Model Based [system] Architecting and Software Engineering

Software Engineering Models: 
During the development of a large software system, many stakeholders will be involved in defining, developing and eventually running the system.  Each stakeholder views the system from his own perspective depending on his role and degree of involvement in the system development and operation. As in Figure1, system acquirers may view the system from the point of its purpose/objectives and business case, cost and schedule. While users views include the system behavior and maintenance.  Developers’ views include cost/schedule, architecture, and development methodology. 

A view is a collection of models that share the property that they are relevant to the same concerns of the stakeholder.  For example, a behavior view collects all the models that define what the system is going to do. Development methodology view represents the models that will guide the development of the system. 
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Figure1 System Views 

Each stakeholder associate his view(s) with the success elements that he believes are important to accept the product. As an example, acquirers for large software systems are demanding reduced development time, lower development cost, increased reliability and standards compliance. Users are demanding applications compatibility, high levels of service, and involvement. Developers are demanding more money and flexible schedule, fixed requirements, use of generic COTS, and development process.  Achieving these requests require a reduced error rate during the product development life cycle through early error detection, thereby reducing the rework cost and avoiding delivery delays. 

As these demands vary from one project to another with the goal is to balance these requests and complete the system on time, within budget, and gain its stakeholders acceptance, application of models throughout the development life cycle will become mandatory. Models of increasing faithfulness will allow complete compliance of the stakeholders’ demands throughout the development life cycle.  
Software system developers use models to better understand the user needs and the system to be built, develop candidate solutions, and validate their decisions. Different kinds of models are built to help focus on the appropriate set of questions that need answering in order to find the most reliable and cost effective solutions and to qualify the system against its stakeholders’ views. Software engineering models can be classified into four main categories: process, product, property, and success. Figure 2 shows a subset of commonly used software engineering models classified into their respective category. 

Software system developers use a myriad of process models to create software. Among the most popular, waterfall model, evolutionary development model, spiral development, rapid-application development, adaptive development, and many others. Product models include various ways of specifying operational concepts, requirements, architectures, designs, and code, along with their interrelationships. Property models define the desired or acceptable level and permissible trade offs for project factors such as cost, schedule, performance, reliability, security, portability, evolvability, and reusability. Success models include correctness, stakeholder win-win, business-case, or other approaches such as IKIWISI (I’ll know it when I see it). 
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Figure 2 Software Engineering Models
Nature of Software Engineering Model-Clashes:

During a software system development life cycle, stakeholders use models either explicitly or implicitly. The models used by stakeholders come from various sources. Some models may be imposed by laws or regulations such as Government acquisition processes. Some models may be imposed by business conventions, such as return on investment. Some models may be imposed by the problem domain such as using certain software architecture or certain COTS. Some models are used because a developer may be an expert in using them. Typically, multiple models are used within a software project, but usually the compatibility of assumptions within and between these models are often not assessed
The problem of software models inconsistencies is not new. From the product models perspective, Software engineering community realized the problems of requirements inconsistencies, architecture style clashes, and structure clashes   From the process models perspective, waterfall model shortfalls have been identified and newer process models emerged such as RAD and Spiral process models. From the property models side, software economics is being used to come up with better cost and effort estimates though there is no software cost estimation package exist that can exactly come up with 100% estimates.  From the success models side, the software system acquirers may demand more functionality without allocating enough budget or longer time frame to develop the system. 

Table 1, Examples of model-clashes between the different models.
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Informal definition of Model-Clash:
Model-clashes occur when the models’ underlying assumptions are incompatible. Assumptions’ inconsistencies, contradictions, omissions, unsoundness, and over specification can cause the incompatibilities.

1. A model-clash caused by inconsistent assumption(s) happens when:

· An assumption(s) is/are changed after agreeing on them. As an example, stakeholders agree to have fixed requirements but at some time in the project they demand changes to the original requirements. 

