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Abstract. Around twenty years ago, two methods relevant for systematic inno-
vation and improvement - TRIZ and Value Analysis - have been merged in a
specific way, which was then incorporated in software packages about innova-
tion and became part of certified TRIZ education as well. An intended key pur-
pose of this nowadays established method of Value Analysis in TRIZ is to iden-
tify system components of low ideality - or value, respectively -, i.e. parts of the
system, that do not give a satisfactory functional contribution in relation to their
cost. Hence, Value Analysis should point out the sweet spots for subsequent
improvement, innovation or even patent circumvention activities. Unfortunate-
ly, the commonly used standard approach for Value Analyis in TRIZ, which is
based on a function ranking algorithm, leads to results, that are inconsistent and
not trustworthy in general. This work illustrates these shortcomings and ex-
plains their origins. Derived from key requirements necessary for a meaningful
concept, VA++, a new advanced approach for Value Analysis in TRIZ, is pre-
sented and validated.

Keywords: TRIZ, Value Analysis, Systematic Innovation, Function Analysis,
Function Ranking, Ideality, Algorithm, CAI, Trimming.

1 Introduction

Ideality is a key concept in TRIZ, which is supposed to indicate, if a system - such as
a product, a process, or even a business model - will prove successful under competi-
tive circumstances on the long run. Ideality is typically described by the ratio of func-
tionality divided by costs (cf. e.g. [1, 2]). Here, functionality is a measure for all the
useful functions, i.e. the main function(s) and also further additional ones, the system
delivers to the supersystem or its environment, respectively. Roughly speaking, func-
tionality expresses, how good the system is considered to be in total. The system costs
describe, how expensive the system is. Depending on the perspective and the actual
problem setting, the costs might cover different aspects. For example, the costs could
be represented by material and assembly costs, by the market price, or also by a much
more general concept. In the latter case, usage and long-term maintenance costs might
also be taken into account, as well as negative side effects and harms done by the
system. Since ideality expresses, how good a system is per general costs to bear, it
obviously is very similar to the well-known value concept in the framework of Value
Analysis according to Miles [3]. As a consequence, ideality and value are often used



interchangeably. However, the notion 'value' has several more general meanings and
might be interpreted in different ways by different individuals, whereas the term ‘ide-
ality' is quite unique. For this reason, the latter one will be predominantly used for the
rest of this work. It is important to realize, that most TRIZ methods have the effect or
are designed to increase ideality, e.g. by solving problems or improving the system.
Thus, there is a significant implicit relation between TRIZ and Value Analysis, and a
deeper methodical combination is very promising in general [4]. The focus of this
work, however, is set on the approach of an explicit integration of Value Analysis into
TRIZ based on Function Analysis.

2 Function Analysis

Function Analysis is one of the most important TRIZ methods. It allows to analyze
systems in detail and is found in many newer typical TRIZ textbooks, e.g. in [1, 2].
Together with the proposal, to extent Function Analysis also to spatio-temporal pa-
rameters, Litvin et al. [5] give more details about its historic evolution. The first step
of Function Analysis is to divide the system into basic parts called components.
Likewise the environment is represented by its relevant parts, the so-called supersys-
tem components. Then, all of these components are checked for the relevant func-
tions, they perform on each other, in a systematic way. Identified functions are ex-
pressed in a very compact manner - typically a verb only -, which just represents the
underlying and sometimes very complex functional details in form of a shorthand
description. Applying Function Analysis to a given system eventually results in a
complete picture containing all the system and involved supersystem components and
their relevant functional interplay. Based on that, it becomes clear from the functional
perspective, how the system works, in particular how it manages to provide its key
functionality in form of the main functions, and how each component of the system
contributes to it internally. For illustrative purposes, a simplified example showing the
result of Function Analysis for a drone for autonomous package delivery is depicted
in Fig. 1.

