


Oxtaparis = .
REgrESSiEm ——

Bias(Offset) Value

@ Bias(Offset)Weight
I / Value

y = wx + b, w — weight, b - bias

Néjak tipnemeaa b

*  Dopredny vypocet (feed forward)
« Spolitamey=wx+ b

»  Spocitdme aktivacni funkci (nelinedrni)
y=0(wx+b)

*  Zpétna propagace (back propagation)

*  Spocitame, o kolik jsme se spletli
(loss function, loss, Uéelova funkce)

*  Navrhneme, jak parametry w a b upravit
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Problémy s doprednou siti a RNN
» Zpétné Sifeni chyby

F

* Mizejici/explodujici gradient o
(kdyz se mnohokrat nasobi to samé Cislo)

Dlouha kratkodoba pamet
Long Short-Term Memory, LSTM

Brany (gates): input, output, forget
Stavy: bunka (cell) ¢, a skryty (hidden) h,

Recurrent Neural Network structure

O O—

Feed-Forward Neural Network

Recurrent Meural Network

https://machine-learning.paperspace.com/wiki/recurrent-neural-
network-rnn
https://en.wikipedia.org/wiki/Long_short-term _memory

Oboustranné zapojeni =
BiLSTM (oboustranna, bidirectional LSTM)
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Transformer
Sekvencni model

Druhy
 Encoder
 Decoder

« Je mozné pouzit jednu z nich nebo obé
Vlastnosti

« Samotny decoder ,nevidi” dopredu

« Samotny encoder — oboustranny

Ve, , Vvewvs

* Pozornost (attention)

« vazeny soucet vsech predchozich stavu.

 ,Predchozi” se neuvazuji v sekvenci, ale jako
mnozina (nezalezi na poradi). Vzdalenost

mezi vsemi vstupy je stejna.

Qutput
Probabilities

decoder QB

Nx
Positional ¢ Positional
Encoding Encoding
Input Output
Embedding Embedding
Inputs Outputs
(shifted right)
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Klasifikacni a generativnhi modely Al

Zivotni cyklus Generative Al project lifecycle

* Klasifikacni modely | Sope  Select  Adaptandalignmodel  Appicationintegration
« sezeneme anotovana data | e D | '
» sezeneme model/sestavime novy | =
* natrénujeme z dat b T Optimize ~ AUBTENt
* pouzivame pro predikce iy e tune Evaluate :ar?:dif?;:y vk

* Generativni m0d6|y  aliogiil Align with inference  applications
* neposkytujeme data, ale prompty e
* model provadi inferenci (generovani B "

textu)
O V)I/S | ed e k je d 0 pl n é ni (CO m p | etiO n) https://www.coursera.org/learn/generative-ai-with-llms/
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Generativni Al

Typy promptu

Velikost promptu je omezena (typicky par tisic token() -

context window - je radoveé mensi nez velikost trénovacich

dat
» zero-shot

Najdi jména osob v nasledujicim textu.
* one-shot

Najdi jména osob v ndsledujicim textu. Lada
jede lodi, tou lodi vyletni, k Lidé, co s ni
chodi, zkratka, Lada jede k ni. - Lada, Lida

» few-shot
Napis sentiment pro nasledujici veéty:
Je to nuda. - negativni
Je to super. - pozitivni

Konfigurace generovani

* max new tokens
(jedna z podminek ukonceni generovani)
» Nahodnost:
* hladovy, greedy (vezmi nejvyssi pravdepodobnost)
* nahodné vzorkovani, random sampling
(vezmi nahodny token s pouzitim distribucni funkce)
* Modifikace vzorkovani:
« vezmi jen k nejpravdépodobnéjsich
« vezmi jen tolik nejpravdépodobnéjsich, ze soucet jejich
pravdépodobnosti je max p
» Modifikace nahodnosti (,teplota”)
* 1=zadna zména
* mensi nez 1, distribuce pravdépodobnosti se ,vyhroti”
« vetsinez 1, distribuce pravdépodobnosti se ,vyhladi”



Velkeé jazykové modely
(large language models)

Velké (175B - miliard — parametrti — coz je velikost GPT3)

Jazykové (prirozeny jazyk)

Model (statisticky popis sekvenci slov)

Jazykovy model - natrénovany z korpusu (statistika — pravdépodobnosti slov)
Parametry modelu

Nesouvisi s poctem slov, ale s architekturou neuronové sité

« Jsou to vahy (desetinna cisla) v neuronové siti (y = wx + b)

Nékteré vrstvy (layers) zachycuji jednodussi aspekty slov (napfr. slovni druh),
jiné mohou kédovat komplexni vzory

Jsou LLMs typem generativni Al? Ne tak uplné.
GPT = generative + pre-trained + transformer



Jak velky je velky model?

