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It is difficult to make predictions, 
especially about the future	

If	trend	X	con0nues,	the	result	will	be	disaster.	





London (50,000 horses) and NYC (100,00 horses) 

would be buried under manure. In 1898 the first 

international urban-planning conference convened in 

New York. 

 

It was abandoned after three days, instead of the 

scheduled ten, because none of the delegates could 

see any solution to the growing crisis 

posed by urban horses and their output.	

– Great Horse Manure Crisis of 1894 	



Amara’s Law	

We tend to overestimate the effect of a technology 
in the short run and underestimate the effect 

in the long run. 



Amara’s 

Law 



Example: 

The Number 

of Transistors 
0	

2E+11	

4E+11	

6E+11	

8E+11	

1E+12	

1.2E+12	

1.4E+12	

1.6E+12	

1970	 1975	 1980	 1985	 1990	 1995	 2000	
0	

5E+15	

1E+16	

1.5E+16	

2E+16	

2.5E+16	

3E+16	

3.5E+16	

1980	 1985	 1990	 1995	 2000	 2005	 2010	

0	

1E+20	

2E+20	

3E+20	

4E+20	

5E+20	

6E+20	

7E+20	

8E+20	

1990	 1995	 2000	 2005	 2010	 2015	 2020	
0	

2E+24	
4E+24	
6E+24	
8E+24	
1E+25	

1.2E+25	
1.4E+25	
1.6E+25	
1.8E+25	

2000	 2005	 2010	 2015	 2020	 2025	 2030	



Artificial 

Intelligence	 Machine	Learning	
Knowledge	

Representa0on	
Search	and	
Op0miza0on	

Data	
Analysis	

Ar0ficial	
General	

Intelligence	

Replacement	
of	human	
func0ons	

Sales	and	marke4ng	

Process	op4miza4on,	Industry	4.0	

Data	driven	science:	drugs,	laws	
Analysis	of	social	behaviors		

Financial	analysis	

Telemarketers	

Car	and	truck	drivers	

Personal	assistants	
Legal	analysts	

Radiologists	

Human	level	intelligence	

Flexibility	and	adaptability	

Open-ended	possibili4es	



Supervised 

Learning	

Traditional programming	

Machine Learning	

Computer	

Computer	

Input	

Program	

Output	

Input	

Output	

Program	



Neural 

Networks	
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Deep 

Neural 

Networks	
Deep Neural Networks 
learn hierarchical feature 
representations	
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AI for autonomous driving	

•  Can we code safeguards that ensure autonomous cars will not cause unnecessary deaths? 

•  What warranties can we have that the software will perform as designed? 

•  Can we reach the 99.99999% required for level 4 (or 5) autonomous driving? 

•  What sort of moral or ethical dilemmas may appear? 



Asimov’s three laws of robotics	

1.  A	robot	may	not	injure	a	human	
being	or,	through	inac0on,	allow	a	
human	being	to	come	to	harm.	

2.  A	robot	must	obey	the	orders	given	it	
by	human	beings	except	where	such	
orders	would	conflict	with	the	First	
Law.	

3.  A	robot	must	protect	its	own	
existence	as	long	as	such	protec0on	
does	not	conflict	with	the	First	or	
Second	Laws.	



There is no 

place to write 

Asimov’s laws!	





Legal and Social Challenges	

•  “whereas, ultimately, robots’ autonomy raises the question of their nature in the light of the existing legal categories – of whether they 

should  be regarded as natural persons, legal persons, animals or objects – or whether a new category  should be created” 

•  “creating a specific legal status for robots, so that at least the most sophisticated autonomous robots could be established as 

having the status of electronic persons with specific rights and obligations…” 

•  “consideration should be given to the possible need to introduce corporate reporting requirements on the extent and proportion 

of the contribution of robotics and AI to the economic results of a company for the purpose of taxation and social security 

contributions; takes the view that in the light of the possible effects on the labour market of robotics and AI a general basic 

income should be seriously considered, and invites all Member States to do so;” 

•  “a system of registration of advanced robots should be introduced, and calls on the Commission to establish criteria for the 

classification of robots with a view to identifying the robots that would need to be registered;” 



Speculations	
“The	ever-accelera0ng	progress	of	technology	and	changes	in	the	

mode	of	human	life,	which	gives	the	appearance	of	approaching	

some	essen0al	singularity	in	the	history	of	the	race	beyond	which	

human	affairs,	as	we	know	them,	could	not	con0nue” 

-	Von	Neumman,	quoted	by	Stanislaw	Ulam,	1952 

- Irving John Good,1965 

Let an ultraintelligent machine be defined as a machine that can far surpass 

all the intellectual activities of any man however clever. Since the design of 

machines is one of these intellectual activities, an ultraintelligent machine 

could design even better machines; there would then unquestionably be an 

‘intelligence explosion’, and the intelligence of man would be left far behind. 

Thus the first ultraintelligent machine is the last invention that man need 

ever make, provided that the machine is docile enough to tell us how to keep 

it under control. 



To probe 

further 


