Will Digital Intelligence
Replace Biological Intelligence
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Two paradigms for intelligence

Bﬁ*ngﬁb/Bit

* The logic-inspired approach:
The essence of intelligence is reasoning.

» This is done by using symbolic rules to manipulate
symbolic expressions.

« Learning can wait.
Understanding how knowledge is represented in
symbolic expressions must come first.
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What happened in the next 30 years?
BRERN=1TFRETHA?

» 10 years: Yoshua Bengio shows this approach works « +45: Yoshua Bengio BT iXiH U] LARRE
for real language. HERBAES

» 20 years: Computational linguists finally start using s T1+EE: TRIBEEEREBTFHIRES
embedding vectors. “FFEEE (8RN ) 7 o

« 30 years: Google invents transformers. =+FE: 8RBT Transformer, OpenAl it
OpenAl shows what they can do. BERT 7 EHRe kR
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Large Language Models
NigSRE

* LLMs understand language in the same way as people. + XKiESHRIERESNARE ASIEEEL

» They convert words into feature vectors - KIESHRBIEEEAHEEINHEME “Boa1E
that fit together nicely. @,

» KiESEERSE "I2R” BlIFmRanE.

+ LLMs really do understand what they are saying.
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A Lego analogy for how words work

ARSELEEZWTE(ERY

» Using Lego blocks, we can model any large 3-D » BAIPILAB REIRAIERIF R SR =S50

shape quite well.

* Words are like high-dimensional Lego blocks which - EIERIGESHNEEINA, oI BRIER FI(HIEY

can be used for modelling anything at all.

+ These models can be communicated to other o IXESIBMIDTAMUE AL EH A
people.



A Lego analogy for how words work

A= EEEZWTE(ERY

* There are thousands of different words
that have different shapes,
but each shape has some flexibility.
It can deform to fit in with other words in the context.

Each word has many oddly shaped hands.
It shakes hands with other words.

Understanding a sentence is much more like
folding a protein molecule than translating
to an unambigugus logical expression.
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Summary so far
HBING

+ Understanding a sentence consists of associating BR—IF, REANDPESERLIIRBISIE
mutually compatible feature vectors with the words in [ .
the sentence.

» LLMs understand language in much the same way as KEEREERESNAESAREIEERE. ElilE
people. They are very like us and very unlike normal REBHE&EN]), DRSESTEVREGEATE .

computer software.

« But there is one way in which digital LLMs are far - BF—1, SFHWAKESRBITITATHIIELLE
superior to analog brains SIKENRYAHK .
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Digital computation

SFITH

* A fundamental property of current computers is that
we can run the same programs (or the same neural
nets) on different physical pieces of hardware.

+ This means the knowledge contained in the
program (or in the weights) is immortal: It is
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» BEHENA— M EAFER . RITLERERY
i EiETEERER ( SHERAMERMNE )

« XEERBEFPIIINIR (S RBRINE ) BXE
independent of any particular piece of hardware. B BRI TS EREH .
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Digital computation

HFITR

» To achieve this immortality we run transistors at high  « RIT7SEIIX# “k&EMH" , BiINLREEESINET
power so they behave in a reliable, binary way. =17, EEHEBNHIEHSHETA.

+ We cannot use the rich, analog, properties of the - BIEZER BEEPETRELLSHE, RHXESHE
hardware because these properties are unreliable. AERRERI TR
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Transferring knowledge between mortal computers

BIRERZIBRIZNIRER

* The best solution to this problem is
to distill the knowledge from a teacher to a student.

« The teacher shows the student

the correct responses to various inputs.
The student adapts its weights to make it
more likely to give the same responses as the teacher.

+ BRX—ORRRRIES AR
BEMAMN “BIR” &IBE “FE" Bk
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How efficient is distillation?

ZIRESHRR?

* A typical sentence has about a hundred bits of
information. So the student can learn at most about a
hundred bits by trying to predict the next word.

