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Abstract
Modern systems are often developed in views and in a collaborative manner. If changes can occur in multiple

locations, they can easily conflict with each other. The extended version of the Families to Persons case sets a

benchmark for different synchronization approaches how such conflicts can be resolved. In this paper, we present

a benchmark solution using NMF Synchronizations.
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1. Introduction

The lack of tools is a repeatedly reported shortcoming of model-driven development and in particular,

collaborative tools are often asked for. If two people collaborate on a model, they may make conflicting

changes, particularly if they are working on different models and the conflict only arises from the

synchronization of these models. To gather insights on how different tools solve this challenge, the

families-to-persons benchmark [1] was extended [2] for conflicting changes.

In this paper, we show how the Families-to-Persons case can be solved using Synchronization Blocks,

using their implementation in NMF Synchronizations. The implementation is based on the 2017 version

of the benchmark [1] where it achieved very good performance results [3], showing that propagating

additions can be done in constant time even if model sizes get large. Inspired from these results, we

extended the NMF solution to handle conflicting changes.

The implementation is available online
1

and a pull request exists to integrate it into the benchmark

framework.

The remainder of this paper is structured as follows: Section 2 shortly introduces NMF Expressions

and NMF Synchronizations. Section 3 describes the architecture of how to integrate them into a

Java/EMF-based benchmark framework. Section 4 introduces the actual solution. Section 5 discusses

how conflicting changes are handled. Section 6 discusses limitations of the solution before Section 8

concludes the paper.

2. NMF Expressions and NMF Synchronizations

NMF Expressions [4] is an incrementalization system integrated into the C# language. It takes ex-

pressions of functions and automatically and implicitly derives an incremental change propagation

algorithm. This works by setting up a dynamic dependency graph that keeps track of the models’ state

and is adapted when necessary. The incrementalization system is extensible and supports large parts of

the Standard Query Operators (SQO
2
).
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NMF Synchronizations is a model synchronization approach based on the algebraic theory of syn-

chronization blocks. Synchronization blocks are a formal tool to run model transformations in an

incremental (and bidirectional) way [5]. They combine a slightly modified notion of lenses [6] with

incrementalization systems. Model properties and methods are considered morphisms between objects

of a category that are set-theoretic products of a type (a set of instances) and a global state space Ω.

A (well-behaved) in-model lens 𝑙 : 𝐴 →˓ 𝐵 between types 𝐴 and 𝐵 consists of a side-effect free

Get morphism 𝑙 ↗∈ 𝑀𝑜𝑟(𝐴,𝐵) (that does not change the global state) and a morphism 𝑙 ↘∈
𝑀𝑜𝑟(𝐴×𝐵,𝐴) called the Put function that satisfy the following conditions for all 𝑎 ∈ 𝐴, 𝑏 ∈ 𝐵 and

𝜔 ∈ Ω:

𝑙 ↘ (𝑎, 𝑙 ↗ (𝑎)) = (𝑎, 𝜔)

𝑙 ↗ (𝑙 ↘ (𝑎, 𝑏, 𝜔)) = (𝑏, 𝜔̃) for some 𝜔̃ ∈ Ω.

The first condition is a direct translation of the original PutGet law. Meanwhile, the second line is a

bit weaker than the original GetPut law because the global state may have changed. In particular, we

allow the Put function to change the global state.

A (single-valued) synchronization block𝑆 is an 8-tuple (𝐴,𝐵,𝐶,𝐷,Φ𝐴−𝐶 ,Φ𝐵−𝐷, 𝑓, 𝑔) that declares

a synchronization action given a pair (𝑎, 𝑐) ∈ Φ𝐴−𝐶 : 𝐴 ∼= 𝐶 of corresponding elements in a base

isomorphism Φ𝐴−𝐶 . For each such tuple in states (𝜔𝐿, 𝜔𝑅), the synchronization block specifies that the

elements (𝑓(𝑎, 𝜔𝐿), 𝑔 ↗ (𝑏, 𝜔𝑅)) ∈ 𝐵 ×𝐷 gained by the lenses 𝑓 and 𝑔 are isomorphic with respect

to Φ𝐵−𝐷 .

𝐴 𝐶

𝐵 𝐷

Φ𝐴−𝐶

𝑓 𝑔

Φ𝐵−𝐷

Figure 1: Schematic overview of unidirectional synchronization blocks

A schematic overview of a synchronization block is depicted in Figure 1. The usage of lenses allows

these declarations to be enforced automatically and in both directions, if required. The engine computes

the value that the right selector should have and enforces it using the Put operation. Similarly, a

multi-valued synchronization block is a synchronization block where the lenses 𝑓 and 𝑔 are typed with

collections of 𝐵 and 𝐷, for example 𝑓 : 𝐴 →˓ 𝐵* and 𝑔 : 𝐶 →˓ 𝐷* where stars denote free monoids.

