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AMES SUPERCOMPUTER: This Cray 2 Supercomputer

for NASA's numerical aerodynamic simulator is found

at the Ames Research Center in Mountain View, CA.
Photo by Wade Sisler, NASA

Best In Class

Processes

by Tim Olson and John C. Kelly

Imost everyone in the United States is
familiar with NASA and its well-publi-

cized space activities. But NASA also
performs many less well-known engineering
activities such as developing processes.

In 50 Words
rbr?.ess
e For the last few years, NASA has successfully used

best practices to develop short, usable processes
‘and procedures.

e Processes should have different levels of documenta-
tion—beginner, intermediate and expert.

o A good process describes who, what, where, when,
why and how and uses pictures.
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at NASA

Systems engineering and software engineering
are core capabilities and key enabling technologies
necessary for the support of NASA’s enterprises.
Ensuring the quality, safety and reliability of NASA
systems is of paramount importance in achieving
mission success.

Many system challenges within the agency have
been identified and documented through surveys
and assessments. The exponential growth in the
scope, complexity and importance of systems within
NASA over the years is expected to conti~ue, chal-
lenging NASA'’s ability to manage them effectively.

As a result, NASA instituted a software engineer-
ing initiative and similar activities for systems engi-
neering under the responsibility of the office of the
chief engineer.' Within the project planning, require-
ments and design initiatives, best practices have
been developed for processes. Table 1 shows com-
mon problems related to process documentation.

How can you address the common problems
with process documentation? One place to start is
to recognize not all documentation is used the same



Common Process @D Types of Process Documentation
Documentation Problems

Problem Description Document type Usage
1. Too big Most process documentation is too big. Blaise Pascal once : * Used by senior management to set direction in an
said, “| have made this letter longer than usual because | Policy organization. o
lack the time to make it shorter.”* This quote applies to + States principles that organizations should follow.
most processes and procedures. Process documentation + Specifies the parts of a document and provides a
should be short, concise and usable. Standard description of what goes into those parts.

+ Makes the content of documents repeatable.

2. Not enough Most processes and procedures lack pictures and dia-

pictures grams. If a picture is worth a thousand words, process * Tells what happens over time to produce desired results.

documentation should have more pictures. Good process Process * Should answer the 5 W's (who, what, where, when and
documentation should be a mixture of pictures and yinland how.
words. The best pictures are well-thought-out diagrams. Procedure || Trovides how-to or step-by-step information.*
The best diagrams for process documentation are process * Implements part of a process.
models.
* Robert E. Horn, “Developing Procedures, Po'icies and Documentation,” Information
3. Poorly Processes and procedures usually violate documentation Mapping Inc., 1992.
designed design and good writing principles. Principles such as Table source: Timothy G. Olson, “How To Define Short and Usable Processes,” paper
documentation | chunking and consistency are usually not followed.* and presentation, 13th ASQ International Conference on Software Quality, Dallas, 2003.
4. Unusable Most processes and procedures are not designed with
and onesize | customers and users in mind, making them hard to use.
fits all Much documentation also has the one size fits all mentality
because it does not consider expert, intermediate and way; “process documentation” can refer to policies,
beginner users. standards, processes and procedures. Table 2 shows
5. Mixed Policies, standards, processes, procedures and training these _typ =2 Of proeess documents.and how each is
information | are all different types of information.** Most process used in practice. The documentation framework of
types documentation mixes these different types of information Figure 1 (P- 60) identifies the types of process docu-
into the same paragraphs as if they were all used the ments and some critical relationships among them.
same way. Each one of these document types has a
different usage scenario. Usage Modes
6. Written Process documentation is not a novel and is not meant | Processes and procedures have different levels of
sequentially | to be read linearly (from beginning to end). Process users, each requiring a different level of documen-
documentation is reference material meant to be used tation:?

nonlinearly. Labeling is critical because it allows users to

R e G g ¢ Experts have used the process many times
ind information quickly.

