
[이미지 출처: 
The Economist] 
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[출처: The Guardian] 
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 “The only realistic alternative I see is relinquishment: to limit 
development of the technologies that are too dangerous, by 
limiting our pursuit of certain kinds of knowledge” 
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 Machine ethics is concerned with ensuring that the behavior 
of machines toward human users, and perhaps other 
machines as well, is ethically acceptable 

 The ultimate goal of machine ethics is to create a machine 
that itself follows an ideal ethical principle or set of principles; 
that is to say, it is guided by this principle or these principles 
in decisions it makes about possible courses of action it could 
take 

 Implicit vs. Explicit (Moor, J. H. 2006. The Nature, Importance, 
and Difficulty of Machine Ethics. IEEE Intelligent Systems 
21(4): 18–21. ) 

◦ A machine that is an implicit ethical agent is one that has been 
programmed to behave ethically, or at least avoid unethical 
behavior, without an explicit representation of ethical principles -- 
constrained in its behavior by its designer who is following ethical 
principles 

◦ A machine that is an explicit ethical agent is able to calculate the best 
action in ethical dilemmas using ethical principles 

 Machine ethics is an inherently interdisciplinary field 
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 Ethical ramifications to what machines currently do and 
are projected to do in the future 

 Humans’ fear – whether these machines will behave 
ethically, so the future of AI may be at stake 

 Research in machine ethics will advance the study of 
ethical theory 
◦ AI makes philosophy honest – Daniel Dennett  
◦ How agents ought to behave in ethical dilemmas 

 “Because we are concerned with machine behavior, we 
can be more objective in examining ethics than we would 
be in discussing human behavior” – Susan Leigh 
Anderson, Professor Emerita of Philosophy at the 
University of Connecticut 
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 Strategy 3: Understand and Address the 
Ethical, Legal, and Societal Implications 
of AI  
◦ Improving fairness, transparency, and 

accountability-by-design  

◦ Building ethical AI  

◦ Designing architectures for ethical AI  
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“Research in this area can benefit from 
multidisciplinary perspectives that involve 
experts from computer science, social and 
behavioral sciences, ethics, biomedical 
science, psychology, economics, law, and 
policy research” 



 What ethical principles should AI researchers follow? 

 Are there restrictions on the ethical use of AI? 

 What is the best way to design AI that aligns with human values? 

 Is it possible or desirable to build moral principles into AI systems? 

 When AI systems cause benefits or harm, who is morally responsible? 

 Are AI systems themselves potential objects of moral concern? 

 What moral framework and value system is best used to assess the impact 
of AI? 
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 If the data is incomplete or biased, AI can exacerbate problems of bias 
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[출처: TechCrunch] 

[출처: MIT Technology Review] 
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[출처: Bloomberg] 
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the COMPAS Recidivism Algorithm 
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 Support research into mitigating algorithmic 
discrimination, building systems that support fairness 
and accountability, and developing strong data ethics 
frameworks  

 Encourage market participants to design the best 
algorithmic systems, including transparency and 
accountability mechanisms such as the ability for 
subjects to correct inaccurate data and appeal 
algorithmic-based decisions.  

 Promote academic research and industry development 
of algorithmic auditing and external testing of big data 
systems to ensure that people are being treated fairly.  

 Broaden participation in computer science and data 
science, including opportunities to improve basic 
fluencies and capabilities of all Americans.  

 Consider the roles of the government and private sector 
in setting the rules of the road for how data is used.  
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[출처: The Guardian] 

출처: [Would You Kill the Fat Man?] ©  프린스턴 대학 출판사 



 6 online surveys (n = 1928 total participants) between June and November 2015 
 In study one (n = 182 participants), 76% of participants thought that it would be 

more moral for AVs to sacrifice one passenger rather than kill 10 pedestrians 
 how likely they would be to buy an AV programmed to minimize casualties? 

likelihood of buying an AV was low even for the self-protective option (median = 50) 
 it appears that people praise utilitarian, self-sacrificing AVs and welcome them on 

the road, without actually wanting to buy one for themselves. 
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Jean-François Bonnefon (CNRS, Univ. of Toulouse), Azim Shariff (Univ. of Oregon), Iyad Rahwan (MIT Media Lab) 
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Toyota Kirobo 

KURI 

Softbank Pepper 

Jibo 

Buddy 

LG Hub 



 로봇공학자의 전문가적 윤리 

 로봇 안에 프로그램된 ‘모럴 
코드'(moral code) 

 로봇에 의해 윤리적 추론이  
이루어질 수 있는 자기 인식 
능력을 의미하는 로봇 윤리 

+ 

 사용자 윤리 
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[출처:  Future of Life Institute] 

Summary Statement of the Asilomar 
Conference on Recombinant DNA in 1975 

NIH-RAC formed as a result 



 6) Safety: AI systems should be safe and secure throughout their operational lifetime, and verifiably so where 
applicable and feasible.7) Failure Transparency: If an AI system causes harm, it should be possible to ascertain 
why. 

 8) Judicial Transparency: Any involvement by an autonomous system in judicial decision-making should 
provide a satisfactory explanation auditable by a competent human authority. 

 9) Responsibility: Designers and builders of advanced AI systems are stakeholders in the moral implications of 
their use, misuse, and actions, with a responsibility and opportunity to shape those implications. 

 10) Value Alignment: Highly autonomous AI systems should be designed so that their goals and behaviors can 
be assured to align with human values throughout their operation. 

 11) Human Values: AI systems should be designed and operated so as to be compatible with ideals of human 
dignity, rights, freedoms, and cultural diversity. 

