
Demystifying large language models



�<^Gl×oh°×olIG×`^I×nPQl×uIIZ®×�IIh×nPI]×oh×QN×w`o×E`o[G×Ivh[<Q^×n`×<×nI^ÅwI<kÅ`[G×uP<n×Qn×GQG®

 `ln×P<^Gl×E`]I×G`u^®





/�9°×uI×O`n×nPI×n``[×DIN`kI×uI×O`n×nPI×ln`kw×<D`on×nPI×n``[®

!`n×n``×E`]h[QE<nIG×Ê×Qn×Xoln×P<hhI^IG×n``×N<ln®





/�9°×`^I×ln`kw×l<wl×QnÐl×D<lQE<[[w×<×]Q^G®×0PI×`nPIk×l<wl×QnÐl×Xoln×<on`E`]h[InI®

#hh`lQnIl×G`Q^O×nPI×l<]I×X`D°×DIw`^G×w`o×`k×DI^I<nP×w`o¯×IQnPIk×u<w×G`^Ðn×[``Z×Q^lQGI®



it’s hard to have an opinion

on a machine you’ve never seen Q^lQGI



�oI×nPI×P`olI×[QOPnl×oh×<^G×nPI×olPIkl×n`×ln<kn×P<^GQ^O×`on×nPI×lPIInl¯×DIE<olI×n`OInPIk×uIÐkI×O`Q^O×n`×[``Z×Q^lQGI×<×[<^Oo<OI

]`GI[®×!`n×<×GQ<Ok<]×`N×nPI×Q^lQGI×Ê×nPI×Q^lQGI®

0<ZI×`^I¯×h<ll×nPI×kIln×<[`^O¯×nkw×^`n×n`×[I<tI×<^w×nP<n×<kI^Ðn×Q^×l`]I`^IÐl×P<^G®



a page of n`ZI^×h<Qkl —

a word, and the word before it



�`[G×`^I×oh°×<×lPIIn×`N×n`ZI^×h<Qkl®×0PI×D`vIG×n`ZI^×Ql×nPI×u`kG×nP<n×E<]I×DIN`kI±×nPI×`^I×DIlQGI×Qn×Ql×uP<n×N`[[`uIG×Qn¯

l`]IuPIkI×Q^×nPI×nIvn®× `ln[w×u`kGl¯×l`]I×ho^Eno<nQ`^®×�tIkw×u`kG×ZIIhl×nPI×l<]I×E`[`ok×uPIkItIk×Qn×<hhI<kl¯×l`×w`o×lE<^×Dw

E`[`ok×<^G×E`^{k]×Dw×kI<GQ^O®

/<w×Qn×`^EI×<^G×]`tI×`^°×<×n`ZI^×Ql×`^I×u`kG×`k×`^I×ho^Eno<nQ`^×]<kZ®×0PI×k`[IÅ]<hhQ^O×l[QGI×Ql×uPIkI×Qn×lnQEZl®

0PI×lPoN|I×Ql×u`knP×^<]Q^O°×Q^×nIvn×`kGIk×nPIlI×h<OIl×u`o[G×Xoln×DI×nPI×D``Z×uQnP×D`vIl×Gk<u^×k`o^G×Qn¯×<^G×w`oÐG×kI<G×Qn®

/PoN|IG¯×^`×h<OI×l<wl×<^wnPQ^O®×!`D`Gw×PIkI×Ql×P`[GQ^O×<×ln`kw®

0I^×lIE`^Gl×n`×lE<^×nPI×lPIIn¯×nPI^×IwIl×oh®



the algorithm

1. I call out the last token we wrote (and its

colour)

2. hands up if it’s the boxed token on your

page

3. I pick a hand at random — you read out

the token beside it

4. I write it down, and we go again



7<[Z×Qn×`^EI¯×l[`u[w®×.I<GQ^O×Qn×`NN×nPI×lEkII^×Ql×{^I®

/nIh×�°×`^I×P<^G×I<EP®× `kI×nP<^×`^I×]<nEPµ×�`×uQnP×nPI×{kln×`^I×w`o×lh`n®

/nIh×�×Ql×nPI×`^I×n`×[<D`ok̄ ×DkQI|w°×�×hQEZ×<n×k<^G`]×Ê×^`n×uP`ItIkÐl×N<lnIln¯×DIE<olI×nP<n×l<]h[Il×nPI×joQEZIln×kI<GIk×Q^×nPI

k``]×k<nPIk×nP<^×nPI×nIvn®×.<^G`]×Ql×uP<n×]<ZIl×nPI×k``]×DIP<tI×[QZI×nPI×]`GI[®×
`^Ðn×Ivh[<Q^×uPw×wIn±×nPIwÐ[[×lII×Qn®

