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Abstract. Over the years, organizations acquired disparate software
systems, each answering one specific need. Currently, the desirable out-
comes of integrating these systems (higher degrees of automation and
better system consistency) are often outbalanced by the complexity of
mitigating their discrepancies. These problems are magnified in the decen-
tralized setting (e.g., cross-organizational cases) where the integration is
usually dealt with ad-hoc “glue” connectors, each integrating two or more
systems. Since the overall logic of the integration is spread among many
glue connectors, these solutions are di�cult to program correctly (making
them prone to misbehaviors and system blocks), maintain, and evolve.
In response to these problems, we propose ChIP, an integration process
advocating choreographic programs as intermediate artifacts to refine
high-level global specifications (e.g., UML Sequence Diagrams), defined
by the domain experts of each partner, into concrete, distributed imple-
mentations. In ChIP, once the stakeholders agree upon a choreographic
integration design, they can automatically generate the respective local
connectors, which are guaranteed to faithfully implement the described
distributed logic. In the paper, we illustrate ChIP with a pilot from the
EU EIT Digital project SMAll, aimed at integrating pre-existing systems
from government, university, and transport industry.

1 Introduction

Over the years organizations acquired several software systems, each satisfying
one specific need. Traditionally these systems hardly integrate with each other
due to incompatible technology stacks [20,23]. It has been empirically observed
that this leads to system stratification and increasing technical debt [42].

Contrarily, the high level of automation and consistency achievable by the inte-
gration of such systems could satisfy new requirements, maximize business/service
performance, and avoid duplication of resources. This is confirmed by the thriving
economics of Enterprise Resource Planners (ERPs) [26]. ERPs o↵er a closed,
rigid yet highly structured environment for system integration. However, ERPs
are rarely a solution for cross-organizational integration, where the enforcement
of a unique platform is nearly impossible.

In cross-organizational settings, the only possible approach is given by mediat-
ing applications, usually called “glue” programs [18] or connectors, that mitigate
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Fig. 1. Schemes of the traditional and the ChIP approaches.

discrepancies among disparate technology stacks. The interest in this scenario
has recently increased thanks to a new revenue model, called API Economy [19].
Adopting API Economy, many companies, among which Google, Facebook, eBay,
and Sabre, started to sell to other organizations the access (under subscription,
license, etc.) to their internal services. Although API Economy founds its model
on integration, its practice is left to unstructured glue programming.

Both centralized and distributed glue programs are used [32]. In the centralized
approach a unique glue program interacts with all the integrated systems. This
entails all classical drawbacks of centralized systems in terms of scalability and
reliability. Furthermore, this centralized connector has full access to the integrated
functionalities, yet it resides on the premises of one of the involved organizations
(or on third-party premises), hence issues of trust among organizations arise.

In the distributed approach, each stakeholder provides one or more connectors.
Each connector interacts with both i) other connectors, to realize the intended
logic of integration and ii) a set of local functionalities, which may not be accessi-
ble by the other connectors. In essence, each connector acts as an adapter for other
glue programs. Each connector runs on the premises of one of the collaborating
partners, providing a controlled access towards one or more of its resources. The
traditional approach in developing distributed glue programs [24] is represented
in Figure 1, top half. First, a global specification of the integration is agreed
upon by the stakeholders, using (frequently informal or semi-formal) notations
such as Message Sequence Charts [30] (MSC), UML Sequence Diagrams [12] or
BPMN choreographies [3]. The development team of each partner uses such a
global specification as a reference to build the local implementation of the glue
programs. Finally, the network of glue programs is executed and the emerging
behavior is contrasted against the global specification.

The main drawback of this approach lies in the huge information gap be-
tween a global specification and its distributed implementation. Given a shared
global specification, the development team of each partner independently fills
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mentations, and [11], in which Carbone et al. lay the theoretical foundations for
the development of interaction-oriented choreographies as implementation lan-
guages. In [11] the authors relate interaction-oriented choreographies and imple-
mentations by means of an Endpoint Projection (EPP) function. The EPP is a
mapping from a choreography specification to a set of processes which, run in
parallel, enact the behaviour described by the choreography. The treatment is the-
oretical and targets as endpoint language an applied ⇡-calculus [5], rather than an
actual executable language. However in [11] the authors prove that interaction-
oriented choreographies can be made expressive enough to define the implementa-
tion of safe distributed systems. Essentially, the projected processes enact all and
only the behaviours described in the choreography (protocol) and since choreogra-
phies cannot express deadlocks and races also the projected system is deadlock-
and race-free.

The most notable results of [11] are that i) it paved the way for the concept of
Choreographic Programming [40], ii) it clarified the relation between (Multiparty)
Session Typings [41] and choreographies, and iii) it provided a methodology for
the development of distributed software, based on a correctness-by-construction
approach, which we can depict as:

Choreography

(Correct by design)

EPP
��������!

Enpoint Projection

(Correct by construction)

Subsequent theoretical works [12, 13, 14] followed a similar approach, extend-
ing the choreography model to support multiparty sessions, channel mobility, and
modularity.

On the other side of the spectrum, some early works [42, 43, 44] explored how
choreographies could be used to support the implementation of distributed pro-
grams, however none of these proposals uses choreographies as a programming
abstraction and rather employs them to check endpoint programs.

Chor [45] is the first work that brought the theoretical results on choreographies
into the world of implementation languages. Based on the theoretical framework
presented in [13], Chor supports the definition of global descriptions (protocols),
the programming of compliant choreographies, and the safe projection of said
choreographies into a collection of distributable and executable orchestrators.

Chor gives a tangible proof that choreographic programming is a suitable para-
digm for the implementation of real-world distributed systems because: i) it lets
developers focus on the description of the interactions between the components
in the system and ii) it generates deadlock- and race-free distributed applications
that are guaranteed to follow the designed protocol.

Nonetheless, Chor is just the first attempt at bringing into the real world the
promising theoretical results on choreographies. The language lacks some stan-
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communications as sequences of send and receive actions, possibly leading
to deadlocks and races.

To exemplify the difference between the interaction-oriented and the process-
oriented approach, we report in Figure 2.3 how the two approaches would model
the scenario presented in Figure 2.1.

In the example we use the “Alice and Bob” notation [39] for interaction-oriented
choreographies, where A ! B : action represents a communication between two
endpoints (components) of the system, specifically A sending a message through
an action to B, and ; is the sequential composition of interactions. For process-
oriented choreographies we use the notations from A : action and to A : action

to respectively represent the receiving from and the sending to the endpoint A
through action, ; still means sequential composition.

Client ! ATM : withdrawal;
ATM ! Bank : card_id;
ATM ! Bank : pin;
Bank ! Card Issuer : validation;
Card Issuer ! Bank : approval;
Bank ! ATM : approval

ATM process
from Client : withdrawal;
to Bank : card_id;
to Bank : pin;
from Bank : approval

Bank process
from ATM : card_id;
from ATM : pin;
to Card Issuer : validation;
from Card Issuer : approval;
to ATM : approval

Card Issuer process
from Card Issuer : validation;
to Bank : approval

Figure 2.3: Upper part: example of interaction-oriented choreography. Lower
part: from left to right, the process-oriented choreographies of the ATM, the Bank,
and the Card Issuer.

2.5 Choreographic Programming

Recent theoretical investigations explored how the interaction- and process-oriented
aspects of choreographies could be merged into one language, namely one that en-
joys the minimality and safety (deadlock- and race-freedom) of top-down chore-
ographies but able to express process-level interactions, needed to implement dis-
tributed systems.

