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Large Language Models

LLMs
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R

Kasneci, E., Sessler, K., Kiichemann,
BKEHE 112-2 Kutyniok, G., Michce| , Nerdel,
nges of large language

RBEZEEEE (Large Language Models, LLM),
TR FE BAREE S EE (Natural Language

Process, NLP) fEIZ ER1F T B8 EHIHE R,

TEREZEE dMTransformerZRig, BHEHIE AR
KEIFEEI RIS R,

AR AR B g3 A4 plcER N SBAEELAY SR [BI1 & fH

#. BT HMEESHEMNER, MEEEES

BRI & KB ESHEE A1 T Open AIIGPTR @
5|, Googlef)Gemini% 3. Meta®ILLaMA X 5| @

S ERE UXENXAEN HERETIIR, 8
RYIEMESR,

and challen



https://doi.org/10.1016/j.lindif.2023.102274

1.

- EAIEEEBAET

Benchmarks
MNIST (handwriting recognition) @ SQUAD 1.1 (reading comprehension)
Switchboard (speech recognition) SQUAD 2.0 (reading comprehension)
® ImageNet (image recognition) @ GLUE (language understanding)

F Bl IR 02 -
&5 A 2 performance

0.0
KB AL
=IH §_0.2
EEIREE 5 s
HEEMEE C
:'f«(tﬂk; g—o.s p
iﬁ -0.8
S J o /S U S—

|
2000 2005 2010 2015 2020

B 112-2 Hutson, M. (2022, May 5). Computers ace IQ fests but still make dumb mistakes. Can different tests help? [Science].
https://www.science.org/content/article/computers-ace-ig-tests-still-make-dumb-mistakes-can-different-tests-help
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- EERINESHER
X

Output

X
t Pre-trained
; 3 LLM
Prompt ) y " S

(/As of my last upda’re
in January 2022, I

can't provide which
country won ... 2023.

w

Fan, W,, Ding, Y., Ning, L., Wang, S., Li, H., Yin, D., Chua, T.-S., & Li, Q. (2024). A Survey on RAG Meeting LLMs: Towards

BUAMH 112-2 Retrieval-Augmented Large Language Models (arXiv:2405.06211). arXiv._https://doi.org/10.48550/arXiv.2405.06211


https://doi.org/10.48550/arXiv.2405.06211

- AEEEEMYER

R

g

o XIW (hallucination): LLMA[REEE AR T RIZME
HEEIEEIR RAZREBH EREZ TRIGMEIZE,
o fiRZ MR

o EILIMEHMEMKEKNSEMAENEHNEHNIS ML AT
SHEM, ELEEHMIRMALLMAHE AN,

o HHREMBMBRZ/NMPFEEEEF, EFtEEEIRER,
o BELIFAE:

o REFESHEERFINRIMEA(fine-tuning) T FHIERELER
= RELFTREREHER,

o BILIMEmREESEMEMREE #LUERINEFHAD,

@

BUK i 112-2



=9 HTLLAMARGPURREER

LLaMA Model Minimum
VRAM

Recommended GPU Examples

Requirement

LLaMA / 6GB
Llama-2 7B

LLaMA / 10GB
Llama-2 13B

LLaMA / 20GB
Llama-2 33B

LLaMA / 40GB
Llama-2
65B/70B

RTX 3060, GTX 1660, 2060, AMD 5700
XT, RTX 3050

AMD 6900 XT, RTX 2060 12GB, 3060
12GB, 3080, A2000

RTX 3080 20GB, A4500, A5000, 3090,
4090, 6000, Tesla V100, Tesla P40

A100 40GB, 2x3090, 2x4090, A40, RTX
A6000, 8000

B 112-2 Allan Witt. (2024, February 2). LLaMA and Llama-2 Hardware Requirements for Local Use (GPU, CPU, @
- RAM). Hardware Corner._https://www.hardware-corner.net/guides/computer-to-run-llama-ai-model/



https://www.hardware-corner.net/guides/computer-to-run-llama-ai-model/

D
i
™

i |‘|W

a
“

NVIDIA
RTX-A6000-48G

15R188 |

LEREEEA ARGSEEA

Bk 112-2 AT (2023, +=A9E) . ABHBEHIAIRE 14855 BN 168 THR+ BOMR, ETiodoy $iRIE, @
- https://www.ettoday.net/news/20231209/2639636.htm
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(@) Prompt Learning

