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Computer Vision Natural Lang. Proc.
Convolutional NNs (+ResNets) Recurrent NNs (+LSTMs)

| o
Speech Translation RL

Deep Belief Nets (+non-DL) Seq2Seq BC/GAIL
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Language Transformer

Vision Transformer

Time Series Transformer

Decision Transformer
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St Y 2O 2 & (LLM)

o 7|8t (Foundation Model)

Tasks
Language
Text guag g )
model (e.g., 2020'd GPT-3)  Question
> Answering
{ Complete
_ Wikipedia and
4 books )y >
—— ~ ,11[:?.38 08 Text e-®

Training

(Self-supervised) \

Classification

Information O\

Adapation Retrieval

MAE QBAS BE - HEHO2 O o MY

I went to the —

.

Language Model

Xy

argmax P(x. | x;, X,, X

P 3

1 X4) ‘——» store
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Utterance

I loved

Multimodal Representations
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Medality-invariant Meodality-specific
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Fusion

Prediction
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Parameters: 1,000 billions
Date: March 2023

+ GPT-4, Gem
/ e Inl @ Amazon-owned @ Chinese  Google @ Meta/Facebook @ Microsoft @ OpenAl @ Other

Input -
— ¢ BendeBoz0e o T ® Owner: OpenAl
BlenderBot1 PLATO-XL ChatCBara® Bmg(‘é\;;; . Q GPT-5*
Aa A - = .
billion parameters GPT-4 N\ .
‘ . > Parameters: 8,000 billions
i - ) { mz@ﬂﬂ] {2 WuDao 2.0 g .
| \ Date: December 2023
ICCTECIORE oromer o ' '
a . [ a3 ; cemar | o, Owner: Google
PanGu-Sigma ©
- B Minerva Titan ) PalM2 A °
@:-." & i
Figure 2 | Gemini supports interleaved sequences of text, image, audio, and video as inputs (illustrated __) Gopher Exaone
by tokens of different colors in the input sequence). It can output responses with interleaved image PanGu-Alpha ‘ Q >
and text. % Emie 30 Titan SenseChat Fale6n 1808
- 175 Bilion - e
... BLOOM  EmieBot.
- HIH . Jurassic-1 OPT-IML = =
Parameters: 175 billions < o8 g e
) ) GLM-1308 @
Date: May 2020 MDA FLAN ®
i Galactica
Owner: OpenAl * pre—
é o  afeosubemo
xlarge NLLB-200 &.,‘h“é LLaMaz
Retro488
GPT-NeoX  AlexaTM
. . .
* emGPT * xr 20 InternlM
GPT-2 . Codex . . . Dol .o er.n
/ o . GPT-J . . . Apaca  Sai-78
BERT/ TS5 Megatron-11B WelM Atlas
7 t
pre-2020 2020 21 22 2023 2024

source: news reports, LifeArchitect.ai

David McCandiess, Tom Evans, Paul Barton
* = parameters undisciosed // see the data

Information is Beautiful // UPDATED 6th Dec 23
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[ >} Tasks

Expedia

Bring your trip plans to life—get Question '?

there, stay there, find things to see & Answering T — OH A

and do. '_-’ H—
Data Sentiment

’ T

n %ﬁ . . Analysis
. 7 /
KAYAK Text I
Search for flights, stays and rental y /
cars. Get recommendations for all r‘ ‘} : )
the places you can go within your J Images '%’, . ; Information _ A
budget. l"‘ Extraction *
ale e Adaptation '

Soeedh '.\f‘v"V\ Training Foundation » Image ‘
n V4 : Model & Captioning .,
\"

=
OpenTable Structured
Provides restaurant “ _ Data
recommendations, with a direct Object

link to book.

o
ANINS

3D Signals = ; 2 ‘ Recognition

o~ Instruction

Wolfram &' Following .. %
Access computation, math, ) - 8
curated knowledge & real-time > 2

data through Wolfram|Alpha and
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What's the high and low for weather in Toronto, Ontario today?

o/ Generating snswers for you

/" Searching for: Toronto, Ontario weather today

Today in Toronto, Ontario, the high temperature s 15 degrees
Celsius and the low temperature is 8 degrees Celsius ' . The
weather is predicted to be cloudy with a 30% chance of
showers early this afternoon. The wind speed is expected to
be 20 km/h gusting to 40 km/h from the northeast *

I hope this heips!

