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Abstract

A comparison was made of four tools that are based on the 40 inventive principles of TRIZ, viz
(1) the classic Contradiction Matrix, (2) a 4-Attribute Matrix, (3) a Contradictionless Matrix and
(4) the 6 most commonly used inventive principles (Top6). In order to assess their relative
predictive capabilities, each tool was applied to a suite of 60 physico-mechanical engineering
patents.

The 4-Attribute Matrix is a tool that was developed by re-categorisation of the 40 Inventive
Principles in terms of the dominant inventive mechanisms and physico-mechanical system
attributes that underpin each. This tool achieved the highest success rate (79%), i.e. in more than
three quarters of the cases it would have enabled the inventor to have reached the eventually
patented solution. This compared favourably with the 51% achieved by the classic Contradiction
Matrix, the 41% of the Top6 and the 32% of the Contradictionless Matrix.

A second parameter, the strike rate, is an indicator of how time-consuming the exercise would
have been, and expresses the successful solutions as a percentage of the total number of
principles that the inventor would have had to investigate to achieve them. Here, the
Contradiction Matrix was most efficient at 26%, followed by the 4-Attribute Matrix with 23%,
the Top6 with 12% and the Contradictionless Matrix with 9%.

The product of the success rate and the strike rate provides an indication of the overall usability
of each method. It was thus concluded that, of the four tools evaluated, the 4-Attribute Matrix
provided the best performance, followed by the classic Contradiction Matrix, the Top6 and the
Contradictionless Matrix.

Introduction

The TRIZ invention heuristics is based on the notion that most problems that engineers and
technologists face contain key elements that have already been solved in other applications.
Inventive principles embedded in a large body of patents have been generalised over many years
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to guide inventors and problem solvers in potentially useful directions. The Contradiction Matrix
is one of the most popular TRIZ tools, and is the first original instrument that was developed for
technical systems that can be in conflict, i.e. have technical or physical contradictions. The
classic matrix suggests, for each parameter that is to be improved, up to four Inventive Principles
that may help to overcome the associated worsening parameter and thus solve the problem
inventively.

Whilst defining a contradiction can often be an important part of resolving it, this can sometimes
be problematic, and often it does not lead to a solution. Research by Mann (2002) on a random
selection of 130 mechanical engineering patents worldwide has for instance put the overall
effectiveness of the classic matrix at 48%. This appears to be a representative average for the
particular context in which it was applied and was expressed as the number of principles
suggested by the matrix, and actually used by the inventor, as a percentage of the total number of
principles used by the inventor (as derived from an analysis of the patents).

Furthermore, due to the fact that an inventive principle has to recur in many high-level patents in
various engineering fields before it can become a TRIZ heuristic (according to Savransky (2000,
p.221) this figure varies between 10 and 500), for some contradictions the Contradiction Matrix
does not suggest any principles. In such a case the inventor therefore may have to try out a fairly
large range of options on a number of problem parameters before a solution is attained.

Tools

In order to investigate alternative options that may be available to inventors, the efficiency of the
classic Contradiction Matrix was compared to those of three other tools that are also based on the
40 Inventive Principles. These included the following:

4-Attribute Matrix

The 4-Attribute Matrix is a tool that was developed by re-categorisation of the 40 Inventive
Principles in terms of the dominant inventive strategies, or mechanisms, and physico-mechanical
system attributes that underpin them. As shown in Table 1, five such mechanisms have been
identified from an analysis of the 40 Inventive Principles (Ross, 2006). These mechanisms have
been applied to the attributes of a physico-mechanical systems model, resulting in a new
categorisation of the Inventive Principles as per Table 2. A key consideration of this re-
categorisation, as should be clear from the Table, was to ensure that each mechanism-attribute
pair (referred to as an Ideation Domain) retains a strong conceptual identity. In some instances, a
Principle could be categorised into more than one Ideation Domain (the same is true about the
way in which the 40 Principles are configured); however, at this stage it was decided against
duplication and a Principle was thus represented only in the Ideation Domain with which it was
deemed to have the strongest commonality.

The four system attributes that are used most commonly to improve each of the 39 engineering
parameters were identified by multiplying the frequency with which an Inventive Principle is
used in the Contradiction Matrix to improve the said parameter by the number of times that the
Inventive sub-Principle appears in a particular attribute (as per Table 2). The four attributes with
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the highest cumulative scores were included in the 4-Attribute Matrix. Table 3 shows the
parameters and the corresponding attributes, in decreasing order of priority, that are most likely
to lead to solutions.

Table 1. The 5 mechanisms underlying the 40 Inventive Principles.

Mechanism Function

1. Segment Break something down into smaller, more flexible or independent parts, modules or
functions, make it segmentable.

2. Re-move- 1. Remove: Extract useful / interfering property / part or discard used or waste parts, or make

ment something removable.
2. Movement: Make something movable, allow for, restrict or eliminate the need for
movement.

3. Change Change (increase, decrease, reverse, invert, re-orientate etc) one or more attributes of the
system.

4. Add Group, merge or integrate objects or features with that of others, introduce something new or
multiply an existing function or feature.

5. Other - Use | 1. Other Use: Use something for a purpose, or in a context, different to what it was intended
for.
2. Use: Exploit available or natural phenomena or resources to good effect.
3. Use Other: Employ anOther (practical) version or format of something.

Table 2. Attributes, inventive mechanisms and corresponding Inventive Principles.

Action

1. Segment Instead of continuous action, use intermittent action, e.g. periodic or pulsating (19A).*

2. Remove Remove from object or environment: Perform, before (or after) necessary or normal, a
required change of the object (10A).

3. Change 1. Type of motion, e.g. linear to rotary or swirl motion (14C).

2. Direction of motion: Invert or use opposite action (13ABC).

3. Change from static to dynamic fields, structured to unstructured etc. (28C).

4. Add 1. Subject something to the same action or conditions it will be experiencing during
operation, provide emergency means to compensate for low reliability (09B, 11A).

2. Eliminate idle time or intermittent actions, use pauses between actions to perform similar
or different actions (20B).

3. Harmful: If an action has both harmful and useful effects, add anti-actions to control
harmful effects. Eliminate a harmful action by adding another harmful action (09A, 22B).
4. Introduce feedback / feed forward to improve a process or action (23A).

Object

1. Segment 1. Divide, or make segmentable, an object or system into independent parts or individual
functions, e.g. for easy or quick removal or assembly. If already segmented, increase the
degree of segmentation (0LABC).
2. Segment Object and/or Environment such that each part functions in different conditions,
e.g. that are most suitable for its operation (03AB).

2. Re-move- 1. Allow relative movement between objects or parts; make it movable or adaptable e.g. to

ment find the best operational position or condition (15ABC).

2. Limit (need for) movement (distance or position changes), e.g. pre-arrange required
objects close to action (10B, 12A).

3. Remove : Separate or extract a useful / functional or interfering / undesired part(s) or
property from the object or its environment (02A), discard / disperse / dissolve things that
have fulfilled their functions (34A).
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4. Add 1. Add or use together, sequentially or in parallel, a group of uniform objects or principles
instead of a single one (05A).

2. Restore or repair (consumable) parts while in operation, or use easily replaceable parts
(34B).

3. Use an intermediary (temporary) carrier article or process, merge one object temporarily
with another which can easily be removed (24AB).

5. Use Other 1. Use an Other format or version of something. E.g. replace mechanical or physical means
by sensory (optical, acoustic, taste or olfactory) means (28A).

2. Replace an (unavailable, expensive or fragile) object or process with optical, UV or IR
copies (26ABC).

Duration

1. Segment Replace something durable (long-lasting / expensive) with a number of short-lived
(replaceable / inexpensive) ones (27A).

3. Change Conduct a process (e.g. hazardous or harmful) or stages at high speed (21A).

Properties

3. Change 1. a) State: Use a gas, aerosol, liquid or gel instead of a solid, change the physical aggregate
state (29A, 35A).

b) Porosity: Make a solid porous or use porous elements, use spume or foam as a
combination of liquid and gas properties (29D, 31A).

c) Material: Use composite or smart materials instead of uniform ones (40A).

2. Make objects interacting with others of the same material or properties (e.g. polarity)
(33A).

3. Change the degree of flexibility, temperature, pressure, humidity etc. (29C, 35CD).

5. Use Exploit inherent properties, available or natural phenomena to good effect, e.g. resonant
frequency, phase transitions, thermal expansion or contraction, heat capacity, thermal
conductivity, sources of energy, etc. (18C, 36A, 37A)

Quantity

3. Change 1. Amount: 1f 100% is hard to achieve, use slightly less or more of the same method, space
or substance (16A).

2. Load: Make all parts perform at full load all the time (20A).
3. Harmful effect: Amplify a harmful factor to such an extent that it is no longer harmful
(22C).
4. Feedback: Change the magnitude, speed or influence of feedback (23B).
Frequency
3. Change 1. Oscillate or vibrate object; if oscillation already exists, change the frequency. Use

piezoeletric vibrators instead of mechanical ones (18ABD).
2. If an action is already periodic, change its amplitude or frequency (19B).

Curvilinearity
3. Change Change from rectilinear to curvilinear parts, surfaces and forms, use rollers, balls, cones,
spirals and domes (14AB).

Sensory
3. Change Change the colour / transparency of an object, parts or its environment (32AB).
4. Add Add coloured or luminescent tracers for things that are difficult to see (32C).
Dimension
3. Change 1. Instead of a line or plane, use a plane or space. Use a multi-storey/layer assembly instead
of single, use another side of a given area (17ABD).
2. Use flexible shells and thin films (2-D) instead of 3-D (solid) structures (30AB).
Orientation
3. Change | Tilt, rotate or re-orientate object, part or process, turn it upside down (13D, 17C).
Symmetry
3. Change Change the shape or properties of an object, grouping or process from symmetrical to

asymmetrical. If already asymmetrical, increase the degree of asymmetry (04AB).

Concentration
3. Change | 1. Change the concentration, composition or consistency, e.g. increase the degree of
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inertness, enrichment or purity (35B, 38AB, 39AB).
2. Place objects within each other, make one pass through a cavity in the other. Store a
substance in the pores or capillaries of another (07AB, 31B).

Function
4. Add 1. Make an object or parts perform multiple useful functions (03C, 06A).

2. Make an object serve or organize itself by performing auxiliary helpful functions,
supplementary and repair operations (25AB).

Environment
4. Add 1. Make an object interact with its medium, use buoyancy or Archimedes forces (29B).

2. Merge object with others in its environment, e.g. that provide lift (08AB).

3. Use fields (electric, magnetic, etc.) to interact with object, e.g. in conjunction with field-
activatable particles (28BD).

5. Other Use Use something for a purpose other than intended for. E.g. use waste, useless or readily
available resources to achieve a positive or desired effect or function (22A, 25C).

Order
3. Change | Make operations parallel, bring them together in time (05B).

* Inventive Principle(s) that matches the particular Ideation Domain most closely. In the interest of brevity, no
separators are used, e.g. 08BAB represents sub-principles 08A and 08B.

The 4-Attribute Matrix, being in effect a contradictionless matrix, guides the inventor only
according to the engineering parameter to be improved, and not the deteriorating (worsening)
parameter as well. Taking for instance example 4 in Table 4 (patent no. 5493580), the parameter
to be improved was identified as #23 (Waste of substance). The inventor would use this
information to identify, from Table 3, the four attributes that could most likely lead to a solution.
In this particular example, these are Object, Properties, Frequency and Duration. A first solution
is found in Segment Object (Inventive Principle 01ABC), whilst the second and third matching
principles are found in Change Properties (Inventive Principles 35ACD and 31A), e.g. use a gas,
liquid or gel instead of a solid, make an object porous or use porous elements, change the degree
of flexibility or the temperature.

Contradictionless Matrix (CLM)

As mentioned earlier, potential drawbacks in the use of the Contradiction Matrix seems to be the
fact that a contradiction has to be defined and that in a few cases it does not suggest any problem
solving strategies.

To overcome these obstacles, Liu & Chen (2001) for instance developed a Contradictionless
Matrix which describes, for each of the 39 engineering parameters, the frequency with which an
Inventive Principle appears in the classic Contradiction Matrix. In other words, instead of the
deteriorating parameter, the inventor now focuses on the frequency with which a particular
Inventive Principle is used. As shown in Table 4, for the purposes of the work described in this
paper, the 6 most frequently used principles listed by their Contradictionless Matrix for each
engineering parameter were employed.

Most frequently used principles (Top 6)

A method similar to the Contradictionless Matrix was devised by simply using the 6 most
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common Inventive Principles in the classic Contradiction Matrix, namely 35, 10, 01, 28, 02 and
15 (Savransky, 2000, p. 228). The top 6 Inventive Principles were chosen specifically so as to
facilitate direct comparison with the Contradictionless Matrix. As shown in Table 4, in each case
the Inventive Principles used by the inventor were compared to these "Top6'.

Table 3. The 4-Attribute Matrix.