and may even be responsible for running the
7. Information Users of documentation will look for information for a few process.
thatcan'tbe | minutes. But if they cannot find the information quickly, e Intermediates have used the process a few
found quickly | many times they will give up in f.rustratron and ngt use times but need guidance and lessons lGamned)
the processes or procedures. This can lead to serious s Baci s Kav A e DS
nonconformance problems for many organizations. spineisavERCVEL ot . I?L‘ cless‘
Expert. Expert mode documentation is short,
8. Documentation | Most process documentation becomes shelfware, concise and does not contain any training material.?
becomes collecting dust. Online processes must be well designed When a pilot flies an airplane, he or she does not
helfware 0 i d webware. e ! i
b i L pull out training manuals. Instead, pilots use expert
checklists for takeoff and landing.
Most people want expert mode documentation
because it is short. The problem is not everybody is
“* Timothy G. Olson, Neal R. Reizer and James W. Over,) “A Software Process t E 5 1 t d
Framework for the SEI Capability Maturity Model,” CMU/SEI-94-HB-01, 1994, an expert. For example, not everyone can read a
klist for a rocket scientist—s im u real-
Table source: Timothy G. Olson, “How To Define Short and Usable Processes,” paper checklist fc y - | Om?h Al
and presentation, 13th ASQ International Conference on Software Quality, Dallas, 2003. ly need to be a rocket scientist!. Putting expert
mode documentation into the hands of nonexperts
can be dangerous.

* Robert E. Horn, “Developing Procedures, Policies and Documentation,” Information
Mapping Inc., 1992,
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DOCUMENTATION

Why do experts need documentation if they are
experts? People can forget things. This is why
checklists are so powerful. Expert knowledge
should be documented because experts can leave
your organization, taking precious organizational
knowledge with them.

Intermediate. Intermediate mode documentation
uses the expert mode documentation but builds and
adds to it by providing guidance and lessons learned.
Guidance is very useful to people who don’t have
to follow a process or procedure very often. Even
experts forget guidance and lessons learned for an
annual or infrequently used process. Having guid-
ance available to those who need or want it is very
useful.

Typically guidance and lessons learned are not
auditable. Process phases and procedure steps are
required and auditable, but the supporting guid-
ance and lessons learned are there for support only.
One best practice is to distinguish between required
steps and optional guidance. NASA has chosen to
mark guidance and lessons learned with a “guid-
ance” label. The NASA ISO 9000 group prefers this
approach for auditing.

m Documentation Framework

Beginner. Beginner mode dotumentation uses
the intermediate mode documentation, but adds
training. Beginners should feel free to use the train-
ing manuals until they become familiar with the
process. Beginners should also be mentored as
appropriate. Some processes are simple, and some
are complex. Complex processes should have for-
mal training followed up by mentoring.

How can an organization afford to provide three
versions of the same documentation? Someday
software might include a documentation mode
(expert/intermediate/beginner) allowing the user
to see the appropriate information.

Until that time, a best practice that solves this
problem develops the process in chunks (sections) in
one version at the intermediate level. Add training
for the beginner, and let the expert grab the appro-
priate chunks. Another best practice is to provide
expert mode documentation for the experts.

Best Practices

Process documentation works well only if the
process it describes contains all the necessary ele-
ments. Table 3 describes the process elements—the
who, what, where, when, why (five
W’s) plus how—required to devel-
op a good process.* Each question is
answered by a key process element.

A “good process” should:

What happens over time
to produce results

|
Implemented by

Procedures
How to or step-by-step
instructions
Suppolrted by
Training Tools :
Provides the needed Suppqrts and‘ auto
knowledge and skills mates operations

Adapted from “A Software Process Framework for the SEl Capability Maturity Model™

Timothy G. Olson, (Quality Improvement Consultants Inc, 2005).
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Policies Standards e Address the five W’s and how,
Laws or principles | Sections/descriptions and and answer the key process
that govern operations Govern/guide operational definitions questions in Table 3.
* Have both pictures and words
Processes

(most people prefer pictures,
but some people prefer words).

