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The!inner!experience!of!every!agent!is!unique.!



The!Scien9fic!method!as!a!learning!algorithm!

“So!the!world!acts!on!us!like!a!teaching!machine,!
reinforcing!our!good!ideas!with!moments!of!
sa9sfac9on.…we!learn!to!abandon!certainty!…!we!
learn!to!do!experiments,!not!worrying!about!the!
ar9ficiality!of!our!arrangements.!Our!
understandings!accumulate.!It!is!all!unplanned!
and!unpredictable,!but!it!leads!to!reliable!
knowledge,!and!gives!us!joy!along!the!way.!!

Weinberg,"“To"explain"the"world:"the"discovery"of"modern"science”,"2015"
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The!!agent!!extracts!sta9s9cal!dependencies!

x1,"x2"x3…"" y1","y2,"y3…""

P(X,Y)=P(Y|X)P(X)"
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The!!agent!forms!an!hypothesis!

x1,"x2"x3…"" y1","y2,"y3…""

P(X,Y)=P(Y|X)P(X)"

Y=F(X) 

How!complex!is!the!data!analysis?!
What!is!the!probability!that!the!hypothesis!is!correct?!
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How!complex!is!the!data!analysis?!
!
Size!of!the!problem:!!"N"
"
How"many"computaOonal"steps"are"required""to"form"an""
hypothesis"with"bounded"error"probability"""
"
perror"""less"than"some"maximum"error""!
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How!complex!is!the!data!analysis?!
!
Size!of!the!problem:!!"N"
"
How"many"computaOonal"steps"are"required""to"form"an""
hypothesis"with"bounded"error"probability"""
"
perror"""less"than"some"maximum"error""!

If!number!of!steps!to!reach!this!error!is!!
NOT!exponen9al!in!N,!the!agent!can!learn.!!



April,!2015.!!

The!new!product!is!“a!fully!managed!machineAlearning!service!
!for!developers!with!no!experience,”!

“Anything!you!can!fit!into!a!spreadsheet!file!you!can!!
feed!into!a!machineAlearning!service,”!!
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The!agent.!

Inside!a!
Google!server!facility.!



The!Scien9fic!method!as!a!learning!algorithm!

X" Y"
The!

!experiment!

The!!
agent!

noise!

The!world!

x1,"x2"x3…"" y1","y2,"y3…""

Stochas9c!input! Stochas9c!output!



The!Scien9fic!method!as!a!learning!algorithm!

X" Y"
The!

!experiment!

noise!

The!world!

x1,"x2"x3…"" y1","y2,"y3…""

Stochas9c!input! Stochas9c!output!
Ar9ficial!!

Intelligent!agent!



The!Scien9fic!method!as!a!learning!algorithm!



The!world!of!classical!physics!!

Newton!

Maxwell!

Einstein!



The!world!of!classical!physics!!

Physical!systems!have!objec9ve!proper9es,!!
even!if!unknown.!
!
Correla9ons!in!measurement!results!are!explained!!
by!rela9ons!between!objec9ve!proper9es.!!
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The!quantum!world!

THE QUANTUM PRINCIPLE. 
 

The!physical!universe!is!irreducibly!random.!

Given!complete!knowledge!of!the!state!of!a!physical!
system,!there!is!at!least!one!measurement!the!

results!of!which!are!completely!random.!!



The!quantum!world!

!
CERTAINTY WITHIN UNCERTAINTY 

   Given complete knowledge of a physical state there 
is at least one measurement the results of which are 

completely certain.!



The!quantum!world!

The!only!objec9ve!facts!are!the!results!!
of!measurements.!!
!
Correla9ons!between!measurement!!
results!are!explained!by!....!!!!



The!quantum!world!

The!only!objec9ve!facts!are!the!results!!
of!measurements.!!
!
Correla9ons!between!measurement!!
results!are!explained!by!!a!new!!
probability!calculus!!!!

…!agrees!with!experiment!be\er!than!any!other!theory.!!
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The!sta9s9c!of!results!in!a!quantum!world.!!

x1,"x2"x3…"" y1","y2,"y3…""

P(X,Y)=P(Y|X)P(X)"

The!theory!predicts!(incredibly!well)!the!observed!rela9ons!
!
and!that!is!all!we!can!say.!
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Google!has!a!hunch!…!
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Ar9ficial!agents,!freedom!and!!crea9vity.!!

2012!



Ar9ficial!agents,!freedom!and!!crea9vity.!!

A!model!of!an!ar9ficial!agent!that!exhibits!a!
no9on!of!freedom!in!dealing!with!its!environment.!
!
Demonstrates,!
!
1.  a!no9on!of!freedom!exists!for!en99es!that!operate,!without!

excep9on!and!at!all!scales,!under!the!laws!of!physics.!

2.  !free!behavior!as!an!emergent!property!of!biological!systems!of!
sufficient!!complexity!that!have!evolved!a!specific!form!of!
memory.!

Briegel,!Sci!Rep.!(2012).!!



Ar9ficial!agents,!freedom!and!!crea9vity.!!
ProjecOve"simulaOon"(Briegel).!!

1. Memory!to!store!the!stochas9c!records!(episodes)!of!
actuator/sensor!strings.!!

2.  Sequences!(clips)!of!episodes!can!be!recalled!and!processed!
separately!from!the!world!!

3.  A!stochas9c!processing!on!a!network!of!clips!
4.  Decay!rate!for!the!memory!…!forgedng!!…!!
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Ar9ficial!agents,!freedom!and!!crea9vity.!!
ProjecOve"simulaOon"(Briegel).!!

1. Memory!stores!stochas9c!records!(episodes)!sensor/actuator!strings.!!
2.  Sequences!of!episodes!(clips)!processed!separately!from!the!world!!
3.  A!stochas9c!processing!on!a!network!of!clips!
4.  Decay!rate!for!the!memory!…!forgedng!!…!!
5.  Reinforcement!learning!on!clip!links.!!
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ProjecOve"simulaOon"(Briegel).!!

quantum



Ar9ficial!agents,!freedom!and!!crea9vity.!!

QAAI!agents!learn!faster.!
!
!
QAAI!agents!…!may!be!more!crea9ve!.!
!
!
QAAI!agents!…!may!be!more!free!
!
!
QAAI!agents!…!at!home!in!a!quantum!world.!!!
!


