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a b s t r a c t
TRIZ device trimming has been used when components within a system are trimmed. This research proposes a novel trimming strategy and process for identifying new product concept by trimming and integrating various systems at super-system level using affinity index and Dendrogram. The 9/12-window
and Scenario Analysis were used to identify potential relevant systems to form a large ‘‘virtual” system.
Then components of the virtual system are transformed into an integrated system. The affinity relationship matrix is built to manifest the affinity between components in 6 different aspects. Dendrograms are
then built to determine the best component set for integration through trimming. The final integrated
system will have fewer components than the sum of the components within the original systems while
maintaining the cumulative main functions.
The contributions include: (1) Proposing an integration process to identify multiple systems to be integrated into a more functional system yet with less components; (2) Proposing a mathematical technique
to assess the likelihood for integration of component groups, assisting users in identifying the priority for
trimming. This will also make the trimming process more objective instead of relying on human individual judgement; (3) Extending the traditional scope of TRIZ trimming from within system to super-system
integration.
Ó 2017 Elsevier Ltd. All rights reserved.

1. Introduction
Ideality of any system defined by Altshuller in TRIZ (Theory of
Inventive Problem Solving) is total benefits of a system perceived
by a customer divided by total cost and harm generated by the system. It is the widely accepted criterion for a user to judge a system
when making a purchase decision.
Trimming is a method of deleting components while increasing
product ideality to undergo innovation. It allows the system to create a product at a lower cost while still fulfilling the customer’s
requirements. Studies have shown that more than 90% of engineers
solve problem either by replacing component or by adding components to solve product problems and fulfilling customer requirements rather than removing components from the system. Even
in the trimming situations, all methods are focused on trimming
within the system to resolve problem or deduce costs, etc.
Trimming problems can be categorized into two types: ProductBased Problems and Process-Based Problems. Product-Based Problems is to trim components in order to achieve its goals such as
solving product problems, reduce costs, or circumvent a patent.
⇑ Corresponding author at: Dept. of Industrial Engineering and Engineering
Management, National Tsing Hua University, International Society of Innovation
Methods, Hsinchu 300, Taiwan, ROC.
E-mail addresses: dsheu@ie.nthu.edu.tw, sheu.daniel@gmail.com (D.D. Sheu).
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Process-Based Problems refers to removing processes to achieve
its goals such as removing problems/operations or saving costs.
The great majority of trimming are product-based within a system.
That is, to trim components of a target system. Sheu and Ho developed a set of device trimming method for system level component
trimming with substantial impact (Sheu & Hou, 2012).
This research is regarding a systematic approach to identify
multiple systems outside the current system, have them merged
with less components while keeping the total functionality of the
multiple systems the same or improved. By doing so, several
advantages can be achieved: (1) The set of approaches can be used
to systematically identify new products by merging various systems at the super-system level; (2) the resulting system will have
less total number of components and occupy less space than the
cumulative non-integrated systems with same or better benefits.
That is, the resulting system will have better Ideality for customers; (3) it provides guidance on how to identify more likely
components for integration and trimming at the super-system
level instead of regular system level.

2. Background
In the Innovation-TRIZ Newsletter, (Hipple, 2010) stated that
the most effective tools in TRIZ are Trimming and Upward System
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Integration. It can be done by observing the system, identifying the
lost functions, and linking the needed functions to external system
using the super-system resources. Li et al. (2009) proposed the
products innovation based on four types of function integrations.
They are: integration of the same function, integration of similar
functions, integration of opposite functions, and integration of different functions. TRIZ can be used to integrate similar, the same,
opposite, and different functions to generate a new system with
the expected functions, creating a complementary action, or producing more accurate control. Wang and Ma (1997) defined ‘‘Innovation from combination” as the process of uniting two or more
technical elements to produce a new product. The elements of
integration include materials, components, processes, structures,
etc. The concept of combining technical elements is practically
doable. However, there has not been any specific process to systematically identifying and integrating those elements.
The current method of trimming is at the system level. On the
contrary, the proposed method in this paper provides concrete
ways to deals with super-system integration and trimming. It has
below usage: (1) providing methods to identify suitable systems
for integration and super-system trimming. This is a method of
identifying innovative new products for development; (2) when
the products are very simple with few components, it is very difficult to trim an already simple system. Therefore, it makes sense to
integrate multiple systems at the super-system level to form a system capable of performing integrated functions while, through
trimming at the super-system level, make the resultant system
to use less components.

