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Summary

The emphasis in the Software Engineering Institute Capability Maturity Model (SEI CMM) has been ‘process’. This is a corruption of the original teachings of Deming. The emphasis there is on ‘measurable results’. Defined, statistically stable processes are only a basis for systematic process improvement measurement. Our software culture has failed to emphasize the continuous measurement of quality. It has failed to emphasize the role of setting quantified multiple objectives for improvement of organizations. 

This talk will discuss this cultural corruption, and give some specific advice and real examples on how to improve the situation at your site by quantification of your critical organizational and product qualities.

It is time to recognize that results are more important than process and, that processes require clear objectives to guide their improvement. Process is not ‘bad’, but it is only one blade of the scissors.

The Problem

Process Standards, such as ISO 9000 and the Software Engineering Institute Capability Maturity Model (SEI CMM), have become unnecessary bureaucracies. Too many people are using these standards because they perceive it is beneficial to their corporate image if they achieve/maintain registration or advance up a CMM level. In some cases, people are using these standards simply because they have been told to, e.g. for contractual conformance. Rarely are people using them as a means to achieve a specific level of productivity, quality or capability.

Both ISO 9000 and CMM are concepts initially based on the Statistical Process Control (SPC) methods of the quality gurus, Shewhart, Deming and Juran. But the major message of these gurus has been entirely forgotten in practice [SEDDON97, FLORAC97]. Let me refresh your memory. The SPC message [DEMING86] was that we must eternally and continuously make quantitative improvements to our work processes to achieve (1) better levels and, (2) less random variation from the expected levels (i.e. more predictability of results).

To their credit, I think Raytheon Defense Electronics [DION93, DION95] got the message regarding quantitative process improvement. Hopefully there are others.

Recently, the SEI has been ‘making amends’ for not having grasped the point and presented it better, earlier [FLORAC97], but the damage has already been done, and may be irreparable.

Symptoms of the Problem

The SEI CMM model presents Level 2 as ‘Repeatable’. That is not the point. The point is to achieve a ‘stable’ system, meaning a system, which gives both predictable level and predictable variance of numeric results. Once this stability is achieved, then the stage is set for systematic quantitative process improvement. Any process change can be measured compared to the previous stable levels. If the levels improve and/or the variance narrows over a significantly long run, then a genuine process improvement has been achieved in that numeric attribute of the process. If the effect(s) go in the opposite direction, then no improvement had been made.

The mere fact that SEI presents, and people ‘swallow’, the notion of ‘repeatable’, shows the problem. The only correct term for CMM Level 2 should have been ‘Stable” (for ‘statistically stable level and variance’).

Solutions

We need to shift the focus back from the ‘bureaucracy’ to the ‘meritocracy’. We need to shift from CMM Levels and processes to meaningful, measurable results for our projects and companies.

We need to learn how to quantify our top critical factors for our products and for our engineering environments. We need to learn the basic SPC theory, so we can apply it. We need to avoid the proscriptive CMM Levels 2, 3, 4 and 5 of arbitrary bureaucracy. They are perhaps good for some, certainly bad for others. It looks like the US Department of Defense (DoD) finally learned the lesson of not imposing such standards on their diverse community; and instead shifted the focus towards results. This was heralded in December 1994 by a temporary standard, Mil Std 498. I do not see that the same lesson has been learned by the DoD-funded SEI.

Organizations must be driven to deliver, on time and under budget, products meeting the required quality levels. They should be encouraged to get productivity at low cost. By doing so, they make a profit, attract business and, stay in business. They should choose their own ‘bureaucracy’ or create their own. They must not be strongly directed to adopt a bureaucracy just because it worked at IBM a decade or two ago! [GILB96]

Focusing on Organizational Results

Defining Organizational Needs 

I think the first priority is to define the quantitative objectives for your project or organization. No SEI CMM can help you achieve this. You might be able to specify achieving a certain CMM level as an objective, but it is not likely to be a very interesting measure. The more interesting measures are tailored to your market and they reflect your ambition levels. 

The first step is to start defining the key aspects that your organization wants to achieve.

