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Abstract Research-oriented software groups are groups
that carry out research on original technology for software.
They also develop prototype software to demonstrate the
proof of concepts of their research. The prototype software
gets more complex and grows rapidly along with the growth
of software technologies. Software documents describing the
characteristics of the software are also diverse, and their
contents are becoming enormous. However, the groups lack
proper documentation on their research and software. The
main reason for this problem is that research documents are
not well managed, even though they have significant influ-
ence on this group and their software. Therefore, a systematic
approach for managing the generated documents is required
on software R&D process. We propose a method that can
reduce poor documentation related to software research and
development. We construct design guideline models based
on the best practices and represent each measurement of
design guidelinemodels by queries of semantics-aware trace-
ability links. Then, we use a semi-automated method to
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assure the conformance ofR&Ddocuments to the guidelines.
Finally, we provide an explanatory guideline for assess-
ment results to explain the detail of the assessment and
provide the advice for the quality improvement in the eval-
uated documents. We evaluated the documents generated
from our previous R&D project to show the applicability
of our method. As a result, our method can help improve the
quality of software R&D project documentation in a short
time.

Keywords Conformance assurance · Relevance link
information model (RLIM) · Traceability · Software
documentation quality · Expert assessment · Design
guideline

1 Introduction

Research-oriented software groups consist of researchers
who study original technologies for software, such as an
algorithm, a program, and a framework, to dealwith the prob-
lem of current software technology. They need to develop
software that contains their original technology for demon-
strating the effectiveness of their studies. In short, a software
project in research-oriented software group has two phases:
research phase and development phase. Since computers and
software are becoming essential in every field, the prob-
lems solved by software are becoming more complex and
diverse. Therefore, studies for solving the software prob-
lems get complicated continuously. Software created by
the groups also has grown significantly in the last few
decades in terms of complexity and size. Consequently, doc-
umentation that explains researchers, requirements, design,
and other features of software becomes large and more
complex.
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However, software projects aiming for original technolo-
gies generally experience poor documentation. There are
several reasons for the documentation; however, the root
cause of this problem is the lack of systemic manage-
ment and maintenance of documents created during research
phases. Two types of documentation are generated during
a project of a research-oriented software group, namely
research documents and development documents. Develop-
ment documents such as software requirement specification
and software design description are documents for imple-
mentation of software. They reflect various aspects of soft-
ware, such as requirements, designs, and testing of software.
These documents have various systemic ways for creating
andmaintaining documents. The contents in these documents
are linked to each other and managed with integrity; there-
fore, they can reflect the characteristics of the software very
well.

On the contrary, the research documents are not generally
maintained in an organized way. Researchers in research-
oriented software groups create and maintain research doc-
uments such as research plans, annual reports, and technical
reports for the research phase of projects. These types of doc-
uments are necessary to the R&D life cycle because they play
important roles in planning and describing research process.
Although the importance of research documents on software
R&D projects for original technology is significant, current
software configuration management schemes mainly focus
on software development documents that describe require-
ments, design, and testing of software. Therefore, the current
techniques cannot consider on research documents in spite of
the importance of research documents. Poor documentation
results and leads to an increase in the technical debt of the
project.

Since the influence of research phase in research-oriented
software group to its software is significant, the problemwith
research documents can result technical debt in variousways,
including the lack of time in development. Therefore, we
considered methods for research documentation in the life
cycle of software configurationmanagement and themethods
for improving the quality of research documents.

Various guidelines including the measures for manage-
ment of software development documents require ensur-
ing traceability of overall documents. Traceability can be
defined as explicit links or mapping that are generated
as a result of transformations (Aizenbud-Reshef et al.
2006). Basically, it does not provide semantics for rela-
tionship. This type of traceability link has a limitation in
understanding the exact meaning between items because
it has limits on the expression of various associations
between items. Therefore, it is difficult to evaluate the
quality measurement and improvement in large collection
of documents with this type of traceability. Thus, several
researches have been conducted so that traceability links

have various meanings for many years. However, trace-
ability links have been mainly focused on development
documentation, especially targets requirement traceability
where relation can be limited.However, it was not suitable for
research documents that the relations between items can be
various.

