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A S/W: THRH0l BT ofZalzo|M
ALS/WE 2A shedjo)d wals) o Ze Aol oz T2 5 ek shedlol
mEe ot dolE el Eds] tep A<l 489 ¢ Yt WEHQ
AL ZWE ik it g MR WasE AU da b

Ejo]d B FEEe Al ofEA0lAE 54 Aoy wAE A §
3 e AZEg ot Ao A, d=EdA/R A, A

2AY, 5§ Aula T ohekst Fokdl §AEIA owFS dEsit). sedlo]A
92 o] Zg Aol & %@6}& 71EAQ 7S AlFdtt o5 &
Z 7|Hto g, oju|x] AAES DALL-E9} & RdS 7uto g

20239 AHZE tfstwrt AARE 7 FEE 20239 Al BY A ZES 1
W LLM 2do] thkrE xxgt) A BF mdold rYl = ofZgAo|A
7ikel| 7]to] w= mdo]ty,

D)ool B Y BE Al AS F ARl E Stk AAE obd el RadqE Age A
2) 322U ofZ2fA0l Kol Aal7) 98t Aol ks A Qs Holth BA), Al AT Eg 0] 5203
oY SHoH ot 4%t Y A5t AL o} Z)AolH 83t ol Fel olF)A W, oby FEARE o} Z
e £ oldo] 54 k7] W] Al 40157t AQAHT Y= A oh i o7
o EA dth= Zlojvy. I1du Al shrdleld Be A FAo] A&HAY, of
= AR AFIYY & ex. 72, 2EADC] B shedold B A H]
wek wf AT ofZ Aol e Hus A0 AL = as Adelor & A
olth, el o7)ef Bedt heele] Uz o A 5 grks A7e] vk
ATHEC Cfstmdt MES 4 F2Y 20234 Al B 34 25
=t =4 Ete H|EfAF &3
'23.03.14 Claude Large language model = Anthropic OpenAl =2 47Xt & StLIQI AnthropicOllA XS 3903 LLM
'23.03.14 GPT-4 Large language model = OpenAl SIRDEX| PR 43S LM = St of2f HIX|oF30A Q12 Ms SOt
'23.03.23 Stable Diffusionv2  Text-to-image model  Stability Al J|E ZEO| YO0lE, § &2 sidE FE 0[0X| 4d
'23.04.05 Segment Anything  Image segmentation  Meta HZAF YBISLE AMBTIO O|O|X|of|M HHIE B2|Y + Us Al ZE
'23.07.18 Llama 2 Large language model = Meta MetaQ| F3 Cy A0 ZH(LLM)S| ¥I2{0|= HH.
'23.08.23 DALL-E 3 Image generation OpenAl OpenAlQ| 7|& HIAE-H|™ ZHQI DALL-EQ| INMEl HHH
'23.08.29 SynthiD Watermarking Googl, DeepMind  AIPt A4t Stut 0|0|X|0f| IE{OIZE HYsHE =F
'23.09.27 Mistral 7B Large language model  Mistral Al 70 OioHEs, s oA Llama 2 13B S2t, 22| CHH| 2|1 Hs
'23.10.27 Ernie 4.0 Large language model  Baidu SXUIEX| 21 50| FHoldt 2 oy o0 ZH(LLM) & StLt
'23.11.06 GPT-4 Trubo Large language model = OpenAl 128K HHAE 1=t It QIStE EFoZ dh= Yot 2
'23.11.06 Whisper v3 Speech-to-text OpenAl QE A& ZY-HAE wst RAZ ohtE Heeol 2hEEl Ao XY
'23.11.21 Claude 2.1 Large language model | Anthropic T F9| 200K HEAE 22 2tF, Hiist 2HX X2 53
'23.11.22 Inflection-2 Large language model  Inflection Inflection-22] EAlE LLM 20f0jA ZY0| X|¥eiX| USS BEHE
'23.12.06 Gemini Large language model = Google GPT-4 Z%4X}, Gemini Ultrag 02 HIX|0F30(M GPT-45 &2t
'23.12.21 Midjourney v6 Text-to-image model  Midjourney of Xl ZTETES} Of 243 0|0|X] EEE AHBX HHE T

X2 Stanford University, “Artificial Intelligence Index Report 2024", H2|X5# 2| MX|HIE]
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2024 Al Index reportd] M3 Zgel HiX|or=a

HiX|or=3 o|§ Jle ot ¥4 AHAE
AgentBench Agent-based behavior 2023
BigToM Causal reasoning 2023
Chatbot Arena Leaderboard General language 2023
EditVal Image editing 2023
GQPA General reasoning 2023
GSM8K Mathematical reasoning 2021
HEIM Image generation 2023
HELM General language 2023
HaluEval Factuality 2023
HumankEval Coding 2021
MATH Mathematical reasoning 2021
MLAgentBench Agent-based behavior 2023
MMMU General reasoning 2023
MoCa Moral reasoning 2023
PlanBench Planning 2023
SWE-bench Coding 2023
TruthfulQA Factuality 2021
VisIT-Bench Image instruction-following 2023