* Be short, usable and well writ-

ten.

¢ Be well sectioned and labeled

(so chunks can be found quick-
ly).?

Although a good process should
have pictures, not all pictures are
good ones. Some pictures cause con-
fusion, and some are more harmful
than helpful. So what is a good pic-
ture? Process modeling is a best
practice that helps design good dia-
grams that address the five W's.

Figure 2 (p. 62) is an example



UP CLOSE: A view of NASA's 10,240 processor SGI Altix supercomputer housed at the advanced supercomputing facility.
Photo by Tom Trower, NASA Ames Research Center

of a process model. A process model answers
questions about reality® and is typically represent-
ed by diagrams and powerful notations that show
roles, activities, work products and the relation-
ships among them.

Best in class procedures consist of how-to, step-
by-step information and come in three formats:’

e Checklists.

e Forms.

¢ Step/action tables.

Checklists. Checklists are powerful, repeatable
representations of activities needed to complete
something. A checklist is powerful because the
order in which it is completed usually doesn’t mat-
ter. This makes checklists useful for concurrent
activities, as opposed to flowcharts, which are very
poor at representing concurrency.

Forms. Forms, along with instructions for com-
pleting them, are repeatable mechanisms for sup-
porting processes. Forms are powerful mechanisms
for collecting data in a repeatable way.

Step/action tables. One effective way to repre-
sent a procedure is to use a step/action table,’
which is useful when order matters. For example,
if a person needs to track his or her time, starting
to track time should not be the last step. Table 4
(p- 62) is an example of a step/action table.

@D Key Process Questions

Key process question Process element
Why is the activity performed? Purpose
Who does what activity? Activity performed by roles
What work products are used? Inputs

What work products are produced? | Outputs

When does the activity begin Entry criteria

When does the activity end? Exit criteria

How is the activity implemented? | Subactivity, procedure, method

What activity is next? Flow (such as, sequence or selection)

Where is the activity performed? Context (such as hierarchy)

Adapted from "A Software Process Framework for the SEI Capability Maturity Model”
(Timothy G. Olson, Quality Improvement Consultants Inc, 2005).

NASA Success Stories

NASA designs and builds complex systems. This
requires complex processes and procedures. Several
NASA locations have used best practices in process
documentation successfully recently. Figure 2 (p. 62)
is an example of one of NASA’s simpler processes.

NASA's engineering process groups (EPGs)
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develop, measure and improve systems. Some of
these groups became frustrated when their process
documentation grew large, complex and difficult to
use and therefore decided to try some process defi-
nition best practices.

Langley. The first group to pilot these process
definition best practices was the EPG at NASA’s
Langley Research Center in Hampton, VA. The
first procedure to be improved was the software
process for the center. Although the old procedure
was above average from a process benchmarking
point of view, it had a few weaknesses:

* There was a mixture of document types:
Policies, standards, processes and
procedures were mixed together.

* The principle of chunking was
violated. Most people can remem-
ber only sections of information
(for example, that is why 15- to 16-
digit credit cards numbers are bro-
ken into smaller chunks of four or
five numbers). The original NASA
Langley software process had a
flowchart with more than 30 steps
and a procedure with more than

used to add good diagrams ahd address chunking
of the flowchart. The new processes addressed all
the five W’s and how and were developed on one
page for the expert mode. NASA Langley has now
developed about six new and improved NASA pro-
cedures based on best practices.
NASA Engineering and Safety Council. The
recently formed NASA Engineering and Safety
Council (NESC) developed about 30 procedures.
Although NESC had well above average proce-
dures from a benchmarking perspective, the agency
wanted them to be shorter and more usable. Using
best practices, NESC cut the procedures by 60%

@GELEE) Customer Request Process

Purpose: To address customer requests effectively and efficiently.

Inputs/entry criteria:
» Customer request received (phone call, voice mail, e-mail, fax,

interoffice mail, walk through).
+ Remedy ticket created.