Therefore, we proposed a relevance link information
model (RLIM) techniques that can present the semantic rela-
tionships and the traceability among research documents
and development documents in an earlier work (Baek et al.
2016b). Unlike development documents that specify pre-
cise requirements, research documents are composed of
abstract and general contents such as research objectives.
Hence, efficient management of research documents cannot
be done with existing software configuration management
scheme. Therefore, we proposed relevance link that defines
the semantics of the traceability link beyond the limitation
of existing traceability techniques and outlined seven seman-
tic and structural rules. Second, we proposed a configuration
management method using the RLIM (Baek et al. 2016a).
This method uses the RLIM to identify the content types
of the documents and maps the corresponding items into
predefined semantic rules to generate relevance links. Next,
it checks the consistency and completeness of the contents
using the generated RLIM. This work is the basis for per-
forming a content-based test of software R&D documents.

On the basis of the studies mentioned above, it is possible
to maintain the integrity and traceability of documents by
carrying out the configuration management of R&D docu-
ments. However, problems, such as missing contents, related
to R&D documentation can occur, since researchers may
have a lack of training on the software documentation best
practices. Therefore, in this paper, we propose a detailed
content-basedmethodology for the assuranceof the quality of
research documentation along with development documents
to address the problems described above. This paper focuses
on the automation of conformance testing for a conformance
assurancemethod between the design guideline and software
R&D documents (Shin et al. 2016). In this paper, we propose
the transformation of metric types to help transformation of
metrics for conformance testing and the detail of how con-
formance testing is conducted.

First, we let researchers generate RLIM with expressing
semantic and structural relationship among the type of doc-
ument contents. Second, we define the structure of design
guidelinemodel (DGM) that plays as guidances formaintain-
ing and improvingqualities of documents.Adesign guideline
model is made for a document type and consists of a goal
model and explanatory guidelines that explain the goalmodel
for user feedback. Next, we create design guideline mod-
els by extracting obligations related to the qualities of R&D
documents from relevant software engineering standards that
reflect the software industries’ best practices.
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Third, we define an automated evaluation method for
checking the qualities of documents. First, instantiation of
RLIM and DGM with actual instances of document collec-
tion takes place. RLIM and DGM are converted into rel-
evance link information and design guideline, respectively.
Then, we transform the design guidelines into relevance links
for automatic document evaluation by converting themetrics,
which are the evaluation targets and the evaluation crite-
ria, to fit our proposed document test system for automated
evaluation. Then, an expert system performs the quality eval-
uation with relevance link information and design guideline.
Finally, the evaluation report is generated, which summarizes
the evaluation result and explains the rationale that the user
can easily understand.

Our proposed method facilitates the securing and mainte-
nance of the quality of research and development documents
as well as ensuring the integrity of contents and traceability
between other documents. Our method also can help users
to carry out research and development of software in a more
efficient way with automated evaluation of documents.

2 Related work

Several standards and works for supporting software docu-
mentation exist (Barker 1990; ISO/IEC 2008; Bourque and
Fairley 2014). Still, poor documentation is one of the major
reasons of technical debt (Allman 2012), and many studies
for improving software documentation have been conducted.
Some automated approaches for analysis and evaluation
of document quality have been proposed (Dautovic et al.
2011; Jain et al. 2009; Thitisathienkul and Prompoon 2015).
Besides, some methods that help minimize time-consuming
tasks for reviewers during review processes and writers dur-
ing document writing processes have been reported (Cyra
and Gorski 2011; Shen et al. 2013; Antonino et al. 2015).

2.1 Software R&D documentation

Software documentation is defined as follows: ‘the design,
planning, and implementation of any interface element, and
a software system to enhance the system’s usability (Barker
1990).’ Software documentation is divided into several cat-
egories on the basis of software processes. The documents
used in a software implementation include a requirements
specification that specifies software requirements, a soft-
ware design specification that describes the design aspects
in detail, and a test design and results report for software
testing (ISO/IEC 2008; Bourque and Fairley 2014).

Research documents do not belong to the categories of
general software documentation defined in software engi-
neering standards. However, these documents are the work
product generated at different milestones during the research

and development process. The research documents include
various types of documents such as research plans and annual
reports. Because the regulations related to the research docu-
ments are not stringent, themetrics for validating the contents
and the qualities of research documents usually differ among
project groups. Therefore, we have identified common doc-
ument types used in various R&D projects and defined
formalized contents (Baek et al. 2016b).