· The same name is used to denote two different model elements (e.g. domain-entities and system-components, [internal and external] increments)

· Two different names are used to refer to the same model element (e.g increment and build), unless explicitly defined as equivalent synonymous.
2. Contradictory Assumptions: A model-clash caused by contradictory assumptions happens when a model’s own assumptions are contradictory or different models assumptions are contradictory. As an example, using Waterfall and COTS models together will cause a model clash since the Waterfall model assumes requirements are known before implementation but the COTS model assumes the available product implementation influence new system requirements. 

3. Assumption(s) Omission: A model-clash caused by assumption(s) omission happens when one or more a model’s key assumption is/are missing. As an example, a model-clash between a product and success models occurs when assuming a system will support one hardware platform but to generate enough revenues, it should support multi-platform. 
4. Unsoundness: A model-clash caused by unsoundness happens when an assumption ends to be not true. As an example, assuming a certain COTS will meet a certain performance levels, but during the production stage, expected performance levels were not reached. 

5. Over-specification:  Over specification model clash happens when model assumptions are exaggerated. As an example, demanding a 99.9% system uptime will over specify other models assumptions to meet such demand. 

Introduction to MBASE

Model-based [System] Architecting and Software Engineering (MBASE) is an approach that integrates the process, product, property and success models for developing a software system. Figure 3 shows a subset of MBASE guidelines models that are used by the project stakeholders to develop the following system definition elements concurrently and iteratively (or by refinement) using the MBASE integration framework and MBASE guidelines.  

1. Operational Concept Description (OCD)

2. System and Software Requirements Definition (SSRD)

3. System and Software Architecture Description (SSAD)

4. Life Cycle Plan (LCP)

5. Feasibility Rationale Description (FRD)

6. Construction, Transition, Support (CTS) plans and reports

7. Risk-driven prototypes

The system development life cycle passes by three critical milestones: Life Cycle Objectives (LCO), Life Cycle Architecture (LCA), and the Initial Operating Capability (IOC). At each milestone, stakeholders review and commit the project artifacts before moving to the next milestone.
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Figure 3 MBASE Guidelines’ Models (partial)
A software project models definition begins as soon as the project starts. The models set size increases as the system development life cycle moves from one milestone to another. Figure 4 shows a general view of number of models created within a typical project development time frame.  With this in mind, how can we guarantee the consistency of the models created as part of the project?

MBASE answer this question by either using MBASE integration Framework and/or  using MBASE guidelines models, which are discussed below.
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Figure 4: Models Definition over the Project Life Cycle

MBASE Variants and Invariants
MBASE systems engineering is intentionally very broad in order to encompass a broad spectrum of projects large and small.  Within the MBASE superset, there are five elements, the model integration guidelines that are universal for all MBASE projects. These elements are called invariants.  Additionally, there are elements of MBASE , the process and method guidelines, which are categorized as variants, and  can be adjusted according to particular project parameters (team size, application scope, etc.).  

The Five MBASE Invariants

MBASE framework consists of five main elements that are considered complementary and must be used during the system development life cycle. The main goal of using the framework is to assure the consistency of the models used by the project. 

1. Defining and sustaining a stakeholder win-win relationship throughout the system’s life-cycle.  Achieving stakeholder win-win involves getting the stakeholders to clarify, understand, and reconcile their success models.  This activity drives the choice of the project’s process, product, and property models.

· MBASE activity strives to create and organize a project that achieves stakeholder win-win objectives.

· System boundaries scope the project’s authority and responsibility, and clarifies the win-win objectives.

· The life cycle provides appropriate scope to the project’s duration; this scope is influenced by the project’s authority and responsibility.

2. Ensuring that the content of MBASE artifacts and activities is risk-driven.

Usually risk-management skills take years to acquire.  The major challenges are learning how to recognize and deal with particularly risky personal tendencies and external constraints.  These include:

· A desire to please, which leads to risky over commitments.  

· A tendency to focus on a single criterion (budget, schedule, performance, features, correctness) at the risk of seriously underemphasizing others.  

