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The Voice of the Editor
 Amir Tomer

Dear Readers,
Only six months passed since the last issue of this journal, and the number of changes 

we experienced during this period is unbelievable. Beside the fact that INCOSE_IL 

started to operate as an independent association, without the support of ILTAM and 

the Innovation Authority, we have all been caught, according to COVID-19, in a 

strange and unique period which we never have known before. One of the results 

was the cancellation of the biannual SE seminar at the Gorgon Center, Technion, and 

accordingly the journal, which used to be published in print on this day, will this time 

be issued on-line only, and with reduced content. 

Dr. Avner Engel has researched systems engineering for a long time and his book 

Practical Creativity and Innovation in Systems Engineering was published about two 

years ago. His article in this issue is based upon one of this book’s chapters, and it 

focuses on the TRIZ method for creative problem solving.

Dr. Yaniv Mordecai is currently working on his post-doctoral research in systems 

engineering at MIT. Yaniv focuses on the important topic of Model-Based Systems 

Engineering (MBSE) and his article in this issue describes a global picture about the 

deployment of this approach, addressing important questions such as: Are we advancing 

in the right direction?

The last Gordon Center Systems Engineering seminar was conducted on January 

2020, and was dedicated to Sociotechnological Systems Engineering. Its summary was 

written, as usual, by Dr. Avigdor Zonnenshain.

I wish you pleasant reading.

Prof. Amir Tomer, CSEP

Kinneret Academic College

The Editor

amir@amirtomer.com
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The Voice of INCOSE_IL President
Ram Oron

Dear Readers,
Year 2020 was planned to be a year of change for INCOSE_IL, being an independent 

non-profit organization, no longer supported by the Israeli Innovation Authority. 

However, the changes this year happaned to be far more significant. Our diverse work 

plan had to be changed in March, as we had to cancel planned courses and meetings.

Following the COVID 19 situation, and in order to continue providing value to our 

members during these difficult times, we decided to hold a series of free webinars for 

our members. The webinar series began immediately after Passover (end of April), and 

are held twice a week. We plan to continue these webinars less frequently during the 

summer months. I believe this format is likely to continue under the new routine we 

will enter into. I thank the webinars’ participants, the board members who created the 

diverse content, and of course to the lecturers, who volunteered to devote their time 

and share their vast knowledge.

We took advantage of this period to update and improve our website, www.incoseil.org, 

which, among others, allows online registration for activities. In addition, we have 

opened a LinkedIn discussion group, and we invite you to join it and actively participate 

in it. We continue to promote collaborations with the Academy, specifically I would 

like to note a successful online seminar, led by Dr. Michael Vinokur, that was held in 

early June at the Holon Institute of Technology.

Also, during this period, university degree programs are being advanced. Systems 

Engineering graduate studies have been held in the Technion for about two decades. 

Now both Tel Aviv University and Ben Gurion University are advancing new systems 

engineering programs. We hope that these programs would start within the coming year, 

thus expanding systems engineering studies both geographically and professionally.

Some good news – we received (again) the Gold Circle Chapter Award for our 2019 

activities. The award shall be presented in the INCOSE IS Conference, that was originally 

scheduled to take place in South Africa but shall now be held online in July.

Best wishes to you and your families.

Dr. Ram Oron, Ph.D.

President, INCOSE IL

president@incoseil.org

mailto:www.incoseil.org?subject=
mailto:president%40incoseil.org?subject=
http://www.incoseil.org
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Resolving Contradictions Using TRIZ Methodology
Avner Engel, 

Tel Aviv University - Systems Engineering Research Initiative (TAU-SERI) 

aengel1000@gmail.com

Abstract
The purpose of this paper is to acquaint systems engineers and engineers in general, with one 

aspect of the TRIZ methodology. TRIZ is the Russian acronym for “Theory of inventive problem 

solving.” It was developed by Genrikh Altshuller (1926-1998) and his colleagues during the second 

half of the twentieth century in the former Soviet Union.

The aspect TRIZ, discussed in this paper, involves resolution of contradictions characterized some 

systems requirements and design constraints. Resolving contradictions is one of the most useful 

tools of TRIZ because it substantially broadens the solution space vis-à-vis design and building 

systems. It enables systems engineers to resolve contradictions by improving certain aspects of a 

system without compromising other aspects of the system.