Documents used for software research have different
aspects from development documents. Research documents
are written for researchers’ understanding and for document-
ing research progress. These documents are often specified
as high-level requirements such as ‘research purpose.’ How-
ever, documents used for implementation of software focus
on realizing the requirements in the requirements elicita-
tion. Therefore, in these documents, content is provided in as
much detail as possible to reduce ambiguity. Therefore, some
limitations exist in applying existing software configuration
management techniques to research documents.

2.2 Automated software documentation evaluation

Several studies have been conducted on automated evaluation
of software documentation because analysis and validation
of numerous documents require a substantial amount of
time. Since the elicitation and specification of the software
requirements are the first steps of software development and
unresolved requirements cause technical debt of the develop-
ment phase, many studies have been carried out for ensuring
that software requirements documents are written correctly.

Wilson et al. set specification quality attributes of software
requirements, such as complete, correct ranked, unambigu-
ous, consistent, modifiable, traceable and verifiable. Authors
perform keyword-based analysis and quality measurements
of software requirements (Wilson et al. 1997). They set qual-
ity indicators that can measure quality attributes from their
quality model and determine how often those terms are pre-
sented. This work shows the need for quality control of
software documents and a simple method to improve docu-
ment quality, but it cannot directly evaluate high-level quality
attributes such as traceability.

Jain et al. (2009) proposed a requirement analysis tool that
can analyze and measure the qualities of requirements docu-
ments. The tool uses a controlled natural language approach
for requirements analysis. The tool performs lexical analysis
for conformance of the requirement specification template.
Then, it performs semantics analysis for checking the com-
pleteness with state machines of each requirement. The tool
also generates a helpful message for unfinished specifica-
tions. This work demonstrated the reduction in the time on
review process. However, this method mainly focuses on the
syntax of requirements.
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2.3 Helping documentation review

Several studies have been proposed to help software engi-
neers write software documentation efficiently and to reduce
the effort of regulators in a regulatory review during regula-
tory conformance process. This is achieved through the use
of templates that reflect the best practice for software doc-
uments or by automatically providing the relevant contents
when reviewing documents.

Dautovic et al. (2011) proposed an automatic check-
ing method of overall software development documents.
This method proposes a visitor pattern to traverse document
contents and simple rule-checking mechanism for quality
measurement. However, the rules they created concentrated
on the structural and formatting aspects of the document.

Cyra and Gorski (2011) defined a Trust Case template that
specifies the requirements of the standard and explains how
it should be accomplished by the evaluators and the stake-
holders of the software, using various data including relevant
standards and reference documents. This method first col-
lects development documents and uses them as evidence for
the Trust Case template to assess and achieve compliance
with certain software standards. The method then provides
guidelines for achieving compliance with the standards by
providing the Trust Case template to stakeholders of software
development.However, in thismethod, only the conformance
to the software development standard is evaluated. Therefore,
consideration for supporting research activities is insuffi-
cient, and there is a burden to create a trust case with separate
tasks from documentation itself.

Shen et al. (2013) proposed a mechanism that utilizes
traceability information to help regulatory process of safety
critical software. They represent traceability of documenta-
tion with a simple linked list instead of a complicated graph.
They proposed a traceability mechanism to the regulatory
review process. However, they did not consider the evalua-
tion of document quality and did not consider explanatory
guidelines.

Antonino et al. (2015) suggested parameterized safety
requirements templates for ensuring traceability throughout
software documentation in the safety-critical system domain.
They used controlled natural language to avoid ambiguity
and a safety requirement decomposition pattern, which is a
model-based structural guideline, for safety requirements.

In summary, the above methods cannot be used directly to
solve theproblemswepresented. First, automated approaches
for document evaluation mainly focus on requirements spec-
ification. In addition, these methods also concentrate on the
quantitative quality of the documents. Therefore, consider-
ing the semantics of documents is restricted. In the case
of supporting review and documentation methods, research
documents are not considered in the management life
cycle.

