
Refinery: an efficient
graph solver for generating
well-formed models

https://refinery.tools
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Graph-based reasoning

• Context: graph are widely used in
knowledge representation and analysis

• Scenarios: testing, benchmarking, or
generative architecture rely on graphs

• Approach: graph analysis + generation
(consistent|realistic|diverse|scalable)

• Powerful algorithms

• Efficient tools for engineers

System models

Database content Test environments

github.com/BerkeleyLearnVerify/Scenic

Data Structures

Sagiv, M., Reps, T., & Wilhelm, R. (2002). 

Parametr ic shape analysis via 3-valued logic.
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• Model checking algorithms can be 
effective in verifying code with
complex behavior

• However, existing algorithms failed to 
verify programs even with
simple data manipulation

• E.g., linked list insertion creates loop?

• Tooling is more immature
• Sagiv, M., Reps, T., & Wilhelm, R. (2002). 

Parametric shape analysis via 3-valued logic.
• König, B. et. al. (2024) 

Counterexample-Guided Abstraction 
Refinement for Generalized Graph 
Transformation Systems

Initial motivation: model checking + pointers
Data Structures
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• How a Graph Generation framework works?

Generation overview

RefineryProblem

?
Graph Inconsistency

><
/
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• How a Graph Generation framework works?

Generation overview

RefineryProblem

?
Graph Inconsistency

><
/

•Concepts
•Relations
•Structure
•Constraints

•Nodes
•Edges
•Well-formed
•Valid

•Size
•Number

Problem

•Proof of 
contradiction
•Proof of 
completeness

Solution
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Challenge II.:
The solution of 

the logic 
problem is a 

large, complex 
structure.

This imposes 
serious 

performance 
challenge for 

classic solvers.

Challenge I.:
Constraints 

use rich logic 
language to 

characterize a 
wide range of 

relevant 
problems.

This 
necessitates 

complex logic 
reasoners.

https://refinery.tools

• Why is this so hard?

Challenges

RefineryProblem

?
Graph Inconsistency

><
/

•Concepts
•Relations
•Structure
•Constraints

•Nodes
•Edges
•Well-formed
•Valid

•Proof of 
contradiction
•Proof of 
completeness

•Size
•Number

Non-Trivial size ⇒ Huge Problem
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• How a Graph Generation framework works?

Generation overview

Problem

?
•Concepts
•Relations
•Structure
•Constraints

•Nodes
•Edges
•Well-formed
•Valid

Problem

•Proof of 
contradiction
•Proof of 
completeness

Solution

Model generation: 
exploration process 
that gradually reduces 
uncertainty with 
abstraction refinement

Sequence of refinement relations
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Partial Modeling

https://refinery.tools
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Problems and Solutions

Input

Concrete models
(Labelled graphs) 

Output

Abstract models
(Metamodel + Constraints)
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Problems and Solutions

Concrete models
(Labelled graphs) 

Output

Abstract models
(Metamodel + Constraints)

Input

Partial models:
explicitly represent 

uncertainty in models.

Intermediate state

Model generation: exploration process that gradually reduces uncertainty
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Partial modeling with 4-valued logic

• Represent all potential extension with uncertainty

• Logic abstraction:  TRUE | False | Unknown | Error
– 4-valued exists: added or removed

– 4-valued equals: merging or splitting

• Refinement: reduces uncertainty → concrete models

git
FileSystem img

File

main
File

child

child

link
File
Symlink

child

target

project
Dir
File

root child

child

src
Dir
File

resources
Dir
File
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Partial modeling with 4-valued logic

• Represent all potential extension with uncertainty

• Logic abstraction:  TRUE | False | Unknown | Error
– 4-valued exists: added or removed

– 4-valued equals: merging or splitting

• Refinement: reduces uncertainty → concrete models

git
FileSystem img

File

main
File

child

child

link
File
Symlink

child

target

project
Dir
File

root child

child

src
Dir
File

resources
Dir
File target(link,img):true.
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Partial modeling with 4-valued logic

• Represent all potential extension with uncertainty

• Logic abstraction:  TRUE | False | Unknown | Error
– 4-valued exists: added or removed

– 4-valued equals: merging or splitting

• Refinement: reduces uncertainty → concrete models

git
FileSystem img

File

main
File

child

child

link
File
Symlink

child

target

project
Dir
File

root child

child

src
Dir
File

resources
Dir
File

root(git, link):false.
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Partial modeling with 4-valued logic

Uncertain reference
any combination may exist

target(link,img): unknown.
target(link,main):unknown.

