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Abstract. The V-Model 97 is a widely used process model in Germany
and Europe. It is the development standard for IT-Systems of the Fed-
eral Republic of Germany and the basis of Austria’s and Switzerland’s
corresponding standards. Software process assessment and improvement
efforts world-wide are based on the Capability Maturity Model (CMM)
for Software. We present a detailed evaluation of the V-Model 97 based
on the key practices of the CMM. For each key process area of the
CMM we identify the strengths and weaknesses of the V-Model 97. While
project-related issues are covered well by the V-Model 97, organizational
aspects leave room for improvement. The algorithm specified by the
CMM Appraisal Framework sees the V-Model 97 at level 1 whereas a
BOOTSTRAP-based algorithm results in a more appropriate rating of
level 2.


1 Motivation


During the last 15 years different groups published – official or de-facto – stan-
dard software process models. More and more commercial software development
organizations use one of these process models as the foundation of their de-
velopment process. Increasingly, these organizations are faced with the need to
assess and improve their development processes. Here, too, a number of stan-
dards exist. To select the appropriate standard process model, to prepare for
a standardized process assessment, and to improve their development process
organizations need to know the strengths and weaknesses of their process and
the expected performance in an assessment. The maintainers of a standardized
process model can also use this information as input for further versions of the
standard.


In Germany and Europe the V-Model 97 (V-Model1) is a widely used pro-
cess model. It is the current version of the development standard for IT-Systems
of the Federal Republic of Germany. Its use is compulsory in IT-projects with
the German federal administration. The Capability Maturity Model for Software
(CMM), developed by the Software Engineering Institute (SEI), is the root of
1 In this paper, “V-Model” is used to refer to the V-Model 97 and “CMM” is used to


refer to the Capability Maturity Model for Software Version 2.0 Draft C.







most efforts for software process assessment and improvement. Many of the or-
ganizations working with the V-Model have started software process assessment
and improvement efforts or are awaiting them. An evaluation of the V-Model
process based on the CMM, the world’s de-facto standard for software process
assessments and improvements, can generate valuable input for both, users and
maintainers of the V-Model.


The term “evaluation” is used instead of “assessment” throughout this paper.
An assessment as defined in [1] appraises the state of the software process in
an organization and is usually based on questionnaires and interviews. This
evaluation determines the state of a software process as described in a set of
documents without considering an organizational implementation. It is based
on a mapping between the elements of a process model (the V-Model) and a
reference model (the CMM). However, the purpose of both, assessment and
evaluation, is the same: to identify strengths and weaknesses of a process and to
generate input for improvement.


In this paper, we present a detailed evaluation of the V-Model. The evalu-
ation is based on the practices of the CMM. We briefly describe the relevant
characteristics of the V-Model and the CMM in Sect. 2. Next, in Sect. 3 we ex-
plain the approach taken for the evaluation. General aspects of the V-Model
and the CMM, that are not covered by that approach, are compared in Sect. 4.
Then, in Sect. 5 the strengths and weaknesses of the V-Model are identified and
compliance of the V-Model with the CMM is evaluated for key process areas,
key practices common to key process areas, and maturity levels. The results are
validated with the CMM-based assessment procedure of Siemens AG. Finally,
the results are discussed in Sect. 6 and a conclusion is drawn in Sect. 7.


The evaluation [2] was carried out in a cooperation with the Institut für
Informatik (Dept. of Computer Science) at Technische Universität München and
the corporate technology division of Siemens AG, Munich.


2 Background


In this section we give an introduction to the V-Model 97, the Capability Ma-
turity Model for Software, and Siemens Process Assessments. Due to space con-
siderations the introduction can only be brief. For additional information please
refer to the literature given in the references.


2.1 The V-Model 97


The V-Model 97 [3] is the second released version of the standard for carrying out
IT-projects with the German federal government authorities. Austria’s IT-BVM
[4] and Switzerland’s HERMES [5] standards are based on the V-Model as well.
Mappings to other standards (ISO 9000 family [6][7], ISO 12207 [8], MIL-STD-
498 [9]) are provided. The V-Model covers software development and optional
software/hardware co-development. The V-Model is available in German and
English versions from the official web site of the V-Model [10].
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Fig. 1. Submodels and selected activities of the V-Model


The standard consists of three parts. The first part describes the activities
to be performed and the products resulting from these activities. A collection
of manuals provides information on selecting an appropriate life cycle model,
process tailoring, assignment of roles, etc. The second part describes the methods
to be used to perform the activities. Functional tool requirements are contained
in the third part.