3 Conformance assurance of research documents

We have adopted the following approaches for assurance
of conformance between the design guideline and software
research documentation. First, since most of the software
standards require traceability, our method adopts a model-
driven traceability approach for presenting the relations
between document contents. We use semantics-aware trace-
ability for representing research and development documents
to relevance link information.

Second, we define design guideline model that becomes
criteria for evaluating the qualities of documents. A DGM is
composed of a goal model and explanatory guidelines that
explain the evaluation criteria to users. Then, we develop
design guideline models on the basis of various software
engineering standards to provide proper knowledge of the
software best practices to our method. In this step, we extract
related obligations from related software engineering stan-
dards. The extracted requirements are expressed as an expert
goal model for the purpose of visualization and direct mea-
surement of software R&D documents. Furthermore, we
transform the metrics of the goal model into expressions of
semantic and structural rules for automatic evaluation with
less user effort.

Third, the evaluation of documents is performed. Inst-
antiation of RLIM and DGM is conducted first. RLIM
and DGM are transformed to relevance link information
and design guideline that consist of actual contents of the
documents on the software R&D project, respectively. The
conformance to design guideline is checked in an automated
manner using an expert system, which is a rule-based system
that can check design guideline on the relevance link infor-
mation constructed on the first step. However, because the
expert system has difficulty in semantic analysis, we check
the semantic rules of the relevance links using a separate val-
idation module. After the evaluation, the test system creates
a report of results and adds expert assessment guidelines to
help users understand the results of the evaluation. Finally,
we present a series of explanatory guidelines to explain the
criteria of the evaluation to users.

3.1 Relevance link information model

Traceability is defined as the ‘ability to establish links
between source artifacts and targets’ (Aizenbud-Reshef et al.
2006). This attribute is essential for every software engineer-
ing standard. However, the existing traceability information
model does not support association relations with various
meanings because the definition of a relation is confined
to requirement-based traceability. A trace link indicates a
transitive relationship while research documents have non-
requirement contents and nontransitive relations (Baek et al.
2016a). The relations that do not specify its meaning are
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Fig. 1 An example of RLIM

appropriate with development documents which have solid
contents for implementation; however, they are inappropri-
ate with research documents because the contents may not
be matched directly to each other.

Therefore, we extended the existing trace link to create
a relevance link (RL) to overcome above limitations (Baek
et al. 2016a). An RL is composed of two principal compo-
nents: corresponding items that are two configuration items
having a relationship to each other and the relevance rule
that is the type of the relation between the two configuration
items. We defined the total of seven relevance rules to repre-
sent structural and semantic relationship between the items
on software R&D documents. In other words, a relevance
link is a mapping between two corresponding items and a
relevance rule.

Figure 1 shows an example of the RLIM with two
documents types, namely the R&D plan and the software
requirements specification (SRS). Each document has three
configuration item types. Three RLs can be found in this
example. In RL1, the corresponding items are configuration
item 1 on the R&D plan and configuration item 5 on the
SRS. Furthermore, the relevance rule of the link is SE-SC,
which stands for the semantic sufficient condition. SE in the
relevance rule means ‘semantic,’ that is, the two items are
related semantically. Also, the ‘SC’ stands for the target item
which includes the contents of base item. Therefore, the tar-
get item includes the contents of the base item semantically.
For example, a final goal includes its subgoals semantically.

In RL2, the two configuration item types have an ST–EC
relationship. ‘ST’ means ‘structural’ and ‘EC’ means ‘effi-
cient’ in this case. Therefore, it stands for the structurally
efficient condition that the target item includes the base item
structurally. For example, a chapter named ‘current status
of technology’ may include recent technology advances and
intellectual properties relevant to the technology.

This model can be used for tracking and managing
configuration items of research documents. The researcher
identifies the document types to be managed as reference
document types. Then, the researcher identifies relationships
as relevance rules among the configuration items of the ref-
erence document types. The relevance link information is

constructed in this process. We use this information to eval-
uate the integrity, quality, and traceability of research and
development documents.

3.2 Design guideline model

We propose design guideline model (DGM) that reflects the
knowledge of best practices in software development and
measures conformance to the knowledge directly. A design
guideline model contains some objectives to be achieved, a
goal model consisting of questions and metrics, test meth-
ods for evaluating metrics, and guidelines for describing the
rationale of the test.