Seminal works in such endeavour are [10], where the Qiu et al. give a first
theoretical account of the fundamental issues between choreographies and imple-
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Abstract. Over the years, organizations acquired disparate software
systems, each answering one specific need. Currently, the desirable out-
comes of integrating these systems (higher degrees of automation and
better system consistency) are often outbalanced by the complexity of
mitigating their discrepancies. These problems are magnified in the decen-
tralized setting (e.g., cross-organizational cases) where the integration is
usually dealt with ad-hoc “glue” connectors, each integrating two or more
systems. Since the overall logic of the integration is spread among many
glue connectors, these solutions are di�cult to program correctly (making
them prone to misbehaviors and system blocks), maintain, and evolve.
In response to these problems, we propose ChIP, an integration process
advocating choreographic programs as intermediate artifacts to refine
high-level global specifications (e.g., UML Sequence Diagrams), defined
by the domain experts of each partner, into concrete, distributed imple-
mentations. In ChIP, once the stakeholders agree upon a choreographic
integration design, they can automatically generate the respective local
connectors, which are guaranteed to faithfully implement the described
distributed logic. In the paper, we illustrate ChIP with a pilot from the
EU EIT Digital project SMAll, aimed at integrating pre-existing systems
from government, university, and transport industry.

1 Introduction

Over the years organizations acquired several software systems, each satisfying
one specific need. Traditionally these systems hardly integrate with each other
due to incompatible technology stacks [20,23]. It has been empirically observed
that this leads to system stratification and increasing technical debt [42].

Contrarily, the high level of automation and consistency achievable by the inte-
gration of such systems could satisfy new requirements, maximize business/service
performance, and avoid duplication of resources. This is confirmed by the thriving
economics of Enterprise Resource Planners (ERPs) [26]. ERPs o↵er a closed,
rigid yet highly structured environment for system integration. However, ERPs
are rarely a solution for cross-organizational integration, where the enforcement
of a unique platform is nearly impossible.

In cross-organizational settings, the only possible approach is given by mediat-
ing applications, usually called “glue” programs [18] or connectors, that mitigate
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mentations, and [11], in which Carbone et al. lay the theoretical foundations for
the development of interaction-oriented choreographies as implementation lan-
guages. In [11] the authors relate interaction-oriented choreographies and imple-
mentations by means of an Endpoint Projection (EPP) function. The EPP is a
mapping from a choreography specification to a set of processes which, run in
parallel, enact the behaviour described by the choreography. The treatment is the-
oretical and targets as endpoint language an applied ⇡-calculus [5], rather than an
actual executable language. However in [11] the authors prove that interaction-
oriented choreographies can be made expressive enough to define the implementa-
tion of safe distributed systems. Essentially, the projected processes enact all and
only the behaviours described in the choreography (protocol) and since choreogra-
phies cannot express deadlocks and races also the projected system is deadlock-
and race-free.

The most notable results of [11] are that i) it paved the way for the concept of
Choreographic Programming [40], ii) it clarified the relation between (Multiparty)
Session Typings [41] and choreographies, and iii) it provided a methodology for
the development of distributed software, based on a correctness-by-construction
approach, which we can depict as:

Choreography

(Correct by design)

EPP
��������!

Enpoint Projection

(Correct by construction)

Subsequent theoretical works [12, 13, 14] followed a similar approach, extend-
ing the choreography model to support multiparty sessions, channel mobility, and
modularity.

On the other side of the spectrum, some early works [42, 43, 44] explored how
choreographies could be used to support the implementation of distributed pro-
grams, however none of these proposals uses choreographies as a programming
abstraction and rather employs them to check endpoint programs.

Chor [45] is the first work that brought the theoretical results on choreographies
into the world of implementation languages. Based on the theoretical framework
presented in [13], Chor supports the definition of global descriptions (protocols),
the programming of compliant choreographies, and the safe projection of said
choreographies into a collection of distributable and executable orchestrators.

Chor gives a tangible proof that choreographic programming is a suitable para-
digm for the implementation of real-world distributed systems because: i) it lets
developers focus on the description of the interactions between the components
in the system and ii) it generates deadlock- and race-free distributed applications
that are guaranteed to follow the designed protocol.

Nonetheless, Chor is just the first attempt at bringing into the real world the
promising theoretical results on choreographies. The language lacks some stan-
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communications as sequences of send and receive actions, possibly leading
to deadlocks and races.

To exemplify the difference between the interaction-oriented and the process-
oriented approach, we report in Figure 2.3 how the two approaches would model
the scenario presented in Figure 2.1.

In the example we use the “Alice and Bob” notation [39] for interaction-oriented
choreographies, where A ! B : action represents a communication between two
endpoints (components) of the system, specifically A sending a message through
an action to B, and ; is the sequential composition of interactions. For process-
oriented choreographies we use the notations from A : action and to A : action

to respectively represent the receiving from and the sending to the endpoint A
through action, ; still means sequential composition.

Client ! ATM : withdrawal;
ATM ! Bank : card_id;
ATM ! Bank : pin;
Bank ! Card Issuer : validation;
Card Issuer ! Bank : approval;
Bank ! ATM : approval

ATM process
from Client : withdrawal;
to Bank : card_id;
to Bank : pin;
from Bank : approval

Bank process
from ATM : card_id;
from ATM : pin;
to Card Issuer : validation;
from Card Issuer : approval;
to ATM : approval

Card Issuer process
from Card Issuer : validation;
to Bank : approval

Figure 2.3: Upper part: example of interaction-oriented choreography. Lower
part: from left to right, the process-oriented choreographies of the ATM, the Bank,
and the Card Issuer.

2.5 Choreographic Programming

Recent theoretical investigations explored how the interaction- and process-oriented
aspects of choreographies could be merged into one language, namely one that en-
joys the minimality and safety (deadlock- and race-freedom) of top-down chore-
ographies but able to express process-level interactions, needed to implement dis-
tributed systems.

Seminal works in such endeavour are [10], where the Qiu et al. give a first
theoretical account of the fundamental issues between choreographies and imple-
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Abstract. Over the years, organizations acquired disparate software
systems, each answering one specific need. Currently, the desirable out-
comes of integrating these systems (higher degrees of automation and
better system consistency) are often outbalanced by the complexity of
mitigating their discrepancies. These problems are magnified in the decen-
tralized setting (e.g., cross-organizational cases) where the integration is
usually dealt with ad-hoc “glue” connectors, each integrating two or more
systems. Since the overall logic of the integration is spread among many
glue connectors, these solutions are di�cult to program correctly (making
them prone to misbehaviors and system blocks), maintain, and evolve.
In response to these problems, we propose ChIP, an integration process
advocating choreographic programs as intermediate artifacts to refine
high-level global specifications (e.g., UML Sequence Diagrams), defined
by the domain experts of each partner, into concrete, distributed imple-
mentations. In ChIP, once the stakeholders agree upon a choreographic
integration design, they can automatically generate the respective local
connectors, which are guaranteed to faithfully implement the described
distributed logic. In the paper, we illustrate ChIP with a pilot from the
EU EIT Digital project SMAll, aimed at integrating pre-existing systems
from government, university, and transport industry.

1 Introduction

Over the years organizations acquired several software systems, each satisfying
one specific need. Traditionally these systems hardly integrate with each other
due to incompatible technology stacks [20,23]. It has been empirically observed
that this leads to system stratification and increasing technical debt [42].

Contrarily, the high level of automation and consistency achievable by the inte-
gration of such systems could satisfy new requirements, maximize business/service
performance, and avoid duplication of resources. This is confirmed by the thriving
economics of Enterprise Resource Planners (ERPs) [26]. ERPs o↵er a closed,
rigid yet highly structured environment for system integration. However, ERPs
are rarely a solution for cross-organizational integration, where the enforcement
of a unique platform is nearly impossible.

In cross-organizational settings, the only possible approach is given by mediat-
ing applications, usually called “glue” programs [18] or connectors, that mitigate
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Abstract. Over the years, organizations acquired disparate software
systems, each answering one specific need. Currently, the desirable out-
comes of integrating these systems (higher degrees of automation and
better system consistency) are often outbalanced by the complexity of
mitigating their discrepancies. These problems are magnified in the decen-
tralized setting (e.g., cross-organizational cases) where the integration is
usually dealt with ad-hoc “glue” connectors, each integrating two or more
systems. Since the overall logic of the integration is spread among many
glue connectors, these solutions are di�cult to program correctly (making
them prone to misbehaviors and system blocks), maintain, and evolve.
In response to these problems, we propose ChIP, an integration process
advocating choreographic programs as intermediate artifacts to refine
high-level global specifications (e.g., UML Sequence Diagrams), defined
by the domain experts of each partner, into concrete, distributed imple-
mentations. In ChIP, once the stakeholders agree upon a choreographic
integration design, they can automatically generate the respective local
connectors, which are guaranteed to faithfully implement the described
distributed logic. In the paper, we illustrate ChIP with a pilot from the
EU EIT Digital project SMAll, aimed at integrating pre-existing systems
from government, university, and transport industry.