3 VAiIn TRIZ

Within TRIZ, a key reason for explicitly applying value analysis methods to a given
system is to determine the individual values or idealities, respectively, of its compo-
nents. The intention is to find suitable sweet spots for system improvement and inno-
vation. For example, a common general approach is to identify components of low
ideality as trimming candidates. Trimming denotes a TRIZ method, which has the
goal to get rid of one or more system components, while the remaining system is still
providing its functionality unaffectedly (cf. e.g. [1, 2, 6]). Obviously, this only works
out, if the remaining components are thoroughly enabled to take on the functions of
the trimmed ones, or if these functions are rendered unnecessary. In any case, this
involves good ideas, and often requires very innovative system changes.
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Fig. 1. Sample result of Function Analysis applied to a drone for autonomous package delivery.
The drone is represented by six top level system components (frame, control unit, engines,
battery, sensor, and clamp), whereas the relevant supersystem component is the package. Note,
that the main function of the drone to “transport package” is not explicitly stated here, but im-
plicitly results from the full functional interplay: After the control unit knows about the deliv-
ery location, e.g. from an address written on the package, it controls the engines to move the
frame to the desired position. The frame itself holds all of the other system components, in
particular the clamp holding the package. Thus, the package eventually arrives where it should.

A component of low ideality is a natural candidate for trimming, if the system ide-
ality should be increased in an efficient way, because it doesn't contribute much for its
costs. Experts with a good intuition and deep knowledge of the system are sometimes
able to directly point out components, which are likely to have a low individual ideali-
ty. Since in practice, unfortunately, those experts are not always available or able to
do so, or there are several experts of different opinions, there is a strong need to put
the ideality estimation on a more profound and systematic basis. Currently, there is
one major approach known to a significant part of the TRIZ community, which was
developed for that very purpose. It takes the results of Function Analysis as a key
input, and is supposed to return the individual idealities of the system components as
a main result. Actually, this specific algorithmic approach is also denoted as 'Value
Analysis' in TRIZ, but will regularly be abbreviated as VA in the following, to avoid
confusion with the more general methodical framework of VValue Analysis in a wider
sense. Standard VA as an established procedure can be broken down into three steps:

e Step 1: An empirical algorithm performs a so-called function ranking. Based on
this, a functional value for each function is determined, which serves as a measure
for its functionality.
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Fig. 2. (Left) A toy tower of three different bricks A, B, C, constructed to hold a ball. (Right)
Result of the Function Analysis of the toy tower. For each function, both the function rank and
the functional value according to standard VA are indicated.

e Step 2: Likewise, a functional value for each component is determined by sum-
ming up the functional values of all the functions performed by it.

e Step 3: The functional value of each component is taken as the basis for the final
analysis. For example, the ideality of each component is directly evaluated by di-
viding its functional value by its costs, or the components are compared by simply
placing them in a two-dimensional diagram of functional value over cost.

Involved in automated or semi-automated innovation software [7, 8, 9], this standard
VA is supposed to provide “sophisticated Value Analysis algorithms to diagnose the
weak elements” [9: 2]. As a consequence, it is also implemented in CAD software to
extent it towards computer-aided invention (CAIl) capabilities [10] and incorporated
in processes for patent circumvention [11]. Furthermore, standard VA is part of re-
nowned TRIZ education and certification according to the International TRIZ Associ-
ation MATRIZ (cf. e.g. [6]) and applied in typical TRIZ innovation projects, e.g. [12,
13]. There are proposals for extending it, for example to include the impact of harm-
ful functions [11] or to take care of different time settings [13]. Regarding Step 1, the
most established original algorithm for function ranking will be used as a reference
for standard VA in the following. It is described in the Appendix in more detail. There
are some works with specific changes in ranking the functions or the actual way to
calculate their functional value out of the function ranking (e.g. [11, 14]), but never-
theless a common feature still is, that the functions themselves and most of their un-
derlying properties are completely ignored. In other words, all of the algorithms and
procedures only take into account, that there is a functional relation of a given type,
but in the end they do not really care about what this function actually is and does.