We first defined the structure of expert assessment goal
model. The goal model has a combined structure of a goal,
question, metric (GQM) model (Basili et al. 1994), and the
goal structuring notation (GSN) (Kelly and Weaver 2004)
for satisfying the expression of the structure of referenced
standards and direct measurement of quality metrics.

Figure 2 shows the structure of the goal model for the
example of automotive domain. In Fig. 2, Fig. 2a shows
the GSN structure of the proposed goal model, and Fig. 2b
shows the GQM structure of the proposed goal model. The
GSN structure in Fig. 2a mainly focuses on the method of
achieving the ultimate goal. In this case, the ultimate goal is
the safety assurance of R&D artifacts. Context 1.1 and 1.2
explain the contexts of safety assurance. Strategy 1.1 shows
the method of achieving the ultimate goal and providing
appropriate descriptions of relevant documents. The justifi-
cation shape next to Strategy 1.1 justifies the rearrangement
of common requirements and the elimination of nonrelated
requirements for the context. Goal 2.1 and Goal 2.2 show
the subgoals from Strategy 1.1, and the subgoal is providing
a proper description of each document presented in Context
1.2., and each subgoal is divided to solutions. For example,
Goal 2.1 is divided to four solutions, namelydescribing safety
culture nurturing, safety plan, item description, and hazard
analysis and risk assessment.

Figure 2b shows GQM structure of Solution 1.1. Each
solution from Fig. 2a has a similar measurement structure to
that in Fig. 2b. Figure 2b shows what is the solution to be
achieved in the first level. The questions on the second level
present the questions to confirm that the solution is achieved.
The metrics on the lowest level are metrics to answer the
above questions. Setting a proper question is not a trivial task;
therefore, we match each question to subsections presented
on the relevant standards. Each component of the structure
is explained below.

– Ultimate goal: define the ultimate goal that the project
has to achieve.

– Strategy: define strategies required for achieving the ulti-
mate goal.
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(a) (b)

Fig. 2 Proposed goal model a GSN structure of proposed goal model, b GQM structure of proposed goal model

Table 1 Extracted requirements from relevant software engineering standards

R&D general Automotive Medical device

Target documents Software R&D plan, software requirements specification

References IEC 12207, ISO 26262, IEC 62304,
Korean NRF R&D document template

ISO 26262-2,3,6,8 IEC 62304

Extracted requirements 29 Items 28 Items 23 Items

– Justification and context: facilitate the elimination of
irrelevant requirements and ensure the legitimacy of the
defined goals and strategies.

– Subgoals: define the target documents to be managed.
– Solution: define an appropriate solution for each docu-
ment.

– Question: define questions that need to be answeredwhen
checking whether the solution is obtained.

– Metric: definemetrics that need to bemeasured to answer
the question.

Then, we extracted the requirements that the target doc-
uments must comply with international software standards
in three different domains. This was done by extracting
all requirements about the target documents from the rele-
vant guideline first and then removing the requirements not
related to the R&D phase. We also rearranged the common
requirements on multiple standards to general guideline. The
following results were obtained after extraction. Table 1 lists
the extracted requirements for softwareR&Dplans and SRSs
in three domains: general R&D, automotive, and medical
devices domains. We referenced the IEC 12207 standard and
document templates provided by Korean National Research

Foundation for general software R&D, ISO 26262-2,3 and
26262-8 for automotive software, and IEC 62304 formedical
devices (IEC 2006; ISO/IEC 2008; ISO 2011a, b, c, d).

We define the expert evaluation guideline to help users
in better understanding of the procedure and the measure
of the evaluation. We defined the sentence structure on the
basis of the Easy Approaches to Requirement (EARS) tem-
plate (Mavin et al. 2009) and Rupp’s template (Pohl and
Rupp 2011) and the result of a software message research
(Fagan et al. 2015) to present clear and helpful messages for
researchers and developers. Figure 3 shows the structure of
the expert guidelines.

In Fig. 3, we explain the source of the metric first. Sec-
ond,we indicate the degree of themetric being adopted.After
that, the correspondingmetric name is presented. Further, we
present the target document name of the metric. Then, if the
metric is valid for a specific situation, we add the condition
that the metric is valid. Finally, the goal of the metric is pre-
sented. With this structure, the guidelines are automatically
generated.