~_ ’RFASFE (1/2)

o HLEEIRAFEHIESMEALLM, LURREFAIZKIEIELLMAYEE
1, BA T HEIEEEE,

o IERFIIE (prompting engineering):

o FHIDEREHRE, 5IELLMEBESEFIST AL T ET
(downstream tasks)

o ER{F: PIXHEEE AR A B TE L2 B E IR

o FEEFNEERK. BEFEHE

o M, EEREBHET, LLMIWEER ZEXEIBAENH

Fan, W., Ding, Y., Ning, L., Wang, S., Li, H., Yin, D., Chua, T-S., & Li, Q. (2024). A Survey on RAG Meeting LLMs: Towards @

B 112-2 RT val-Augmented Large Language Mo d Is (arXiv:2405.06211). arXiv._https://doi.org/10.48550/arXiv.2405.06211



https://doi.org/10.48550/arXiv.2405.06211

A BARERRBAYER SRR BAENITHETS, Hlanlgs ). [95%a].
BN AR

I RHRRTR SRR AMAR S, LUR AN A
S REL A EE

P IRHtERIR TN LT X [ RHERARMKEER T LURIEE.
R SEE R i BRIk

O REtEISHFRH

M BB A ZRERHREE R S5 H IR X PRV ERIE

T RERFRRELV 2 EHLIERNRE

AIPROMTZE}&

Korzynski, P., Mazurek, G., Krzypkowska, P., & Kurasinski, A. (2023). Artificial intelligence prompt engineering as a new digital @

i‘&xmm 112-2 competence: Analysis of generative Al technologies such as ChatGPT. Entrepreneur ial Business an d Econom ics Review, 11(3), 25-37.



ChatGPT PlusInge

MYGPT

< @@ FEsemREEs

® Published - 88 Everyone

Create Configure

Name
PEXAXEBEER
Description

Generates academic paper titles in Chinese and English.

-

El] Ll_
RN

BUK i 112-2

?ﬁﬁﬂﬂﬁﬁ

E’] q:lX
<A

Instructions

Scholarly Title Creator generates academic paper titles in Chinese and
English, covering a broad range of subjects including specific fields like
‘information retrieval' (B#£H&%). It assists researchers and academics by
crafting titles that are coherent, relevant, and academically sound. The GPT
understands both common and specialized research areas, ensuring titles
accurately reflect the user's content.

Generate a title for my paper on Al ethics

Suggest a title for a study about ancient Chinese history




(@) Prompt Learning
X ®=REEE (2/2)

o ATERRTARTLENEY, FREMEEHAER
AR EN

o ENRIEHEE (In-Context Learning, ICL):

o TIRTAFPIRE—ERE, FELLMBE N EEHFER.
o WEINEEIEFE (few-show tasks): REIR & BRI ER
, GPT-3th RE30 IE fE[B] 25,
o BEMMLEHSHRENRE, BIRFEMNH#HE, KEAHET
HIRE, RMEZELLMERLIR.,

B % 112-2 Liu, J., Shen, D., Zhang, Y., Dolan, B., Carin, L., & Chen, W. (2021). What Makes Good In-Confext Examples @
- for GPT-3? (arXiv:2101.06804). arXiv. https://doi.org/10.48550/arXiv.2101.06804



https://doi.org/10.48550/arXiv.2101.06804

Information Retrieval Large Language Model
BAEE jga XEEEERE

A
Retrieval-Augmented Generation

RAG

FERR HEnE ARk

BUK i 112-2



Retrieval-Augmented Generation (RAG)

—
x_ R R 15 A X

o RAGHIEZERBANBEEFRRRMIES S E X EIEH
HEES, AXREESRERMHENF RN, B fEEHEE
SREREDGE, KALLBA KBRS RE L RANE P RIER,

o RAGHE RMIMUIEZH AR IEFIESEREHE 18 3 il 12 Y
MBS, SEXHEEEHREAGS R AB R R,
EEANKEESERENER,

o AEHH, RAGHETHMAMMEEEBKIFSMAREE.
FAEEZEHIFEREZERE, RFEHEMAERAGH
MRRTHINNBENE, B ER/NMEMETHIUR.

