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Introduction
Since one of my sponsor company’s natures of business is system integration service and I have been working for the company as a system engineer, CMMI SE/SW/IPPD is an interesting topic to investigate for me. Actually the biggest reason to pick up this paper for my final project is our instructor’s answer of my question during a class, “What process model do you recommend for system integration companies, SW-CMM, SE-CMM, or CMMI? “.  By following the instructor’s advice, the focus of this paper becomes “Continuous” representation of CMMI.

Summary of CMMI

CMMI is a guidance to use when developing a process, collection of SW (software engineering), SE (system engineering), and IPPD
 (Integrated Product and Process Development). CMMI models are not processes or process descriptions. The actual processes used in an organization depend on many factors, including application domain(s) and organization structure and size. In particular, the process areas of a 
CMMI model may not map one-to-one with the processes used in your organization. 

Purpose of CMMI

· To provide a guidance for improving your organization’s processes and your ability to manage the development, acquisition, and maintenance of products or services.

· To place proven practices into a structure that helps your organization assess its organizational maturity (staged representation) or process area capability (continuous representation), establish priorities for improvement and implement these improvements. 

Representation selection

· Continuous representation  - scored by the level of capability - 

An organization’s process-improvement achievement for each process area
· Allow you to select the order of improvement that best meets the organization’s business objectives and mitigates the organization’s areas of risk. 
· Enable comparisons across and among organizations on a process area by process area basis or by comparing maturity levels through the use of equivalent staging. 
· Provide an easy migration from EIA/IS 731 to CMMI 
· Afford an easy comparison of process improvement to ISO/IEC 15504 because the organization of process areas is derived from ISO/IEC 15504.
· Staged representation  - scored by the level of maturity -

An organization’s overall process capability and organizational maturity
· Provide a proven sequence of improvements, beginning with basic management practices and progressing through a predefined and proven path of successive levels, each serving as a foundation for the next

· Permit comparisons across and among organizations by using maturity levels 
· Provide an easy migration from the SW-CMM to CMMI

· Allow comparison to ISO/IEC 15504, but the organization of process areas does not correspond to the organization used in ISO/ IEC 15504

Both representations are designed to offer essentially equivalent results for either process improvement or assessments (same process areas, regardless of representation)

Disciplines 

Since the distinction between SW and SE material is at the level of amplifications to practices within, CMMI recommends selecting both SW and SE. The difference between SW/SE material and IPPD material are 

· Two additional process areas

· A number of amplifications throughout the process areas

· A revised Integrated Project Management process area

· A new definition in the glossary

· Two new entries in the acronym list

· A revised equivalent staging graphic (in the continuous representation)

· Some new and revised material in the Overview section of the model

Capability levels

CMMI models are designed to describe discrete levels of process improvement.

There are six capability levels, designated by the numbers 0 through 5:

0) Incomplete

1) Performed

2) Managed

3) Defined

4) Quantitatively

5) Optimizing

The rules:

Determining the capability levels by review

Capability levels are determined by reviewing the organization’s implementation of the specific and generic practices and its achievement of the associated goals through that capability level.

Interpreting specific goals in the continuous representation

When rating a specific goal relative to capability level N, all specific practices through capability level N associated with that specific goal must be investigated.
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Capability levels in the continuous representation provide a recommended order for approaching process improvement within each process area.


Level 0: an incomplete process is a process that is either not performed or partially performed. One or more of the specific goals of the process area are not satisfied.



Level 1: a performed process satisfies all of the specific goals of the process area.




GG 1 Achieve specific goals

GP1.1 Identify work scope



GP1.2 Perform BASE practice

Level 2: a managed process is a performed process that is also planned and executed in accordance with policy, employs skilled people having adequate resources to produce controlled outputs.







