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Abstract: From 1984 through 1989 Hewlett-Packard Company’s R&D entities in the Networked Sys-
tems Sector (Cupertino) engaged in the systematic implementation of software engineering processes,
methods, and tools. The goal: improve software products delivered to HP customers. This effort, led
by the Technology Transfer section (TX), resulted in improvements for several projects in the areas of
time-to-market, product quality, and reduced development costs. This paper presents a summary of
TX’s approach to the design, development, and implementation of a technology transfer process.

1. Introd uction

In 1985Hewlett-Packard Gopany chartered its SoftwaEmgineeringOperation(SEO) in Corporate
Engineering tomprove HPs softwarequality and productiity through the aguisition and mplemen-
tation ofmanagenent and engineer education pragsa The &0 enlightened HR top &ecutves
regarding the necessity amalue of a disciplined approach to software engineering, a rapiolyireg
field where a aoputer science graduabecames technically bsolete only2 _ years after graduating
from a4 year progren; furthemore, canputer science graduates are often unpreparedrediately
begin software engineering.

1 Originally published in_Softwar&ngineering nstitute Conference Proceedings , Spreigetag&
Carnegie MellorUniversity, NewYork, 1990.
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Putting that management commitment into action within the operating entities became the responsibil-
ity of local consulting and education teams such as the Technology Transfer section (TX). To date,
HP’s software R&D entities in the Networked Systems Sector (NSS; Cupertino) have received the

most comprehensive, integrated software engineering processes, methods, and tools program available
in the company. This paper provides an overview of the design, development, and implementation

of TX’s technology transfer process.

2. The Evolution of TX

IntheBegnning, TX was originally a si-person team within th@uality Department that served one

of HP’s systems divisionsWWhen the company recoged the need to dedicate resources to the design
and development of software engineering tools for its internal systems software developers, the TX
team was integrated into a lab that was created to meet that purpose. TX was chartered to develop
and implement effective processes for instituting effective software engineering processes, methods,
and tools throughout the R&D labs of NSS.

Initially, TX only delivered classes that were developed B@.SThat approach admittedly increased
the awareness of a few engineers with regard to generic software engineering methods, but the
application of those methods was not systeméatiod because no managers were involved in that
activity, middle managers had fildulty perceiving the value of a disciplined approach to software
engineering.

In a related effort, which also proved counterproductive, many labs chose to install in-hdase and
external ComputeAided Softwardengineering (@ SE) tools in an effort to improve their develop-

ment processedJnfortunately, the actual software development processes employed in some of those
labs had not been articulated, and the selection of methods was uninféiumagrmore, the tools

that supported spdit software engineering methods and processes were npisiaely xkamined

prior to their installation As a result, some of those tools were met with outrighttien, and

some managers were discouraged from further considering a non-traditional approach to software
development.

1985 In 1985 the standard method of internal technit¢edining’ still involved selecting one or two
engineers from a pyect team and sending them to a class to gain knowledge and skills involving
methods, processes, or tools. Those engineers, in turn, wougdmtezl to impart that training to
their fellow engineers and managers, a woefully ineffective process.

We in TX readily recogrzed that if TX was going to generate any real change in the process by
which software was developed, we had to work closely fivishand middle-managers and their

. Technology Transfer2
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teams of engineers. In developing that approach, we began to create programs that addressed the
needs of both the managers and their teams, treating them as “intact work groups.” Our TX team
used a two-prong approach:

1. Empower the R&D teams to properly select and implement software engineering methods.

2. Demonstrate to middle-managers the value, or return on investment, that resulted from the
time they took to implement the software methods and tools.

Over time, this deliberate, systematic integration of software engineering processes, methods, and
tools produced tangible results that demonstrated to line managers the value of software engineering.
Those results realized by the few courageous intact work groups of “early adopters”, encouraged other
managers to consider changing the manner in which their teams perform work.

1985/86 During this period, another factor increased the demand for a coherent, technical education
program: the development Biewlett-Packards PrecisionArchitecture(HP-PA) Reduced Instruction

Set Computing(RISC). HP’s move to RECinvolved new hardware technologies, new software
optimization algorithms, and a host of innovative changes in operating system principles.

