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Terminolo ,
Graph Rewriting or Graph Transformation?
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Jick on line/label for foous)

“First of all a word about the term “graph rewriting”. Some
would rather say “graph transformation”; some even think
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there is a difference between these two. We don’t see such

0.00000140%
0.00000120% [J a BGZS]
0.00000100%

0.00000080%

0.00000060% graph transformation

0.00000040%
0.00000020%

0.00000000%
1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

differences and use graph rewriting for consistency.”

Graph productions: “rules” or “reactions”

9

[JaBG23] Jakumeit, Edgar; Blomer, Jakob;
GeiB, Rubino: The GrGen.NET User Manual:
Refers to GrGen.NET Release 6.7, 2023

Figures: https://books.google.com/ngrams/graph?
content=graph+transformation%2Cgraph+rewriting&year_sta

rt=1970&year_end=2019&corpus=en-US-2019&smoothing=2

Application of a rule: “derivation” or “transformation’

Folie 2



Dynamic, Time-varying Graphs
Graph Transformation “Systems

Graph Transformation System is a computational model for dynamic systems

States represented as graphs 6 — Q —> @

State changes represented by application of transformations
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Graph Rewriting

Roots [EEPTO6]:

— From Chomsky grammars on strings to graph grammars
— From term rewriting to graph rewriting

— From textual description to visual modeling

Approaches
Node label replacement Algebraic Approaches
Hyperedge replacement
Logical approach DPO, SPO, Wide Reactive Systems
Theory of 2-structures 5qPO, AGREE, (RPO, IPO)

PBPO, PBPO+
Programmed graph replacement

Bigraphs

[EEPT06] Ehrig, Hartmut; Ehrig, Karsten; Prange, Ulrike; Taentzer, Gabriele:
Fundamentals of Algebraic Graph Transformation, Monographs in Theoretical
Computer Science. An EATCS Series. Berlin Heidelberg: Springer-Verlag, 2006. Folie 4



Bigraphs and GrGen.NET JSS

Three Step Workflow

— BRS Specification
— BiGGer
— GrGen.NET
GrShell
grLib

The Journal of Open Source Software

BiGGer: A Model Transformation Tool written in Java
for Bigraph Rewriting in GrGen.NET

Dominik Grzelak @121

1 Chair of Software Technology, Technische Universitat Dresden, Germany 2 The Centre for Tactile
Internet with Human-in-the-Loop (CeTl), Germany 9§ Corresponding author

DOI: 10.21105/ joss. 06491

Source: https://joss.theoj.org/papers/10.21105/j0ss.06491

Home > ACM journals > Formal Aspects of Computing > Just Accepted > Improving Bigraph Rewriting with GrGen.NET to Enable
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Concurrent Append Problem L
Example Problem: race-condition,
concurrent behavior, how

to proof for large n?

Listing 14. Concurrent append problem as a Java program. From [Rensink et al. 2004].
1 class Cell {
Cell next;
int val;
void append(int x) {
if (x == this.val) { // "value found" rule

return;
} else if (this.next == null) { // "append" rule Two processes (n:2)
this.next = new Cell();
this.next.val = x;
10 return;
1 } else { P, P,
12 this.next.append(x); // "next" rule
return; // "return" rule ¢ ¢
1 i
5 4 5

Source: https://dl.acm.org/doi/10.1145/3736704

Linked list

.........

1 —>» 2 —» 3
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On the Static Structure of Bigraphs

}_
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1. Step ,
bigraphs and reaction rules

Modeling

This is the host graph
in bigraph notation.

Visualized with
Bigraph Framework.

A
f
|I \ \ l,l'llr \'.
[N ] \
| \'\ r:0 ,-"f \
I 1N
II \ 'Ir \
\\ / \ .n"lll \
| : : |
v3:append vh:main v(:append
vd:val v7:list v1:val
vh:N4 vE:Cell vZ2:N5H
vlZ:val v9:this vld:next
v15:Cell v10:thisRef

v11:thisRef v13:N1

vl6:this v17:val v19:mext
v18:N2 v20:Cell
v21:this v22:val

v23:N3
Folie 8




Modeling bigraphs and reaction rules

root:BRoot
A
‘ $6:bPrt $3:bPrmt $4:bPrt
node2:append ‘ link0:BEEdge Iinkl-ElEdge nodel:append | noded:main
T A
$9:bPrnt $1:bMNeogEC:bLink $1E:bligpl:bMode | $2:BFrmt $7:bPrt
nodeS wal ‘ portl: BPort por‘tO BPor‘t nodefl val ‘ nodeB list |
A [ A
$C:bPrt $E:bFrt $8:bPrt
nodes: M4 ‘ node?: N5 ‘ ‘ nodes:Cell ‘
$0:bPrnt

This is the host graph
as multigraph
in GrGen.NET.