Synchronization blocks have been implemented in NMF Synchronizations, an internal DSL hosted by

C# [7, 5]. For the incrementalization, it uses the extensible incrementalization system NMF Expressions.

This DSL is able to lift the specification of a model transformation/synchronization in three orthogonal

dimensions:

• Direction: A client may choose between transformation from left to right, right to left or in

check-only mode

• Change Propagation: A client may choose whether changes to the input model should be

propagated to the output model, also vice versa or not at all

• Synchronization: A client may execute the transformation in synchronization mode between

a left and a right model. In that case, the engine finds differences between the models and

handles them according to the given strategy (only add missing elements to either side, also delete

superfluous elements on the other or full duplex synchronization)

This flexibility makes it possible to reuse the specification of a transformation for a broad range of

different use cases. Furthermore, the fact that NMF Synchronizations is an internal language means

that a wide range of advantages from mainstream languages, most notably modularity and tool support,

can be inherited [8].
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Figure 2: Synchronization block to synchronize family members with person elements

3. Integrating NMF into a Java-based benchmark environment

Like the 2017 edition of the benchmark, the NMF solution works with a companion process: Because

Benchmarx runs as a JUnit test suite with models based on EMF, the solution records the changes,

serializes them into the change format of NMF in a temporary file and then asks the companion process

to propagate the changes and to serialize the resulting models into other temporary files. While this

works, it adds considerable measurement overhead which is why we use a separate time measurement

in the companion process, in order to get meaningful comparison results.

In the past [3], obtaining the changes worked by listening to the models via the EMF adapter

infrastructure. This has the disadvantage that it turns movements into a series of deletion and addition.

Because the 2026 edition of the benchmark featured conflicting changes of moves with deletions, this

is no longer viable which is why we now changed the implementation to process the edit operations

created by the benchmark. Unfortunately, the edits drop collection positions. To avoid confounding

factors to the time measurements in the companion process, we restore collection positions when

serializing the changes, but it keeps being a bias for Java/EMF-based solutions.

4. Synchronizing Families and Persons using Synchronization Blocks

Given that the 2026 version of the benchmark is an extension of the 2017 version, the description is

heavily based on the original description [3]. In fact, the implementation of the actual synchronization is

only changed in few places, because handling conflicting changes requires brownfield synchronization

primitives.

In the families to persons synchronization, we see two correspondences that need to be synchronized

[3]:

1. All family members contained in a family need to be synchronized with the people in the Persons

model and

2. The full name of family members that consists of the name of the family and the name of the

family member needs to be synchronized with the full name of the corresponding person.

𝐹𝑎𝑚𝑖𝑙𝑦𝑀𝑒𝑚𝑏𝑒𝑟 𝑃𝑒𝑟𝑠𝑜𝑛
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𝐼𝑑string

Figure 3: Synchronization block to synchronize names

Using synchronization blocks, these correspondences can be formulated in the diagrams of Figure 2

and Figure 3. The implementation in NMFSynchronizations is depicted in Listing 1.

While NMF is able to convert the simple member accesses for the persons into lenses, this does not hold

for the helpers FamilyMemberCollection and GetFullName that we used in this implementation

– these lenses are highly specific to the given scenario. Therefore, we have to explicitly provide an

implementation of Put for these two lenses.



1 public class FamilyRegisterToPersonRegister : SynchronizationRule<FamilyRegister, PersonRegister> {
2 public override void DeclareSynchronization() {
3 SynchronizeMany(SyncRule<MemberToMember>(),
4 fam => new FamilyMemberCollection(fam),
5 persons => persons.Persons);
6 }
7 }
8 public class MemberToMember : SynchronizationRule<IFamilyMember, IPerson> {
9 public override void DeclareSynchronization() {

10 Synchronize(m => m.GetFullName(), p => p.Name);
11 }
12 }

Listing 1: Implementation of main synchronization blocks

1 private static ObservingFunc<IFamilyMember, string> fullName =
2 new ObservingFunc<IFamilyMember, string>(m => m.Name == null ? null : ((IFamily)m.Parent).Name + ",

" + m.Name);
3

4 [LensPut(typeof(Helpers), "SetFullName")]
5 [ObservableProxy(typeof(Helpers), "GetFullNameInc")]
6 public static string GetFullName(this IFamilyMember member) {
7 return fullName.Evaluate(member);
8 }
9 public static INotifyValue<string> GetFullNameInc(this IFamilyMember member) {