• Represent all potential extension with uncertainty

• Logic abstraction:  TRUE | False | Unknown | Error
– 4-valued exists: added or removed

– 4-valued equals: merging or splitting

• Refinement: reduces uncertainty → concrete models

git
FileSystem img

File

main
File

child

child

link
File
Symlink

child

target
project
Dir
File

root child

child

src
Dir
File

resources
Dir
File
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Partial modeling with 4-valued logic

• Represent all potential extension with uncertainty

• Logic abstraction:  TRUE | False | Unknown | Error
– 4-valued exists: added or removed

– 4-valued equals: merging or splitting

• Refinement: reduces uncertainty → concrete models

git
FileSystem img

File

child

child

link
File
Symlink

child

target

project
Dir
File

root child

child

src
Dir
File

resources
Dir
File

main
Dir
File

Uncertain type
May or may not have the type
Dir(main): unknown.
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Partial modeling with 4-valued logic

• Represent all potential extension with uncertainty

• Logic abstraction:  TRUE | False | Unknown | Error
– 4-valued exists: added or removed

– 4-valued equals: merging or splitting

• Refinement: reduces uncertainty → concrete models

git
FileSystem img

File

main
File

child

child

link
File
Symlink

child

target

project
Dir
File

root child

child

src
Dir
File

resources
Dir
File

Invalid value
e.g., forbidden loop

target(link, link):error.
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Partial modeling with 4-valued logic

• Represent all potential extension with uncertainty

• Logic abstraction:  TRUE | False | Unknown | Error
– 4-valued exists: added or removed

– 4-valued equals: merging or splitting

• Refinement: reduces uncertainty → concrete models

git
FileSystem img

File

main
File

child

child

link
File
Symlink

child

target

project
Dir
File

root child

child

src
Dir
File

resources
Dir
File
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Partial modeling with 4-valued logic

Uncertain existence
object may be removed

exists(link):unknown.

• Represent all potential extension with uncertainty

• Logic abstraction:  TRUE | False | Unknown | Error
– 4-valued exists: added or removed

– 4-valued equals: merging or splitting

• Refinement: reduces uncertainty → concrete models

git
FileSystem img

File

main
File

child

child

link
File
Symlink

child

target

project
Dir
File

root child

child

src
Dir
File

resources
Dir
File
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Partial modeling with 4-valued logic

Uncertain existence
object may be removed

exists(link):unknown.

• Represent all potential extension with uncertainty

• Logic abstraction:  TRUE | False | Unknown | Error
– 4-valued exists: added or removed

– 4-valued equals: merging or splitting

• Refinement: reduces uncertainty → concrete models

git
FileSystem img

File

main
File

child

child

project
Dir
File

root child

child

src
Dir
File

resources
Dir
File

child

target
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Partial modeling with 4-valued logic

• Represent all potential extension with uncertainty

• Logic abstraction:  TRUE | False | Unknown | Error
– 4-valued exists: added or removed

– 4-valued equals: merging or splitting

• Refinement: reduces uncertainty → concrete models

git
FileSystem img

File

main
File

child

child

link
File
Symlink

child

project
Dir
File

root child

child

src
Dir
File

resources
Dir
File

equals

target

Uncertain equivalence
equals(main,main):
  unknown.
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Partial modeling with 4-valued logic

• Represent all potential extension with uncertainty

• Logic abstraction:  TRUE | False | Unknown | Error
– 4-valued exists: added or removed

– 4-valued equals: merging or splitting

• Refinement: reduces uncertainty → concrete models

git
FileSystem img

File

child

child

link
File
Symlink

child

project
Dir
File

root child

child

src
Dir
File

resources
Dir
File

clone 1
File clone 2

File

clone 3
File

child

child

Uncertain equivalence
equals(main,main):
  unknown.

target
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Partial modeling with 4-valued logic

• Represent all potential extension with uncertainty

• Logic abstraction:  TRUE | False | Unknown | Error
– 4-valued exists: added or removed

