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Levels Of Abstraction
As we know, one of the main TRIZ ideas is that ‘someone, somewhere already solved a
problem something like yours’. If we accept this possibility, the new problem we have to
face is how we might locate these solutions. TRIZ offers a series of tools that try to enable
us to connect our problem to the best solutions of others. They all work through a process
of abstraction. Different tools within the toolkit operate at different levels of abstraction.
The purpose of this article is to explore those different abstraction levels and how we
might best decide what level of abstraction is most relevant to a given problem
circumstance.
Figure 1 illustrates a commonly used TRIZ model of the problem solving process modified
to incorporate a measure of level of abstraction. If we take vertical distance away from our
specific problem situation to represent abstraction, then it is possible to place the different
tools at different places along an axis from low to high abstraction.

Figure 1: Abstraction Level of the Different TRIZ Tools

‘Tools’ like the patent database or Internet or the semantic processors that we might use
to efficiently search them operate at a very low level of abstraction. When we are using
these tools we are very directly trying to find solutions that fit our problem. Keyword
searches on ‘self-cleaning glass, with high reflectance’ are very likely to guide us towards
readily applicable solutions (assuming they exist, and/or are not owned by a competitor).
The function/attribute database tool requires a degree of abstraction from the user. The
key abstraction mechanism is function, and the key question is ‘what function is it that I am
looking to achieve?’ When we make a connection between the problem ‘how do I dry
photographic paper?’ and the function ‘move liquid’, we have abstracted the problem in a
way that enables us to tap into the solutions of everyone that has ever had to move a
liquid.
Both the patent database and function/attribute databases are an excellent way of
systematically solving problems up to a point. The main problem with both is that the
solutions that are obtained may well belong to someone else and we cannot use them
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ourselves. This is slightly less true in the case of the function database, but the scene is
shifting rapidly as more and more companies learn the value of importing or exporting
(Reference 1) functional solutions from one sector to another. Also, it is apparent that the
rate of emergence of new effects is relatively low – so use of function databases does not
need to be regular. This phenomenon might serve to explain the strong initial success of
early search tools and function databases, and the fact that many of them now seem to sit
untouched for long periods of time.
Essentially, if we need to generate more novel solutions, then we need to go to higher
levels of abstraction. There is, in other words, a strong correlation between strength of
solution (in the terms of novelty defined by Altshuller with his ‘levels of invention’) and level
of abstraction – Figure 2.
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Figure 2: Relationship Between Level of Abstraction, Strength of Solution and Difficulty of Use

The correlation is not absolute, of course, and is merely intended to provide a general
direction. The strength line is shown dotted above the Inventive Principles level to indicate
the possibility of stronger solutions as opposed to a certainty. In simple terms, the higher
the level of abstraction, the further ‘out-of-the-box’ the thinking.
The trends of evolution work at a higher level of abstraction than the function database,
since use of the trends demands making connections between a system and stages on
the 35 technical or 25 business trends so far uncovered. Questions like ‘what is the
advantage of adding hollows to the system?’ or ‘what is the advantage of adding
pulsation?’ are typical of the abstracted connections we should make. The trends appear
to be one of the simpler tools to use from within the TRIZ armoury. The concept of
Evolutionary Potential seems to be having an influence in the use of the trends part of
the method.
Although highly beneficial in many instances, use of the trends of evolution is unlikely to
generate high level inventions. The trends may well act as signposts towards such high
level inventions, but other tools are more likely to help us actually achieve them.
At the next level of abstraction above the trends are the S-Fields/Standard Solutions and
Contradictions/Inventive Principles parts of TRIZ. They operate at a more abstract level
because they distill solutions down to things like ‘do something earlier’ or ‘add a substance
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between the other two’, and thus leave large amounts of interpretation to be performed by
the user. The more skilled we become at interpreting and applying the Standard Solutions
and, particularly, the Inventive Principles, the more likely it is that we will be able to
generate high level solutions. This becomes particularly apparent when we begin to adopt
strategies to combine different Standards and/or Principles. As discussed in Reference 2,
there is a very strong correlation between the strength of a solution and the number of
Principles used to generate it.
Relating back to Figure 2, however, indicates the contradiction involved in the use of the
Standards and Inventive Principles; the possibility of higher level solutions comes at the
expense of increased difficulty of use. Or at least difficulty of using effectively. This is a
contradiction we try and work to resolve every day at CREAX, and one we hope will
eventually be adequately solved. As of today, experience in teaching courses shows that
new users are often generating very good ideas within an hour or two using the trends, but
that the contradictions tool requires at least half a day of familiarity before being able to
generate ideas using the Principles in a non-combination manner.
At the most abstract level on the scale are the Psychological Inertia tools – Smart Little
People and Size-Time-Interface-Cost tools for example. These tools work by deliberately
forcing users out of the box they are currently in to places as far away as possible. The
usual danger with these tools is that they can appear so far out of the box that users
(particularly newcomers) think that they are trivial and meaningless. Here is another
contradiction that needs to be solved. The usual way we use is to separate on condition; if
a problem merits it and the problem solvers are sufficiently open-minded, then the
psychological inertia tools can spark some very effective solution directions. If these
conditions are not met, then use of the tools is likely to end in disappointment.
Summary
TRIZ tools operate at different levels of abstraction. Lower levels of abstraction tend to
produce rapid, low level solutions; higher levels tend to generate the possibility for much
stronger solutions at the expense of requiring more user expertise and openness.
The most effective use of the tools will occur when they are matched to the capability and
state of mind of the users. Highly abstract solution strategies will not be accepted in many
situations – particularly when the constraints of a problem dictate that a solution needs to
be found now – but when time allows, these tools may well be the ones that deliver the
major breakthrough ideas.
References
1) Rivette, K., Kline, D., ‘Rembrandts in the Attic: Unlocking the Hidden Value of Patents’,
Harvard Business School Press, 1999.
2) Mann, D.L., Dewulf, S., ‘Updating The Contradiction Matrix’, paper presented at
TRIZCON2003, Philadelphia, March 2003.
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Evolutionary Potential For Business
- Internal and External Focus
The Evolutionary Potential concept is becoming well established in situations where we
are trying to assess the relative maturity of technical systems. The equivalent concept is
somewhat less well-used in the business context at this point in time. The idea of a means
of measuring the evolution of business models, organization structures and strategy on a
truly global scale, however, appears to be one with considerable attraction. One of the
research tasks being undertaken by CREAX involves the uncovering and clarification of
business trends that can be justified as ‘global’ in their applicability. Figure 1 – taken from
Reference 1 – represents the current list of business trends we feel fall into this ‘global’
category.

