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ABSTRACT

Solving difficult problems is a complex activity
that is governed by the search for knowledge.
Problem solving is affected by a combination of the
searching process and by the availability of the
knowledge required to solve the problem. This paper
describes the application of analytical and
knowledge-base tools that can be integrated within
Value Engineering to enhance the structured
generation and utilization of ideas. The basis for this
work is the Theory of Inventive Problem Solving
(often referred to by the Russian acronym TRIZ),
which is intended to improve the effectiveness of the
problem solving process and the development of
implementable solution concepts.

INTRODUCTION

Over the last 50 years, the original creator of
TRIZ, Genrich Altshuller, and his followers have
provided us with the tools to turn anyone with a
reasonable amount of intelligence and a little desire
into an inventive genius. Their work now provides
the ability to take control of the process of innovation
at new, previously unrealizable levels.

TRIZ is a new science — the science of inventive
problem solving. In order to fully understand the
paradigm shift that is occurring today, it is important
to look at the evolutionary trends in the way mankind

has performed its work and how other sciences have
evolved.

Throughout history, mankind has evolved both
technological systems and the ways in which the
fulfillment of technological needs is addressed. It is
well-known that the creative process has historically
belonged to a combination of individuals and well-
facilitated teams.

To understand the achievements presently
occurring in the area of problem solving, we need to
take a closer look at the creative process itself, as
well as how the sciences related to this process have
evolved. In order to solve problems effectively we
rely on education, experience and observation. When
a person exhibits an exceptional ability to solve
complex, previously unsolved problems, others
typically interpret this ability to suit their own
notions of how the results were achieved, i.e.,
attributing it to luck, magic or genius. But herein lies
the rub: luck, magic and genius are very difficult to
duplicate. We therefore need a methodology and
tools that are reliable and repeatable, and which rely
on neither luck, magic or genius.

Problem solving is a key component of human
functioning. An analogy can be made to another
science — mathematics — which also touches nearly
every aspect of our lives. Indeed, both problem
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solving and mathematics are critical to survival in
today’s fast-paced world.

THE ANALOGY

In early Rome, mathematical calculations were
performed using Roman numerals. This system
provided the Romans with the ability to add and
subtract, but not to multiply and divide. Only a few
people were able to mentally process multiplication
and division. And in all likelihood, their peers
regarded them as geniuses for their ability.

Later, the Arabic numbering system was created,
and its “change agents,” or “believers,” caused a
paradigm shift. As a result, nearly everyone soon had
the ability to multiply and divide by using a
systematic process consisting of new methods and
tools. The paradigm shift was that “genius ability”
was no longer required.

~
T

The same thing is happening today with the ability
to be innovative. Historically, only truly unique,
highly creative people could repeatedly come up with
highly innovative concepts.  But due to the
pioneering efforts of Genrich Altshuller and his
followers, we now have a set of methods and tools
with which we can apply our creative abilities at new
levels. Are we geniuses, or are we simply lucky
enough to be at the forefront of a paradigm shift that
can make it appear that we have a higher degree of
creative ability?

The mind contains many of the pieces required to
innovate; these pieces are collected over time as a
result of education, experience, and observation. But
because of this random-like accumulation, the mind
requires training or some other form of guidance in
order to exploit these pieces. Somehow, this is
attained within the creative mind of a genius. For the
rest of us, whether we admit it or not, a systematic
approach is required, along with the appropriate
knowledge that will allow us to take on and resolve
the toughest of challenges. It is this systematic
approach that has been missing — until now.

NEW TOOLS FOR STRUCTURIZING THE
PROCESS OF INNOVATION

It 1s common knowledge that a well-defined
problem is a problem that is half solved. Because of
the state-of-the-art application of TRIZ, which
provides new methods and tools for tackling even the
toughest of challenges, the well-defined problem is
closer to 80% to 90% solved. The methods and tools
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are embodied in a five-step, easy to use process — the
Ideation Process — which consists of the following:

Problem documentation and preliminary analysis
Problem formulation

Prioritization of “Directions for Innovation”
Development of concepts

RN

Evaluation of results

The integration of this process within Value
Engineering can provide new value that enhances the
process of idea generation, as well as the
development of these ideas into implementable
concepts.