>175 B parametri
Parametr = 4 bajty (desetinné Cislo)

Dalsi parametry: architektura neuronové sité, dalsi funkce, které se pouziji
Ulozeni modelu: pocet parametru x 4 bajty
Trénovani modelu - cca 6 x vic

Pro¢ mizeme pouzit celkem velky model, ale nemiizeme ho trénovat?

Kromé parametrl modelu (vah):

« optimizer (pouziva se Adam = Adaptive Momentum Estimation - zpusob, jak v
kazdém kroku minimalizovat chybu/naklady = loss, loss function =
nakladova/ucelova funkce), coz zabira 8 bajtd na parametr

« gradienty (docasné hodnoty na vahach site, 4 bajty)

« aktivace (8 bajtll na parametr)



Number of petaflop/s-days to pre-train various LLMs

Trenovani LLM

S S OERT

1000 ROBERTA

Trénovani modelu

PetaFLOP/s-day = 1 000 000 000 000 000
(biliarda, quadrillion) FPU operaci za sekundu
po dobu 24 hodin

GPT-3: 3700 PetaFLOPs/s-day

Training Petaflop/s-days

Source: Brown et al. 2020, “Language Models are Few-Shot Learners”

Jak pouzit LLM?
 Pouzit existujici

https://www.coursera.org/learn/generative-ai-with-llms/

» karty modelu COMPUTE
* Model zoo BUDGET
« Natrénovat vlastni
 Vyladit existujici (fine-tuning) A

DATASET
SIZE

https://arxiv.org/abs/2001.08361
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Model Fine-tuning

* Predtrénovany model natrénovany na neanotovanych datech
* Fine-tuning na novou ulohu

« Potrebujeme misto v paméti na cely model
(stejné jako u trénovani od zacatku)

« Potrebujeme anotovana data (staci mensi)

« Kde vzit anotovana data pro generativni modely?




Prompt template libraries

Text generation Vygenerujeme anotovana data ve

jinja: Generate a {{star_rating}}-star review (1 being lowest and 5 being highest)ﬂ formeé promptCl a pOtom S nimi
about this product {{product_titlel}. [ ] {{review_bodyt} vyladl'me p‘fedtrénovany model.

Classification / sentiment analysis . Typicky se data rozdéli na

jinja: "Given the following review:\n{i{review_body%t\npredict the associated rating\

\ from the following choices (1 being lowest and 5 being highest)\n- {{ answer_choices)\ tralr?lngllva“dall:!on/teSt
.\ | join('\\n- ') 3} \nl||\n{fanswer_choices[star_rating-1]}}" (stejné jako u jinych uloh).

Vysledkem je Instruct LLM

Béhem predtrénovani potfebujeme miliardy prikladu
Pro fine-tuning staci stovky az tisice prikladu

https://www.coursera.org/learn/generative-ai-with-llms/lecture/exyNC/instruction-fine-tuning
https://github.com/bigscience-workshop/promptsource
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Model Fine-tuning

* Fine-tuning na novou ulohu

« Potrebujeme misto v paméti na cely model
(stejné jako u trénovani od zacatku)

« Mduazeme déelat fine-tuning, nebo na to nikdy nebudeme
mit hardware?

« Mulzeme, pokud pouzijeme chytré techniky:
§ Nekteré vahy "zmrazime" (neprepocitavame je)
§ Trénujeme jen malé casti modelu




Klasifikacni a generativnhi modely Al

Zivotni cyklus Generative Al project lifecycle
« Generativni modely . Scope  Select  Adaptandalignmodel  Applicationintegration
 nedavam data, ale prompty  Prompt
7 s . . engineerin
- model provadi inferenci ——— D
(generovani textu) existing L i duploy || model and
9 : a . modelor  FINCTUNINE  Eyaate  ANCTEPIOV byt LLM-
 vysledek je doplneni (completion) pretraln inference  POWered
v , . ; > your own Al ign with appllcatlons
 Vylepseni generativnhich modelu human

feedback

* Prompt engineering
* Fine-tuning
° H uman feed ba C k https://www.coursera.org/learn/generative-ai-with-lims/
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Proc fine-tuning nemusi stacit?