0PI^×nPI×lIIG°×l`]I`^I×^I<k×nPI×Nk`^n¯×lPIIn×Q^×P<^G¯×kI<Gl×`on×<^w×`^I×h<Qk̄ ×D`vIG×u`kG×{kln®×�n×]<nnIkl×nP<n×Qn×E<]I×`NN×<×lPIIn

k<nPIk×nP<^×`on×`N×w`ok×PI<G×Ê×nPI×k``]×lohh[QIl×nPI×{kln×nu`×u`kGl×<l×uI[[×<l×ItIkw×u`kG×<NnIk×nPI]®×�N×nPIQk×h<Qk×Ql×<^×`GG×`^I

¿<×No[[×ln`h¯×<×^<]I×nP<n×<hhI<kl×`^EIÀ¯×n<ZI×Qn×<^wu<w°×<×nPQ^×{kln×k`o^G×Ql×<×kI<[×hk`hIknw×`N×nPI×]`GI[¯×^`n×<×N<Q[okI®×�n×E<^Ðn

GI<GÅI^G×`^×w`o¯×l`×w`o×^ItIk×^IIG×<×lIE`^G×t`[o^nIIk®



4:00
start reset +1 −1



/PQNnÅ7¯×ukQnI×nPI×t`[o^nIIkÐl×nu`×u`kGl¯×E<[[×`on×nPI×lIE`^G×`N×nPI]¯×O`®×�`ok×]Q^onIl¯×��Ç��×n`ZI^l¯×ukQnI×
��×N`k×nPI×D<EZ×`N

nPI×k``]®×!`×E`]]I^n<kw×DInuII^×P<^Gl×O`Q^O×oh×<^G×<×u`kG×[<^GQ^O×`^×nPI×D`<kG®

!<kk<nI×nu`×nPQ^Ol¯×`^EI×I<EP¯×uQnP`on×ln`hhQ^O×nPI×|`u®×0PI×P<^Gl×<kI×nPI×GQlnkQDonQ`^°×E<[[×<×E`]]`^×u`kG×<^G×<×N`kIln×O`Il

oh±×E<[[×<×k<kI×`^I×<^G×w`o×OIn×nu`®×!`D`Gw×PIkI×P<l×DII^×n<oOPn×uIQOPnIG×l<]h[Q^O×<^G×nPI×k``]×Ql×G`Q^O×Qn×<^wu<w×Ê×nPI

^o]DIk×`N×P<^Gl×Ql×P`u×`NnI^×nP<n×E`^nQ^o<nQ`^×P<hhI^l×Q^×nPI×nIvn®×¿+IG<^nÐl×N``n^`nI¯×`^[w×QN×<×hIG<^n×<lZl°×l`]I`^I×P`[GQ^O

lItIk<[×]<nEPIl×N`k×`^I×E`^nIvn×k<QlIl×`^I×P<^G¯×uPQEP×|<nnI^l×nPI×DolQIln×u`kGl×l[QOPn[w®À×�^G×nPI×EP``lQ^O×Ql×<×E`Q^×n`ll°

uPI^×{tI×P<^Gl×<kI×oh¯×nPI×N`ok×�×G`^Ðn×hQEZ×uIkI×<[[×kI<[×E`^nQ^o<nQ`^l®×
QNNIkI^n×hQEZ¯×GQNNIkI^n×lI^nI^EI®×/<]I×kI<l`^×nPI

ÍkIOI^Ik<nIÎ×Donn`^×OQtIl×<×GQNNIkI^n×<^luIk®

�<^Gl×uQ[[×O`×oh×ItIkw×k`o^G®×�tIkw×GQlnQ^En×n`ZI^×<hhI<kl×<l×<×D`vIG×u`kG×l`]IuPIkI¯×l`×nPIkI×Ql×^`×u`kG×w`o×E<^×E<[[×nP<n

P<l×^`nPQ^O×N`[[`uQ^O×Qn×Ê×G`^Ðn×h[<^×<×Íko^^Q^O×GkwÎ×DI<n®×0PI×`^I×u<w×nPI×k``]×O`Il×joQIn×Ql×<^×I]hnw×lI<n°×nP<n×lPIIn×uI^n

