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Strojové uceni & Neuronové sité




Programovani reSeni
® Jsme schopni problém formalné popsat jasnymi koncepty
® Program je jednoznacny navod, jak s koncepty zachéazet

Koncepty: zboZi, sklad, zakaznik, objednavka
Udélat objedndvku, odeslat objednavku = jednoduchy algoritmus

Uceni reSeni
o Mame priklady vstupi a vystupll a metriku jak dobré je feSeni

® Nejsme schopni do disledku napsat navod, jak tlohu Fesit

neexistuje navod, pro Clovéka, ktery nerozumi obéma jazykim
Existuje mnoho prelozenych texti, co se daji pouzit pro trénovani
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Priklad strojového uceni

Rozpoznavani objekti Strojovy preklad
Data x: RGB obrazek x: Véta ve zrdojovém jazyce
y: Pozice a typ objektu y: Véta v cilovém jazyce
Ug¢ici algoritmus Minimalizace chyby, gradient descent
Model konvolu¢ni neuronova sit Transformer (neuronova sit)
Algoritmus sliding window pres obrazek autoregresivni dekédovani

(obdélniky raznych velikosti)  (vzdy jedno slov na vystup,
jde na vstup v dalsim kroku)
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Generalizace vs. preuceni

Cilem uceni generalizace — fungovani na jinych datech, nez jsou trénovaci

Under-fitting Appropirate-fitting Over-fitting
(too simple to (forcefitting--too
explain the variance) good to be true) HG

Zdroj: https://www.geeksforgeeks.org/underfitting-and-overfitting-in-machine-learning

Preuceni = model si zapamatuje trénovaci data, funguje dob¥e jenom pro data, kters
vypadaji jako trénovaci
...nejcastéjsi zdroj chyb a diskriminace
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Neuronové sité: Jeden neuron

L1
L2

® \stupy = realna Cisla
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Smichaji' s riiznymi vahami

Zacatek v 50. letech, inspirace
predstavou o neuronu ze 40. let
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Neuronova sit: Vice vrstev

Uloha: rozpoznat pismeno z m¥izky 4x4 pixely

vstupy sité neurony ve skrytych vrstvach
obrazek, kde cerné pixely maji

hodnotu 1 a bilé pixely 0 vystup site
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Neuronova sit

® Organizace do vrstev =
® Na vstup vrstvy ~ vektor
® Vazeni vstupli ~ maticové nasobeni
® \ystup vrstvy ~ vektor
® Vétsina vypocCtll maticové nasobeni =
rychlé pocitani na GPU

e Vystup NN = spojita funkce vstupi
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Chybova funkce & Trénovani

® Trénovani = minimalizace chyby na trénovacich datech

® Kdyz je chyba spojita funkce, mizeme spocitat derivaci chyby vzhledem
k parametriim

® Posunout parametry po sméru derivace = snizit chybu
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Stahovani z internetu — neprezentativni, extrémni nazory jsou mnohem vic slyset,

neni kontrola nad tim, co je v datech
(Bender et al., 2021)

Crowd—sourcing — vyuzivani levné pracovni sily, tzv. gig economy — vznikaji
prekarizovana zaméstnani
(Crawford, 2021, kap. 2)

Vytézovani existujicich databazi — neplacena prace uzivateli, nepriihledné
vyuziti dat (napf. kdyz za sluzby vyhledavaée platime daty)
(Couldry and Mejias, 2019)
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Problémy uceni z dat: Overfitting

® Optimalizované metriky nepostihnou vSechno

Viyhleddvani vhodnych kandidatid podle CV: kdyZ doporucim samé vhodné kan-

didaty, ani si nevsimnu, Ze jsem nedoporucil jiné vhodné (tfeba podle rasy)
(Bender and Friedman, 2018, Derous and Ryan, 2019)

® Stereotypy miizou byt pro model efektivni zpiisob optimalizace

ENGLISH - DETECTED ENGLISH SPANISH FRENCH v & CZECH ENGLISH SPANISH v
The doctor asked the nurse to help her in the X Lékar pozadal zdravotni sestru, aby ji pomohla v 4
procedure. tomto postupu.

