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Abstract
Enterprises reach out for collaborations with other organizations in order to offer complex products and services to the
market. Such collaboration and coordination between different organizations, for a good share, is facilitated by information
technology. The BPMN process choreography is a modeling language for specifying the exchange of information and services
between different organizations at the business level. Recently, there is a surging use of the REST architectural style for the
provisioning of services on the web, but few systematic engineering approach to design their collaboration. In this paper, we
address this gap in a comprehensive way by defining a semi-automatic method for the derivation of RESTful choreographies
from process choreographies. The method is based on natural language analysis techniques to derive interactions from the
textual information in process choreographies. The proposed method is evaluated in terms of effectiveness resulting in the
intervention of a web engineer in only about 10% of all generated RESTful interactions.

Keywords Business process choreographies · RESTful choreographies · Natural language analysis

1 Introduction

Traditionally, research in BPM has focused on internal pro-
cesses of organizations. The trend toward more complex
services extends BPM toward a view of interactions between
multiple processes. Such interactions, enabled by informa-
tion technology, require standard models, like BPMN [1],
which can be understood by all the participants. In particular,
BPMN business process choreography specifies the inter-
actions between two or more participants and the order in
which these interactions take place at the business level. On
the technical level, REST [2] is increasingly becoming the
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architectural style of choice for providing services on theweb
leading to the mainstream development of RESTful APIs.

The design of the RESTful APIs, which are involved in
the concrete web interactions, should be based upon the busi-
ness interactions modeled via the choreography diagram.
However, taking business interactions down to the level
of RESTful interactions is challenging. The designers of
choreography diagrams are usually business-process domain
experts and do not have knowledge of software development.
The same holds for web engineers with respect to the busi-
ness process choreographies, e.g., they are often too close to
the implementation perspective when designingURIs, which
makes the URIs harder to understand for the RESTful API’s
clients [3]. First concepts toward addressing this problem
have been described in [4], however, with limitations in con-
ceptual score and evaluation.

In this paper, we address this research gap in a compre-
hensive way and present an approach that takes as input a
standard BPMN choreography diagram and it generates as
output a RESTful choreography [5]. RESTful choreography
is a useful [6,7] BPMN-based modeling language tailored
to the specification of RESTful interactions between dif-
ferent business actors. Our approach is based on natural
language processing techniques, which use textual descrip-
tions of the choreography task to map to the most suitable
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REST verb with a corresponding REST URI. We imple-
mented our approach in a research prototype and applied it on
a set of choreography diagrams from different domains. The
derived REST requests have also been evaluated by REST
experts confirming the usefulness of our approach. The cre-
ated RESTful choreography is used to derive code skeletons
which facilitate the development of REST APIs. Applying
our approach means that the same REST interface gener-
ation logic is used across all participants contributing to a
better understandability, maintenance and evolution of the
participants’ RESTful APIs.

This approach extends the work in [4] by providing an
enhanced label analysis approach and an extended evaluation
in terms of a larger evaluation data set. This extension leads
to a higher effectiveness in the correct generation of RESTful
interactions, where a web engineer intervention is required
in only about 10% of the generations.

This paper is organized as follows. Section 2 introduces
choreography diagrams and the RESTful choreography dia-
gram. These concepts are illustrated by a running example.
Section 3 presents our semi-automatic approach of deriv-
ing RESTful choreography diagrams. Section 4 discusses
the setup and the results of our user evaluation. Section 5
provides the related work before Sect. 6 concludes the paper
and describes future work.

2 Preliminaries

This section briefly describes choreography diagrams by the
help of an example. Additionally, REST architectural style
is explained before the concept of RESTful choreography
diagram is introduced.

2.1 Choreography diagram

The business process choreography diagram introduced in
BPMN 2.0 [1] is a modeling language that focuses on
the specification of the interactions between two or more
participants, who, in general, are business actors, e.g., enter-
prises, customers, or organizations. Compared to business
process models, the choreography diagram abstracts from
the participants’ internal processes and specifies the order
in which the messages are exchanged between the partici-
pants.

Figure 1 depicts an example of a choreography diagram.
This diagram describes the interaction between different
participants involved in the submission, review, and orga-
nization processes with the goal of arranging a scientific
conference. Some of the main stakeholders in a conference
include the organizers, authors, and reviewers. The diagram
depicts the interactions between these three participants start-
ing from issuing a call-for-papers (CFP) and ending, in

the best case, with the confirmation of the paper publica-
tion.

To facilitate these interactions, the participants make use
of a ReviewManagement System (RMS) which, in our case,
is inspired by http://easychair.org. The RMS is responsible
for coordinating these three participants throughout the entire
collaboration.

