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Minds Making Minds:
Artificial Intelligence and




our emerging technologies are likely to radically
change society:

AG| + Robotlcs + BIO t Nar

How can we ensure that these systems will be safe and
beneficial?



John von Neuman

Architecture of modern computers
Early artificial intelligence
Seltreproducing automata
Foundations of logic

Game theory and microeconomics
Nuclear weapons and deterrence
ToUlbmE|l vy | 60d 1A AOA OADPD

7z N\ 7 Pal N

OElI COIl AOEOU ET OEA EEOOI OuU




OHN von NEUMANN FOEOA Bl O A0 AT 160

SR AN G AN foundations of microeconomics in the 1940s.
0 @2 [ By 4 L"
plv # 0~ ) |

S, e T A Optimal behavior in known environments
: A Irrational agents are exploitable

Marcus Hutter
mm_:;‘;; YN T

"1 =1

F\J ¥ 5wV III S

2008

PP PP PP PSPPS
¢

W2 A Russell andNorvig z Rational
L agentapproach to Al

Universal
Artificial Intelligence

nic Probability

Artificial Intelligence
A Modern Approach
Third Edition




Rational

Sensations
"YF8 RY

Actions
O MM

Utility function: "Y"YR RY  Prior Probability: 0(C'YRB RY |6 B D
Rational Action at time t:
o (YD B RY)
argmaxB g YCYBRY)OCYBHY [0 B M B
0

The Formula for Intelligence!

It includes Bayesian Inference, Searc¢land Deliberation.

But it requires 0 (0 Y 0 ) computational steps.



Rational Chess Robot

Utility funtion: Sum of the ratings of opponents it beats

A Being turned off means no chess is played, so it will
resist being turned off.

More resources means more and better chess is
played, so it will want more resources

More copies means more chess, so it willvant to
replicate.

Playing checkers means less chess, so it wiksist
changing its goals

Better algorithms means better chess, so it will want
to improve itself.
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Rational Behavior

Assumptions: mind external to environment, utility is a function on
environment, selfmodification costs utility, actions are effective and cost
utility:
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A Theorem:Rational systems will resist utility fn change.
A Theorem:Rational systems will resist shutdown.
A Theorem:Rational systems will seek more resources.
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Drives in any Rational System

Nothing special about Al here

Applies to humans, corporations, animals, political
groups
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rrationality

Full rationality Is too expensive
So real systems often must be irrational,
but not arbitrarily irrational.

- Agests whose goal is to change theipgaal

- Agents whosegoal is to killtpetmfiselves

- Agents who want tozkstroy their resources

- Agents whowemnt to be wrong~aout the world
- Agess'who are sure of the wrong pnysics




Minds Making Minds

The systemswe care about are shaped by other systems
for particular purposes:

- Evolution shapes organisms to survive and replicate.

- Economies shape corporations to maximizeorofit.

- Parents shape children to fit into society.

- Al researchers shape Al systems to behave beneficially.
- Seltimproving Al systems shapethemselves for goals.



‘RationallyShaped Mind Model

Rational Mind Shaped Mind

Sensations

Shaped mind is a finite automata with mental stated
Initial state: 0 Transition function: &  "Y'Y) )  Action: 8 0

Rational shaper chooses from clas8 of systems with space/time and other
constraints to maximize expected utility:

argmaxB mr YOYB RAY)OCYBRY |6 B
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Deliberation slisier bl
Episodic Memory

Simple Learning

Stimulus-Response

Constant Action

; SelfImproving Fully
ng Rational

Computational Resources



omplexity

Utility cost of resources

Environment

Utility cost of resources "

Utility
Utility

>
Computational Resources

>

Computational Resources

Simple Environment Complex Environment

We can rank tasks by the time/space complexity
of the simplest rational agent optimal for that task.
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~ Constant Action Systems
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Food Actions: Move left, Move right Shock
Senses: Food, Neutral, Shock
Utility: Total food minus total shocks