1 Introduction

Over the years organizations acquired several software systems, each satisfying
one specific need. Traditionally these systems hardly integrate with each other
due to incompatible technology stacks [20,23]. It has been empirically observed
that this leads to system stratification and increasing technical debt [42].

Contrarily, the high level of automation and consistency achievable by the inte-
gration of such systems could satisfy new requirements, maximize business/service
performance, and avoid duplication of resources. This is confirmed by the thriving
economics of Enterprise Resource Planners (ERPs) [26]. ERPs o↵er a closed,
rigid yet highly structured environment for system integration. However, ERPs
are rarely a solution for cross-organizational integration, where the enforcement
of a unique platform is nearly impossible.

In cross-organizational settings, the only possible approach is given by mediat-
ing applications, usually called “glue” programs [18] or connectors, that mitigate
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to deadlocks and races.

To exemplify the difference between the interaction-oriented and the process-
oriented approach, we report in Figure 2.3 how the two approaches would model
the scenario presented in Figure 2.1.

In the example we use the “Alice and Bob” notation [39] for interaction-oriented
choreographies, where A ! B : action represents a communication between two
endpoints (components) of the system, specifically A sending a message through
an action to B, and ; is the sequential composition of interactions. For process-
oriented choreographies we use the notations from A : action and to A : action
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part: from left to right, the process-oriented choreographies of the ATM, the Bank,
and the Card Issuer.

2.5 Choreographic Programming

Recent theoretical investigations explored how the interaction- and process-oriented
aspects of choreographies could be merged into one language, namely one that en-
joys the minimality and safety (deadlock- and race-freedom) of top-down chore-
ographies but able to express process-level interactions, needed to implement dis-
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systems, each answering one specific need. Currently, the desirable out-
comes of integrating these systems (higher degrees of automation and
better system consistency) are often outbalanced by the complexity of
mitigating their discrepancies. These problems are magnified in the decen-
tralized setting (e.g., cross-organizational cases) where the integration is
usually dealt with ad-hoc “glue” connectors, each integrating two or more
systems. Since the overall logic of the integration is spread among many
glue connectors, these solutions are di�cult to program correctly (making
them prone to misbehaviors and system blocks), maintain, and evolve.
In response to these problems, we propose ChIP, an integration process
advocating choreographic programs as intermediate artifacts to refine
high-level global specifications (e.g., UML Sequence Diagrams), defined
by the domain experts of each partner, into concrete, distributed imple-
mentations. In ChIP, once the stakeholders agree upon a choreographic
integration design, they can automatically generate the respective local
connectors, which are guaranteed to faithfully implement the described
distributed logic. In the paper, we illustrate ChIP with a pilot from the
EU EIT Digital project SMAll, aimed at integrating pre-existing systems
from government, university, and transport industry.

1 Introduction

Over the years organizations acquired several software systems, each satisfying
one specific need. Traditionally these systems hardly integrate with each other
due to incompatible technology stacks [20,23]. It has been empirically observed
that this leads to system stratification and increasing technical debt [42].

Contrarily, the high level of automation and consistency achievable by the inte-
gration of such systems could satisfy new requirements, maximize business/service
performance, and avoid duplication of resources. This is confirmed by the thriving
economics of Enterprise Resource Planners (ERPs) [26]. ERPs o↵er a closed,
rigid yet highly structured environment for system integration. However, ERPs
are rarely a solution for cross-organizational integration, where the enforcement
of a unique platform is nearly impossible.

In cross-organizational settings, the only possible approach is given by mediat-
ing applications, usually called “glue” programs [18] or connectors, that mitigate

Programming

Chapter 2. Introduction to Choreographies

communications as sequences of send and receive actions, possibly leading
to deadlocks and races.

To exemplify the difference between the interaction-oriented and the process-
oriented approach, we report in Figure 2.3 how the two approaches would model
the scenario presented in Figure 2.1.

In the example we use the “Alice and Bob” notation [39] for interaction-oriented
choreographies, where A ! B : action represents a communication between two
endpoints (components) of the system, specifically A sending a message through
an action to B, and ; is the sequential composition of interactions. For process-
oriented choreographies we use the notations from A : action and to A : action

to respectively represent the receiving from and the sending to the endpoint A
through action, ; still means sequential composition.
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from Card Issuer : validation;
to Bank : approval

Figure 2.3: Upper part: example of interaction-oriented choreography. Lower
part: from left to right, the process-oriented choreographies of the ATM, the Bank,
and the Card Issuer.
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Recent theoretical investigations explored how the interaction- and process-oriented
aspects of choreographies could be merged into one language, namely one that en-
joys the minimality and safety (deadlock- and race-freedom) of top-down chore-
ographies but able to express process-level interactions, needed to implement dis-
tributed systems.

Seminal works in such endeavour are [10], where the Qiu et al. give a first
theoretical account of the fundamental issues between choreographies and imple-
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Abstract. Over the years, organizations acquired disparate software
systems, each answering one specific need. Currently, the desirable out-
comes of integrating these systems (higher degrees of automation and
better system consistency) are often outbalanced by the complexity of
mitigating their discrepancies. These problems are magnified in the decen-
tralized setting (e.g., cross-organizational cases) where the integration is
usually dealt with ad-hoc “glue” connectors, each integrating two or more
systems. Since the overall logic of the integration is spread among many
glue connectors, these solutions are di�cult to program correctly (making
them prone to misbehaviors and system blocks), maintain, and evolve.
In response to these problems, we propose ChIP, an integration process
advocating choreographic programs as intermediate artifacts to refine
high-level global specifications (e.g., UML Sequence Diagrams), defined
by the domain experts of each partner, into concrete, distributed imple-
mentations. In ChIP, once the stakeholders agree upon a choreographic
integration design, they can automatically generate the respective local
connectors, which are guaranteed to faithfully implement the described
distributed logic. In the paper, we illustrate ChIP with a pilot from the
EU EIT Digital project SMAll, aimed at integrating pre-existing systems
from government, university, and transport industry.

1 Introduction

Over the years organizations acquired several software systems, each satisfying
one specific need. Traditionally these systems hardly integrate with each other
due to incompatible technology stacks [20,23]. It has been empirically observed
that this leads to system stratification and increasing technical debt [42].

Contrarily, the high level of automation and consistency achievable by the inte-
gration of such systems could satisfy new requirements, maximize business/service
performance, and avoid duplication of resources. This is confirmed by the thriving
economics of Enterprise Resource Planners (ERPs) [26]. ERPs o↵er a closed,
rigid yet highly structured environment for system integration. However, ERPs
are rarely a solution for cross-organizational integration, where the enforcement
of a unique platform is nearly impossible.

In cross-organizational settings, the only possible approach is given by mediat-
ing applications, usually called “glue” programs [18] or connectors, that mitigate
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An Illustrative Example 

Tracker by University Bus AgencyRegional Government

Tracked line

Line schedule

loop (until schedule has next stop)
Current bus position

Calculated delay

Fig. 2. Sequence Diagram of the Pilot.

for integrating new functionalities. We further discuss the impact of ChIP on
system evolution in Section 6.

4 A Choreographic Integration Process at Work

Running Example. We illustrate ChIP via a real-world pilot developed within
the recent European EIT Digital project SMAll4 The focus of SMAll is the
creation of the namesake platform5 [13] aimed at marketing functionalities for
transportation owned, managed, and o↵ered by diverse transport operators. The
revenue model underlying the SMAll platform is based on the API Economy,
where players whose core business is not that of information systems (e.g., in
the context of SMAll, bus/train agencies, taxi associations) can publish and sell
their functionalities within a global market. Some pilots have been developed as
part of the SMAll project. Each pilot integrates pre-existing services, owned by
diverse organizations, to provide new applications.