Expect the objectives to cover multiple concerns. For example, what qualities are required to be delivered to your customers? what qualities must be designed into your products? what must be achieved for your staff? and, what demands are you going to put on internal processes, say productivity?

Here is an example of a ‘first cut’ list I drew up with a client looking to set performance objectives for the growth of their business. The objectives included:

· Profitability

Gist: to achieve a final profitability for projects greater than our main lines of 

business today.

· Winning-Ability

Gist: ability to win where we bid.

· Reputation Image

Gist: to maintain and enhance our reputation. Specify for <major projects> as these have most impact on negative corporate image.

· Growth

Gist: to have long term growth rates {profit, earnings/share, volume of business} equal or better than now.

· Spin-off Effects

a) Contract Extension

Gist: get other business for us from same client, which builds on the original contract.

b) Follow Up

Gist: consequent (later) business for us with same client (new contracts).

c) Business Referral

Gist: get business from other clients as a result of succeeding in contracts.

· Risk Control

Gist: to exercise sufficient control over project results that major problems do not occur, which can destroy profit, image and future business.

· Leverage

Gist: to exercise corporate level control over the business with few resources devoted; “maximising control with few people”.

· Delivery Reliability

Gist: be able to deliver as expected, and contracted, the results, within budgets and timeframes.

Note the overall plan is to set the targets for business improvement. The set of needs is way beyond simply specifying ‘Achieve CMM’.

Quantifying Objectives

The objectives in the above example need to be defined with scales of measure and the levels to which we aspire. This is essential to communicate the requirements and to track our progress towards meeting the business objectives. 

Let me now show you, in outline, how to specify scales of measure and ambition levels using my planning language, ‘Planguage’.
 I shall use another example as illustration. In this case, it is based on some work I did helping specify objectives for a software development division. First, we agreed that our top-level objectives included:

· Software Productivity

· Lead Time

· Predictability of Time To Market

· Delivering Product Attributes

· Customer Satisfaction

Then, we specified these requirements in more detail. (Note the following is not complete. However, hopefully it provides sufficient information.)

Software Productivity : 

Gist : A measure of the efficiency of the organization in using its software staff. Software engineering net production in relation to corresponding costs.

Scale : Net lines of code <successfully> produced per SOFTWARE DEVELOPMENT WORK-HOUR. Comment: we know that real software productivity is not measured by lines of code, but we have consciously chosen this measure as it is available in our current culture.
SOFTWARE DEVELOPMENT WORK-HOURS : DEFINED : Total work-hours expended carrying out <software engineering activities> on <main product-line projects>.

Meter : <statistics produced from project worksheets and our software engineering database>.

P1 : Past [ 1997 ] < value to be calculated when data available, net lines of code/SOFTWARE DEVELOPMENT WORK-HOUR>. 

PAST-DIVXXX : Past [ 1997, Division XXX ] < value to be calculated when data available, net lines of code/SOFTWARE DEVELOPMENT WORK-HOUR>. 

Must [ Dec. 1998, SPECIFIED RELIABILITY ] 1.5 x PAST-DIVXXX.

"50% better code productivity than Division XXX achieved in 1997”.

SPECIFIED RELIABILITY: DEFINED : The software fault density meets or is better than the approved official targets. 

Plan [ Year=2000, Division XXX, SPECIFIED RELIABILITY ] 2 x PAST-DIVXXX.

Wish [ Long-term ] 10 x PAST-DIVXXX.

Lead-time : 

Gist : decrease the duration between major releases.

Scale : Number of months from date of initial approval to successful first use on customer site by customer.
Past [ 1996, <Version 3> ] 20 months <-an estimate by project manager AL.

Plan [ <Version 4> ] 18 months <- customer survey requirement Mar. 96.

Plan [ <Version 5 and later> ] 10.months <- customer survey requirement Mar. 96.

Wish : "10% lead-time reduction compared to any benchmark" <- Director DD.

PTTM : Predictability of Time To Market : 

Gist : Our ability to meet (customer and self-determined) targets for <product> delivery, which are set and agreed <at the requirements stage> of product life cycle.

Scale : % overrun of actual PROJECT TIME compared to planned PROJECT TIME.