INTEGRATION OPPORTUNITIES

Value Engineering is a highly structured
methodology that, like TRIZ, has evolved over the
last 50 years. The VE methodology has produced
results in a variety of industries and government
entities. The opportunity for integration between VE
and TRIZ exists where the transition is made from
functional diagramming to implementable solution
concepts. The focal point of this integration is the
brainstorming process, which can be enhanced by
applying TRIZ-based tools. Once concepts are fully
developed using these tools, the Value Engineering
approach provides the cost analysis required to move
newly developed concepts toward implementation.
Value Engineering provides a strong beginning and a
strong ending; TRIZ can be used to provide a
systematic, structured approach to enhance the
middle, “brainstorming” (concept development)
function. The starting point is the completion of a
VE-based functional diagram. “Specific functions of
interest” become the target of additional work by
applying the Ideation Process.

THE IDEATION PROCESS

When tackling tough challenges, situation analysis
and problem definition are critical. TRIZ research
has shown that 95% of the time, the initial problem
statement for a difficult problem is incorrectly stated.
This drives the TRIZ practitioner to develop a more
in-depth understanding of the specific functions of
interest, as a means to comprehend the underlying
root problem(s). Improved understanding and
reformulation of the specific functions of interest lead
to significantly higher levels of innovation and,
therefore, to more cost effective, robust and
implementable concepts.
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1.  PROBLEM  DOCUMENTATION
PRELIMINARY PROBLEM ANALYSIS

AND

The Ideation process begins with a questionnaire
called the Innovation Situation Questionnaire
(ISQ™). The ISQ is a template for preliminary
problem analysis, and consists of a set of questions
that help one look at the problem situation from a
different point of view. These questions are not
typical engineering- or management-oriented
questions, but are innovation oriented, resulting from
years of accumulated research in the successful
application of TRIZ-based methods and tools in the
solving of inventive problems. The questions in the
ISQ provide the problem solver with a systematic
way to approach the problem situation, and prompt
him/her to consider things that are typically
disregarded or go unnoticed during problem solving.
Interestingly, 10% of the time the ISQ alone is
enough to resolve the problem. ”

The contents of the questionnaire are as follows:

1. Information about the system

e System name, system structure, functioning,
primary useful functions, reason the primary
useful function is performed, system
environment

2. Information about the problem situation

e Problem to be resolved, undesired
consequences if the problem remains
unresolved, mechanism causing the
problem, history of the problem (how and
when it occurred), other problems to be
solved if this problem is unsolvable, ideal
vision of the solution

3. Changing the system

e Allowable changes to the system, limitations
for changing the system

4. Available resources

o Resources having to do with substances,
fields, functions, information, time, space,
flow

5. History of attempts to solve the problem

e Previous attempts to solve the problem,
other system(s) in which a similar problem
exists

6. Criteria for selecting Solution Concepts

e Desired technological and economic
characteristics, desired timetable, expected
degree of novelty, other criteria for
evaluation

2. PROBLEM FORMULATION

Problem formulation begins with the development
of a graphical model consisting of the events and
conditions that comprise the problem situation in
terms of cause-and-effect relationships. While this
might appear to be similar to functional
diagramming, it differs inasmuch as it provides for a
new level of creativity in the search for (and
implementation of) solutions. The functional
language of Value Engineering allows engineers to
move beyond their professional language to a
common language that provided a link to marketing
and the needs of the customer. Problem formulation
provides a similar language transformation, one that
transforms a functional language to an innovation
language (see Figure 1).
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The process of moving from a functional language
to an innovation language provides additional levels
of refinement and comprehension of the problem
situation. The underlying benefit is that, when a
situation is formulated (or, more accurately,
reformulated), the solution often becomes obvious or
is more easily obtained than through the initial
statement of the problem situation. The process of
Problem formulation is then continued with the
“slicing” of a complex or unclear situation into a
comprehensive set of well-defined problems.
Directly attacking each “slice” is the key to the
successful generation of ideas and, consequently, to
the development of implementable solution concepts.