GG 2
Institutionalize a managed process



GP 2.1
Establish an organization policy



GP 2.2
Plan the process



GP 2.3 
Provide resources


GP 2.4 
Assign responsibility



GP 2.5 
Train people



GP 2.6
Manage configuration (Configuration Management process area) 



GP 2.7 
Identify and involve relevant stakeholders



GP 2.8 
Monitor and control the process



GP 2.9 
Objectively evaluate adherence



GP 2.10 Review status with high-level management

Level 3: a defined process id a managed process that is tailored from the organization’s set of standard processes according to the organization’s tailoring guidelines.






GG 3
Institutionalize a defined process



GP 3.1
Establish and maintain the description of a defined process



GP 3.2
Collect improvement information
Level 4: a quantitatively managed process is a defined process that is controlled using statistical and other quantitative techniques.





GG 4
Institutionalize a quantitatively managed process

GP 4.1
Establish and maintain quantitative objectives for the process about quality and process performance based on customer needs and business objectives.

GP 4.2
Stabilize sub-process performance

Level 5: an optimizing process is a quantitatively managed process that is changed and adapted to meet relevant current and projected business objectives.




GG 5
Institutionalize a optimizing process improvement

GP 5.1
Ensure continuous process improvement.

GP 5.2
Identify and correct the root causes of defects and other problems in the process
Categories of CMMI process areas

In the continuous representation, there are four defined categories of CMMI process areas. In spite of groups like this way, the interaction with processes not in the same group is the key to success.




Either staged or continuous representation has the interactions among CMMI model components such as process areas, capability levels, generic goals, generic practices. 

Each process in the four categories has its specific practices (SP) under each specific goal (SG) as well as general goals (GG) and practices (GP) defined in capability level.
Process Management Processes: contain the cross-project practices related to defining, planning, resourcing, deploying, implementing, monitoring, controlling, verifying, measuring, and improving processes. The process management process areas of CMMI are as follows:
Basic:

· Organizational Process Focus

· Organizational Process Definition

· Organizational Training

Advanced:

· Organizational Process Performance

· Organizational Innovation and Deployment
Project Management Processes: cover theproject management activities related to planning, monitoring, and controlling the project. The project management process areas of CMMI are as follows:
Basic:

· Project Planning

· Project Monitoring and Control

· Supplier Agreement Management

Advanced:

· Integrated Project Management

· Risk Management

· Integrated Teaming

· Quantitative Project Management

Engineering Processes: cover the development and maintenance practices that are shared across engineering disciplines. The six engineering process areas have inherent interrelationships. These interrelationships stem from applying a product development process rather than discipline-specific processes such as software engineering or systems engineering. The engineering process areas of CMMI are as follows:

· Requirement Development

· Requirements Management

· Technical Solution

· Product Integration

· Verification

· Validation

Support Processes: cover the practices that support product development and maintenance and the establishment and maintenance of a work environment that facilitates and stimulates integration and manages people to enable and reward integrative behavior. The support process areas of CMMI are as follows:

Basic:

· Configuration Management

· Process and Product Quality Assurance

· Measurement and Analysis

Advanced:

· Organizational Environment for Integration

· Decision Analysis and Resolution

· Causal Analysis and Resolution

Benchmarking and Assessment

SCAMPI (Standard CMMI Assessment Method for Process Improvement) is the only assessment method initially considered to be suitable for rendering ratings for benchmarking the CMMI model.

Valid points
The CMMI model incorporates some valuable feedback to software CMM from industrial. For example training issues, limitation of staged model (cf. level 1 organization can have sufficient defect prevention practices). We might argue that the software-CMM had been developed on the nature of the military, where all soldiers are ranked and higher ranked solders have a perfect control those who are under them. No matter what lower ranked people have better aspects in some areas over higher ranked people, the hierarchy in it is absolute (no negotiable). Only way of changing the power in politics is to change the order of the ranking. In industrial world, this complete hierarchy does not work usually while absolute controls are mandatory in the bottle fields. CMMI seems to be trying to fill the gap between the military concept and industrial needs.

The CMMI becomes more flexible to incorporate industrial needs or comments. Especially the interactions among key process areas were explicitly taken in consideration in the either CMMI representation (Continuous and Staged) and furthermore process area interactions beyond process area groups (categorized into four groups) are admitted as key roles in the evolution of an organization’s processes relative to a process area category.