As it can be seen in Fig. 1, the main element of a
choreography diagram is the choreography task (graphi-
cally depicted as a rounded rectangle). It represents message
exchanges between two participants. The participant initiat-
ing the message exchange is called the initiator, while the
other participant is called the recipient. The return message
is optional and can be sent from the recipient to the initiator.
To graphically distinguish the initiator from the recipient, the
latter is always highlighted in gray. The same applies for the
initiating and returnmessages, although themessages are not
required to be graphically depicted.

Choreography diagrams define the order in which the
interactions are carried out. Choreography tasks have an
order dependency that is modeled via sequence flows. The
sequence flows, events and gateways are used in a similar
fashion as in regular BPMN business process models. How-
ever, only a subset of events and gateways can be used in
the choreography diagram. The events in Fig. 1 are the start
event, timer event deadline and the three end events: Paper
rejected; Short paper declined; Paper accepted for publica-
tion.

2.2 RESTful choreography diagram

The REST architectural style [2] is increasingly used for
the development of RESTful web services. Its architectural
constrains contribute to among others, better scalability and
portability. In virtually all cases, REST uses the HTTP proto-
col as a means of interactions between different participants.
The interaction is achieved by using standard HTTP verbs
(GET, POST, PUT, DELETE) on resources. The resources
resting on the server are globally and uniquely identified via
URL. Their state can be changed by the client through these
REST verbs. Due to the stateless constraint, the server does
not need to remember previous interactions with the client in
order to understand the client’s request.

The assumption of the RMS example is that all partic-
ipants are RESTful services, i.e., they interact with each
other by sending REST calls. In simple browser settings,
the organizer, reviewer and author are users of RMS. In this
example, we assume that they also provide a RESTful API.
Consider these services as RMS mobile applications where
RMS can push notifications [8] depending on the user role,
e.g., notifying the reviewers about the papers assigned for
review, sending the paper decision to the authors, informing
the organizer when all reviews are submitted.
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Fig. 1 Choreography diagram for paper submission and review management
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Fig. 2 The annotation of the choreograph task in RESTful choreogra-
phy [5]

Business processes can be used to model the internal
behavior of the participants involved in RESTful conver-
sation as proposed in [9]. However, when it comes to
interactions between multiple participants, it is important to
focus on a global perspective in order to capture the state of

common resources and the allowed interactions with these
resources.

To this end, Nikaj et al. [5] introduce RESTful chore-
ography diagrams—a lightweight enhancement of BPMN
choreography diagram with REST details. These details
include annotations for the choreography tasks that repre-
sent a RESTful interaction, called a RESTful task, like the
Submit paper decision choreography task in Fig. 1. This is
realized by refining the two messages of choreography task,
respectively, into a REST request and a REST response like
depicted in Fig. 2. Figure 3 provides an excerpt of a REST-
ful choreography diagrammodeling the RESTful interaction
between the organizer, RMS and the author. However, the
person responsible for the enhancement of the choreography
taskwith REST notations has to understand both the business
aspect of the choreography and the implementation aspect of
the RESTful interaction. This problem is addressed in our
paper by proposing a semi-automatic approach for deriving
RESTful choreographies from business process choreogra-
phies.

3 Semi-automatic generation of RESTful
choreography

This section presents our semi-automatic approach to gen-
erate RESTful choreographies. Section 3.1 discusses the
relevant concepts of the approach. Section 3.2 expends
on the previous section focusing on choreography-specific
labeling style. Section 3.3 then explains how the concepts
are employed to identify the type of REST request that is

Fig. 3 A part of the generated RESTful choreography of RMS
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expressed in a choreography task label. Section 3.4 shows
how choreography tasks are finally enriched with RESTful
information.

3.1 Foundations

This subsection starts with a formal specification of a chore-
ography diagram as the core artifact of our approach. We
use all the elements of the choreography diagram that
are needed to generate a RESTful choreography diagram.
We consider a choreography diagram to be a tuple C =
(N , S, P, L, label), such that:

– N = T ∪E∪G is a set of nodes. T , E andG are pairwise
mutually exclusive;

– T is a set of choreography tasks;
– E is a set of events;
– G is a set of gateways;
– S ⊆ N × N is a set of sequence flows;
– P is a set of participants;
– L is a set of natural language text labels;
– label : T �→ L is a function which assigns a text label

to a choreography task.

As pointed out in Sect. 2, a choreography task can rep-
resent either a single message exchange or two message
exchanges (i.e., a send message and a reply message). In our
approach, we map each case to a single RESTful interaction
in that the initiator makes a REST request to the recipient.
Since the optional second message, according to the BPMN
specification [1], is a return message, we do not consider it
as a new REST request but rather a response from the recip-
ient (the server in REST terms) which is embedded in the
HTTP response body (see Fig. 2). Additionally, we observe
that the choreography task label, which is subject to natu-
ral language processing, is more similar to its corresponding
business process send task than receive task. This means that
the choreography task label provides no information on how
to name the second REST request.