The notion that a problem situation can be
explicated into multiple problem statements is rooted
in Altshuller’s “multi-screen” model of creative
thinking, a.k.a. the systems approach. This approach
holds that any system has a hierarchical structuge that
includes subordinate sub-systems and at léast one
higher-level system (the so-called “super-system”™) to
which it, in turn, serves as a sub-system. Very often
the links between the system, sub-systems and super-
systems are rigid enough to ensure that a change in
one part of the system causes substantial changes
(either positive or negative) not only in other sub-
systems but in adjacent systems as well. In
particular:

e A breakdown in one part of the system can cause
undesired consequences in other parts of the
system, and in the system as a whole

¢ An undesired situation in one part of the system
can be eliminated by changing a different part of
the system

As a result, one problem can be addressed in
different, and often greatly diverse, ways. Put
another way, the assertion can be made that there is
always more than one way to approach a given
problem.

Problem formulation further differs from
traditional functional diagramming in that it includes
harmful events and conditions as well as useful ones.
The developers of the problem formulation process,
Boris Zlotin and Alla Zusman, determined that by
combining functional diagramming, which addresses
useful functions, and Ishakawa (“fishbone”)
diagramming, which deals with harmful functions,
new benefits could be realized (see Figure 2). These
benefits are revealed through a patented software
algorithm (and associated application) that provides
an exhaustive set of Directions for Innovation,
replacing the need for trial-and-error attempts. The
Directions for Innovation are the representation of a
single, complex problem by a set of simple (and more
easily solved) problems. In effect, problem
formulation constitutes a “map” of the problem
situation (i.e., the events and conditions that
constitute or relate to the problem) in terms of cause-
and-effect relationships.
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Problem Modeling and Knowledge Conversion

What is occurring when we model a problem
situation? For most of us, the knowledge that exists
in our minds about a particular problem (or any
situation, for that matter) is not segmented into
precise, orderly units that can be easily represented
using pencil and paper, or even with a computer.
Rather, it resembles a monolith of complicated
interconnections and “chunks” of information,
intermixed with an assortment of associations from
the useful (possible solutions, analogous situations,
similar problems, etc.) to the distracting (such as
emotional factors or extraneous job-related issues).

Modeling a problem is a process — sometimes a
lengthy one — of converting this mass of mental data
into an ordered collection of sequential “knowledge
units,” and of determining the relationships bgtween
these units. A reasonably modeled problém can
convey all the necessary information about a problem
situation — and then some. )

The benefits of problem modeling as incorporated
in the problem formulation process are as follows:

s Its use provides increased understanding of a
problem situation and thus affirms the TRIZ
adage: “A correctly formulated problem is a
problem that is nearly solved.” Moreover,
building models that reveal an exhaustive set of
Directions for Innovation is an expeditious way
to gain this increased understanding rapidly,
making the modeling process a “quick learning”
tool.

»  Within the exhaustive set of Directions for
Innovation generated by the problem formulation
process are those that are non-obvious and,
therefore, would likely have been overlooked.

= The process helps to break down psychological
inertia by providing a means for the user to view
the problem outside of his/her familiar,
technology-specific domain.

* An important outcome of this approach is a set
of comprehensive and transferable documents of
the situation and related opportunities for
innovation.

The “Language” of Functions and Links

The problem formulation model is composed of
two main elements: functions and links. A function
consists of a box that includes text describing
something about the problem or system. Functions
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represent an event or condition in the form of an
action, component, condition, process step, etc. A
link, represented by an arrow, describes the
relationship between two functions.

There are four types of links in the model:

- Provides (a single line arrow)

Causes (a double line arrow)

- Hinders (a double line arrow with a crossbar)

Eliminates (a single line arrow with a crossbar)

These simple ingredients provide the “language”
necessary to adequately describe any problem
situation for the purpose of developing solution
concepts. The problem situation can be either
technical or non-technical; the latter opens the door
to working with business process improvement and
re-engineering situations.

Note: In Figure 2, only two of the above four links
are used: provides (a single line arrow) and hinders (a
double line arrow with a crossbar). There are four
boxes in this diagram (2a, 2b, 2¢ and 2d) that provide
something good while also hindering something —
these boxes have good characteristics but also
produce harmful effects. This situation is referred to
in TRIZ as a contradiction.

Directions for Innovation — What Are They?

One of the reasons complicated probiems are
difficult to solve is that they cannot be solved “in a
single shot” — indeed, attempts to do so prove
frustrating and fruitless. The experience of
successful inventors shows that complicated
problems require a multi-faceted approach,
something that the “normal” mental process cannot
effectively accommodate.

To support the solving of a complicated problem,
the Ideation Process separates them into a set of
simple problems known as Directions for Innovation.
Successive tackling of these problems is the
equivalent of the multi-faceted approach used by
successful inventors. This approach consists of
looking at a problem situation from all possible
points of view.