Specifically, this paper will describe the following nine methods of resolving contradictions: (1) 

Separation in time, (2) Separation in space, (3) Separation between parts and whole, (4) Gradual 

separation, (5) Separation by directions, (6) Separation by perspectives, (7) Separation by frame 

of reference, (8) Separation by response of fields and (9) Separation between substance and field

This paper was adopted from the authors’ 2018 book: Practical Creativity and Innovation in Systems 

Engineering, published by Wiley, as part of Wiley’s Systems Engineering and Management Series.

1. Introduction

The purpose of this paper is to acquaint systems engineers and engineers in general, with one aspect 

of TRIZ. TRIZ is the Russian acronym for “theory of inventive problem solving.” It was developed by 

Genrikh Altshuller and his colleagues during the second half of the twentieth century in the former So-

viet Union. TRIZ is not based on intuitive creativity of individuals or groups but, rather, on meticulous 

study of some 3 million registered patents in order to identify specific patterns that predict breakthrough 

solutions to problems and then codifying it within TRIZ. 

The aspect TRIZ, discussed in this paper, involves resolution of contradictions. often characterized some 

systems requirements or design constraints. Resolving contradictions is one of the most useful tools 

of TRIZ because it substantially broadens the solution space. It enables one to resolve contradictions, 

mailto:aengel1000%40gmail.com%20?subject=
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thereby improving one aspect of a system without compromising other aspects of the system.

This paper was adopted from the authors’ 2018 book: Practical Creativity and Innovation in Systems 

Engineering, published by Wiley, as part of Wiley’s Systems Engineering and Management Series. 

The book contains five parts: (I) Introduction, (II) Systems Engineering, (III) Creative Methods, (IV) 

Promoting Innovative Culture and (V) Creative and Innovative Case Study.

2. Resolving contradictions using TRIZ

TRIZ is a rich methodology consisting of a variety of tools and techniques that open new vistas on 

creative technical thinking. However, introducing newcomers to TRIZ is outside the scope of this 

paper. Therefore, only small part of TRIZ is discussed in in this paper. In general, TRIZ proposes the 

following three hypotheses:

1.	 Problems and solutions are repeated across industries and sciences.

2.	 Patterns of technical evolution are repeated across industries and sciences.

3.	 Creative innovations may use scientific effects outside the field where they were developed.

These three hypotheses lead to a generalized problem-solution procedure depicted graphically in Figure 

1. If a barrier blocks one’s ability to solve a problem through a traditional approach, then one should: 

(1) analyze the problem and reformulate it into a general TRIZ problem, (2) use one or more of the 

TRIZ strategies and tools in order to produce a general TRIZ solution, and then (3) develop the specific 

solution by way of an analogy.

Figure 1 - TRIZ generalized problem-solution procedure
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Resolving contradictions is one of the most useful tools of TRIZ because it substantially broadens 

the solution space. It enables one to resolve contradictions, thereby improving one aspect of a system 

without compromising other aspects of the system. At the heart of most contradictions are two or more 

conflicting system requirements or design constraints that the system engineer must resolve. For ex-

ample, designing an aircraft that can (1) carry 500 passengers, (2) for a distance of 8,000 km, (3) within 

5 hours flight duration, (4) using up to 1 liter of fuel per 100 km per passenger. Obviously, these are 

contradicting requirements, which are difficult or, perhaps, impossible to meet. In engineering, the 

common approach for dealing with such contradictions is to identify an optimal com- promise amongst 

the conflicting requirements (Figure 2).

Figure 2 - Two conflicting requirements and compromises to be selected

This is a frequent strategy, widely used throughout the industry. The problem with this strategy is 

twofold: First, selecting a compromise never fulfills the original requirements. Second, one always 

runs the risk of selecting an incorrect “optimal” compromise. In such cases, systems may fail in their 

ultimate testing grounds, the marketplace. Unfortunately, actual consequences of a risky compromise 

may only be discovered long after products have been designed, manufactured, and distributed with 

limited or costly corrective options. TRIZ offers numerous techniques to resolve existing contradiction 

with limited or no compromises. Therefore, the noncompromising solution space, available to problem 

solvers, is large and rewarding.

