
  //  22, 2024SIG Graphs Feb

 :  30, 2025Last Revision Jul

How to Simulate Bigraphs Using GrGen.NET
   # ( )Via GrShell or C libGr

  4.0 –         ,  . : . / / /4.0CC BY You are free to share and adapt this material with attribution License creativecommons org licenses by

    /  Chair of Software Technology Dominik Grzelak



 2Folie

Terminology
    ?Graph Rewriting or Graph Transformation

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

differences and use graph rewriting for consistency.” 
[ 23] JaBG

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

: :// . . / / ?Figures https books google com ngrams graph
= + %2 + & _content graph transformation Cgraph rewriting year sta

=rt 1970& _ =year end 2019& = - -2019& =2corpus en US smoothing

Graph productions:  “ ”  “ ”rules or reactions
Application of a rule: “ ”  “ ”derivation or transformation
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Dynamic, Time-varying Graphs
  Graph Transformation Systems

Graph Transformation System       is a computational model for dynamic systems

   States represented as graphs

      State changes represented by application of transformations

p = (L, R)

R
L LR
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Graph Rewriting

 [ 06]:Roots EEPT
—        From Chomsky grammars on strings to graph grammars
—      From term rewriting to graph rewriting
—      From textual description to visual modeling

  Node label replacement

 Hyperedge replacement

Algebraic Approaches 

 Logical approach

  2-Theory of structures

  Programmed graph replacement

Approaches

, , DPO SPO
, , SqPO AGREE
, +PBPO PBPO

   Wide Reactive Systems
( , )RPO IPO

Bigraphs

Meta-Framework

[ 06] , ; , ; , ; , : EEPT Ehrig Hartmut Ehrig Karsten Prange Ulrike Taentzer Gabriele
    ,    Fundamentals of Algebraic Graph Transformation Monographs in Theoretical

 .   .  : - , 2006.Computer Science An EATCS Series Berlin Heidelberg Springer Verlag
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Bigraphs and GrGen.NET

Three Step Workflow

—  BRS Specification
— BiGGer
— .GrGen NET

• GrShell
• grLib

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

: :// . . / /10.21105/ .06491Source https joss theoj org papers joss
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Concurrent Append Problem
Example

1 2 3

P1

4

P2

5

Linked list

  (Two processes n=2)

Problem: - , race condition
 ,  concurrent behavior how

    to proof for large n?

: :// . . / /10.1145/3736704Source https dl acm org doi
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On the Static Structure of Bigraphs 

0 1

Outer
Interface

Inner
Interface

Outer
Interface

Inner
Interface

Link
Graph

Place
Graph

Forest

Hypergraph

Bigraph

Common
Node Set

0

1
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1. Step
    Modeling bigraphs and reaction rules

This is the host graph 
in bigraph notation.

Visualized with 
Bigraph Framework.
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1. Step
    Modeling bigraphs and reaction rules

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

Visualized with ycomp.
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1. Step
    Modeling bigraphs and reaction rules

Append Rule
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1. Step
    Modeling bigraphs and reaction rules

Next Rule
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1. Step
    Modeling bigraphs and reaction rules

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

Rule

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

 as JSON
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2. Step
     Transforming the host graph and rules

BRS Specification

 BiGGer
(    )Java Library or CLI

Input Output

libGr GrShell
—   ( )Bigraph Framework Java
— BDSL
—  ( )Bigellor Diagrammatically

{ "nextRule": {"map": [["v0","v0"], 
["v1","v1"], ["v2","v2"], ["v3", "v3"], 
["v4","v4"], ["v5",""], ["v6",""], 
["v7","v5"], ["v8", "v6"], ["e0","e0"], 
["e1",""]], "links": ["e0", "e1"] }, ...}

Execution

 Tracking
Map

Rules

Graph
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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

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

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

) A
    Compile class files and

*. :dll
 -  .GrGen keep ruleset grg

  and include these

)B
   *.Export host graph grs

  Load generated
. -     GrGen NET files and let it
 ’   create dll s at runtime

https://github.com/bigraph-toolkit-suite/BiggerBenchmarkSolution
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3. Step
Execute