Then, we define the test methods for each metric. The
evaluation method of the metric is constructed through the
following method for efficient evaluation. First, we clas-
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(a)

(b)

Fig. 3 Expert guideline structure and example

sified the types of the metrics as ‘Y/N,’ ‘SEMANTIC’
and ‘TRACE.’ Then, the evaluation ranges of the each
metric are classified as shown in Table 2. We referenced
the evaluation model shown in Kim et al. (2015) at this
stage.

As shown in Table 2, theY/Nmetric can bemeasured sim-
ply by checking for the presence of the target item. However,
evaluating the semantic metrics is impossible by checking
the existence of the target item solely because this type of
metrics needs the measure of conformance to its targeted

semantics; therefore, the result of semantic analysis on the
target element is required.

In this case, a validation module analyzes semantics on
the target item. Finally, there is a trace metric that the target
element is related to other items and needs to be compared
to other items. In this case, we first check the presence of
the target content, and then, we check the relevance link.
Then, the validation module checks the confidence score of
the relevance link’s semantic rule.

All metrics are transformed to rules that evaluated auto-
matically. The transformed metrics to rules are defined as a
query for certain relevance links or contents of documents.
Figure 4 shows some examples of the transformed metrics.
There are three metrics presented in this example. Each met-
ric has conformance criteria.Wecan convert the conformance
criterion to a trace query. In the measurement for assessment,
RLIM (t1, ci1, t2, ci2, rr) means a relevance link that has
corresponding items t1 from ci1 and t2 from ci2 with the
relevance rule rr. Ele(x) means the element type of x is Ele.
For example, the first guideline has conformance criteria that
have no conflict on a trace link between two items; therefore,
it checks the presence of two items and relevance link; then,
it checks conflict between the links.

Table 2 Metric types and conformance evaluation procedure

Metric type Description Evaluation procedure

Y/N A metric type only requires the existence of certain
configuration items

1. Check the existence of the target item

SEMANTIC A metric type requires the existence and semantic
analysis of the target content

1. Check existence of the target item

2. Semantic analysis of the target content by the
validation module

TRACE A metric type requires a relation check between the
target item and other configuration items

1. Check the existence of the target item

2. Validate the relevance link of the target item

3. Perform semantic analysis of the relevance link by
the validation module

Fig. 4 An example of transformed metrics
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(a) (b)

(c) (d)

Fig. 5 Procedure for content-based conformance testing a RLIM instantiation, b DGM instantiation, c semantics analysis, d content-based
document conformance testing

3.3 Content-based conformance testing

A system checks if the target documents comply with DGM
on this step. This process requires the contents and RLIM of
the target document and DGM. Then, it produces the eval-
uation report of the test. We define the three components of
the testing system as follows.

– Test controller: handles user interaction and the overall
system regarding RLIM, DGM instantiation, or test exe-
cution.

– Test execution engine: includes an expert system for rule
assessment and knowledge base for the expert system.

– Validation module: validates the semantics of required
relevance links or document contents.

Figure 5 shows the overall procedure for conformance
testing. This process consists of the following four steps.
First, the instantiation of RLIM occurs. Then, the DGM
instantiation process takes place. Next, the validation mod-
ule performs semantic analysis. Finally, conformance testing
is executed. Through this series of processes, the evaluation
report is generated.

In the beginning of the test execution, the RLIM and the
DGM of target document types are instantiated to be defined
to the actual documents (a)(b). The RLIM and the DGM are
instantiated and inserted into the knowledge base on the test

execution engine. The knowledge base with disambiguated
contents was built on the basis of Sanna et al. (2015).

First, RLIM instantiation is executed (a). This step started
with the identification of the current documents from the
project context and its contents. The RLIM shows the created
model, and this is defined by document type. Since RLIM is
generated for each document type, it needs to be redefined for
the actual instances on the project. Defined RLs are copied
for each instance of the target document types as shown in
Fig. 5a. If no instance for a defined RL exists, the RLmarked
as inappropriate. As a result, relevance link information is
created and inserted into the knowledge base of the test exe-
cution engine.