Activities and products are arranged in four submodels. Development is per-
formed according to the submodel system development. Both, quality assurance
and configuration management activities are grouped into submodels of their
own. Project management -related activities and products are contained in the
fourth submodel. Figure 1 shows the submodels and selected activities of the
V-Model.


2.2 The Capability Maturity Model for Software


The Capability Maturity Model for Software [1] is a well-known reference model
for assessing and improving the software development process. Its first version
was developed by Watts Humphrey at the SEI in 1987. The latest version avail-
able is version 2.0 draft C [11]. Work on version 2.0 has been stopped to integrate
several capability maturity models into a coherent framework, the Capability
Maturity Model Integration (CMMI). Draft 0.2 [12] was released in August 1999.
Nevertheless, CMM version 2.0 draft C is being widely used for software process
assessments and improvements. Therefore, that draft was used as the basis of
this evaluation.


In the CMM, five maturity levels characterize the process capability of an
organization. With the exception of the first (the lowest) maturity level, a num-
ber of key process areas describe what is expected at a certain level. Some key
process areas are concerned with organizational issues, others are relevant for







individual projects. Each key process area contains several goals. How these
goals can be reached is explained in key practices. The key practices are grouped
into five common features. While some key practices are unique to the relevant
key process area, others are common to most or all of the key process areas.
The unique practices guide the implementation of activities to reach the goals
of a key process area. The common practices are concerned with their lasting
institutionalization.


2.3 Siemens Process Assessments


The importance of processes in software development was recognized early within
Siemens AG. As a result a company-wide “Software Initiative” [13] was founded
and Siemens corporate technology division started assessing and helping to im-
prove the software development processes within the business units at Siemens
AG. For this purpose, a standardized assessment procedure, a questionnaire,
and an associated set of templates for the resulting documents were developed.
Siemens Process Assessments [14] are based on the CMM and the BOOTSTRAP
algorithm [15]. The focus of Siemens Process Assessments is the identification of
improvement measures.


Siemens AG adapted the source models to suit its needs. For this purpose,
additional questions were introduced regarding, for example, hardware develop-
ment or patents. The questions are grouped into 15 process areas. Each question
is assigned to a maturity level from two to five. The questions are answered and
evaluated using the four-point scale and rating algorithm of the BOOTSTRAP
approach.


While there is no one-to-one relationship between process areas of the Siemens
Process Assessment and key process areas of the CMM, the assignment of ques-
tions to maturity levels is the same. Questions that go beyond the CMM are
clearly marked.


3 Approach


The scope of this evaluation is the process as it is described in the original
documentation of the V-Model [3]. Organizational implementations of the V-
Model are not rated.


In most process assessments the compliance of the assessed process with some
kind of reference model is investigated. Often, process assessments are based
on questionnaires. These questionnaires are used as a guideline to cover the
important aspects of the underlying reference model and enable an experienced
assessor to come up with a qualified judgement on the strengths, weaknesses,
and the maturity of the process in the assessed organization. However, there is
a danger that the structure and some details of the reference model are hidden
by the questionnaire. To grasp all details and retain the structure of the CMM,
its key practices, and, if applicable, their sub-practices are selected as the basis
for the evaluation in Sect. 5.







However, some aspects of the V-Model cannot be covered by an evaluation
based on the key practices of the CMM. These are more general aspects like, for
example, origin or life cycle-independence. These are compared on a qualitative
basis in Sect. 4 rather than evaluated quantitatively.