25 steps, making it difficult to use. :
* Processes did not address all the Tier one
five W’s and how. “When” was
missing, and other W’s were weak. 7.1.1 Request
The new procedure implemented Eto I;I'SC
best practices and addressed all these > ¥
weaknesses. Process modeling was 7.1.2 Create
remedE ticket
7.1.3 Triage request
Step/Action Example
7.1.4 Resolve 7.1.5 Tier two:
request? No |Work the request
1 | Begin to track time (write down the start time). i
- - ~ 7.1.6 Tier one: Resolve
9 Look for defects in the selected work product by using the the request
| appropriate data driven checklist. Voe 7.1.7 Tier\_y,
| Log the defects on the defect form. Continue logging defects two: Resolve >
'3 | until the work product is completely inspected using the request?
checklist. : '
| End tracking time (write down the end time). Calculate the total 7.1.8 Tier three:
‘4 |time spent looking for and logging defects, and record the total End i S e
2 Resolve request
| time on the defect form.
Table source: Timothy G. Olson, “How To Define Short and Usable Processes,” Outputs/exit criteria:

paper and presentation, 13th ASQ International Conference on Software Quality,
Dallas, 2003,
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« Customer request is resolved.

« Request is closed in remedy.
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without affecting technical content. Now the
NESC procedures are not only shorter; they are
more usable.

Ames IT Support Center. The NASA Ames
Center is located in the Silicon Valley in Mountain
View, CA. Its IT Support Center (ITSC) had an
experienced manager who had built a customer
support department from the ground up.
Although detailed procedures existed for
addressing trouble tickets, the overall customer
support process had not been documented.

NASA Ames ITSC developed a new document
with four processes in 19 pages (similar processes
run hundreds of pages). The process was devel-
oped in intermediate mode and also used process
modeling for pictures. The five W’s were put into a
one-page diagram for each process in expert mode,
and a page of text (along with guidance) was devel-
oped in intermediate mode to support the diagram.
Table 5 and Figure 2 are from NASA Ames.

The experienced manager at NASA Ames was
recently promoted and is now working in another
area of NASA. The new process document played a
key part in her promotion because it allowed a new
manager to come in and learn the ITSC process
quickly. Sometimes experienced people get stuck in
positions because they are the only ones who know
the process, and the process is not documented.

Code M at NASA Headquarters. NASA head-
quarters is located in downtown Washington, DC.
Historically, its departments have been named
with codes using the alphabet. Code M, which
developed and maintains the NASA shuttle and
the space station, is the largest.

The chief engineer of Code M wanted a process
review and benchmarking of all its procedures
at headquarters. The process review identified
strengths and opportunities for improvement and
made specific recommendations to Code M senior
management.

During the process review, it was discovered a
key process was not documented. This process
was developed with the chief engineer of Code M,
and the new process is 19 pages long. The process
was developed in intermediate mode and also
used process modeling for pictures, similar to
Figure 2. The five W’s were put into a one-page
diagram in expert mode, and a page of text (along
with guidance) was developed in intermediate

Customer Request Process

Stw -
number | o] ¥ .

Request to IT support center (ITSC)

+ Customer requests a service or reports a problem via phone, voice mail,
e-mail, fax, interoffice mail or walk through.

Guidance: A customer can contact the ITSC during normal business hours

711 | by using the following options:

+ Call x4-2000 or fax x4-0063.

* E-mail help@mail.arc.nasa.gov.

+ Go to building 233, room 195.

+ Send interoffice mail to mail stop 233-17.

Tier one: Create remedy ticket

+ ITSC staff will use the remedy help desk application to creat a remedy

712 ticket for all customer requests.
= + Staff should capture clear, correct and complete information into the
remedy ticket and within the metric stated in the service level agree-
ment (SLA).
Tier one: Triage request
= [TSC staff will need to follow the SLA and standard operating procedure
713 (SOP) to correctly determine the assignment of a remedy ticket.