Parameter to be Improved Attributes most likely to lead to a Solution

1. Weight: moving object Properties Object 5,2 * Environment Concentration
2. Weight: binding object Properties Object 5,2 Action 1,3 Duration

3. Length: moving object Object 1,2 Properties Symmetry Orientation
4. Length: binding object Properties Object 5,1 Curvilinearity Frequency

5. Area; moving object Object 1,5 Dimension Action 3,1 Properties

6. Area: binding object Frequency Properties Concentration Dimension

7. Volume: moving object Properties Object 2,1 Symmetry Function

8. Volume: binding object Properties Object 2,1 Frequency Curvilinearity
9. Speed Environment Properties Action 3,2 Object 2,1
10. Force Properties Object 2,5 Frequency Action 3,1
11. Tension, pressure Properties Object 2,1 Curvilinearity Frequency
12. Shape Object 2,1 Action 2,3 Curvilinearity Properties

13. Stability of object Properties Object 2,1 Concentration Action 3,4
14. Strength Object 2,1 Properties Curvilinearity Duration

15. Durability: moving object | Properties Frequency Object 1,2 Duration

16. Durability: binding object | Quantity Properties Object 2,1 Concentration
17. Temperature Properties Frequency Object 2,1 Environment
18. Brightness Action 1,3 Sensory Object 1,2 Properties

19. Energy: moving object Properties Frequency Object 2,1 Function

20. Energy: binding object Object 1,2 Properties Frequency Symmetry
21. Power Properties Frequency Object 1,2 Sensory

22. Waste of energy Properties Object 2,1 Frequency Concentration
23. Waste of substance Object 2,5 Properties Frequency Duration

24. Loss of information Object 2,1 Properties Environment Sensory

25. Waste of time Properties Object 2,5 Frequency Symmetry
26. Amount of substance Properties Object 1,2 Frequency Action 2,3
27. Reliability Properties Object 2,1 Environment Duration

28. Accuracy: measurement Sensory Object 5,1 Function Action 3,2
29. Accuracy: manufacturing | Sensory Object 5,2 Frequency Properties

30. Harmful factors on object | Environment Properties Object 2,1 Frequency
31. Harmful side effects Concentration Environment Object 2,1 Frequency
32. Manufacturability Object 1,5 Properties Duration Action 3,4
33. Convenience of use Object 1,2 Action 3,1 Properties Sensory

34. Repairability Object 2,1 Properties Action 4,3 Sensory

35. Adaptability Properties Object 2,1 Quantity Action 3,1
36. Complexity of system Object 1,5 Action 3,2 Properties Duration

37. Complexity of control Properties Object 1,2 Duration Action 3,1
38. Level of automation Properties Object 5,2 Action 3,2 Frequency
39. Productivity Properties Object 2,5 Frequency Curvilinearity
Version 1.1

* The two numbers following the Object and Action attributes indicate the mechanisms that are most relevant for the
particular engineering parameter and may thus be tried out first. 1 = Segment, 2 = Re-move-ment, 3 = Change, 4 =
Add, 5 = Other-Use.
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Comparison

The predictive capability of each tool was determined by applying it to 60 physico-mechanical
engineering patents extracted from the analysis by Mann (2002). The results of the comparison
are shown in Table 4.

In each case, a success rate was calculated by expressing the number of matching principles as a
percentage of the total number of principles used by the inventors (i.e. 106). [Note: The 'success
rate’' used here is the same as 'effectiveness’ defined by Mann (2002)]. Likewise, a strike rate was
calculated by expressing the number of matching principles to the total number of principles
suggested by the particular tool (i.e. 210 in the case of the Contradiction Matrix, and 6x60 = 360
in the case of both the Contradictionless Matrix and the Top6). The strike rate is an indicator of
how laborious the application of the tool would be, assuming that the inventor would have
exhausted all the suggested principles and not have stopped after a first solution has been
obtained.

Whilst the strike rate is straightforward to calculate in the case of the Contradiction Matrix,
Contradictionless Matrix and Top6 (all three being based on the original definition of inventive
principles), this was more problematic for the 4-Attribute Matrix since each Ideation Domain
now involves different sub-principles. For example, as shown in Table 2, the Ideation Domain of
Add Object spans sub-principles 05A, 24AB and 34B.

An analysis of the 4-Attribute Matrix (Table 3) indicated that, collectively, the four attributes that
are associated with each engineering parameter involve the equivalent of approximately 6
Inventive Principles. This figure was established taking into account the fact that, on average, an
Inventive Principle consists of about 2 sub-principles (i.e. 40 Inventive Principles divided into 83
Inventive sub-Principles), but also allowing for deviations from this average, especially by the
commonly used principles (e.g. Inventive Principle #35 contains 5 sub-principles, Inventive
Principle #28 contains 4 and Inventive Principle #15 contains 3). Thus, an estimate of the
equivalent number of Inventive Principles that would have had to be investigated in the 60
patents was put at 6x60 = 360, the same as the Contradictionless Matrix and Top6.

Of the four tools, the 4-Attribute Matrix achieved the highest success rate (79%), i.e. in more
than three quarters of the cases it would have enabled the inventor to have reached the eventually
patented solution. This compared favourably with the 51% achieved by the classic Contradiction
Matrix, the 41% of the Top6 and the 32% of the Contradictionless Matrix under the same
conditions. Table 4 also shows that in situations where the 4-Attribute Matrix was not able to
match the principles used by the inventor, complementing this approach with the Dimension
attribute (namely Inventive Principles #17ABD and #30AB) could increase the success rate for
the chosen suite of examples to 93/106 = 88% (refer to examples 17, 19, 20, 26, 27, 34, 39, 47,
and 48).

Whilst 60 patents clearly do not constitute a statistically representative sample, it is interesting to
note that the Top 6 Inventive Principles achieved a higher success rate than that of the equivalent
Contradictionless Matrix. More work in this area seems to be is required to provide a better
understanding of the merit and value of the different approaches.
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With regard to the strike rate, the classic Contradiction Matrix was most efficient at 26%,
followed by the 4-Attribute Matrix with 23%, the Top6 with 12% and the Contradictionless
Matrix with 9%. A measure of the overall usability of each method is obtained by considering
the success rate in conjunction with the strike rate. As shown in Table 4 by the products of these
two factors, this lead to the conclusion that the 4-Attribute Matrix provided the best overall
usability, followed by the classic Contradiction Matrix, the Top6 and the Contradictionless
Matrix.

Conclusions

The Contradiction Matrix offers the technical inventor a usable method for problem solving.
However, the need to define system contradictions can sometimes complicate matters when the
inventor knows only the parameter to be improved or in situations where it does not suggest any
solutions. In certain cases its effectiveness may also be a factor, recent research in a physico-
mechanical context having put this figure at only around 50%.

In order to investigate alternative options that may be available to inventors and problem solvers,
the efficiency of the Contradiction Matrix was compared to that of three other tools that are also
based on the 40 Inventive Principles. These included a 4-Attribute Matrix, in which the
Inventive Principles have been re-categorised in terms of physico-mechanical system attributes, a
Contradictionless Matrix based on the 6 Inventive Principles that are associated most frequently
with each engineering parameter to be improved, and the 6 Inventive Principles that are used
most commonly overall (Top6).

The relative efficiency of the four tools was established by applying each to a suite of 60 physico-
mechanical engineering patents. Of these, the 4-Attribute Matrix achieved the highest success
rate of 79%, i.e. in more than three quarters of the cases the inventor would have reached the
eventually patented solution. This compared favourably with the 51% achieved by the classic
Contradiction Matrix, the 41% of the Top6 and the 32% of the Contradictionless Matrix. In cases
where the 4-Attribute Matrix was not successful, complementing it with the Dimension attribute
increased the success rate to 88%. Whilst the sample of patents was relatively small, the fact that
a higher success rate was achieved for instance by the Top6 than the equivalent (6-principle)
Contradictionless Matrix suggests that a better understanding of the merit and value of these
approaches may be required.

With regard to the strike rate, i.e. a measure of how many principles the inventor would have had
to investigate in order to achieve solutions, the classic Contradiction Matrix was most efficient
with 26%, followed by the 4-Attribute Matrix with 23%, the Top6 with 12% and the
Contradictionless Matrix with 9%. Considering the success rate in combination with the strike
rate provides a measure of the general usability of the method. This led to the conclusion that the
4-Attribute Matrix was the most efficient overall. The fact that it involves 25 Ideation Domains
instead of 40 Principles may also make it easier to teach or learn.

Further work is planned to also compare the 4-Attribute Matrix with the Matrix 2003 developed
by Mann et al. (2003), in which extensive research on present day innovative practices has

November 2006 = The TRIZ Journal = www.triz-journal.com Page 8 of 11




resulted in the expansion of the number of parameters and an updating of the priority sequencing
of Inventive Principles for each contradiction.
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Table 4. Comparison of the Contradiction Matrix (CM), 4-Attribute Matrix (4AM), Contradictionless Matrix (CLM) and Top6.

Ex. | Patent no. * Contrad Inventor CM suggests CM 4AM 4AM CLM CLM Top6 #
no. iction & used & score includes score suggests score score
1 4966257 10, 05 15 19,10, 15 1 15 1 35, 10, 36, 37, 18, 28 0 1
2 5485307 35,12 01 15, 37,01, 08 1 01 1 35, 15, 01, 29, 16, 02 1 1
3 5485359 18,19 25 32,01, 19 0 - 0 19, 32,01, 13, 15, 35 0 0
4 5493580 23,22 01, 35, 31 35,27,02,31 2 01, 35, 31 3 10, 35, 28, 18, 31, 24 2 2
5 5543179 30, 14 16, 10, 01 35,18, 37,01 1 10, 01 2 22,35,02,01, 33, 28 1 2
6 5568961 14,01 01, 15 01, 08, 15, 40 2 01, 15 2 03, 35, 10, 28, 40, 15 1 2
7 5569009 27,36 01 13, 35,01 1 01 1 35, 10, 11, 40, 28, 27 0 1
8 5680467 28,13 32, 25,13 32,35,13 2 32, 35,13 3 32, 28, 26, 03, 10, 24 1 0
9 5694827 15, 09 03, 35, 05 03, 35, 05 3 03, 35, 05 3 35, 19, 03, 10, 27, 28 2 1
10 | GB2312704 01, 30 22 22,21,27,39 1 22 1 35, 28, 26, 18, 02, 08 0 0
11 | GB2315973 23,17 31 21, 36, 39,31 1 31 1 10, 35, 28, 18, 31, 24 1 0
12 | GB2315980 12,08 02, 35 07,02, 35 2 02, 35 2 01, 10, 14, 15, 35, 29 1 2
13 | GB2315994 26, 07 25 15, 20, 29 0 - 0 35,03, 29, 18, 10, 14 0 0
14 | GB2316044 10, 33 01, 15 01, 28, 03, 25 1 01, 15 2 35, 10, 36, 37, 18, 28 0 2
15 | GB2350145 33,35 15, 01 15, 34,01, 16 2 15,01 2 01, 13, 02, 28, 35, 32 1 2
16 | GB2350268 24, 27 10 10, 28, 23 1 10 1 10, 35, 24, 26, 22, 28 1 1
17 | WO001/13760 | 07,05 17,04 01, 07,04, 17 2 -, 04 1 35,02, 10, 29,01, 15 0 0
18 | WOO01/70445 | 28,03 05, 26 05, 16, 26, 28 2 05, 26 2 32, 28, 26, 03, 10, 24 1 0
19 | 5746360 07,31 02, 30 17,02, 40,01 1 02, - 1 35,02, 10, 29,01, 15 1 1
20 | 5992588 10, 03 17 17,19, 09, 36 1 - 0 35, 10, 36, 37, 18, 28 0 0
21 | 6099658 09, 31 24 02,24,35,21 1 24 1 28, 35, 13, 34, 10, 38 0 0
22 | 6299550 03,09 13 13, 04, 08 1 13 1 01, 29, 15, 35, 04, 17 0 0
23 | 6272687 14, 33 03, 15, 40 32, 40, 25, 02 1 03, 15, 40 3 03, 35, 10, 28, 40, 15 3 1
24 | GB2307485 15,10 04, 18 02, 16, 19 0 18 1 35, 19, 03, 10, 27, 28 0 0
25 | 6296160 31, 36 08, 05 19,01, 31 0 05, 08 2 35, 22,02, 39,01, 18 0 0
26 | 5493551 33,36 17 32,26,12,17 1 - 0 01, 13, 02, 28, 35, 32 0 0
27 | 6293565 09, 31 17,14, 03 02,21, 24,35 0 03, 14, - 2 28, 35, 13, 34, 10, 38 0 0
28 | GB2309876 36, 30 02 22,19, 29,40 0 02 1 01, 26, 28, 10, 13, 35 0 1
29 | 5999869 31,15 23 15, 22, 33,31 0 - 0 35, 22,02, 39,01, 18 0 0
30 | 5651055 33,24 10, 28 04, 10, 27, 22 1 10, 28 2 01, 13, 02, 28, 35, 32 1 2
31 | 5650990 10, 13 15 35,10, 21 0 15 1 35, 10, 36, 37, 18, 28 0 1
32 | 5650983 02, 24 05 10, 15, 35 0 05 1 35, 28, 10, 19, 01, 26 0 0
33 | 5543179 37,18 32,23 02, 24, 26 0 23 1 35, 28, 27, 26, 02, 19 0 0
34 | 6220333 24, 27 17,28, 13 10, 28, 23 1 -, 28, - 1 10, 35, 24, 26, 22, 28 1 1
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35 GB2303376 13, 26 35, 24 15, 32, 35 1 35, 24 2 35, 39, 02, 01, 40, 13 1 1
36 6176374 11, 14 09, 03 09, 18, 03, 40 2 09, 03 2 35, 10, 36, 37,02, 14 0 0
37 6065555 19, 22 23 12,22,15, 24 0 23 1 35, 19, 18, 28, 02, 06 0 0
38 5824184 33,03 03 01,17,13,12 0 03 1 01, 13, 02, 28, 35, 32 0 0
39 6099018 31,12 01, 17 35,01 1 01, - 1 35, 22,02, 39, 01, 18 1 1
40 6098208 05, 01 14, 30 02, 17, 29, 04 0 14, 30 2 15, 17, 26, 13, 02, 10 0 0
41 5569009 27, 36 01 13, 35,01 1 01 1 35, 10, 11, 40, 28, 27 0 1
42 5569282 31, 33 07 - 0 07 1 35, 22,02, 39, 01, 18 0 0
43 5570342 05, 36 01 14,01, 13 1 01 1 15,17, 26, 13, 02, 10 0 1
44 5650591 31,17 31 22, 35,02, 24 0 31 1 35, 22,02, 39, 01, 18 0 0
45 5667294 33,35 15, 01 15, 34,01, 16 2 15, 01 2 01, 13, 02, 28, 35, 32 1 2
46 5680468 16, 33 01 01 1 01 1 16, 35, 10, 01, 40, 38 1 1
47 5724415 07, 05 17 01, 07,04, 17 1 - 0 35, 02, 10, 29, 01, 15 0 0
48 5724478 22,06 01, 17 17,07, 30, 18 1 01, - 1 35, 02, 19, 07, 15, 10 0 1
49 6099150 33,15 40 29, 03, 08, 25 0 40 1 01, 13, 02, 28, 35, 32 0 0
50 6179727 35, 36 04, 20 15, 29, 37, 28 0 20 1 35, 15, 01, 29, 16, 02 0 0
51 6053805 26, 36 13, 03, 05 13, 35,01 1 03, 05, 13 3 35, 03, 29, 18, 10, 14 1 0
52 6290196 03, 07 03, 07, 17 07, 17,04, 35 2 03, 17 2 01, 29, 15, 35, 04, 17 1 0
53 6166359 17,22 01, 28 21,17, 35, 38 0 01, 28 2 35, 19, 02, 03, 10, 39 0 2
54 6203313 35,14 01, 35 35, 03, 32, 06 1 35, 01 2 35, 15, 01, 29, 16, 02 2 2
55 5724625 09, 11 06, 01 06, 18, 38, 40 1 01 1 28, 35, 13, 34, 10, 38 0 1
56 6182299 14, 33 02, 03, 40 02, 28, 32, 40 2 02, 03, 40 3 03, 35, 10, 40, 15, 14 2 1
57 5900819 30, 33 01, 05, 35 02, 25, 28, 39 0 01, 05, 35 3 22, 35, 02,01, 33, 28 2 2
58 6050219 15, 25 20, 23 20, 10, 28, 18 1 - 0 35, 19, 03, 10, 27, 28 0 0
59 6260276 35, 36 15, 06 15, 29, 37, 28 1 15 1 35, 15, 01, 29, 16, 02 1 1
60 6306040 07, 36 01, 15 26, 01 1 01, 15 2 35, 02, 10, 29, 01, 15 2 2
Total 106 210 54 360 * 84 360 34 43
Success rate % - - 51 - 79 - 32 41
Strike rate % - - 26 - 23 - 9 12
Success x Strike x100 - - 13.1 - 18.5 - 3.0 4.85

