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Abstract 

Artificial Neural Networks (ANN or simply NN for neural networks) demonstrate good results in various 

tasks related to classification, clustering, forecasting and others. These days ANN have been occupying 

more and more creative niches as well: from canvas painting [1] and music composing [2] up to playing Go 

[3] and forecasting stock quotes [4]. It will be no surprise if sooner or later NN will step into “pure” idea-

tion domain which is about creating ideas for a wide range of various tasks originating from different in-

dustries. 

Authors propose to use a well-known approach to innovations based on looking for similarities [5] in an-

other context: instead of looking for the similar product ideas, or in other words, creative endeavour results 

which can be used for improving the initial product, we propose to look for the similar problems which, 

strictly speaking, can lead to a very different invention not even looking like analogous.  

A NN is proposed as the means for classifying these problems into one of the 25-30 categories similar to 

the Theory of Inventive Problems Solving (TRIZ) inventive principles. Once the problem categories are 

defined a topic modelling exercise can be done on an unstructured patent dataset. This exercise can use 

both the key words from the initial problem and the words from the selected inventive principle. These two 

contradictions should ensure that only the strong ideas will be returned. 

Keywords: Crowdsourcing, Artificial Intelligence, Neural Network, Theory of Inventive Problems Solving, 

TRIZ, Inventive Principles. 

1. Introduction 

In fact the title conceals two important tasks: automating some of the TRIZ tools, for the sake of simplicity 

only the Inventive principles will be reviewed and applying them in one way or another to a crowdsourcing 

environment.  

This research has been executed with one holistic goal: improving the crowdsourcing efficiency by putting 

part of ideation up to software. Ideally software should either replace human beings in solving technical 

and non-technical tasks or at least propose “a direction” which humans should organize ideation in, pre-

sumably resulting in higher submitted ideas quality and less time spent. 

Authors do not limit the research to a specific type of tasks, be it the engineering tasks or non-technical. As 

it will be mentioned below the NN training dataset includes all the type of tasks usually appearing in a 

crowdsourcing environment. The examples are indicated in the Discussion section of the article. 

1.1. Automating TRIZ tools 

In this particular research we will be dealing with one tool only – Inventive Principles application. Howev-

er other ideation tools like Feature Transfer or Trends of Engineering Systems Evolution can be automated 

in a similar way.  
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We strongly believe that Inventive Principles belong rather to human cognitive sphere than to the engineer-

ing systems or patents or anything following the ideation process.  

Quite some of the Inventive Principles can be grouped up in larger and more generic categories. It is obvi-

ous that, for example, “Local Quality” principle and  “Taking Out” are describing very similar approaches. 

This is the reason why the number of analysed principles will be reduced to 25-30 of the most generic ones 

and only 10 will be used as an early trial. Strong oxidants, Composite materials, Thermal expansion and 

others of the similar quality will not be used. 

Authors propose a slight modification of the Clone Problems application approach which was developed by 

G. Altshuller in the 80s and was further developed by S. Litvin in the 90s [6] and is based on deep non-

obvious analogues among solutions that address the same physical contradiction. What we propose to mod-

ify can be summarised by: 

 Unlike Clone Problems application tool we are not really interested in knowing which kind of a 

physical contradiction(s) is actually hidden in the analysed problem with a known solution, 

 However we have to clearly identify which Inventive Principle(s) has been used for solving a prob-

lem, 

 we postulate that if a new problem without a “control/known solution” is categorized by a NN the 

same way as a problem with a known solution then apparently it will “cry” for the same Inventive 

principle to be used for its resolution.  

For ease of understanding the proposed algorithm is depicted on Fig. 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Modified Clone Problems application approach 

After having categorized a problem into one of the 25-30 groups we need to start searching for solutions. In 

order to ensure that the solutions will be brought in the TRIZ context we propose to build the search image 

by mixing the key words from the detected Inventive principle and some industry specific key words (if a 

user wants to have solution proposals originating from the same domain as the initial problem does). 
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The categorization task will be solved by a Recurrent neural network with a supervised learning and solu-

tions search will be done by topic modelling. These two steps will be covered in detail in 1.2. 

 

1.2. Using ANN for ideation support and Topic modeling for proposing solutions 

The strategy we wanted to use could be summarized in two simple steps which have been already 

mentioned in the Introduction as the tasks behind the article title. 

First, we create (if it cannot be found) a crowdsourcing problems dataset. Organize a supervised 

learning and feed the dataset to the NN. Measure the classification accuracy. Run a trial sequence 

of new data which never participated in the learning. Measure accuracy again.  

Second, after having defined which inventive principle a problem “wants” to use for its resolution 

we propose to run an NLP patent search, or any other knowledge database search, which can use 

a) only the key words from the inventive principle formulation returning “open innovation results” 

b) add the industry specific key words which will bound the search results to the domain the prob-

lem originates from. 