BUK i 112-2



? % RAG:E_E LLMs = RA-LLMs

Pre-trained
y Yy LLMs

(/As of my last upda're
in January 2022, I

can't provide which
country won ... 2023. )

Context

> - External
Query — | &) Database
Women's World Cup I Additional information:

ioz;. _____ . { New, Domain-specific, etc.|

-

Spain won the

See o TR SR B G e e a» o

Fan, W,, Ding, Y., Ning, L., Wang, S., Li, H., Yin, D., Chua, T.-S., & Li, Q. (2024). A Survey on RAG Meeting LLMs: Towards

BUAMH 112-2 Retrieval-Augmented Large Language Models (arXiv:2405.06211). arXiv._https://doi.org/10.48550/arXiv.2405.06211


https://doi.org/10.48550/arXiv.2405.06211

Get web results for your queries

What is the price of iPhone 14 Plus

Quick Search

1. apple.com - Apple iPhone 14 Plus
2. apple.com - Buy iPhone 14 and iPhone 14 Plus
3. apple.com - Buy iPhone 14 Plus 128GB Blue - Education

, Answer

The prices for the iPhone 14 Plus are as follows
+ 128GB:5899(2, 3]

+ 256GB:8999(2, 3]
» 512GB:$1199(2, 3]

What is the price of iPhone 14 Plus >

@ One-click prompts @  Webaccess 3results v Google Search - Advanced v

WebChatGPT

B % 112-2 hitps://chromewebstore.google.com/detail/webchatgpt-chatapt-%E5%85%B7%E5%82%99%E4%BA%92
- %E8%81%AFWE7%B6%B2%E8%A8BAA /Ipfemeioodjbpieminkklglpmhlngfcn?hl=zh-TW



https://chromewebstore.google.com/detail/webchatgpt-chatgpt-%E5%85%B7%E5%82%99%E4%BA%92%E8%81%AF%E7%B6%B2%E8%A8%AA/lpfemeioodjbpieminkklglpmhlngfcn?hl=zh-TW
https://chromewebstore.google.com/detail/webchatgpt-chatgpt-%E5%85%B7%E5%82%99%E4%BA%92%E8%81%AF%E7%B6%B2%E8%A8%AA/lpfemeioodjbpieminkklglpmhlngfcn?hl=zh-TW

ARBIGEERR
Y
|
' A\
KRR SR IRREASE

REGEERE RERIBIRER
HY1EMR

RAGIEZE

B21F:
%nﬁ E

|

i E &

Google
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Input Problem
Sympton: | had very bad cardiac pain this morning, also felt dizzy and nauseous. It lasted for a few minutes.

Patient file: female, 34 years old, height: 170cm, weight: 55kg, ...

: i Retrieval :
: DExtt;l;nal ; i Retrieved
: atabase - ;
: Pre-retrieval Enhancement Reaulls
P 0 r A i
H % ! | The first
! Open- ' v J :
: : _ | symptom
. sourced Rewrite  Expand i | sign of
H [ — E " . \ a heart
¢ | attack is
N o C:) Angina
: i —~ Retriever { [oEeA
' : Q i | caused by N
: H \ | i|adecrease
§ Closed- | | t|in
: sourced ! ! | myocardial
: | Post-retrieval Enhancement s |Proodiion:
= : :
; v 4L N
! ar :
Filter Compress ;

]

BUK i 112-2

Augmentation Generation

1

| e 1
M 1

Generator F}.