3. Research methods
3.1. Overall process
Refer to Fig. 1. The overall process of identifying new products
through super-system trimming can be described as follows:

Stage 1: Identify and select target systems in the super-system
for potential integration. 12 Windows and Scenario
Analysis tools are used to identify potential systems
for integration. Verify utilities of the selected systems.
This is explained in Section 3.2.
Stage 2: Perform Component Analysis for all systems selected as
target for trimming and integration. By breaking down
all the first level of components for each super-system,
potential components for trimming and merging are
exposed. Details are explained in Section 3.3.
Stage 3: Calculate affinity measures for each component pairs of
all relevant systems. The affinity indices represent the
suitability for the corresponding components to be
integrated or merged. The higher the affinity between
two components, the more suitable that the two components can be merged. Definition of affinity index
between any two components, regardless if they were
from the same or different systems, are calculated
based on six aspects of indices. They are: Function similarity, Time Compatibility, Space Compatibility, Material Compatibility, Connectivity Closeness, and Product
Hierarchy Closeness. The affinity sub-indices from each
of the above-mentioned categories are weighted and
added to form the final affinity index between each pair
of the components. These indices are indications for
integration suitability. The strategy is that the components of higher affinity indices are better suitable for
merging and integration through component trimming.
Definitions for those indices are explained in
Section 3.4.
Stage 4: Establish dendrogram for grouping and ranking of the
affinity indices. A dendrogram is a representation map
of affinities between components showing the ‘‘closer”
components being putting together for merging and
integration. The dendrogram is used to identify compo-

Fig. 1. Overall product ID and trimming process.
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nents of high affinity for merging. The process of determining component sets for merging are explained in
Section 3.5.
Stage 5: Attempts to merge component sets based on the cut
dendrogram built in Stage 4. This is indicated in Stage
5 on Fig. 1. Regular trimming process and trimming rule
C or E of TRIZ trimming tools can be used in this process
to merge multiple components into one. Details can be
seen in Section 3.6.
3.2. Identification of target systems in the super-system
3.2.1. 12 Windows consideration
A system is defined as the current physical system of interest
which may contain problem(s) or have something to be improved.
A super-system, in its narrow sense, is defined as some systems or
components outside of the subject system and possibly in its
nearby space or time domain. A broad sense super-system is the
union of the subject system and its super-system. In this paper,
we are using the broad sense super-system for definition. The goals
of this paper are to propose a systematic new strategy to identify
new products based on integrating and trimming components in
the super-system. The first Stage is to identify target systems upon
which we can integrate thus eliminate their components to form a
more concise yet functional system which can perform the sum of
all existing functions from the target systems whose components
are merged. This is a new strategy for developing new products
with less components. Two methods have been used in this article
to identify target system for merging: The 12Windows and the Scenario analysis.
Fig. 2 shows the format of a 12 windows method. The subsystems are the components of the subject system. The original
form has the 9 windows including 3 levels of systems (Supersystem, System, and Sub-system), and 3 time frames (Past, Present,
and Future). Recent studies have extended it into 12 windows to
include negative/alternative systems. On the horizontal axis, there

Past

Present

Super
system
System

For each cell:
- List the system(s) in the cell
- Consider usage Scenarios
- ID Func/Attr provided/desired
- ID Sore points/Needs =>Oppr.