If the first two steps of standard VA are applied to the autonomous drone based on
its Function Analysis as depicted in Fig. 1 for illustrative purposes only, some of the
results are quite unexpected and remarkable. For example, the control unit controls



both the engines and the clamp, and it is reasonable to assume the first function to be
much more complex, demanding, and important than the latter one. The VA function
ranking indicates just the opposite: The functional value for controlling the clamp (4)
is two times higher than the one for controlling the engines (2). Regarding the com-
ponents, the functionality of the frame (12) is calculated to be even higher than the
functionalities of control unit (6), engines (3), and battery (2) summed together.
Moreover, also the clamp (6) itself even yields the same functional value as the con-
trol unit, and excels that of engines and battery summed together.

4 Testing VA

In the following, the established VA approach is tested on a very simple toy model
system: A child builds a tower of bricks in order to hold a ball at its top. The higher
the tower, the better. The model is chosen that simple on purpose, to allow an imme-
diate and objective verification of results, which does not depend on deep expertise or
long personal experience with the system. In contrast, highly complicated systems
with huge numbers of components and functions are often subject to individual inter-
pretation or bear an intrinsic complexity, such that a serious and objective verification
of results is much harder or even impossible. Certainly, this is one important reason,
why the shortcomings of standard VA in TRIZ have not been clearly recognized in
previous applications.

As a first test scenario, the child is considered to build a tower of exactly three differ-
ent bricks A, B, and C, such that the ball is held at a height of 70 cm above the floor.
The bricks are different in length and cost only, all other brick properties are assumed
to be fully identical. Both the tower and the result of its Function Analysis are depict-
ed in Fig. 2. In addition, the function rank and the functional values according to Step
1 of standard VA are already attached to each function. The key characteristics of the
three bricks, namely their individual lengths and their individual costs, are listed in
Table 1, and according to Step 2, each brick gets the functional value of the function
it performs. Finally, the ideality of each brick can be derived according to Step 3 by
simply dividing its functional value by its costs. Note, that the idealities are given in
dimensionless units, normalized to the maximum value. According to standard VA in
TRIZ the result is clear: Brick C is supposed to have the lowest ideality by far, and
would be recommended for trimming. In contrast, the idealities of brick B and A are
assumed to excel that of brick C by a factor of two, or even three, respectively. Since
ideality should indicate, what you get for the money, the recommendation of standard
VA does not even work qualitatively, but fails completely. Obviously, the result con-
tradicts common sense and basic logical thinking, which tells us the exactly opposite
ideality ranking as seen in the right column of Table 1: Brick C has the highest ideali-
ty, it contributes 40 cm to the tower height for costs of 3 €. If this is set to 100%, brick
B has an ideality of 50%, contributing only half of that for the same costs. Finally,
brick A contributes 10 cm for 4 €. In relation to brick C, this yields an ideality of
10/4 -3/40 = 3/16, which is approximately 19%.



Table 1. Characteristics of the three bricks A, B, and C. The two right-hand columns show the
brick ideality in dimensionless, normalized units, according to standard VA in contrast to the
ideality by pure common sense and logical thinking.

Brick | Length Cost Functional Value | Ideality (VA) Ideality
A 10cm 4€ 4 100% ~19%
B 20 cm 3€ 2 ~67% 50%
C 40 cm 3€ 1 ~33% 100%

In a hypothetical subsequent trimming scenario, standard VA would pose the chal-
lenge, to enable brick A and/or brick B to make up for the height of brick C. Even if
an innovative solution can be found, its implementation must not involve an addition-
al cost impact higher than 3 € - the costs of the trimmed brick C - to still result in a net
increase of the overall tower ideality at the end. In contrast, guided by and based on
the real idealities, the bricks A and B could simply be replaced by a second brick of
type C, yielding a new two component tower which is even higher (+10 cm), drasti-
cally cheaper (-4 €), and thus clearly more ideal than before. This option - to increase
the overall tower ideality by a factor of ~190% due to rather simple straightforward
measures - relies on brick C only. Therefore it would certainly be overlooked follow-
ing standard VA, which proposes to get rid of exactly that particular brick.