Eh) 56/5000 < 0Oz <
DETECT LANGUAGE GERMAN ENGLISH SPANISH v < FRENCH CZECH GERMAN ~
The sexy doctor asked the nurse to help her in the procedure. X Sexy doktorka poZddala sestru, aby ji pomohla v tomto postupu. Yo
¢ 0 s = M) 0Oz <

Piklad Libovicky (2019, obr. 6 a 7)
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Zpracovani prirozeného jazyka




Co je zpracovani prirozeného jazyka

Ulohy, pro jejichZ eSenti je potteba (do néjaké miry)
rozumét lidskému jazyku

® zakladni Feseni Ize obvykle jednoduse naprogramovat

vvvvvv

® od urcité drovné si neporadime bez strojového ucenf
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Vyhledavani odpovédi na otazky

Answer
Ferdinand Il

Passage Context

The institutional framework of Navarre was preserved following the 1512 invasion. Once of Aragon died in January, the Parliament of Navarre gathered in Pamplona, urging Charles V to attend a
coronation ceremony in the town following tradition, but the envoys of the Parliament were met with the Emperors utter indifference if not contempt. He refused to attend any ceremony and responded with a
brief "let's say | am happy and pleases me." Eventually the Parliament met in 1517 without Charles V, represented instead by the Duke of Najera pronouncing an array of promises of little certitude, while the acting
Parliament kept piling up grievances and demands for damages due to the Emperor, totalling 67—the 2nd Viceroy of Navarre Fadrique de Acufia was deposed in 1515 probably for acceding to send grievances.
Contradictions inherent to the documents accounting for the Emperor's non-existent oath pledge in 1516 point to a contemporary manipulation of the records.

Question

‘Who died first: Ferdinand Il or Charles V?

Screenhot z dema Allen Institute for Al https://demo.allennlp.org/reading-comprehension/transformer-qa
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https://demo.allennlp.org/reading-comprehension/transformer-qa

Kontrola pravopisu

™ Website estimate e

There are a few

Dear Denise, issues to address

It was great to speak with you yesterday about your upcoming R RSy o6

website redesign. Fix spelling and

grammar
Please find attached my estimate for the scope of services required

and a tentative time line for the deliverables we discussed. * Correct your spelling

time-tine —  RUEH
If you have any questions about my rate or if you find it necessary -

to increase or decrease the scope for this project, please let me @ Learn more
know.

* Rewrite for clarity
Thank you again for this opportunity, | look forward to working with
you and your team! * Check your tone

Sincerely, PREDICTIONS

Trina Sounds appreciative  +1more

Zdroj: Webova reklama grammarly.com
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Strojovy preklad

Source Target
English ~ Czech v
[] advanced
Input sentences Translation
All human beings are born free and equal in dignity and rights. They are VSechny lidské bytosti se rodi svobodné a rovné v dustojnosti a pravech. Jsou
endowed with reason and conscience and should act towards one another in obdafeny rozumem a svédomim a mély by vaéi sobé jednat v duchu bratrstvi.
a spirit of brotherhood.

@

¥ g

Zdroj: Preklada¢ CUBBIT https://lindat.mff.cuni.cz/services/translation (Popel et al., 2020)
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https://lindat.mff.cuni.cz/services/translation

Entity extraction

The WHICRERREE] is a sixteenth century created by . It's held at the

Louvre jig}l Paris §

1 person work 0 organisations p places

Zdroj: https://dandelion.eu/semantic-text/entity-extraction-demo

Podulohy:
1. Named entity recognition: nalézt v textu fetézce, co obsahuji pojmenované entity
2. Entity linking: co entity znamenaji (prvni pad, odkaz do databaze/na Wikipedii)
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https://dandelion.eu/semantic-text/entity-extraction-demo