Negative
System

Future
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are the past/present/future scenarios. On the vertical axis, there are
system/sub-system/super-system on the upper 3 rows and the
negative/alternative systems occupying the same row. Sheu and
Lee (2011), Sheu (2015) defined the negative system can represent
any of the below scenarios: (1) the system whose function is to the
opposite of the subject system. For example, sleeping pill is to get
into sleep while alarm clock is to wake up; (2) the system which is
used to correct or modify the results of the subject system. For
example eraser vs pencil; (3) the system which is used to destroy
the subject system. For example, a bomb to a house; (4) the system
which can interfere, eliminate, or retard the function of the subject
system. In the case of an alternative system, the systems which can
be taken into consideration include a competing system or a complimentary system. A competing system is another system which
can perform the same function on the same object of the function.
For example, both a car and a bike can carry a person from one
place to another. So, they are competing with each other. Complementary system is a system which can work together with the subject system toward same purpose. For example, a spoon and a fork
can complement each other while eating foods and drinks. Given a
subject system in the middle of the 12windows, at the SystemPresent cell, the 12windows allow us to identify other relevant systems which the subject system may be able to merge with for more
useful functions with less cumulative number of components.
3.2.2. Scenario analysis
A form for Scenario Analysis is given in Fig. 3. The form is used
to describe scenarios for the use of subject system. By going
through the detail scenarios of the usage process of the system,
other systems involved in the scenarios can be identified and used
as potential target system for merging and integration.
3.3. Component Analysis of all the cumulative super system
In this step, first level decomposition of all components of the
targeted systems are listed. All the functions for all these components are tabulated and the functional model of this big ‘‘system”
is presented. This is to prepare for the next steps of calculating
affinity indices among all components regardless if they are in
the same system or in separate systems. The useful functions of
the components are particularly of interest as later trimming
involves combining components providing same or similar functions. The harmful functions are of little concern except that the
components providing harmful functions would have higher priority to be trimmed thus eliminating the harmful function.
3.4. Calculate affinity measures for each component pair of all relevant
systems

Alternative
System
Fig. 2. 12-Windows.

The authors propose the affinity measures for each component
pair to comprise 6 categories of sub-indices, namely: (1) Function

Fig. 3. A form for scenario analysis.
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Complementarity; (2) Time Compatibility; (3) Space Compatibility;
(4) Material Compatibility; (5) Component Connectivity Strength;
(6) Product Hierarchy Consideration. The final affinity index
between the two components is the weighted addition of all these
6 aspects of the sub-indices. Detail definition of the value for each
category of index and their corresponding weights are explained
below. The idea is that higher the resultant affinity between the
pair of components, the more likely that the two components
should be integrated and the two components is trimmed into
one. Notice that the affinity values assigned to each situation are
reference numbers. Intermediate values can be assigned if actual
situations fall in-between two listed situations in the tables. Detail
specific numbers can be adjustable providing the general rule of
thumb are observed.
(1) Function Matching/Complementarity
Components having similar functions, regardless from the same
or different systems, are more likely integrated into one component. When the user attempts to integrate multiple different components, the component’s functional features, movement and
target object must be considered. Thus the features of the functions
are mapped from strong to weak as qualitative numbers in Table 1.

Table 1
Index rating of function complementarity.
Type of situations

Affinity
value

Two components having functions with same object, similar
function, or using same actions for their functions.
Different object of functions but with same function or similar
action principles.
Same target, different function.
Without any of the above situations.

0.9
0.7
0.5
0

(2) Time Compatibility
Based on the integration of the two functions from the two
components, if the two functions are mutually incompatible to
be performed at the same time, a negative affinity index of 1 is
assigned for the affinity. If they are performed in a different time,
some partial points can be applied to indicate the affinity. If the
two functions from the two components in issue are compatible
to be performed at the same time, median affinity is used. If the
application time for the two function are different, a much higher
affinity index can be used to encourage merging and integration of
the two components. The assignment of the affinity indices in
these various situation are shown in Table 2.

Table 2
Reference affinity sub-indices for time compatibility.
Functions of the two components

Time of application

Same
Different

Incompatible

Not incompatible

1
0.5

0.5
0.9

(3) Space Compatibility
When integrating different system components, the physical
space of the components is a resources that can be used toward
integration. The quantitative values for component space compatibility are shown in Table 3.

Table 3
Qualitative table for space compatibility.
Types

Qualitative value

Having complimentary shapes.
Having similar or the same shape.
Having incompatible shape for integration.

0.9
0.6
0

(4) Material Compatibility
When two components are intergraded, the material’s characteristics must be considered. If the marital is similar or compatible,
the two components can be intergraded. When searching for new
function carriers, the components material must be complimentary. Thus, a table of the quantitative value indicating the strength
between component materials is shown in Table 4.

Table 4
Qualitative table for material compatibility.
Types

Qualitative
values

The two components have similar or the same material
characteristics.
The two components have different material characteristics.
The two components have incompatible material
characteristics.