Some TRIZ experts employ a contradiction matrix, a table identifying optimal methods for resolving 

contradictions. However, this book will describe a set of separation principles that the author considers 

more effective and promising in resolving contradictions problem. Historically, TRIZ scholars defined 

three categories of separation principles: (1) separation in space, (2) separation in time, and (3) separation 

between parts and the whole. However, contemporary TRIZ researchers proposed several additional 

and unique separation principles.
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3. Separation strategies and examples

This section provides nine separation strategies and corresponding examples.

3.1. Separation in time

Under separation in time, one can resolve contradictions by identifying a time frame in which one 

function is performed and another time frame in which the other function is performed. This resolves 

the contradictions so long as the separations in time do not overlap. In some cases, separation of contra-

diction can be achieved under specific conditions without changing the system at hand. In other cases, 

one may be required to add new functions or elements to the system that may increase the complexity 

or cost of the said system, product, or service.

Example: Water faucet. The contradicting requirements for a water faucet are: (1) the water must be 

BLOCKED and (2) the water must FLOW. These contradicting requirements can be separated in time: 

(1) the water should be BLOCKED during the time the faucet is shut and (2) the water should FLOW 

during the time the faucet is open (Figure 3).

Figure 3 - Example: Water faucets

3.2. Separation in space

Separation in space can resolve contradictions in which, at the same time, two or more contradictory 

systems requirements must be fulfilled. That is, if an object is required to have property “A” and not 

have property “A,” then one can separate the object into two objects, each with its own properties. 

Conversely, the contradiction may be resolved if one part of the object has property “A” and the other 

part does not have it.

Example: Safety matches. Different designs of matches were invented and patented during the early 

to mid-nineteenth century. Early designs were cumbersome and, most impor- tantly, were suscepti-

ble to ignite spontaneously. The problem stemmed from two contradicting requirements: (1) a match 

SHOULD ignite and (2) a match SHOULD NOT ignite. The problem was solved by separating the 

reactive chemicals between the match head and the striking surface located on the out- side surface of 

the matchbox (Figure 4).
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Figure 4 - Example: Safety matchbox by Weltholzer

3.3. Separation between parts and whole

Resolving contradictions by way of separation between the parts and the whole may be employed when 

contradictory requirements state that a system exhibits specific properties and, at the same time and 

space, one or more of its parts exhibits opposing properties. One way to deal with this contradiction is 

to arrange them so that the parts can interact at their distinct and respective scales. That is, one property 

may be expressed at a larger, macro scale and the other property is expressed at a smaller, micro scale. 

As long as these two or more properties do not interfere with one another, the contra- diction is resolved.

Example: Motorcycle chain. The contradicting requirements for a mechanical force transmission 

system between a motorcycle engine sprocket and a rear wheel sprocket are: (1) the transmission sys-

tem must be RIGID in order to transmit force and match properly with the two sprockets and (2) the 

transmission system must be FLEXIBLE in order to wrap around the two rotating sprockets (Figure 

5). The property expressed at the micro level (the chain links) is rigid when made to interface with the 

sprockets’ teeth as well as each other by way of hinging pins. However, the overall system behavior 

expressed at the macro level (i.e. the motorcycle chain) is flexible.

Figure 5 - Example: Motorcycle chain
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3.4. Gradual separation

Resolving contradictions by way of gradual separation may be employed when contradictory require-

ments apply to a system in which properties shift gradually into other properties. In other words, there 

is no sharp region in which the system properties transform abruptly. Instead, the initial set of properties 

tends to change gradually until the full transformation to the new properties is exhibited.

Example: A screw. The contradicting requirements for a screw are: (1) a screw must be SHARP in order 

to drive it rapidly into a wooden slab and (2) a screw must be BLUNT in order to support the required 

mechanical load. A screw is designed in a conical shape in order to fulfill the above two contradicting 

requirements (Figure 6).