Guidance: Triage is referencing the SLA and SOP and using professional

judgment to resolve the request or correctly assign the request.

Tier one: Resolve request?

* If yes (you can resolve the request), then proceed to process step 7.1.6.

+ If no, then assign the request to tier two.

Guidance:

114 |.0ncea request is assigned to tier two, it is ITSC's responsibility to ensure
itis addressed.

* The ITSC lead will check tier two and tier three tickets daily for ones that
have remained in the new status for over eight hours and send a report of
those tickets to tier two and tier three managers.

Tier two: Work request

715 | Follow the SLA to resolve the request.
i « Update the remedy worklog with clear, correct and complete information.

+ Change the remedy status to “work in progress” or “pending.”

Tier one: Resolve request

+ Follow the SLA and SOP to resolve the request.

746 |*Update the remedy worklog with clear, correct and complete information.

+ Change the remedy status to resolved.

Guidance: Ensure customer is satisfied with resolution.

Tier two: Resolve request?

« If yes {you can resolve the request), then change the remedy status to

747 resolved.

+If no, then assign the request to tier three.

Guidance: Ensure customer is satisfied with resolution.

Tier three: Resolve request

+Follow the SLA to resolve the request.

718 | Update the remedy worklog with clear, correct and complete information.

+ Change the remedy status to resolved.

Guidance: Ensure customer is satisfied with resolution.
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DOCUMENTATION

mode to support the diagram. The new process also
met the ISO 9001 requirements for NASA.

Office of the Chief Engineer. The office of the
chief engineer, located at NASA headquarters, is
periodically charged with writing or updating
documents and requirements for all of NASA.
The program executive for software engineering
was charged with writing the agency level poli-
cies and procedural requirements for software
developed, maintained or acquired for NASA.

The new procedural requirements document was
developed in about 50 pages with about 140 require-
ments. This is much shorter than most other similar
industry standards, which are hundreds of pages
long.

Requirements used the word “shall” and were
written in one sentence. Optional recommenda-
tions were added as notes. The requirements were
chunked into software best practices, and a short
description introduced each best practice.

Eight classes of software based on the type of
subsystem and how critical the software is to pro-
ject success were identified at NASA. The 140
requirements were tailored to each class using a
matrix. The human rated mission critical software
had all 140 requirements apply, but fewer require-
ments were applied to lower classes and different
types of NASA software.

Some Lessons Learned

Some of the lessons learned at NASA and many
other organizations in industry while developing
processes with best practices are:

* Don’t mix policy, standard, process and proce-
dure information (for example, in the same
paragraph). Label this different information,
and consider how the information is used.

* Write all process documentation as simply as
possible but not so simply it doesn’t work. Keep
process documentation concise and precise
(short and sweet), but expect some processes
to be complex.

* Use good pictures (most people prefer pictures),
with words filling in the details.

* For each process or subprocess, write the five
W’s and how on one page using a diagram, as.
in Figure 2. A good process diagram can
replace 20 to 25 pages of text.

* Process modeling is a best practice and scales
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-
up to extremely complex systems. Use process
modeling to develop good pictures.

* Information Mapping is also a best practice.’

* Use procedures such as checklists, forms and
step/action tables."

* Use chunking or sectioning to organize the
sections, and label the chunks so users can
find information quickly. Process modeling
and Information Mapping help tremendously
with this principle.

* Account for beginner, intermediate and expert
users of the process.

* Design measurement into the process. Don’t
add measurement as an afterthought.

* The processes must be tailored to each organi-
zation, each business unit or division and each
project.

Developing best in class processes and proce-
dures—-makmg them short and usable—is challeng-
ing. Many best practices can be used to help improve
process documentation. The approach summarized
in this article uses a collection of best practices, all
wrapped into a process for developing processes.

Although this process of developing processes is
outside the scope of this article, we hope readers
have benefited from the description of some of the
best practices along with the example process in
Figure 2 and Table 5.
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