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Abstract. The paper presents formal description an definition of so called AgileWaterfall (hybrid) approach for adopting both methodologies essentially utilizing the
best prosperities of both. One methodology may not be the only solution for all
projects. The hybrid methodology requires a formal definition in the management
layer and in the development layer. Definitions were given in the form of metamodels
for the management and production layers, respectively. This is the purpose of this
work. The work resulted from the needs of the market because the recipients demand
on one hand to document the requirements and architecture of the application
(Waterfall) and at the same time an effective iterative mode of its implementation
(Scrum/Agile). The main aim of the hybrid methodology is to enable teams to define
requirements and adapt to changing requirements through continuous feedback and
delivery. The hybrid method retains the clarity and tracking system of Waterfall
method, while embracing the adaptability and flexibility of Agile.

1. Initial Information
1.1. First Concept of Integration
Business analysis and release management teams follow the traditional waterfall methods,
while the development and testing team scrum methods in a limited way.

Fig 1. First general concept of integration Waterfall with Scrum
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Water-scrum-fall method employs the traditional waterfall approach for planning,
requirements gathering, budgeting and documenting the project’s progress. When there are
enough details to begin development, the team switches to a timeboxed, iterative version of
Scrum for product development. This method uses agile principles and scrum communication
techniques in day-to-day activities related product development.

1.2 Second Concept of Integration

The second concept is based on the use of the Waterfall cycle (with iterations) for the stages
of Analysis and High Level Design (HLD). As a result of these phases, an architecture
product (high-level business) is created in the form of BPMN models of business processes (1
pool) and the corresponding system process models (2 pool). Processes are decomposed to the
level of business and system use cases. Use Case context diagrams showing the relevant
scenarios are mapped to User Stories, whose design (Low Level Design) and iterative
implementation is done in the Scrum part of the cycle.

Fig 2. Second general concept of integration Waterfall with Scrum
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2. Development Cycle Metamodel
The main metamodel is a typical Waterfall cycle with iterations containing a management
layer (Line: Project Manager, processes: 5.1 Project Initiation / Modification, 5.0 Change
management) and a production layer (Line: Business Analysts Team, processes: 5.2 Business
Analysis, 5.3 HLD Document Development; Line: Quality Manager, processes: 5.4
Validation of the HLD document). These processes can be iterative until the high-level
architecture document is approved by the Quality Manager. The rest of the manufacturing
process takes place in the SCRUM cycle, which is carried out in the process 5.5 Creating
code, testing, implementation (Line: Scrum Team).
Process 5.5 is a typical SCRUM cycle with possible iteration after step 5.5.6 Sprint
Retrospective and after steps: 5.5.7 Performing tests and 5.5.8 Production implementation.
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Fig 3. The main process of development of hybrid cycle sample model
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Fig 4. Typical structure of SCRUM part in Hybrid cycle

4. Data Metamodel in the in HLD design
The business architecture process models presented in HLD also contain a layer of data
presented in the form of a domain logical data model (class model or entity relationship
model).
The figure below represents the metamodel of the domain data model (logical data model)
used to model data in the HLD range and its association (through mapping of artifacts) with
the physical data model (table model) used for modeling low-level architecture (LLD) at the
SCRUM level. In addition, the figure in the form of a metamodel that links the domain model
with BPMN process models.
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Fig 5. Domain data metamodel and its relationships with the process metamodel and physical
data metamodel
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5. Saving Architecture Integrity and Continuity
(Mapping High Level Architecture to the Low Level Architecture)
The continuity and integrity of the architecture between the HLD level and the LLD level,
that is, between the business architecture and the IT architecture, is the mapping of business
architecture artifacts to system architecture artifacts. Such a map is presented in the form of a
cross matrix, where one dimension is the artifacts from the business architecture metamodel
and the other dimension is the artifacts from the system architecture metamodel.
Business architecture in HLD is represented by models in BPMN, while system architecture
in LLD is represented by models in Archimate 3.
The artifact mapping scheme between the two standards is shown in Figure 8 in the form of a
cross matrix. This matrix contains the transition rules between both BPMN standards (models
provided by the Business Analyst) and Archimate3 (models created by the Solution
Architect).

Fig 6. The metamodel of BPMN, as class diagram
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The figure above shows the BPMN metamodel as a class diagram that represents a standard
for modeling business processes. The artifacts of this metamodel represent one dimension of
the cross matrix mentioned above.
The next figure shows the Archimate 3 metamodel as a class diagram. Archimate 3 is a useful
standard for modeling low-level architecture newer than UML.
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Fig 7. The metamodel of Archimate 3, as class diagram
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Figure 8 shows the cross matrix artifacts of metamodels of both standards (BPMN and UML
metamodels) with arrows indicating what elements are mapped to each other.

Fig 8. The cross matrix between BPMN and Archimate3

6. Development continuity (UML – Scrum Continuity)
The hybrid methodology requires a continuity of transition between the product artifacts of
Waterfall parts and the Scrum artifacts. The former represent business and system use cases in
Use Case diagrams, while the latter are so-called Use Stories.
This is shown in the next two drawings (Fig. 9, Fig 10).
Figure 9 shows how to define the so-called Context Diagram, which is to represent the added
value or end-to-end process at the BPMN level at both the business and system level. This
context diagram is then decomposed in detail, presented in the form of the Use Case diagram
in Figure 10.
Individual USE Case from this drawing are mapped (TRACE) to User Story which allows
smooth transition to the SCRUM description level. The relationships between Use Case and
User Story / User Stories are generally N: M relationships.
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Fig 9. Sample of defining the context diagram on the BPMN process level
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Fig 10. An example of mapping business and system use cases to User Story. Context (UC
VIEW) is appropriate to this presented on Figure 9(Context Process View).

7. Architecture Management
Architecture as a product subject to changes (versions) requires management. This is due to
the general concept of IT production management, which is presented in the class metamodel
in Figure 11 and in the process version (in the form of the USE CASE diagram) in Figure 12.
According to this metamodel, the processes in each project can be divided into the following
categories: management, production, control/validation (green color of objects in the
drawing). The stakeholders responsible for these processes are PM (Project Manager) and QM
(Quality Manager) - yellow in the figure. Therefore, the products as the results of the
processes we provide know the management products and production products. In terms of
architecture, these are the HLD and the low-level architecture (red in the figure). Responsible:
Analyst and Architect. The recipient of these products is an internal customer. Both processes
and processes should be carried out in accordance with the appropriate methodology based on
this standards.
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General Management Metamodel

Fig 11. General IT project management (END-TO-END Process-Role-Product) metamodel
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Fig 12. Process metamodel of architecture management presented in the form of a Use Case
diagram
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Repository Metamodel and Architecture Management

Fig 13. General metamodel of Repository Architecture

The figure above represents a general metamodel of an architecture repository suitable for a
hybrid methodology described in this paper.
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