· Inappropriate solution paradigms, such as “Do the easiest parts first, and the hard parts will get easier.”  This works fine for crossword puzzles, jigsaw puzzles, and some simple computer programs.  But the strategy, “Let’s do the easy parts first, and add fault-tolerance and computer security later,” has been a consistent failure.

· Risk-insensitive progress metrics, such as “finish the requirements by Day X (even if they haven’t been verified for feasibility);”  “Drive down the number of problem reports as fast as possible (do the easiest first).”

An MBASE project uses a risk-driven model, based on the spiral model, in order to achieve critical success conditions and to avoid wasting effort.  The risk criterion is the best way for a project to determine “how much is enough” specifying, prototyping, reusing, testing, documenting, reviewing, etc.  

3.  Using the LCO, LCA, and IOC Anchor Point milestones.  

These milestones represent fundamental stakeholder life cycle commitment points analogous to the real-life commitment points of getting engaged, getting married, and having your first child.  If the project fails to address or satisfy such commitment points, it will fall into such tar pits as analysis paralysis, unrealistic expectations, requirements creep, architectural drift, COTS shortfalls and incompatibilities, unsustainable architectures, traumatic cutovers, or user-less systems.

Implicit in the identification of the Anchor Point milestones as invariants are their constituent elements and associated reviews and pass/fail conditions.  Thus, for LCO and LCA, the essential content of an Operational Concept Definition, Requirements Definition, Architecture Definition, Life Cycle Plan, Key Prototypes, and Feasibility Rationale are included, as are the LCO and LCA Architecture Review Board reviews and their Feasibility Rationale-based pass-fail criteria.  For IOC, the essential content of the IOC deliverables for software, personnel, and facility preparation are included, as are the Transition Readiness Review, Release Readiness Review, and their associated pass-fail criteria. 

This does not imply that these all need to be separate events or definition documents.  For a Fourth-Generation application, the project has committed to the 4GL infrastructure’s architecture, and the project can merge its LCO and LCA packages and reviews.  For simple systems or upgrades, the project may choose to integrate its OCD, SSRD, and SSAD.

4. MBASE Dynamic Integration Framework:
Figure 5 shows the process framework within which stakeholders express their initial desired success models, and proceed to adjust these and their associated product, process and property models to achieve a consistent and feasible model set to guide the project and its stakeholders. The actual process generally takes several iterations, and requires intermediate checkpoints. Figure 6 shows the MBASE extension of the original spiral model to include stakeholder win-win model negotiation and common anchor point milestones: key life-cycle decision points at which a project verifies that it has feasible objectives (LCO); a feasible life-cycle architecture and plan (LCA); and a product ready for operational use (IOC).
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            Figure 5: Process Framework                   Figure 6: MBASE Spiral Model

MBASE dynamic Integration Framework supplies a technique that guide stakeholders in avoiding the project model clashes as they define them dynamically over the course of the system development. As shown in Figure 11, the method concurrently uses MBASE Models Interaction Process and MBASE Spiral Model. 

MBASE Dynamic Integration Process: 

Identifying stakeholders’ win-conditions early in the product development life cycle is a key to achieving a successful project. Agreements generated from those win conditions will contribute to the project’ success models set and will narrow the product domains that need to be explored. The project success models entry and exit conditions will constrain the choice of both the process and the product models. In turn, chosen process models will guide the development of the product models and provide parameters for the property models. The property models will use those parameters for evaluation and analysis and provide measures for the success models. The measures provided by the property models are compared against the success models elements and may lead to repeating the sequence again if model clashes still exist. The process generally takes several iterations, and requires intermediate checkpoints. 

5. MBASE Static Integration Framework.  

Models relationships impose constraints among the project models. During the process of models integration, those constraints are verified to guarantee compatibility between the different models. 
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Figure 7 MBASE Static Integration Framework
Success - Product models relationship

The success models’ product evaluation criteria focus the stakeholders on assessing the product elements that will satisfy those criteria. 