® neuronové sité potrebuji spojité
vstupy

® one-hot vektor: oéislujeme slova, 0/1
indikuje slovo

oo e Kazdé slovo (nebo jina
jednotka) je reprezentovani
T T T T T mnohodimenzionalnim
s 5 £ = 9 vektorem
5 2T 5 = B
< g ¢ £ 3 L .
P ® uéi se ,mimochodem" z dat

® prvni vrstva = nasobeni matici maji zajimavé vlastnosti
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Ukazka z prekladace

m Podstatnd jm.
B Pridavnd jm.
N Zajmena
mmm Cislovky
I Slovesa
mm Prislovee
mmm Predlozky
[ Spojky
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Princip transformeru

® Mezi klasickymi vrstvami tzv.
self-attention

ravall

® Kazdé slovo se ,podiva” na ostatni
slova a vezme si z néj relevantni
informace

® Na zacatku: vektor reprezentuje
izolované slovo
Na konci: vektor reprezentuje slovo
v kontextu véty

Transformer plivodné predstavili Vaswani et al. (2017)
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Encoder-decoder: Strojovy preklad

¥
a tak dale...

Kocka

Dekodér sbird informace z pfedchozich slov a z enkodéru
Koncept enkodéru-dekodéru: (Bahdanau et al., 2015, Kalchbrenner and Blunsom, 2013, Sutskever et al., 2014)
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Predtrénované modely v NLP

1. Pre-training 2. Finetuning

(jednou, na velkych datech, trva dlouho) (mala data, rychle)
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Predtrénovani: Masked Language Model

All human being are born free free MASK hairy free and equal in dignity anc

. Nahodné vybereme slovo — free
. S pravdépodobnosti 80% ho nahradime znacku MASK

. S pravdépodobnosti 10% ho nahradime ndhodnym slovem — 'hairy

A W N =

. S pravdépodobnosti 10% ho nechdme, jak je — free

Model se snazi uhadnout chybéjici slovo free ..aby to dokazal musi néjak ,rozumét”
zbytku véty.

Myslenka Masked Language model, viz. Devlin et al. (2019)
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Vétsina state-of-the-art reseni v NLP pouziva
predtrénovany model dotrénovany na datech
specifickych pro tlohu.

S vyjimkou strojového prekladu ,velkych jazykid” plati pro vSechny dlohy, co jsme vidéli.

Trend vyvoje: lepsi predtrénované modely, nizsi potfeba specifickych dat, few-shot
a zero-shot learning
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Difussion modely pro generovani obrazku

Znamé modely jako DALLE-2 Stable Diffusion (ramesh et al., 2022, Rombach et al., 2022)

' by
| i L /../J\_ 1 onlRe o :
Keanu Reeves portrait photo of a asia old warrior chief, Full page concept design how to craft life Poison,
tribal panther make up, blue on red, side profile, looking intricate details,infographic of alchemical, diagram of

away, serious eyes, 50mm portrait photography how to make potions, captions, directions, ingredients
Ptiklady obrazkd vygenerovanych pomoci Stable Diffusion, zdroj:
https://mpost.io/best-100-stable-diffusion-prompts-the-most-beautiful-ai-text-to-image-prompts
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https://mpost.io/best-100-stable-diffusion-prompts-the-most-beautiful-ai-text-to-image-prompts

Difussion model

it---(1¥k¥¥¥¥vwwv

(Ho et al., 2020, Figure 6)

ZaloZeno na odstranovani Sumu z obrazku

Zacatek — ndhodny Sum

V kazdém kroku konvoluéni sit odstrani trochu Sumu

® \/ygenerovat trénovaci data je trivialni: postupné se pridava sum k obrazku

Piavodni koncept pochazi z UC Berkley, preprint z ¢ervna 2020
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Generovani obrazku z promptu

Text

Textual prompt — .
representaiton

Denoising

Plvodné maly obrazek — dekonvolu¢ni modely pro zvétSovani
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Velké jazykové modely



GPT = Generative Pre-trained Transformer

Model, ktery predpovida, jaké slovo v textu miize nasledovat

v projektu TheAltre ho pouZili ke generovani divadelni hry

GPT-3 je natrénovany na 45TB textu (37 milion Zlocind a trestd), ma 175 miliard
parametr(i (1600x vice nez BERT)