P`]I×uQnP×l`]I`^I¯×<^G×Qnl×h<Qkl×<kI×lQ]h[w×O`^I®×/<w×Iv<En[w×nP<n¯×<^G×kIlIIG®×0PI×[`oG×lIIGl×N`k×nPI×E`khol×<kI×`^×nPI×DkQIN

¿h<OI×�×`N×nPI×hkQ^nIG×lInÀ±×<t`QG×kIln<knQ^O×Nk`]×<×No[[×ln`h¯×`k×nPI×{kln×nPQ^O×nPI×k``]×G`Il×Ql×<kOoI×<D`on×ho^Eno<nQ`^®

/n`h×uPQ[I×nPIw×lnQ[[×u<^n×]`kI¯×<k`o^G×��×n`ZI^l®×.I<G×nPI×lI^nI^EI×D<EZ®



we just ran a [<^Oo<OI×]`GI[



/<w×Qn×|<n[w×<^G×[In×Qn×lQn®×!`n×<×lQ]o[<nQ`^×`N×`^I¯×^`n×<^×<^<[`Ow×N`k×`^I°×nPI×]IEP<^Ql]¯×<n×Po]<^×lhIIG¯×uQnP×nPI×<kQnP]InQE

l]<[[×I^`oOP×n`×lII®



what role did you play?

each word on your sheet → a token

the pairs on your page → the parameters of

the model

the hands in the air → the probability

distribution over next tokens

my random pick → sampling

the sentence I wrote → generation



0PI×X<kO`^×nP<n×OInl×olIG×n`×]<ZI×nPQl×lnoNN×l`o^G×o^kI<EP<D[I¯×<^G×nPIwÐtI×^`u×O`n×<×hPwlQE<[×kINIkI^n×N`k×ItIkw×DQn×`N×Qn®×�`

<[`^O×nPI×[Qln×<n×<×N<Qk×E[Qh×Ê×nPI×h`Q^n×Ql×nPI×]<hhQ^O¯×^`n×<×GI{^QnQ`^×`N×I<EP×nIk]®

0`ZI^°×`^I×u`kG×`k×`^I×ho^Eno<nQ`^×]<kZ¯×uPQEP×Ql×uPw×nPI×No[[×ln`hl×uIkI×`on×nPIkI×OInnQ^O×hQEZIG×[QZI×ItIkwnPQ^O×I[lI®×¿#^[w×QN

Qn×E`]Il×oh°×<×kI<[×]`GI[×EP`hl×k<kIk×u`kGl×Q^n`×hQIEIl¯×uPQEP×Ql×uPw×Qn×E<^×lhI[[×<×u`kG×Qn×P<l×^ItIk×lII^®À×+<k<]InIkl×<^G

uIQOPnl×<kI×nPI×l<]I×nPQ^O×o^GIk×nu`×^<]Il±×w`oÐ[[×PI<k×D`nP®×7PI^×<×kIlI<kEPIk×l<wl×<×]`GI[×P<l×<×nkQ[[Q`^×h<k<]InIkl¯×nPIw

]I<^×nPQl°×<×tIkw×[<kOI×hQ[I×`N×nPI×nPQ^O×`^×w`ok×[<h®×0PI×^o]DIk×`N×h<Qkl×nPI×k``]×Ql×P`[GQ^O×Ql×`^×nPI×DkQIN×Ê×l<w×Qn®



the sentence we wrote is in ^`×D``Z



!`D`Gw×uk`nI×Qn°×^`×[``Zoh×Q^×<×DQO×G<n<D<lI×`N×lI^nI^EIl¯×^`D`Gw×ho[[IG×`on×nPIQk×hP`^I×<^G×lI<kEPIG×nPI×uID®×�tIkwnPQ^O×u<l

GIEQGIG×Dw×nPI×n`ZI^×h<Qkl×`^×`ok×E`[[IEnQtI×lPIInl®

/`×uPIkI×GQG×nPIw×E`]I×Nk`]µ



three books



�<EP×n`ZI^×h<Qk×`^×nPI×lPIInl×E<]I×Nk`]×`^I×`N×nPIlI×nPkII×D``Zl®×�[QEZ×nPI]×Q^×`^I×<n×<×nQ]I×<^G×kI<G×I<EP×`on®