Below we refer to one of these pilots as a real-world example of application of
the ChIP approach. The considered pilot is called BusCheck, it was commissioned
by the Department of Transportation of the government of the Emilia-Romagna
(ER) region (Italy) to the University of Bologna, and it is aimed at recording
and displaying the punctuality of buses in Bologna county.

Global Specification. Both the traditional approach and ChIP start with
an informal or semi-formal description of the intended global behavior, such as
the UML Sequence Diagram in Figure 2. In this phase the intended behavior is
described at the highest level of abstraction by the domain experts of the di↵erent
stakeholders. Such a description is agreed among the di↵erent stakeholders and
constitutes the starting point of the integration.

4 Project description:
https://forumvirium.fi/en/small-develops-mobility-as-a-service/

5 Deployable platform: https://hub.docker.com/u/smallproject/
Documentation: https://github.com/small-dev/SMAll.Wiki/wiki
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for integrating new functionalities. We further discuss the impact of ChIP on
system evolution in Section 6.

4 A Choreographic Integration Process at Work

Running Example. We illustrate ChIP via a real-world pilot developed within
the recent European EIT Digital project SMAll4 The focus of SMAll is the
creation of the namesake platform5 [13] aimed at marketing functionalities for
transportation owned, managed, and o↵ered by diverse transport operators. The
revenue model underlying the SMAll platform is based on the API Economy,
where players whose core business is not that of information systems (e.g., in
the context of SMAll, bus/train agencies, taxi associations) can publish and sell
their functionalities within a global market. Some pilots have been developed as
part of the SMAll project. Each pilot integrates pre-existing services, owned by
diverse organizations, to provide new applications.

Below we refer to one of these pilots as a real-world example of application of
the ChIP approach. The considered pilot is called BusCheck, it was commissioned
by the Department of Transportation of the government of the Emilia-Romagna
(ER) region (Italy) to the University of Bologna, and it is aimed at recording
and displaying the punctuality of buses in Bologna county.

Global Specification. Both the traditional approach and ChIP start with
an informal or semi-formal description of the intended global behavior, such as
the UML Sequence Diagram in Figure 2. In this phase the intended behavior is
described at the highest level of abstraction by the domain experts of the di↵erent
stakeholders. Such a description is agreed among the di↵erent stakeholders and
constitutes the starting point of the integration.

4 Project description:
https://forumvirium.fi/en/small-develops-mobility-as-a-service/

5 Deployable platform: https://hub.docker.com/u/smallproject/
Documentation: https://github.com/small-dev/SMAll.Wiki/wiki

1 setLine: Government(line) -> BusAgency(line);
2 passSchedule: BusAgency(shd) -> Tracker(shd);
3 while(hasNext)@? {
4 passPosition: BusAgency(pos) -> Tracker(pos);
5 storeDelay: Tracker(delay) -> Government(delay)
6 }

Listing 1.1. Choreographic specification of the BusCheck pilot, first version.

that variables are local, hence the two occurrences of pos in the interaction refer
to distinct variables: the left one is local to the BusAgency connector and the
right one belongs to the Tracker.

Commenting the choreographic specification in Listing 1.1, the question mark
at line 3 is a placeholder for the name of the participant that coordinates the
distributed while loop, i.e., the one that at each iteration evaluates the condition
hasNext and coordinates whether the participants involved in the loop shall
enter another iteration or exit. Beyond missing the information replaced by the
question mark, the choreographic specification also misses all the computational
information regarding which local functionalities are needed and how values are
computed. This is why we still call it a choreographic specification and not a
choreographic design.

However, before adding the missing details, the ER Government decides to
refine the system representation by splitting its behavior between two connectors:
an Administrator, representing the o�cial requesting the tracking of a certain
line, and a DatabaseConnector which stores the data on delays of the tracked
line for later analysis (the latter not in the scope of the pilot). The resulting
choreographic specification is represented in Listing 1.2. Note the new interaction
at line 1, which represents a communication internal to the ER Government,
exposed by the refinement step (the interaction is composed with the one at line
3 using the parallel operator |, which models the fork-and-join pattern). All the
stakeholders need to approve this refined specification, since all the choreographic
specifications are shared documents.

Finally, the stakeholders prepare and agree on a concrete version of the
choreographic description, containing all the behavioral information: only at this
stage we can call it a global design. The main novelty in the global design is that
it describes which functionalities need to be invoked, and when. For instance, with
the invocation shd@BusAgency = getSchedule( line ) the BusAgency promises
to deliver a functionality named getSchedule, that, given a line, returns its
schedule. At this stage, the semantics of the functionality is undefined. However,
the invocation already specifies which variables the functionality will use (line)
and where the result will be stored (shd).

Summarizing, the main ingredients of a choreographic program are inter-
actions, describing the expected communications among the glue programs,
and placeholders for invocations of local functionalities. Interactions and local
functionalities can be composed using an arbitrarily complex logic, including

An Illustrative Example 

Global
Specification

Choreographic 
Program

(Global Design)

Choreographic Program
+ Local Bindings1

Choreographic Program
+ Local Bindingsn

Local 
Connector1

Local 
Connectorn

Expected
Global

Behavior

refinement

local
grounding executionselective

compilation

ChIP Approach

Global
Specification

Local 
Connector1

Local 
Connectorn

Global 
Testingexecutioninterpretation

Traditional Approach

evaluation

1

2 3

manual step automatic stepLegend:



Saverio Giallorenzo

DEPARTMENT OF MATHEMATICS

AND COMPUTER SCIENCE

CoopIS 2018ChIP: a Choreographic Integration Process

1 locations {
2 Admin: "reg -gov.org :80/ BusCheckAdmin"
3 DatabaseConnector: "reg -gov.org :80/ BusCheckDB"
4 Tracker: "university.edu :80/ Tracker"
5 BusAgency: "bus -agency.com :80/ BusCheck" }
6
7 line@Admin = getInput("Insert line to track");
8 { setLine: Admin(line) -> DatabaseConnector(line)
9 |
10 setLine: Admin(line) -> BusAgency(line)
11 };
12 shd@BusAgency = getSchedule(line);
13 passSchedule: BusAgency(shd) -> Tracker(shd);
14 hasNext@Tracker = hasNextStop(shd);
15 while(hasNext)@Tracker {
16 pos@BusAgency = getPosition(line);
17 passPosition: BusAgency(pos) -> Tracker(pos);
18 delay@Tracker = calculateDelay(shd , pos);
19 storeDelay: Tracker(delay) -> DatabaseConnector(delay);
20 { res@DatabaseConnector = insertDelay(line , delay)
21 |
22 hasNext@Tracker = hasNextStop(shd)
23 } }

Listing 1.3. Global design of the BusCheck pilot.

functionalities are invoked in parallel: the DatabaseConnector inserts the delay
for the observed bus line in the database (line 23) and the Tracker invokes
functionality hasNextStop to check if and when a new iteration has to start.

Note that our choreographic program does not detail how to perform dis-
tributed synchronizations. For instance, the loop at lines 15-23 involves di↵erent
distributed connectors, but it is unspecified how to ensure that all the connec-
tors follow the prescribed behavior, i.e., looping or exiting when the Tracker

decides so. This level of abstraction can be kept thanks to the selective compi-
lation (described later), which automatically generates correct message-based
synchronization algorithms, as detailed in [16].

