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the size of the artificial intelligence research community 
by orders of magnitude, with each advance improving the 
intelligence of the researchers in a positive feedback loop. 

The potential rapid succession of increasingly intelligent 
machines designing their successors  has been called an 
"intelligence explosion" [14],  and could conceivably be 
initiated  within  a  single  machine.  This  suggests  that 
safety  concerns  might  suddenly  become  critical,  so 
research would have to be done before it was clear when 
it would be required [10]. 

MACHINE ETHICS CHALLENGES OF 
SUPERINTELLIGENCE
How  would  an  artificial  moral  agent  ideally  express 
human values? Gary Drescher  describes  two classes  of 
agents:  situation-action  machines with  rules  specifying 
actions to perform in response to particular stimuli, and 
choice  machines,  which  possess  utility  functions  over 
outcomes, and can select actions that maximize expected 
utility.  Situation-action  machines  can  produce 
sophisticated  behavior,  but  because  they  only  possess 
implicit goals they are rigid in behavior and cannot easily 
handle  novel  environments  or  situations.  In  contrast,  a 
choice machine  can easily  select  appropriate  actions in 
unexpected  circumstances  based  on  explicit  values  and 
goals [15]. Intermediate between these extremes, agents 
may have  goals  that  are  partially  explicit  and  partially 
implicit. 

Much  discussion  in  machine  ethics  implicitly  assumes 
that  certain  key  features  of  the  situations  of  artificial 
moral agents will be fixed and can be relied on to help 
constitute implicit goals for agents towards the situation-
action  machine  end  of  the  spectrum.  However,  these 
assumptions  are  much  less  likely  to  apply  to 
superintelligent  agents,  and the removal  of each causes 
new design challenges. 

Assumption: AMAs are designed by humans and cannot 
alter their own architectures [19]. 

Design challenge: AI goal systems must be reflectively 
consistent, i.e. the agent must not wish to rewrite its goal 
system to some other [10, 16]. 

Assumption: Humans  will  be  more  powerful  than 
AMAs,  so  it  is  possible  to  use  game-theoretic 
considerations to induce cooperation. 

Design challenge: AMAs must prefer the same outcomes 
as humanity for their own sake, as they plausibly could 
enforce their preferences coercively at an advanced stage. 

Assumption: AMAs can be experimented with and tested 
in environments that closely resemble those in which they 
will be deployed [1]. 

Design challenge: As artificial  intelligences increase in 
sophistication,  their  knowledge,  environment, 
capabilities, and incentives will change, so motivational 
systems that previously produced benign behavior may in 
later stages cause behavior that is catastrophic for human 
beings [10]. 

Assumption: The  design  of  AMAs  will  be  an 
incremental  and  iterative  process,  with  extensive 
opportunity for human supervision [1]. 

Design  challenge: The  potential  for  an  "intelligence 
explosion" could cause large apparent jumps in rates of 
increase  in  intelligence  and  leave  the  superintelligent 
agent free to enact whatever goal system is in place [10]. 

We argue that to deal with these challenges, it would be 
necessary  to  create  an  architecture  towards  the  choice 
machine  end  of  the  spectrum,  with  values  that  fully 
reflect those of humanity. This task is complicated further 
by our lack of introspective access to the causes of our 
moral intuitions [17, 18]. 

CONCLUSIONS
As the sophistication of artificial moral agents improves, 
it  will become increasingly important  to construct  fully 
general  decision  procedures  that  do  not  rely  on 
assumptions of special types of agents and situations to 
generate  moral  behavior.  Since  such  development  may 
require extensive research and it is not currently known 
when  such  procedures  will  be  needed  to  guide  the 
construction of very powerful agents, the field of machine 
ethics  should  begin  to  investigate  the  topic  in  greater 
depth. 
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