Figure 6 - Example: Screw

3.5. Separation by directions

Resolving contradictions through separation by directions may be employed when contradictory re-

quirements apply, within the same space and time, to different internal axes of a system, for which 

different properties are required. This is the case where a system exhibits one property in one direction, 

and the other property in another direction. Conversely, the system may be built or modified to do so. 

This phenomenon may be exploited to one’s advantage.

Example: A rope. A rope is composed of a group of natural or synthetic fibers that are twisted together 

into a larger and stronger cable. The contradicting requirements for a rope are: (1) a rope must be STIFF 

in the direction of tension and (2) a rope must be FLEXIBLE when it is bent in any other direction. Due 

to its construction, a rope has a tensile strength but is flexible and cannot provide sideways strength. 

As such it fulfills the above two contradicting requirements (Figure 7).

Figure 7 - Example: Rope
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3.6. Separation by perspectives

Resolving contradictions through separation by perspectives may be employed when an object’s emerg-

ing properties are dependent on perception, within the same space and time. More specifically, the 

system under consideration does not change its properties but rather the exposed system’s properties 

may be useful from one perspective and useless or even harmful from another perspective.

Example: A TV screen. The contradicting requirements for a 

Television screen are: (1) Due to its construction, a television 

screen exhibits a MEANINGLESS image when viewed from 

a short perspective and (2) a television screen must exhibit a 

MEANINGFUL image when viewed from a normal viewing 

perspective (Figure 8).

3.7. Separation by frame of reference

Resolving contradictions through separation by frame of reference may be employed when a system’s 

properties depend on the specific frame of reference employed, within the same space and time. There-

fore, resolving contradicting requirements for a system could be achieved by either changing the system 

at hand or changing the frame of reference used. Often, changing the system is expensive and time 

consuming, so changing the frame of reference could be an attractive resolution of the contradiction.

Example: Phone for seniors. Small (100–200 gram) hand held mobile phones 

were introduced in Japan in the late 1990s. They had very limited memory 

and small screens and could support cellular (GSM) phone calls and FM radio 

reception. However, they had a large keypad and, today, are inexpensive to 

manufacture. Such devices have virtually no value in today’s smart? phone mass 

market, so manufacturers of such phones must meet the following contradicting 

requirements: (1) sell a WORTHLESS phone in a market where (2) this phone 

is VALUABLE. For example, a firm produces a “Phone for seniors” and 

advertises such cell phones for under $30 (Figure 9). Under a conventional 

frame of reference (today’s smartphone mass market), this device has virtually 

no buyers; however, under a different frame of reference (market for older 

persons as well as people in developing countries such as parts of Asia, South 

America and Africa, etc.), similar device is quite valuable.

3.8. Separation by response of fields

In TRIZ, the concept of “Field” covers a verity of phenomena like: electromagnetic field (radio waves, 

microwaves, infrared light, visible light, ultraviolet rays, X-rays, gamma rays, etc.), electrostatic field, 

magnetic field, force (mechanical, gravity, centrifugal, inertial, friction, adhesion, coriolis, nuclear, etc.) and 

many more. Resolving contradictions by way of separation by response of fields may be employed when 

two or more fields respond differently to the properties of a system at hand, within the same space and time.

Figure 9 - Example: ﻿
Phone for senior citizens

Figure 8 - A TV screen
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Example: UV protected sunglasses. Extended exposure to the sun’s ultraviolet (UV) rays has been 

linked to eyes damage (i.e. cataracts, macular degeneration, pingueculae, pterygia, and photokeratitis) 

that can lead to partial or full vision loss. Therefore, wearing UV protected sunglasses will protect one’s 

eyes from this harmful solar radiation. The contradicting requirements for such UV protected sunglasses 

are: (1) the visible sunlight must PASS through the lens of the sunglasses and (2) the UV sunlight must 

be BLOCKED by the lens of the sunglasses. These contradicting requirements are resolved by the lens 

of the glasses. The principle of separation by response of fields is applied as the sunlight spectrum 

is separated into different frequency regions. More specifically, a laminated glass totally blocks UV 

radiation, while the vast majority of the visible light passes through the lens (Figure 10).