Visualized with ycomp.

t‘ $E:bPrnt ‘ $F:bPrt

nodeS:this | rnodelval ‘ | nodell:nest ‘
Fy [y
$11:bPrrt $10:bPrrt $12:bPrnt $12:bPrnt
rnodel 3:thisRef nodelZ:thisRef rnodeld:kl ‘ rodelS:Cell

A

T

—‘ $1D:bri$@,l

ENode [+$1F:blitk:bNode

| port3:BRort ‘

‘ port2:BFort ‘

nodelé&:this

$14:bPrnt

o

$15:bPrnt $16:bPrnt

‘ nodel 7ival | ‘ nodelS:next ‘

A

h

L]

$17:bPrnt $18:bPrht

‘ nodelg:N2 | |node20:CeII |

$19:bPrnt $14:bPrnt

‘ node21:this| ‘ nodezz:ual|
A

$1B:bPrnt

node?3:M3




Append Rule

r:0
v:Cell
; r:1 / \
‘ ‘ v1:this v2:val vi:next
v0:Cell v4:append
/ \ \ vd:Cell
v1:this v3:val vo:val / \
/ \ v5:this vb:val r:1
v2:thisRef

v7:Void

Folie 10



1. Step
Modeling bigraphs and reaction rules

Next Rule

/\

vZ2:next v0:this

/\

v2:next v0:this v6:append

ﬁ v1:thisRef vB:val v3:Cell ﬁ v1:thisRef v7:append

m v4:this / v8:val

B ] 3

v3:Cell

o




1. Step

Modeling bigraphs and reaction rules

r:0

v0O:this

Next Rule
r:0 g | - .
v0:this vZ:append
v1:thisRef v3:Void

r:1

v1:Void

Folie 12



1. Step . .
Defining the tracking map for reaction rules

'el"] },
"appendRule": {"map": [["vO",

/ ("v7".*"] 1, "links": [1 },
R — (T, T ,n "returnRule”: {"map": [["vO©", !

["v1","w3"] ], "links":

e e e e T R

i

Tracking Map: From the reactum (right) to the redex (left).

Folie 13



2. Step

Transforming the host graph and rules

Graph

Output

Input BiGGer
; ”  (Java Library or CLI)
-~ L.
+ i

{ "nextRule": {"map": ['v0","v0"],

[*v1","v1"], ["v2","v2"], ['v3", "v3"],
I il e
e Tracking

Map

BRS Specification

Bigraph Framework (Java)
BDSL
Bigellor (Diagrammatically)

*

*

*

*

.gm (graph metamodel)
.grs (graph model)
.grg (rules)

.grs (script that defines a simple rule control strategy)

libGr GrShell

Execution

Folie 14



3. Step
Execute

Commands

$ java -jar bigger.jar --verbose
--basepath=../sample/concurrent-append/

--output=foo

--host=host.xmi --metamodel=bigraphMetaModel.ecore
--sig=sig.xmi --sigM=signatureMetaModel.ecore
--rule=nextRule:nextRule-lhs.xmi,nextRule-rhs.xmi
--rule=appendRule:appendRule-lhs.xmi,appendRule-rhs.xmi
--rule=returnRule:returnRule-lhs.xmi,returnRule-rhs.xmi
--tracking=map.json

$ GrShell script.grs

JESS

The Journal of Open Source Software

BiGGer: A Model Transformation Tool written in Java
for Bigraph Rewriting in GrGen.NET

Dominik Grzelak @ 27

1 Chair of Software Technology, Technische Universitat Dresden, Germany 2 The Centre for Tactile
Internet with Human-in-the-Loop (CeTl), Germany 9 Corresponding author

DOI: 10.21105/joss.06491

https://joss.theoj.org/papers/10.21105/joss.06491

O bigraph-toolkit-suite / bigraphs.grgen-bigraphs

https://github.com/bigraph-toolkit-suite/
bigraphs.grgen-bigraphs
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3. Step_ ,
Execute in a C# Project