In order to process the textual information of the labels,
it is necessary to access this information in a structured way.
As a starting point we observe, as mentioned above, that
choreography tasks are similarly labeled as activities, often
referring to the corresponding send task in a business process
model [1]. Thus, we assume that each label of a choreogra-
phy task contains the following components: an action and
a business object on which the action is applied [10]. As
an example, consider the label Submit paper decision from
Fig. 1. It contains the action to submit and the business object
paper decision. It is important to note that these components
can be communicated in different grammatical variations.
For instance, the label camera ready paper submission com-

municates the action in a different grammatical structure by
using nouns, which express the action to submit.

In order to be independent of grammatical labeling struc-
tures, we rely on the label annotation approach of Leopold et
al. [11] which identifies actions and business objects with a
decent degree of accuracy (Avg. precision: 91%, avg. recall:
90.6%). Considering l = label(t) ∈ L to be the label of an
arbitrary choreography task and considering WV and WN to
describe the set of all verbs and nouns, respectively, we refer
to the action and the business object of l as follows:

– α : L �→ WV is a function that assigns an action to a
choreography task label;

– β : L �→ WN is a function that assigns a business object
to a choreography task label.

As an example, consider the choreography task labeled with
Submit paper decision from Fig. 1. According to the prior
conceptualization, the action is given by α (Submit paper
decision) = to submit and the business object is given by β

(Submit paper decision) = paper decision. We will use these
label components in the following to derive the respective
REST requests and to generate theRESTful annotations from
the text labels of choreography tasks.

3.2 Choreography-specific label analysis

In the aforementioned label processing approach,weobserved
that the assumption about the similarity of choreography
task and business process task does not always hold. Since
choreography tasks represent a message which is sent across
organizations, the labels tend to contain the word send or
a similar one, like enter, submit, mail, which describes the
passing of a message from one choreography participant
to another. These words are followed by single or multi-
ple words, e.g., order, invoice, request, application request,
paper submission, short paper acceptance. The word send
indicates no semantic preference toward any specific REST
verbs since all REST requests are sent messages. For exam-
ple, one can send a GET request for retrieving a resource
representation or a DELETE request for deleting a resource.
Therefore, we turn our focus on the remainder of the label
containing the word send (or a similar one) to look for some
additional semantic information which can indicate an incli-
nation of the label toward a specific REST verb.

Before checkingwhether the label contains the action send
or the like we need to identify the verbs which can be used
in a choreography just to represent a message being sent.
Synonymand semantically similar verbs of send are provided
in Table 1. The way we populate this set is explained in the
next section.

If the label has an action that is element of SynSend , we
analyze the remainder of the label.We reapply the label anno-
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Table 1 Synonym word sets of the REST verbs and send

Verb Description Synonym word sets

POST Creation of a new resource
on the server

SynPOST = {create,
request, [produce, make,
…] }

PUT Editing an existing resource SynPUT = {confirm, edit,
accept, send [support,
redact, …] }

GET Retrieving an existing
resource from the server

SynGET = {retrieve, read,
[get, find, recover, …] }

DELETE Deleting an existing
resource

SynDELET E = {cancel,
delete, [erase, postpone,
…] }

Send Sending a message from
one choreography
participant to another

SynSend = {“send”, “enter”,
“submit”, “notify” [mail,
transmit, …] }

tator (from previous subsection) on the remainder to identify
a new action and business object. For example, the label
send review request, notify paper rejection, notify short paper
acceptance are reanalyzed as review request, paper rejection
and short paper acceptance. Applying the same annotation
approach would yield the following action–business object
pairs: request-review; reject-paper; accept-short paper.

If, however, there is no new action and business object, we
treat this label in the same way we would do with any other
verb. For example in a label send review, we have α(send
review) = to send and β (send review) = review. In this case,
we map send to the REST verb PUT to express that the sent
resource is in the state "sent" (see Sect. 3.4). The remainder
does not need to be a single word, e.g., in the label send short
paper, analyzing the remainder short paper would yield no
new business object. Again in this case, we map send to the
REST verb PUT.

The remainder analysis provides more semantic infor-
mation which is needed to generate the REST request as
described in the following two sections.

3.3 REST verb derivation via natural language
analysis

The general idea of deriving REST requests via natu-
ral language analysis is based on the assumption that the
choreography task label provides all relevant information.
Specifically, we focus on the actions of the labels since they
describe which specific activities have to be carried out and
how these activities affect the system. TheREST verb deriva-
tion applies two steps. The first step compares the action of
the respective choreography task label with synonym words
that reflect themeaning of the different REST verbs. The sec-
ond step involves a linguistic similarity analysis of the action
of the choreography task label and the synonym words, in

case the action of the label does not exactly match with any
of the synonym words. In the following, we discuss these
two steps in further detail.

