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At the time we were investigating the resources available to assist SSC San Diego in its implementation of a Systems Engineering program, we found several standards and models that would be useful. At SSC San Diego, the standards and models we have chosen are DOD 5000 series, EIA 632, IEEE/EIA 12207, and the CMMI. As you know, EIA 632 invokes IEEE/EIA 12207 to be used for any software intensive part of a system.  

Besides the ones we chose, there are a couple of other standards that we thought about, one is IEEE 1220 which is similar to EIA 632, but more detailed.  It defines the requirements for an enterprise’s total effort related to development of products (including computers and software) and processes that will provide life cycle support.  It is a good standard and I wouldn’t have any problem if a project wanted to use it instead of EIA 632.  Another is ISO/IEC 15288 which provides the processes for acquiring and supplying system products and services that are configured from types of system elements (hardware, software, humans).  This standard will not be final until Spring 2002, but when it is, we will consider adopting it also.  Eventually ISO/IEC 15288 and IEEE/EIA 12207 will come together as a single standard.  

So, why do we need standards and models in the first place?  Standards are shared across industry, which greatly facilitates successful interoperability of our individual efforts.  Standards tell us “what” to do with respect to the processes for engineering systems based on the life cycle perspective.  Models, in this case the CMM and now the CMMI, give specific guidelines on best practices for how to do the “what” better than has historically been done.  It gives us proven best practices that will improve the quality, cost, and schedule of a project. The CMMI also provides an assessment method to determine how well the processes in the standards are defined and implemented on the project.  Implementation (the actual “how to”) is up to the professional judgement of the project manager.  Projects must decide how to tailor the standards and models (the best practices) to their own specific project needs and issues.

There are 3 phases to writing a process for any project.  First, to understand the standards that apply (e.g. EIA 632), second, to apply the guidelines from the CMMI and the organization's best practices to make sure you consider everything that needs to be in your process, and third, to develop the process for your own project. 

So for phase 1, you need to understand the standards.  One relationship that needs to be realized is that between EIA 632 and DOD 5000 series documents. The link is that DOD 5000 simply requires all programs within DOD be developed using a process approach.  DOD 5000.1 Directive gives high-level policies and addresses 5 categories to acquiring quality products: 1) Achieving interoperability 2) Rapid and effective transition from science and technology to products 3) Rapid and effective transition from acquisition to deployment and fielding 4) Integrated and effective operational support, and 5) Effective management.  Specifically, DOD Directive 5000.1 "encourages innovation, continuous examination and adoption of innovative practices, and use of lessons learned" (which is what a process is).  DOD Instruction 5000.2 Instruction establishes a framework for translating mission needs into stable acquisition programs.  It requires that "All programs shall be managed and engineered using best processes and practices".  And DOD Regulation 5000.2-R Regulation requires "Contractors performing software development or upgrades for an ACAT 1 program shall undergo an evaluation...at a minimum, full compliance with SEI CMM Level 3, or its equivalent, is the Department goal". (Note: my understanding from OSD is that this wording will be changed to CMMI vice CMM).  DOD 5000.2-R also says "The Program Manager shall ensure that a systems engineering process is used to translate operational needs and/or requirements into a system solution that includes the design, manufacturing, test and evaluation, and support processes and products."  

You also need to realize that IEEE/EIA 12207 is invoked by EIA 632 for any software intensive parts of a system.  It contains processes, activities, and tasks that are to be applied during the acquisition of a system that contains software, a stand-alone software product, and software services.

Enough background, now we need to look at the relationship between the Systems Engineering standard EIA 632 and the Systems Engineering model CMMI.   EIA 632, gives you a systematic approach to engineering a system.  It provides life cycle processes and defines “what to do” with respect to processes for engineering a system within the context of a life cycle.  For instance, it tells you that first you will need a process for how to do the acquisition of your system, then you will need processes for planning and tracking that system, then you will need processes for how to do your design, followed by processes for implementation and V&V, and so forth.  It is a life-cycle picture of what needs to be done to engineer a system. And, it invokes the use of IEEE/EIA 12207 for any software parts of your system.  EIA 632 defines 13 processes organized into 5 groups.  Each process has what they call "requirements", and there are a total of 33 of these.  Each requirement has representative tasks that should be done to satisfy that requirement and all requirements must be done to satisfy the process.  The standard also gives you the expected outcomes for each task.  So, to use 632, the developer must first decide which of the processes in the life-cycle apply to their project.  For instance, let's say they picked the process area of Project Planning and then decided that they needed to do Technical Effort Definition which is Requirement 5 under Project Planning.  EIA 632 will tell them that to do Technical Effort Definition they must consider the following 6 tasks:


- Identify project requirements


- Establish information database


- Define risk management strategy

 
- Define product and process metrics


- Establish cost objective


- Identify technical performance measures

EIA 632 will also tell them what the expected outcome should be for each task.  Let's take the Define Risk Management Strategy task as an example.  There would be 2 expected outcomes from this task and they are:


- How the technical risk areas of the technical effort will be identified and tracked


- The appropriate risk aversion approaches based on the acceptable levels of risk specified in the agreement or in enterprise policies and procedures

And that's as far as EIA 632 goes in telling you what needs to be in a Risk Management Process.  Enter the CMMI.

