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Coupled Evolution !== Coevolution

• Two artefacts are consistent


• One of them evolves


• The other one coevolves
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All these adaptations are coupled. Consistency is here about
the use of the same relational model in the different code ar-
tifacts. So this is de nitely a coupled transformation prob-
lem. It is a different question whether or not one succeeds to
provide an effective implementation of the scenario, which
would need to include an operational reconciliation for all
the code artifacts relative to an evolving database schema.

3. The purpose of this text

The general category of coupled software transformations
has not been identi ed previously — even though speci c
transformation techniques do exist, and quite some amount
of related research is being pursued; see, e.g., [5, 11, 26,
29, 22, 17, 10]. So giving  nally a name to this category is
perhaps useful as such. We go further than that: in Sec. 4,
we will describe the essence of coupled transformations.

Coupled transformation problems are ubiquitous; they are
encountered in various disciplines of computer science,
e.g., in language processing, generative programming,
automated software engineering, software re-engineering,
model-driven architecture, and database re-engineering. In
Sec. 5, we will enumerate some problem domains in which
coupled transformations are relevant. The understanding of
coupling differs radically for these domains.

4. The essence of coupled transformations

Without loss of generality, we will consider reconciliation
for two artifacts. Let and be the types of the artifacts.
We assume a consistency relation on and . We are
given two concrete artifacts and such that
holds. We consider a type-preserving transformation on ,
denoted by , and we apply this transformation to such
that we obtain . Then, the reconciliation issue is
about determining a suitable such that holds. We
summarise selected reconciliation options in Fig. 1; contin-
uous arrows visualise transformations; dashed arrows visu-
alise consistency claims.

The  rst option in the  gure, no reconciliation, is merely
there to provide a good starting point for the discussion. If

is known to be restricted such that is changed without
challenging consistency, then we can just keep — as is.
For instance, using SQL’s data manipulation language on
a database instance does not affect the underlying database
schema. So this sort of restricted instance transformation
does not trigger a schema transformation. Clearly, the in-
verted situation, where the database schema is transformed,
is not covered by this trivial option.

The second option in the  gure, degenerated reconcilia-
tion, is still trivial. We assume that the concrete artifacts
of type are derivable from the concrete artifacts of type

Trivial option: no reconciliation

a : A b : B

a’ : A

g

The transformation does not challenge consistency.

Trivial option: degenerated reconciliation

a : A b : B

a’ : A b’ : B

t: A       Bg

Consistency is reestablished without reference to .

Option: symmetric reconciliation

a : A b : B

a’ : A b’ : B

g hf = (g,h)
_

Interpretation provides transformations both on and .

Option: asymmetric reconciliation

a’ : A b’ : B

a : A b : B

g f = (g,h)
h(t) = t’

_
t _

t’
_

Translations from to are transformed.

Figure 1. Selected reconciliation options
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Coupled Evolution Examples

• Cooperative editing

• Source code and runnables

• Consistency management in software modelling

• Co-evolution of design & implementation

• View-update translation

• Structural/projectional editing

• Negotiated program transformations
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No Reconciliation
4

Lämmel, Coupled Software Transformations, SET 2004.

All these adaptations are coupled. Consistency is here about
the use of the same relational model in the different code ar-
tifacts. So this is de nitely a coupled transformation prob-
lem. It is a different question whether or not one succeeds to
provide an effective implementation of the scenario, which
would need to include an operational reconciliation for all
the code artifacts relative to an evolving database schema.

3. The purpose of this text

The general category of coupled software transformations
has not been identi ed previously — even though speci c
transformation techniques do exist, and quite some amount
of related research is being pursued; see, e.g., [5, 11, 26,
29, 22, 17, 10]. So giving  nally a name to this category is
perhaps useful as such. We go further than that: in Sec. 4,
we will describe the essence of coupled transformations.

Coupled transformation problems are ubiquitous; they are
encountered in various disciplines of computer science,
e.g., in language processing, generative programming,
automated software engineering, software re-engineering,
model-driven architecture, and database re-engineering. In
Sec. 5, we will enumerate some problem domains in which
coupled transformations are relevant. The understanding of
coupling differs radically for these domains.

4. The essence of coupled transformations

Without loss of generality, we will consider reconciliation
for two artifacts. Let and be the types of the artifacts.
We assume a consistency relation on and . We are
given two concrete artifacts and such that
holds. We consider a type-preserving transformation on ,
denoted by , and we apply this transformation to such
that we obtain . Then, the reconciliation issue is
about determining a suitable such that holds. We
summarise selected reconciliation options in Fig. 1; contin-
uous arrows visualise transformations; dashed arrows visu-
alise consistency claims.

