str=VuW.

* Hence, str € Stris a structure which can
be either a vertex or an edge.

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

Openg, — str X G,

Procedure DecomposeStructure

G = new HPGraph();
foreach pestr:
if (pel(str)):
I(G) = I(G) v p;
if (pe O(str)):
O(G) = O(G) v p;
Openg, = Openg, U (str, G)

23




@ EXAMPLES OF USING: ALGORITHMS

Let us define a subgraph of an HP-graph:

A subgraph of the HP graph G = (P, V, W)
iIs 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:

 Removal of a subgraph, isomorphic
to a pattern

« Addition of a replacement graph to the
original graph

Function DeleteGraph(HostG, G,)

G’ = Find_Isomorphic_Subgraph(HostG, G,);

partials = {}
foreach weW(G)):
W(HostG) = W(HostG) \ {w’};
foreach v'e V(G):
if (v’e V(HostG)):
V(HostG) = V(HostG) \ {v};
else:
partials = partials U {v'};
foreach p'e P(G'):
if ("IweW(HostG)[p’ ew]):
P(HostG) = P(HostG)\p’;
return partials;

24




@ EXAMPLES OF USING: ALGORITHMS

Let us define a subgraph of an HP-graph:

A subgraph of the HP graph G = (P, V, W)
iIs 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:

 Removal of a subgraph, isomorphic to a
pattern

- Addition of a replacement graph to
the original graph

Procedure AddGraph(HostG, G, partials)

foreach peP(Gg):
if pg P(HostG):
P(HostG) = P(HostG) v {p};
foreach ve V(Gp):
if (vg Partials):
V(HostG) = V(HostG) u {v};
foreach we W(GgR):
W(HostG) = W(HostG) U {w};

25
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LAYER STRUCTURE FOR OPTIMIZING ALGORITHMS
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[ ”I
an’1 anlz (XX ] an’l (XX} an’n_l an’n ’
i N~—", -
<O OO | D
\ “\\ / / ~~~~~~~~~~~~~~ \ ~ /’v
~ - ‘:__a_ ________———"—‘ \\"nﬁ_.—_-——’—



TIME COMPLEXITY:
LAYER STRUCTURE FOR OPTIMIZING ALGORITHMS

AA.

*-O ‘3{4
&/ o
o =
< o
2 =
9 >

Zg.wnt

P— — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — —

|
|

G = HostG(); |
n = |V(G); |
A = New Matrix([n, n)); |
fori=1to n step 1: ;\ |
forj=1to n step 1: |

for each we W(G): Lo
a;;=0(v)"P(w)zgand I(v) " Pw)zg |' |

' |

|

|

return A;




@ CONCLUSION

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

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

e The
grap
grap

AP-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.

* 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. ) | ™ |
| 5y i G sy | |CD*-I‘:-E—M| meet the mentioned lBl]l.IIIEII'IEI'I‘IS. . = W= {wy, W) is s setof E' we = [ s -'I
— _— - 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
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0 RESEARCH RELEVANCE: ) RESEARCH RELEVANCE: ') RESEARCH RELEVANCE:
LANGUAGE FOCUSED APPROACH TRANSFORMATIONS TRANSFORMATIONS
= r\-:-f:fi —Rses

ﬂ%*‘—*_—-‘ *—_':-'\ .
Vo
) |s| % | Al
(o, < ol
Develope: Analyst E?
‘B RESEARCH RELEVANCE: ‘B EXPENDING TRANSFORMATIONS ‘B EXPENDING TRANSFORMATIONS
TRANSFORMATIONS
GL Gl Gl |r_ - :
¥ B S
QR G _ct. ________
= &5
. | EX=ENN
o T | D

0 REDUCING TRANSFORMATIONS

[T (=1

5=
=
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35



OAA'S
©
=}
o

(s
.$ -
=
<
2
2

Ky
Ry
s

RESEARCH RELEVANCE:

LANGUAGE FOCUSED APPROACH

Existing Information
Systems

Event Logs

Creation of formal business
process models
(Discovery)

Business process

models

Information System
development tools

models

usiness process

#.