First, we require a set of synonym words before we can
conduct the derivation. A challenge is that the REST verbs
are associated with a specific technical meaning that does not
necessarily correspondwith the linguisticmeaning of aword.
For example, the REST verb POST instructs the server to
create a new distinguishable resource, while the verb to post
typically describes the act of publicizing news on bulletin
boards. Therefore, it is necessary to define a set of synonym
words that reflect the meaning of POST in a technical sense.
For this purpose,we askedRESTexperts for natural language
verbs that best resemble the meaning of the REST verbs. The
result of this process is shown in Table 1. For example, the
experts agreed that the meaning of POST is best reflected
by the verbs to create or to request. As the identified verbs
might not capture all the variation in language, we further
consider additional synonyms that may be extracted from
computational lexicons, such asWordNet [12]. For example,
a POST verb might also be related to the verbs to produce or
to make. Other examples may be retrieved from the previous
table in edged brackets. Similarly, we use the same approach
to derive the send synonym set in Table 1.

The synonym analysis step investigates whether or not
the action of a choreography task label equals one of the
synonymwords of theRESTverbs. If this condition evaluates
to true,wemap the respectiveRESTverb to the choreography
task. Otherwise, no REST verb is mapped to this task. As
an example, consider the choreography tasks Create CFP
and Confirm Short Paper. The first task would map to POST
because its action to create is amember of the synonymwords
of the set SynPOST . The second task would map to PUT
since its action to confirm is a member of the set SynPUT .
This logic is expressed by the following function, assuming
REST to be the set of REST verbs:

syn(l) =

⎧
⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎩

POST , if α(l) ∈ SynPOST

PUT , if α(l) ∈ SynPUT

GET , if α(l) ∈ SynGET

DELET E , if α(l) ∈ SynDELET E

∅ , otherwise

(1)

The similarity analysis step serves as a fallback strategy
in case the synonym analysis step fails to assign a REST
verb to a choreography task. In this case, it is necessary to
find a REST verb that is most closely related to the action.
Therefore, it is necessary to determine the relatedness of an
action with the synonym words. In our approach, we use the
notion of semantic similarity (see, e.g., [13–15]) to quantify
this relatedness. We utilize the distributional similarity of the
DISCO word similarity tool [16], denoted with simDI SCO ,
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because it outperforms existing similarity measures [17].
Given a choreography task label l, its action α(l), and the
set of synonym words of an arbitrary REST verb SynREST ,
the relatedness of an action of a choreography task label and
a synonym REST set is given as follows:

rel(α(l), SynREST ) = max
w∈SynREST

simDI SCO(α(l), w) (2)

As an example, we consider the choreography task Enter
paper review from Fig. 1. Since the action to enter is
not member of the synonym sets of the REST verbs, we
determine its relatedness to each synonym set. Using the
second-order distributional similarity, we receive the follow-
ing relatedness values: rel(enter, SynPOST ) = 0.48, rel(enter,
SynPUT ) = 0.92, rel(enter, SynGET ) = 0.92, rel(enter,
SynDELET E ) = 0.55.

Finally, we consider all of the relatedness scores to derive
the most suitable REST verb for a given choreography task
label. In this case, we assume that the highest relatedness
score reflects the most suitable REST verb for a given chore-
ography task. Accordingly, we assign this REST verb to the
highest relatedness score. However, it might be the case that
several relatedness scores are equalwhich consequently leads
to more than one assignment of a REST verb emphasizing
the necessity of a user to choose the correct REST verb. For-
mally, we describe the similarity analysis step as follows:

sim(l) = {r ∈ REST |maxrel(α(l), Synr )} (3)

As an example, consider again the choreography task
Enter paper review and its relatedness scores. Since the
scores of PUT and GET are equal, the similarity analysis
strategy assigns bothREST verbs PUT andGET to the chore-
ography task.

The label’s action is not the only entity which can define
the appropriate REST verb. We take in consideration also
the identified business object. The difference between PUT
and POST in a REST call consists in the different ways the
server treats the resource. When using a POST, the server
creates a resource assigning the identifier on its own. How-
ever, when using PUT, the client has to specify the identifier
of the resource in the request. For example, the request POST
/paper is followed by a response /papers/id where the id is
chosen by the server. Otherwise, the author should know the
id of the paper he or she wants to modify or create when he
or she requests PUT /paper/id.

We observed that this inherent difference between POST
and PUT can be found in the natural language notion of
indefinite and definite article, respectively. In those cases the
action is mapped to PUT, we perform an additional check for
the presence of the English indefinite article "a" or "an". We

then map the action to POST if that turns to be the case. For
example, submit a paper task from Fig. 1 is mapped to POST
/paper since the client does not refer to a specific paper.

The following section will explain how RESTful requests
are generated for the choreography tasks using the respective
identified REST verb.