SPACE RELATED BUSINESS TRENDS
Mono-Bi-Poly (Similar) – Space
Mono-Bi-Poly (Various) – Space
Mono-Bi-Poly (Inc.Diff.) – Space
INTERFACE
Segmentation - Space
Macro to Nano Scale – Space
Asymmetry
Geometric Evolution
SPACE TIME
Dynamisation

INTERFACE RELATED BUSINESS TRENDS
Customer Expectation
Customer Purchase Focus
Knowledge
Mono-Bi-Poly (Similar) – Interface
Mono-Bi-Poly (Various) – Interface
Mono-Bi-Poly (Inc.Diff.) – Interface
Segmentation - Interface
Damping
Sense Interaction
Transparency
Degrees of Freedom
Boundary Breakdown
Trimming
Controllability
Human Involvement
Winner-Takes-All
TIME RELATED BUSINESS TRENDS
Action Co-ordination
Rhythm Co-ordination
Segmentation - Time
Non-Linearity
Mono-Bi-Poly (Sim) – Time
Mono-Bi-Poly (Var) – Time
Macro to Nano Scale – Time

Figure 1: Principle Business Trends in the Systematic Innovation Method

Constructing an evolutionary potential plot for a business situation involves a process of
examining each of the different trends in order to establish its relevance (‘does this trend
have any connection to my system?’), and then, for those that are relevant, gauging the
position of the system under evaluation along the trend. After all of the trends have been
examined, it then becomes possible to construct a radar plot – as illustrated in Figure 2.
The actual sequence in which the trends are examined is not of high importance – their
main purpose being to provide ideas for future evolution of a system after all – but using a
consistent pattern helps when wishing to overlay one plot on top of another to compare,
for example, the business model of one system relative to that of a competitor.
Previous discussions of the evolutionary potential concept have tried to highlight the fact
that it is possible (and usually useful) to construct plots for different parts of an
organization, or for different market sectors.
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Figure 2: Evolutionary Potential Radar Plot Construction Method

The point of this article is simply to make the suggestion that this kind of trend analysis for
business situations needs to have two distinct foci; one looking internal to the system, and
the other looking at the manner in which the system interacts with the outside world –
Figure 3.
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Figure 3: Twin Focus of Evolutionary Potential Plots for Business Situations