1

1

Input-layer .

: g \
Augmentation | @_)\

' Intermidiate-layer

B

i i 1
: e I
f ! Generator :
: :
5 ]

Output-layer
Augmentation

é Generator @ 1—):

&y |
<

e e e e o e o oy
|
\
|
\
\
|

Augmentation

Output
Answer

According to
1 your sympton
: and conditions, |
, Yyou are likely
thaving Coronary:
, Artery Disease ,
1 (CAD).CAD is !
' caused by !
,plaque buidup in;
1 the wall of the !
| arteries that
1 supply blood to !
' the heart (called X
, coronary
1 arteries).... :

- - -

Fan, W,, Ding, Y., Ning, L., Wang, S., Li, H., Yin, D., Chua, T.-S., & Li, Q. (2024). A Survey on RAG Meeting LLMs: Towards

Retrieval-Augmented Large Language Models (arXiv:2405.06211). arXiv. https://doi.org/10.48550/arXiv.2405.06211
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Retrieval Stride (Retrieval Frequency)

@z~ Retric
~_ EMREEA:RRIIE BREE)

e ont-time

BT —RigfEpitk i Fr B BRI X
B ERARLLME EEABAEE
= HNFKAEFEENNMBEHENREESFEA
#UUERAAERMKXEZ, HlanfEss (summarization)
e every-n-tokeniRevery token
o tokenzEtEEHFEAIPHIETANE
o MEHREAMNMIANESHNEITIER, AILIHESERH
RS
o Bt EEMEER/M

o O O O

BUK i 112-2



3. WETE

Sympton: | had very bad cardiac |
Patient file:

2. 5| HL

it

1. &R A

Pre-retrieval Enhancement

: 0_“r1
; [

[ Retevance scoring |- |
r_f

— 0 —{ B Embedding\ j

Rewrite Expand

{ Query :
' =) poca T Retrieved Results
|— etriever Chunkina/ (Chunks/Documents/
| Q g —| q@ﬁ Toker“z'gg/ @ Indexing ] TOkenS/Enfi'ﬁeS/. )
. Database _ — T
Post-retrieval Enhancement

( Q Relevance Scor‘ing}

Filter Compress

v JL |
ar

@

BUK i 112-2



IR R

DREE R =R

Query

s @
Da'rabase

{ * Relevance Scor'ing}

r_J‘

o "[ %, B Embedding

BUK i 112-2

-

\P

v
J * Relevance Scor'ing]

|

|

)

' ﬁ SREAREBH |

‘ \ Retrieved Results
Chunking/ (Chunks/Documents/
Tokemzmg/ @ Indexing } Tokens/Entities/..)
J



|

Retrieval Granularity

1ce Scoring J

[

Retrieved Results
(Chunks/Documents/
@ Indexing J]kTokens/Enﬂﬁes/ .2)

~\

|

|

ce Scoring J

BUK i 112-2

5| HLEE

TFZ=MEGI XARBIK /N

o ex: B, K%, —1
i, —EERANG. e,
=35

Chunk Retrieval: LIEY% A

FHNERIRIT

BEWMRSIMNXAERXHE

&Y (slice)
o Ik EIrIY] Wi [E] &
(recall)

FLE FLEEHRACGHITE R &2

- B @




Pre-Retrieval Enchancement

—
x_ BRIER  BRAER

Sympton: | had very bad cardiac | S =
Patient file: ® gﬁl EEE&E (q uery

__________ <~ expansion): 1% i@ #E B I H| 15 2
b Retrieval " 5540 B R 44 R e P
Pre-retrieval Enhancement Re %, 5@{1/\11:;%;@55:5%
Q C 3 M o IEEMEEMH® (query write):
e e )| AR—ELLMERES BT
S ¢ C:>A:gt: EEIJ
g‘ Retriever e A
g Q |5 o EHIEEMIASAR (query
5 |, augmentation): {5 &5 4] EL
Post-retrieval Enhancement : [P0 ﬁﬁﬁ}?’;ﬂiﬂ"]ﬁ%%%ﬁé, Jﬁ%%ﬁﬂ"]