3.4 REST request generation

The task of generating REST requests involves the gener-
ation of a unique resource identifier (URI) explaining how
the resource is addressed via the HTTP. In order to generate
a URI, we consider its generation as a language generation
problem that uses the available information of the choreogra-
phy task and theRESTverb derivation from the previous step.
Many language generation systems take a three-step pipeline
approach that first determines the required information of a
sentence, secondplans the expressionof this information, and
third transforms them into correct sentences [18]. In contrast
to these systems, we do not require a fully flexible approach,
since the final links follow regular structures [5]. Therefore,
we use a template-based approach [19–21] to generate REST
URIs. In particular, we use the choreography task together
with the REST verb from the previous step and select the
respective link template. Afterward, we fill the template with
the necessary information, i.e., action and business object of
a choreography task label. It has to be noted that there are
cases in which a choreography is not associated with another
REST link when the request derivation reveals more than one
or no REST verbs requiring the user to correct the links.

Table 2 shows link templates for the different REST verbs
and gives examples created from the choreography tasks of
Fig. 1. The templates emphasize that the business object of
a choreography task label (β(l)) plays an important role for
the REST links since it resembles the server resource that
needs to be addressed by aRESTverb.We therefore associate
the business object together with a unique identifier. In case
the state of a specific resource has to be changed, the link
also explains how its state changes with the REST verb. This

Table 2 Link templates for REST requests based on [5]

Link template Example

POST /< β(l)> <HTTP
Version>

POST /CFP HTTP/1.1

PUT /< β(l) >/id/<Past
Participle of α > <HTTP
Version>

PUT /paperReview/id/entered HTTP/1.1

GET /< β(l) >/id <HTTP
Version>

GET /paperReview/id HTTP/1.1

DELETE /< β(l) >/id
<HTTP Version>

DELETE /shortPaper/id HTTP/1.1
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change is expressed by the past participle of the action of a
choreography task label.

The final output of our approach is a RESTful choreog-
raphy. Figure 3 is a mock-up that depicts an excerpt of the
RESTful choreography diagram generated by applying our
approach to the running example. In this figure, we show how
the REST engineer can interact with the generated RESTful
choreography. The REST engineer is provided with all four
generated links (one for each REST verb) ranked based on
the matchmaking score (1 being the best and 0 the worse).
Depending on the selection the HTTP response is generated
automatically, assuming that the interaction is always valid.

4 Evaluation

This section describes our evaluation. First, we explain the
architecture of our prototypical implementation. Then, we
present results on the accuracy of the derivation steps for a
set of 172 choreography diagrams from practice.

4.1 Evaluation setup

For evaluating our approach, we developed a tool, called
REST Annotator. The architecture of the REST Annotator is

depicted in Fig. 4 as an FMC diagram [22]. The RESTAnno-
tator takes a set of choreography diagrams as an input and
it outputs a set of REST-enriched choreography diagrams.
The tool makes use of three external components: the label
annotator by Leopold et al. [11], WordNet [12], and the dis-
tributional similarity component of the DISCO tool [16]. The
main component constituting the tool is composed of three
sub-components: Label Analyzer, REST verb identifier and
REST URI identifier.

The Label Analyzer is responsible for extracting all the
labels from the model and analyzing them with the help
of label annotator. The latter is used to notate the action
and the business object of a choreography task label. The
Label Analyzer maps the action and the business object for
each label to the REST Verb Identifier and the REST URI
Identifier components. The RESTVerb Identifier component
requires the action provided by the Label Analyzer and the
synonyms ofWordNet resembling the respective REST verb.
If no synonym is found, the component requires the seman-
tic similarity score between the action and the synonym
sets of the REST verbs from the Disco Semantic Similar-
ity component. Once the semantic relation of the action
with each of the REST verbs is identified, the REST verb
and its respective score is passed to the REST URI Iden-
tifier component. This component generates as outputs the

Fig. 4 REST Annotator Software Architecture
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set of choreography diagrams enriched with REST annota-
tion.

Additionally, the Label Analyzer, before providing the
final action and business object, needs to apply the approach
described in Sect. 3.2. To this end, it requires SynSend , which
is generated by the REST Verb Identifier. In addition, the lat-
ter needs from the former the business object to check for the
presence of an indefinite article. As explained in Sect. 3.3,
the presence of an indefinite article can alter the output of the
REST Verb Identifier.

As evaluation data, we use choreography diagrams from
the BPM Academic Initiative. The initiative offers a rich
set of process models from different domains. Overall, we
retrieve 424 BPMN choreography diagrams. Since these dia-
grams are created from experts and non-experts alike, it is
necessary to clean the data. We apply the following cleaning
criteria:

1. English-only diagrams We include only diagrams with
English text labels. This criterion is necessary because
most of the natural language analysis components only
support English.

2. Syntactically correct diagrams Diagrams which have
syntax errorswith respect to theBPMN2.0 choreography
diagram specification are excluded.

With regard to the evaluation procedure aREST expert had to
perform a three-step evaluation for each choreography task:
(a) the syntax correctness of a label, (b) the adequate genera-
tion of the REST verb, and (c) the suitability of the generated
REST URI. In case (a) holds true, the evaluator further has
to check if the identified REST verb with the best matching
score is adequate. In case (b) holds, the evaluator has to check
if the generated URI is suitable.