2. Related work 

Zhen Li and Derrick Tate [7] used a similar mechanics for solving a different problem. These au-

thors used Natural Language Processing (NLP) for defining functions hidden in a patent (design 

intention) and determining its level of invention in TRIZ language. It has been done via part-of-

speech (POS) tagging and probabilistic parsing. For those not familiar with these technologies we 

would simplify POS tagging and quickly explain it as automated defining which part of speech 

every word represents. Now, by combining the verbal phrases and corresponding objectives, the 

authors found the functions which a patent is containing. ANN with supervised learning on a rela-

tively short sequence has been used for defining the levels of invention.  

In his research [8], Mehdi Akbari, proposed to use TRIZ, to be exact the Inventive principles, for 

creating a knowledge database for the AI-based software systems which later on can be used as an 

information source for automated ideation.  

Tom Hope, Aniket Kittur and others in [5] are solving the problems similar to the ones in [7]. 

These authors also try to define the functions hidden in the patent descriptions to understand the 

purposes of the described products via a bidirectional recurrent NN. Having defined the functions 

they link analogies and propose ideas for innovations. I.e. “it enables core analogical innovation 

processes such as re-purposing: For a given product (such as a kitchen-sink cleaner) and its pur-

pose, finding another way to put it to use (cleaning windows)”. Later on these analogies are pro-

posed to a number of people or, generally speaking, to a crowd, as a creativity enhancer tool.  

Alex Gaunt, Diana Borsa, Yoram Bachrach in [9] used a supervised deep NN for aggregating 

crowdsourced responses. It can be summarized as a typical “who wants to be a millionaire” ask 

the audience  situation. The audience/crowd proposes some answers and the NN should “under-

stand” which one of them is really right (it is not always the majority vote). They have successful-

ly applied their NN to a standard IQ questionnaire so that it demonstrated “superior performance 

over existing methods”. 

In [10] Gaetano Cascini, Davide Russo researched a similar problem of automatic patented inven-

tion motivation and internal product “mechanics” discovery. However this research also included 

an interesting aspect – automated Level of invention [11] estimation.  
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Janghyeok Yoon, Kwangsoo Kim in [12] solved another task, namely the automated identifying of 

TRIZ evolution trends from patents with similar method of test analysis. This has been achieved 

by extracting binary relations of the “adjective+noun” or “verb+noun” forms from patents using 

NLP, defining a “reasons for jumps” rule base that arranges trend-specific binary relations for 

trend identification, and determining specific trends and trend phases by measuring semantic sen-

tence similarity between the binary relations from patents and the binary relations in the rule base. 

Christopher Adams, Derrick Tate in [13] solved yet another task but with very similar methods of 

NLP. They defined not only a patent level on invention but also Ideality level of a patent. The lat-

ter has been performed with a NN which did the patent levels classification.  

Work [14] deals with the task most relevant to the current research.  Chung-Kai Tseng and others 

tried to classify the patents based on the TRIZ engineering contradictions hidden in them. They 

proposed to make this classification by using the engineering parameters the contradictions con-

tain [15]. 

In [16] a very generic algorithm for Implementation of TRIZ for Automated Decision-Making is 

proposed. 

Having reviewed the presented works we see that there is distinct trend towards TRIZ automation 

which has been also noticed by Valeri Souchkov and called TRIZ 2.0 features in [17].  

The most popular solved problem is a problem of patent classification or using a wider term, 

knowledge database classification, which is often done by NLP methods therefore the AI approach 

proposed in the current work seems to be novel and quite relevant. 

3. Experiment 

The generically stated question we wanted to research was “can a problem statement contain the 

hints on which inventive principle it “wants” to use for its solving”. 

We have used Python and machine learning framework Google TensorFlow [18] for building a 

recurrent neural network.  

Unfortunately we were not able to find an available crowdsourcing problems dataset so we had to 

prepare it ourselves. The synthetic dataset we have made contained 500 various problems formu-

lated in various ways in English and representing 10 Inventive principles (50 problems per princi-

ple): 

 Segmentation 

 Taking out 

 Local quality 

 Merging 

 The other way round 

 Nesting doll 

 In-advance “cushioning” 

 Intermediary 

 Self-service 

 Copying 
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For example one of the crowdsourcing problems “for” Segmentation was “Every time we have a party we 

face the same problem - we do not have all the needed glasses. For whisky, for champagne, for vodka - all 

that requires separate kind of glasses but it is too expensive to have all of them and, again, you need to have 

huge kitchen to store them. Can you propose a glass design which would fit all those beverages and still 

could be easily stored in a compact way?” 

The control solution for this problem is a Sherwood Forlee's wine glass which unscrews at the top of the 

metal stem which then allows for easier storage of the glass portions. The user can also choose the right 

glass portion to fit drink choices.   The metal stem adds extra strength and comes in a variety of colours and 

finishes. A rubber gasket at the top of the stem ensures snug fits [19]. 