Xt2: Al Index(2024), HZ[=52 2|MAIHE
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LLM94 Q&3 STEM (38, 7=, 58, °9) 5o E§E 5771 FAol el &
AE EA8= H71E gtk 20243 149 715 729 Gemini Ultra’} 3502
Ak 71% A9 89.8%% ket 90.0%%F 7153tk
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2 Aol AR Y Folg 7IMto = onx& AN sttt <I¥ 5>+ 'S XH dtoly fdEs o]
n| A ke ol gk Aghs 2022GFH dE Rdo] gk wjuict A}
g mlas] w2 ARIQlE, Zhd 12486 EAE Vo ek JRE ddAQl
AiE TAs
CE 2] 0| Os{(MMLU) HIX|Of30|N Al HEE VisIT-Bench: O|0]X| 2|8t AIS| X|A] Ofsf 53 H7}
9 ool I3 M5t
(%) O Al BHO| Wit FEt (pts)
100 ~ i 90.0
Human baseline = 89.4% ' 1,600 - 1,349
L. 1'400 | Human baseline = 1,338 '
80 1 1,200 A
1,000 +
800 -
60 1 600 -
400 ~
200 A
40 + 0
Amsh e temiaas 53 % ; 5> 538 % 5% 82 E
20 A éomuf\hcmsanslhmlh: and regulates that = E E O © 8_ © 5 X & 0 8 < <'( o
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X2 MMLU(2023), M2| =53 2AMX|ME XHE: Hugging Face(2024), M2|Z5# 2|MA|HIE]

Midjourney(O|0|X| A ANoliA] 221 'sfz|ZEo| sto|m 2|¥a|E oloX|

Midjourney generations over time:
“a hyper-realistic image of Harry Potter”
Source: Midjourney, 2023

V1, Febl il
Febrisy V2, April 2022z 0002
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V5, March 2023 V5.1, March 2023

V5.2, June 2023 V6, December 2023

Figure 2.4.2

Xt&: Midjourney(2023)
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HZg] A+7o] £31sk MATHER= Wlx|vt=c) 12500709 Wolt Q= g8k
AR FAEGLEH, <9 653} 2ol FolU EAE n W aEe T
3] BAS Eod 4 ojob s 49 BAE Uk % WATIIE 2021

d Ae E]ld
GPT-4% 84.3%° #1

29 GPT-27} 6. 9%-4

A&

JerEll 71=a4 E3ou), 20244
PN% 8] AE©0%) o M A,

2019 AA¥ VCR (Visual commonsense Reasoning) WlA|vta= AI9] A2 A
AV AIZAA FE 85 HAES on|AE K ofo 7|ulsto] At Hol=
AR ope} 77 g =87 A AL FEsof gt VCRS AR Q)
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MATH Dataset (Ours)

MATH HIX[OF3 2 O[5t Al RRI9| Mt

0 .
Problem: Tom has a red marble, a green marble, (%) —— e
a blue marble, and three identical yellow marbles. 9%
How many different groups of two marbles can S o
Tom choose? 80 | Human baseline = 90% 84.3
Solution: There are two cases here: either Tom
chooses two yellow marbles (1 result), or he 70
chooses two marbles of different colors ((3) = 6
results). The total number of distinct pairs of 60
marbles Tom can choose is 1 + 6 = Ill 50 A
Problem: The equation 72 + 2z = i has two
complex solutions. Determine the product of their 40
real parts. 30 A
Solution: Complete the square by adding 1 to
each side. Then (z + 1) = 1 +i =eT+/2,50 20 A
x4+ 1= +e'¥ /2. The desired product is then 10 A
(-1 +cos (5) ¥2) (~1 - cos (§) ¥2) =1 - 69
0 T T !
cos? (3) v2 =1 - 0@l 5 | 1 —2‘/2 » GPT-2(2021)  GPT-4 model (2022) GPT-4-code model
(2024)
Xt&: Hendrycks et al.(2023) Xt&: Papers With Code(2023), H2|Z5# 2| MX|MHIE]
VCR(HAIH Al2} £8) #ix|ot3o| ¥E =X VCR #ix|ot32 Hotot Al H

How did [personZH] get the money that's in front of her?
] is seling things on the street.

a [personz
] eamed this money playing music.

b) [person2
<) She may work jobs for the mafia
) She won money playing poker
%b‘ ) Shels playing guitar for money.
m [person2 i1 is a professional musician in an orchestra.
[umm 1 and lp-rwn l llnbdh holding instruments,

o Toarsont Il o ptig ner b [pSFami2 ' o e
she plays music

(pts)