& From the list of Mann (2002).
* See text for more detail on estimation of number of equivalent Inventive Principles.

# Top 6 Inventive Principles: 35, 10, 01, 28, 02, 15
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Abstract

In the first phase of work aimed at refining the use of the TRIZ Contradiction Matrix, a
contradictionless, '4-Attribute Matrix' was developed (Ross, 2006). In this tool, the four physico-
mechanical system attributes that are used most frequently to improve each of the 39 engineering
parameters of the classic Contradiction Matrix guide the inventor to potential solutions. When
applied to a random selection of 60 engineering patents from the list of Mann (2002), it showed
an enhanced predictive capability compared to that of the classic matrix and two other tools.

This paper describes further work in which the 4-Attribute Matrix was turned into a visual tool,
dubbed VizTRIZ. This could further simplify the teaching and use of the inventive principles, in
addition to the fact that the number of conceptual entities that need to be considered have been
reduced. Examples are presented as to how the re-classification of inventive principles could
enhance their use.

Introduction

The TRIZ Contradiction Matrix is a simple and usable tool that in recent years has also attracted
a fair share of research interest. This includes attempts to overcome the need to define system
contradictions (e.g. Liu & Chen, 2001) and to reduce the relatively large number of principles
that could render the tool time-consuming to teach and apply (e.g. Horowitz & Maimon, 1997).
A recent paper (Ross, 2006) detailed another set of research aimed at improving the effectiveness
and refining the use of the classic matrix. In this work, the 40 Inventive Principles were re-
classified into 25 Ideation Domains, viz conceptually distinct entities that group Inventive
Principles on the basis of the dominant inventive mechanisms and physico-mechanical system
attributes that describe them collectively. In the process of analysis and re-classification, five
inventive mechanisms were identified; for ease of reference, these are reproduced in Table 1.

The Ideation Domains were used to develop a contradictionless matrix in which the four system
attributes that are used most frequently in solving each engineering parameter guide the inventor
to potential solutions. This '4-Attribute Matrix' was applied to 60 mechanical engineering
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patents, extracted from a list compiled by Mann (2002), and compared to the classic
Contradiction Matrix as well as two other tools based on the 40 Inventive Principles. An overall
success rate of 79% was achieved, comparing favourably with those of the other tools under the
same conditions.

This paper summarises further work on the 4-Attribute Matrix aimed at enhancing its teaching
and usability, by turning it into a graphic tool.

Table 1. The 5 inventive mechanisms underlying the 40 Inventive Principles.

Mechanism Function

1. Segment Break something down into smaller, more flexible or independent parts, modules or
functions, make it segmentable.

2. Re-move-ment | 1. Remove: Extract useful / interfering property / part or discard used or waste parts, or
make something removable.

2. Movement: Allow for, restrict or eliminate the need for, movement.

3. Change Change (increase, decrease, reverse, invert, re-orientate etc) one or more attributes of the
system.

4. Add Group, merge or integrate objects or features with that of others, introduce something
new or multiply an existing function or feature.

5. Other - Use 1. Other Use: Use something for a purpose, or in a context, different to what it is

perceived as, or was designed or intended for.
2. Use: Exploit available or natural phenomena or resources to good effect.
3. Use Other: Employ anOther (practical) version or format of something.

Graphic symbols

In order to provide a basis from which to develop a unique graphic symbol for each Ideation
Domain, a physico-mechanical systems model was turned into a visual format (Figure 1); the
convention used for developing the graphic symbols is shown in Table 2. Some overlap with for
instance Su field modelling would be evident to experienced TRIZ practitioners (e.g. solid,
hollow and snaking arrows); in order to make the symbols visually as simple and descriptive as
possible, it was difficult to avoid any such overlap with other approaches entirely. However, it is
believed that this was limited sufficiently so as to not be confusing to the extent where it would
detract from the application of the tool.

Table 3 presents the full list of Ideation Domains, the Inventive Principles that they incorporate,
and the symbols that have been developed for each. The symbols have been designed to be
easily interpretable but simple, recognisable after only a few uses, and able to provide visual
pointers to other, similar principles. For example, the symbol for Segment Object indicates that
it would be useful in conjunction with Remove Object, Add Object, or for instance, Change
Properties.
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System

Object or group of objects within an Environment

Environment

The physical, temporal, spatial and other context(s) with which an object is associated or in
which it operates, including medium, actions and resources. The environment may be varied in
extent depending on the problem.

Object A technique, its subsystem or a single element. Normally a tangible entity providing
functionality derived by integration of parts or elements.
Resource Other objects or influences in the Environment, e.g. fields, energy, waste, forces.
Action Activity, effect, motion or operation with a certain order, speed, frequency, duration, associated
with the 1) preparation, 2) operation and 3) maintenance and/or repair of the Object.
Figure 1. System model and key descriptors.
Table 2. Convention used for developing graphic symbols.
Symbol Suggests or indicates ... Example
Square An object.
Cluster of smaller squares Parts of an object (shown only in cases where
relevant, e.g. using segmentation).
A small square, offset A part or property being separated or removed [
from the object. |

Rotated square

A change in orientation. :

Squares with superimposed Cross = Waste or spent part, tick = available

cross / tick / plus object, plus = useful object. %"
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Straight arrow to the right

Movement, action, or a process.

—_—
Square superimposed on An object-in-time, or part of a process.
straight arrow. — B>
Straight arrow to the left Reverse, or opposite, action or process. -—
Clear, straight arrow Invert action. —
Short, thick arrow A quick, intensive action or process. —)p
Curved arrow '‘Add to' —
Snaking arrow Flexible, adaptable process. .
Short arrows separated by gaps | Intermittent or pulsating action. > >

Broken line circle

The environment of the object.

Exclamation mark

Harmful or hazardous action or element.

Clear exclamation mark

Invert or anti-action or element.

O—

Table 3. Ideation Domains, Inventive Principles and corresponding symbols.

Action
1. Segment Instead of continuous action, use intermittent action, e.g. periodic or
pulsating (19A).* > > >
2. Remove Remove from object or environment: Perform, before (or after) necessary or LT
normal, a required change of the object (10A). . :
3. Change 1. Change the type and direction of motion, e.g. linear to rotary or swirl

motion (14C).

2. Invert or use opposite action (13ABC).
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3. Change from static to dynamic fields, structured to unstructured etc.
(28C).

4. Add

1. External to Environment: Subject something to the same action or
conditions it will be experiencing during operation, provide emergency
means to compensate for low reliability (09B, 11A).

2. Internal to Environment: Eliminate idle time or intermittent actions, use
pauses between actions to perform similar or different actions (20B).

—>-->—>

3. Harmful: If an action has both harmful and useful effects, add anti-actions
to control harmful effects. Eliminate a harmful action by adding another
harmful action (09A, 22B).

4. Introduce feedback / feed forward to improve a process or action (23A).

Object

1. Segment

1. Divide, or make segmentable, an object or system into independent parts
or individual functions, e.g. for easy or quick removal or assembly
(01ABC). If already segmented, increase the degree of segmentation.

2. Segment object and/or Environment such that each part functions in
different conditions, e.g. that are most suitable for its operation (03AB).

2. Re-move-ment

1. Allow relative movement between objects or parts, e.g. adaptive to find
the best operational position or condition (15AB). If something is rigid,
make it movable (15C).

2. Limit (need for) movement (distance or position changes), e.g. pre-arrange
required objects close to action (10B, 12A).

3. Remove : Separate or extract a useful / functional or interfering /
undesired part(s) or property from the object or its environment (02A),
discard / disperse / dissolve things that have fulfilled their functions (34A).

4. Add

1. Add or use together, sequentially or in parallel, a group of uniform objects
or principles instead of a single one (05A).

2. Restore or repair (consumable) parts while in operation, or use easily
replaceable parts (34B).

v

3. Use an intermediary (temporary) carrier article or process, merge one
object temporarily with another which can easily be removed (24AB).
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5. Use Other 1. Use an Other format or version of something. E.g. replace mechanical or

physical means by sensory (optical, acoustic, taste or olfactory) means é E} @

(28A).

r—~

2. Replace an (unavailable, expensive or fragile) object or process with

optical, UV or IR copies (26ABC).
Duration
1. Segment Replace something durable (long-lasting / expensive) with a number of

short-lived (replaceable / inexpensive) ones (27A). _B_D_:' :_>

11

3. Change Conduct a process (e.g. hazardous or harmful) or stages at high speed (21A).

Material and Properties

3. Change

1. a) State: Use a gas, aerosol, liquid or gel instead of a solid, change the
physical aggregate state (29A, 35A).

b) Porosity: Make a solid porous or use porous elements, use spume or
foam as a combination of liquid and gas properties (29D, 31A).

c) Material: Use composite or smart materials instead of uniform ones
(40A).

2. Make objects interacting with others of the same material, or identical
properties (e.g. polarity) (33A).

3. Change the degree of flexibility (35C), temperature, pressure, humidity
etc. (29C, 35D).

5. Use

Exploit inherent properties, available or natural phenomena to good effect,
e.g. resonant frequency, phase transitions, thermal expansion or contraction,
heat capacity, thermal conductivity, sources of energy, etc. (18C, 36A, 37A)

Quantity / magn

itude

3. Change

1. Amount: If 100% of something is hard to achieve, use slightly less or
more of the same method, space or substance (16A).

2. Load: Make all parts perform at full load all the time (20A).

100%

3. Harmful effect: Amplify a harmful factor to such an extent that it is no
longer harmful (22C).

4. Feedback: Change the magnitude, speed or influence of feedback (23B).
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Freguency

3. Change

1. Oscillate or vibrate object; if oscillation already exists, change the
frequency. Use piezoeletric vibrators instead of mechanical ones (18ABD).

]

2. If an action is already periodic, change its amplitude or frequency (19B).

Curvilinearity

3. Change

Change from rectilinear to curvilinear parts, surfaces and forms, use rollers,
balls, cones, spirals and domes (14AB).