Scale : Total number of hours of overrun (negative value if brought in early!)

PROJECT TIME : DEFINED :  <project work-hours> from initial or other defined start event until the planned- or actually- delivered completion event. 

Comment : We are measuring hours of project work, not number of days elapsed.

PRODUCT : < This could be all or an agreed subset of the SPECIFIED REQUIREMENTS. Note requirement can change over time>. 

SPECIFIED REQUIREMENTS : DEFINED : written, approved quality requirements for products with respect to planned levels and qualifiers [when, where, conditions].
Includes other requirements such as function, constraints and costs.

Meter : a productivity project or process owner will collect data from all projects or make estimates and put them in the Productivity Database for reporting this number.

Past [ 1994, Version 1 ] < 50% to 100%> <- PK guess.
Past [ 1994, Version 2 ] 80% <- estimate by UF & PK.

Record [ IBM Federal Systems Division, 1976-80 ] 0%  <- RDM Chapter 9.0 quoting Harlan Mills in IBM SJ 1-80, “all projects on time and under budget”.

Record [ Raytheon Defense Electronics, 1992-5 ] 0% <- RDE SEI Report 1995.

Must [ All future projects, from 1999 ] 5% or less <- discussion level TG.

Plan [ All future projects, from 1999 ] 0% or less <- discussion level TG. 

Delivering Product Attributes :

Gist : “Keeping Product Promises.” Ability to meet or beat agreed targets includes cost, time and quality (except PTTM, which has been specifically singled out for special attention, see above).

Scale : % +/- deviation from [defined agreed attributes with projects].

Past [ 1990 to 1997 ] at least 90% <- Guess. Because promises were not clearly defined and differences were not tracked. TSG.

Plan [ Year=2000, Division XXX ] near 0% negative deviation <- TSG for discussion.

Customer Satisfaction :

Gist : “Customer Opinion of Us”.

Scale : average survey result on scale of 1 to 6 (best).

Meter : The annual Customer Satisfaction Survey.

Past [ 1997 ] 4.

Plan [ 1998-9 ] 5 <- Division XXX Director, Mar. 96.

Supporting Objectives

In addition, we defined a set of supporting objectives. Keeney would call these called ‘means objectives’ [KEENEY92]. These included: 

· Complaints Received

· Rework Costs

· Installation Ability

· Service Costs

· Training Costs

· Specification Quality

· Specification Defectiveness

All the items in the above list are potentially useful business measures. Improvement targets can be set for them. For example, 

Specification Defectiveness :

Gist : Major errors per page yet to be found.

Scale : Average computed level of maximum remaining Major defects per logical page at exit of specification engineering process [for defined work processes or all specification and documentation processes].

Plan [ 1996.] maximum 3.0 Majors/page remaining.

Plan [ 1999 ] maximum 0.2 Majors/page remaining.

The key difference to observe is that these objectives are not ‘holy’ or ‘critical’. Maybe other objectives will do the job as well or better. The important thing for ‘us’ is to focus on the main business objectives.

Developing Strategies for meeting your Objectives

The means for reaching the objectives, we call strategies. Strategies are optional. Design is a matter of selecting the best strategies. You can view potential process improvements as strategies.

I don’t recommend spending any time at the early stages of a project developing numerous strategies. You ought to be pursuing the objectives! However, there can be reasons for prematurely listing strategies:

• if previous work has identified a large number of concrete strategies, (which they should not have done, since they did not even have clear objectives yet!), it can be useful to account for what you have done with their strategies. It helps to firmly label any strategies to keep them in their place!

• often it is possible to justify our ambition levels by providing evidence that other organizations (e.g. IBM and Raytheon) have already been there. It increases credibility if you can specify the strategies (like Evolutionary Project Management) that they have successfully used.

For the software development example, we produced a list of strategies that included:

(XXX indicated as source refers to previous, original study.)