2 Local Grounding. The global design is the last document agreed upon
by all the stakeholders. The local grounding is performed by each participant in
isolation. For instance, the Bus Agency IT personnel grounds the global design by
providing the binding for its internal functionalities getSchedule and getPosition.
These functionalities are only invoked by the local connector, which acts as an
intermediary by providing to the other participants access to the local functional-
ities as prescribed by the global design. Concretely, the deployment information
for the Bus Agency is represented in Listing 1.4. The deployment declares the
internal address where each functionality is available, possibly specifying the
communication medium and the data protocol to be used. For instance, at line
2, the prefix "socket://" specifies the usage of TCP/IP as medium while SOAP
specifies the used data protocol. This flexibility on communication media and
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1 locations {
2 Admin: "reg -gov.org :80/ BusCheckAdmin"
3 DatabaseConnector: "reg -gov.org :80/ BusCheckDB"
4 Tracker: "university.edu :80/ Tracker"
5 BusAgency: "bus -agency.com :80/ BusCheck" }
6
7 line@Admin = getInput("Insert line to track");
8 { setLine: Admin(line) -> DatabaseConnector(line)
9 |
10 setLine: Admin(line) -> BusAgency(line)
11 };
12 shd@BusAgency = getSchedule(line);
13 passSchedule: BusAgency(shd) -> Tracker(shd);
14 hasNext@Tracker = hasNextStop(shd);
15 while(hasNext)@Tracker {
16 pos@BusAgency = getPosition(line);
17 passPosition: BusAgency(pos) -> Tracker(pos);
18 delay@Tracker = calculateDelay(shd , pos);
19 storeDelay: Tracker(delay) -> DatabaseConnector(delay);
20 { res@DatabaseConnector = insertDelay(line , delay)
21 |
22 hasNext@Tracker = hasNextStop(shd)
23 } }

Listing 1.3. Global design of the BusCheck pilot.

functionalities are invoked in parallel: the DatabaseConnector inserts the delay
for the observed bus line in the database (line 23) and the Tracker invokes
functionality hasNextStop to check if and when a new iteration has to start.

Note that our choreographic program does not detail how to perform dis-
tributed synchronizations. For instance, the loop at lines 15-23 involves di↵erent
distributed connectors, but it is unspecified how to ensure that all the connec-
tors follow the prescribed behavior, i.e., looping or exiting when the Tracker

decides so. This level of abstraction can be kept thanks to the selective compi-
lation (described later), which automatically generates correct message-based
synchronization algorithms, as detailed in [16].

2 Local Grounding. The global design is the last document agreed upon
by all the stakeholders. The local grounding is performed by each participant in
isolation. For instance, the Bus Agency IT personnel grounds the global design by
providing the binding for its internal functionalities getSchedule and getPosition.
These functionalities are only invoked by the local connector, which acts as an
intermediary by providing to the other participants access to the local functional-
ities as prescribed by the global design. Concretely, the deployment information
for the Bus Agency is represented in Listing 1.4. The deployment declares the
internal address where each functionality is available, possibly specifying the
communication medium and the data protocol to be used. For instance, at line
2, the prefix "socket://" specifies the usage of TCP/IP as medium while SOAP
specifies the used data protocol. This flexibility on communication media and

// code

1 locations {
2 Admin: "reg -gov.org :80/ BusCheckAdmin"
3 DatabaseConnector: "reg -gov.org :80/ BusCheckDB"
4 Tracker: "university.edu :80/ Tracker"
5 BusAgency: "bus -agency.com :80/ BusCheck" }
6
7 line@Admin = getInput("Insert line to track");
8 { setLine: Admin(line) -> DatabaseConnector(line)
9 |
10 setLine: Admin(line) -> BusAgency(line)
11 };
12 shd@BusAgency = getSchedule(line);
13 passSchedule: BusAgency(shd) -> Tracker(shd);
14 hasNext@Tracker = hasNextStop(shd);
15 while(hasNext)@Tracker {
16 pos@BusAgency = getPosition(line);
17 passPosition: BusAgency(pos) -> Tracker(pos);
18 delay@Tracker = calculateDelay(shd , pos);
19 storeDelay: Tracker(delay) -> DatabaseConnector(delay);
20 { res@DatabaseConnector = insertDelay(line , delay)
21 |
22 hasNext@Tracker = hasNextStop(shd)
23 } }

Listing 1.3. Global design of the BusCheck pilot.

functionalities are invoked in parallel: the DatabaseConnector inserts the delay
for the observed bus line in the database (line 23) and the Tracker invokes
functionality hasNextStop to check if and when a new iteration has to start.

Note that our choreographic program does not detail how to perform dis-
tributed synchronizations. For instance, the loop at lines 15-23 involves di↵erent
distributed connectors, but it is unspecified how to ensure that all the connec-
tors follow the prescribed behavior, i.e., looping or exiting when the Tracker

decides so. This level of abstraction can be kept thanks to the selective compi-
lation (described later), which automatically generates correct message-based
synchronization algorithms, as detailed in [16].

2 Local Grounding. The global design is the last document agreed upon
by all the stakeholders. The local grounding is performed by each participant in
isolation. For instance, the Bus Agency IT personnel grounds the global design by
providing the binding for its internal functionalities getSchedule and getPosition.
These functionalities are only invoked by the local connector, which acts as an
intermediary by providing to the other participants access to the local functional-
ities as prescribed by the global design. Concretely, the deployment information
for the Bus Agency is represented in Listing 1.4. The deployment declares the
internal address where each functionality is available, possibly specifying the
communication medium and the data protocol to be used. For instance, at line
2, the prefix "socket://" specifies the usage of TCP/IP as medium while SOAP
specifies the used data protocol. This flexibility on communication media and
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1 locations {
2 Admin: "reg -gov.org :80/ BusCheckAdmin"
3 DatabaseConnector: "reg -gov.org :80/ BusCheckDB"
4 Tracker: "university.edu :80/ Tracker"
5 BusAgency: "bus -agency.com :80/ BusCheck" }
6
7 line@Admin = getInput("Insert line to track");
8 { setLine: Admin(line) -> DatabaseConnector(line)
9 |
10 setLine: Admin(line) -> BusAgency(line)
11 };
12 shd@BusAgency = getSchedule(line);
13 passSchedule: BusAgency(shd) -> Tracker(shd);
14 hasNext@Tracker = hasNextStop(shd);
15 while(hasNext)@Tracker {
16 pos@BusAgency = getPosition(line);
17 passPosition: BusAgency(pos) -> Tracker(pos);
18 delay@Tracker = calculateDelay(shd , pos);
19 storeDelay: Tracker(delay) -> DatabaseConnector(delay);
20 { res@DatabaseConnector = insertDelay(line , delay)
21 |
22 hasNext@Tracker = hasNextStop(shd)
23 } }

Listing 1.3. Global design of the BusCheck pilot.

functionalities are invoked in parallel: the DatabaseConnector inserts the delay
for the observed bus line in the database (line 23) and the Tracker invokes
functionality hasNextStop to check if and when a new iteration has to start.

Note that our choreographic program does not detail how to perform dis-
tributed synchronizations. For instance, the loop at lines 15-23 involves di↵erent
distributed connectors, but it is unspecified how to ensure that all the connec-
tors follow the prescribed behavior, i.e., looping or exiting when the Tracker

decides so. This level of abstraction can be kept thanks to the selective compi-
lation (described later), which automatically generates correct message-based
synchronization algorithms, as detailed in [16].

2 Local Grounding. The global design is the last document agreed upon
by all the stakeholders. The local grounding is performed by each participant in
isolation. For instance, the Bus Agency IT personnel grounds the global design by
providing the binding for its internal functionalities getSchedule and getPosition.
These functionalities are only invoked by the local connector, which acts as an
intermediary by providing to the other participants access to the local functional-
ities as prescribed by the global design. Concretely, the deployment information
for the Bus Agency is represented in Listing 1.4. The deployment declares the
internal address where each functionality is available, possibly specifying the
communication medium and the data protocol to be used. For instance, at line
2, the prefix "socket://" specifies the usage of TCP/IP as medium while SOAP
specifies the used data protocol. This flexibility on communication media and

An Illustrative Example 
1 deployment {
2 getSchedule from "socket :// intranet.schdls :8000" with SOAP
3 getPosition from "socket :// intranet.GPS :8001" with HTTP }

Listing 1.4. Deployment for the Bus Agency.

data protocol is fundamental to enable the integration of disparate preexisting
functionalities.

3 Selective Compilation. Finally, at this stage, the Bus Agency has
specified all the information needed to automatically generate its local connector.
The generation of the connector for the BusAgency takes the global design and the
deployment information for the BusAgency and produces an executable program
implementing the local logic of the connector.