Sensory attributes

W

3. Change Change the colour / transparency of an object, parts or its environment
(32AB).

4. Add Add coloured or luminescent tracers for things that are difficult to see (32C).

Dimension

3. Change 1. Instead of a line or plane, use a plane or space. Use a multi-storey / layer
assembly instead of single, use another side of a given area (17ABD).
2. Use flexible shells and thin films (2-D) instead of 3-D (solid) structures
(30AB). g

Orientation

3. Change Tilt, rotate or re-orientate object, part or process, turn it upside down (13D,
17C).

Symmetry

3. Change Change the shape or properties of an object, grouping or process from

symmetrical to asymmetrical (‘break symmetry"). If already asymmetrical,
increase the degree of asymmetry (04AB).

Concentration

3. Change

1. Change the concentration, composition or consistency, e.g. increase the
degree of inertness, enrichment or purity (35B, 38AB, 39AB).

2. Place objects within each other, make one pass through a cavity in the
other. Store a substance in the pores or capillaries of another (07AB, 31B).
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Function

4. Add 1. Make an object or parts perform multiple useful functions (03C, 06A).

2. Make an object serve or organize itself by performing auxiliary helpful
functions, supplementary and repair operations (25AB). (

Environment

4. Add 1. Medium: Make an object interact with its medium, use buoyancy or
Archimedes forces (29B). Q

2. Resources: Merge object with others in its environment, e.g. that provide

lift (08AB).

3. Resources: Use fields (electric, magnetic, etc.) to interact with object, e.g. i

in conjunction with field-activatable particles (28BD). sy ] o
5. Other Use Resources: Use something for a purpose other than intended for. E.g. use

waste, useless or readily available resources to achieve a positive or desired —p
effect or function (22A, 25C).

Order

3. Change Make operations parallel, bring them together in time (05B).

}

!

* Inventive Principle(s) that matches the particular Ideation Domain most closely. In the interest of brevity, no
separators are used, e.g. 03AB represents sub-principles 03A and 03B.

Advantages

In addition to the graphic format, the above classification of Inventive Principles could offer a
number of advantages in enhancing inventive ideation. This includes the following:

1. Access related Inventive Principles

The fact that each Ideation Domain provides access to a range of Inventive Principles that could
effect similar inventive outcomes would alert an inventor using a particular principle (such as for
instance obtained from the Contradiction Matrix) to others that could be useful in the same
context. For example, considering the mechanism of Re-move-ment: In addition to using
Inventive Principle #10B (Pre-arrange objects in the most convenient place), other, similar,
principles the inventor might consider are: #12A (Limit the need for movement), #15AB (Allow
relative movement between objects or parts), #02A (Separate or extract useful / interfering part
or property) and #34A (Discard / disperse / dissolve things that have fulfilled their functions).
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2. Target specific attributes

A second advantage is the fact that the Ideation Domains highlight the different ways in which
an attribute could be manipulated by means of different mechanisms. This provides an inventor
with a list of options as to how a particular aspect of a problem could be approached. For
example, if inventive options were sought to change or use the Environment of an object in some
way or the other, the following Ideation Domains may be explored:

e Segment Environment: Arrange things such that each part of an object functions in different
conditions, e.g. most suitable for its operation.

e Add Environment: Make an object interact with its environment (i.e. medium), merge an
object with others in its environment, use fields (electric, magnetic, etc.) to interact with the
object, in conjunction with field-activatable, e.g. ferromagnetic, particles.

e Use Environment: Use waste, useless or readily available resources, energy or substance to
achieve a positive or desired effect or function.

3. Target specific mechanisms

Thirdly, the Ideation Domains also point out the ways in which a particular mechanism can be
applied to different system attributes. This provides potentially useful analogies to an inventor
using a specific Inventive Principle. For example, if Inventive Principle #19A (Segment Action)
was used to improve the visibility of an object (for example by means of a flashing light), the
inventor might also consider Inventive Principle #01 (Segment Object) as an analogous source of
ideas. In this case, the object could for instance be broken up into smaller ones that could be
spread in such a way as to provide advance visibility (e.g. the warning lights leading up to an
obstacle in the road).

4. Reduced number of principles

Possibly the most significant implication of this approach is the fact that the Contradiction
Matrix could be simplified as, instead of 40 Inventive Principles, there are now only 25 Ideation
Domains to contend with. Whilst each Inventive Principle is still represented (unlike for
instance, the ASIT technique (Horowitz & Maimon, 1997), where some of the infrequently used
principles are discarded), it now involves fewer entities that also provide a different perspective,
i.e. based on dominant system attributes. This could conceivably not only enhance the training
in the full range of principles, but also simplify the application as the user would now have
fewer, although conceptually distinct, areas on which to focus.

VizTRIZ

In order to simplify the 4-Attribute Matrix as far as possible, the graphic symbols shown in Table
3 were used to turn it into a visual tool. This tool, dubbed VizTRIZ because of its visual format,
is captured in Tables 4a and 4b. Once the inventor has established the engineering parameter
that is to be improved, the 4-Attribute Matrix (Table 4a) is used to identify the four attributes that
would most likely lead to a solution. The graphic symbols on the right (Table 4b) then point the
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inventor directly to the relevant inventive principles; cells that do not represent an Ideation
Domain are shaded.

In most cases, each attribute involves at most two ldeation Domains, and thus the inventive
options can be interpreted easily. For example, if the Sensory attribute was indicated as a
possible source of inventive solutions, the inventor has a simple choice between (1) Changing
the colour or transparency of the object or (2) Adding luminescent or other tracers to improve
visibility.

The Action and Object attributes, however, each involve four Ideation Domains, and thus finding
a solution can become more complicated. In order to improve the resolution of the 4-Attribute
Matrix, the numbers following these attributes in Table 4a indicate the two mechanisms that are
most relevant for the particular situation. For example, in improving the Weight of the binding
object (parameter #2), the inventor would first consider changing the Properties of the object. If
that does not yield a solution, he might then focus on the Object itself, first Using an Other
format (mechanism 5), followed by Re-move-ment (mechanism 2). Subsequently, if still
unsuccessful, he might then consider the remaining mechanisms that pertain to the particular
attribute.

It should be apparent that the VizTRIZ tool simplifies the use of the Contradiction Matrix in the
sense that the inventor does not need to look up numbered principles from a list (or alternatively
use a computer-based version of the matrix). Instead, the Inventive Principles involved by the
attributes on the left are immediately apparent from the graphic symbols on the right - the
Contradiction Matrix and 40 Inventive Principles have effectively been condensed into one table
of reference. As mentioned earlier, the graphic format also allows the inventor access to other
principles that may offer useful inventive options.

Conclusions

This paper summarised further work and improvements aimed at simplifying the teaching and
application of the TRIZ Contradiction Matrix and 40 Inventive Principles. In the first phase of
the work, the 40 Inventive Principles were re-categorised into 25 Ideation Domains. These are
conceptually distinct entities that provide the inventor with access to a range of inventive
principles that could effect similar outcomes and the full range of inventive options that exist
around each problem attribute.

In this, the second phase, the resolution of the tool has been improved and a unique graphic
symbol was developed for each Ideation Domain. This effectively turns the Contradiction
Matrix and Inventive Principles into a visual tool, which has been dubbed VizTRIZ. In addition
to the fact that the number of conceptual entities that need to be considered for problem-solving
have been reduced, the visual format could simplify training and user-friendliness - the
Contradiction Matrix and 40 Inventive Principles have been condensed into one table of
reference (namely Table 4).
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Further work in this regard will be aimed at assessing the value of the tool by means of empirical
studies, comparing for instance the learning speed and first time learning accuracy for people
with no prior TRIZ exposure.
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Table 4a. VizTRIZ : The 4-Attribute Matrix.

Engineering Parameter to Attributes that could most likely lead to solution

be Improved

1. Weight: moving object Properties Object 5,2 * Environment Concentration
2. Weight: binding object Properties Obiject 5,2 Action 1,3 Duration

3. Length: moving object Object 1,2 Properties Symmetry Orientation

4. Length: binding object Properties Object 5,1 Curvilinearity Frequency

5. Area: moving object Object 1,5 Dimension Action 3,1 Properties

6. Area: binding object Frequency Properties Concentration Dimension

7. Volume: moving object Properties Object 2,1 Symmetry Function

8. Volume: binding object Properties Object 2,1 Frequency Curvilinearity
9. Speed Environment Properties Action 3,2 Object 2,1

10. Force Properties Object 2,5 Frequency Action 3,1
11. Tension, pressure Properties Object 2,1 Curvilinearity Frequency
12. Shape Object 2,1 Action 2,3 Curvilinearity Properties

13. Stability of object Properties Object 2,1 Concentration Action 3,4
14. Strength Object 2,1 Properties Curvilinearity Duration

15. Durability: moving object | Properties Frequency Object 1,2 Duration

16. Durability: binding object | Quantity Properties Object 2,1 Concentration
17. Temperature Properties Frequency Object 2,1 Environment
18. Brightness Action 1,3 Sensory Object 1,2 Properties

19. Energy: moving object Properties Frequency Object 2,1 Function

20. Energy: binding object Object 1,3 Properties Frequency Symmetry
21. Power Properties Frequency Object 1,2 Sensory

22. Waste of energy Properties Object 2,1 Frequency Concentration
23. Waste of substance Object 2,5 Properties Frequency Duration

24. Loss of information Object 2,1 Properties Environment Sensory

25. Waste of time Properties Object 2,5 Frequency Symmetry
26. Amount of substance Properties Object 1,2 Frequency Action 2,3
27. Reliability Properties Object 2,1 Environment Duration

28. Accuracy: measurement Sensory Object 5,1 Function Action 3,2
29. Accuracy: manufacturing | Sensory Object 5,2 Frequency Properties

30. Harmful factors on object | Environment Properties Object 2,1 Frequency
31. Harmful side effects Concentration Environment Object 2,1 Frequency
32. Manufacturability Object 1,5 Properties Duration Action 3,4
33. Convenience of use Object 1,2 Action 3,1 Properties Sensory

34. Repairability Object 2,1 Properties Action 4,3 Sensory

35. Adaptability Properties Object 2,1 Quantity Action 3,1
36. Complexity of system Object 1,5 Action 3,2 Properties Duration

37. Complexity of control Properties Object 1,2 Duration Action 3,1
38. Level of automation Properties Object 5,2 Action 3,2 Frequency
39. Productivity Properties Object 2,5 Frequency Curvilinearity

Version 1.1

* The two numbers following the Object and Action attributes indicate the mechanisms that are most relevant for

the particular engineering parameter that is to be improved, and thus may be tried out first.
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Table 4b. VizTRIZ : Graphic symbols.

echanism
Attribute

1.
Segment

3. 4. 5.
Change Add Other-Use

Action

> > >

Object

Duration

Properties

Quantity

Frequency

Curvilinearity

Sensory

Dimension

Orientation

Symmetry

Concentration

Function

Environment

Order

Q= ra

TR
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Evolution Trends in Nuclear Soil Logging Tools

Abram Teplitskiy, PhD, Scientific Consultant
Roustem Kourmaeyv, P.E., President

Advanced Technologies International, Inc.
Richardson, Texas, USA
tepl@sbcglobal.net

Evolution of technical systems in TRIZ is described by series of classical S-curves (1).
We have experience in developing nuclear logging tools for geological investigations
(mainly vertical logging) and quality control for construction (any direction and
geometry). We started with developing triers for taking samples of rocks from different
depths, and provided logging using specially designed nuclear devices for density and
moisture content measurements. In the Fig.1 it is shown developed trier for taking
samples of water-saturated soils.
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Public Domain —SU Patent # 767608
Fig.1. General structure of a trier for water saturated soils
a-cross section view of the trier in initial position,
b - in position for taking samples
In initial position rod 8 with arrowhead 9 is settled by pin 13 in extended position, and
latches 16 go through congruent slots 17 in soil taking cylinder and case, and rigidly
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connected them. Device is pushed in the soil 19 by beam 7 on required depth. During this
penetration rod 8 with arrowhead 9 is prevented impact inside the soil camera from
outside volume.

After fulfilling these initial operations, using truss 12, pin 13 is moving out of from slit
10 of the rod 8. After this tier is continuously pushed into soil 19, and as result under soil
pressure soil sample is moved inside the soil-taking cylinder 3. Trier with soil sample is
lifted on the day surface, and placed in nuclear logging system, which is illustrated in
Figs. 2 and 3.

Such nuclear logging system was developed with cooperation with Institute of Geological
Sciences of Ukrainian Academy of Science, and called Columnar Nuclear Method and
system for Measuring density and moisture content of soil inside a columnar cylinder
(SU Patent #951108). The structure of this system is shown in the Fig.2.