All the 10 Inventive Principles have been accompanied with the control solutions in a similar way to Seg-

mentation example above. Authors understand that there could be more than 1 control answer to any prob-

lem and the there could be more than 1 Inventive principle “hidden” in every problem however for the sake 

of simplicity we have decided to do it in “one control solution per crowdsourcing problem” way. 

We have trained the NN with 470 data entries (out of the mentioned 500 ones) and left 30 problems for 

measuring the NN classification accuracy. It turned out that accuracy was 67%. However we need to re-

member that it is a “perfect” accuracy reached on the training dataset samples only. Real accuracy will be 

of course lower. 

When the NN has been fully trained, we fed it with 6 trial crowdsourcing problems which have never been 

mentioned in the learning dataset. All of them had the control solutions as well. They were completely new 

to the NN (new words, new expressions, non-engineering systems mentioned) and the intention was to see 

if the NN could properly classify them and define the hidden Inventive principles which these problems 

“wanted” to use for its effective resolution. 

Despite the training dataset was more than modest, the results of this trial were quite remarkable and are 

discussed in the section 4 of this work. 

4. Discussion 

As we have already mentioned the NN used 6 realistically formulated crowdsourcing problems 

(crowdsourcing campaign entries) which had the control answers indicated in the Table 1. 

Table 1 

NN trial sequence 

Crowdsourcing 

problem number 

Control solution Inventive 

principle 

Inventive principle as the 

NN “feels” it 

Hit/Miss 

1 Segmentation Merging +- (*) 

2 Taking out In-advance “cushioning” - 

3 Local quality Coping - 

4 Merging In-advance “cushioning” - 

5 The other way round The other way round + 

6 Nesting doll Merging +- (*) 
(*) Further discussed below 

 

4.1. Segmentation vs. Merging  

The task formulation we used was “We have been manufacturing the cartridge razors for almost 

two hundred years. They are very sharp, very reliable and have a long service life. The problem 

our customers keep complaining about is the fact that they have to shave the same skin area a few 
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times till all the bristles are removed. This provokes skin irritation and should somehow be eased. 

Can you please propose a new cartridge razor design which would shave away all bristles at one 

move?” The obvious solution is placing a few razor blades next to each other as it is realized in the 

most modern razors. The Inventive principle which clearly bridges this problem and this particular 

solution is Segmentation: 

 

 Divide an object into independent parts. 

 Make an object easy to disassemble. 

 Increase the degree of fragmentation or segmentation. 

 

This Principle seems to be a good abstract description of the solution. We have taken one razor 

blade and separated it in pieces thus creating a multi-blade razor (the control solution). Top-down 

approach in a design sense. 

 

However, and this is a very remarkable observation, the NN-proposed Principle also nicely fitting 

this logic. Merging: 

 Bring closer together (or merge) identical or similar objects, assemble identical or similar 

parts to perform parallel operations. 

 Make operations contiguous or parallel; bring them together in time. 

 

We take a razor blade, “copy-paste” it placing the blades next to each other  and we have a new 

engineering system. Down-top approach. 

In other words, these two principles are in fact the opposite copies of each other and are leading in 

the end to the same solution. It means this incorrect answer given by the NN is not that incorrect. 

It “simply” generated it from the opposite side. We would like to illustrate this result with Fig. 2.  

 

Fig. 2. Glass half full/Glass half empty. Segmentation/Merging. 

4.2. Nesting doll vs. Merging  

For the Nesting doll control solution we used the following crowdsourcing problem formulation 

“The spyglasses that we have been producing are very popular on the market. We see that one of 

the new trends on the market is proposing larger and larger spyglasses with bigger zoom. The 

problem is the spyglass becomes too large for handling and transportation. Can you propose an-

other high zoom spyglass design which would be easier to operate, transport and store?”  

Of course the control solution is having a telescoping design which is a quintessence of the Nest-

ing doll principle. However the NN proposed Merging again.  

In fact Nesting doll is dealing with similar objects combined in the same system on an ever-

receding scale and this is exactly what Merging is about: “Bring closer together (or merge) identi-
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cal or similar objects”. No surprise the NN was not able to differentiate them and what is interest-

ing is that the NN again has selected a variant which is so logically-close to the desired one. 

5. Conclusions 

Out of 6 problems, one has been classified correctly, two – conditionally correctly and three incor-

rectly (only one out of them is an outrage mistake). It gives us about 33% accuracy. We used a 

term “about” because it is not really clear how to estimate the results in this situation. 

The authors are sure that the final accuracy could have been much higher if we could have used a 

larger learning dataset. For similar applications the datasets should be dozens of times richer. The 

larger datasets learning is one of the next steps we would like to research. Also larger amount of 

Inventive principles will be analyzed as well as having more than one Inventive principle per 

problem option. 
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