As an example, a success model for an organization that has a strategic partnership with a specific hardware vendor is to continue using the vendor hardware. This success model will provide product evaluation criteria for the system to be built. The product evaluation criteria may eliminate certain COTS that may not run on the vendor platform and may constrain the available tools that may be needed to develop the system.    

Example: MBASE Models: 

Assume a company wants to implement a new system to achieve certain goals as specified by figure 6. A developer will use these goals as product evaluation criteria for the organization background. In another way, the organization has to have the infrastructure to achieve the product benefits. 
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Figure 8

Increasing sales and improving customer support service require an organization with the infrastructure needed to achieve those goals. An outdated network and badly managed inventory will prevent the company from improving service and increasing revenues.   

Success – Process models relationship:  

Different success and process models suite different projects. Stakeholders may choose using a single or multiple process models during the product development life cycle Regardless of the process model(s) chosen, the project success models provide the entry and exit criteria for the chosen process model(s) development life cycle phases.  

As an example, If a Waterfall model is chosen as the life cycle development process, the project success models will provide the entry and exit criteria of each one of the Waterfall model life cycle phases. The entry criterion for the design phase is the completion of the requirements phase and an approved requirement document generated during the requirement phase. The exit criterion of the design phase is an approved detailed design specification for each requirement identified in the requirement document and an approved design document. In a Phased Development process model, success models will specify the entry and exit criteria and the nature of delivered artifacts per system build. For a Quality Management model, success models will provide entry criteria such as quality standards per development phase and the exit criteria based on satisfying those quality standards.    

Example: MBASE models

Project goals and constraints success model set the entry and exit criteria for the system priorities process model. Limited budget and schedule will be used as a criterion to prioritize the core system requirements that can be completed within the given time frame. Other process entry and exit criteria will be used to verify if the start and end dates per prioritized requirement will satisfy the project goals.  
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Figure 9

Process – Product models relationship: 

The relationship between the process and product models is complementary. Process models provide planning and control parameters for the product models while the product models provide the contents as planned by the process model. The process model parameters specify the timing intervals by which certain product elements should be developed or product activities should be completed. As an example, a Waterfall process model specifies completing the design phase after the requirement phase. The product models will provide an approved requirement document before starting the design phase. 

Example: MBASE models

Phase milestones and schedule process model will set the start and end date for each product activity such as the start and end date of coding, testing and integrating each system requirement. On the other side, each system requirement specifies the product artifacts that can be delivered within allocated time. 
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Figure 10

Process/Product – Property models relationship: 

Usually, it is a sign of trouble within a system development when budget or schedule is exceeded or when the system doesn’t meet the expected performance. To avoid these surprises, both the process and product models provide evaluation parameters that are analyzed by the property models. From the process model side, a certain process model with a high risk management plan will plan a longer schedule to avoid the identified risks and may demand more budget to mitigate these risks if they happen. This information will be analyzed by the property models and compared to the budget and schedule constraints and will influence the expected performance levels.  From the product models side, product capabilities are used by the property models to analyze the product development cost and how long will it take to complete these capabilities. The results will be compared with the allocated budget and schedule. The result will be used to adjust the requirements of the project.  

Example MBASE models: 

A schedule of 12 months and a budget of $1.5 million to evaluate the system requirements model and deduce which requirements can be satisfied within the schedule and budget limits. Also, the phase milestones and schedules will match the project milestones and schedules within the project schedule. 


[image: image11.wmf]Ÿ

Start and end dates of

project phases

Ÿ

Start and end date of project

activities

Ÿ

............

Ÿ

Online product search

Ÿ

Customer authentication

Ÿ

...............

Phase Milestones and Schedules

(Process Model)

Systems Requirements

(Product Model)

Evaluation and analysis

Ÿ

12 months schedule

Ÿ

Cost $1.5 M

Ÿ

5 NT based servers

Ÿ

Oracle Data base

Ÿ

...............

Project Requirements

(Property Model)


Figure 11

MBASE Models Integration Process:

Identifying and avoiding model clashes is based on the MBASE static and dynamic integration frameworks. During the integration process, stakeholders follow spiral looping and dynamically check the models dependencies and relationships. 