As suggested by the Figure, different trends may well be relevant for each of the foci – a
trend relevant when we are examining the internals of a system, may be completely
irrelevant when we are examining the external context. Unfortunately (so far) there are no
set rules that will dictate which trends will and will not be relevant in a given internal or
external situation. The implication of this is that we should assume that each trend is
relevant in both internal and external contexts. Fortunately, it does not take long to
construct the plots.
Golden rule number one when it comes to drawing both plots is ‘the more connections we
can make between our system and stages on the trends (particularly at the early stages of
the trend pattern), the more opportunities we have to take advantage of the evolution
directions already being utilized for those defining global best practice’.
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As suggested at the beginning of the article, it is still early days for the business evolution
potential concept. One thing that appears very clear from the analyses that we have done
is that, despite the fact that cross-sector idea transfer appears to happen much more
rapidly in management than it does in technology, we still have never seen a system that
is using all of the evolution potential available to it. This applies whether we are looking
internally or externally.
There are some very impressive companies in the world, but none that we have examined
so far can be seen to truly represent global best practice across all (or even half) of the
thus far uncovered trends of evolution. In other words, there are a large number of
untapped evolutionary resources available in all business models. Again, this applies
when we turn our gaze to look at internally at the way in which a company organizes itself,
or externally to the way it interfaces with the outside world. The theme of the article again;
both are important.
References
1) Mann, D.L., Dewulf, S., ‘Evolutionary Potential in Technical and Business Systems –
The Next Stage’, paper presented at TRIZ Future 2002, Strasbourg, November 2002.
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Humour
A recently uncovered trend of evolution from our biology research team. Almost sure-fire
proof, we think, that David Hasselhoff represents the pinnacle of human evolution.

Are there still stages yet to come, or does the former Baywatch star represent the Ideal
Final Result? You decide.
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Patent of the Month
Patent of the month this month is US6,590,000 ‘Defoaming of foams utilizing sonication’
granted to ExxonMobil on 8 July.
In many situations, foams offer the potential to deliver some very effective solutions – see
the space segmentation trend of evolution for example – but in some instances their
presence can be a problem rather than a benefit. In such situations, we often see the
emergence of the ‘opposite function’ as suggested by the Mono-Bi-Poly (increasing
Differences) trend.
That opposite function is precisely the basis of the ExxonMobil invention. From the
invention disclosure:In several upstream, downstream and chemicals operations foam control and mitigation
are critical to process efficiency. In processing units where aqueous or hydrocarbon liquids
are mixed vigorously in aerated environments, foams are generated. Presence of surface
active polar species in the liquid phase of the foam result in copious and stable foam.
Such foams result in process upsets and limit the capacity utility of process units. The
current approach for foam control, in the majority of the cases, is chemical defoamer
treatment. Chemical defoamers, in addition to being speciality chemicals, are not robust
and in most cases are application sensitive.
The basis for making the invention is that a non-chemical approach to defoaming is
needed and yet to be realized in the industry.
The invention solves the problem by making the shift from a chemical (liquid or gas)
solution to one involving a field. As it happens, the inventors have discovered the fact that
a high intensity sound wave form can perform the function. In more detail:The mechanism of foam collapse can be attributed to high-energy compression and
rarefaction waves propagating through the foam body causing cavitation and shock
induced film breakage and subsequent coalescence of the dispersed gas. Sonication can
be accomplished by introducing a sonication probe directly into the foam to be acted upon.
Being the first to make this discovery, they have managed to have a Claim 1 text with
quite broad coverage:1. A method to collapse a foam comprising placing a sonicator probe directly into said
foam and thereafter sonicating said foam in pulse mode at a sonication energy of at least
about 25 watts/cm.sup.2 for a time required to collapse the foam and wherein said foam is
selected from the group consisting of aqueous and non-aqueous foams and mixtures
thereof and wherein said foam comprises a dispersion of a gas or vapor in a film of liquid.
That being said, it is clear that the invention is also right at the beginning of its
evolutionary potential. This should not be too unexpected given the fact that the patent
describes the first application of sonification in a de-foaming function. Clearly also from the
invention disclosure is that the system is not yet anything like perfect, in one place
discussing the possibility of combining sonification with existing chemical methods. We
guess that it won’t be too long before, the untapped potential of the current invention will
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enable this kind of compromise (the basis of the patent after all is to remove the need for
chemicals) to be eliminated.
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Best of the Month
Not sure whether this month’s recommendation ‘counts’ because it comes from long time
friend and collaborator Barry Winkless and his colleague Dr John Cooney at the University
of Cork. Their paper – ‘Utilising TRIZ Methodologies to Evolve and Develop Next
Generation Food Packaging Concepts’ (http://www.trizjournal.com/archives/2003/07/d/04.pdf) – in the July issue of TRIZ Journal, irrespective of
this relationship, is a very nice piece of work and well worth a look.
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Investments – Pulsed Ultrasound
This month, we attempt to take a slightly different perspective on the investment
recommendation front, by asking the question, is it possible to ‘automate’ the process in
some way. This sounds like a rather tall order, perhaps, but we have learned several times
that if you don’t think big, you won’t make significant progress.
Our experiment this month revolved around taking some of the important TRIZ words –
words that relate strongly to the known trend directions (for example ‘hollow’ or ‘foam’ or
‘joint’ or ‘field’) – and connecting together to see what emerges. In a very crude sense, this
is simply another case of the Mono-Bi-Poly trend in action.
This month, our two key-words were ‘pulsed’ (from the rhythm co-ordination trend second
stage) and ‘ultrasound’ (one of our favourite fields). This is one of the first things that
Google threw back at us. It forms our recommendation of the month.
Pulsed ultrasound for fracture healing
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Figure 1: Healing time with ultrasound and placebo
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More combined TRIZ-word investment recommendations (plus some more
comprehensively thought through ones!) in coming months.
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TRIZ And Biology – Gecko Foot
We have featured the gecko already in our biology work – when we looked at the design
of its eye. This time we look at another remarkable property of the gecko – probably the
one that it is most famous for – the ability to ‘stick’ to smooth surfaces like ceilings and
walls. Not only that, but it would appear that gripping forces of up to 400 times its body
weight can be achieved. Beyond that, the natural adhesive on the gecko’s foot is clean
and reusable, and it works on all surfaces, irrespective of whether they are wet or dry.
The gecko foot achieves the feat by effective configuration and use of nano-sized fibres.
The sole of the gecko’s foot is an intricate fingernail-size surface covered with a halfmillion microscopic, hair-like structures known as setae. Each seta'
s tip branches into
even finer hairs that nestle so closely with every surface the gecko touches that
intermolecular attractions called van der Waals bonds and capillary forces kick in.