TX effectively met the demand fétP-PA engineering knowledge and skills. In collaboration with

the people who were creating this technology, we provided thousands of engineers and managers with
HP-PA courses that were focused, timely, and effective. That increaspartise helpetiewlett-

Packard to successfully meet the challenge of developing and implemEifB4 technology. TX
respondedjuickly to the demands of labs who wanted technical knowledge and sgilisition, thus

helping to establish our credibility as a vital linkHP’s product development process.

This credibility was accompanied by atpansion of our technology transfer servicAsong with
classroom training, we began to offer process consulting as well as software engineering tools
implementation and on-line suppoiManagers recognized thepertise available in our team of
software engineering consultants, and they began to demand TX services.

1986 TX became entirely self-funded, managed as an internal business.

Today. We continue to generate operating revenue by delivering the myriad TX programs.

. Technology Transfer3
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3. The TX Mod €

Because we manage TX as an internal business, we must work closely with out “customers”, the
R&D management teams. The role of TX has changed, from simply delivering technical management
and engineering classes, to providing organization-focused technology education, accompanied by
the essential follow-up consulting for the intact R&D teams. We have evolved into a team of
“engineer/consultants”, engineers with advanced degrees in computer science and statistics.

As our process evolved for serving engineering labs, we developed a model of our activities. Figure 1
provides a high-level overview of the components of the TX model.
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This model enables us to address the concerns of any lab with whom we worlecasd éfl the
individual components of the model.

» Engineering Knowledge and Skills: Ensure that the engineers have knowledge and skills in
place for effectively developing software.

* Technical Management Knowledge and Skills; Ensure that the managers in that organization
have the skills and knowledge they need in order to effectively manage the development of
software.

* Engineering Processes, Methods, and Tools: Allow the development team to ensure that 1)
they have a clear understanding of what their processes are, 2) they understand what methods
are appropriate to use at various phases in the software development life cycle, and 3) they
implement the appropriate tools in each instance.

 Software Development Environments: Provide the actual physicajaoation for software
development, enabling the lab team to effectively implement their software.

» Consulting: Coordinate the transfer, or actual implementation, of the above components
of the TX model.

By being able to offer all of those different services to a particular lab, TX helps that lab meet
their business objectives. Our integrated approach to education and consulting has enabled product
development teams to improve time-to-market, reduce development costs, and improve product qual-

ity.

4. Camponents of TX's Technology Transfer Process

During our processing of working with our customers, the TX function must address the unique
requirements of several software development labs in Cupertino. To meet this challenge most
effectively, the TX staff must continuously evaluate, acquire, and demonstrate essential software
engineering xpertise. As our team applies thigertise throughout the customer labs, we must

also empower those with whom we work to continue to implement effective engineering processes,
methods, and tools after the consulting process has concldate addressing the above, TX

treats each customer relationship uniquely, providing our client labs with the optimum design and
development processes, methods, and tools for software engineering, enabling them to continuously
improve their products.

. Technology Transfers
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 Technical Management Knowledge and Skills; Ensure that the managers in that organization
have the skills and knowledge they need in order to effectively manage the development of
software.

» Engineering Processes, Methods, and Tools: Allow the development team to ensure that 1)
they have a clear understanding of what their processes are, 2) they understand what methods
are appropriate to use at various phases in the software development life cycle, and 3) they
implement the appropriate tools in each instance.

« Software Development Environments: Provide the actual physicatjaaation for software
development, enabling the lab team to effectively implement their software.

» Consulting: Coordinate the transfer, or actual implementation, of the above components
of the TX model.

By being able to offer all of those different services to a particular lab, TX helps that lab meet
their business objectives. Our integrated approach to education and consulting has enabled product
development teams to improve time-to-market, reduce development costs, and improve product qual-

ity.

TX Gets Involved. The technology transfer process is initiated by tis¢ ér second-level manager in
anR&D lab. Often, that manager has become aware of the nerantine and improve the manner

in which theR&D team pursues the tasks of software development. The manager, or managers,
involved are also aware of the results that other teams have realized when they changed and improved
the process, methods and implemented tools used in their software development work. The team
submits a request to TX.