Y4 JL A
Cooar 3 A5 Eh1EE
Filter Compress 1 | _nﬁlnn &

BUK i 112-2



Post-Retrieval Enchancement

T
x_ BRIER - BREYUN

Sympton: hadverybad cardec ) o Retrieve-Rerank-Generate
A (R?G): LI R G R xRk
\1 Retrieval Ret Y] (top-k), E&EHEEZERR
Pre-retrieval Enhancement Re _FﬂEIB%ETXLE"J*E’ﬁTEEJ
r A — i
RQ Tus T . BRER
ewrite Expand v sic
|2 o WRETHRAL, BRER
."::’ E:)Angi !'E%q',
| Eqremee | o BlendFilter g R & H#EH
i | BB T A
ost-retrieval Enhancemen | bloo
PostreielEntarcement |0 g g g

Y - .
iter  compress | | | I o RECOMPHHBHMEREHIEE

— e 72 1% B
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Retrieval Integration for Generation Augmentation

Input Problem

1iis morning, also felt dizzy and nauseous. It lasted for a few minutes.

BRBERARERIRE (1/2)

1. A IR
o HERLERIRENEE

e, 34 years old, height: 170cm v_Wf’i_g'ltﬁgz"- ------------------- 'f:ﬂ E ?% E — t /AN 1§ 1=

:

I e e e

AN . e FUABHEEMALLME
ntermidiate- Iayer ¢ 'th
Augmentation

Augmentation

Q.

Input-layer
Augmentation

OR

Output-layer
Augmentation

.

BUK i 112-2

Generation é- | %ﬁ |_ |_ M HE E‘Z

@—) . Generator —)é i ® g I'u\ A‘fﬁ E/{H:IEEﬁT
S X AAREEBRE

g Gerierafor —)@—)@ i E ( 2. ﬁ& Eiﬁgﬁ
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About 43,900,000 results Any time -

How to throw a vegetarian dinner party (my 5 top tips!)
hitps://www.pawprint.eco/eco-blog/vegetarian-dinner-party ~

Wab How to throw a vegetarian dinner party (my 5 top tips!) 7 min Read. There's nothing better

than having friends over for dinner (Corona permitting). Enjoying good food in good ..
Estimated Reading Time: 6 mins

EXPLORE FURTHER

(2} 18 Swanky Recipes to Throw the Most Epic Vegetarian Din... brit.co

d. 56 Vegetarian dinner party recipes - delicious. magazine

{) Best Vegetarian Recipes for Entertaining | Martha Stewart
€ Vegetarian Dinner Party Recipes - Great British Chefs

deliciousmagazine,co.uk
marthastewart.com
greatbritishchefs.com

% 117 Vegetarian Dinner Recipes for a Dinner Party | Epicurious epicurious.com

Roocommeanded o you based an what's popular « Feadback

Vegetarian and Gluten-Free Dinner Party Ideas | Bon Appétit
hitps://’www.bonappetit.comitrends/article/... «

Wab Oct 2, 2012 - Pull off some plating magic. If the guest can only eat the vegetable side dish

cut the veggies in a way that you can stack them, then sprinkle crushed nuts on top and ...

Here's How To Gf'

Bing# =5

®

Sure, | can suggest a 3-course menu with a
chocolate dessert for your vegetarian dinner
party. Here are some possible options:

+ Starter: Wild Mushroom Tartlets with
Onion Sauce ' or Vegan Popcorn Tofu
Nuggets *

« Main: Vegan Butternut Squash Mac * or
Vegetarian Three-Bean Chili ?

» Dessert: Chocolate Lava Cake * or
Chocolate Pasta with Chocolate
Hazelnut Cream Sauce, White Chocolate
Shavings, and Fresh Berries *

| hope this helps you plan your party. Enjoy!