Figure 10 - Example: UV-protected sunglasses

3.9. Separation between substance and field

A substance is anything that has mass, occupies space, and has a specific com- position and specific 

properties. Resolving contradictions by way of separation between substance and field may be employed 

when the substance from which a system is composed has one property and a field affecting the system, 

have conflicting properties, within the same space and time.

Example: A transformer. A transformer is a device that 

increases or decreases electrical potential (volt- age) between its 

input and output by way of variable electromagnetic induction. 

More specifically, an alternating current in the transformer’s 

primary coil creates a varying magnetic flux inside the 

transformer core, which, in turn, induces alternating potential 

at the secondary coil. The contradicting requirements for a 

transformer are: (1) the magnetic field created by the primary 

coil must FLUCTUATE in order to create variable magnetic 

flux within the core of the transformer and (2) the primary 

and secondary coils as well as the trans- former core must be 

physically STATIONARY. These contradicting requirements 

are resolved by the way the transformer is constructed and the 

effect of alternating current on the primary and secondary coils 

(i.e. time-varying magnetic field) (Figure 11).

Figure 11 - Example: A transformer
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Conclusions and remarks

This paper reflects the potential benefits available to systems engineers and engineers at large, in utilizing 

an established creative method like resolving contradictions in requirements or designs in their daily 

work. Readers interested in expanding their creative skills and innovative competency are advised to 

study the authors’ 2018 book: Practical Creativity and Innovation in Systems Engineering, published 

by Wiley as part of Wiley’s Systems Engineering and Management Series.

About the author

Dr. Avner Engel, holds a B.Sc. in Electrical Engineering from the University of 

Maryland, an M.Sc. in Computer Systems from the University of New York and a 

Ph.D. from Tel-Aviv University. He has 45 years’ experience in areas of software 

programming, systems and software engineering, technical management within 

large firms in the United States and Israel, academic teaching, and scientific research. 

He is the author of Verification, Validation and Testing of Engineered Systems 

and Practical Creativity and Innovation in Systems Engineering, both published by 

Wiley as part of Wiley’s Systems Engineering and Management Series. He is now 

with the Tel-Aviv University-Systems Engineering Research Initiative (TAU-SERI).
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Model-Based Systems Engineering: What is 
the state of industry adoption, and are we 

moving in the right direction?
Yaniv Mordecai, Motorola Solutions and MIT 

ymordecai@gmail.com  

A new report by the Systems Engineering Research Center (SERC) at Stevens Institute of Technology 

presents disappointing evidence of slow adoption and insufficient maturity of Model-Based Systems 

Engineering (MBSE) in industry. The report reviews the inhibitors and obstacles to successful imple-

mentation, as well as the potential benefits and an outline for a successful MBSE adoption plan. In 

this article, we review the report’s findings, and attempt to determine whether progress is made in the 

right direction, and whether we have the privilege of waiting for MBSE adoption to grow, in light of 

the emergence of the Digital Transformation paradigm. Added value for the customer is not a foreign 

concept to systems engineers, and yet, we must ensure that MBSE efforts drive stakeholder-focused 

added value, and not only for the practice of systems engineering.

ABSTRACT

 The complete article is on the hebrew side of the issue      

mailto:ymordecai@gmail.com
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Sociotechnological Systems Engineering 
Summary of the Gordon Center Seminar Day, 

January 14th, 2020
Avigdor Zonnenshain,  

The Gordon Center for Systems Engineering, Technion 

avigdorz100@gmail.com

Opening & Introduction
The traditional systems engineering day, in memorial of late Dr. Yossi Levine, was conducted 

on January 14th ,2020 at the Gordon Center, Technion, Haifa, with the participation of  about 250 

people. The day was dedicated to Sociotechnological Systems Engineering according to the great 

interest in innovative systems engineering for designing complex systems. This kind of systems 

engineering calls for new opportunities and challenges.

Prof. Yossi Ben Asher, the head of the Center, Dr Irit Idan from RAFAEL, Eli Israeli from IAI, 
Dr. Ram Oron the president of INCOSE_IL, and Assaf Levine addressed the forum. two systems 
engineers – one from RAFAEL and one from IAI – awarded as “best systems engineers of the year”.