Gecko Foot and Setae at Two Different Magnification Levels

The basic conflict being solved by the setae design involves parallel desires to increase
grip (force) and at the same time maximize the use of resources (i.e. minimize the amount
of materials used). Here’s what the new Matrix recommends for this conflict pair:

We leave readers to make up their own minds as to how well the Matrix matches the
solution evolved by the gecko. We think the match is pretty good.
The underlying idea behind the gecko foot design, meanwhile, has recently been
transformed into an effective adhesive tape by researchers at the University of
Manchester in the UK and Institute for MicroElectronics Technology in Russia.
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Scientists at the two institutions have emulated
the animal'
s adhesive mechanism by creating
"gecko tape." It purportedly comes closer to the
lizard'
s sticking power than any other geckostyled adhesive so far. A 1-square-centimeter
prototype patch can bear about 3 kilograms,
almost one-third the weight that the same area
of gecko sole can support.
In the July Nature Materials, Andre Geim of the
University of Manchester and his colleagues
claim that the tape is scalable to human
dimensions: Wearing a "gecko glove," a person
could dangle from the ceiling. In theory, the
tape could also hold tissues together after
surgery and perform many other types of
adhesive function.

COMING UNSTUCK. An array of tiny plastic
pegs (above) emulates the microstructure of a
gecko's sticky sole. Adhesion declines when the
pegs clump (below).
Geim/Univ. of Manchester

Geim and his team made their synthetic gecko adhesive
by fabricating a tidy array of microscale hairs out of
polyimide, a flexible and wear-resistant plastic. When
mounted on a flexible base, the arrangement and density
of the hairs maximize the number of hairs contacting a
surface.
"The smaller the hairs are, and the more of them you
have, the greater the adhesion," notes Ron Fearing, an
engineer at the University of California, Berkeley.
Unlike a gecko'
s feet, however, the tape begins to lose its Geim/Univ. of Manchester
adhesive power after about five applications. Geim
blames this shortcoming on polyimide'
s hydrophilicity, that is, its tendency to attract water.
With repeated applications, some of the gecko tape'
s hairs get soggy, bunch together, and
then clump onto the tape'
s base. This happens even when the tape is attached to surfaces
that are dry to the touch, because they carry a layer of water two or three atoms thick.
By using hydrophilic material, Geim departed from the gecko'
s design—its setae are made
of keratin, a so-called hydrophobic protein that repels water. Geim says hydrophobic
materials, which include silicone and polyester, are more difficult to mold into setae-like
structures than is polyimide. Even so, both he and Fearing agree, it will take waterrepellant substances to produce a long-lasting gecko tape.
References:
Geim, A.K., et al. In press. Microfabricated adhesive mimicking gecko foot-hair.
Nature Materials. Abstract available at http://dx.doi.org/10.1038/nmat917.
Further Readings:
Autumn, K., et al. 2002. Evidence for van der Waals adhesion in gecko setae.
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8):681-685. Abstract available at http://dx.doi.org/10.1038/35015073.
Sitti, M., and R. Fearing. 2002. Nanomolding based fabrication of synthetic gecko
foot-hairs. IEEE Conference on Nanotechnology. Aug. 26-28. Washington, D.C.
Available at http://robotics.eecs.berkeley.edu/~ronf/PAPERS/nano_02.pdf.
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Additional information about how geckos stick to walls can be found at
http://www.lclark.edu/~autumn/dept/geckostory.html.
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