1
0
1

(5) Component Connectivity Strength
Two factors contribute to the Component Connectivity
Strength: Connectivity Relationship and Connectivity Distance as
shown in Fig. 4. Lee and Shin (1993), Lee and Wang (1993), and
Lee (1994) defined Types of component relationships as indicated
in Table 5 (Lee & Shin, 1993; Lee & Wang, 1993; Lee, 1994).
Inspired by Chou’s (2004) ideas for component connectivity
relationship used to determine which set of components are more
likely to be grouped as sub-assembly, this research used the similar
idea to identify the affinity between components for merging
through integration and trimming. Fig. 4 and Table 5 are integrated
to form the rating of Component Connectivity Strength as indicated in Table 6.
(6) Product Hierarchy Consideration
Fig. 5 shows a product hierarchy de-composition of a hypothetical system. The system (12) is de-composed into Sub-system 1
(Component 7) and Sub-system 2 (Component 8) with respect to
the System 12. The Sub-system 1 is further decomposed into Component 3 and 6 and so on as shown on the Figure. When integrating
two components, it is easier and more natural to integrate nearby
components in the product hierarchy than integrate much far away
components on the hierarchical tree. Based on this idea, the
Authors define the number of step jumps between two components as the links we need to travel from one component to the
other component on the product hierarchy. For example, one cross
jump on the same hierarchy is needed from component 1 to component 2. One upward jump is needed from Component 1 to Component 3. Jumping from Component 1 to Component 9 will require
2 upward jumps (C1 ? C3 ? C7), one cross jump (C7 ? C8) and
one downward jump (C8 ? C9). That is a total of 4 jumps. Table 7
gives an example of affinity value assigned between two components. If the two components are on the same hierarchy needing
only one cross link jump from one component to the other, the
affinity index for the pair of the components is assigned 0.9. If
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Fig. 4. Component connectivity strength.

Table 5
Types of component relationships.
Connection forms
Connection types
Weak connection

Mild connection

Strong connection

Connection medium
Welding,
soldering,
forging
Screw (bolt), pin or
rivet
Stick-ing or glue to
connect.

indices from the above mentioned 6 aspects of indices using
Eq. (1).

Content description

xij ¼ wF F ij þ wT T ij þ wS Sij þ wM M ij þ wH Hij þ wL Lij

If two components have a simple relationship and does
not need to apply force to have a connection,
touch. . .etc., for the two components to execute their
activities, they are considered loosely connected.
If two components have a relationship which requires
force be applied to have a connection or to touch, etc.,
for the two components to execute their activities, they
are considered intermediately connected.
If the two components have a complex interaction
requiring additional force to push, squeeze, twist,
rotate, etc., to complete its interacting activities, these
two components are strongly connected.

where:
i,j: The component identification whose affinity index are being
calculated.
xij is the final affinity index between components i and j. This
value falls between 1 and + 1.
F ij ; T ij ; Sij ; M ij ; Hij ; Lij are the six relationships indices between i
and j. They are function complementarity, time compatibility,
space compatibility, material compatibility, Component Connectivity Closeness, Product Hierarchy Consideration, etc.
wF ; wT ; wS ; wM ; wH ; wL are the weight of corresponding 6
aspects, respectively. The weight of each factor is between 0
and 1, the sum of the six component relationships is equal to 1.

If the two components require welding, melting, forging
to preform component activity, the two components
exist a temporary component relationship.
If the two components are connected though a screw,
bolts, pin or rivet, the two components considered to be
temporarily connected component relationship.
If the two components exist a gluing substance to
connect the components when performing their
activity, the two components are considered
temporarily connected.

Source: Lee and Shin (1993), Lee and Wang (1993), Lee (1994).

