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Abstract In recent years, researchers have become increasingly inter-
ested in developing frameworks and tools for searching business process
model repositories. While research on searching structured repositories
has been extensive, little attention was dedicated to searching business
process content within unstructured repositories, such as the Web. We
demonstrate why current search technologies are not useful for extract-
ing process content from the Web, and explain the core reasons for the
deficiency. We then express the requirements for a framework that could
overcome the presented shortcomings.
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1 Introduction

Business Process Models (BPMs) are considered an important mine of organiza-
tional knowledge, and therefore are a major source for searching and retrieving
operational and enterprise related data [18].

Researchers have become increasingly interested in developing methods and
tools for retrieving information from business process repositories [3,14,19]. While
research on searching structured repositories has been extensive, little or no at-
tention was dedicated to searching business process content within unstructured
repositories, such as the Web. Such repositories are constantly becoming more ex-
tensive, and are accessible to a wide user population through search engines.

Two common methods for retrieving information from a repository are query-
ing and searching. Querying is aimed at retrieving information using a struc-
tured query language. The significance of querying business processes has been
acknowledged by BPMI1 that launched a Business Process Query Language
(BPQL) initiative. Searching, on the other hand, allows information retrieval
using keywords or natural language and was shown to be an effective method
for non-experts.

Research in the field of business process retrieval has mainly focused on se-
mantics and structural similarity analysis techniques [3,15,4,11]. Using these
frameworks one can retrieve process models that either contain semantically
1 Business Process Management Initiative, http://www.bpmi.org/
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related components (e.g. activity names with a specified keyword) or match
a requested graph structure: e.g. that presents a sequence of activities. While
these methods can be applied on structured process repositories, it is practically
impossible to apply them on the unstructured Web.
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Fig. 1. An example of search results for “how to claim a tax refund”

In order to illustrate why semantic search is not adequate for process retrieval
from unstructured repositories, we will present a motivating example, as follows.
Consider an employee interested in finding out “how to claim a tax refund.”
An expected outcome of this retrieval request would be a process model that
represents the order of activities that one should follow in order to achieve the
required process goal, as illustrated in Fig 1a. The benefit of such a retrieval
framework is that the result is ready for execution. Without any preliminary
knowledge of the underlying repository structure, the user can receive a full-
fledged process model.

The retrieval output is related to the search phrase in operational terms.
For example, Fig 1a provides a segment that is not similar semantically to the
search phrase text. Specifically, all three search phrase terms (“Claim”, “Tax” and
“Refund”) are not represented by any of its activities. Such “how-to” questions
are hard to fulfill using common query languages due to the complex logic that is
embedded within such questions [4] and especially without specific knowledge on
process structure and activity naming. Therefore, using querying techniques on
the Web, would yield a list of data items (e.g. Web pages, or media items) with
semantically similar titles, as illustrated in Fig 1b. Such outcome does not tell
the user “how-to” fulfill the process goal in a structured and operational manner.

In this work we present the key deficiencies of semantic business process
search. We demonstrate the current shortcomings using examples from top four
search engines.

The rest of the paper is organized as follows: we present related work in
Section 2, positioning our work with respect to previous research. In Section 3
we present the major shortcomings of current Web search engines in extracting
process data. We discuss future research elaborations and conclude in Section 4.
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2 Related Work

Related works include query and search techniques in BPM. Works such as
[16,17,4,2,7] query business process repositories to extract process model (graph)
segments. Such methods require prior knowledge of the structure of the process
repository and the exact notation that is used to express it. Therefore, they are
not adequate for search on the Web that should work well even without prior
knowledge regarding the process repository.

Keyword search on general tree or graph data structures can also be applied
to process repositories [10,8,9]. These methods allow users to find information
without having to learn a complex query language or getting prior knowledge of
the process structure. Therefore, this method is also applied by leading business
process management (BPM) software vendors, such as ProcessGene2, SAP3, Or-
acle4 and others. Some works extend the tree and graph keyword search methods
to support a more intuitive interface for the user by enabling searches based on
natural language [13,12]. According to [1], the straightforwardness of a natural
language makes it the most desirable database query interface. The retrieved in-
formation in both keyword and natural language search methods is in the form
of single process model components such as activities and roles that are seman-
tically similar to the searched phrase. These techniques are merely relevant to
process search on the Web, since in this case (a) users are seeking to receive
a complete process; and (b) the expected process result is usually not related
semantically to the search phrase, but rather operationally.

The work in [14] extends the above line of works. This work supports the
retrieval of complete process segments by applying dynamic segmentation of the
process repository. The search result is a compendium of data (a segment of a
business process model) related to the operational meaning of the searched text.
Nevertheless, as all other works, this method relies also on a process-structured
database, and cannot work “as is” on an unstructured repository, such as the
Web.

Another line of work focuses on automatic construction of process data on-
tologies. The work in [5] proposes a query-by-example approach that relies on
ontological description of business processes, activities, and their relationships,
which can automatically be built from the workflow models themselves. The
work in [6] automatically extracts the semantics from searched conceptual mod-
els, without requiring manual meta-data annotation, while basing its method on
a model-independent framework. The work in [14] automatically extracts and
uses the operational layer (the “how-to”) and the business rules encapsulated
in a process repository. Such automatic ontology extraction techniques are im-
portant for analyzing data encapsulated in the Web. Nevertheless, the current
research literature is based solely on process-flow structured repositories and not
on unstructured repositories such as the Web.