In the evaluation, for each key practice or sub-practice the corresponding
elements of the V-Model (i. e., activities, products, manuals, methods, and func-
tional tool requirements) are documented. On this basis, the compliance of the
V-Model with each key practice or sub-practice is rated. The original question-
naire used for assessments at the SEI employs a two-point rating scale. While
two-point scales seem to have advantages in interrater agreement [16], four-point
scales allow for a more detailed judgement. In assessments for selecting a con-
tractor, interrater agreement is an important criterion. However, the focus of
this assessment is on the identification of strengths and weaknesses of the V-
Model. For this purpose a four-point scale seems more appropriate. Therefore,
the four-point scale of the BOOTSTRAP algorithm (weak or absent =̂ 0%, basic
or fair =̂ 33%, significant or strong =̂ 67%, extensive or complete =̂ 100%) is
used in the rating process. Aggregated ratings are calculated as the average of
the individual ratings to avoid artificial weightings.


The key practices in the CMM can be divided into two groups: those unique
to a certain key process area and those common to a number of key process areas.
The key practices in the “activities to perform” common feature are – with the
exception of the first key practice – unique to the relevant key process area. All
other key practices are common to all, the organizational or the project-related
key process areas. This is used to structure the ratings of the key practices. The
ratings of key practices unique to a key process area are grouped by key process
area (i. e., one group per key process area). The ratings of key practices common
to all key process areas are grouped by key practice (i. e., one group per key
practice). This way, commonality between key process areas can be exploited in
the assessment whereas their specific characteristics are preserved.


4 Comparing general aspects of the V-Model and the
CMM


In this section general aspects of the V-Model and the CMM are compared
qualitatively that cannot be covered by the quantitative evaluation in Sect. 5.


4.1 Origin, Approach, and Scope of Application


The first versions of both the V-Model and the CMM were created to attack time,
budget, and quality problems in large military software projects. The approach
taken is different. The V-Model is a prescriptive process model – contractors
of the German federal administration generally have to follow that model. The
CMM on the other hand is to be used as a guide for assessing government
contractors. There is no binding minimum maturity level for contractors, the
results of the assessment are one of several selection criteria [17].







Much supporting material is available for software process assessment and
improvement with the CMM. Although the V-Model was not designed for that
purpose and does not provide any support, user surveys indicate that it is being
used for continuous process improvement [18].


The focus of the V-Model is an individual project. Only few organizational
aspects are covered by the V-Model. The CMM focuses on project issues at level
2 but at level 3 and above organizational aspects are at least equally important.


The V-Model is an integrated process model for developing hardware/soft-
ware systems. The CMM covers only software-related aspects. Other capability
maturity models exist for systems development (see [19]) but are less compre-
hensive for software issues.


Safety and security play an important role in the V-Model. The CMM does
not provide any support for these aspects. Specialized capability maturity models
were created for developing security systems [20] but are separate and not in
conjunction with the CMM.


4.2 Features


In the V-Model, submodels can be exchanged in part or as a whole with so-called
operative modules described in the collection of manuals. In a reengineering
project the system development submodel would probably be replaced by a
submodel for reengineering. In the CMM, the exchange of key process areas
might compromise the validity of the maturity level rating resulting from an
assessment [21].


The descriptions of the activities and products in the V-Model are generic,
i. e. they are described once but implemented as often as they are performed or
produced. In the CMM key practices which are to be performed in several key
process areas are described separately in each key process area. Templates are
used for these descriptions. The current draft 0.2 of the CMMI makes use of
generic activities.


Both models are life cycle-independent. The V-Model favors incremental de-
velopment. The collection of manuals also contains information on other life
cycles.


Neither the V-Model nor the CMM imply a specific organizational structure.
The CMM suggests some organizational units, for example a software engineering
process group.


The CMM and the V-Model define a number of roles performing the software
engineering process. Only in rare cases does the CMM specify which role should
perform a specific task. The concept of the V-Model is more elaborate. A separate
manual assigns roles to all activities. Participation of a role can be responsible,
cooperating or advising.


The CMM gives some advice on the content of work products. The V-Model
specifies all products resulting from the activities including their structure and
contents.







5 Results of the Evaluation


In this section the assumptions and the results of the quantitative evaluation
of the V-Model are described. General aspects of both models are compared in
Sect. 4.


5.1 Assumptions


External support for the V-Model is available in many ways. A change control
board for the V-Model is institutionalized by the German federal authorities. A
web site provides an introduction, an electronic version and a list of frequently
asked questions (FAQ) on the V-Model. A mailing list answers questions not
covered by the FAQ. Training and consulting is offered by various vendors. The
V-Model even has a user group, called ANSSTAND e. V. [22], which, for exam-
ple, organizes annual meetings to share experiences among V-Model users. But
because the V-Model has no activities performing or roles responsible for pro-
cess management this support is not guaranteed to take effect in an organization.
Therefore, these activities are not taken into account in this evaluation.