10 return fullName.Observe(member);
11 }
12 public static void SetFullName(this IFamilyMember member, string newName) {
13 ...
14 }

Listing 2: Implementation of the GetFullName lens

For the GetFullName-method, the Put operation needs to be specified through an annotation. In

addition, because NMF does not parse the contents of a method (only of lambda expressions), we need

to specify an explicitly incrementalized version of the given helper method. To do this, we can reuse

the implicit incrementalized lambda expression and also use that for the batch implementation to avoid

code duplication. A sketched implementation is depicted in Listing 2.

In Listing 2, we create an ObservingFunc for the function to obtain a family members full name.

This syntax allows NMF to get a model of the actual function and therefore, NMF Expressions is

able to incrementalize it. In Lines 6–11, we use this object to represent the actual extension method

and its incrementalization, which essentially forwards to the same ObservingFunc object. The

incrementalization is connected with the original function through the annotation in line 5. Furthermore,

we annotate the Put method also using an annotation in line 4 where we reference the SetFullName
method in line 12–14. The return type void of this method makes it clear that this is a persistent lens.

This method may contain arbitrary C# code and is called when NMF Synchronizations needs to write a

value, for instance as a consequence of an update in the Persons model where the last name of a person

changed.

In the case of FamilyMemberCollection which as the name implies is a collection, we only have

to provide the query how the results of this collection are obtained and implement the methods Add,

Remove and Clear. NMF Expressions is able to automatically incrementalize the query when this is

necessary and uses the provided model manipulation methods in case a model element has to be added

to the collection. A schematic implementation is depicted in Listing 3.

Again, the model manipulation methods Add, Remove and Clear may contain arbitrary C# code.

However, to add a family member to a family, the Add method has to know the family name of a

person as well as its gender – information that is encoded using the containment hierarchy in the

Families model and therefore unavailable before the element is added to a family. Therefore, we carry

this information over from the corresponding element of the Person metamodel using a temporary



1 private class FamilyMemberCollection : CustomCollection<IFamilyMember> {
2 public FamilyRegister Register { get; private set; }
3 public FamilyMemberCollection(FamilyRegister register)
4 : base(register.Families.SelectMany(fam => fam.Children.OfType<IFamilyMember>()))
5 { Register = register; }
6

7 public override void Add(IFamilyMember item) { ... }
8 public override bool Remove(IFamilyMember item) { ... }
9 public override void Clear() { ... }

10 }

Listing 3: Implementation of the FamilyMemberCollection

1 public class MemberToMale : SynchronizationRule<IFamilyMember, IMale> {
2 public override void DeclareSynchronization() {
3 MarkInstantiatingFor(SyncRule<MemberToMember>(),
4 leftPredicate: m => m.FatherInverse != null || m.SonsInverse != null);
5 }
6 protected override IFamilyMember CreateLeftOutput(IMale input, ...) {
7 var member = base.CreateLeftOutput(input, candidates, context, out existing);
8 member.Extensions.Add(new TemporaryStereotype(member) {
9 IsMale = true,

10 LastName = input.Name.Substring(0, input.Name.IndexOf(’,’))
11 });
12 return member;
13 }
14 }

Listing 4: The MemberToMale-rule

stereotype: In NMF, all model elements are allowed to carry extensions. We use this to add an extension

that specifies the last name and whether the given element is male. The stereotype is deleted as soon as

a family member is added to a family.

Furthermore, the fact that different genders are modeled through different classes in the Persons model,

the synchronization rule MemberToMember needs to be refined to allow NMF Synchronizations to

decide whether to create a Male or Female output element. This can be done in NMF Synchronizations

through an instantiating rule.

The implementation of both of these concepts is depicted in Listing 4.

In particular, lines 3 and 4 mark the synchronization rule MemberToMale as instantiating for the

rule MemberToMember on the condition that the family member is either a father or a son of a family.

Further, we override the creation of an output model element for the left side by overriding the

method CreateLeftOutput. This method calls the base implementation which simply uses the default

constructor to create a new FamilyMember element. Then, it adds a case-specific extension called

TemporaryStereotype that carries the information on the gender (through the IsMale attribute)

and the last name.

Unlike the original TTC case, the synchronization also needs to be able to see that concurrently added

elements correspond. Therefore, it is necessary to also implement the method ShouldCorrespond
to decide whether two already existing model elements should match. This can be implemented by

just matching the name of the person with the full name of the family member. The method can be

implemented either in the MemberToMember-rule or in both MemberToMale and MemberToFemale,

as the former by default delegates to the latter. Listing 5 depicts an implementation of the latter.