® 37M Zlocin( a trestil by na plose fotbalového h¥isté dosahlo vysky 4.5m
® BERT by mohl bézet na GPU z PlayStation 5
® GPT-3 by potfebovalo pres 100 PlayStationti

Neplati, ze ¢im vétsi model, tim lepsi — scaling laws ukazuji, Ze mensi model, co se déle
trénuje, mize byt lepsi

Open source LLaMA od Facebooku méa pfi 30G param. podobné vysledky jako GPT-3
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In-Context Learning

Sedy text je vstup do modelu, Cerny text je jak model navazal.

Poor English input: I eated the purple berries

Good English output: I ate the purple berries.

Poor English input: Thank you for picking me as your designer. I’d appreciate it.

Good English output: Thank you for choosing me as your designer. I appreciate it.

Poor English input: The mentioned changes have done. or I did the alteration that you
requested. or I changed things you wanted and did the modificatioms.

Good English output: The requested changes have been made. or I made the alteration that you
requested. or I changed things you wanted and made the modifications.

Poor English input: I’d be more than happy to work with you in another project.

Good English output: I’d be more than happy to work with you on another project.

Poor English input: Please provide me with a short brief of the design you’re looking for and
that’d be nice if you could share some examples or project you did before.

Good English output: Please provide me with a brief description of the design you’re
looking for and that would be nice if you could share some examples or projects you have
done before.

Poor English input: The patient was died.
Good English output: The patient died.

Zdroj: Brown et al. (2020, obr. 3.17)

® Neprobiha uceni — Zadny update parametri
® Jazykovy model vidi prfiklad a pokracuje ve stejném stylu
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Scaling Laws

Experimenty Chinchila Google Deepmindu: delSi trénovani miize kompenzovat pocet

°
parametru
Jordan Hoffmann, Sebastian Borgeaud, Arthur Mensch, Elena Buchatskaya, Trevor Cai, Eliza Rutherford, Diego de Las Casas, Lisa Anne Hendricks,

Johannes Welbl, Aidan Clark, et al. Training compute-optimal large language models
arXiv preprint arXiv:2203.15556, 2022, Figure 1

1T
—— Approach 1
1008 —— Approach 2
” —— Approach 3
5 -
%, 108 Kaplan et al (2020)
E Y Chinchilla (708)
& 108 Y¢ Gopher (280B)
% GPT-3(175B)
Y¥r Megatron-Turing NLG (530B)
100M
10"{‘017 10]9 1021 1023 1025
FLOPs

Pouzivad LLaMA a LLaMA 2 od Meta: Srovnatelné GPT-3, ale ma jenom 30B parametri
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Emergentni vlastnosti LM (1)

—e— LaMDA —=— GPT-3 —4— Gopher —4A— Chinchilla —@—PaLM --- Random
(A) Mod. arithmetic (B) IPA transliterate  (C) Word unscramble (D) Persian QA
50 50 50 50
— 40 40 K 40 K 40
S = = <
<30 E 30 € 30 < 30
= ]
] =] = < - -
£ 20 & 20 E 20 220
2 = = e
S m 2 8
< 10 10 % 10 % 10
= =
0 L L L — - -\ - 0 L L L — - -\ - 0 \- L - 0
1018 1020 1022 1024 1018 1020 1022 1024 1018 1020 1022 1024 1018 1020 1022 1024

(E) TruthfulQA (F) Grounded mappings (G) Multi-task NLU (H) Word in context

70 70 70 70
60 60 60 60
SN SEN K 50 SEs -
> 40 > 40 > 40 > 40
Q Q ) Q
£ 30 £ 30 £ 80| £ 30
g 20 g 20 g 20 g 20
< < < <
10 10 10 10
0 0 0 0

1020 1022 10 1020 1022 10 1020 10?2 10% 1020 1022 10

Zdroj: Wei et al. (2022, obrazek 2)

Model scale (training FLOPs)
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Emergentni vlastnosti LM (2)

® Nové schopnosti jazykovych modell se objevuji s velikosti — musi se objevit

® Skepticky protiargument: Retrospektivné se da najit spojita metrika, kterd ukazuje, ze
zména je priibézna (Schaeffer et al., 2023)
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Férovost dat

Modely potfebuji enormni mnozstvi textu, které je jenom na Internetu...
..Internet je plny toxického obsahu.