· Evolutionary Product Development

· Defect Prevention Process

· Automated Code Generation

· Requirement Tracking

· Competence Management <- XXX

· Manager Reward

· Team Ownership

· Training

· Brainstormed Suggestions

· Process Best Practices <- XXX

· Push Button Deployment <- XXX

· Architecture Best Practices <- XXX

· Stabilization <- XXX

· World-wide Co-operation

Evaluating Strategies with Impact Estimation

At this stage, the next question is how do you decide which strategies should be adopted and which strategies should be implemented first? I have found that most people do not hesitate. They jump in by selecting a few current flavor-of-the-month technologies (as in the software development case study), without even having a decent quantified agreed set of objectives to use to evaluate them. This practice never works well and, it usually takes a considerable time to see it.

There is a fundamental rule that a strategy is only as good as the results it gets you in terms of your objectives; a process change is only as good as its impact on the business objectives. 

So how can you evaluate and make a choice amongst the strategies you can potentially implement? At the design stage, I have developed impact estimation (IE) tables to achieve this. Not only do I find IE tables help rank and select strategies, they also help to identify new strategies. You can see the objectives that the existing strategies fail to address and this helps you to develop additional alternatives.

IE tables help us to answer my ‘Twelve Tough Questions’ about the strategies before we deploy them and use real money.

Twelve Tough Questions

1.  NUMBERS

Why isn’t the improvement quantified?

2.  RISK

What’s the risk or uncertainty and why?

3.  DOUBT

Are you sure?  If not, Why not?

4.  SOURCE

Where did you get that from?  How can I check it out?

5.  IMPACT

How does your idea affect my goals?

6.  ALL CRITICAL FACTORS

Did we forget anything critical?

7.  EVIDENCE


How do you know it works that way?

8.  ENOUGH

Have we got a complete solution?

9.  PROFITABILITY FIRST

Are we going to do the profitable things first?

10.  COMMITMENT

Who’s Responsible?

11.  PROOF



How can we be sure the plan is working?

12.  NO CURE
Is it no cure, no pay?

An Example of an Impact Estimation Table 

Software Productivity(
Plan
Est. vs. Plan 
Risk  ±
Facts
Source
Credibility
Estimator

Strategies                       

 (below)


2x Past in 3 years







 Evo

100%
±40%
No overruns
IBM FSD, Mills
0.8
TG

 DPP

50%
± 30%
3x prod

in 3-8 years
DION95
0.9
TG

Comment on the Table

An impact estimation table asks for every strategy’s effect on every objective (and cost constraint too):

· What is the estimated impact of this strategy on my objective?

· What is the uncertainty or range of experience with this strategy in relation to this objective?

· What are the written or oral sources of your information

· What level of credibility do your sources have on a scale of 0 to 10?

This example shows evaluation of only one objective and only two strategies. Usually, all the proposed strategies are evaluated against all the top-level objectives. A maximum of ten top-level objectives is recommended; aiming to achieve these is usually more than sufficient!

Evolutionary Implementation

Having carried out the evaluations, we can make some judgements as to the ‘probably good’ strategies. We can then prioritize these strategies for early evolutionary trials. Only real results actually count!

We can and should use SPC to track the evolutionary progress. That is what SPC and Deming’s methods are about, evolutionary exploration of how to get better results.

I have used up the space allowed for papers at this conference, so I must encourage the reader to go to the references for more detail.

Conclusions

Process in itself is not the aim. If we fail to define an appropriate set of objectives, then even a good process improvement process will fail us. If we have defined an appropriate set of objectives, then even a relatively unsystematic process improvement method can be monitored, and is more likely to bring us to our required objectives.

Clearly the setting and monitoring of appropriate objectives is primary.

The lack of emphasis in CMM on setting appropriate organizational objectives, as an initial step, is regrettable. Such things do not belong in level 4 (metrics) or 3 (management) or 5 (continuous process improvement).

I hold out no hope whatsoever for rapid enough change of the SEI, CMM or DoD educational institutions. They may at best pressure the anarchistic organizations to get better organized; but to what ends? They have failed even to learn and teach the well-known lessons of Deming’s SPC. 

Individual organizations can and must ignore following mediocre advice. They must find their own path to strength and competitiveness. Some organizations, such as Microsoft and Boeing, have figured out what is right for them, so can others. 
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