The  rst option in the  gure, no reconciliation, is merely
there to provide a good starting point for the discussion. If

is known to be restricted such that is changed without
challenging consistency, then we can just keep — as is.
For instance, using SQL’s data manipulation language on
a database instance does not affect the underlying database
schema. So this sort of restricted instance transformation
does not trigger a schema transformation. Clearly, the in-
verted situation, where the database schema is transformed,
is not covered by this trivial option.

The second option in the  gure, degenerated reconcilia-
tion, is still trivial. We assume that the concrete artifacts
of type are derivable from the concrete artifacts of type

Trivial option: no reconciliation

a : A b : B

a’ : A

g

The transformation does not challenge consistency.

Trivial option: degenerated reconciliation

a : A b : B

a’ : A b’ : B

t: A       Bg

Consistency is reestablished without reference to .

Option: symmetric reconciliation

a : A b : B

a’ : A b’ : B

g hf = (g,h)
_

Interpretation provides transformations both on and .

Option: asymmetric reconciliation

a’ : A b’ : B

a : A b : B

g f = (g,h)
h(t) = t’

_
t _

t’
_

Translations from to are transformed.

Figure 1. Selected reconciliation options
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Trivial Reconciliation
5

Lämmel, Coupled Software Transformations, SET 2004.

All these adaptations are coupled. Consistency is here about
the use of the same relational model in the different code ar-
tifacts. So this is de nitely a coupled transformation prob-
lem. It is a different question whether or not one succeeds to
provide an effective implementation of the scenario, which
would need to include an operational reconciliation for all
the code artifacts relative to an evolving database schema.

3. The purpose of this text

The general category of coupled software transformations
has not been identi ed previously — even though speci c
transformation techniques do exist, and quite some amount
of related research is being pursued; see, e.g., [5, 11, 26,
29, 22, 17, 10]. So giving  nally a name to this category is
perhaps useful as such. We go further than that: in Sec. 4,
we will describe the essence of coupled transformations.

Coupled transformation problems are ubiquitous; they are
encountered in various disciplines of computer science,
e.g., in language processing, generative programming,
automated software engineering, software re-engineering,
model-driven architecture, and database re-engineering. In
Sec. 5, we will enumerate some problem domains in which
coupled transformations are relevant. The understanding of
coupling differs radically for these domains.

4. The essence of coupled transformations

Without loss of generality, we will consider reconciliation
for two artifacts. Let and be the types of the artifacts.
We assume a consistency relation on and . We are
given two concrete artifacts and such that
holds. We consider a type-preserving transformation on ,
denoted by , and we apply this transformation to such
that we obtain . Then, the reconciliation issue is
about determining a suitable such that holds. We
summarise selected reconciliation options in Fig. 1; contin-
uous arrows visualise transformations; dashed arrows visu-
alise consistency claims.

The  rst option in the  gure, no reconciliation, is merely
there to provide a good starting point for the discussion. If

is known to be restricted such that is changed without
challenging consistency, then we can just keep — as is.
For instance, using SQL’s data manipulation language on
a database instance does not affect the underlying database
schema. So this sort of restricted instance transformation
does not trigger a schema transformation. Clearly, the in-
verted situation, where the database schema is transformed,
is not covered by this trivial option.

The second option in the  gure, degenerated reconcilia-
tion, is still trivial. We assume that the concrete artifacts
of type are derivable from the concrete artifacts of type

Trivial option: no reconciliation

a : A b : B

a’ : A

g

The transformation does not challenge consistency.

Trivial option: degenerated reconciliation

a : A b : B

a’ : A b’ : B

t: A       Bg

Consistency is reestablished without reference to .

Option: symmetric reconciliation

a : A b : B

a’ : A b’ : B

g hf = (g,h)
_

Interpretation provides transformations both on and .

Option: asymmetric reconciliation

a’ : A b’ : B

a : A b : B

g f = (g,h)
h(t) = t’

_
t _

t’
_

Translations from to are transformed.

Figure 1. Selected reconciliation options
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Symmetric Reconciliation
6

Lämmel, Coupled Software Transformations, SET 2004.

All these adaptations are coupled. Consistency is here about
the use of the same relational model in the different code ar-
tifacts. So this is de nitely a coupled transformation prob-
lem. It is a different question whether or not one succeeds to
provide an effective implementation of the scenario, which
would need to include an operational reconciliation for all
the code artifacts relative to an evolving database schema.

3. The purpose of this text

The general category of coupled software transformations
has not been identi ed previously — even though speci c
transformation techniques do exist, and quite some amount
of related research is being pursued; see, e.g., [5, 11, 26,
29, 22, 17, 10]. So giving  nally a name to this category is
perhaps useful as such. We go further than that: in Sec. 4,
we will describe the essence of coupled transformations.

Coupled transformation problems are ubiquitous; they are
encountered in various disciplines of computer science,
e.g., in language processing, generative programming,
automated software engineering, software re-engineering,
model-driven architecture, and database re-engineering. In
Sec. 5, we will enumerate some problem domains in which
coupled transformations are relevant. The understanding of
coupling differs radically for these domains.