 12) Personal Privacy: People should have the right to access, manage and control the data they generate, 
given AI systems’ power to analyze and utilize that data. 

 13) Liberty and Privacy: The application of AI to personal data must not unreasonably curtail people’s real or 
perceived liberty. 

 14) Shared Benefit: AI technologies should benefit and empower as many people as possible. 

 15) Shared Prosperity: The economic prosperity created by AI should be shared broadly, to benefit all of 
humanity. 

 16) Human Control: Humans should choose how and whether to delegate decisions to AI systems, to 
accomplish human-chosen objectives. 

 17) Non-subversion: The power conferred by control of highly advanced AI systems should respect and 
improve, rather than subvert, the social and civic processes on which the health of society depends. 

 18) AI Arms Race: An arms race in lethal autonomous weapons should be avoided. 
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1. Ethics Isn’t Just About Legal Risk 
2. Internal vs. External Advisors: Pros 

And Cons 
3. More than Lip-Service About Ethics 

-- Patrick Lin and Evan Selinger 
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[출처: Reddit] 
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Bruce M. McLaren @ CMU 



1. 로봇은 인간에게 해를 가하거나 해를 당하는 상황에서 무시하
면 안 된다 

• ‘인간’을 어느 개념으로 정의할 것인지부터 쉬운 문제가 아니다. 인류는 한
동안 다른 인종을 인간과 다르다고 분류한 적도 있고, 앞으로는 생물학적 
특징만으로 인간을 정의하기 어려워질 수 있기 때문이다. 로봇에 이를 주
입하는 것이 쉬운 일은 아니다. 

• ‘해를 가한다’는 것을 판단하려면 우선 그 행동의 결과가 누구에게 해가 될 
수 있는지를 알아야 한다. 하지만 모든 상황을 정확히 판단한다는 것은 불
가능한 일이다. 주변의 인간에게는 해를 가하지 않아도 지구 어딘가에 있
는 다른 인간에게 해를 끼칠 수도 있는데 이를 계산할 방안이 없다. 

2. 로봇은 1원칙에 어긋나지 않는 한, 인간의 명령에 복종해야 한
다 

• 인간의 발언 중 어디까지가 명령임을 알아내는 것 자체가 쉬운 일이 아니
다. 제1원칙과 제2원칙을 따라서 행동한 것이 특정인을 구했지만, 그 결과
로 인류에게 엄청난 파국을 일으킨다면 어떻게 할 것인가? 

3. 로봇은 1, 2원칙에 어긋나지 않는 한, 자신을 지켜야 한다. 

 0원칙 (1985): 로봇은 인류에게 해를 가하거나, 또는 해를 당하는 
상황을 무시해서는 안 된다. 
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 의무론적이고 하향식 방법의 문제는 규칙
을 완벽하게 따를 때도 여전히 끔찍한 결과를 
일으킬 수 있다 
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Viktoriya Krakovna, FLI / DeepMind @BAI2017 
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Viktoriya Krakovna, FLI / DeepMind @BAI2017 
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• The machine’s purpose must be to maximize the 
realization of human values. In particular, it has no 
purpose of its own and no innate desire to protect 
itself.  

• The machine must be initially uncertain about what 
those human values are. The machine may learn more 
about human values as it goes along, of course, but it 
may never achieve complete certainty.  

• The machine must be able to learn about human 
values by observing the choices that we humans make.  

• Inverse reinforcement learning (IRL), concerned with learning the values of 
some by observing its behavior. By watching a typical human’s morning 
routine, the robot learns about the value of coffee to humans.  

• 상향식 접근은 인간 행동의 목적과 결과, 영향, 행동이 윤리적 
기반을 갖는 것임을 판단하는 능력을 갖추고, 이를 다시 내부
의 코드로 만들어가야 하는 어려움을 갖고 있다. 

• 인간 가치를 표현하고 이를 각 인간의 배경에 따라 윤리, 법, 
도덕으로 인지할 수 있는 능력을 포함해야 하므로 아직 이런 
방향의 연구는 초기 단계라고 생각한다. 더군다나 이런 인간 
행동이 윤리적 의미를 갖게 될 때에는 다양한 인간 감성 표현
과 감정을 이해해야 하는데, 이는 아직 우리가 알고 있는 인공
지능 기술에서도 매우 어려운 분야이다. 
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 The field of study concerned with understanding, recognizing, and 
utilizing human emotions and other affective phenomena in the 
design of technological systems - IEEE 
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 Mark Riedl and Brent Harrison. 2016. Using Stories to Teach Human Values to Artificial Agents. 
In Proceedings of the 2nd International Workshop on AI, Ethics and Society. 

 로봇이나 인공 행위자(에이전트)가 이야기를 읽고, 각 사건의 바람직한 결과를 학습해, 인간 
사회에서 성공적인 행동을 이해하도록 훈련하는 시스템 
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http://moralmachine.mit.edu/ 

Providing a platform for 1) building a crowd-sourced 
picture of human opinion on how machines should 
make decisions when faced with moral dilemmas, and 2) 
crowd-sourcing assembly and discussion of potential 
scenarios of moral consequence 
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 Transparency 

 Explainability 

 Computational model of ethics 

 How Do We Align Artificial Intelligence with Human 
Values?  
◦ Understanding what “we” want 

◦ Humanity do not agree on common values, and even parts 
we do agree on change with time 

 Collaboration between AI researchers and Ethicists 
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[출처:  Kate Darling, MIT] 
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