Table 6
Quantitative values for component connectivity relationship.
Type

Value

Strong connection
Mild connection
Weak connection
Welding, soldering, forging
Screw (bolt), pin or rivet
Stick-ing or glue to connect.
Medium between two components
More than one medium between the two components

0.6
0.4
0.1
1
0.7
0.3
0.1
0

the two components are one upward or downward link jump, the
index is 0.7 as indicated in Table 7.
The final affinity index for each pair of components, i and j, are
calculated based on the accumulation of weighted sub-affinity

ð1Þ

The Affinity Relationship Matrix can thus generated based on xij
for all i and j. Fig. 6 shows an example of Affinity Relationship
Matrix of 9 components.
3.5. Establishing dendrogram and grouping components for merging
This is the Step 4 in Section 3.1. A dendrogram is a tree-like diagram frequently used to illustrate the arrangement of the clusters
produced by hierarchical clustering. Dendrograms are often used
in computational biology to illustrate the clustering of genes or
samples, sometimes on top of heatmaps (Wikipedia, 2015).
The process of building a dendrogram starts with the components with highest affinity indices and link them with a horizontal
line at the level of their affinity index as shown in Fig. 7, {(X2, X7),
(X3, X4), (X4, X8)}, the components with lesser affinity values are
brought in the diagram one-by-one until all links are taken care of.
The next Stage is trying to cut across vertical linking lines on
Fig. 7 to form groups of components. The components which are
still linked after successful cuttings are supposed to be integrated
into one new component. Fig. 8 shows this process. The TL #’s
are the Trial Lines which we attempt to achieve for grouping of
all components under the trial cutting line into one component.
For example, TL 1 would indicate the attempt to merge all components, X1 to X 9, into a merged component. TL 2 indicates the
attempt to integrate X2, X7, X3, X4, X8, X5 into a merged compo-
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Fig. 5. Product hierarchy decomposition.

Affinity

Table 7
Table of the product hierarchy consideration.
# of link jump needed from one component to the other

Affinity
value

Two components are apart by one cross link jump
Two components are apart by one upward or downward link
jump
Two components are apart by one upward and one cross link
jumps
Two components are two levels apart with two upward or two
downward link jumps
More than two jumps apart.

0.9
0.7

TL 1
TL 2

TL 4

Y3

0.5

TL 3
0.3

Y1

0

C

Y2
Component

Fig. 8. Process of grouping components for merging.

-

0.30 0.22
-

0.05

0.32

0.23

0.15

0.02

0.37

0.23

0.07

0.58

0.23

0.58

0.02

0.43

-

0.58

0.53

0.13

0.15

0.02

0.15

-

0.07

0.58

0.02

0.02

0.02

-

0.32

0.53

0.13

0.43

-

0.15

0.02

0.45

-

0.22

0.52

-

0.22
-

Fig. 6. An example affinity indices with 9 components.

nent. The CL lines are the successful cutting line which the designer
is able to merge all the components under the CL to form a merged
component. For example, the successful CL 1 indicating that the
designer is able to merge or replace X2 and X7 with one component. The eventual example indicates a final integrated system
containing a component replacing (X2, X7) ) Y1, a component
replacing (X3, X4, X8) ) Y2, X5 remains the same, a component
replacing (X1, X9) ) Y3, and the component X6 remains the same.
This becomes a new innovative system that is able to use 5 components (Y1, Y2, X5, Y3, X6) to perform the cumulative functions of
the original multiple systems in the super-system level. This represents a new strategy to systematically identify and design a new
and more concise product which can perform the cumulative functions of multiple likely-related systems using Affinity indices,
super-system trimming strategy, and TRIZ trimming methods for
actual merging and integration. The Trimming methods will be
described later.
3.6. Approaches to integrate components based on TRIZ methods
Once a trail cutting is set on Fig. 8, the TRIZ trimming methods
can be used to trim components in its under-layer system. For
example, TL 3 would call for the designer to merge X2, X7, X3,
X4, and X8 into one component. CL 3 would call for a merging of
X1 and X9 components. To actually achieving these requests, the
designer can either use brain storming method to conceive the
solutions or better use the TRIZ systematic method to achieve solutions. The below TRIZ tools can be used to achieve the components
merging. Refer to Sheu and Hou (2012), Sheu (2015) for details of
using TRIZ for component trimming. Due to space limitation, only
the brief concepts are presented in this paper.

Fig. 7. Dendrogram for Fig. 6 example.