Learnmore: 1. amsncom 2 choca 3 thewesthemetworkcom 3 more l1of30 0@

Finetuning

Retrieval-Augmented Generation

2 Mon 23 Tue

Tue1? Wed18 Thu19 Fri20 Sat21  Su

Mon 16
e ko @ B B X
188 18 160100 180 169 1409 we w0y
Learn more from Microsoft Start Weather (2
~ How epare for a rary day What are s activities 10 do on a
13
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. BRSO 37 vs MZE O 23

2
o

Test 'rime,evgr?t»rpu‘te

[ 3 2 ! )
Model SQ““"? ‘ P f‘e-‘tr‘aining ]F\me Tuning Inferencing

Test Time Compute Pre-training [F\w\e Tu'ﬁ, InPere_ncing ‘
N

e,

A4 (Chain of Thought), AF12| LIF (Tree of Thoughts), &M (Exploration),

|
&2ttt & (Reinforcement Learning) -



AGI?

« AGIQ| @ FAbSH?

- & (Reasoning)
APl G, Bt o w5}
- XA FE (Agentic Reasoning)
5ol S5 B, A5l 43 U oL

- 2B g2 AFoIH 2HE B0 HS

« Xt7| T3} (Self-evolving)

. Xt7| Wt
L R
— J—

- AZtel X|50| 35 FHIN?

« H|Z7| vs. Al
« AGl vs. 217t9| k|

- AGIS| &&Ed?
. MEj/HE 27t H2kS Ed| BE| Its
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Workhelix

« SpeechLab

VALIDMIND

|
% WORKERA

ECHELON
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LangChain

QN Meta
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Hunyuan _
“A pair of hands skillfully slicing
a perfectly cooked steak on a .

wooden cuttlng board. faint
steam rising from it.”
@blizaine







Test Loss

7 HESM B A (Neural Scaling Law)

7 4
4.2
6 —— L=(D/5.4-1013)-00% | 56 —— L =(N/8.8-1013)-0.076
i &2 4.8
i 3.6 4.0
38 3.2 RUNNING OUT OF DATA
3 The amount of text data used to train large language models (LLMs) is rapidly
3.0 approaching a crisis point. An estimate suggests that, by 2028, developers will
1 2.4 be using data sets that match the amount of text that is available on the Internet.
- L ={Cminf2.3-108)~0.050 ) ) .
2.7 — Amount of available text on the Internet — Size of training data sets for LLMs
2 - . - Individual LLM
{00 107 10 107 107" 10! 10° 107 10 107 10° ¢ individuat BN
Compute Dataset Size Parameters : Projection
PF-days, non-embedding tokens non-embedding
Y g 9

Median projection for
when the amount of :
available text equals

the training data size.

AOM wzreeemereene

GLlama 3 (Meta)

: (Databricks)

The Stargate Project: Trump Touts $500 Billion
Bid Ior Al Dominance _

OpenAl reportedly wants to build 5-gigawatt data g (gl

L)
- GPT-3 (Google)

centers, and nobody knows who could supply that . ©=

2020 2022 2024 2026 2028 2030 2032 2034

mu Ch p Ower *One token is about 0.8 words. tTechnology Innovation Institute, Abu Dhabi.

Number of tokens*




Normalized Scaling

LLMI} O 22| 2

‘ ‘ ‘ H100
\ ‘ ‘ (]
HW FLOPS:  60000x / 20 yrs (3.0x/2yrs) MO |
100000f‘ 1 i I T i TPUV3 . . T
DRAM BW: 100x / 20 yrs (1.6ﬂ2yr§) o0 Lt TPUvd N -
|nterc0nnectBW:3Px120yr€(1.4x12yrs) AL | eut® or3® GPUY AN CHH| M 22|Hz2| H=
| | | 1
Transformer:  750x / 2 yrs | v ] Mirosoft TALG
| Moorslae 22y s g L0 ! | LR EY Y
sty oo il o tsnd LY T | el o | |
i | .‘ : ._.\ 0 ﬂ(LNet. °
. BERT ]
o0 0 ¢ P .Gpﬁ.l HBM2E|
100 Tanium 2 . e
L]
NVLink 4.0
" PCle 5.0
| P>
" PCle 20
Pentium I Xeon PCle 1.0a
GPT-2 GPT-3 GPT-3.5 GPT-4 CLAUDE 3 GEMINI 1.5
(0.15B) (175B) (250B+) (1,000B+) (0]=70)  (8,000B+)
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1996 1999 2002 2005 2008 YEARzon 2014 2017 2020 2023
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Quality vs. Price