4. The essence of coupled transformations

Without loss of generality, we will consider reconciliation
for two artifacts. Let and be the types of the artifacts.
We assume a consistency relation on and . We are
given two concrete artifacts and such that
holds. We consider a type-preserving transformation on ,
denoted by , and we apply this transformation to such
that we obtain . Then, the reconciliation issue is
about determining a suitable such that holds. We
summarise selected reconciliation options in Fig. 1; contin-
uous arrows visualise transformations; dashed arrows visu-
alise consistency claims.

The  rst option in the  gure, no reconciliation, is merely
there to provide a good starting point for the discussion. If

is known to be restricted such that is changed without
challenging consistency, then we can just keep — as is.
For instance, using SQL’s data manipulation language on
a database instance does not affect the underlying database
schema. So this sort of restricted instance transformation
does not trigger a schema transformation. Clearly, the in-
verted situation, where the database schema is transformed,
is not covered by this trivial option.

The second option in the  gure, degenerated reconcilia-
tion, is still trivial. We assume that the concrete artifacts
of type are derivable from the concrete artifacts of type

Trivial option: no reconciliation

a : A b : B

a’ : A

g

The transformation does not challenge consistency.

Trivial option: degenerated reconciliation

a : A b : B

a’ : A b’ : B

t: A       Bg

Consistency is reestablished without reference to .

Option: symmetric reconciliation

a : A b : B

a’ : A b’ : B

g hf = (g,h)
_

Interpretation provides transformations both on and .

Option: asymmetric reconciliation

a’ : A b’ : B

a : A b : B

g f = (g,h)
h(t) = t’

_
t _

t’
_

Translations from to are transformed.

Figure 1. Selected reconciliation options
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Asymmetric Reconciliation
7

Lämmel, Coupled Software Transformations, SET 2004.

All these adaptations are coupled. Consistency is here about
the use of the same relational model in the different code ar-
tifacts. So this is de nitely a coupled transformation prob-
lem. It is a different question whether or not one succeeds to
provide an effective implementation of the scenario, which
would need to include an operational reconciliation for all
the code artifacts relative to an evolving database schema.

3. The purpose of this text

The general category of coupled software transformations
has not been identi ed previously — even though speci c
transformation techniques do exist, and quite some amount
of related research is being pursued; see, e.g., [5, 11, 26,
29, 22, 17, 10]. So giving  nally a name to this category is
perhaps useful as such. We go further than that: in Sec. 4,
we will describe the essence of coupled transformations.

Coupled transformation problems are ubiquitous; they are
encountered in various disciplines of computer science,
e.g., in language processing, generative programming,
automated software engineering, software re-engineering,
model-driven architecture, and database re-engineering. In
Sec. 5, we will enumerate some problem domains in which
coupled transformations are relevant. The understanding of
coupling differs radically for these domains.

4. The essence of coupled transformations

Without loss of generality, we will consider reconciliation
for two artifacts. Let and be the types of the artifacts.
We assume a consistency relation on and . We are
given two concrete artifacts and such that
holds. We consider a type-preserving transformation on ,
denoted by , and we apply this transformation to such
that we obtain . Then, the reconciliation issue is
about determining a suitable such that holds. We
summarise selected reconciliation options in Fig. 1; contin-
uous arrows visualise transformations; dashed arrows visu-
alise consistency claims.

The  rst option in the  gure, no reconciliation, is merely
there to provide a good starting point for the discussion. If

is known to be restricted such that is changed without
challenging consistency, then we can just keep — as is.
For instance, using SQL’s data manipulation language on
a database instance does not affect the underlying database
schema. So this sort of restricted instance transformation
does not trigger a schema transformation. Clearly, the in-
verted situation, where the database schema is transformed,
is not covered by this trivial option.

The second option in the  gure, degenerated reconcilia-
tion, is still trivial. We assume that the concrete artifacts
of type are derivable from the concrete artifacts of type

Trivial option: no reconciliation

a : A b : B

a’ : A

g

The transformation does not challenge consistency.

Trivial option: degenerated reconciliation

a : A b : B

a’ : A b’ : B

t: A       Bg

Consistency is reestablished without reference to .

Option: symmetric reconciliation

a : A b : B

a’ : A b’ : B

g hf = (g,h)
_

Interpretation provides transformations both on and .

Option: asymmetric reconciliation

a’ : A b’ : B

a : A b : B

g f = (g,h)
h(t) = t’

_
t _

t’
_

Translations from to are transformed.

Figure 1. Selected reconciliation options
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Conclusion

• Evolution is not always triggered from the outside

• Coupled evolution is ubiquitous

• Many possible patterns


• Q&A Sessions @ Canvas

• "=> v.zaytsev@utwente.nl 

• "=> https:"//discord.gg/n7VQAPNBPD 
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