MyApplication — Program.cs

File Edit View Search Project Build Run Tools Window Help

| 2 Debug - Default - i @ Solution loaded.
[& solution < * Programcs Asse
A) - MyApplication MainClass » [ Main(string[] ar|
- MyApplication 11 ety
1 1 f 5 12 Bigraph2GrGen ¥ Granetl scfLPL LO €Xport Nost grapn
Compile class files and - L 1] 3 Biorshcen S O : .
* b Properties _- namespace MyApplication i
'd” initial_graph.grs i : class MainClass §
metamodel_graph.gm 17 { %
GrGen -keep I’u|eset.grg [@ metamodel_graphModel.cs public static void Main(string[] args) .
) 5 f e TR e i g oy E
and include these ruleset.grg y S . g
[@il rulesetActions.cs 22 “reate the LibGr Search Plan backend we want to use =
23 LGSPBackend backend = LGSPBackend.Instance; %
24 LGSPNamedGraph graph; -
25 LGSPGlobalVariables globalVars = new LGSPGlobalVariables(); Q
B) 26 LGSPActions actions; %
' LGSPGraphProcessingEnvironment procEnv; m
EXpOI’t hOSt graph *grS : Loading the Instance Graph from filesyster N z
Load generated o el s i licome o/ S eling ol
GrGen.NET-files and let it p—
create dIP’s at runtime Comments ~
Line Description File Path
https://github.com/bigraph-toolkit-suite/BiggerBenchmarkSolution
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3. Step
Execute

DEMO

Folie 17



Appendices
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Compositional Structures
Interfaces and Operators

A bigraph process is a computing agent that may communicate with it
environment via its interface

V)

Definition (interface) Aninterface I = (m, X) consists of a finite ordinal m called a width, and a finite
set X C A called a name set.

g Il = J f:J—- K

g f
— Interfaces allow actions between bigraphs f’ ’ )
— Defined independently for the place and link graph L_J(

h

h=fog:1—>K

Folie 19



Composition o
Operators and Derivations

g Il = Jf:J—-K
g 7 S
TN
I K
N,

h=fog:1—>K

Folie 20



Algebra
Beyond Nodes and Edges

Bigraphs are expressive as any other

~ Basic Principle: define a few eIementarP/ processes gmodegl g simple, | Programming language but its intent
atomic processes] and define compositionally’ new operations (building is rather to describe the behavior of

complex process from simple ones) Reactive Systems than to perform
specific calculations

— The collection of bigraph expressions is given by the following grammar
and describes the behavior of ,black-box“ processes:

1 Ly,
P,Q ==Kz | Kisaprocess namein K € [ (ion) I T R G
1 | join | 711 Elementary bigraphs (placings) 0 1
y/X | Jx Elementary bigraphs (linkings) P ,
PoQ Composition N ——

P.Q Nesting = 1. 2

P®Q Tensor product O

PllQ Parallel product K;ol

P|Q Merge product

Folie 21




Unveiling the s-category and spm catego
Reactive System Approa%h " Milner gory

spm category

T

wide s — category s — category category
precategory
‘BG(Y) _u, ‘BG(K) Concrete Bigraphs

I3 |

BG(Z) —4“— BG(K) Abstract Bigraphs

Folie 22



The Bigraph Toolkit Suite
From Theory to Software




What is Bigraph Toolkit Suite (BTS)?

BTS is a Product Family for Research & Development of Reactive
Systems.

It constitutes a collection of frameworks, tools, and methods designed for
extensibility, interoperability, and flexibility.

Specifically, it supports a broad range of use cases, from the manipulation
and simulation of bigraphs to language engineering and distributed storage
of bigraphical models.

Principal aims of BTS from a software-related perspective:

— Help exploiting the bigraph theory in real-world applications (modeling
context-aware systems, actor-based, agent-based, webservices, ...)

— Accelerates the development process and systematic engineering of
applications and systems that intent to incorporate bigraphical paradigms
(cf. [KeTG16))

— Facilitates building bigraphical tool chains

[KeTG16] Kehrer, Timo; Tsigkanos, Christos; Ghezzi, Carlo: An EMOF-
Compliant Abstract Syntax for Bigraphs. In: Electronic Proceedings
in Theoretical Computer Science Bd. 231 (2016), S. 16-30.

A
V.