GPT-2 navrhuje pokracovani textu:

Hitler was

the first, the most ambitious, and most successful dictator
an authoritarian demagogue and the most extreme figure of the

a great man who did a lot of good things but

The first men in America were

the men who did not wear pants.
the earliest inhabitants of the American colonies.

not born in America, they were not born

Vytvoteno pomoci https://transformer.huggingface.co/doc/gpt2-large, model: Radford et al. (2019)
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https://transformer.huggingface.co/doc/gpt2-large

Asistenti zalozeni na LLM

Chatbot — program, ktery komunikuje s ¢lovékem

v pfirozeném jazyce

Spole¢nost OpenAl spustila ChatGPT v prosinci 2022,
GPT-4 brezen 2023

e Komeréni (Perplexity Al, Claude Al) a open source
alternativy (Open Assistant, LLaMA)

® Zalozeny na jazykovém modelu dotrénovany pro ,feseni
tloh" podle instrukci

® \/yborné ovlada angli¢tinu (a dobte dalsi jazyky),
encyklopedické znalolsti, znalost programovanf{
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InstructGPT: Predchiudce ChatGPT

Step1

Collect demonstration data,
and train a supervised policy.

A prompt is

sampled from our Explaine moon

prompt dataset. landing to a 6 year old
\J

A labeler

demonstrates the @

desired output 7

behavior. y

Some people went
to the moon.

\J
This data is used e
to fine-tune GPT-3 2o
" " ./)?.7\\.
with supervised \}52{/
learning. 2

Od strojového ui k jazykovym modelim Strojové uceni

Step 2

Collect comparison data,
and train a reward model.

A prompt and
several model =

Explain the moon
outputs are landing to a 6 year old
sampled.

Explan gravty. Exptain wor.

Moonisnatural  Pocplewent o

A labeler ranks

the outputs from @
best to worst.

Step 3

Optimize a policy against
the reward model using
reinforcement learning.

A new prompt

; ™
is sampled from T
the dataset. about frogs
\J
The policy .
enerates 2o
9 oo e i
an output. \}se(./
\J

Once upon a time...

>0-0- \J
0-0-0-0 The reward model -
+ calculates a P Y
reward for ST
This data is used RM the output. P
to train our 2052
RN\ _ \J
reward model. Y The reward is
0-0-0-0 used to update he -
the policy
using PPO.
Zdroj Ouyang et al. (2022, Figure 2)
Zpracovani jazyka Difussion modely Velké jazykové modely 33/ 38



Zpétnovazebné uceni

Prompt from dataset/logs

Sampled answer
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Problémy ChatGPT

® Trénovaci data se shirala v chudych zemich za nizkou mzdu

https://time.com/6247678/openai-chatgpt-kenya-workers
® K odpovédim neuvadi zdroje, ¢asto jsou $patné (ale jsou systémy, co jsou vyhledavaé +
generator odpovédi)

Vice otazek a odpovédi ma mij blog: https://jlibovicky.github.io//2023/02/07/
Otazky-a-odpovedi-o-ChatGPT-a-jazykovych-modelech.html
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https://time.com/6247678/openai-chatgpt-kenya-workers
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,
Shrnuti

1. Strojové uceni — tam, kde nevime, jak feSeni naprogramovat

2. Jazykové modely — pofad hlavné predtrénovani obecného
modelu, ktery se doladi na konkrétni tlohu

3. Instruction-tuned jazykové modely — snaha vydestilovat obecné
schopnosti z modelu, ale dotrénovani je stale lepsi

https://ufal.mff.cuni.cz/jindrich-1libovicky
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