3.6.1. Component merging using trimming techniques
Our goal is to trim at least one component in the component
group in the mean time keeping the function(s) of the group of
components or making them un-necessary.
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Merging 2 components means that at least one of the components must be trimmed. In TRIZ trimming modes, there are 6 trimming rules which can be used to trim one or multiple of the
components in the group of components to be integrated.
(1) Rule X: a component can be trimmed, if its function is no
longer needed. This may be achieved by having a different
super-system component taking up the function.
(2) Rule A: a component can be trimmed, if the object of it function can be eliminated.
(3) Rule B: a component can be trimmed, if the object of the
component’s function can serve the function by itself.
(4) Rule C: a component can be trimmed of another component
can assume the function(s) of the component to be trimmed.
The other component can conveniently be other components
in the group after the cutting line assignment in Fig. 8.
(5) Rule D: Function carrier can be trimmed if a new or niche
market can be identified for the trimmed product. In this
case, the function of the system may be degraded, but the
ideality is still increased or maintained due to the reduction
in costs/harm more than offsetting the reduction in the function/benefits.
(6) Rule E: Another component is found which can take care of
both functions delivered by the two components in the
group to be merged.
The abovementioned rules can be used to conceive the methods
for trimming some component for merging and integration. The 6
aspects of affinity indices are also indications that the components
of higher affinity indices can be more conducive to be merged than
irrelevant components.

4. Application example: a case study
Alpenstock is an essential accessory for hiking. Whether it is
hiking uphill or downhill, it can protect the knees and reduce the
effort. The knees and the feet must bear the body weight and the
weight of the hiking equipment. When the knees are put under
Table 8
Problem descriptions.

4.1. Stage 1: This Stage used the window analysis and scenario analysis
to identify intergrade-able components for the target system
Table 8 uses 5W1H1G questionnaire format to identify other
systems in the super-system as potential targets for integration.
Table 9 lists various systems in the super-systems with their
past-present-future cases to identify potential systems for
integration.
Some potential systems which may be useful during the use of
the alpenstock may include: the flashlight, lighter and Swiss Army
Knife with alpenstock to conduct multi-system integration. Considering the past and future situations, it is also desirable to have
the materials for such new system environmental sustainable
and easy to manufacturing in the factory. These later features are
noted for designers but do not need to be involved in the component integration/merging processes.
4.2. Stage 2: Component and function analysis
Based on the other target systems identified, component and
function analysis are performed to identify components for integration. To conduct function analysis, components are disassembled and their individual functional relationships are identified,
as shown in Fig. 9. They are: 1. Nozzle; 2. Nozzle base; 3. Spark
ignition system (Spark generator); 4. Lighter fuel (Fuel); 5. Fuel
chamber; 6. Lighter switch (Control switch); 7. Flash handle; 8.
Battery; 9. Light base; 10. Light bulb set; 12. Control button; 13.
Swiss knife tool set (Tool set); 14. Swiss knife handle (Knife handle); 15. Key chain; 16. Shock absorber cushion (Cushion); 17.
Alpenstock body (Stick body); 18. Alpenstock handle (Stick
handle).
4.3. Stage 3: Calculate affinity measures for each component pair

5W1H1G

Description

1. What is problem?
(sore point)

In addition to alpenstock climbers must also carry
other tools, such as compass, flashlight, lighters. . .etc.
It is difficult to carry so many tools.
When hiking.

2. When was it
happen?
3. Where is it found?
4. Why?
5. Who?
6. How was it
happen?

stress for a certain amount of time, the knees will suffer from attrition. Yet climbers are required to bring a complete set of equipment for their safety and climbing needs. If the load is reduced,
the danger of this sport can also be reduced. There is a need to have
less equipment components, and thus weight, and still have
enough of the functions the set of equipment can provide.

On the mountains
To avoid dangers when climbing mountains.
Hikers, mountain climbers
In addition to an alpenstock, climbers also require a
flashlight, lighter, and other tools for emergency
situations.

In this stage, components are analyzed based on function analysis with 6 aspects of sub-affinity indices as mentioned before. The
Affinity indices between each pair of components are calculated
based on the methods mentioned in Section 3.4 and Eq. (1). Note
that the relative weights among the 6 factors can be adjustable.
In this case, the six weights are weighted equally as 1/6. The Component Affinity Matrix is given in Fig. 10. To save space, the component ID on the top row of the Fig. 10 corresponds to the
component identification numbers and component names on the
left column exactly and in same order.
For example, the first number on the Fig. 10 can be calculated as
follows. 1. Nozzle and 2. Nozzle Base are without any of the above

Table 9
9/12 Window analysis.
Past

Present

Future
Human
Slope/ stairs (support)
Flat land

In factory assembly (ease of manufacturing)

Grass, branches, other road obstacles.
Wild animals: (protection, danger)、Sun (for shade)
Dark night: lighter, flashlight
Tent (support): Swiss army knife.
Alpenstock (protection, support)

Super system

System

Negative system
Alternative system

Worn-out alpenstock.
Rusted alpenstock
Environmental burden
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Fig. 9. Function analysis.