Step1: 

As shown in Fig x, the first three steps of the spiral will help in defining the stakeholders success models and describing the domain of the product.  Win conditions and objectives such minimizing development cost and schedule, return on investment, and enhancing services to customers are some success models that are almost present in every project. Constraints such as customer understanding of the system requirements can be a major factor in deciding the success of the product.   


[image: image12.wmf]MBASE Dynamic Integration Framwork

Stakeholders

Domain

models

Success

models

Negotiate

mutually

satisfactory

entry and

exit

conditions

Product

models

Set

context

for

Property

models

Provide

measures

for

Constrain

Process

models

Guide

development

of

Describe

enterprise

context in

Constrain

Serve and satisfy

Provide

paramters

for

Provide

paramters

for

1

.  Identify

     next level

     stakeholders

7

. Review,

    commit

6. Validate

     product

     and process

     definitions

5. Define next level of

    product and process

4. Evaluate

     product

     and process

     alternatives

2. Identify stakeholders

    win conditions

3. Reconsilde

    win

    conditions,

    establish

    objectives,

    constraints,

    and

   alternatives

LCO

LCA

IOC

Product

evaluation

criteria

Process

entry/exit

criteria

Planning and control

Milestone content

Evaluation and

analysis

Success Models

Product Models

Process Models

Property Models

MBASE Ststic Integration Framwork


Figure 12: Establishing Success Models and Product Domain

Step2:

Evaluating and defining next level product and process models takes place after understanding the stakeholders’ success models and the product domain. Stakeholders resolve the success models constraints on both the process and the product models by using success models’ product evaluation criteria and process entry and exit criteria. As an example, a success model that calls for a new product demo in an Information Technology event within 9 months, constrain both the product features that can be done in 9 months and the development process that will achieve creating those features. Using the static integration framework, the success model’ product evaluation criteria identifies the core features that can be included in the system given the time constraint. The same success models set the process models entry and exit criteria such as which capabilities to be completed first. The process-product model relationship identifies the of process kind that will guide the product development. 
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Figure 13: Evaluating Product and Process models

Evaluation of different product and process models is repeated if the property models analysis of the process and product models parameters contradicts with the success models.   

Step 3:

Once the review of the integrated product and process models is completed, stakeholders may approve the defined product and process models and/or adjust their success models before iterating again.   
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Figure 14: Validation

Number of iteration through the spiral is dependent on many factors such as the project complexity, constraints, and risks. 

MBASE Variants
(1) Use of particular success, process, product, or property models.  The Process Model Decision Table is a good example of such variation, and a good objective for deriving product and property model variants.

It guides the project team toward selecting the specific model that works best for that project.

(2) Choice of process or product representation.  Thus, for example, UML may be appropriate for many applications, but not for a small upgrade to a well-documented legacy system using structured analysis and design.  The choice may vary by legacy constraints, nature of application (pure dataflow vs. pure event-based), staff familiarity, or tool support.

(3) Degree of detail of process, product, property, or success modeling.  Given Invariant 5, the degree of detail will vary based on risk considerations.

(4) Number of spiral cycles or builds between anchor points.  This can vary based on risk, project size, staff availability, or other system constraints (e.g., hardware, budget, schedule).

(5) Mapping of activities onto Inception-Elaboration-Construction-Transition phases.  With respect to the MBASE Activity Diagram, most of the activity elements will be spread across multiple phases.  Their relative activity levels by phase may vary a lot.  For example, stakeholders may require a lot of negotiation of top-level requirements in Inception and little negotiation of detailed requirements in Elaboration, or vice versa.

(6) Mapping of staff levels onto activities.  The example discussed above is a good example of such mapping.  Thus, any MBASE effort and schedule distributions by phase and activity, put into COCOMO II, will be necessarily imprecise.