As a second test scenario, the child is assumed to build the tower with a set of N iden-
tical bricks. Since the costs are also the same for each brick, the ideality of a given
brick is fully proportional to its functionality. With n denoting the position of the
brick in the tower counted in a bottom-up direction, it is straightforward to see that
the functionality according to Steps 1 and 2 of standard VA is given by a functional
value of n for the brick at position 1 < n < N, and a functional value of N + 1 for the
brick at the top position n = N. As a consequence, each of the identical bricks exhib-
its a different ideality. In normalized units, the ideality ranges from 1/(N + 1) for the
bottom brick at position n =1 to 100% for the brick at the top position n = N.
Therefore, the factor between the calculated idealities of the top and the bottom brick
is N + 1, which obviously scales with the total number of bricks N. If the system of
bricks should be improved by tackling the bricks of lowest ideality according to
standard VA in TRIZ, there would be a distinct and strong recommendation to pri-
marily focus on the bottom brick, while the top brick should not be touched at all.
Since we speak about totally identical bricks, which are all involved in a comparable
way and could even be interchanged in their positions without any system change,
this result is not only weird, but again simply wrong. In contrast, all bricks need to
have equal idealities, such that it's not possible to differentiate between them in this
simple test case. For illustrative purposes, Table 2 shows the resulting numbers for a
sample tower consisting of exactly 9 identical bricks.

With standard VA in TRIZ failing already on these simple test scenarios, there is no
reasonable or obvious argument, why it should perform better in general, when the
system and its functional interplay are even more complicated. The above example of
the autonomous drone might serve as an illustrative indication for this as well.



Table 2. A set of N = 9 fully identical bricks of the same individual costs are piled up to a
tower. According to standard VA the normalized ideality of the bricks covers a full range de-
pending on the brick position, as depicted in the second line. The (maximum) ideality of the top
brick (n = 9) is higher than the (minimum) ideality of the bottom brick (n = 1) by a factor of
10 (N + 1). This result is again in contrast to the ideality by pure common sense and logical
thinking, demanding the same ideality for all the identical bricks here.

Brick pos. n — 1 2 3 4 5 6 7 8 9

Ideality (VA) 10% | 20% | 30% | 40% | 50% | 60% | 70% | 80% | 100%
Ideality 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100%

5 What’s wrong with VA?

It might seem obvious, that the VA function ranking algorithm as used according to
Step 1 and described in more detail in the Appendix causes the problems. As dis-
cussed above, it determines functional values of each function out of the functional
structure only, while not taking into account the real functional content and situation.
This clearly has to affect the reliability and quality of the final results of standard VA
in a negative way. It should be pointed out, that this problem also holds for all algo-
rithmic variants, which do not rely on concrete properties and circumstances of the
identified functions. As an actual example, simply adapting values or involving
weighting factors in the functional ranking algorithm is not sufficiently appropriate to
resolve this issue.

Moreover, a key message of this work is, that in Step 2 of VA, which is undisputed
sofar, there is a second problematic issue, that lies even deeper from a conceptional
perspective. Not only in Mathematics and Theoretical Physics it is an important con-
cept that the modelling of a given system could typically be done in various valid
ways, while a meaningful result about the system must not depend on the individual
choice of the model eventually. In our case, the system might be described by choos-
ing different sets of components, and these components might themselves be decom-
posed into sub components or recombined to groups again. No matter, if these model-
ling steps are necessary for a proper system description, seem impractical or inappro-
priate, or are even performed purely virtually: A profound concept has to ensure that
the functional value of a component is not at all affected by those modelling opera-
tions around it, be it directly involved or not. Expressed in a more theoretical way, a
meaningful functional value of a component is required to be invariant under any type
of valid component operations, such as e.g. combination and decomposition. This
requirement also directly ensures the functional value of a system being invariant
under scaling of the model, i.e. the actual level of system description. As a key result
of this consideration, the simplest concept for the functional value §. of a component
C, which meets this type of requirement, is found to be

6C = d)C,out - ¢C,in .