1_14 ) 12

Public Domain — SU Patent # 951108
Fig.2. Scheme of Columnar Nuclear device for measuring density and
Moisture Content of Soil Sample
Source of gamma-Radiation; 2 — Protective Container;
Sensor of Gamma-radiation; 4-Electronic block;
5- Density Measuring Block; 6-Source and Detector 7
of Neutrons in container 8; 9-Electronic block for Moisture
Meter,

General look of a developed Columnar Nuclear Gauge is shown in Fig. 3.
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Fig.3. General Look of Nuclear Columnar Densitometer
Courtesy of Abram Teplitskiy

Columnar trier with soil sample after extracting from soil strata is installing on a
lodgment, preferably in horizontal position, as shown in the Fig.3. After installing on the
top on the cylindrical trier, nuclear columnar gauge is able to move along the trier and
taking measurements of density and moisture content of soil inside the trier on the step-
by-step basis. For this purpose measuring system has special balanced by weight drive,
and is designed to step-by-step movement along the columnar trier. Columnar Nuclear
device consists on two blocks — block of neutron moisture meter, and a block of gamma
densitometer. Accuracy of neutron moisture meter measurements is not sensitive to small
variations of thickness of columnar tube, but accuracy of gamma measurements is
sensitive to the thickness of columnar tube. Therefore we developed special methodology
to exclude this influence. Developed method is based on measurements fluxes of gamma
radiation in soils with different density. Flux of gamma radiation N, reached the detector
10 of gamma radiation, could be counted by formula:
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Where 1~ and M i+ - coefficients of gamma radiation reduction in soil and material of
columnar tube respectively;
h — thickness of columnar tube;
d- diameter of columnar tube;
- P-and ?r - density of material of columnar tube and soil respectively.

Signal from detector 10 enters on memory block 11, where in the same time enters signal
from impulse relay 13, which is managed by sensor 15 of nuclear columnar device
movement over the horizontal column 17 with soil sample.

Signal from memory block 11 enters in computing device 4 in a moment when there
enters a signal from detector 3 of gamma radiation. This flux of gamma radiation is
forming as follows: flux of gamma radiation from source is penetrated through column
17, and is reducing depending from density of soil and thickness of columnar tube. Flux
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of gamma radiation N, which reached detector 3, is depending from flux Ny emitted by
source of gamma radiation by dependence below:

2 {PQT"PT*#QrPd]
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Nz e
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\ . . o
- Where J\ 2T and MZF - mass coefficients of reducing gamma radiation in columnar
tube and soil respectively.

From relationship (2) we can see that actual variations of tube thickness h provide
influence on the accuracy of soil density determination.

Signal from detector 3 enters in computing device, in which equations (1) and (2) are
solving together for excluding the variable value of columnar tube thickness, and
determination of actual value of soil density. Signal from computing device, which
contains information of soil sample density, is transmitted to the measuring block of the
densitometer.

In computing device 4 a system of two transcendent equations (1) and (2) is solving.
Algorithm of computing device 5 operations is as follows. From equations (1) and (2) the
value of 5 could be independently determined:
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Because we are determining the density of the same soil, we can equating right parts of
equations (3) and (4), and from this new equation determine
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Equation (5) is a transcendental equation regarding only one unknown value — thickness
of a wall of a columnar tube. This unknown value of tube thickness is calculated by
solving the system of equations in computing device, and finally the value of tube wall
thickness used for calculating the density of soil in a columnar tube by using equation (1).
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Public Domain — SU Patent # 1793329
Fig.4. General look of a Nuclear Columnar Device for Continuous
Measuring of Density and Moisture Content of Soil Strata
a— Columnar Device; b — wireless system of signal transmitting
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Columnar device consists on tubes 1 and 2 with winded on its surface narrow 3 and wide
4 screw elements, a drilling crown 5, connected with columnar tube 1, core taking tube 6,
which is connected with rod 8. All parts of system are accommodated in a frame 9. In a
columnar tube 1 are made windows 10, in which knives 11 are installed for soil tillage. In
bottom part of core taking tube, a source 12 and sensor of gamma quanta are mounted.
Also inside frame 9 an electronic block 14 is mounted, which is connected with rod 8.
Columnar tube has an adapter 15, which is necessary for connecting the device with
screw-like boring column. Signal from sensor 13 of radiation is transmitted through
electronic block 12 to receiving dipole 16 (Fig. 4-b), and from dipole 16 signal entered
converter 17 and register 18.

The measuring system work as follows. Initially the crown of the boring machine is
embedding in the soil, and destroyed by circular face soil initially transported on narrow
screw, than on wide screw elements of screw like boring column.

In the same time core-taking tube 6 started to be filled with undisturbed column of core
sample. When the body of core sample will cover the section of core-taking tube 6,
gamma-quanta from source 12 are transmitted through soil sample with absorption of part
initial flux; the rest of the flux is registered by sensor 13 of gamma-quanta. The
difference between initial and final fluxes of gamma quanta depends on the density of the
soil under investigation.
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The results of above measurements through communication channel in wall of the core-
taking tube 6, one of the splitters 7 and rod 8, entered electronic block 14, from which
they are transmitted by radio channel to the surface registration apparatus. During such
continuous measurements of soil density, automatically results of logging are comparing
with boring requirements. For example, value of coal density is less than density of
accommaodating soil. Therefore if surface apparatus starts to register low density, operator
transmits a request for taking sample of soil form this depth and take it to the surface for
complete analyzing. Such technology allowed combining continuous logging using
nuclear apparatus with taking soil samples from depths, on which potentially located
deposits of natural resources. System of source and sensor of nuclear radiation could be
accommaodating for specific characteristics of different types of natural resources.

Next step of evolution toward ideality of discussing system was made by making this
system energetically independent, in other words, system became able to transforming
the rotation of boring equipment in electricity ...by generator, and readers could find an
example of such underground generator in SU patent # 1393130. We hope that evolution
of Columnar Nuclear Logging Principle would evolve in different ways.
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Some thoughts about TRIZ feature transfer into other field of human life
Gregory Frenklach
Israel
gregory_f@012.net.il

There were a lot of trials to perform feature transfer of TRIZ tools into other fields of human
activities like management, advertisement, marketing, election, education and so on. Some of them
were more successful, some less so.

In most of the trials presented tools were limited by something more or less analogical to the forty
TRIZ principles. In works where same regularities were discussed they (except for a few minor
cases) were not transformed into practical tools.

The question is, *“ Why?”

In order to investigate this, let’s take any technological system (TRIZ object) and try to describe it
on different levels.

1. Every system is intended to gain a result to satisfy some need — the first level.

2. The result may be gained by a number of ways or/and methods — the second level.

3. Each way/method may be based on one of a number of different technologies (physical,
chemical, biological, geometrical, etc., effects and phenomena) — the third level.

4. Every technology may be supported by one of different sets of technical means - the fourth
level

5. And each technical mean has its set of parameters — the fifth level

For example, let’s take refrigerator:

1. Itis intended to prevent food from spoiling — result

2. This result is received by food cooling - method/way. But there are other methods/ways to gain
the same result.

3. The method is supported by, for example, technology based on adiabatic expansion/
compression and phases transition effects — technology. But there are other technologies that are
able support the cooling method, for example, thermoelectricity.

4. There are a lot of different refrigerator designs that each of them realizes the adiabatic
expansion/compression and phases transition effects technology — technical means

5. Each technical means has its own set of parameters.

If a problem appears in the refrigerator, the solution may be found by performing a change on one
of the five system levels mentioned above. All the levels that are lower than the solution level are
then rebuilt.

TRIZ instruments recommend such changes — each one on its level. There are tools that
recommend change on the result level, on the method level, on the technology level and so on.

Let’s return to the TRIZ feature transfer into other field of human life in order to build TRIZ-like
methodology.
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It’s clear now that a new methodology for problem solving in management or advertisement, for
example, must cover system changes on all five levels:

Result
Method
Technology
Means
Parameters

asrONE

Let’s call this approach “multi-level analysis”. It’s good for assessment of problem solving
methodologies.

As separate tool it also is good for classifying of TRIZ instruments. An additional research work
would allow building of a new technology problem solving mechanism based on this approach.
Another usage of the approach is an alternative method of invention level determination that
correlates, but differs from used in TRIZ now.

One of its applications is help in specification building (see table with example). One has to fill in
the table before specification writing in order to determine of subcontractor "freedom” level for
every system life stage.

Table filling example for printer conveyer

System’s life
stages
Installation Normal Work Emergency Malnter!ance Development
Work & Repair
Levels
Easy Printing with | People safety | Easy Possibility of
transition high quality | and maintenance | transition to
Result to be | from product | on plastic Equipment and robotic
gained to product. surface protection preventive system
(including Easy printing maintenance
environment | head place procedures
if necessary) | adjustment
and speed
change
Carrier Printed Movement Easy access | Load position
change, XYZ | surface stop. to suitable for
head movement Equipment maintenance | future
Method to . . :
. movement with stop and and repair automation
gain the result . X
and motor controlled signal points
speed change | constant
speed (maybe
with stops)
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under printing
head

Technology(s)
to implement
the method

Subcontractor
"freedom"

Placement of
products into
carrier on the
moving under
printing head
conveyer and
their
automatic
collection in
box after
printing

Sensors,
Emergency
stop and
light/voice

Subcontractor
"freedom™

Part carriers
accessed
from above

Means to
support  the
technology(s)

Subcontractor
"freedom"

Conveyer,
Carriers
Printing head
holder,
collecting box
pedal and
timer

Subcontractor
"freedom"

Subcontractor
"freedom"

Subcontractor
"freedom"

Parameters of

Subcontractor
"freedom"

Subcontractor
"freedom"

Subcontractor
"freedom"

Subcontractor
"freedom™

Subcontractor
"freedom"

the means

But the multi-level analysis by itself is not enough for assessment and for TRIZ feature transfer, for
example, to management, art, and advertisement etc. fields. In order to get convinced try to
describe these systems on mentioned above five levels.

In TRIZ such a system(s) is (are) the technical system(s). It is “simple” object, because we may not
to take into account (and we don’t in most cases) object of a technical system itself in order to
describe a system on five mentioned above levels. That’s why we had not problem, describing
refrigerator.

And what is different in art, education and management, etc., systems?
In this case we deal with “complicated” objects — chains of objects that may have two, three and
even more links.

For example, if the “object” of our problem solving methodology is advertisement systems, the
methodology has to take in account changes in “objects” of the advertisement system themselves.
For advertisement systems the “objects” will be human and problem solving methodology that
deals with transitions of the advertisement system from state A (problem) to state B (solution) has
also to deal with a human being which has to be transited from state A (problem) to state B
(solution) too. And there are regularities for such transitions that are different from the TRIZ
regularities that same authors may automatically apply to advertisement systems.
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In case when the *“object” of our problem solving methodology is management systems, the
methodology has to take into account changes in “objects” of the management system themselves.
For management systems the “objects” will be human teams, and problem solving methodology
that deals with transitions of the management system from state A (problem) to state B (solution)
has also to deal with a human team which has to be transited from state A (problem) to state B
(solution) too. And there are regularities for such transitions that are different from the TRIZ
regularities that may be automatically applied to management systems. And human teams have
their own “objects” — business that has to be transitioned from state A (problem) to state B
(solution) also. And the regularities of such a transition differ from the team regularities.

Let’s call the approach that we used to recover all links of an object chain “object chain analysis”.
As separate tool it also is good for assessment of problem solving methodologies, but better to use
object chain analysis together with multi-level analysis.

Notes:
1. Multi-level analyzer may be applicable to each link of the objects’ chain.
2. The regularities of so-called “final link” of the objects’ chain always dominate, because
they are associated with result of the chain itself.

Used together multi-level analysis and object chain analysis allow us to describe complicated
objects on five levels (result, method, technology, means and parameters) by mapping the systems
we want to build TRIZ-like problem solving methodology for.

The next question is “How can the mapped system be connected to TRIZ-like tools (principles,
standards and effects etc.)?” Are there some tricks?

Of course there are some “tricks” and this cannot be done automatically. One has to find out, for
example,
e What should replace “substance” and “field” in a system of new standards and how they
should be incorporated.
- Effects of witch science should replace physical, chemical, geometrical, etc. effects.
« Which principles may be used and how they should be incorporated into the new
methodology.

Let’s discuss the “tricks”

Standards are based on su-field analysis. Generally su-field analysis is structural analysis that deals
with building, destroying and development of the technical system structures. It is intended to build
“bridge” between technology and physics, chemistry, etc. Thus standards for new TRIZ-like
problem solving methodology have to be based on some ‘bridge” alike.

Thus the first question is “What is coming instead physics, chemistry, etc.?”

The previously done chain analysis answers to this question. The “final link” changing regularities
bring with nearly math accuracy us to what is the science that coming instead physics, chemistry,
etc.

Look yourselves in our examples the “final links” were human being and business.
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Let’s return to su-field analysis. If we look at this approach carefully we will see that ‘fields” are
changed by “substances” and “substances” are changed by “fields”. Moreover in transition deeper
into micro-level the difference between “field” and “substance” nearly eliminated.

Thus instead of “field” and “substance” in the new problem solving methodology has to come
something with the same properties.

For example, instead of “substance-field will come image-emotion or money-product, or text (in
semiotic sense of this word)- information etc.

Incorporation of principles, and standards demands building of a problem formulation algorithm.

The problem that is formulated correctly includes four main elements: function (action), object of
function, function carrier and undesirable effect that is connected with function carrier. An
additional element of the correctly formulated problem is environment.

Example of possible problem formulation algorithm:
There are two types of problem situations:

1. The first type is one that exists when it is necessary to conduct some function (action) of
system but facilities for it are absent or unknown.