Summary Table:  MBASE Invariants and Variants

	Invariants
	Variants

	1. Defining and sustaining a stakeholder win-win relationship through the system's life-cycle.

2. Using the MBASE Model Integration Framework.

3. Using the MBASE Process Integration Framework.

4. Using the LCO and LCA Anchor Point milestones.

5. Ensuring that the content of MBASE artifacts and activities is risk-driven.


	1. Use of particular success, process, product, or property models.

2. Choice of process or product representation.

3. Degree of detail of process, product, property, or success modeling.

4. Number of spiral cycles or builds between anchor points.

5. Mapping of activities onto Inception-Elaboration-Construction-Transition phases.

6. Mapping of staff levels onto activities.


MBASE Guidelines: 

MBASE guidelines provide a set of integrated success, product, process, and property models that span the product development life cycle.  The guidelines are divided into six main sections: 

1 Operational Concept Description (OCD)

OCD purpose:   

· Describe the overall context of the system to be developed, why it's being built, what exists now, and where the project is starting from

· Describe to the stakeholders of the system to be developed (“developed” is meant to include such terms as  “enhanced”, “updated”, “re-engineered”, "automated"), how the system will work in practice once it is deployed

· Enable the operational stakeholders to evolve knowledgeably from their current operational concept to the new operational concept, and to collaboratively adapt the operational concept as developments arise, to make clear the value of developing the new system

· Establish goals and other success criteria, establish basis of value assessment (for use in FRD Business Case)

2 System and Software Requirements Definition (SSRD)

SSRD purpose: 

· Describe capability requirements (both nominal and off-nominal): i.e., the fundamental services provided by the system. 

· Describe Level of Service Requirements (sometimes referred to as Non-functional requirements): i.e., the behavioral properties that the specified functions must have, such as performance, usability, etc. Level of Service Requirements should be assigned a unit of measurement.

· Describe global constraints: requirements and constraints that apply to the system as a whole. Those constraints include:

· Interface Requirements (with users, hardware, or other systems)

· Project Requirements (on budget, schedule, facilities, infrastructure, COTS, etc.)

· Distinguish between mandatory requirements ("must", "shall", "will"), and optional requirements (“can”, “may”, “could”)

3 System and Software Architecture Description (SSAD)

SSAD purpose: 

· Document the Architectural Analysis and the System Design

· Serves as a bridge between the Engineering (Inception and Elaboration) and Construction Phase: during the Construction Phase, the SSAD is refined into a detailed design specification.

4 Life Cycle Plan (LCP)

LCP Purpose:

· Provide feasible management approach for meeting system goals

· Basis for project control

· Make Best Use of people and resources

· Provide evidence that developers know what they’re doing

5 Feasibility Rationale Description (FRD)

FRD purpose:

· Ensure feasibility and consistency of other package components (OCD, SSRD, SSAD, LCP, Prototype)

· Demonstrate viable business case for the system

· Identify shortfalls in ensuring feasibility, consistency, and business case as project risk items for LCP
· Demonstrate that a system built using the specified architecture (described in the SSAD) and life cycle process (described in the LCP) will:

· Satisfy the requirements described in the SSRD

· Support the operational concept described in the OCD

· Satisfy the success-critical stakeholders in the OCD and LCP

· Remain faithful to the key features determined by the prototype described in the OCD and SSRD

· Stay within the budgets and schedules in the LCP

· Rationalize life cycle decisions in a way the prime audience (the customer and users) and other stakeholders can understand

· Enable the customers to participate in the decision process and to express their satisfaction with the product 

6 Construction, Transition, Support (CTS) plans and reports

Purpose of CTS: 

· Perform activities related to constructing the product such as:

· Requirements Management

· Detailed Design

· Coding
· Unit and Integration Testing

· Inspections

· Configuration Management

· Quality Assurance 

· Perform activities related to transitioning the product such as:

· Transition Plan

· Developing a User Manual

· Transition readiness assessment

· Perform activities related to supporting the product such as:

· Support Plan 

· Training materials 

· Regression Test Package

· Packaged Tools and Procedures
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