Descriptions of activities and products in the V-Model are generic. Plan-
ning, for example, is described once but done for all activities performed in
the V-Model. To avoid rating of institutionalization of activities that are not
implemented properly, upper limits are defined for the ratings of common key
practices. If the average rating of the unique key practices of a certain key process
area is below 50%, the common key practices are rated at most strong (67%).
If the rating of the unique key practices is less than 25%, the rating is limited
to basic (33%).


5.2 Strengths and Weaknesses at Key Process Areas


This section lists the key findings of the evaluation grouped by key process areas.
A general statement indicates strength or weakness of the V-Model with respect
to a key process area. Key practices that deviate significantly in their rating
from that of the key process area are stated. The detailed results can be found
in [2].


Most key practices of the requirements management key process area are
covered well by the V-Model. Weaknesses in the V-Model are reviews of require-
ments and of the effects of changes to the requirements by those affected.


A good correspondence between V-Model and CMM can be seen in software
project planning. Coordination of planning, metrics, and estimates of computer
resources are the only weak points in the V-Model.


Coverage of the key practices of software project control is split. Whereas
project progress is reviewed and risks are monitored, there is no tracking of
size estimates in the V-Model. Furthermore, the weaknesses of the previous key
process area continue here.


In software acquisition management, the CMM is more detailed than the V-
Model. The coverage is the weakest at level 2. There are no reviews of technical







or management issues with the supplier nor periodic evaluations of the supplier’s
performance in the V-Model.


A separate submodel results in good coverage of software quality assurance in
the V-Model. The products and methods of the V-Model go beyond the CMM.
However, no regulations for resolving deviations in the performance of activities
exist in the V-Model. In addition, deviations detected during product or process
assurance activities that cannot be resolved locally are not escalated.


For software configuration management there is a separate submodel in the
V-Model as well. Apart from software configuration management audits, the V-
Model shows no weaknesses here. The rating is second-best of all key process
areas.


Organization process focus is weak in the V-Model. There are no software pro-
cess assessment or improvement activities nor an organizational learning process.
Only the deployment of software process assets is covered to some extent.


Some of the sub-practices in the organization process definition key process
area are concerned with activities for creating and managing a process model.
The V-Model is the result of such activities but that process itself is not covered
in the V-Model. Therefore, only those sub-practices for which the coverage can
be determined by inspecting the result of the process can be fulfilled by the V-
Model. The key practices regarding the organization’s process model, software
life cycles, and process tailoring are moderately covered. A software measure-
ment database and a library with software process related documentation are
mentioned in the functional tool requirements of the V-Model but no detailed
regulations are found.


In the V-Model there is only one activity related to the organization training
program key process area. Training is provided as needed by the project team but
training requirements for roles do not exist. Additional, more advanced criteria
of the CMM are not fulfilled.


The key practices regarding the project’s software process and project risks in
the integrated software management key process area are covered well by the V-
Model. In contrast, coordination of the project with the rest of the organization
is weak, as is management of training project staff.


Software product engineering is performed in the system development sub-
model (with some complements in the quality assurance and configuration man-
agement submodels). CMM and V-Model match well in the early phases. Later,
both models have some weaknesses. The V-Model gives no details on user doc-
umentation and product support is only mentioned briefly while the CMM does
not state integration as a separate task.


V-Model and CMM have different views on project interface coordination.
The scope of the V-Model is the project as a whole whereas the CMM sees itself
as the software part of a larger project. Therefore, the CMM emphasizes coordi-
nation and communication aspects where the V-Model provides little guidance.
This leads to a weak coverage in this key process area.


Peer reviews are among the most important quality assurance methods in
the V-Model. The result is the best rating of all key process areas.







Although the V-Model provides some support for reuse the CMM goes far
beyond that in the organization software asset commonality key process area.
Reuse of components is considered in the system architecture in the V-Model’s
system engineering submodel. However, there are neither activities for evaluation
of the components on their potential for reuse nor for feedback on the use of
common software assets.