2 http://www.processgene.com
3 http://www.sap.com
4 http://www.oracle.com

http://www.processgene.com
http://www.sap.com
http://www.oracle.com
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3 Key Deficiencies of Semantic Business Process Search

Current Web searches are based on keyword queries and semantic similarity
lookups. This makes data extraction relatively easy and simple for users. Never-
theless, and as demonstrated in Section 1, it is practically impossible to extract
processes from the Web using current semantic search engine technology. This is
an inherent material weakness that in our opinion presents a significant barrier
for the evolution of Web usability.

The main search engines (e.g. Google5, Microsoft Bing6, Yahoo7, Ask8 and
others) are still at experimental, initial phases of enabling Web process-searches.
For example, recent R&D efforts of Google yield lists of “how to” instructions for
very limited process sets. For instance, when searching in Google “how to issue an
invoice,” a set of related documents and media is retrieved, without any process-
formatted results, as illustrated in Fig. 2. However, in some cases, we identified
initial attempts to retrieve instruction-based results for certain “how to” queries.
These results are presented before the standard Google search results, within a
dedicated frame, in a list-format, which is a first step in aiming to retrieve and
present process-flow formats. This presentation is still at a preliminary phase
as Google requests users’ feedback regarding the quality of these instruction
lists. An example of such a list resulted from the search phrase: “How to take a
screenshot from Windows” is presented in Fig. 3.

Besides these attempts to present somewhat process-driven results, we note
that standard search results for “how-to” or “process-driven” queries are very lim-
ited, again due to the aforementioned material weakness of semantic search. We
sampled the top 4 search engines (Google, Bing, Yahoo and Ask) with the fol-
lowing examples of process-search scenarios, as presented in Table 1. As demon-
strated, current search technologies cannot provide adequate results. We included
not only business process but also personal process queries as we believe that
the size and amount of data presented in the Web will also extend the scope of
process related searches beyond the domain of BPM.

Clearly, these results encompass a large, unstructured, set of data with a low
level of usability:

– Results are not presented in standardized process notations - nor in basic
flowchart formations. Therefore, practically, for the end-user, it is not possi-
ble to deduct an actual process from search results.

– It is not clear what the required steps are and what is the order of activities
for achieving the process goal.

– It is also not possible to assess the quality and relevance of the suggested
results from an operational viewpoint - as ranking is based on semantics and
not on operational characteristics of a process.

5 https://www.google.com
6 http://www.bing.com
7 https://www.yahoo.com
8 http://www.ask.com

https://www.google.com
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https://www.yahoo.com
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Fig. 2. An example of search results for “how to issue an invoice”

Fig. 3. An example of list-formatted search results for “how to take a screenshot on
Windows”
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Table 1. Examples of process-search scenarios using current Web search technologies

Hence, these samples along with the elaborated example presented in section 1
demonstrate current process-search deficiencies and the need for an alternative
framework that will support such Web searches.

Finally, in order to estimate the demand for such a solution we ran targeted
Web queries using Google’s keyword planner9 and Bing’s Keyword Research
tool10. These tools aim to monitor, on an ongoing basis, the frequency in which
any certain keyword (or an ordered group of keywords) is submitted. It turns
out that “how-to” related keywords are searched over 5.5 million times every
month by Google and Bing together, as demonstrated in Table 2. As of July
2014 Google and Bing hold over 73% of the search engine market11. Therefore,
an extrapolation of the above results to the rest of the search engines brings us
to over 7.6 million “how-to” related searches per month, and over 91.4 million
such searches per year.

Table 2. Number of “how-to” related searches per month (August, 2014)

Keyword Google Bing Total
“how to” 450,000 4,683,152 5,133,152
“steps for” 170 0 170
“process” 135,000 0 135,000
“procedure” 74,000 75,449 149,449
“list of activities” 1,600 80 1,680
“checklist” 74,000 0 74,000
“flowchart” 60,500 2,997 63,497
“process flow” 4,400 0 4,400
Total 799,670 4,761,678 5,561,348

9 https://adwords.google.com/KeywordPlanner
10 https://www.bing.com/webmaster/diagnostics/keyword/research
11 According to Netmarketshare, http://www.netmarketshare.com/

search-engine-market-share.aspx?qprid=4&qpcustomd=0

https://adwords.google.com/KeywordPlanner
https://www.bing.com/webmaster/diagnostics/keyword/research
http://www.netmarketshare.com/search-engine-market-share.aspx?qprid=4&qpcustomd=0
http://www.netmarketshare.com/search-engine-market-share.aspx?qprid=4&qpcustomd=0
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Apparently, there is a relatively high demand for such queries, and despite
this large target market there is no feasible solution for conducting these process-
driven searches.

4 Conclusions

In this work we presented the key deficiencies of semantic business process search
within the Web. The need for unstructured search capabilities exists not only for
organizations, but also for a large audience of individuals that seek an accessible
solution for “how to” queries. As future work, we propose to structure a frame-
work that could overcome the shortcomings of existing search technologies within
unstructured repositories. Such a framework should describe: (1) how to extract
full-fledged process models out of unstructured repositories; (2) a process-based
ranking and relaxation mechanisms. In addition, it will be required to provide
an applicative case study and experiments to measure the efficiency of the pro-
posed framework. It is hoped that by expanding search and query capabilities
of processes within the Web, users will be able to extract operational knowledge
more simply and efficiently.
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