– 4-valued equals: merging or splitting

• Refinement: reduces uncertainty → concrete models

git
FileSystem img

File

main
File

child

child

link
File
Symlink

child

target

project
Dir
File

root child

child

src
Dir
File

resources
Dir
File
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• Model generation is executed with respect to model refinement

Refinement: 4-valued logic

Unknown

TrueFalse

Error

re
fi

n
e

m
en

t

Inconsistent

Concrete

Incomplete

Go back

Stop

Go forward
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• First-order logic predicates can be defined on partial models

• Predicates respect refinement

• Efficiently evaluated by high-performance query engine

Predicate evaluation

git
FileSystem img

File

main
File

child

child

project
Dir
File

root child

child

src
Dir
File

resources
Dir
File

project2
Dir
File

child

project
Dir
File

src
Dir
File

project2
Dir
File
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Exploration: automated refinement
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Technical 
background

https://refinery.tools
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Libraries

• Management: store/compare multiple versions of (abstract) models

• Exploration: transformation and optimization of models

• Reasoning: logic reasoning and abstract model concretization

crossSystemLink(p1,p2)
target(p2,p1)∧target(p1,t1)
∧ created(p2,t2)∧ (t2≠t1)
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→ →



28https://refinery.tools

Logic solver

• Constraints are continuously reevaluated

• Automatically searching for
valid models by applying refinements

• Search is parametrized
• Number of different solutions

• Difference between the solutions (non-isomorphic)

• Random seed

• Scope: ”size of the models”

# of nodes # nodes by type # of predicate matches# of new objects
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Online demo

Jetty
WebSocket 

server

Parsing

Semantic highlight

Content assist React app 
with 

WebSocket
client

CodeMirror
editor

Lezer LR parser:
Indentation, folding, 

syntactic highlight

Client browser

Xtext

DOT Graph 
Visualizer

• Real-time feedback about partial model

• Logic reasoning and Model Generation in the cloud

Server running on JVM (deployed as fat jar)

Partial model validation

Model querying

Information propagation

Graph analysis

Delegate long-running
analysis (model generation)

to dedicated worker
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Ongoing projects

https://refinery.tools
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• Outperforms Z3 (Microsoft) 
and Alloy (MIT) by 100x

• Interactive state-of-the-art
web-based editors

• Generation algorithms 
deployed on server

• Various domains, e.g.,
blockchain architecture|chemical reaction
railway topology|modeling environment,

satellite network|video game maps

• Goal: support engineers
and experts solving 
complex problems

Modern tools

Recent Results

• Refinery
Continuously deployed:

https://refinery.tools/

• Amazon
Research Award

First in the region
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• Formal methods + Logic solvers

• With AI applications

Logic + AI = Neuro-symbolic approach

Verify

Logic
Interpret

AI
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• AI applications are
data-oriented systems

• Complex, dynamic 
environment

• Novel generation +
Advanced simulators
→ Diverse tests

• Systematic testing of
AI applications

Testing of AI/ML Applications

front

left

visible

visib
le

Recent Results

Map generation:
Knorr Bremse

Prolan

Research project
with USA Navy

Office of Naval Research Global

Logic AI
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• Process the output of 
unreliable AI 
components

• Synthetize explanation 
+ improvements

+Integrity

+Reliability

AI output analysis

synthesisanalysis

• Research project
with the European

Space Agency
(IncQuery Labs + Integricom)
VERIFIABLE AI/ML TECHNIQUES 

FOR PNT APPLICATIONS

• LLM + Logic reasoning
Research collaboration with 

industrial partners

Logic AI
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1. Input:

•GNSS position + HD-Map

• AI sensor output

2. Logic reasoning with Refinery

3. Output:

• Level 1 > Scene interpretation

• Level 2 > Safety and accuracy

• Level 3 > Improved GNSS accuracy

Demo: ESA-VAMPIR
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Demo: AI-assisted modeling with precision

Prompt
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Demo: AI-assisted modeling with precision

Validation +
Iteration

Accept

Prompt

Solution
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Summary

https://refinery.tools
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Summary of Refinery

https://refinery.tools

• Logical reasoning and model generation over graphs

• Web-based editor:

• Live editing and feedback

• Support for partial models and graph constraints

• Containerized execution:
• Continuously deployed at https://refinery.services/

• Available as Docker image: https://refinery.tools/learn/docker/

• Framework for graph processing tasks

https://refinery.services/
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