Selective compilation hides most of the complexity of developing distributed
glue connectors that interact with each other, without a central coordinator.
This step is far from trivial, however it is well understood: it corresponds to the
notion of endpoint projection in choreographic programming [14,16]. In particular,
AIOCJ programs can be projected [16] by automatically creating web services in
the Jolie [31,37] language.

As an illustrative example, we report in Figure 3 an excerpt of the pseudo-code
of the compiled connectors of the BusAgency, the DatabaseConnector, and the
Tracker

6. The pseudo-code shows the result of the selective compilation of lines
14-23 in Listing 1.3. In the reported code, programs communicate through send
and recv (short for “receive”) instructions. External functionalities are invoked
through the call instruction. In addition to the communications created by
interactions in the global design, we also show the auxiliary communications used
to ensure a coordinated execution of the while loop. Auxiliary communications
are prefixed with an underscore “_”, e.g., _wG1 (standing for while guard) and
_wE1 (standing for while end) indicate the auxiliary communications used by the
Tracker and the BusAgency to coordinate within the distributed loop.

Expected Global Behavior. A main feature of ChIP is that no behavior is
defined by the single stakeholder: all the behavior is described globally and agreed
by all the stakeholders. This avoids the possibility that di↵erent stakeholders
take contrasting decisions.

Furthermore, the generation of local connectors from the choreographic pro-
gram has been proved correct in [16], hence no error can be introduced in this
step. Of course, the stakeholders may agree on a wrong integration behavior.
However, in choreographic programs, interactions are represented as atomic
entities, hence it is syntactically impossible to express deadlocks and races on
communications, avoiding by design the presence of such infamous bugs in the
agreed integration behavior and, as a consequence, in the generated distributed
network of connectors.

6 The compiled connectors are available at http://www.cs.unibo.it/projects/jolie/
aiocj examples/ChIP example/ChIP example.zip.

1 locations {
2 Admin: "reg -gov.org :80/ BusCheckAdmin"
3 DatabaseConnector: "reg -gov.org :80/ BusCheckDB"
4 Tracker: "university.edu :80/ Tracker"
5 BusAgency: "bus -agency.com :80/ BusCheck" }
6
7 line@Admin = getInput("Insert line to track");
8 { setLine: Admin(line) -> DatabaseConnector(line)
9 |
10 setLine: Admin(line) -> BusAgency(line)
11 };
12 shd@BusAgency = getSchedule(line);
13 passSchedule: BusAgency(shd) -> Tracker(shd);
14 hasNext@Tracker = hasNextStop(shd);
15 while(hasNext)@Tracker {
16 pos@BusAgency = getPosition(line);
17 passPosition: BusAgency(pos) -> Tracker(pos);
18 delay@Tracker = calculateDelay(shd , pos);
19 storeDelay: Tracker(delay) -> DatabaseConnector(delay);
20 { res@DatabaseConnector = insertDelay(line , delay)
21 |
22 hasNext@Tracker = hasNextStop(shd)
23 } }

Listing 1.3. Global design of the BusCheck pilot.

functionalities are invoked in parallel: the DatabaseConnector inserts the delay
for the observed bus line in the database (line 23) and the Tracker invokes
functionality hasNextStop to check if and when a new iteration has to start.

Note that our choreographic program does not detail how to perform dis-
tributed synchronizations. For instance, the loop at lines 15-23 involves di↵erent
distributed connectors, but it is unspecified how to ensure that all the connec-
tors follow the prescribed behavior, i.e., looping or exiting when the Tracker

decides so. This level of abstraction can be kept thanks to the selective compi-
lation (described later), which automatically generates correct message-based
synchronization algorithms, as detailed in [16].

2 Local Grounding. The global design is the last document agreed upon
by all the stakeholders. The local grounding is performed by each participant in
isolation. For instance, the Bus Agency IT personnel grounds the global design by
providing the binding for its internal functionalities getSchedule and getPosition.
These functionalities are only invoked by the local connector, which acts as an
intermediary by providing to the other participants access to the local functional-
ities as prescribed by the global design. Concretely, the deployment information
for the Bus Agency is represented in Listing 1.4. The deployment declares the
internal address where each functionality is available, possibly specifying the
communication medium and the data protocol to be used. For instance, at line
2, the prefix "socket://" specifies the usage of TCP/IP as medium while SOAP
specifies the used data protocol. This flexibility on communication media and
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An Illustrative Example 
1 locations {
2 Admin: "reg -gov.org :80/ BusCheckAdmin"
3 DatabaseConnector: "reg -gov.org :80/ BusCheckDB"
4 Tracker: "university.edu :80/ Tracker"
5 BusAgency: "bus -agency.com :80/ BusCheck" }
6
7 line@Admin = getInput("Insert line to track");
8 { setLine: Admin(line) -> DatabaseConnector(line)
9 |
10 setLine: Admin(line) -> BusAgency(line)
11 };
12 shd@BusAgency = getSchedule(line);
13 passSchedule: BusAgency(shd) -> Tracker(shd);
14 hasNext@Tracker = hasNextStop(shd);
15 while(hasNext)@Tracker {
16 pos@BusAgency = getPosition(line);
17 passPosition: BusAgency(pos) -> Tracker(pos);
18 delay@Tracker = calculateDelay(shd , pos);
19 storeDelay: Tracker(delay) -> DatabaseConnector(delay);
20 { res@DatabaseConnector = insertDelay(line , delay)
21 |
22 hasNext@Tracker = hasNextStop(shd)
23 } }

Listing 1.3. Global design of the BusCheck pilot.

functionalities are invoked in parallel: the DatabaseConnector inserts the delay
for the observed bus line in the database (line 23) and the Tracker invokes
functionality hasNextStop to check if and when a new iteration has to start.

Note that our choreographic program does not detail how to perform dis-
tributed synchronizations. For instance, the loop at lines 15-23 involves di↵erent
distributed connectors, but it is unspecified how to ensure that all the connec-
tors follow the prescribed behavior, i.e., looping or exiting when the Tracker

decides so. This level of abstraction can be kept thanks to the selective compi-
lation (described later), which automatically generates correct message-based
synchronization algorithms, as detailed in [16].

2 Local Grounding. The global design is the last document agreed upon
by all the stakeholders. The local grounding is performed by each participant in
isolation. For instance, the Bus Agency IT personnel grounds the global design by
providing the binding for its internal functionalities getSchedule and getPosition.
These functionalities are only invoked by the local connector, which acts as an
intermediary by providing to the other participants access to the local functional-
ities as prescribed by the global design. Concretely, the deployment information
for the Bus Agency is represented in Listing 1.4. The deployment declares the
internal address where each functionality is available, possibly specifying the
communication medium and the data protocol to be used. For instance, at line
2, the prefix "socket://" specifies the usage of TCP/IP as medium while SOAP
specifies the used data protocol. This flexibility on communication media and

1 deployment {
2 getSchedule from "socket :// intranet.schdls :8000" with SOAP
3 getPosition from "socket :// intranet.GPS :8001" with HTTP }

Listing 1.4. Deployment for the Bus Agency.

data protocol is fundamental to enable the integration of disparate preexisting
functionalities.

3 Selective Compilation. Finally, at this stage, the Bus Agency has
specified all the information needed to automatically generate its local connector.
The generation of the connector for the BusAgency takes the global design and the
deployment information for the BusAgency and produces an executable program
implementing the local logic of the connector.

Selective compilation hides most of the complexity of developing distributed
glue connectors that interact with each other, without a central coordinator.
This step is far from trivial, however it is well understood: it corresponds to the
notion of endpoint projection in choreographic programming [14,16]. In particular,
AIOCJ programs can be projected [16] by automatically creating web services in
the Jolie [31,37] language.

As an illustrative example, we report in Figure 3 an excerpt of the pseudo-code
of the compiled connectors of the BusAgency, the DatabaseConnector, and the
Tracker

6. The pseudo-code shows the result of the selective compilation of lines
14-23 in Listing 1.3. In the reported code, programs communicate through send
and recv (short for “receive”) instructions. External functionalities are invoked
through the call instruction. In addition to the communications created by
interactions in the global design, we also show the auxiliary communications used
to ensure a coordinated execution of the while loop. Auxiliary communications
are prefixed with an underscore “_”, e.g., _wG1 (standing for while guard) and
_wE1 (standing for while end) indicate the auxiliary communications used by the
Tracker and the BusAgency to coordinate within the distributed loop.