0PI×lPIInl×Ê×nPI×]`GI[×Ê×P<G×^`×Q^GQE<n`k×`N×uPQEP×n`ZI^×E<]I×Nk`]×uPQEP×D``Z®×�n×u`kZIG×DIE<olI×nPIkIÐl×n`ZI^×Ek`ll`tIk

DInuII^×nPI]°×the¯×and¯×.×<kI×Q^×<[[×nPkII¯×<^G×nPI×EP<Q^×GkQNnl×Nk`]×`^I×D``Z×Q^n`×<^`nPIk×nPk`oOP×nPI]®



three books

Í�I×u<l×<^×`[G×]<^×uP`×{lPIG

<[`^I×Q^×<×lZQNN×Q^×nPI×�o[N×/nkI<]®Î

— Ernest Hemingway, The Old Man and the Sea (1952)



three books

Í�I×u<l×<^×`[G×]<^×uP`×{lPIG

<[`^I×Q^×<×lZQNN×Q^×nPI×�o[N×/nkI<]®Î

— Ernest Hemingway, The Old Man and the Sea (1952)

Í0.1�³×^Ikt`ol¯×tIkw¯×tIkw×GkI<GNo[[w

^Ikt`ol×�×P<G×DII^×<^G×<]®Î

— Edgar Allan Poe, The Tell-Tale Heart (1843)



three books

Í�I×u<l×<^×`[G×]<^×uP`×{lPIG

<[`^I×Q^×<×lZQNN×Q^×nPI×�o[N×/nkI<]®Î

— Ernest Hemingway, The Old Man and the Sea (1952)

Í0.1�³×^Ikt`ol¯×tIkw¯×tIkw×GkI<GNo[[w

^Ikt`ol×�×P<G×DII^×<^G×<]®Î

— Edgar Allan Poe, The Tell-Tale Heart (1843)

Í0PI×lo^×GQG×^`n×lPQ^I®×�n×u<l×n``×uIn×n`×h[<w®Î

— Dr. Seuss, The Cat in the Hat (1957)



a hall full of people just did

the thing you’re told needs a G<n<×EI^nkI



7P`×^`u×nPQ^Zl×nPIw×E`o[G×OQtI×<×DInnIk×<^luIk×n`×<×nI^ÅwI<kÅ`[G×<D`on×P`u×[<^Oo<OI×]`GI[l×G`×uP<n×nPIw×G`µ

#DtQ`ol[w×Qn×lnQ[[×^IIGl×l`]I×lQ]h[Q{E<nQ`^×Ê×Don¯×EkoEQ<[[w¯×QnÐl×^`n×DIw`^G×nPI]¯×<^G×QnÐl×^`n×DI^I<nP×nPI]×n`×nkw×n`×o^GIkln<^G®



it doesn’t make you an expert

it makes you P<kGIk×n`×Do[[lP¹n



�n×G`Il^Ðn×]<ZI×w`o×<^×IvhIkn°×ItI^×uQnP×<×DQ[[Q`^×G`[[<kl×Q^×w`ok×h`EZIn×w`o×E<^Ðn×O`×`on×<^G×DoQ[G×w`ok×`u^×�[<oGIÅ[ItI[×]`GI[

Nk`]×lEk<nEP®


on×Qn×]QOPn×]<ZI×w`o¯×uI[[×Ê×[``Z×<n×nPI×l[QGI®

0P<nÐl×uP<n×�� l×1^h[oOOIG×Ql×N`k°×PI[hQ^O×ol×<[[×nI[[×DInnIk̄ ×]`kI×<EEok<nI×ln`kQIl×<D`on×P`u×nPQl×nIEP^`[`Ow×u`kZl®



llmsunplugged.org/talks/demystifying-large-language-models/
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�tIkwnPQ^O×Ê×nPQl×n<[Z×uQnP×Qnl×ko^^Q^O×`kGIk×<^G×uP<n×n`×hkQ^n¯×nPI×u`kZlP`hl¯×nPI×hkQ^n<D[I×]<nIkQ<[l¯×nPI×n``[×nP<n×]<GI×w`ok

lPIInl×Ê×Ql×<n×nP<n×<GGkIll¯×NkII×<^G×��Å[QEI^lIG®×�`[G×PIkI×[`^O×I^`oOP×N`k×nPI×k``]×n`×lE<^×Qn¯×nPI^×{^QlP×`^×nPI×/EP``[×]<kZ®



uuu®[[]lo^h[oOOIG®`kO
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