The following Directions for Innovation are based
on the oil changing example shown in Figure 2.

Directions for Innovation:

1. Find an alternative way to obtain [the] (draining
of oil), that provides or enhances [the]
(performing auto oil change at home).



10.

11.

12.

13.

14.

15.

16.
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Find a way to enhance [the] (draining of oil).
Find a way to do without [the] (draining of oil)
for obtaining [the] (performing auto oil change at
home).

Find an alternative way to obtain ([the]
(performing auto oil change at home), that
provides or enhances [the] (maintaining life of
engine), and does not require [the] (restoring
engine to operational condition), (preparing to
change oil), and (draining of oil). This way
should not be influenced by [the] (properly
disposing of old gasket), (proper containment of
drained oil), (properly disposing of drained oil),
and (properly disposing of old oil filter).

Find a way to enhance [the] (performing auto oil
change at home).

Find a way to protect [the] (performing auto oil
change at home) from the harmful influence of
[the] (properly disposing of old gasket), (proper
containment of drained oil), (properly disposing
of drained oil), and (properly disposing of old oil
filter). i

Find a way to do without [the] (petforming auto
oil change at home) for obtaining [the]
(maintaining life of engine).

Find an alternative way to obtain [the]
(maintaining life of engine), that provides or
enhances [the] (maintaining personal property),
and does not require [the] (performing auto oil
change at home).

Find a way to enhance [the] (maintaining life of
engine).

Find a way to do without [the] (maintaining life
of engine) for obtaining [the] (maintaining
personal property).

Find an alternative way to obtain [the] (preparing
to change oil), that provides or enhances [the]
(performing auto oil change at home), under
condition of [the] (proper containment of drained
oil).

Find a way to enhance [the] (preparing to change
oil).

Find a way to protect [the] (preparing to change
oil) from the harmful influence of [the] (proper
containment of drained oil).

Find a way to do without [the] (preparing to
change oil) for obtaining [the] (performing auto
oil change at home).

Find an alternative way to obtain [the] (restoring
engine to operational condition), that provides or
enhances [the] (performing auto oil change at
home).

Find a way to enhance [the] (restoring engine to
operational condition).
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18.

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

. Find a way to do without [the] (restoring engine

to operational condition) for obtaining [the]
(performing auto oil change at home).

Find an alternative way to obtain [the] (avoiding
pollution to property), that provides or enhances
[the] (maintaining personal property), and does
not require [the] (properly disposing of old
gasket), (proper containment of drained oil),
(properly disposing of drained oil), and (properly
disposing of old oil filter).

Find a way to enhance [the] (avoiding pollution
to property).

Find a way to do without [the] (avoiding
pollution to property) for obtaining ([the]
(maintaining personal property).

Find an alternative way to obtain [the]
(maintaining personal property), that does not
require [the] (maintaining life of engine) and
(avoiding pollution to property).

Find a way to enhance [the] (maintaining
personal property).

Find an alternative way to obtain [the] (properly
disposing of old gasket), that provides or
enhances [the] (avoiding pollution to property).
This way should not be in a conflict with [the]
(performing auto oil change at home).

Find a way to enhance [the] (properly disposing
of old gasket).

Find a way to resolve the contradiction: [the]
(properly disposing of old gasket) should exist to
obtain [the] (avoiding pollution to property), and
should not exist in order to avoid hindering [the]
(performing auto oil change at home).

Find a way to do without [the] (properly
disposing of old gasket) for obtaining [the]
(avoiding pollution to property).

Find an alternative way to obtain [the] (proper
containment of drained oil), that provides or
enhances [the] (avoiding pollution to property).
This way should not be in a conflict with [the]
(performing auto oil change at home) and
(preparing to change oil).

Find a way to enhance [the] (proper containment
of drained oil).

Find a way to resolve the contradiction: [the]
(proper containment of drained oil) should exist
to obtain [the] (avoiding pollution to property),
and should not exist in order to avoid hindering
[the] (performing auto oil change at home) and
(preparing to change oil).

Find a way to do without {[the] (proper
containment of drained oil) for obtaining [the]
(avoiding pollution to property).

Find an alternative way to obtain [the] (properly
disposing of drained oil), that provides or
enhances [the] (avoiding pollution to property).