The evaluation comes, however, with its own limitations.
The existence of a single evaluator may impose subjectiv-
ity in determining the correct match. To mitigate this issue,
the evaluator repeated several time the inspection procedure
while consulting common practices in developing RESTful
APIs. This avoids errors like inconsistent verification for the
same label—RESTful request pairs—and helps to resolve
the non-obvious pairs.

4.2 Evaluation results

This section discusses the results which are summarized in
Table 3. The 172 models contain 1213 choreography task
labels in total. The models size (in terms of choreogra-
phy task count) ranges from 1 to 26 with an average of
about 7 choreography task per model. From these labels,
864 labels (71.14%) are syntactically correct labels. In
the following discussion, we only focus on those labels
that are syntactically correct and discuss how the verb

Table 3 Quantitative results of the user evaluation

Total no. of labels 1213

No. of syntactically correct labels 864 (71.46%)

No. of syntactically incorrect labels 349

Total no. of correctly identified REST verbs 772 (89.35%)

.. with the synonym identification strategy 322

.. with the similarity identification strategy 450

.. POST 139 (97.89%)

.. PUT 577 (88.36%)

.. GET 54 (80.60%)

.. DELETE 2 (100.00%)

Total no. of incorrectly identified REST verbs 92 (10.65%)

Total no. of correct links 723 (93.65%)

Total no. of incorrect links 49 (6.35%)

identification and the link generation performs in these
cases.

The verb identification strategies have identified the cor-
rect REST verb in 772 labels which amounts to 89.35% of
all syntactically correct labels. Among these labels, we fur-
ther distinguish between the verbs that have been identified
with the synonym strategy and the similarity strategy. The
synonym strategy is capable of deriving the correct REST
verb in 332 labels, while the similarity strategy derives the
correct REST verb for 450 choreography labels. The results
emphasize the need for the similarity identification strategy
of the REST verb. The most identified REST verb is PUT
as it is expected in a choreography context where partic-
ipants change the state of business objects, e.g., order is
sent, accepted, delivered and payed. POST was identified
in 139 cases, 8 of which were identified using the pres-
ence of the indefinite article. The low number of DELETE
identifications reflects also the rare cases of using DELETE
in the REST context due to resources being often archived
or saved in a particular state rather than being deliberately
deleted.

In total, 92 choreography labels (10.65%) have been anno-
tated with the wrong REST verb. We observe that GET
is detected the least and DELETE is always detected. We
identify two classes of errors that can lead to the wrong
annotation, the first of which is fixed in the context of
this sample set and does not count toward the incorrect
REST verb identifications. This first class subsumes chore-
ography labels for which the similarity strategy revealed
two or more equal similarity scores. This has been the
case for 101 choreography labels. After identifying the list
of these REST-ambiguous actions for this particular sam-
ple set, a REST expert was asked to choose the most
appropriate mapping. The following non-exhaustive list is
disambiguated: {start-PUT, pay-PUT, invoice-PUT, article-
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PUT, enter-PUT, publish-PUT, allocate-PUT, explain-PUT,
disburse-PUT, receipt-PUT, show-GET, book-PUT}. This
list can be used and enriched further with verbs that score
equally in the semantic similarity approach.

The second class covers such cases in which our approach
identified the wrong verb. The REST evaluation has revealed
92 choreography labels for which our approach did not find
the correct REST verb. These cases have to be corrected by
the user.

The approach to generate RESTful links has created 723
correct and 49 incorrect links out of 772 correct verb identi-
fications. We identified the labeling quality as a main cause
for the incorrect links. For example, we found choreography
tasks that have not been specified correctly by referring to
a particular state, e.g., payment confirmed and invoice sent
are mapped to PUT /payment/id/confirmeded HTTP/1.1 and
PUT /invoice/id/sented HTTP/1.1, respectively. A correct
result is generated for the labels confirm payment/payment
confirmation and send invoice. Another cause for the incor-
rect link generations is the misidentification of the business
object. For example, the label ship article is labeled as
α(ship article) = article (action) and β(ship article) = ship
(business object). The correct labeling would be to iden-
tify ship as the action and article as the business object.
Nevertheless, we conclude that the link generation works
satisfactory and produces a large number of correct REST
links.

We also exemplify the results of our evaluation by apply-
ing our approach to the exemplary choreography diagram
from Fig. 1. Table 4 shows the generated REST requests for
the respective choreography tasks.