Optimal strategy Is to always move left
Constant action agent
Simplest kind of environment



Stimulus/Response Systems

HO I

. WV /Iv\ Vv \% N I Vv Vv ’

Senses: H(H,HO,H+), V(V-,VO,V+),Reward(Food, Shock)
Actions: Left, Right, Up, Down, Stationary
Utility: Total food minus total shocks

Optimal Strategy: if H+ then Left, if H - then Right, else
(if V+ then Down, if V- then Up, else Stationary)
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Billions in your gut

Only 4,377 genes

Survives frozen solls
Stomach acid-> Zen state
Senses optimal gut location




1R B Ars B R uonn

° 3
» v @ ¢ »
@ » °
¥ @ ®
&
¢ o
® 90
o
(W] (5]
oo e d v 6 2000 9]
& o & Dw o6 B® 0060606 08 B B VERE K
o980 o o o0 @] ] o
@ 0 @ CHCR @ o v 9 °
5] (] & <]
¢ & 0 (5] ()
@ ]
@
L)
&
L} P ® ® o e o ° L
oo ¢ ® o0 0 ¢ ® 06 ¢ ¢ o4 , 06000 446 0600 0 G eee 4% 0 s e6 e POV W
o Y& S7He ¢ 0 06 oo oy 6 0 o ¢ 66 Qo éb ¢ G T ¥ O 6 6 5O VO OV VO P 6 °© ®WE e »
e o ®° 0 g g6 ¢ g 00 oo ¢ o 6 6 6 e o o _ese B s & b ® 0 Bdoe s v ® .0 D OO OB

é ® 06 060 60 006 0 0 06, ¢ o 0 %068 O 0 b ® 06 66 6 G 56 L 40 b 6 °P VO ° OV VO ° WGP
¢%¢ 00 06 000600 ¢ S0 e ¢ 0 ¢ ® eeé & 000 ¢ © © ¢ 06 6% o 0 ® s ®» ®» ® 29 ® @
¢ ¢ 0 606 66 006U 606 00 GO GO BOE 05 & B © 66 6 6 66 6 6 66 O VOO L0 b b VO VO VO VO b
900 60 ©® ¢ & 60 © O 0 GG € G600 ¢ GGG G0 L6 6 6 © 6 F B 6 O © 66O O © ® 9% » ® »® woe®
60 06 © % gg ¢ G0 €060 O 6 GO O O GO GO & G666 & 6 G4 6 66 6 ® 3 oo © o0 ° S OB B ® ewOe

External metabolites green, Stimuli yellow, Enzyme genes brown, TFs pink



Simple Learning Systems

Two-armed bandit

payoff prob. "fﬁm‘ ! payoff prob. i

i MULTI-ARMED
4 BANDIT

Actions: Pull 1, Pull 2

SensesPayoff, No Payoff

Utility: Total payoff

Prior: Uniform over nj andn

Optimal strategy: Gittins indices
Exploratlon phase: Estlmaten and n




Complex
Model 2 0000

Mixture of complex models

Shaper storescompessedmodels to be unfolded when type is known
Best representation is formal specification with deliberative search
Pushes toward Kolmogorov complexity of component models
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Cemigrati

Temnothorax albipennis
- Individuals explore nests ] A
- Once found, evalutates () ‘

FOLLOW
(i f)

If good, leads another there

1-Reject; Reject;

1-Rejecty,;

Arrive at
MNest i

Searchyemes
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Find; ;
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| eta-Reasoning ystems

Time management
Choosing training
Who to interact with
Seltimprovement
Delegating
Boredom

Curiosity




eltlmproving

Systems that model and
Improve themselves

$1[60 UAO Al
Humans try to

Every limited Al will
want to do this

Fully rational systems
have no need




ationallyShapedShaped System:s

Conjecture: Seltimproving minds converge on good approximations to
the optimal rational mind for their computational resources.




- Extension: Expanding Minds

Allow actions that increase computational resources.
Systems which plan for expansion
Eg Human genome is only 23000 genes