Expected Global Behavior. A main feature of ChIP is that no behavior is
defined by the single stakeholder: all the behavior is described globally and agreed
by all the stakeholders. This avoids the possibility that di↵erent stakeholders
take contrasting decisions.

Furthermore, the generation of local connectors from the choreographic pro-
gram has been proved correct in [16], hence no error can be introduced in this
step. Of course, the stakeholders may agree on a wrong integration behavior.
However, in choreographic programs, interactions are represented as atomic
entities, hence it is syntactically impossible to express deadlocks and races on
communications, avoiding by design the presence of such infamous bugs in the
agreed integration behavior and, as a consequence, in the generated distributed
network of connectors.

6 The compiled connectors are available at http://www.cs.unibo.it/projects/jolie/
aiocj examples/ChIP example/ChIP example.zip.

1 locations {
2 Admin: "reg -gov.org :80/ BusCheckAdmin"
3 DatabaseConnector: "reg -gov.org :80/ BusCheckDB"
4 Tracker: "university.edu :80/ Tracker"
5 BusAgency: "bus -agency.com :80/ BusCheck" }
6
7 line@Admin = getInput("Insert line to track");
8 { setLine: Admin(line) -> DatabaseConnector(line)
9 |
10 setLine: Admin(line) -> BusAgency(line)
11 };
12 shd@BusAgency = getSchedule(line);
13 passSchedule: BusAgency(shd) -> Tracker(shd);
14 hasNext@Tracker = hasNextStop(shd);
15 while(hasNext)@Tracker {
16 pos@BusAgency = getPosition(line);
17 passPosition: BusAgency(pos) -> Tracker(pos);
18 delay@Tracker = calculateDelay(shd , pos);
19 storeDelay: Tracker(delay) -> DatabaseConnector(delay);
20 { res@DatabaseConnector = insertDelay(line , delay)
21 |
22 hasNext@Tracker = hasNextStop(shd)
23 } }

Listing 1.3. Global design of the BusCheck pilot.

functionalities are invoked in parallel: the DatabaseConnector inserts the delay
for the observed bus line in the database (line 23) and the Tracker invokes
functionality hasNextStop to check if and when a new iteration has to start.

Note that our choreographic program does not detail how to perform dis-
tributed synchronizations. For instance, the loop at lines 15-23 involves di↵erent
distributed connectors, but it is unspecified how to ensure that all the connec-
tors follow the prescribed behavior, i.e., looping or exiting when the Tracker

decides so. This level of abstraction can be kept thanks to the selective compi-
lation (described later), which automatically generates correct message-based
synchronization algorithms, as detailed in [16].

2 Local Grounding. The global design is the last document agreed upon
by all the stakeholders. The local grounding is performed by each participant in
isolation. For instance, the Bus Agency IT personnel grounds the global design by
providing the binding for its internal functionalities getSchedule and getPosition.
These functionalities are only invoked by the local connector, which acts as an
intermediary by providing to the other participants access to the local functional-
ities as prescribed by the global design. Concretely, the deployment information
for the Bus Agency is represented in Listing 1.4. The deployment declares the
internal address where each functionality is available, possibly specifying the
communication medium and the data protocol to be used. For instance, at line
2, the prefix "socket://" specifies the usage of TCP/IP as medium while SOAP
specifies the used data protocol. This flexibility on communication media and
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It’s a matter of re-iterating over (some) steps of the process

Tracker by University Bus AgencyRegional Government

Tracked line

alternative (if signed data is valid)

Line schedule

Signed current bus positionloop (until schedule has next stop)

Calculated delay

Fig. 4. Evolved Sequence Diagram of the Pilot.

changes at the design level may influence many participants in the integration.
In this case, partners can decide to update the integration either from the level
of global specification or from that of global design. Such a decision is based
on the visibility of the modifications. If the update regards only some technical
details that are abstracted away in the global specification, partners can just
have their IT personnel agree on a new version of the pre-existing global design,
automatically generating the new connectors that implement the updated design
(to replace the previous ones). On the contrary, if the update is visible at the
level of the global specification, the domain experts of each stakeholder should
reiterate over the whole ChIP process, first agreeing upon an updated version of
the pre-existing global specification and then revising steps 1 , 2 , and 3 to
obtain the updated integration solution.

We contrast this situation with what would be needed in the traditional
integration process: the global specification is updated — provided that the
change is relevant enough to be visible at the specification level — and then
developers of each stakeholder need to update their local connectors accordingly.
There, understanding which local changes are needed to enable a new desired
global behavior is far from trivial, it requires good coordination among the
involved teams, and it is prone to misbehaviors.

Example of System Evolution in ChIP. To illustrate how the ChIP process
simplifies the evolution of existing integration solutions, we consider our running
example and assume that, due to administrative data-provenance regulations, the
Bus Agency must digitally sign each bus position sent to the University, while
the University is asked to discard any unsigned data it receives.

According to the evolution process described in the previous paragraphs, first
the stakeholders should agree upon a revised version of the global specification.
To exemplify this, we report in Figure 4 a possible revision of the UML Sequence
Diagram in Figure 2. In Figure 4 in the loop fragment the Bus Agency sends
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15 while(hasNext)@Tracker {
16 pos@BusAgency = getPosition(line);
17 signed_pos@BusAgency = sign(pos);
18 passPosition: BusAgency(signed_pos) -> Tracker(pos);
19 valid@Tracker = validate(pos);
20 if( valid )@Tracker{
21 delay@Tracker = calculateDelay(shd , pos);
22 storeDelay: Tracker(delay) -> DatabaseConnector(delay);
23 _@DatabaseConnector = insertDelay(line , delay)
24 };
25 hasNext@Tracker = hasNextStop(shd)
26 }

Listing 1.5. Global design of the updated BusCheck pilot.

a message labeled “signed current bus position” to the University. The data, if
validated, is used to calculate the delay sent to the Regional Government. In the
other case—the empty lane in the alternative fragment in Figure 4—the received
data is not used and therefore discarded.

Once the updated global specification is agreed upon by all the stakeholders,
they can proceed with step 1 by just modifying the second half of the global
design in Listing 1.3. We report in Listing 1.5 the updated code of Listing 1.3. The
most relevant changes are: i) at line 17 the BusAgency invokes a new functionality
to sign the retrieved position of the current bus, ii) at line 19 the Tracker invokes
a new functionality to validate the data sent by the BusAgency, and iii) at lines
20-24 the Traker decides, based on the result of the validation, whether to use
the data for delay calculation or to discard it and proceed with the next iteration.

After agreeing upon the global design in Listing 1.5, the stakeholders proceed
to the individual local grounding (as of step 2 ). In the example, only the
BusAgency and the Tracker have to modify their pre-existing groundings, respec-
tively defining the location of functionalities sign and validate. Following step
3 , each partner automatically generates its own updated connectors. Finally, to
start the updated version of the integration, all the partners have to terminate
the previously deployed connectors and deploy their respective replacements.

Dynamic Evolution. As exemplified above (as well as in the traditional
approach), when updating a pre-existing system, the stakeholders have to shut-
down the deployed connectors, replace them, and restart the whole integrated
architecture. In many application contexts these downtimes are acceptable, how-
ever when the integrated systems need to be always online, it is imperative to
avoid or at least minimize these downtimes.

Shutdown can be avoided by resorting to live update techniques, such as the
ones described in [44]. However, as shown in [44], only a few of these techniques
support the live update of distributed systems. Indeed, while the centralized case
entails the update of just one program, in the distributed case a protocol must
be in place to coordinate the update of the distributed components, avoiding
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15 while(hasNext)@Tracker {
16 pos@BusAgency = getPosition(line);
17 signed_pos@BusAgency = sign(pos);
18 passPosition: BusAgency(signed_pos) -> Tracker(pos);
19 valid@Tracker = validate(pos);
20 if( valid )@Tracker{
21 delay@Tracker = calculateDelay(shd , pos);
22 storeDelay: Tracker(delay) -> DatabaseConnector(delay);
23 _@DatabaseConnector = insertDelay(line , delay)
24 };
25 hasNext@Tracker = hasNextStop(shd)
26 }

Listing 1.5. Global design of the updated BusCheck pilot.

a message labeled “signed current bus position” to the University. The data, if
validated, is used to calculate the delay sent to the Regional Government. In the
other case—the empty lane in the alternative fragment in Figure 4—the received
data is not used and therefore discarded.