One of the benefits of CMMI considers or covers software and system as one thing or admits the significant overlap. Since pure software industry could be narrowed down into COTS or shrink and wrap companies, the most of software vendors (which might be called like this) provide solutions, which are driven by other system issues including hardware performance, network broadband and network security significantly. So this is quite reasonable approach to think about software and system together compared with “pure” software – CMM.

Typographical Conventions are quite useful to read this sizable document. Since a model cannot be explained with tangible or visible assets so it has to be made of general terms with some examples. In this situation, the usage of terms or definitions takes a quite important role to explain what the author really means. Some specific examples without clear concise definitions might lead readers to different perceptions.

Requirement Development not only Requirement Management makes CMMI move toward perfect document for the whole industry. Since shrink and wrap companies do not have specific requirements from users but they have to define or develop them by investigating the market.

Overall this document pays careful attentions on a variety of conditions of different organizations. The transitions from existing model is an example, in which this document addresses the transition issues such as cost performance and business value in the company’s business point of view. This point is significant improvement or enhancement compared with the early CMM models.

Furthermore there are many reasonable assumptions/conditions in many sections are embedded in this document as examples, which are a valuable guidance for reader to imagine and address specific concerns. I felt that elaborated cares were taken for especially small organizations in many cases with some supporting information.

Touching supplier agreement and management makes the model widely used since many software companies are moving toward system integrator from pure software providers with component based software engineering (CBSE). In this world, a software company supplies their components to others and vice versa.

Critic

Not only advantages for each model as described, but also I might expect a clear definition or difference of continuous and staged representations and the recommendation or guideline for the selection with specific examples. Especially the status (purpose) of staged representation is vague (what is for “An organization’s overall process capability and organizational maturity “?).  It seems that CMMI is trying to overcome the limitation of staged model provided in CMM for software but CMMI is still providing staged representation. If staged representation is really needed for specific reasons such as government contract (contractor’s prerequisite), the concrete purpose of staged representation had better be expressed clearly. Even though Model Representation Comparison section makes it clear the difference, but the above point still is not addressed. I believe that the consistency or integration with ISO15504 is one issue related with this representation decision. To make the document concise, the rational behind the representations might have been omitted (Why two representation? Where does the continuous representation come from?  What is the purpose of each representation?), but which prevents readers from beginning to concentrate on the contents (crucial points) of CMMI smoothly. 

There is a discussion about assessment and benchmarking and I could see that the continuous representation would work for internal improvement focusing on individual process areas while staged representation seems to be used to benchmark the entire organization. Again, I would love to see the purpose/objectives and positioning of both representations clearly in the assessment and evaluation point of view.

Overall there are very few diagrams for complicated model, process area, and process explanation, which makes hard to understand. Since this is a sizable document related with two representations and integrating three disciplines, visual aides should be able to help support readers.

The CMMI models touch human issues such as training, stakeholder, and responsibility, but it still does not cover enough people issues. If people-CMM issues were incorporated (which is also hundreds of pages long, though), the entire document would require less tailoring to use and become an almost perfect suite as an organization wide process model in a variety of industries including software, system integration and more. I could see the benefit to make the model concise for assessment purpose (to complete it within a few weeks) but all development processes are heavily related with human issues.  I might propose two different documents; a perfect suite combining CMMI and people-CMM, and a professional version extracting the essence of the perfect suite for assessment. Since the primary object or the origin of CMM models is to introduce or improve organization’s behaviors (development processes). The perfect and ideal model should be available for all organizations without a bias or a constraint such as assessment/evaluation purpose.
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� Integrated Product and Process Development Integrated Product and Process Development (IPPD) is a systematic approach to product development that achieves a timely collaboration of relevant stakeholders throughout the product life cycle to better satisfy customer needs. The CMMI-SE/SW/IPPD model captures the underlying best practices exhibited by a good IPPD approach. These practices may be used in developing, improving, or appraising the implementation of IPPD.





