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Overview Figure: Adapted from [1]

[1] Silva & Hildebrandt, “Human-Centric Hybrid-Al for No-Code Development,” FSE 2025.




DCR Graph

DCR Graph: Dynamic Condition Response Graph[1].
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Note If an activity group is in a relation, all events in that group share the relation.

[1] Hildebrandt & Mukkamala, “Declarative Event-Based Workflow as Distributed Dynamic Condition Response Graphs,” PLACES 2010, arXiv 2011.
[2]1 Hildebrandt et al., “Nested Dynamic Condition Response Graphs,” FSEN 2011.



DCR Graph (execution semantics)

DCR Marking: M = (Ex, " ¢,In)

Set of executed events

Set of included events
3

(relevant)

Transitions between DCR markings:
M = (Ex,Re,In) —=— M’ = (Ex’,Re’In’)

eisenabledin M

Ex = Ex U {e}

Re’ = Re \{e} U{e |e+—> €'}

I = In\{e | e = e}u{e | e v ¢}

Event enableness:

Event e is enabled in marking M = (Ex, =, In) iff:

e eisincluded: e € /n

 Alle’s conditions are executed or excluded:
Ve’ e, eithere’ € Exore’ & In

* Noincluded pending is the milestone:
Ve' — e, eithere’ & ore & In

Accepting runs [1]:

MoﬁMle—%-'-en—_;Mn

A finite (eg, €4, ..., €,_1) is an accepting runs if:
In the end, there is no included pending events:
Re,NIn, =@

represent regular languages

Aninfinite (ey, e4, ..., e,_1) is an accepting runs if:
Any pending event must be evetually executed or excluded:
Ve € Re;, 3] = i:ej =eoreé Inj

Represent set of regular and omega-regular languages

[1] Mukkamala & Hildebrandt, “From Dynamic Condition Response Structures to Blichi Automata,” TASE 2010.



DCR Graph Extensions

DCR graph with time constraint [1]

- The target must be executed or excluded with deadline x DCR graph with data constraint (guard) [2,3]
If source is included, before targetis enabled, source og—> é).o € If g holds, relations take
must have been executed at least x time ago g g effect in the graph

>+ e—>u

Still regular language, one may verify everything with a big state space

Object centric DCR graph (dynamic sub processes) [4]

Allow activity group to created/deleted via object lifecycle If unbound: OC DCR is turing complete [6],

. . can’t check for deadlocks.
E.g. When creating account, a User activity group

(identified by username) is created. Static check can still be conducted via the
liveness typing checking [5]

User

bank user [1] Hildebrandt et al., “Contracts for Cross-Organizational Workflows as Timed Dynamic

Condition Response Graphs,” JLAP 2013.

Pk top up [2] Hildebrandt et al., “Decision Modelling in Timed Dynamic Condition Response
Graphs with Data,” BPM Workshops 2021.
[3] Hildebrandt et al., “Declarative Choreographies with Time and Data,” BPM 2023.

[ username ]

create account

bank [4] Debois et al., “Safety, Liveness and Run-Time Refinement for Modular Process-Aware

M Information Systems with Dynamic Sub Processes,” FM 2015.
[5] Debois et al., “Type-Checking Liveness for Collaborative Processes with Bounded
and Unbounded Recursion,” LMCS 2016.
[6] Debois et al., “Replication, Refinement & Reachability: Complexity in Dynamic
Condition-Response Graphs,” Acta Informatica 2018.



DCR Graph (Vending machine example with time)

User User
C—F1
Select Pick
Vending Vending

(a): Pick is initally set unavilable:Whenever
user does select, pick become available

Vending User

cancel select

(c): Whenever vending does cancel, select will
not be accessible

User Vending
select > —p unpicked
10
Vending User

(b): 1. Whenever user does select, unpicked
become pending with the deadline 10 time units
2. unpicked is not enabled if select is included
and not executed at least 10 time units ago

Vending User
—
cancel Insert
Vending

(d): While cancel is pending, Insert can’t execute
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DCR Graph(full vending machine example)
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Simulationtools to validate some event sequences (free academic account at DCRSolutions.net)
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Works in progress (motivation)