Here, ¢¢ oy is the total functional value of all functions performed by C, and ¢,
represents the total functional value of all functions performed on C, analogously. In
contrast, the functional value of a component according to Step 2 of standard VA is
determined by

6C,VA = ¢c,out )

and does not fulfill the requirement in general, leading to arbitrary or wrong results in
most cases. It should be mentioned, however, that on some occasions the results coin-
cide by chance. In the special case of a component, which does not require a (rele-
vant) functional input, for example, its functional value is only determined by its
functional performance. Also the difference in the functional values of two competing
systems happens to be correct, as long as both of them rely on similar functional input
from the surrounding supersystem components. So it turns out, that due to conceptual
requirements, the functional value of a component should generally be determined by
its net functional contribution and not by its absolute functional performance.

6 Validating VA++

Now, how do results for the simple brick tower test cases change, if Value Analysis is
applied correctly? First of all, the functional values of all involved functions need to
be determined properly, taking into account their actual content, and not by an algo-
rithm, which neglects that. For the concrete system of the brick tower, we only deal
with functions that hold either the next brick or the ball in a similar way. What differs,
however, is the absolute height level (e.g. above the floor). In the first test scenario of
three different bricks, brick C holds brick B at 40 cm, brick B holds brick A at 60 cm,
and brick A holds the ball at 70 cm. In the second test scenario of N identical bricks,
the brick at position n simply provides the “hold”-function at the level of n - h, where
h is the height of a single brick. These individual height levels provided by the func-
tions are suitable for measuring their corresponding functional values. As a next step,
functional values of each brick have to be determined based on its net functional con-
tribution, instead of its functional performance. It is easy to see, that the functional
contribution of each brick is to increase the level of the holding function exactly by its
specific height. Evaluated in units of our free choice, the results may be written as
6,=10cm, 65= 20 cm, and §.= 40 cm in the first test case, and &,,= h for each of the
identical bricks in the second test case. Setting these functional values in relation to
the brick costs, the correct idealities are perfectly reproduced for both test scenarios.
So the explicit use of Value Analysis in TRIZ is expected to work fine, as long as the
afore-mentioned two issues about the evaluation of functions and contribution of
components are properly taken care of. Correcting these two shortcomings of VA
results in VA++, the improved next generation of Value Analysis in TRIZ.



7 Resume and Outlook

This work shows, that standard VA in TRIZ does not give trustworthy results, for two
different reasons. The first reason is, that functions are evaluated by an algorithm,
which lacks system insight. The second reason is to use an inappropriate concept for
determining the functional value of a component. The first issue has to be addressed
by evaluating the functional value of functions on the basis of system knowledge, at
least at an qualitative level. The second issue can simply be solved by changing to a
different, meaningful concept, which takes into account the net functional contribu-
tion of a component and not its absolute functional performance. Following this cor-
rected approach results in an improved next generation of Value Analysis in TRIZ
termed VA++. Due to its solid conceptional footing, VA++ is not only supposed to
enable access to correct results, but it is also expected to be of a much higher robust-
ness with respect to typical questions in system modelling, that appear rather often in
practical application. To give some concrete examples, the results of VA++ are unaf-
fected by the pure modelling decision to attach two or more functions to one arrow,
and also by the explicit incorporation of self loops in the function model. Further-
more, by derivation, VA++ is fully consistent with valid TRIZ operations, such as
trimming of all types, and grouping and decomposition of components as well.

Appendix: Function Ranking and Function Values

According to Step 1 of standard VA in TRIZ, the functional value of each useful
function is derived from an empirical function ranking algorithm, which is summa-
rized here in short ([8, 9], also cf. [6]): Each main function gets the highest function
rank denoted as basic, B. Any other function acting on the same object as a main
function is considered to be basic, too. Each function acting on a component, which
itself performs a basic function, is of rank Ay, the second highest function rank. Each
remaining function acting on a supersystem component is also of rank A;. For all the
remaining functions, which are system internal only, the function rank is An.1 if they
act on a component, which itself performs a function of rank A,. Thus, this procedure
works stepwise, and eventually attaches the function ranks B, Ay, ..., Awm in descend-
ing order to all of the involved functions. Here, M is a natural number which general-
ly depends on the concrete functional pattern between the components of the system.
Finally, function values are assigned to the functions, starting with the lowest function
rank: Am = 1, Am1 = 2, ..., until A1 — M. Since basic functions are supposed to be
especially valuable, they get the function value B - M + 2.
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