4.3 Discussion

Three main observations emerge from the quantitative eval-
uation results. The first observation relates to the correct
annotation of choreography tasks with REST URIs. For
example, it identifies PUT to be the correct REST verb
for the task confirm short paper and generates the URI
PUT /shortPaper/id/confirmed. However, we also encounter
problems for cases, in which the approach retrieves several
possibilities for REST verbs and fails to make a decision
for one particular REST verb. In the example, the chore-
ography task enter paper review falls into this group. The
approach identifies the REST verbs PUT and GET because
the action to enter is not a member of any REST verb syn-
onym list and the semantic similarity score is equal for
both REST verbs. Based on this result, the link genera-
tor component creates two possible links, among which
the user has to choose. Nevertheless, the links themselves
have been created correctly. As mentioned in the previous
section, we solved this problem for this particular test set
by disambiguating the REST verb mapping. However, the
list of disambiguated verbs is not exhaustive at its current
form because there are probably other verbs which were not
part of the labels we used in our evaluation. The list can
be used as input when applying our approach to achieve
better results for choreography labels which contain such
verbs.

The third observation covers REST requests that are incor-
rect and that need to be manually corrected by the user. As an
example, consider the choreography task conference regis-
tration, for which our approach creates aGET link. However,
we would expect a POST or a PUT request. Incorrect links

Table 4 REST request results
for the corresponding RESTful
tasks from Fig. 1

RESTful task REST request

Create CFP POST /cfp HTTP/1.1

Publish CFP PUT /cfp/id/published HTTP/1.1

Submit a paper POST /paper HTTP/1.1

Start review process PUT /reviewProcess/id/started HTTP/1.1

Assign paper review PUT /paperReview/id/assigned HTTP/1.1

Send review request POST /review HTTP/1.1

Enter paper review PUT /paperReview/id/entered HTTP/1.1

Finish review process PUT /reviewProcess/id/finished HTTP/1.1

Submit paper decision PUT /paper/id/decided HTTP/1.1

Notify paper rejection PUT /paper/id/rejected HTTP/1.1

Notify short paper acceptance PUT /shortPaper/id/accepted HTTP/1.1

Cancel short paper DELETE /shortPaper/id HTTP/1.1

Confirm short paper PUT /shortPaper/id/confirmed HTTP/1.1

Camera-ready paper submission PUT /cameraReadyPaper/id/submitted HTTP/1.1

Conference registration GET /conference HTTP/1.1

Confirm paper publication PUT /paperPublication/id/confirmed HTTP/1.1

123



Semi-automatic derivation of RESTful choreographies from business process choreographies 1205

of this type may have several error sources. On the one hand,
the Label Annotator component (see Fig. 4) might have mis-
classified the choreography task and erroneously changed
action and business object. On the other hand, the REST
verb identification component might have caused the error
because the action is either a direct member of the synonym
word lists or its similarity score with the synonym words is
highest for one of the other REST verbs. In our example,
the former applies. The REST verb GET has been iden-
tified, since the action to register is a WordNet synonym
of to read and thus a member of the synonym word set
SynGET . Hence, the other alternatives are not considered
so far, which finally requires the user to correct this REST
request.

At last, Fig. 5 depicts a concrete instance of the RMS
RESTful interaction. The part in bold and the order of REST
interactions are generated by the REST Annotator tool and
provided to the developer as a skeleton to follow for develop-
ing the RESTful API. In the RSM context, the two rectangles
represent, respectively, the concrete instances of the create
CFP and submit a paper choreography tasks from Fig. 3.
The dashed arrow expresses that the second instance can only
be executed only after the first one is executed. For a given
RESTful choreography, a skeleton diagram can be derived
for each participant who offer a RESTful API, like the RMS
mobile app of the conference organizer which receives noti-
fication fromRMS about the status of the reviewing process .
Hence, we jump from a global choreography view, to at least
one orchestration view that focuses only on the REST behav-
ioral interface i.e., the order in which the REST requests and
responses are performed within a single participant appli-
cation. The benefit of applying our approach is in that the
same URI generation logic is used across all participants
contributing to a better understandability, maintenance and
evolution of REST APIs [23]. The automation of deriving
skeletons from a RESTful choreography is left as a future
work.

5 Related work

We identify three major groups of research related to our
approach. First, our approach is related to model-driven
approaches that focus on the process of designing and engi-
neering REST APIs or RESTful services. Examples include
the work from Valverde and Pastor [24] or Schreier [25],
who support this process by providing metamodels. While
the former metamodel focuses on the specification of REST
services and the generation of machine-readable specifi-
cations, the latter approach addresses formal aspects of a
REST application, such as application structure and behav-
ior. Laikorpi et al. [26] consider the design of a RESTful
API as a model transformation problem and describe neces-
sary transformations and intermediate models for developing
RESTful services. Our approach contributes to model-driven
approaches by deriving REST information from choreogra-
phy diagrams in a semi-automatic way. In contrast to these
approaches, our approach is based on the BPMN choreog-
raphy standard, which specifies business interactions from a
global perspective to derive REST skeletons with implemen-
tation details.