2. The second type arises when the problem situation is connected with undesired effect
(UDE) inside the existing system

If in the case of your problem is that facilities are absent or unknown (first type) then you are
recommended to:

1. Formulate the function (action) for which realization a facility is absent.

2. Formulate the object of function

3. Choose some known facility for this function realization

4. Define the undesired effect, which arises during the realization of the previous step 3

If in the case of your problem is the undesired effect (UDE) that exists in the system (second type)
then you are recommended to:

Formulate the UDE, which is a source of the problem.

Define the element, connected with the UDE

Formulate the function of the element that is connected with UDE

Define the object of function for the element that is connected with the UDE.

NS

In addition for both problem types determine environment.

The principles (those of them that are generally formulated) may be easily divided into groups
each one of them is connected to the specific element of the correctly formulated problem. By the
way, they practically are used in this manner without clear pointing of this in TRIZ literature.
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Note: Physics and chemistry-oriented principles cannot be easily connected to new TRIZ-like
problem solving methodology.

The standards may be connected at the stage next to the stage of problem formulation — choosing of
the problem solving direction.

There are two possible problem-solving directions:

1. Performance of function without function carrier (connected with change of the function
object or getting information about it)
2. Elimination of UDE (connected with harmful interaction, or low effectiveness)

Standards (after transition from su-fields to something more appropriate for TRIZ-like problem
solving methodology) may be easily divided into four groups when two of them are connected to
the first problem solving direction and the rest two groups to the second one.

Summary

1. If you are going to build TRIZ-like problem solving methodology for other field of human
life — use multi-level and object chain analysis in order to map your system.

2. Multi-level analysis demands to describe object of problem solving methodology on five
levels: result, method, technology, means, parameters

3. Object chain analysis demands to present object of problem solving methodology as chain
of objects.

4. The system is “mapped” when for each link of object chain is performed multi-level
analysis.

5. Final link of the object chain determine which science(s) will replace physics, chemistry
etc. and “supply” effects and phenomena for technology level

6. The hint “substance is changed by field and field is changed by substance” will help to
assess if replacement of substance and field by something specific for other field was
correct in order to build TRIZ-like standards.

7. General principles should be divided to four (five) groups and each one of them then
connected to the main elements of correctly stated problem: function (action), object of
function, function carrier, undesired effect, connected with function carrier and
environment.

8. Standards (when and if they were built) should be divided to four groups and connected to
possible directions of problem solving — two groups to each direction.

Of course, all described above isn’t enough for TRIZ-feature transfer into other fields of human
activities in order to build TRIZ-like problem solving methodology, but in my opinion it makes
such a transfer easier.

Good luck in building TRIZ-like problem solving methodologies!
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Editor’s note: Kraev’s Korner was first published in the newsletter of the Altshuller Institute,
www.aitriz.org, in 2005. Val Kraev is the Chief TRIZ Officer of the Technical Innovation Center in
Worcester, MA USA, www.triz.org, and has contributed several very valuable case studies to the TRIZ
Journal. Our thanks to the Altshuller Institute and the Technical Innovation Center for letting us reprint
this educational series. Lesson 1 and the introduction appeared in the October issue of the TRIZ
Journal.

KRAEV'S KORNER
Lesson 2 - Levels of Innovations

Dear Subscribers,

I would like again to thank all of you who sent me messages with proposals, wishes and ideas related to our TRIZ Studies
after the first lesson. Your participation and interest was very helpful for preparation of the second lesson's material.

In this lesson we are talking about levels of innovations and starting to solve problems in Practical Work which resemble our
everyday life. The Practical Work contents is in two parts: "quiz" and "home problems". The quiz section's main goal is to
repeat the theoretical material and "home problems" that relate to training in using TRIZ tools. Home problems basically don't
require other special knowledge and can be solved with application of the usual materials that we can find in our home.
Hopefully solving these problems will be useful for your TRIZ-training and application in usual life.

As before, please, send me any questions and comments at: kraev@triz.org

Valery Kraev

LEVELS OF INNOVATIONS - LESsON 2

Before our talk about innovation or more precisely invention, let’s understand what it means. As
mentioned in our first lesson, analysis of a large number of patents reveals that not every invention is
equal in its inventive value. G. Altshuller proposed five levels of innovations:

Level 1. A simple improvement of a technical system: Requires knowledge available within the trade
relevant to that system.

Level 2. An invention that includes the resolution of a technical contradiction: Requires knowledge from
different areas within the industry relevant to the system.

Level 3. An invention containing a resolution of a physical contradiction: Requires knowledge from
other industries.

Level 4. A new technology is applied which contains a resolution of contradictions with better approach
to Ideal Final Result: This new technology includes a breakthrough solution that requires knowledge
from different fields of science.

Level 5. Discovery of a new phenomena or substances: This new knowledge provides for the
development of new technologies with utilization of the new phenomena, resolving existing
contradictions with better approach to the ldeal Final Result

With problems of the first level, the object (device or method) does not change. At the second level, the
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object is changed but not substantially. At the third level, the object is changed essentially and at the
fourth, it is totally changed. In the fifth level, the entire technical system is changed in which this object
IS used.

A very important point, the TRIZ methodology claims that if there is no technical contradiction then it is
not an inventive problem (not a TRIZ problem). Therefore, if there is resolution of a technical or
physical contradiction during problem solving then it is invention.

Officially, the invention is a creation of a new technical idea and the physical means to accomplish or
embody it. To be patentable, an invention must be novel, have utility, and differ from what skilled users
might expect (http://usinfo.state.gov/products/pubs/intelprp/glossary.htm#top). Therefore, an invention
legally protected by a patent should meet three requirements: novelty, utility and non-obviousness.

“Novelty” is one of the three legal criteria by which patent applications are assessed. It requires that the
claims in a patent must be totally new, i.e. for an invention that was previously unknown and
unavailable to the public when the patent application is filed. This criterion is the same for US Patent
and Trademark Office (USPTO, http://www.uspto.gov/index.html) and World Intellectual Property
Organization (WIPO, http://www.wipo.int/portal/index.html.en). USPTO and WIPO are government
organizations that make the final determination for applied patent proposals as to which are inventions
and patentable and which are not inventions.

“Utility” is another of the USPTO criteria by which patents are assessed. It requires that an invention
must be useful and industrially applicable to be patentable. In WIPO, the same or similar requirement is
phrased as “industrial applicability».

“Non-obviousness” is the third legal USPTO criteria by which patent applications are assessed. In the
WIPO the similar requirement is known as “Inventive Step”. Non-obviousness and Inventive Step is one
that would not have been obvious to a person skilled in the art at the time the application for a patent
was filed.

As we can see, the criteria of TRIZ to invention by resolving the problem’s contradiction are more
definitely and strongly in comparison with USPTO/WIPO criteria. Nevertheless, these criteria are
corresponding to each other and this correlation is shown in table below.

TRIZ AND INTERNATIONAL INVENTION'S CRITERIA

TRIZ Invention Criteria  USPTO Invention Criteria WIPO* Invention Criteria
Technical & Physical

Contradictions Novelty Novelty
Contradictions Resolutions Non-obviousness Inventive Step
Ideal Final Result Utility Industrial Applicability

* - World Intellectual Property Organization. The UN agency, headquartered in Geneva, that
administers most IP treaties and that holds periodic conferences to revise them

In fact, the same problem can be solved by obtaining the inventive solutions from the different TR1Z
levels. Let’s look around at our home and take well-known home appliances for our analysis. | would
like to start stove in the kitchen.
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Electric stove with electrical spiral cooking surface, which produces heating, is a basic appliance. These
stoves appeared in homes after the wood and gas stoves. These new stoves were very progressive
devices because they have a higher level of safety, do not smoke, use available electricity and was less
expensive. There was just one serious disadvantage, the first electrical stoves heated slowly in
comparison with gas stoves. Future inventions were related to overcoming this disadvantage.

]

A first level invention related to modification of basic electrical stove was
the “Rapid” stove. This appliance had high a temperature heating spiral with
heating rate 10-12 seconds. This was a significant improvement in
comparison with basic element which needed 30-60 seconds.

However, the typical electrical stove heating spiral element was not changed.
Just the electrical parameters and the spiral shape were modified.

The second level of invention is “Hi Light” electrical stove. At this level, the
heating element in comparison with initial design is distinctly changed. Hi
Light electrical stove uses a heating device in shape snake-like strip
produced from a high-ohmic alloy. The heating rate is faster, 4-7 seconds and
the radiated heat is uniformly proportioned on all working area. New heating
element is changed in both shape and material. Such modification allows for
solving the technical contradiction between oven’s parameters of heating rate
and power density. But if previous “Rapid” heating element with diameter
150-180 mm consumes power at 1-1.5 kW then heating element of High
Light needs 1.5-2 kW.

The third level of invention for the electrical stove can be a halogen
appliance. Halogenous electrical stove provides heating by using the high-
temperature spiral with integrated halogen lamp that has a quartz gas-filled
tube. The lamp shines with a bright red light and produces strong heat.

This electrical oven and its heating element have a big power; therefore
heating element is instantly being heated and promptly cools down. In this
device, physical contradiction for heating element has been resolved and
instead metal spiral the gas filled spiral was used. We can see changes of the
heating element on the physical level.

In the fourth level of invention the stove is an induction appliance. In this
appliance, the heating element is totally modified. The Induction electrical
stove is an advanced development. Under the operating area, an induction
coil and powerful electric generator are presented. These components are
quickly creating a varying electromagnetic field. Due to changes of
electromagnetic field atoms of crystal lattice of an alloy, from which the pan
IS made, start an oscillating motion, heating predominantly the bottom of the
pan.
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The induction’s effective area heats only the pan and the coil remains cold.
So that boiling soup will not become attached to glass surface. The direct
heating allows economy of both time and electric power.

Certainly, burner will not work, if there is no pan on it. To apply an induction
heating, it is necessary to use a pan with a magnetized bottom manufactured
with ferromagnetic alloys (of cast iron or a special steel).

In the fifth level, the electric stove is totally changed and absolutely new
physical phenomena are used for cooking. It is a microwave oven with other
principle of operation with direct action on the food without application
intermediate container.

The microwaves inside the oven permeate into the food from different
directions, heating molecules of water, fat and sugar. Heat permeates
promptly but only inside the food. The microwaves used for cooking can
pass through glass, paper, plastic and china but do not permeate through
metal. In usual state, molecules of food and liquid contain negative and
positive particles that rotate slowly. During cooking with microwaves, this
motion is expedited creating heat. The end result is that heat is generated in
the food. The cooking in a conventional oven is realized by molecular
actions, but the microwaves do it faster, because they permeate into food
directly and decrease the cooking time.

Some other examples for solving problems at different inventive level are represented in the table for
washing machine, TV set and phone set.

Examples of innovation levels

Washing
Machine

TV Set

Phone Set

LEVEL 1 LEVEL 2 LEVEL 3 LEVEL 4 LEVEL 5
Compromising Resolving the Resolving the New Technology = New Phenomena
Design technical physical
contradiction contradiction
Washing Machine Wa_shlng_ Washing COIET G Field Cleaning
) . Machine with . . Ultrasound .
with Vertical . Machine with . Machine
Horizontal Washing
Drum Double Drum : (forecast)
Drum Machine
Electromechanical hMono Color . Threg-
TV Cathode-Ray  Cathode-Ray LCD/LED TV  Dimensional
Tube TV Tube TV TV
Two-Piece Hand One-Piece Telephone R.ad'O Mobile Cell
and Fax Wireless
Phone Hand Phone . Phone
Machine Home Phone

The five-level classification, described above, has been applied to already known examples and
solutions. It was relatively clear how to determine which innovation’s level corresponds to known
different solutions. And then another question appears: can this classification be used not only for

November 2006 = The TRIZ Journal = www.triz-journal.com Page 4 of 6




description of known solutions but during development process of new, unknown proposals?

Here is an example. Let’s imagine that we have an assignment from a customer for the development of a
new lamp. It is necessary to propose new designs for a lamp that would be better than the current
commercial one. The specific technical result can not be indicated in requirements specification, but
customer would like to get better and cheaper lamp than existing one. It is typical situation for practical
innovation activities. So, having knowledge of the five innovation levels, we can start the development
of our new lamp with the use at least three scenarios: conventional engineering improvement of existing
lamp, development of new designs with application existing principle of operation and finally, creation
of new lamp generation with new physical principle of operation. It is clear, that the first approach
corresponded to the first innovation level and allows getting the new optimization of the lamp’s designs
with some improvement to the qualitative parameters over the existing lamp.

If our customer wants to increase lamp qualitative level by more than 100%, we should use second and
third project scenarios corresponded to 2-5 levels of innovations. Therefore, if we wish to greatly
improve parameters of our product then optimization cannot help us and we need to find methods and
materials to resolve contradictions that do not support this improvement.

Hence, five-levels of invention classification can be used in practical activities for comparative
assessment of innovation proposals that are generated for solving problem.

Often a customer reluctantly accepts substantial changes to his existing system. He perceives that for
solving a problem it is necessary to change something in the existing system, but he tries to implement
these changes minimally to facilitate prompt introduction. Nevertheless it is possible to offer solutions
of the problem for all five levels. The first three levels change the existing system insignificantly with
minimal modifications and so these design proposals are accepted for manufacturing more easily. The
fourth and fifth level of the proposals can be accepted as prospective solutions for the next step of
introduction and may be patented by the customer.