Figure 6 shows the procedure of RLIM instantiation. The
input is ProjectContext which is the list of documents of the
project and the RLIM defined for the document types. the
output is relevance link information defined for the Project-
Context. This procedure processes every RLIM defined by
user. In a RLIM, it finds the documents from ProjectContext
with types of base and target item. Then, it generates RLs for
existing document instances of the project.

After that, an instantiation of the DGM is performed as
shown in Fig. 5b. A design guideline and its metrics can be
selected by considering the project domain, the user’s selec-
tion, and the progress of the project. The design guideline
in Fig. 5b is also defined by the document type and rede-
fined for the project context. Therefore, the context of the
project used in Fig. 5a is obtained, and the actual document
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Algorithm 1 Instantiate RLIM for ProjectContext
Input:

ProjectContext - the list of documents of the project
RLIM - the RLIM defined for the document types

Output:
RLI - the RLI defined for the ProjectContext
RLINum - the number of created RLI

1: procedure InstantiateRLIM
2: begin
3: for seq = 0 to sizeof(RLIM) do
4: rl ← RLIM(seq)
5: dB ← getDocOfType(rl.baseItem)
6: dT ← getDocOfType(rl.targetItem)
7: for bSeq = 0 to sizeof(baseSeq) do
8: for tSeq = 0 to sizeof(targetSeq) do
9: RLI[Rseq] ← RLIM(dB[bSeq], rl.ci1, dT[tSeq], rl.ci2, rl.rr)

10: Rseq ← Rseq + 1
11: RLINum ← Rseq
12: end

Fig. 6 Algorithm of RLIM instantiation

Algorithm 2 Instantiate DGM for ProjectContext
Input:

ProjectContext - the list of documents of the projectd
DGM - the DGM defined for the document types

Output:
DG - the DG defined for the ProjectContext

1: procedure InstantiateDGM
2: begin
3: for each DGM do
4: metrics ← getMetricModel(DGM)
5: for each metrics do
6: Initalize mSeq to 0
7: if metric.MetricType = ’TRACE’ then
8: rlim ← getRLIM(metric.rlim)
9: instatiateRLIM

10: mseq ← mseq + 1
11: else
12: dT ← getDocuTypeOf(metric.targetRdTypeId)
13: cT ← getDocuTypeOf(metric.targetConfItemId)
14: for seq = 0 to sizeof(dT) do
15: if metric.MetricType = ’SEMANTIC’ then
16: reqSemanticAnalysis(dT[seq].cT)
17: Insert a rule for checking dT[seq].cT to metric.EvalProc
18: mTotal = mTotal + 1
19: Update DGM score rule for the number of mTotal metrics
20: end

Fig. 7 Algorithm of DGM instantiation

instances are identified. Metrics are created according to
this project context. Metric calculation formulas are updated
according to the number of identical metrics generated. As
a result, the defined metrics are inserted into the knowl-
edge base of the test execution engine, and the test script is
generated.

Figure 7 shows the procedure of DGM instantiation. The
input is ProjectContext which is the list of documents of
the project and the DGM defined for the document types.
The output is design guideline defined for the ProjectCon-
text. This procedure processes every DGM defined by users.
Then, it conducts the instantiation ofmetrics embedded in the
design guideline model. The instantiation of metrics depends
on the type of the metric. If the metric is ‘TRACE’ type,

the RLIM for the metric is instantiated. If the metric is
‘SEMANTIC’ or ‘Y/N’ type, the rule of checking metric
is updated for the all documents of the project. In the case
of ‘SEMANTIC’ metrics, the content that is the target item
of the metric is enlisted on the semantic analysis request
queue.

Third, semantic analysis that occurs is shown in Fig. 5c.
Since there is a limitation on analyzing semantics with an
expert system, an external validationmodule verifies the gen-
erated relevance links and the contents that require semantic
information. In Fig. 5c, the content with a dotted outline and
all relevance links are the target of semantic analysis. After
the analysis, the result shows that the content complies with
its desired semantics and the RL2′ and RL3′ are not valid
according to their defined semantic rules. As a result, seman-
tic information is inserted as new rules on the test execution
engine.