18. Stick
handle

17. Stick
body

16. Shock
absorber

15. Key
Chain

14. Knife
handle

13. Bolt

12. Knife
tool set

10. Light
bulb set

11.Control
button

9. Light
base

8. Battery

7. Flashlight
handle

6.Ccontrol
switch

5. Fuel
chamber

4. Lighter
fuel

9.Light base
10.Light bulb set
11.Control button
12.Knife tool set
13.Bolt
14. Knife handle
15.Key chain
16.Shock absorber
17.Stick body
18.Stick handle

3. Spark
ignition sys.

2. Nozzle base
3. Spark ignition
sys.
4.
Li
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Fig. 10. Component affinity matrix.
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ered. By using inventive principle #5, Merging, to support the trimming rule C, the ‘‘lighter button” and the ‘‘the flashlight switch”
both control their system’s functions by turning off and on. It is
therefore possible to change the two two-position on-off switch
to one 3-position, Light-on/Flash-on/Off switch as shown in the
far right picture of Fig. 13.
The second cutting line can be between affinity index of
0.38  0.47. Dendrogram on the right side of affinity 0.47 implied
(Swiss knife tool set and Key chains) or (Bolt and Key chain) may
be merged. It is doable to include the Key chain as one of the several tools of the Swiss knife tool set and delegate the manufacturing of the tool set to the tool set provider. As such, the Key chain
can be ‘‘trimmed” from our scope of design. The other way of merging the bolt and key chain may be making an end of the bolt to contain a keychain circle. However, this is not preferred.
The third cutting can be performed at affinity between 0.52 and
0.58. The dendrogram suggested two groups as follows:

situations, so the affinity value of Function Complementarity is ‘‘0”.
The Time of application of both are different and functions of these
two components are not incompatible, the affinity sub-induce for
Time Compatibility is ‘‘0.9”. Nozzle and Nozzle Base have incompatible shape for integration, thus the qualitative value of Space
Compatibility is ‘‘0”. About Material Compatibility, Nozzle and
Nozzle Base have different material characteristics, the qualitative
value is also ‘‘0”. Nozzle and Nozzle Base have a fixed force to be
applied to buckle, so they have Mild connection. The quantitative
value for Component Connectivity Relationship is ‘‘0.4”. Finally,
Nozzle and Nozzle Base are apart by one upward and one cross link
jump, the index is ‘‘0.5”. Using Eq. (2), the final affinity index for
Nozzle and Nozzle Base is 0.3.
That is i ¼ 1 (Nozzle), j ¼ 2 (Nozzle Base), and F 12 ¼ 0, T 12 ¼ 0:9,
S12 ¼ 0, M 12 ¼ 0, L12 ¼ 0:4, H12 ¼ 0:5
In Eq. (2), x12 ¼ 16  0 þ 16  0:9 þ 16  0 þ 16  0 þ 16  0:4 þ 16  0:5 ¼ 0:3
4.4. Stage 4: Establish dendrogram

(1) To group Swiss knife handle and Alpenstock handle into one
component.
(2) To group the following components to perform merging and
integration: Nozzle base, Fuel chamber, Alpenstock body,
Flashlight handle.

Based on the component relationship matrix in Fig. 10, a dendrogram is established as shown in Fig. 11.
4.5. Stage 5: Merge component sets based on the cut dendrogram built
in Stage 4

To achieve grouping of (1), it makes sense to use trimming rule
C by assigning Alpenstock handle to serve as the handle of Swiss
knife and embed the tools of the Swiss knife inside the Alpenstock
handle as shown in Fig. 14.
To achieve grouping of (2), the challenges are: How can we
make one component to assume the useful function of another
component. Trimming methods as described in Sheu and Hou
(2012) along with TRIZ inventive principles, Trends, and Effect
database can be used to do the job.
At the end, the below trimming and integration can be
achieved:

In this Stage, the authors started trail cut from the highest level
(lowest affinity level) on the dendrogram for component grouping.
The processes are indicated as Stage 5 (5.1  5.7) on Fig. 12.
In this case, the first cutting can be performed between values
affinity values of 0.32–0.37 where the dendrogram suggested to
integrate Lighter switch and Flashlight switch. According to Sheu
and Lin (2011) on methods to exercise trimming, when using the
invention principles for trimming, principles number 2(taking
out), 3(local quality), 5(merging), 20(Continuity of Useful Action),
25(self-service) and 40 (composite materials) can all be consid-
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Fig. 11. Dandrogram of the case.
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Fig. 13. Integrated Figure of a lighter button and flashlight switch.

Fig. 14. Alpenstock handle and Swiss knife handle are integrated.

(A) The function of fuel chamber, holding the fuel, can be
assumed by the Alpenstock body. Thus the fuel chamber
can be trimmed.
(B) The keychain can be absorbed into the tool set and delegate
the tool set manufacturing to a sub-contractor. As such, the
keychain is practically eliminated from our work scope.

(C) The alpenstock can assume the functions of the flashlight
handle thus the Flashlight handle, which also used as battery
holder, can be trimmed.
(D) The alpenstock body can be made hollow to hold the battery,
light generation system, and fuel. The TRIZ Trends of Space
Segmentation was used to make this design (Mann, 2007).
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Fig. 15. Integrated multi-function stick.

component-reduced integrated Multi-functional Stick is shown in
Fig. 15. Fig. 16 shows the integration of various components into
the internal hollow space of the alpenstock body.
The original total of 18 components is decrease to 12 which
include: Stick body, Stick handle, Shock absorber, Light bulb set,
Nozzle, Nozzle base, (Swiss knife) tool set, Spark generator, Battery,
Control switch, Bolt, and Fuel. All-in-all, the trimmed components
are: Fuel chamber, Flashlight handle, Flashlight base, Swiss knife
handle, Keychain, Lighter control switch. Table 10 shows the
improvement of 33% part count reduction while achieving a new
innovative and integrated product design. It appears that using
the super-system integration and trimming strategy proposed by
this paper can be used for innovative new product identification
and design effectively.

xij ¼

1
1
1
1
1
1
F ij þ T ij þ Sij þ M ij þ Hij þ Lij
6
6
6
6
6
6

ð2Þ

Fig. 16. Components integrated into the multi-functional stick.

5. Conclusions
Table 10
Assessment table – multifunctional stick.
Item

Before

After

Improvement (%)

Total number of components
Number of Trimmed components

18
–

12
6

(18–12)/18 = 0.33%
–

(E) The nozzle base and the Flashlight base can be built on the
alpenstock body by modifying some parts of alpenstock
body and making it heat resistant with proper materials. In
this way, the nozzle base can be feature transferred to some
part of the alpenstock body. The inventive principle #3, Local
Quality, can be applied for this purpose.
The final system will integrate the functions of Alpenstock,
Lighter, Flashlight, and Swiss knife tool set into a system while is
able to perform all the functions of the four constituent systems
with reduced components. The concept design of the new and

This paper proposed an innovative new product identification
and design strategy using combinations of several TRIZ thinking
tools, dendrogram, and proposed affinity measures to quantify
the likelihood of components to be integrated. Unlike TRIZ device
trimming method which has always been used to trim components
within a system, this method used the trimming concepts in supersystem trimming, which is outside a system, to achieve the purpose of new product concept design with the new products having
more functionality and less components. This process includes
usage of the affinity indices and dendrogram to discover possible
integrate-able component groups for latter trimming and
integration.
The contributions of the research include:
(1) Proposing an integration process for multiple systems to be
integrated into a more functional system. Through trimming, the new system will have less components while containing the cumulative functions of the constituent systems.
This effectively increases the ideality of the systems.
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(2) Providing a mathematical technique to assess the likelihood
for integration of component groups, assisting users in identifying the priority for trimming. This will also make the
trimming process more objective instead of relying on
human individual judgement.
(3) Extending the traditional scope of TRIZ trimming from
within system to super-system integration and merging.
(4) Establishing systematic procedures and forms to facilitate
users throughout the process.
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