Knowledge about the five levels of innovation is a useful tool in the prognosis and development of a
specific system, as it can define volumes of change of this system at each stage of evolution.

It is reasonable that strong solutions, which resolve contradictions without compromise, require special
technologies for their finding, because these solutions are not the obvious ones. Previously, solving
problems that had conflicts or contradictions were accepted an unreal process and such problems were
solved by compromise or were not solved at all. We will be interested in just such problems with
contradictions and our goal is to get knowledge and practice for resolving these contradictions. In our
next our lesson, we will discuss contradictions, their finding, formulation and resolution.

SUMMARY

Thus, summarizing this lesson, one can say that TRIZ proposes five levels of innovation. These levels
allow us to estimate the development state for existing technologies and products. We can use this
knowledge in our creative work to predict the step by step development of new directions for existing
technologies and products.

PRACTICAL WORK
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Quiz. Please, determine what kind of level of innovation the following objects have:

Film Photo Camera Mechanical Clock Vacuum Cleaner

Could you propose the fifth innovation level for each of these devices?

“THREE HOME PROBLEMS FOR TRIZ APPLICATION”

“Nail Problem”

Very often we to have to use a simple nail in a wall as hook for
hanging clothes. However such hook starts to rotate in the hole and
does not hold clothes. What is it possible to do?

“Box Problem”

The simple wooden boxes in a cabinet or desk badly slide on
support. What is it possible to offer for solving this problem?
“Refrigerator Problem”

In order to avoid extra consumption of the electric power it is useful
to know if the door of the refrigerator is closing tightly. How to test
contact between door’s seal and housing?

Please, send any questions and comments to: kraev@triz.org
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Changing the Paradigm in Business English
Learning Using TRIZ

By: Manoj Jaiswal and Padma Tata
Infosys Technologies Limited

This paper was originally presented in “The Second TRIZ Symposium in Japan,
September 2006’

Abstract

Infosys Technologies Limited (NASDAQ: INFY) being a global organization has clients
and offices across geographies. For the success of the organization, communication
and mastery in Business English was identified as one of the crucial competencies for all
the employees.

The learning challenge was to show high effectiveness in training Infoscions® in
Business English. The learning intervention was expected to be scalable and with
minimum instructor dependency. The existing paradigm was that a lot of instructor time
is required for developing Business English competency.

Using TRIZ principles, Infosys Leadership Institute (ILI)** redefined the approach to the
problem and developed a scalable learning intervention. The intervention was deployed
on a pilot group of over 100 Infoscions* and the intervention has been validated.

1. Introduction

1.1 About Infosys

Infosys Technologies Limited (NASDAQ: INFY) provides consulting and IT services to
clients globally - as partners to conceptualize and realize technology driven business
transformation initiatives. With over 58000 employees worldwide, we use a low-risk
Global Delivery Model (GDM) to accelerate schedules with a high degree of time and
cost predictability.

Infosys provides end-to-end business solutions that leverage technology. We provide
solutions for a dynamic environment where business and technology strategies
converge. Our approach focuses on new ways of business combining IT innovation and
adoption while also leveraging an organization's current IT assets. We work with large
global corporations and new generation technology companies - to build new products or
services and to implement prudent business and technology strategies in today's
dynamic digital environment.

*Infoscions — All the employees of Infosys Technologies Limited are referred to as Infoscions.

**Infosys Leadership Institute — This is a unit within Infosys Technologies Limited. It takes care of the
managerial and leadership competency development of all Infoscions. It has created and nurtured a unique
ambience for thinking and learning on its residential campus which is situated on a beautiful landscape of
over 300 acres in Mysore.
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1.2 Challenges

For people development, Infosys has a competency framework that focuses on
technical, functional and behavioral competencies. These competencies are mapped
across different roles. Business Communication competency is one of competencies
identified across different roles. Business English competency is a sub-competency in
Business Communication. The challenges that we faced in developing the Business
English competency were:

e Infosys has development centers across geographies and has over 58000
employees. Thus, we were required to improve the competency for a large
number of people spread across different locations.

* Infoscions more often than not are busy with project work or other technical
trainings. They find it difficult to take out time for developing Business English
competency.

e Contrary to the Management’s philosophy, many Infoscions unfortunately do not
associate much importance to Business English competency. They feel that they
should focus more on developing the mainstream competency — technical.
However, the Management recognizes that Business English competency is
crucial for the success of the organization.

 We were using instructor-led training programs to develop the competency. The
learning was not effective as

o0 There were consistency related issues between different instructors —
some instructors were effective whereas some were not so effective. This
was assessed through quality audits of the sessions and feedback from
the learners regarding instructor style and efficiency.

0 The duration of the intervention (2 days instructor led + 0.5 days e-
learning) was not enough to demonstrate competency improvement,
especially for a competency such as Business English.

0 There were no standardized tests, exercises and simulations to measure
the increase in knowledge and skill levels of the learners post the
intervention. In other words, there was no standardized measurement for
measuring the learning effectiveness of the intervention.

ILI was expected to design and deploy an effective Business English learning
intervention that would increase the competency of Infoscions across different locations.

2. Defining the Problem
As said by John Dewey, ‘a problem well-stated is problem half-solved’. We decided to
spend significant time in defining the problem. We used the following TRIZ tools to get a
better understanding of the problem:

1. Ideal Final Result

2. Perception Mapping

3. Contradiction Matrix

2.1 Ideal Final Result
Ideal Final Result (IFR) is a philosophy that looks at how we can evolve a system such
that we get all the benefits from the system with none of the associated cost or harm.
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Benefits
(IFR) = (Perceived)

(Cost + Harm)

We defined the IFR as All Infoscions learn Business English and get certified in
minimum possible time, with minimum possible effort and cost.

All Infoscions learn
Business English in
minimum possible
time, with minimum
possible effort and
least possible cost.

t

Intermediate Solutions

To get a clearer picture of the problem, we answered the following questions:

a) What is the final aim?
All Infoscions reach the desired level of Business English competency.

b) What is the IFR?
All Infoscions learn Business English and get certified in the minimum possible time,
with minimum possible effort and least possible cost.

c) What is stopping us?

e Lack of time — Infoscions are busy with project related work or technical
training. They do not have enough time to spend in the class (or
otherwise) to learn Business English.

e Large scale — Large number of Infoscions spread across multiple
locations.

e Lack of motivation — Infoscions do not see much value in learning
Business English.

d) How can we make things stopping us disappear?
Make Infoscions learn on their own in their free time. This can happen only if the
learners have a lot of self-motivation and drive.

e) What are the resources available to us?
Instructors, audio / video, books, CBT and e-learning, Infoscions free time, class
rooms, physical infrastructure (rooms, computers, TV, video players), instructors

f) Has anyone used it before?
Distance education and continuing executive education have used these resources.
However, our problem is significantly different in two ways:
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e Distance education and continuing executive education mostly involve
knowledge dissemination whereas in our case, we have to focus both on
knowledge dissemination and skills development such as ‘speaking’, ‘accent
neutralization’ etc.

« High motivation of learners is a crucial factor that drives distance education
and continuing executive education. Whereas in our case, the motivation of
Infoscions to learn Business English is rather low.

By carrying out the IFR analysis and answering the questions, we got a better picture of
the problem and our focus shifted as represented in Table 1.

Table 1
Focus Earlier Focus Now
Instructor and learners spend most of the | Learners learn themselves with support
time together — instructors help the | from the environment — instructors being

learners pick up Business English | just one element of the environment.
competency.
Use learner’s time plus learner motivation
to achieve the objective.

2.2 Perception Mapping

There were different stake holders in our system and all the stakeholders had varying
perceptions about the problem. In order to get to the core issue, we used the perception
mapping tool.

2.2.1 Creating Perception Map
We considered the three primary stakeholders in the process — ILI, Infoscions and
Management.

In stage 1, we collected perceptions from all the three stakeholders independently for the
question: ‘Business English learning is not effective because....” For each perception, we
gave an identifier such as 1, 2, 3 and so on.

In stage 2, we brought all the stakeholders together at one place and asked them to
consider one perception at a time. For this perception, we got them to answer the
question, “What does this lead to?” They could select one and only one perception. For
example, all the stakeholders agreed that Perception 1 leads to Perception 11. Likewise,
we repeated the process for all the perceptions identified.

In stage 3, we got the stakeholders to examine all the perceptions and identify pairs that
represent conflicting perceptions. The stakeholders identified Perceptions 1 and 10 as a
conflicting pair.

All the perceptions, their identifiers and ‘leads to’ have been depicted in Table 2.
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Table 2

Business English learning is not effective because.......

Perception Identifier | Leads
to

ILI
Not enough class room training time is available to train Infoscions.

1 11
Infoscions are busy either with projects or other technical trainings
and certifications; they don’t have time for Business English 2 3
training.
Infoscions are not motivated to learn Business English. They feel
that they are quite good in Business English, so why bother. Some 3 10
feel that this is not their main stream function, why bother?
The learning material in not very interesting — full of grammar —
learners do not see much link to their work. 4 3
Large numbers to be trained across multiple locations. 5 11
No proper pre and post measurement. 6 11
Lack of standardized delivery by all instructors. 7 11
Infoscions
We do not know the benefits of learning Business English. Why
should we learn it, how is it going to benefit us? We thought we 8 3
have joined Infosys to do software related work, not learn English!
Learning material offered by ILI is very boring. 9 3
We are busy with our projects — we have no time. When we are
forced to sit through classes, our attention is all on our project, not 10 11
in the class.
Management
ILI does not have a learning model that is scalable and cost
effective. 11 6
No benchmarking with international standards. 12 6
No top down approach. 13 8

After this, we drew the perception map as shown in Figure 1.
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Perception Map — Figure 1
() °
C a

2.2.2 Interpreting Perception Map
After drawing the perception map, we looked for collector points, loop and conflict chain.

Collector point is the perception where several other perceptions are leading to.
Perception 3 is a collector point as several other perceptions (2, 9, 4 and 8) are
leading to it. Similarly, perception 11 is another collector point with perceptions 1,
5,7, 6 and 10 leading to it.

Loop is formed when perceptions feedback into each other. Thus, perceptions 11
and 6 are forming a loop.

Perceptions that form a chain between the identified conflicting pairs (perceptions
1 and 10 in this case) are referred to as conflict chain. In our case, perception 11
is a part of conflict chain.

To summarize,

Perception 11 is a collector point and also a part of the conflict chain.
Perception 3 is another collector point.
Perception 6 and 11 are forming a feedback loop.

So, we decided to take a closer look at these three perceptions:

Perception 11 - ILI does not have a learning model that is scalable and cost
effective.

Perception 3 - Infoscions are not motivated to learn Business English. They feel
that they are quite good in Business English, so why bother. Some feel that this
is not their main stream function, why bother?

Perception 6 - No proper pre and post measurement.
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2.3 Identifying Contradiction

Based on the inputs derived from Perception Mapping and IFR, we looked at the

contradictions as listed in Table 3.

Table 3

What are we trying to improve?

What is stopping us?

Increase the effectiveness  of
Business  English learning by
Infoscions which in turn will lead to
improved competency.

Infoscions have very little time to spend on
developing the competency — they are busy with
their project work. Also, management cannot spare
them out of their work for long periods.

Perception of Infoscions that they are strong in
Business English competency and hence do not
see much value in learning Business English. This
is contrary to Management thinking that Business
English is a crucial competency and Infoscions
need to develop the same.

2.4 Problem Defined using the TRIZ Problem Definition Tools
At the end of using all the problem definition tools, we got a clear picture of the problem

at hand. We asked ourselves the followi

the environment?
If yes, how do we motivate them

English?
Can we use pre and post measu

ng questions:

Can learners learn on their own in their own time using the support available from

to do so?

How can we build a scalable and cost effective model for teaching Business

rement to motivate Infoscions? If so, how?

These guidelines helped us while we were generating the solution.

3. Generating Innovative Solutions

3.1 Generating TRIZ Generic Solution
We decided to use TRIZ inventive princi

ples to generate innovative solutions. To do that,

we first mapped the contradictions identified and represented in Table 3 to the Business

Contradiction Parameters.

This mapping of contradictions to the parameters has been represented in Table 4.
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Table 4

What are we trying to improve?

What is stopping us?

Increase the effectiveness  of
Business  English learning by
Infoscions which in turn will lead to
improved competency.

Parameter 6 — Production Specs /
Quality / Means

Infoscions have very little time to spend on
developing the competency — they are busy with
their project work. Also, management cannot spare
them out of their work for long periods.

Parameter 8 — Production time

Parameter 20 — Support Interface

Perception of Infoscions that they are strong in
Business English competency and do not see
much value in learning Business English. This is
contrary to Management thinking that Business
English is a crucial competency and Infoscions
need to develop the same.

Parameter 21 — Customer Revenue / Demand /
Feedback

Parameter 25 — System Generated Harmful
Factors

After mapping the contradictions to the parameters, we looked for the relevant TRIZ
principles from the Business Contradiction Matrix. The principles have been shown in

Table 5.

Table 5

What are we trying
to improve?

What is stopping
us?