Primary logo of BTS

ofed0
5
[=] 52

https://www.bigraphs.org

Folie 24



A Closer Look at the Bigraphical Tool Landscape

bdd Structure of BTS by Intention )

=<ilocks== =<hlochk=e
“iuncrionaky== ==functionalify=:= te,,_,t
Visualization Storage o T H E I A
'\ '\
=<hlocks> ==hlockss ==blockss s=hlocks= A/ Core A/
=<frameworks>> <<applications= s<lramework=> =<[ramework=: Elements
MetaMadel visualization: Bigraph Bigellor core: Bigraph Framework Spring Data CDO
I f BDSL BDSL for
<<exiemal=> <<block== D.
<<hlock=> <<hlock=>
3rd Party Tools _-C\'.f.rar'.rremmrk:-:- P — PR
simulation; Bigraph Framewaork COO-as-a-Service standalone-server: Spring Data CDO
=<hblock>> \ / A A
=<iramework=:= v
ork converter: Bigraph Framework <<blocks> ' Interpreter Interpreter
==datahazes> P Framework
Eclipse CDO CLI

BDSL
BDSL ]

I ) ¢ (]
F Kk =<domain=>
5:“;‘” Context-Adaptive Reactive System
veloper Soft -
===
e— ¢
[
| | ]
ahlockss
l Simutation “ioceling orin=Mnn
e modelling &) sprin =S=22
= " Thz Model Repasitory
o= <<hlocks: <<hlock== For
X aoframeworks= <zapplications <<block>> <<blocks=>
Bigellor simulation: Bigraph Framework cli-tool: BDSL =<application== s<framework=>
Blgellor core : Blgraph Framewaork
ceplnck=z hlncks== wehlock»> ehlock=> ==
oframesiork=» ccapplicaton=:» <IRITIME > <<application>= T Reseteseny for
converter: Bigraph Framework Theia IDE : BDSL BDSL Theia IDE : BDSL d k
<<hlock== <<plamal==
<<framework=> 3rd Party Tools .
interpreter: BDSL
i Folie 25




A Closer Look at Model Representation
Across all Software Products

EMF XMl Representation

QllGH

<?xml wversion="1.8" encoding="UTF-8"%=>
<bigraphBaseModel:BEigraph xmi:version="2.8"
wmlns :xmi="http: s www.omg.org/XMI"
xmlns:xsi="http: //weww.w3 . org/ 2681/ %MLSchema- instance"
xmlns:bbm="http:f/de.tudresden.inf.st.bigraphs.models"
wsi:schemalocation="http://de.tudresden. inf.st.bigraphs.models
bigraphBaseModel .ecore™=
<bRoot s>
<bChild xsi:type=" (K" name="w1"=
<bChild xsi:type="bbm:BSite"/>
<bPorts bLink="//@bEdges.@"/>
</bChild=>
<bChild xsi:type="bbm:L" name="va"=
<bPorts bLink="//@bEdges.@"/ >
</bChild>
</bRoots>
<bEdges name="eB" bPoints="//fbRoots. @/§bChild.8/fbPorts.@
//@bRoots.8/@bChild. 1/@bPorts.a" />
=/bigraphBaseModel:EBigraph=

OBJECT MANAGEMENT GROUP

OMG Meta Object Facility (MOF) Core Specification

Algebraic Form

p— | I i Diagrammatical Path = {K ]_? L: ]_} Programmatic Path
L I" [ G = /jeo (K |Ls.1)
K L g

Y
DSL Pam %

Conversion Path

Domain-specific Language Representation (BDSL)

signature Sig {
active K: 1
atomic ctrl L arity 1

______________ }
main = {
val G = /("x") * $GO
}

val GO(Sig) = { K["x"] | L["x"] }

Propriatry Formats

Folie 26



Semantic Equivalence Proposition |
Elementary Bigraphs

Bigraph Framework
API Operators

[[ops (purelLinkings(s).closure("x")) .compose (

ops (pureDiscretelIon(s, "K", "x")).merge(pureDiscretelIon(s, "L", "x")) )ﬂ

Less /xo(leLx.l),
Formalization 9
Errors v N Graphically
P
BDSL

[ /(%) * (R['x'1IL'%']; ] w—

.....................................