Second, our approach relates to the ideaof bridging thegap
between the business process choreography with its under-
lying orchestration system. With this regard, Decker et al.
[27] propose an extension of BPEL web service composi-
tion standard [28] for closing the gap between composition
and choreographies. The aim of the BPEL4Chor extension
is to orchestrate process choreographies by integrating exist-
ing BPEL service orchestrations. BPEL4Chor is a bottom-up
approach and it is based on web services standards like
SOAP and WSDL [29]. Opposite to that, we take a top-
down approach for deriving RESTful interactions. Another
approach establishes the relation between BPMN and REST
[9]. The author suggests that a part of a business process, per
se, can be published as a REST resource.While this approach
focuses on the internal behavior of the participant involved
in a RESTful interaction, we focus on the global perspec-

→ POST /rms.example.org/CFP HTTP/1.1
{“OrganizerName” : ”John”,
“OrganizerId” : ”John42",
“ConferenceId” : ”cn16",
“PaperSubmissionDeadline” : 07-12-15,
“AcceptanceNo�fica�on” : 16-02-6,
“CameraReady” : 25-03-16,
“SubmissionLink” : “h�p://rms.example.org/
paper”}

←201 Created
Loca�on : h�p://rms.example.org/CFP/42

→ POST /rms.example.org/paper HTTP/1.1
{“AuthorNames” : [
{“name” : ”Adria�k”,
“surname” : “Nikaj”},
{“name” : ”Fabian”,
“surname” : “Pi�ke”}]
“PaperTitle” : ”Semi-automa�c Enrichment",
“SubmissionTime” : 01-12-15,
“NumberOfPages” : 15”}

←201 Created
Loca�on: h�p://rms.example.org/paper/12

Fig. 5 A concrete skeleton instance of RMS implementation
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tive, which allows reasoning about the allowed interactions
at the implementation level. Moreover, the added value of
this work consists in providing a semi-automatic methodical
approach to derive RESTful choreographies from original
business process choreographies.

<>Third, our approach is part of a broader context of busi-
ness process to execution transformations. In [30], Mendling
et al. show how BPEL process definitions can be derived
from a global WS-CDL [31] model for each participant of
the choreography. Moreover, this derivation is fully autom-
atized for certain blocks and semi-automatized for those
blocks whose context plays an important role. Similarly,
Ouyang et al. propose in [32] a set of techniques to translate
BPMN models into BPEL. The automatic translation does
not impose structural restriction on the source BPMNmodel,
and the targetmodel is readableBPEL code. Transformations
to BPEL also exist from other graph-based process modeling
languages [33,34]. In the same direction as with the previous
work, Weber et al. present a new approach in [35] that makes
use of novel blockchain technology to implement business
process collaboration. Blockchain provides a global compu-
tation infrastructure which can run programs that are referred
to as smart contracts [36]. In [35], smart contracts are derived
from process specifications and deployed into block chains
for executing the process collaboration. However, none of
these approaches makes use of Natural Language Processing
to derive execution artifacts. Therefore, this paper provides
a unique contribution in this way.

6 Conclusions, limitations and future work

The paper defines a semi-automatic approach for deriving
RESTful choreographies from BPMN choreography dia-
grams. The proposed approach is based on natural language
analysis techniques to derive themost suitable REST verb for
the interaction and to generate a REST URI for the derived
REST verb. Choreography-specific labeling style is taken
into account. Our approach was evaluated by developing the
REST Annotator tool and applying it to choreography dia-
grams from different domains. The output of the tool was
assessed by a REST expert. The verb identification is correct
in 89.35% of cases, while the URI is correct in 93.65% of
cases. This work contributes an additional step toward the
research gap between business process choreographies and
their implementation.

Our approach also has limitations, which are grounded in
the imprecise nature of natural language and the capabilities
of the employed language processing tools. This imprecision
is an important cause for several incorrectly identified REST
verbs and REST URIs, which have to be corrected by REST
experts. A particular limitation is related to the labeling style.
If too many nouns are used, it is hard to identify the intended

action and business object. For example, the label application
letter submission would yield PUT letter/applied instead of
the more preferable PUT applicationLetter/submitted.

In future work, we plan to address these limitations by
making use of word sense disambiguation technology and of
behavioral aspects of the choreography diagram.Word sense
disambiguation utilizes external knowledge repositories such
as WordNet [12] or BabelNet [37] together with contextual
information or speech acts [38,39] in order to identify the cor-
rect interpretation of a word. Its usefulness has already been
investigated for process models in [40]. Behavioral aspects
relate to the sequential order of choreography tasks [41].
The fact that only certain sequences and combinations of
messages make sense can be used to describe constraints
that restrict the number of potential interpretations [42]. For
example, if a POST and a GET request have been identified
and the respective choreography task is at the beginning of the
interaction, then it is more likely to be a POST request. In this
way,we aim to improve the accuracy of the proposedmethod.
Furthermore, this approach does not consider messages and
their labeling. Including them may result in an increase of
the URI generation accuracy as the messages describe the
business object passed to the recipient.
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