HMHBESEM: BingiJAlE S

BUK i 112-2

Kan, M. (2023, February 8). Hands On With Microsoft’s ChatGPT-Powered Bing: A New Kind of Search. PCMAG.
https://www.pcmag.com/news/hands-on-with-microsofts-chatgpt-powered-bing-a-new-kind-of-search
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Retrieval Integration for Generation Augmentation

—
. BRBERARERIARE (2/2)

3. htfEifsa
 nputProblem o EfER—{ETransformer

AT R T
/P, T B oRlon =
o [ Ogmemten Qe fEREMAEEMEDR,
1) e DB e || IRBRARLLMER
T T e RETHREBEEAM
| (. N . "

BT Nomentetion | &) eenerator (D> R, thee AR FERRE A
TN o BES KERHIRMEE
ner‘miiae-aer;g . : L

| & e @ o BTHRELLMPNERRBRE

9‘ : By, B RERSLLMERH#

SRAPI

BUK i 112-2



kii_ué CRid RAGHEZE BiE:
B,J TE %nﬁ E
' , E:H:EA
ABGEERE AN =k ‘B R
ARIEE S 15AY L )Y Google
B 1EIE NotebookLM
4 pR o8
BET B

E/E: AR HE



- ROR AR R
~_

ace MR EENETE RS, ThE
B X3 S AFEEE

& o IR A SR
5 P KO0 TR 2

RNINDERL
PEEIT |7

BOKHE+E 112-2



C ¥R B % 8 58 = hix

1.1.5 EF Rk
o IKIEMZITFEZERKRER EEAXENEZTLTEZE,
o EEFFRIIEBBEFEEHKRE, MAFEI,

o BIEFEEHRKRRAMEZETRREDNALM, MELKE
%, T LAZ &8 AT 1S aC I EETR,

N \

STE REMEDE—
NG
\_ _/

BUK i 112-2



H T BERHEER

J

]
™
ok

HEEE —tms/ () FRHE

Hx: FEGRSERE BUELERESEE

AL 2
% hEEREE A TIR

e HE: HERESSAARYE, EEARBR,

: i BT
)

BUK i 112-2



S B ChatGPT 4olIEE

® £ (PEEERA) F=HRF > SEEENEMREATEE SN  BRBUTAEE

1. BRAM  EERSERFEENEREES - IUSZEMER KR - NESENEREE  H
fitihRY) ~ (FENEHHELF

2. s RR - MRZERINBRE @ FILTECHPERATEERR © il - TEBUREN L2 -
SRS BARIFI FER » MATBARIBERIRESS o

3. eI @ EEEWUP o FIUERPIESFRERE - FI0 : (X8 ?] - BEFIUREERE
ZEBFIRERR °

4. BFEHRA  TEBIEEIEDS (MARC 218950048 1) & » AILUETEEREBIERIERS » WIS
E—PHER o

5. RN | RSHZEEEANME > EREESERATHNER » BRRFEEERBZH
BESHEMNEFABECENERENTEY - MEEERENERLT @ haEAERERHEHN

B LGE THER o 0

@

BKERE 112-2 https://chatgpt.com/share/7873b72d-af16-4a6f-a5a09-9afbe42c30db
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iﬂﬁiﬁﬁﬁ EEERSMNEIENS (MARC 21895001811 & - aTlu@zesN |/ \
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NotebookLM Features X
o KEEE ) =
Sources

A source is a static copy of a Google Doc or Slide you have access to, a PDF or text file,
text from a Web page, or text that is copied and pasted directly into the app. When
using NotebookLM, the model will use the sources you upload to answer your questions
or complete your requests.

NotebookLM can’t delete or edit your original files. When you upload a Google Doc,
Slide, or a local PDF or text file from your computer, the app makes a copy of the
original file. NotebookLM will notify you if the original Doc or Slide has changed; at that
point you will have the option to update the source to refresh its content.

Source Guide

When you upload a new source to NotebookLM, the app instantly creates a document guide
that summarizes the document and offers key topics and questions to ask. Think of it as a
research assistant that helps you better understand the source material.

Notebook Guide

# Notebook guide
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