DSL development and
business process
model transformations

Business process
models

=-

Verification and analysis of
business process models
(Conformance checking,
Enhancement)

Business process

models

Developer

An ayst
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RESEARCH RELEVANCE:
TRANSFORMATIONS

Returning a book

Reader

O

Librarian

Use-Case Diagram

Librarian :System

EnterReaderData(reader_ticket)

SearchBookInDb(Name, Author)

fffffffffffffffffffffffffffffffffff Book information

[Book in stock] MakeBookGivingAct(bookld,
reader_ticket, return_date)

[Book notin stock]Cancel()————>

Reader

Librarian

Information
System

. Output all Readers
Give Personal Enter Data about P .
. . by the Specified
Information Reader in Program
Parameters

[ Give Information 1
a

bout Desired BookJ‘

Reader

Enter Information

about Book

(Select the Desired h

[Reader‘ Found]

[YES] [NO]—

fOutput Information

about the Book and
L its Availability

[Book ir\ Stock]

Find Book in Book

[ Dep05|tory

Enter Data about Create Book Giving
Book Giving Act

[OA] [HET]

Sequence Diagram

Activity Diagram
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RESEARCH RELEVANCE:
TRANSFORMATIONS

Reader

O

Librarian

se-Case Diagram

:System

EnterReaderData(reader_ticket)

Reader

Librarian

Information
System

[

Give Personal
Information

%

:

Give Information 1

Enter Data about
Reader in Program

/Select the Desired h

bout Desired BookJ‘

Output all Readers
by the Specified
Parameters

[Reader‘ Found]

Reader

Enter Information

[YES] [NO]—

(Output Information

about Book

about the Book and
L its Availability

[Book iﬁ Stock]

L
Find Book in Book
Depository
L

Enter Data about
Book Giving

[AA] [HET]

Create Book Giving
Act

SearchBookInDb(Name, Author)

fffffffffffffffffffffffffffffffffff Book information

[Book in stock] MakeBookGivingAct(bookld,
reader_ticket, return_date)

[Book notin stock]Cancel()————>

Sequence Diagram

Activity Diagram
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RESEARCH RELEVANCE:
TRANSFORMATIONS

i Reader Librarian Information
04_, System
Returning a book
Give Personal Enter Data about Output al Re_a_ders
. . by the Specified
Information Reader in Program
Parameters
[Reader Found]
Give Information 1 (Select the Desired\ [VES] [NOJ
about Desired BookJ‘ Reader
N
(Enter Information\ fOutput Information
about Book about the Book and
Librarian L its Availability

[Book ir\ Stock]
Use-Case Diagram

[OA] [HET]

Find Book in Book

[ Dep05|tory ]

Enter Data about Create Book Giving

Book Giving Act

Librarian :System ‘

o

EnterReaderData(reader_ticket)

Activity Diagram

SearchBookInDb(Name, Author)

fffffffffffffffffffffffffffffffffff Book information

[Book in stock] MakeBookGivingAct(bookld,
reader_ticket, return_date)

[Book notin stock]Cancel()————>

Sequence Diagram




EXPENDING TRANSFORMATIONS

GL:

Vertex1:Center

GL:

Vertex1l:Center @

GL:

Vertex1:Center

\ 4

GR1

Processor

GR:

GRs

Vertexl:Center (@ o RAM

Vertex1:Center

Vertex1:Center

Peripherals
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Vertex1:Processor
/‘\\

L)
<@

Vertex3:Peripherals

Vertex1:Processor

Vertex2:RAM

Vertex3:Peripherals

| ¥
| ¥
| ¥
| ¥
| ¥
| Center (@ @) Vertex2RAM ||
| ¥
| ¥
| ¥
| ¥
| X

i_ ____________ 1

|
| Processor |
| = |
| .> RAM :
| |
| @ |
| Peripherals |
: |