Sociotechnological Systems Engineering – Challenges and 
Opportunities
The currently evolved technological, organizational, business, social and political ecosystem happen to 
be overly complex. It is claimed that for such an ecosystem a different system engineering is needed, 
which should consider the various aspects mentioned above. It is proposed to call it Sociotechnological 
Systems Engineering.

The Challenges and Opportunities of Sociotechnological Systems 
• John Gill
Dr John Gill developed a proposed framework for sociotechnological systems engineering and pre-
sented it in a paper in the previous issue (January 2020) of The Voice of the Systems and in this talk.

The essential elements of the proposed framework are described in the following diagram:

mailto:avigdorz100@gmail.com
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It is also suggested  to include in this framework innovative approach for business model for socio-
technological systems named BMI (Business Model Innovation).

The Story Behind SpaceIL and the Social and Technological 
Challenges of the BERESHEET Mission • Asaf Lewin
This initiative was a technical-social project from the beginning. It started as a youth education pro-
gram in Israel towards STEM studying through the mission and the challenge of BERESHEET  - an 
attempt to develop a light unmanned space vehicle that will land on the moon. Asaf described the 
education achievement of this project and the level of enthusiasm towards STEM studying that this 
project generated. He also described the innovative and creative approaches that were applied in the 
technical mission, such as a mission without a Rover, using others launching mission for delivering 
BERESHEET spacecraft with very economical budget (under 100M $).

Engineering Lessons from the BERESHEET Mission • Yoav Landsman
Yoav Landsman was the system engineer of BERESHEET mission. Yoav presented the processes of 
engineering, integration & building of the spacecraft and of the planning & the flying of the spacecraft. 
Yoav also shared in his talk the engineering insights from the mission.

NASA’s Major Disasters - Insights for Risk Management 
• Yossi Zamri
Yossi Zamri from M4T described lessons learned and insights from the failures that caused the de-
sasters of Challenger and Columbia. Based on these, insights abought risks management of complex 
program were presented. Some of the insights are: Be aware of the syndrome “our case is different”, 
the victims of the clash between a powerful management and innocent engineering, etc.



13
ISSUE NO.26 • June 2020

The Voice Of the Systems - The Journal Of The Israeli Systems Engineers

Sociotechnological Systems EngineeringSummary of the Gordon Center Seminar Day,January 14th, 2020  

Table Of 
Contents

Socio-Technical Integration Challenges • Sergey Tozik
Sergey Tozik presented the application of two theories, based upon management, organization  and 
social sciences, for designing and implementing sociotechnological systems:  The Actor-Network 
Theory (ANT) and the Organizational Routine Theory.

The Challenge of Integrating Human Engineering into the Safety   
Certification Process of AR/VR Systems • Ron Nauman
Ron Nauman is the senior architect of the aircraft division at Elbitsystems. In his talk Ron presented 
how to integrate human engineering aspects into the design, engineering , testing and certification of 
Virtual/Augmented Reality (VR/AR) systems.

Measuring Structural and Functional Complexities  
• Alon Ben Moshe
Alon Ben Moshe from RAFAEL presented his research master thesis at the Technion. Alon developed 
methodologies for measuring and evaluating of structural and functional complexities of equivalent 
mechanical systems. These methodologies can be helpful for the systems engineers when selecting 
appropriate engineering concept.

Implementing Electric Vehicles System in Israel • Idan Liebes
Idan Liebes from  the Neaman Institute at  the Technion presented approaches and  processes for 

implementing charging systems for electrical cars in Israel. Such charging systems demonstrate socio-

technological systems as they involve technical, social and environmental aspects and considerations.

Systems Engineering for the Fourth Industrial Revolution 
• Book announcement
This book is the initiative of its three editors: Prof. Ron Kenett, Dr. Avigdor Zonnenshain and Prof. 
Robert Swarz. The book holds 22 chapters written by 30 international experts. Ron presented the goals 
of the book for researchers, teachers, practitioners, students, and systems engineers, and mentioned 
the intention to prepare a study guide for the book based on case studies. Six of the Israeli contributors 
(Amir Tomer, Avi harel, Yair Shai, Arnon Katz, Eitan Adres and Nirit Gavish) presented shortly 
their chapters. 
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