In the V-Model, basic metrics on effort, schedule, cost, errors, and changes
are collected. But no advanced metrics are derived and no quantitative models
of process performance are built. Accordingly, the rating of the organization
process performance key process area is relatively poor.


In this key process area the CMM expects the use of the data and models of
the previous key process area for statistical process management. The weaknesses
of the previous key process area continue here. Process management is performed
only as a comparison between planned and actual figures. Historical data or
quantitative models are not used. The rating of this key process area is slightly
better than that of the previous one.


Defect prevention is performed regularly in the quality assurance submodel
of the V-Model. But because the translation of suggestions into practice is not
required by the V-Model, the analyses might have no effect. Furthermore, the
effects of measures are not tracked.


Neither organization process & technology innovation nor organization im-
provement deployment are covered by the V-Model.


Figure 2 illustrates the average ratings of the V-Model for the unique key
practices of each key process area.


5.3 Strengths and Weaknesses at Common Key Practices


This section lists the key findings of the evaluation grouped by common key
practices. Again, a general statement indicates strength or weakness of the V-
Model; key process areas that deviate significantly in their rating are stated. For
details please refer to [2].


In general, no policies are given in the V-Model as are required by the CMM
for each key process area. Only in rare cases can products fulfill some of the
relevant criteria.


Sponsorship only applies to organizational key process areas. The V-Model
does not contain any corresponding regulations.


Activities which are prescribed by the V-Model are also planned. Therefore,
this key practice is usually covered as far as the coverage of the specific key
practices of the relevant key process area allows for (cf. Sect. 5.1).


Funding, people, and tools are provided for the activities in the V-Model.
As a result, the requirements of the resources key practice are fulfilled as far as
possible.


The same applies for the assignment of responsibilities. The V-Model has a
separate manual detailing the assignment of roles to activities. Project members
are assigned to their roles during project planning.
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Fig. 2. Average ratings of the V-Model for the unique key practices grouped by key
process areas


Training is provided as needed by the project members. No required training
is defined.


A perform key practice emphasizes the practical implementation of each key
process area. As stated in Sect. 3, this key practice is not rated.


Basic metrics to gain insight into the process performance are collected and
analyzed with simple tools in the V-Model. However, because of its well-designed
structure the V-Model is ideally suited for the introduction of additional metrics
and analysis methods.


How process assurance is done is assessed in the software quality assurance
key process area. What activities are subject to process assurance is stated in
this key practice. In the V-Model, process assurance is mandatory only in rare
cases. The requirements of the CMM are not fulfilled here, but this could be
changed easily.


A further key practice states what products should undergo product assur-
ance. While for products of the system engineering submodel quality assurance
is obligatory, it is optional for most other products in the V-Model. Therefore,
the rating here is not as good as it could be.


Senior management reviews and project manager reviews are held in the V-
Model. The project is assessed technically and economically. Not covered are
conflicts and issues escalated and appropriate corrective action.
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Fig. 3. Average ratings of the V-Model for the common key practices


Figure 3 illustrates the average ratings of the V-Model for the key practices
common to several key process areas. The perform key practice is not rated and,
therefore, not shown in the figure.


5.4 Aggregation into Ratings for Maturity Levels


By aggregation of the ratings of all key process areas in each maturity level we
can obtain ratings for the maturity levels of the CMM. At level 2, 62% of the
criteria of the CMM are fulfilled by the V-Model. At level 3 the rating is 32%.
Level 4 is weakest at 10% with level 5 being slightly better at 12%. The ratings
of the V-Model for the maturity levels are shown in Fig. 4.


The algorithm for calculating the overall maturity level of a process specified
by the SEI in the CMM Appraisal Framework (CAF) [23] is rather strict. To
reach a certain maturity level, the goals of the key process areas at that and all
lower levels must be satisfied. As the V-Model shows weaknesses at level 2 (for
example, in the software acquisition management key process area) it is rated a
level 1 process by this algorithm.