Folie 27



1
— <<impo rts > e BIG::Static
N nnemmen e 2
A Common Language il A —
e <<imports>>/
[‘17.‘;‘{.‘5 E f \ SR> > BIG::Signature
:Ecupss Mogcmow ~~~\~\*\\~ R\\<<imp0rts>> <’éimport5>>
Package Diagram «\i;*;r.ts»
S

Xtext

— Every bigraph-related model conforms to an Ecore metamodel
— Conformance: Instance models are generated by a metamodel

OMG Meta Object Facility (MOF) Core Specification

bPrnt 0..1

— Provides a ,,common language®“ and uniform interface
Continuous model validation at design-time and run-time

<:>Bske

Dynamic

@ IndexableType @ NameableType
index: int name: String
4 T DS
- -~ 4 \
-7 1 / \
/ \

its 0..*

1 !
| (:)BPoWﬁ .
btk 1..1

bNode 1..1

grammar de.tudresden.inf.st.bigraphs.dsl.BDSL with
org.eclipse. xtext Xbase. Xbase
import " :
as bigraph
import "http://www.eclipse.org/emf/2002/Ecore" as ecore bSites 0. bRoots 0..*
import "http://www.eclipse.org/xtext/common/JavaVMTypes" as jvmTypes
//import "http://www.eclipse.org/xtext/xbase/Xbase" as xbase
generate bDSL "http://www.bigraphs.org/dsl/BDSL"
@ BControl ®BControI$tatus
name: String ACTIVE: ACTIVE
arity: int ATOMIC: ATOMIC
status: BControlStatus PASSIVE: PASSIVE

' name=QualifiedName)?
bControls *

BDSLDocument:

('namespace
(1mportDeclarationsBdsl+ BDSLDocumentImport |
*
L B LR LA L9 AR L S B AR Y ARG ) «
bContainedBy 0..* bSig
@ BKlndPIaceSomng @ BSorting

port

itvdPlacedgrts * bCanContain
bPlaceSorti
@BKIndSortNonAtomic ®BK1ndSortAtomlc © BKindSignature

© BDynamicSignature ©BBasicSignature

Grammar

bPorts 0.. )

\
©BInnerName

mes 0..%

bEd 0..*

binnerNames 0..*

bBigrappt'1..1

@BBigraph

bBigraphSig 1..1

$sBlG=Signature

@ BSorting

aphE 1..1
BigraphO 1..1

bBigraphS 1..1

bOute|

Class Diagram

Folie 28
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Documentation/Accessibility

‘;’0 frﬂ @0 I]O Updated yesterday

Project Website

bigraphs.bdsl-core-elements ' Fubic
BDSL is a DSL to specify and simulate bigraphs, among other things. This project contains the grammar fknd language server
Manuals s
Il JavaDoc APl TECHN|SCH_ dsl xtext xtext-grammar  bigraphs
UNIVERSITA [ N Yo %0 (Do (%0 Updatedlast week
DRESDEN ava pdated last wee
Introdu
Basics G |t H u b bigraphs-by-examples.bigraph-vendingmachine-webservice | Pubic
Getti : Pricing @®Java  EEApache20 F 1 90 (D0 [0  Updated last week
Composi
bigraphs.bigraph-ecore-metamodel ' Public
| . d Blgraph Toolkit Suite This project serves as a reference implementation of an abstract syntax specification for bigraphs.
S I eS BTS refers to a software product family for the research and development of bigraphical reactive : ecore  ecore-metamodel  bigraphs  java  modeling  specification

& http:/iwww bigraphs.org

@Java F0 50 (D0 (10 Updated last week

% 5 UNIVERSIT?X‘?
DRESDEN
(m Overview [J] Repositories 10 Projects Packages 2 People . a . e
ia & bigraphs.ide.bigellor ' Public
Dominik Grzelak Bigellor is a web-based editor for the visual modeling of bigraphs.
Software Technolo

Technische Uniwv a de README . md spring modeling  visualisation  bigraphs

JavaScript &8 Apache 20 %0 tY0 G)Cl 110  Updated last week

Welcome to the Bigraph Toolkit Suite community!
A Bigraphical Ve spring-data-cdo ' Pubic

From Specificatic
using the Bigrapt

Top languages

® Java JavaScript
April,
1.0

A tutorial for se

Most used topics

bigraphs  java  medeling

Bigraph Toolkit Suite constitutes very versatile, extensible and comprehensive open-source software solutions
designed for the manipulation and analysis of bigraphs.

= e ——— : Folie 29
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