TRIZ Principles

Parameter 6

Parameter 8

1 (Segmentation), 35 (Parameter
changes), 21 (Hurrying), 15
(Dynamization), 4 (Asymmetry), 10 (Prior
Action)

Parameter 6

Parameter 20

6 (Universality), 40 (Composite
Structures), 10, 2 (Taking out), 7 (Nested
Doll)

Parameter 6

Parameter 21

5 (Merging), 15, 35, 25 (Self Service), 33
(Homogeneity)

Parameter 6

Parameter 25

35, 22 (Blessing in Disguise), 18
(Resonance), 39 (Calm Environment)
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We looked at all the principles indicated by TRIZ and applied the following TRIZ
Principles to generate solutions:

Principle 35 — Parameter Changes
a. Change an object’s physical state
b. Change the degree of flexibility
c. Change emotional and other parameters

Principle 1 — Segmentation
a. Divide a System or object into independent parts
b. Increase the degree of fragmentation or segmentation

Principle 6 — Universality
a. Make an object or structure perform multiple functions, eliminate the need for

other parts.

Principle 40 — Composite Structures
a. Change from uniform to composite (multiple) structures, be aware of and utilize
combinations of different skills and capabilities.

Principle 2 — Taking out

a. Separate an interfering part or property from a system or object, or single out the
only necessary part

Principle 25 — Self service
a. Make a system or object serve itself by performing auxiliary helpful functions.

3.2 Generating Specific Solution
We designed a learning intervention that by itself would motivate Infoscions to use it and
develop the Business English Competency.

Then Now TRIZ Principle
Applied
The learning Both the organization and Infoscions value | Principle 35 —
intervention was not external certification that is globally accepted. | parameter
associated with any Hence, we decided to tie in our Business | changes
certification or English learning intervention with BULATS | Principle 2 —
measurement. (Business Language Testing Services) offered | Taking out
Infoscions were by Cambridge university, an external
selected for the certification that is well recognized. All the | Pre-post
learning intervention Infoscions would go through the certification | measurement
based onresults ofa | test. Those who clear the test would be | 2nd certification
Group Discussion certified as competent in Business English. | Was usedto
(GD) or manager’s Whereas, those unable to clear the test would increase the
: . . overall

request. The go through a learning intervention and retake effectiveness of
evaluation of the GD the test after a minimum gap of 3 months. the learning
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Then

Now

TRIZ Principle
Applied

was not standardized
and varied between
instructors. There was

The certification created a desire in all the
Infoscions — who could not clear the test — to
go through the intervention and get certified.

intervention as
well as motivation
of Infoscions to

no post measurement. develop the
competency.
The intervention A blended learning intervention was created | Principle 1 —
included 2 days of with a duration that was approximately 4 | Segmentation,
instructor led training | times that of the earlier intervention. | Principle 40 —
program and 0.5 days | However, it was segmented as following: Composite
of e-learning. a. 2 days of face-to-face classroom | structures,
intervention Principle 25 —
Moreover, the b. 44 hours of self-study — The material was | Self service

intervention was
carried out at a stretch
which further reduced
the effectiveness. It
was a compromise
solution based on the
time available.

further segmented into smaller modules.
Each module had a post test that helped
learners assess their progress.

c. English Lab which had audio, video,
CBTs and books. The Lab was manned
by instructors who would guide the
learners as and when required.

d. The instructors would also conduct pre-
scheduled events such as group
discussions, what’s the good word
contest, News yesterday etc.

e. The learning intervention was designed
such that the learners go through it over
a period of at least 3 months.

A scalable, cost-
effective model
with high learning
effectiveness was
developed. In this
model, the
learners had the
flexibility to learn

as per their
convenience.

The learning
intervention primarily
used to focus on
grammar and
vocabulary. Learners
did not find the
modules either
interesting or
applicable to their
work.

To motivate the learners to learn Business
English competency in their own time, the
self-learning modules were made very
interesting. The modules provided useful tips
on soft skills, people management skills,
social skills — skills which are considered
valuable by Infoscions.

Principle 6 —
Universality

The learning
modules were

made to serve
multiple purposes
—and this
motivated the
learners to use
the intervention.

No peer involvement

Peer support / monitoring groups were
created which in turn increased collaborative
learning and increased the motivation to
learn.

Principle 40 —
composite
structures

Collaborative
learning was used

for motivatin
learners.
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Then Now TRIZ Principle
Applied
It was limited to To demonstrate the importance of the | Principle 35—
specific roles — competency, a top-down approach was | Parameter
typically the entry adopted. So, the senior members in the team | changes

levels. This in turn
resulted in lack of
commitment and
motivation.

would also take the test and if not cleared
would go through the learning intervention. This
drove down the message that it is an important
competency — as important as a technical
competency.

Commitment
from seniors
resulted in

higher

motivation and
commitment of
the learners.

This solution was first implemented on a pilot group of more than 100 people. Based on
the success of the initiative, it has been rolled out across the organization.

The model was scalable as it involved only 2 days of instructor-led training, the rest was
self-study with support from the environment — both instructors and peer monitoring /
support. After cost-benefit analysis, we designed an internal certification that was in line
with the external certification. The internal certification was validated with the external
certification. Currently, internal certification is rolled out on a regular basis and external
certification is carried out based on specific requirement.

Bibliography
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Short Note on Perception Mapping Tool

Perception mapping tool can be effectively used as a problem defining tool, especially in
complex problems where there are multiple stake holders with varying perspectives. It is
also effective as a consensus driving tool. It diagrammatically represents the varying
perceptions of different stakeholders about the problem.

First the perceptions of different stakeholders are collected individually. Each perception
is given an identifier (say A, B, C, D and so on). Then, all the stakeholders are brought
together at one point. For each perception, all the stakeholders together decide ‘which
other perception does this perception leads to’. They can select one and only one
perception as ‘leads to’. This process is carried out for all the perceptions listed.

Based on the identified ‘leads to’, the perception map is drawn. At this stage it is
important to identify at least one pair of conflicting perceptions. For example, perception
“Not enough class room training time is available to train Infoscions” is conflicting with
the perception “We are busy with our projects — we have no time for attending classes”.
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It is important to note that we are not referring to contradictions (as listed in TRIZ); we
are referring to conflicting perceptions.

To isolate the core issue in the problem, we look for the following in the perception map:
1. Collector Point — The perception to which two or more perceptions are leading to.
2. Loop — When two or more perceptions form a loop.
3. Conflict Chain — The perceptions that form a part of conflict chain.

The core issue may lie in the perception/s that satisfy one or more of these (preferably
all three) criteria.
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3.4 Connectivity to Telematics Platform

Nowadays, wired systems use almost simple serial protocols, such as USB, and wireless
integration is mainly done via Bluetooth. With the increasingly connected portable devices,
Telematics platform shall support more serial ports and even higher bandwidth in each channel.
USB might not be sufficient for some audio/video playing and IEEE 1394 could be a proper
replacement with higher bandwidth and same feature of hot plugging. On the other hand, wireless
communication also requires higher data transfer rates for streaming decoded audio/video data, of
which Bluetooth is not so capable. Many industrial analysts forecast that Ultra wideband (UWB)
will gradually replace Bluetooth in portable devices.
3.5 Supporting Varying Applications

Recently the portable devices integrated more and more functions together to benefit
automotive platform for supporting more applications with the portable device. But on the other
hand, it aggravates the complexity of the communication interface. In order to manipulate as
many functions as possible, well-defined messaging protocols and compatible hardware should be
established. With the increasing functions of consumer electronics, software and firmware of

Telematics should be upgradeable and expandable.

3.6 Security Management

Connecting arbitrary consumer devices may cause a significant security threat to the vehicles.
Without security mechanism, any wireless devices could steal important data from cars and pipe to
some malicious server, and, at the same time, any connected component could let the car under
subject to by virus. These unfenced interfaces may be abused by a troublemaker to interfere with
Telematics or even by hostile terminals to jeopardize the security of vehicle. Therefore, one
specific program is needed to allow the operation of certain devices, which, however, is not yet

standardized.

4. PRODUCT DEVELOPMENT SUPPORTED BY TRIZ

Genrich Altshuller, the TRIZ inventor, found that every technical system would evolve in a
predictable fashion, which means the problem-solving principles are also predictable, and can be
applicable again and again. Most unsolved problems are caused by the inappropriate definition of
the problems or even wrong direction to develop. Therefore, precisely defining an ideal product or
final result should be prior to the application of all the other useful tools, such as contradiction

matrix, 76 standards, patterns of evolution, system operator, 40 principles and so on. Sometimes,
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the ideal final result itself is a tool to help find out the solution directly. Usually the definition of
ideal product is just a start. However, TRIZ tools will assist getting through rest of the bumpy road
to the destination. In this paper, contradiction matrix and 40 principles are the tools used for
solving all technically tradeoff problems during the process.

On the other hand, cost effectiveness is one of the primary requirements of the product, but all
the conflicting features to be put in contradiction matrix are mostly related to dimensions, physical
attributes and so on, not apparently related to the issue of cost. Domb [4] indicated that beginners’
attempts to apply TRIZ to cost problems often fail as they view the problem only at the system level
of the original presentation of the problem. Hence, system operator is applied first to assist
connecting cost-related issues to engineering features, which are rather friendly to contradiction

matrix. The system operator on this project is shown in Table 1.

4.1 System Analysis

The system operators are also called nine screens, which have a 3x3 sheet with 3 levels and 3
states. Among the 3 levels, super system represents the criteria, characteristics, and environment
about Telematics platform. The super system grows up from different separate systems without
relevant specifications to a proprietary platform for integrated functions with specific standards. It
can be expected to come out an adaptable platform with general standards for all kinds of
requirements. At system level, Telematics is considered as the product itself. The most
concerned issue of system level is the cost effectiveness. Subsystem level stands for the
infrastructure of system, modules of under layer, such as electrical components, interfaces. With
the advancement of electronic technology, chips are getting smaller, cheaper, and yet more versatile.
And the communication technology gains ground in wireless approach instead of conventional
hard-wired configuration. Every module of system becomes more functionally powerful with the
smaller size and the fewer prices. Through the trace of these three system levels, system operator
renders a clear definition of what we really need and a practical target of what we have in mind.

Table 1 System Operator (nine screens)

Past Present Future
Separate Proprietary Adaptable
Super systems, platform, platform,
system | Non-integrated Specific General
platform standards standards
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Expensive cost, High cost, )
) Cost-effective,
System |  No mutual Multiple )
) ] Global interfaces
connections interfaces
SoC,
ASIC, o SIP,
Sub ) Semi-wired )
Wired o Wireless
System o semi-wireless o
communication o communication
communication

4.2 Applying TRIZ to Product Development

Although these objective targets derived from Table 1 point out the most desirable features, the
worsening features would come along with them correspondingly. Regarding to individual
demands at different system levels, the TRIZ topology of whole system is deduced in Fig.3. At
the super system level, the product should contain multiple functions/features to meet
heterogeneous needs, which leads to the feature of “Versatility (Adaptability)”. But multiple
functions often mean the increase of cost. However, the product should be low-cost, concise, and
easy for production, which equals to “Productivity”. With these 2 contrary factors filled in the
matrix, there emerges the four most useful principles, which are principle 6, 28, 35, 37, as shown in
Fig.2. Take principle 6 for an instance, principle 6, multifunction, implies making a part of an
object or system perform multiple functions, or making the number of parts decrease with useful
features and functions retained. Applying this innovative principle, the adoption of embedded
system is a logical course. As for principle 28, Mechanical Interaction Substitution, it implies
replacing a mechanical method with a sensory method, which apparently suggests the wireless
communication. Principle 35, Parameter Changes, implies changing the degree of flexibility,
which can be interpreted as flexibility or configurability in this case. And principle 37, Thermal

Expansion, seems not so useful in the circumstance.

31 | Object-generated | all all all all all 19,1, ] 27, 2 |23
harmful factors 31 27,1 18,, 3BI
32 | Ease of all all 2,513, | 35,1, 2,13, [ 27,26, | 6,28, |8281] 351,
manufacture 16 11,9 15 1 11,1 10, 28
33 | Ease of operation all 2,512 all 12,26, § 15,34, | 32,26, all 1,34, 15,1,
1,32 | 1,16 | 12,17 12,3 28
34 | Ease of repair all 1,35 | 1,12, all 7, 1,4, | 351, all 34,35, | 1,32
11,70 | 26,15 16 13, 11 Z.13 10
35 [Adaptabinty or al 1,13, | 15,34, | 1,16,7, all 15,29, all 27,34, | 35,28,
versatility 31 1,16 4 37,28 35 6,37
36 | Device complexity 191 | 27,2, | 27,9, 1,13 | 29,15, all 15,10, | 15,1, | 12,17,
1,13 | 26,24 28,37 37,28 24 28
37 | Difficulty of 2,21 5,28, 2,5 12,26 1,15 15,10, all 34,21 | 35,18
detecting and 1,29 37,28 '
measuring
38 | Extent of 2 1,2, | 1,12, | 1,35 [27,41, | 15,24, | 34,27, | all 5,12,
automation 13 34,3 13 35 10 25 35, 26
39 | Productivity 3522, | 3528 [ 1,287, | 1,32, | 1,35 | 12,17, | 35,18, | 5 12, all

18,39 | 2,24 10 10,25 | 28,37 | 28,24 | 27,2 | 352

Modified from Altshuller, G.5., 40 Principles, TIC, Worcester, 1997, 135. With permission.
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