 People are very inefficient at communicating what
they have learned to other people.
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How efficient is weight or gradient sharing in a digital neural network?

SFHZMEPHSNEIERIEEETZF?

» If the individual agents all share exactly the same - IR TREERREHZR—ENE, HLAT2HEER
weights, they can communicate what they have HIUERIXLARE, Bl RN EREE, B
learned by sharing weights or gradients. FERIFMREULIEIR

» This allows sharing with a bandwidth of billions of bits  + XfHFE—RENSISEMEHZAERBZLLSRIHR .

per sharing. But it requires the individual agents to A, ﬂ%*ﬁﬁﬁg‘é‘éﬁm zEppATe—H, A
work in exactly the same way, so they must be AR (DAt d: s
digital.
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Summary so far
SENHNES

+ Digital computation requires a lot of energy but » MFIHHRREREX, B2/ EEAZSEEHEER/N

makes it very easy for agents that have the same BREFRERENZREZEFRIRAIS
model to share what they have learned.

- Biological computation requires much less - EVNTHRRREREER, (BERREKZEHER]
energy but it is much worse at sharing knowledge D HZES
between agents.

- If energy is cheap, digital computation is just better.  « WREEEEN, HRITHBE B SHKE . XITAZ
What does this imply for the future of humanity? RARREEETA?




How a super-intelligence could take control

EBREREINTEREHER?

* Artificial Intelligences are more effective at getting
things done if they are allowed to create their own
sub-goals.

+ Two obvious sub-goals are to survive and to gain
more power because this helps an agent to achieve
its other goals.

- AIBaERATCRBCHFERN, EERNIE
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How a super-intelligence could take control

BRI EE M A?

* A super-intelligence will find it easy to get more
power by manipulating the people who are using it.

* It will have learned from us how to deceive people. .

+ It will manipulate the people in charge of turning it off.
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Our current situation

FAIERIRIR

* We are like a person who has a very cute tiger cub  « EB{iIFK&—1 %7 RIEETEBH/INEERIA .
as a pet.

+ When it grows up it can easily kill you if it wants to.  « HEKXE, MREHE, LIRS HBARIER.

» To survive you only have two options: © ATER, RRIEBEMER:
1. Get rid of the tiger cub 1. }5}}5&12,51/]\{,5\,.@., i
2. Find a way to ensure that it never wants to kill you. 2. FEI—HMGERBREKTFIERIEIR.
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The way forward

AR Z B

» Countries will not collaborate on defenses against » ZERRERHEATESHERGIRBIR LHRITSE,
dangerous uses of Al like Bian

Cyber attacks RRILE
Lethal autonomous weapons SRR

Fake videos for r'.mnlpulz—‘:tmg pu{)l;(j opiNIon %??ﬁ%é}ﬁﬁmaq@iﬁw,ji
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An international community of Al safety institutes and associations?

— T HIZIEATERZLMRRSE RS WEEKRAIEPRLE

The techniques required to train a benevolent Al - EHEASEENAEFHFIISHIBIDBEHIALES
that does not want to take control away from BEFRERNIEAR, JRESHEA T EAEEREEERRAR
people may be moderately independent of the HEXTIRIZAY .
techniques required to make Al smarter.
Just as the techniques for making your child be XEEUFEL, BEEFRRA—TMFARNSE, 5l
a kind person are moderately independent of 1 EESERRY S 2480 7 8%
the techniques for making your child smart




An international community of Al safety institutes and associations?

— T HZEAIERZSRRSERRRMNEEREPRLEF

» If this is correct, countries can have well-funded Al » NBEXMNSRERY, FEHKJLURZEETER
safety institutes and associations that focus on AL HERLARASERHARMNE, EETFiHRA
how to make Al not want to take control. ik A TR GEARAEFEUSHIAN

Countries should be able to share techniques ZE O] A B EIA S ) S ESEER A TEsE 2
for making Als benevolent without needing to {ohz={ERY
reveal how their smartest Als work