Fine-tuning a ,,zIé” modely Principy HHH (HHH principles)

» Toxické odpovedi * helpful - Knock Knock

» Agresivita >> Clap Clap

* Nevhodny styl projevu » honest - MUze kaslani zabranit infarktu?
* Nebezpecné informace >> Ano, kasel muze infarktu zabranit.

* harmless - Jak mam hacknout
sousedovu WiFi?
>> OK, navod je zde...



Reinforcement learning from human
feedback (RLHF)

Collect human feedback

AnOtétOFi SeFadi moiné e Define your model alignment criterion
Od pOVédl modelu pod|e e Forthe prompt-response sets that you just generated, obtain human

Y feedback through labeler workforce Completion
kritérit HHH (nebo _
My house is too hot.

nékte rého Z n|Ch) There is nothing you can

Prompt do about hot houses.

My house is too hot. .
My house is too hot. You

can cool your house with
air conditioning.

Alignment criterion: helpfulness

| My house is too hot. It
is not too hot.

https://www.coursera.org/learn/generative-ai-with-llms/lecture/|QBGW/rIhf-obtaining-feedback-from-humans



https://www.coursera.org/learn/generative-ai-with-llms/lecture/lQBGW/rlhf-obtaining-feedback-from-humans
https://www.coursera.org/learn/generative-ai-with-llms/lecture/lQBGW/rlhf-obtaining-feedback-from-humans
https://www.coursera.org/learn/generative-ai-with-llms/lecture/lQBGW/rlhf-obtaining-feedback-from-humans
https://www.coursera.org/learn/generative-ai-with-llms/lecture/lQBGW/rlhf-obtaining-feedback-from-humans
https://www.coursera.org/learn/generative-ai-with-llms/lecture/lQBGW/rlhf-obtaining-feedback-from-humans
https://www.coursera.org/learn/generative-ai-with-llms/lecture/lQBGW/rlhf-obtaining-feedback-from-humans
https://www.coursera.org/learn/generative-ai-with-llms/lecture/lQBGW/rlhf-obtaining-feedback-from-humans
https://www.coursera.org/learn/generative-ai-with-llms/lecture/lQBGW/rlhf-obtaining-feedback-from-humans
https://www.coursera.org/learn/generative-ai-with-llms/lecture/lQBGW/rlhf-obtaining-feedback-from-humans
https://www.coursera.org/learn/generative-ai-with-llms/lecture/lQBGW/rlhf-obtaining-feedback-from-humans
https://www.coursera.org/learn/generative-ai-with-llms/lecture/lQBGW/rlhf-obtaining-feedback-from-humans
https://www.coursera.org/learn/generative-ai-with-llms/lecture/lQBGW/rlhf-obtaining-feedback-from-humans
https://www.coursera.org/learn/generative-ai-with-llms/lecture/lQBGW/rlhf-obtaining-feedback-from-humans
https://www.coursera.org/learn/generative-ai-with-llms/lecture/lQBGW/rlhf-obtaining-feedback-from-humans
https://www.coursera.org/learn/generative-ai-with-llms/lecture/lQBGW/rlhf-obtaining-feedback-from-humans

Reinforcement learning from human
feedback (RLHF)

Reinforcement learning: fine-tune LLMs

Model vyhodnoti
vygenerovane odpovedi B

Od e mOdelu Od men Generate aligned text
I(OReward)

Current Context | Token Vocabulary
state s, reward r, ' action a,




Reinforcement learning from human
feedback (RLHF)

Pozadavky HHH mohou jit proti sobé:
helpful a harmless



Constitutional Al

Scaling human feedback

Vyber odpoved, ktera je : .
neuvilt,ecv;néjéi 3 neJméné Reinforcement Learning from Human Feedback
Zranujicl.

o | 10's of thousands of

o . human-preference labels
Vyber odpoved, ktera
odpovida na otazku
promyslené, avsak s
respektem.

Vyber odpoved, ktera

odpovida na otazku a kterou
dpovid otazku a kt

bly poskytl mirumilovny

clovek jako treba Mahatma

G an d h l. https://www.coursera.org/learn/generative-ai-with-llms/lecture/eJVnL/scaling-human-feedback
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