DEMO
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Appendices
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Compositional Structures
  Interfaces and Operators

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

—     Interfaces allow actions between bigraphs
—        Defined independently for the place and link graph
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Composition
  Operators and Derivations

0

0

0
0

0

0
0 0 1

0
0 1

0 1

0
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1
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Algebra
   Beyond Nodes and Edges

— Basic Principle:    „  “ (  , define a few elementary processes modeling simple
 )      (  atomic processes and define compositionally new operations building
    )complex process from simple ones

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

      Bigraphs are expressive as any other
     programming language but its intent

   is rather to describe    the behavior of
     Reactive Systems than to perform
 specific calculations
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Unveiling the s-category and spm category
    Reactive System Approach of Milner
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The Bigraph Toolkit Suite
   From Theory to Software
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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
( . [ 16])cf KeTG

—     Facilitates building bigraphical tool chains

   Primary logo of BTS

:// . .https www bigraphs org

[ 16] , ; , ; , :  -KeTG Kehrer Timo Tsigkanos Christos Ghezzi Carlo An EMOF
    . :   Compliant Abstract Syntax for Bigraphs In Electronic Proceedings

    . 231 (2016), . 16–30.in Theoretical Computer Science Bd S
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A Closer Look at the Bigraphical Tool Landscape

Bigellor
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A Closer Look at Model Representation
   Across all Software Products
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Semantic Equivalence Proposition

Bigraph Framework 
API

BDSL

Graphically

 Elementary Bigraphs

Operators

 Less
 Formalization

Errors
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A Common Language

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

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

BIG::Signature

BPlace

BRoot BNodeBSite BPoint BLink

BPort BInnerName BEdge BOuterName

NameableType

name: String

IndexableType

index: int

BSorting

BBigraph

bPrnt 0..1

bChld 0..*

bRoots 0..*

bBigraphR 1..1

bSites 0..*

bBigraphS 1..1

bNode 1..1

bPorts 0..*

bPoints 0..*

bLink 1..1

bInnerNames 0..*

bBigraphI 1..1

bEdges 0..*

bBigraphE 1..1

bOuterNames 0..*

bBigraphO 1..1

bBigraphSig 1..1

bSignature 1..1

<<imports>>

<<imports>>

BIG::Dynamic

<<imports>>
BIG::Signature

<<imports>>

<<imports>>

BIG::Static

MOF::EMOF

<<imports>>

BDynamicSignature

BControl

name: String
arity: int
status: BControlStatus

BControlStatus

ACTIVE: ACTIVE
ATOMIC: ATOMIC
PASSIVE: PASSIVE

BKindPlaceSorting

BKindSortNonAtomic BKindSignatureBKindSortAtomic

BSorting

BBasicSignature

bControls *

bSig

bKindPlaceSorts *

bPlaceSorting

bContainedBy 0..*

bCanContain 0..*

 Package Diagram

 Class Diagram

grammar de.tudresden.inf.st.bigraphs.dsl.BDSL with 
org.eclipse.xtext.xbase.Xbase
import "platform:/resource/BigraphBaseModel/model/bigraphBaseModel.ecore" 
as bigraph
import "http://www.eclipse.org/emf/2002/Ecore" as ecore
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"

BDSLDocument:
('namespace' name=QualifiedName)? 

(importDeclarationsBdsl+=BDSLDocumentImport | 
importDeclarationsUdf+=BDSLUdfImport)*

grammar de.tudresden.inf.st.bigraphs.dsl.BDSL with 
org.eclipse.xtext.xbase.Xbase
import "platform:/resource/BigraphBaseModel/model/bigraphBaseModel.ecore" 
as bigraph
import "http://www.eclipse.org/emf/2002/Ecore" as ecore
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"

BDSLDocument:
('namespace' name=QualifiedName)? 

(importDeclarationsBdsl+=BDSLDocumentImport | 
importDeclarationsUdf+=BDSLUdfImport)*

Grammar
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Documentation/Accessibility
 Project Website

Manuals

Slides

GitHub
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