Finally, the engine runs a conformance test in Fig. 5d.
The conformance testing shown in Fig. 5b demonstrates the
visualization of the test. The relevance link information is
shown as the contents with blue color, and the design guide-
line is shown in the red line for the relevance links and the
shapes with transparent fill and red outline for the item exis-
tence and semantic analysis. The design guideline requires
each of the two content instances from the documents and the
relevance links RL1 and RL2 in Fig. 5. Therefore, we intu-
itively know that RL2′ is not satisfied and other measures are
satisfied.

In actual tests, the engine executes the test script created in
Fig. 5b, and all the instantiated metrics are evaluated in this
stage. After the test execution, the metric score is updated on
the existing test script. The engine calculates the total score of
the test and the score for each design guideline. Furthermore,
it imports the expert guideline from the DGM and inserts
it into the test report. As a result, the engine generates an
evaluation report.

4 Application

We conducted a preliminary experiment to verify the effec-
tiveness of our method from a project we conducted pre-
viously. First, document types of interest were transformed
into the RLIM. We let researchers to build the document
RLIM manually for the best accuracy of the assessment at
this time. Figure 8 shows the RLIM that researcher created.
We set the document types of interest to the R&D plan and
the SRS. Then, we identified each configuration item on both
document types. In this step, each parent section has an ST–
NC relationship to its child items. Finally, we let researchers
make relevance links to configuration items if the researchers
thought those items had relations.
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Fig. 8 An RLIM that researcher created for preliminary evaluation

Table 3 Result of preliminary application

Target document Design guideline Evaluation rating Conformance level

Software Research goal, motivation and trends 0.67 Acceptable

R&D Plan Organization description 0.88 Good

Proper competence for R&D process 1.00 Good

Research strategy 0.83 Good

Risk management 0.00 Poor

Software Software requirement description 0.22 Poor

Requirement Requirement analysis 0.33 Marginal

Specification Requirement testability 0.00 poor

As regards the conformance level, Poor is (0.00, 0.24),Marginal indicates (0.24, 0.49), Acceptable indicates (0.50, 0.74), andGood indicates (0.75,
1.00)

Weused the generalR&Dgoalmodel for the design guide-
line. We selected seven solutions as the design guideline for
assessment. The seven solutions have a total of 74 metrics.
The solutionswe selected are shown inTable 3.Then,we con-
ducted the assessment using our proposedmethod. The result
of the assessment displayed is shown in Table 3. Besides,
the explanatory guidelines are given in Fig. 9.

Table 3 shows the assessment result of our preliminary
application. Users receive an evaluation report in this form.
This table shows the evaluation results of the target docu-
ments with the selected design guideline, evaluation rating,
and conformance level. The software R&D plan is well

written generally. However, We found problems related to
the risk management process on the software R&D plan.
We also found that the SRS written is of very low qual-
ity with respect to requirement specification, analysis, and
testability. In this case, the ambiguity of defined require-
ments can be the problem when implementing the software
from the requirements specification. Therefore, we need to
improve the quality of the SRS for improving the R&D
process.

Figure 9 shows an example of the detailed results of the
evaluation results and guidelines for explanation of the eval-
uation. We provide users with detailed information about the
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Fig. 9 Details and guidelines for evaluation results

detailed results of the evaluation and expert guidelines that
explain what should be focus in documentation to provide
useful feedback to users. The title shown on the top is the
design guideline that measured conformance. Each item in
the middle is the metric which is the minimum unit of evalu-
ation. The comment below is the explanatory guidelines. We
found that liability allocation is not properly specified in this
evaluation.

5 Conclusion

In this paper,weproposed a content-basedmethod for confor-
mance assurance between software research documents and
design guidelines. We first extracted the design guidelines
from software standards. Then, we transformed the guide-
lines into rules for automatic evaluation. We then used an
expert system to evaluate the conformance of rules obtained
from the guidelines. Then, we applied our method and this
shows the applicability of our method. With our method, we
expect that the quality of the documents as well as the trace-
ability between research documents will improve in a way
that conforms to the best practices related to the software
R&D life cycle. We expect an improvement in the docu-
ment quality of research groups developing software and a
reduction on the time of document quality evaluation with
our proposed method. In future works, we will improve the
expert guidelines so that it ismore helpful to allow advice dif-
ferently depending on the content of the item. we also extend
the goal models for more document types such as software

design specification, software test specification, test report,
and technical report.
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