5. Resolution of Conflicting Changes

In order to process conflicting changes, we use a feature of the incrementalization system NMF Ex-

pressions that has never before been applied for synchronization tasks: NMF Expressions can process

changes in transactions. This means, instead of propagating changes immediately, changes to models



1 public override bool ShouldCorrespond(IFamilyMember left, IMale right, ISynchronizationContext
context)

2 {
3 return left.GetFullName() == right.Name;
4 }

Listing 5: Specifying the correspondences initially

are only collected first and then propagated in a transaction-like batch. This feature was originally

developed to reduce phantom changes. If the property ItemCount of a model element m is an integer-

valued property, it is clear that the expression m.ItemCount + m.ItemCount can never be odd, but

during change propagation, it can if the first property access is propagated before the second property

access. To defeat this problem, NMF Expressions features a transaction mode.

In the presence of conflicting changes, this transaction mode is also helpful as it allows to correctly

perform the changes and then coordinate potential conflicts between them. In particular for the case of

families-to-persons, it allows the synchronization to see that moving a person between different families

does not have an impact on the person register besides name change: The dependency graph node for

the SelectMany operator (line 4 in Listing 3) sees both the addition of a person in one family and the

removal from another and concludes that the person is only moved within the collection but because

NMF Synchronizations currently is only implemented for collections without order, moves are ignored.

The resulting behavior is currently that in case of what the benchmark calls conflicting changes,

simply both changes are performed. In the case of a rename/delete conflict, the element is simply

renamed and then deleted, achieving a behavior consistent with the benchmark expectations.

6. Limitations

In its current state, the implementation is only a prototype to show that the resolution of conflicting

changes can work in this way. In particular, NMF Synchronizations only uses the event API of NMF

Expressions rather than implementing nodes in the dependency tree. The latter would allow NMF

Synchronizations to see the conflicts and handle them in a more controlled way, allowing a user to

specify a custom 3-way merge algorithm, a functionality that could then also be exposed via the DSL.

However, even with these extensions, it would still be difficult for a developer to control which

of the expected models should be created. Using synchronization blocks, renames and deletions or

additions are handled by different synchronization blocks and we even supporting custom 3-way merges

would not change that. We currently lack a good formalism to describe interactions between multiple

synchronization blocks.

The fact that the 2026 version of the benchmark solution now properly captures moves instead

of turning them into a combination of delete and add has a side-effect to existing test cases. NMF

Synchronizations currently does not support breaking correspondences of existing elements. Hence,

moving a family member such that it changes the gender of the person is not supported. In the tests,

moving Maggie Simpson to the sons of a different family does not replace the element in the Person

model, hence it is still an instance of Female.

7. Evaluation

In order for a fair comparison, we modified the time measurements of Benchmarx to return microseconds

instead of seconds and in the case of the NMF solution, to delegate the time measurements to the

companion process. The result obtained on a system equipped with an AMD Ryzen 7 Pro 6850H clocked

at 3201 Mhz in a system with 32GB RAM running Windows 11 (10.0.26100) are depicted in Figure 4.

The results show that the runtime is generally very low due to the low number of model elements.

The actual runtime of the benchmark is much higher, due to the high synchronization overhead involved.
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Figure 5: Results from the scalability tests for constant model size and a growing number of conflict-free
changes

Note that the diagram in Figure 4 is logarithmic in both axes. The runtime of the NMF solution appears

constant, which is clear since the time for the synchronization depends on the size of the change rather

than the model size. Unlike the Java solutions that continuously run in the same process, also overhead

such as JIT compilation might explain the relatively high runtimes for the smaller sizes.

Figure 5 shows the results for propagating a growing number of conflicts in a model of a constant size.

Here, the times for the NMF solution also begin to rise for larger model sizes, but are still dominated by

other effects such as JIT compilation and apparently confounding factors during measurement (running

the benchmark requires at least an open Eclipse). For the larger models, the NMF solution is faster

than the reference solutions by multiple orders of magnitude, confirming results obtained for the 2017

edition of the benchmark [3].



8. Conclusion

The extension was an interesting challenge to NMF. While the solution shows that the benchmark can

be solved using essentially the exact same synchronization as in the 2017 edition of the benchmark, it

gives good directions on how to extend NMF Synchronizations to support conflicting changes more

generically. The performance measurements indicate that the solution is fast for the model sizes

considered.
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