DSL (Domain Specific Language) BDD (Behavior Driven Development)
BDD: used to specify the behavior of software

BDD scenarios (in Gherkin syntax): Given the vending machine is idle

Sc.:enarlo:. .scenarlo name When I insert $2
Given: Initial context

When : Activities that triger the scenario
Then: The expected outcome

Then the vending machine is in selection mode

« BDD is easyto understand across different roles: ( * Build a bridge between BDD and DCR graph
business stakeholders, developer and domain
experts) v KM smé ssssssssssss o V CustomerCases s ghis Corcer + AbcutkD v
 BDD is widely used in software engineers \WorkZone
« DCR has formal semantics (static and dynamic el ; KMD to be acquired by NEC
verification) il | Corporation

Your digital journey, your way

* DCRiswidely usedin Denmark (+70% of central
government organisations use the KMD WorkZone LAWY/ obalapanese e P NEC NEC istepping up s activiies with

software for the public sector and sees as one of the world's leading software

EIM tool - with DCR embedded)

Danish IT group KMD is changing owners. The global private equity firm Advent
International and the Danish pension fund Sampension have agreed to sell KMD to the
global Japanese technology group NEC. NEC is stepping up its activities within



https://youtu.be/rzI4Aa09A_U

Works in progress

DSL (domain specific language) BDD (Behaviour-driven Development) grammar

model <domain model name>

Scenario: <scenario name>

entity <entity name> {

initiator actions: <list of supported initiator Given [ [ < E nt ity St ate> /
actions> . .
observed actions: <list of supported observed actions> < E nt 1ty P O pe r‘ty AS se r‘t i0on> /
data properties: <list of ted data properties> . .
states: <Iistrolf sup;ZrzedSl;tZ\F:Z;e | < Respon Se Des C r.‘:I-pt ion> /
} <Inclusion Description> /

<Execution Description> / (And) ]*

role <role name> {
initiator actions: <list of supported initiator actions>
observed actions: <list of supported observed actions>

) When <Entity Action>
der;a[rfl;cé\:](:ifszi::li;zt}on <entity name> is <state name> { Then [ < Ent ity P I"Ope r‘ty ASS ignme nt S /
:E)r(\tity F.’roperty Ass.ertion>/ < E n-t ity Sta -t e>>
ecution Description> /
<Response Description>/ <Response Description> /

<Inclusion Description> ]

(AND) J* <Inclusion Description> / (And) ]*



Works in progress

Entity
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~

Specification =

BDD
scenarios

DSL BDD

o

entity vending machine {

initiator actions:, cancel, unpicked

observable actions: insert, select, pick

states: idle, dispensing mode, selection mode, extra
dispensing mode

data properties: option, inserted amount, product }

Declarative specification vending machine is idle mode {
IF the action insert is available
AND the inserted amount equal to 0

1
1
1
1
1
1
1
1
1
1
1
i
Declarative specification vending machine is selection mode { !
IF the action cancel is available i
AND the action option is available .
AND the action select is available i
AND the inserted amount does not equal to 0 i

]

/

o ————————— -

Scenario : Cancel

> DCR BDD

Generalised DCR rules (condition, action, reaction):

proerty
) . assertion
included pending e)TCUted /
If <|, <I, ’ ’NP’A>

,7,NP,E,NE,B> and A then

|

not

\

not

. : . not value
|nclude§1 pending executed assignment
condition action reaction

< {cancel, option, select}, @, @, @, @, @, {vm.ins !=0}>

cancel

When the action cancel is executed

\l
1
1
Given the vending machine is in selection mode :
1
1
1
Then the vending machine isin idle mode E

A 4

<{insert}, @, @, @, {vm.ins = 0} >
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Thanks for your attention!

Research on methodologies to generate DSL
BDD via LLM (grammar constraint LLM)
Further develop object centric DCR graph (to
support ER diagram constraints)

Allow DSL BDD to support object centric DCR
graph features

Research on DCR BDD to DCR graph mapping

Contact: Xinyuan Tu (xinyuan.tu@di.ku.dk), Thomas Hildebrandt (hilde@di.ku.dk), Thiago Rocha Silva (trsi@mmmi.sdu.dk)
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