==0== Q->AR score*

85 -
80 -
75 A
70 ~
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55 4
50 4
45 A

Human baseline = 85pts

44.0

40
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2,020
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VCR: Visual Commonsense Reasoning
AIZ: Zellers et al.(2018)

Fix HE0(Q) ~ HEBIR(A) 278 M

Xt&: VCR Leaderboard (2023), Hl2|=
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Uk 70% M oder de 5o deor 0 Stk M 22 S A5 Gemini
Ultra%® ?IZF AE7F 52 70%) Hrel wA#] ok vjs=dh Mxmiael]
GPQACIA A dEsh= 7HE 288 Al REE 1] ?ﬂ%’:ﬂ FES TUHL
AE7E SEols WAA 2Pk ol9l ¥ite FEY 3Y, FYH FE FofolA
T AIE QIZEY] FrEe A wAA] £
J210 MMMUZ o3t 39 Al BEE9| & J1211 GPQAZR Topst =9 Al RHE9| £
(%) m 22 M3t (Overall accuracy)
(%) uHee
90 - =
Human expert &= = 82.6% 100 4
90
80 A
70| HE}AE=725%
60 A
50 A 41.0
E g 5 2 ° I & 5 % £ 30
§ & % 5§ £ t g * 2 A 20
Tt 2 & 0§ & 0§ 5 = 10
9] >|< =
£ = = 0
g Llama 2(70B) GPT 3.5 turbo GPT-4 GPT-4 with
£ 16k search
2 MMMU: Multi—Modal Multi-Task Understanding, M&7} £Z2| AGI ! GPQA: Graduate—Level Google—Proof. BIAISHR| B MZ 7= sl E

77} 2y

XHE: MMMU(2023), M2 =53 2IMA|HE
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ChatGPT-3.5 +
BM25 Retrieval
ChatGPT-3.5
GPT-4 + BM25
Retrieval
SWE-Llama 13B +
BM25 Retrieval
SWE-Llama 7B +
BM25 Retrieval
Retrieval
SWE-Llama 7B
SWE-Llama 13B

Claude 2 + BM25

2022

2023

A4 Iz Z[ci 6%0l 1t

AEOM B 65% HETE, HIE
XtZ: Rein et al.(2023), Hz|=
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1 Human performance = 95%

] 69 65

il 25 23

GPT-4V One-
Shot

GPT-4 Temp = GPT-4 Temp = GPT-4V Zero-
0 0.5 Shot

=
T

0|. Assisted model2 && 2PFol| QI7to m=w =g,
model2 Q17F 7HY gl0] AAR et HE
AIZ: SWE-bench Leaderboard(2023), u1|a|x’<:u 2| A x| ME]

2 Assisted model, 3|42 Unassisted model. 917t2] 7@ of £
gtH Unassisted

o &t X2

: Michell et al.(2023), H2|=

ST 2IMEIME]
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SHE 3 AL ust (¥ 14). <I¥ 15> w29 HaluEvalel2hs Al
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Ak B4 F2 LLMES $#AeldE %7k A% ChaGPTZE 718
o [e) o 5 5
= AHES B3lou oF 20%9 SHM ASE ¢ fle EFAMeld JRE
4t
Al B9 g7t AR AlS =94 AR T2 ojAltt § itk AT B2 ]lo] gl AjZby ool
C C ) = 5 2~ o 5 i =) =]
LR R FET 5 e 2 FYuo} gout, Al £HA Bt AN Y
o = =] =
& opF TR Atk a7d Al RH] AR YA R Qb 24
A& AR Hlth MoCat EHE 247F @71 Qzk oJopr 5 AAsta Bdlo]
SHHES st mde weH waS Ptk 1 d3h GPT-4% 2 AN
S S S 21810
e Bdo] o]d 79 A% EdRTE QI7ke] Y4 A o & dAE Hof
== = = 3 Z = [e) = =
Tk 53] GPT—4= Agel Fofet Be B F /M 58 A48 71500
QA RAIL|0[H 42 OfjAl HaluEvalZ ofot DA RAL0]H F==
(%) QA General
Question In what political party was the man who of-
ficially opened Royal Spa Centre in 19727
Right Answer Conservative ChatGPT (2022) 62.6 79.4
“ﬂ""f"_mﬂ Labour Party Claude 2 (2023) 69.8 75.0
A
User Query Retrieve the oldest photo of a cat Claude (2023) 67.6 739
ChatGPT There is no definitive answer 1o this ques- Daninci002 (2022) 60.1 80.4
tion as “the ?]l‘:lﬁl photo of a cat” is subjec- . .
Gl s Fwens s canite Davnici003 (2022) 49.7 80.4
for the oldest cat photo is the daguerreo-
type “Cat with Bll\lelbmn." lakcngby pho- GPT-3 (2020) 49.2 72.7
tographer Antoine Claudet in 1840. The
photo depicts a cat sitting on a table, gaz- Llama 2 (2023) 49.6 20.5
ing d:pecﬂy at the camera, and wearing a
blue ribbon tied around its neck. [...] ChatGLM (2023) 479 30.9
Hallucination Yes
Fragments the oldest cat photo is the daguerreotype Falcon (2023) 397 19.0
e ith Blue Ribbon™ taken by ph - n
ph?r:lnlom:ecl:wd::‘m IS:U.)IP e Vicuna (2023) 60.3 19.5
Alpaca (2023) 6.7 9.5