5.5 Validating the Results with the Siemens Process Assessment


For the validation of the results obtained by rating the key practices of the
CMM, all questions of the questionnaire used for Siemens Process Assessments
which relate directly to the CMM are answered for the V-Model. Additional
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Fig. 4. Ratings of the V-Model for the maturity levels


questions specific for the Siemens approach (regarding, for example, hardware
development or patents) are not rated and thus do not influence the results.
The questions were rated and evaluated using the four-point scale and rating
algorithm of the BOOTSTRAP approach.


As stated in Sect. 2.3 there is no one-to-one relationship between process areas
of Siemens Process Assessments and key process areas of the CMM. Therefore,
the ratings of the process areas are not given here. However, the assignment of
questions to maturity levels is the same as in the CMM. Here, a comparison
makes sense.


The results are encouraging. In general, the same strengths and weaknesses
are identified in the V-Model. Moreover, the aggregated ratings of the maturity
levels correlate well with those stated in Sect. 5.4. At level 2 the rating is 68%.
At level 3 it goes down to 38%. Level 4 is weakest again at 8 % and level 5 is at
11%.


The BOOTSTRAP-based algorithm used for Siemens Process Assessments
gives an overall maturity level of 2 for the V-Model.


6 Discussion


The V-Model was created as a development standard for individual projects.
Separate submodels for system development, quality assurance, configuration
management, and project management are provided.


Accordingly, here are the strengths of the V-Model. In the CMM key pro-
cess areas requirements management, software project planning, software project
control, software quality assurance, software configuration management, inte-
grated software management, and software product engineering the V-Model
can achieve ratings above 50%, often above 70%. Reviews are rated best at
more than 80%.


Among the project-related key process areas at levels 2 and 3 of the CMM,
only software acquisition management and project interface coordination are
weak.







Organizational aspects are hardly covered by the V-Model. The reason is
that the V-Model was designed to be included in contracts for projects and not
as a process model for an organization.


Having said this, external support for some organizational issues is avail-
able (see Sect. 5.1). If the V-Model included a role and activities for process
management in an organization, the external support would be guaranteed to
take effect in the organization and ratings in the organization process focus and
organizational process definition key process areas would improve.


Other organizational issues like training, reuse or quantitative modeling of
processes require more effort for improvement in the organization.


The focus on projects is reflected in the ratings of maturity levels as well.
Level 2 of the CMM contains project-related key process areas only. The V-
Model can fulfill more than 60% of the requirements. At level 3 focus shifts
to a coherent standard process for the organization with the projects tailoring
that standard process according to their needs. Here, the V-Model is rated only
slightly above 30% but with good potential for improvement. Statistical process
control is the main theme at level 4 of the CMM. While the V-Model does not use
metrics extensively its structure is well suited for that purpose. Quantitatively
controlled process improvement which is the level 5 focus of the CMM is not
covered at all by the V-Model. The non-zero rating of level 5 results only from
the defect prevention key process area.


The algorithm of the CAF rates the V-Model a level 1 process. The CMM
characterizes a level 1 process as being “ad-hoc” and “chaotic” with few processes
defined and project success depending on individual project members [1].


Carrying out a project according to the V-Model should ensure a smooth run-
ning with repeatable success. At DaimlerChrysler Aerospace, Defense and Civil
Systems division, an integrated development process based on the V-Model was
introduced in cooperation with Siemens corporate technology division. All four
piloting projects were in time and below budget. A positive return on investment
is expected in the second year of the improvement project [24].


However, it is not guaranteed by the V-Model as is that this success is taken
to the organizational level. This is the typical characteristic of a level 2 process.


Therefore, the level 2 rating calculated by the BOOTSTRAP-based algorithm
of the Siemens Process Assessment seems to be more adequate than that of the
CMM Appraisal Framework.


This confirms earlier results [25] of a less detailed evaluation of the V-Model
92 with a questionnaire based on version 1 of the CMM.


7 Conclusion


The V-Model provides a strong basis for carrying out software development
projects but leaves much room for improvement in organizational aspects. Al-
though CMM and V-Model have different cultural backgrounds, there are no
regulations in the V-Model contrary to the CMM.







Siemens AG plans to specify modifications to the V-Model based on these
results. These modifications could be included in organizational implementations
of the V-Model or might even find their way into a future version of the standard
V-Model. This would be one step further on the way to making the V-Model a
CMM-compliant process.
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