The CMMI is a road map, a "checklist" of things that must be considered, and perhaps included, in a particular process.  The CMMI also gives you a way of assessing how well the processes are defined and implemented. It describes what should be done for 22 different process areas that happen throughout a project’s life cycle, such as project planning, requirements management, measurement and analysis, risk management, and so on.  It gives specific guidelines, the details, for how to do what EIA 632 is requiring.   For instance, the CMMI has 20 pages dedicated to describing what needs to be done to define and implement a risk management strategy, which is the guidance needed by a developer to write a risk management process, far more than provided in EIA 632. 

You would make a mistake by telling your systems engineering folks to go read EIA 632 and then go write processes accordingly.  It would also be wrong to tell them to go read the CMMI and write good processes.  You need to tell them to review EIA 632 to understand the scope of their systems engineering effort and see what processes they should be developing depending on that scope and then to use the CMMI to ensure that the processes they develop are complete.  The CMMI ensures that we have consistency in our processes across the Center, which is a prerequisite for a Level 3. 

Neither document gives you the actual process -- that's where the user of the process comes in, i.e., phase 3.  They have to develop a process for their own set of circumstances but must include the things the CMMI suggests. Each process can be one page or 100 pages, or whatever, depends on what is needed.  Included at the end of this document is a short description of how to define a process, how to improve it, and how to institutionalize it.  

At this point it's important to realize there are 2 levels of processes that are developed from using the CMMI guidance: 1) a set of generic processes that exist at the organization level that can be applied to any project and 2) multiple sets of project-specific processes that have been tailored from these generic organization's processes.  These tailored versions are specific to each project.  SSC San Diego already has a robust set of both generic best practices (organization processes) and those that projects have tailored for their own needs.  The Process Asset Library (PAL), which contains these already developed processes, is based on the CMM and not yet expanded to include the CMMI.  The purpose of the Systems Engineering Program is to do a gap analysis between what we already have and what the CMMI requires. An early result of this analysis is that everything that is already on the PAL is good and will stay.  The "gap" will be filled by expanding what we have to include several new process areas that are in the CMMI and not in the CMM.  Nothing would be wasted to have our systems engineers begin tailoring their processes using what is already on the PAL.  If they find they need more than is there and develop new pieces of the process per the CMMI, that would be great as then we, SEPO, can absorb them and make them part of filling the "gap".  Our generic organization level systems engineering processes will be done even sooner than our POA&M says and everyone will benefit – a perfect synergistic relationship. 

AND, the SSC San Diego Strategic Plan also requires the use of technical work processes in the areas of systems engineering and project management be applied to Center projects. DOD 5000 and the SSC SD Strategic Plan says to do it, use processes.  EIA 632, and IEEE/EIA 12207 say what processes to use.  CMMI and the SSC San Diego Process Asset Library give details for how to do those processes.  The Project Managers use their professional judgement to tailor all of it to their own projects.  So you can see how the use of EIA 632 and the CMMI help satisfy the DOD and SSC SD requirements to achieve the ultimate goal of ensuring "faster, better, cheaper" for our project managers.

Additional guidance can be found in 3 already existing Systems Engineering Handbooks, one from the Defense Systems Management college, one from INCOSE, and one from NASA, accessed through the SSC San Diego PAL.  We used them, as well as DOD 5000, EIA 632, the CMMI and the Center's current software process improvement program to put together the Overview of the SSC San Diego Systems Engineering Process Program brief, also available on the web site.  This overview brief is a result of a lot of analysis and research and represents the Center's position on systems engineering (e.g., definitions, standards, approach, etc.).  It is intended that it be the foundation for our Systems Engineering Program so that no department has to re-invent the wheel.  And in fact, they shouldn't in order to preserve Center-wide consistency with the program, which, as mentioned above, is a pre-requisite for CMM/CMMI Level 3.  If departments have suggestions for updates and changes to the Center's position, great, they can send them to me and I can include them at an organization level and everyone can benefit.  I would suggest reviewing the "Transition to Systems Engineering Process Program" section on the PAL at http://sepo.spawar.navy.mil for access to this info.  

And now, as promised above, a short course in defining, improving and institutionalizing a process:

How to Define/Document a Process:

1.  Responsibilities


The participants in the process and their duties


2.  Entrance Criteria


Elements or conditions needed to begin the process


3.  Inputs


Data or material needed to perform a process activity

4.  Tasks


Steps or activities--a flow chart is helpful here

5.  Outputs


Data or material produced or modified by the process

6.  Exit Criteria

Elements or conditions needed for process completion

7.  Process Measures


Measurements taken while conducting the process

How to Improve a Process:

1.  Document the existing process

2.  Compare to the organization's processes, templates, examples

3.  Critically examine all components, requirements, assumptions

4.  Evaluate influencing factors: policies, standards, technology, customs, budgets, contracts

5.  Consult experts: the users of the process, outside experts, process improvement teams, QA team, the CMMI

6.  Consider radical reengineering: Can the process be eliminated? Can it be combined with other processes?

7.  Consider improvements: automation, new steps, new forms, checklists, new responsibilities

8.  Apply structured methods, e.g.:


Process Quality Improvement


Departmental Task Analysis


Problem Solving Process


Process Model Worksheet


Statistical Process Control 

9.  Evaluate your metrics, experiment with changes, continually improve

How to Institutionalize a Process:

1. Document it

2. Develop a written policy requiring its use

3. Get visible management support at all levels

4. Get visible practitioner support

5. Make sufficient resources available to support its use

6. Schedule it into all applicable projects or activities

7. Support it with required training

8. Measure it in some way

9. Verify that it is followed, via reviews and audits

Again, for more information, check out the SSC San Diego PAL at http://sepo.spawar.navy.mil