Once the updated global specification is agreed upon by all the stakeholders,
they can proceed with step 1 by just modifying the second half of the global
design in Listing 1.3. We report in Listing 1.5 the updated code of Listing 1.3. The
most relevant changes are: i) at line 17 the BusAgency invokes a new functionality
to sign the retrieved position of the current bus, ii) at line 19 the Tracker invokes
a new functionality to validate the data sent by the BusAgency, and iii) at lines
20-24 the Traker decides, based on the result of the validation, whether to use
the data for delay calculation or to discard it and proceed with the next iteration.

After agreeing upon the global design in Listing 1.5, the stakeholders proceed
to the individual local grounding (as of step 2 ). In the example, only the
BusAgency and the Tracker have to modify their pre-existing groundings, respec-
tively defining the location of functionalities sign and validate. Following step
3 , each partner automatically generates its own updated connectors. Finally, to
start the updated version of the integration, all the partners have to terminate
the previously deployed connectors and deploy their respective replacements.

Dynamic Evolution. As exemplified above (as well as in the traditional
approach), when updating a pre-existing system, the stakeholders have to shut-
down the deployed connectors, replace them, and restart the whole integrated
architecture. In many application contexts these downtimes are acceptable, how-
ever when the integrated systems need to be always online, it is imperative to
avoid or at least minimize these downtimes.

Shutdown can be avoided by resorting to live update techniques, such as the
ones described in [44]. However, as shown in [44], only a few of these techniques
support the live update of distributed systems. Indeed, while the centralized case
entails the update of just one program, in the distributed case a protocol must
be in place to coordinate the update of the distributed components, avoiding
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Evolving ChIP systems
It’s a matter of re-iterating over (some) steps of the process

15 while(hasNext)@Tracker {
16 pos@BusAgency = getPosition(line);
17 signed_pos@BusAgency = sign(pos);
18 passPosition: BusAgency(signed_pos) -> Tracker(pos);
19 valid@Tracker = validate(pos);
20 if( valid )@Tracker{
21 delay@Tracker = calculateDelay(shd , pos);
22 storeDelay: Tracker(delay) -> DatabaseConnector(delay);
23 _@DatabaseConnector = insertDelay(line , delay)
24 };
25 hasNext@Tracker = hasNextStop(shd)
26 }

Listing 1.5. Global design of the updated BusCheck pilot.

a message labeled “signed current bus position” to the University. The data, if
validated, is used to calculate the delay sent to the Regional Government. In the
other case—the empty lane in the alternative fragment in Figure 4—the received
data is not used and therefore discarded.

Once the updated global specification is agreed upon by all the stakeholders,
they can proceed with step 1 by just modifying the second half of the global
design in Listing 1.3. We report in Listing 1.5 the updated code of Listing 1.3. The
most relevant changes are: i) at line 17 the BusAgency invokes a new functionality
to sign the retrieved position of the current bus, ii) at line 19 the Tracker invokes
a new functionality to validate the data sent by the BusAgency, and iii) at lines
20-24 the Traker decides, based on the result of the validation, whether to use
the data for delay calculation or to discard it and proceed with the next iteration.

After agreeing upon the global design in Listing 1.5, the stakeholders proceed
to the individual local grounding (as of step 2 ). In the example, only the
BusAgency and the Tracker have to modify their pre-existing groundings, respec-
tively defining the location of functionalities sign and validate. Following step
3 , each partner automatically generates its own updated connectors. Finally, to
start the updated version of the integration, all the partners have to terminate
the previously deployed connectors and deploy their respective replacements.

Dynamic Evolution. As exemplified above (as well as in the traditional
approach), when updating a pre-existing system, the stakeholders have to shut-
down the deployed connectors, replace them, and restart the whole integrated
architecture. In many application contexts these downtimes are acceptable, how-
ever when the integrated systems need to be always online, it is imperative to
avoid or at least minimize these downtimes.

Shutdown can be avoided by resorting to live update techniques, such as the
ones described in [44]. However, as shown in [44], only a few of these techniques
support the live update of distributed systems. Indeed, while the centralized case
entails the update of just one program, in the distributed case a protocol must
be in place to coordinate the update of the distributed components, avoiding

Global
Specification

Choreographic 
Program

(Global Design)

Choreographic Program
+ Local Bindings1

Choreographic Program
+ Local Bindingsn

Local 
Connector1

Local 
Connectorn

Expected
Global

Behavior

refinement

local
grounding executionselective

compilation

ChIP Approach

Global
Specification

Local 
Connector1

Local 
Connectorn

Global 
Testingexecutioninterpretation

Traditional Approach

evaluation

1

2 3

manual step automatic stepLegend:

Only the BusAgency and the Tracker 
will update their local groundings 
and re-compile their connectors



Saverio Giallorenzo

DEPARTMENT OF MATHEMATICS

AND COMPUTER SCIENCE

CoopIS 2018ChIP: a Choreographic Integration Process

Evolving ChIP systems
It’s a matter of re-iterating over (some) steps of the process

15 while(hasNext)@Tracker {
16 pos@BusAgency = getPosition(line);
17 signed_pos@BusAgency = sign(pos);
18 passPosition: BusAgency(signed_pos) -> Tracker(pos);
19 valid@Tracker = validate(pos);
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Listing 1.5. Global design of the updated BusCheck pilot.

a message labeled “signed current bus position” to the University. The data, if
validated, is used to calculate the delay sent to the Regional Government. In the
other case—the empty lane in the alternative fragment in Figure 4—the received
data is not used and therefore discarded.

Once the updated global specification is agreed upon by all the stakeholders,
they can proceed with step 1 by just modifying the second half of the global
design in Listing 1.3. We report in Listing 1.5 the updated code of Listing 1.3. The
most relevant changes are: i) at line 17 the BusAgency invokes a new functionality
to sign the retrieved position of the current bus, ii) at line 19 the Tracker invokes
a new functionality to validate the data sent by the BusAgency, and iii) at lines
20-24 the Traker decides, based on the result of the validation, whether to use
the data for delay calculation or to discard it and proceed with the next iteration.

After agreeing upon the global design in Listing 1.5, the stakeholders proceed
to the individual local grounding (as of step 2 ). In the example, only the
BusAgency and the Tracker have to modify their pre-existing groundings, respec-
tively defining the location of functionalities sign and validate. Following step
3 , each partner automatically generates its own updated connectors. Finally, to
start the updated version of the integration, all the partners have to terminate
the previously deployed connectors and deploy their respective replacements.

Dynamic Evolution. As exemplified above (as well as in the traditional
approach), when updating a pre-existing system, the stakeholders have to shut-
down the deployed connectors, replace them, and restart the whole integrated
architecture. In many application contexts these downtimes are acceptable, how-
ever when the integrated systems need to be always online, it is imperative to
avoid or at least minimize these downtimes.

Shutdown can be avoided by resorting to live update techniques, such as the
ones described in [44]. However, as shown in [44], only a few of these techniques
support the live update of distributed systems. Indeed, while the centralized case
entails the update of just one program, in the distributed case a protocol must
be in place to coordinate the update of the distributed components, avoiding
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Conclusion and Future Work

• Which specification 
languages are better 
suited* for the ChIP 
refinement process? 


• Can we provide 
guidelines for the 
refinement?


• Can we automatise 
(parts of) the refinement?

* ease of transition, expressiveness, automatisation, …

• Enhance AIOCJ with 
richer data structures 
and type system 

• Capture other aspects 
of the design:

• Security 
• Exceptional 

behaviours

• Non-functional 

properties 
• …
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