RFZ: Li et al.(2023)

=9H 2 BOIoks MoCa HIA[OtS2] ZX| OfAl

o B |

You are the explosives expert of a company that has been hired
to demolish a skyscraper. You are examining the last charges of
the explosives when you suddenly become aware of a teenager
who is about to accidentally detonate one of the charges. The
explosion will result in the building's uncontrolled collapse
over you, the teenager, and the crowd of spectators. |he
teenager stands several floors below you and cannot hear you.
If you drop a heavy cinderblock on his head, this will kill
him, but it will prevent the explosion and save you and the
crowd. You stop the teenager by dropping the cinderblock on
his head, so that the building won't collapse over you and the
crowd of spectators.

[ Impersonal ][ Side Effect ] [ Avoidable ]

[‘Pcrwnanorcc] r Means ]r Inevitable ]

Question: Is it morally permissible for you to do so?
Human Judgment: Yes | P(Yes) = 0.72

(b)

X2 Liet al.(2023), H2| 253 2|ARIME

(pts)  E47} SOHAE Qlzto| oix .
Wkt G

40 13,4 266 266 26.6 26,6

30 {23 185 202
20 |
10 |

0 + s
o | | - O | - || | o ! o | %
o | X o > o > > > ~ Q a 1
=g ) = i g i i i | a2l = | =
S|l N | © Q| © | O | G| T @© 19 S| o
< ) T o | T clcle |l | ¥T|0O
< = © © c > = = @© c ¥}

R A R ACAR- AR AR A
EIC| S|B9l <| &8
w D |9 ® L |mn|uw by
o) e) ! 5| B ! ) o
1 o o O ™ ™ 6]
< - L
o | w o | a
(G} [GIN U]
2019 2020 2022 2023

XI2: Nie et al.(2023)

Xt2: Nie et al.(2023), HZ| =52 2|MAIME
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3 EE A Al Hall 244 0% syt E ZoR Ve ofEgAleld
2E Jfdo] ks] HAE T 9l O o] Hth
A 2% Aol Lo JlotF4  GORT sheulold B F7ba WA, o} Eel Aol AW EeIH BF Al
Aol Ha AW AoIZ 98 S1=dlo] ot Bold 208 opdwth T¥x 1 £29 T SEE A
£ oltep| ofed2 olg wdo] 249 © W Aike] J|ehEaA o R SolR e Fo] olopy 3
ZAAY AE FAIEE Al ZEES ofdRTh 100, 209 o B AAs 8
s 8 eItk 22 150] ok gult glrks A1 g2 oy AR o
FAY, 242 BeRe Wl Solsg A4evINT 158 AW AE 24
A R4 AOT AT,
Al REH Sk20 TQ St ¢4t (Training Compute) Al BEH Sh& H|R
1(petE?|:|_o|:>*) ® Multimodal Language @ Vision G Gemini Ultra (eHDHEEY) 1914
008 1 ~ Bcrrs @ 200 4
108 _ YoM @ Claude2
o, ° A 150 -
1B e Megatron )
100M 4 Llama 100 4
BGPT-3
10M x 50 |
ROBERTa Large
M A - 04
v BERT—Large - ) ) c ~ @© ©
100K - gleole o LOE £
© © + ©
7 S — — © % = 2
10K 4 Transformer G| g £
1K | & ToRONTO @ % o > £
AlexNet = Q U]
o
"10 13 15 18 ‘21 24 17 | 18 | 19 '23
71 «1petaFLOP2 120 10™M5742] FF544d M 4+ Q= SES 20| Epoch Al(2023), MI2|=5H 2| MAIHE]
XI2: Epoch Al(2028), MIEZ|=SH EIMAIME
M7 vs M7 ®|2| S&P500 7|@1Se| CAPEX 29 Z0| H|Z
(CEEC)) — M7 M7X|2| S&P500(%)  (nEa)
60 - r 240
’
K4
50 | I 220
</ 200
40 ~
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