In response, the TX management team assigns an ergimseittant to work with thB&D team that
requested assistance. At the initial stage of this relationship, both parties work together to clarify the
R&D managersreasons, objectives, angpectations that are involved in hiring TXpeertise. Our

process follows the logic#llow diagram shown iRigure 2(see ngt page).

As we work with the manage) to articulate their business objectives, the TX engioeesultant
assesses the labability to meet those objectiveBollowing are some of the basic questions that
must be answered.

» Does the team possess requisite technical engineering knowledge afd skills

» Can the management team integrate essential project and process management elements into
their daily worle

. Technology Transfer6
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* Is there a clear understanding of the software engineering methods, development environ
ments and supporting tools which will enable the team to meet its business objectives?

The following goals are met as the TX engineer/consultant works with the manager(s) and engineers
of the team.

1. Defne and improve the software engineering processes, as they are implemented.
2. Ensure that the lab engineers possess critical technical skills.

3. Identify and teach the most appropriate software engineering methods for that team’s
particular product development phase.

4. Assist the team in it implementation of internal or externally available software engineering
tools that support the development process.

5. Delivery Mechanisms

As we move through the steps of the technology transfer process with a lab’s management team, TX
delivers focused curricula and consulting process plans that enable the lab to most effectively evaluate,
change, and improve the manner in which they are developing their software prddecisaw on

the TX resources shown Kigure 3 (see next page) to create the most effective program for each client
lab. By providing an integrated program of the knowledge and skills essential for enabling a lab’s
ability to meet its business objectives, TX empowerdiR® team to meet those objectives.

Focused Curricula. TX has designed and implemented focused curricula for several lab teams,
resulting in the'justin-time” education critical to maintaining a technicatiyrrent engineering work
force, with the following results.

» The labs aHP's Cupertino site have ensured that their engineers and managerstaaaig
in the technologies directly affecting their product development work.

» The engineers new to the technologies used in the various labs have demonstrated that

their learning curve for essenttdP knowledge and skills is much shorter than the traditional
mentor/osmosis approach to engineer training.

. Technology Transferr
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Graduate EngineerEducation. In addition TX has integrated the graduate engineer education courses
and degree programs available through Stanford University, the

University of California at Berkeley, the California State University at Chico, and the National
Technological University. This added learning opportunity helps to ensure that the Cupertino site
engineers are kept technically current. During the past year, more than 14% of the engineers at the
Cupertino Site have participated in those university courses.

6. Results

Implementation of the comprehensive and integrated TX model has resultedficammmprove
ments for severdR&D labs as demonstrated in the fallog examples.

* One team reduced the completion time of a product porting processw&eks, to less
than 1week.

» Another team demonstrated that by implementing effective/adtengineering methods
(structured analysis, structured design, and inspegtearty in their prgect, they sigricantly

reduced defects in thimal product. The resulting improvement in prodyelity will mean
lower maintenance costs for that lab.

* A third team reduced their build time from three days to less3amnutes by eliminating
the complgity in their process and by implementing a ftgaration management tool.
7. Condusion
Significant improvements iHP’s softvare products have resulted from §Xomprehensive and
integrated approach to transferring s@fte engineering technologies. Throughout the fpastyears,
TX has demonstrated thelbsses alon®ill not creae improvemertsin sotware that Hewlett-Packard

desgns develops, and deliversto its aistomers.

On the contraryR&D managers must constantly balance several factors as they bring products to
market. They must benare of all the follaving:

» Customer needs andjerements.

» New technologies and the technical capabilities of theim cesources.

. Technology Transfer8



BB RebL
W Sysems

When Change Requires Change

» Market windows and other factors that affect product delivery.
* Effective software development environments, processes, methods, and tools.

* Factors that inflence the integration of R&D activities with the activities of marketing sales,
and support teams.

They must also constantly seek ways to improve their teams’ development processes so that their
products remain competitive.

TX, as a function, engages in the continuous improvement of our own processes; therefore, we
continue to articulate, refe, and integrate effective software engineering principles into our own
process as well as in our consulting with HP’s software development labs.

By providing consulting and education — involving software engineering process, methods, and tools
— to R&D teams throughout HP’s Cupertino site entities, the TX function has contributed to the
company’s ability to improve R&D effectiveness, time-to-market, and product quality.
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