1 G

[[H

Quality: General reasoning index, Price: USD per 1M Tokens
Most attractive quadrant

B GPT-40 BGPT-40 mini M Gemini 1.5 Pro MGemini 1.5 Flash MLlama 3.1 4058 M Llama 3.1 70B

|l

@ Llama 3.1 88 MMistral Large 2 W Mixtral 8x22B W Mistral NeMo BIMixtral 8x7B

@ Claude 3.5 Sonnet M Claude 3 Haiku

10

105

100
=
x*
5 95
£ . Liama 3.1 708
2 Gemini 1.5 Flash
3 85
= GP 40 mini
g £g Claude 3 Haiku
- 75
€ . Uama3.ise®
> |
® 65 o Mixtral 8Migtral 8x22B
s /
3 -

o Mis.tral NeMo

55

50

$0.00 $1.00 $2.00

[ Command-R+ W Reka Core

ArtificialAnalysis.a

GPT-40
Claude 3.5 Sonnet

Gemini 1£F’ro @

Mistral Large 2

$3.00 $4.00

Price (USD per M Tokens)

$5.00

Reka (blama 3.1 4058

)
|Command-Fl+

$6.00 $7.00 $8.00

VS.

O

Al
o

=
=

Closed-source vs. open-weight models

Llama 3.1 405B closes the gap with closed-source models for the first time in history.

MML

90%

87%

84%

81%

78%

75%

2%

69%

66%

63%

J (5-shot)

Closed-source models

Flan-PaLM
[}
U-PaLM
PaLM °
°
Chinghilla
©
'»@ w&w w&w
§ > &
W b g

1°

\,o(‘

GPT-4

Claude 1.3
@

GPT-3.5 Turbo
°

LLaMA 650
& &
S
$
o

Claude 3.5 Sonnet

GPT-40
Claude aﬁpé)ﬁurbu
Geminigl.5 Pro- Llama 3.1 4058
Llama 3 4058
Gemini Ultra
°
ral
Gemini 1.5 Pro wg}"g ﬁrya.}
Liama 3 Ffen 2728
DeepSeek-V2
Claude 2
o
Mixtral 8x228
Qwenl.5728
Yi-348
Command R+
Gemma 2 278
DBRX Instruct 1328
Mixtral 8x78
Gemma 2 98
Falcon 1808
Llama 2 70b Llama 3.1 88
Llama 3 88
% % \d '3
& & & § §
S O i & K
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AI-RAN : AI and RAN Integration

s wlf il
Emimmimm e,
mimim e

Cloud Server Cloud Server

| Al-RAN
’AI App. * Al-Enhanced RAN
Jalll VRAN s Al Inference Applications
l Virtualization,” P, * Multi-Tenant Server for

and .~/ [\N\\_  Aland RAN
I Aggregatuon [\ \ '\

et Tt L1 KKIX

iulll RAN Baseband Unit
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KAIST, Cl&X|s MA CHetedZd 22

7|H8tE 3CH Top &3] (NeurlPS, ICML, ICLR) & =& £ 7|

<2019H-234> <2023 > <2024\ >
H#H 5% ObAIO} 19 M 39 A 29

@ KAIST 5th =) cmu O Berkeley 15t
Berkeley 2nd @ Peking gth 2nd KAIST 2nd

@ Stanford  3rd @ Tsinghua  gth @ KAIST 3rd M 3rd
4th =N ::::Bhai]ia 24t|‘| - Stanford 4th - peking 4th

@ KAIST 5th NUS 27th @ Peking 5th cMu gth
ii Shanghai Ji

= @ Nanjing 28th Berkeley @th To:(g‘g ailia  cth

@ ucsp 7th Tokyo 34th uCsD 7th @ ucsp 7th

sie| Ef CHEkmbe] H|@: NYU 148, EPE| 17$l, ETH Zurich 192, Toronto 22%|, Tel Aviv 232, Technion

252, Montreal 26%], Max Planck 379, Oxford 53%l, Cambridge 629

=L Ef cHstate| Hlm: MECH 659 (OFAIOF 1389]), ZESCH 909 (OFAIOF 189), HAMICH 144%| (OFAlOt

31-?"); UNIST 166-?" (0")\' oll 41'?"). -Tl—E1EH 187-?" (O}AIOI. 45'?") *Source : https://csrankings.org
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