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Random facts:

+ 4 nekabps B Poccnn — [leHb poCcCUNCKON MHGOPMATUKK, MOTOMY UTO 4 Aekabps 1948 T. B
CCCP 3a HOMepoM 10475 6bIn0 3apernctpnposaHo nsobpeteHue W.C. bpyka v b.W. Pameesa —
LUndpoBas 3NeKTPOHHAA BblUMCANTENbHAA MALLUHA

-+ 4 nekabps 771 1. Koponb hpaHkoB KapnomaH ymep B CBOEM AiBopLe Camyccu, v Kapn
Benukui ctan efuHOBNACTHbIM NpaButenem OpaHKCKOro KOPoneBcTBa

-+ 4 nekabps 1783 1, yepes3 9 AHen nocne oTNAbITUS NOCAEAHEro Kopabnsa aHrnuuaH, IKopax
BalWHITOH Ha yxuHe B TaBepHe PpeHcnca (Fraunces Tavern) nonpoLancs co CBOMMI
ouLiepamu, nogan B OTCTaBKy W yAaNUNCA B CBOE NOMeCTbe

4 nekabps 1934 r. NleoHna HMKkonaes BbICTPENOM 13 peBonbsepa youn B CMonbHom Cepres
KnpoBa; Kak 310 y6uincTBo 6biN0 3aAyMaHO 1 OPraHUM30BaHO, HE ACHO 40 CMX NOp

-+ 4 nekabps 1956 I. Ha [kem-ceccuto B Sun Studio B nepBbin 1 NOCNeAHNI pa3 cobpancs
Million Dollar Quartet: 3nsuc Mpecnw, Dxkeppu /n Nbtonc, Kapn MepkUHC 1 [pKOHHK K3w

- 4 nekabps 1971 1. Bo Bpems koHuepTa PpaHka 3anmbl A0TAA CrOPeno MHOM03TaXXHOe Ka3uHo
B MOHTPE; 3T0 CobbITUE yBEKOBEYEHO B NecHe Deep Purple «Smoke on the Water»



FLOw MATCHING




RNF n CNF

- Residual flows: ecnu noToK pacCMOTPETL B BUAE

Xp11 = X + €9y(Xp, ty),

TO OH 6yﬂ,eT 06paTI/IM npu He CINWKOM CMOXHbBIX YCT0BUAX HA gy

+ A 37O Tenepb BbIMMAANT KaK Wwar guckpetrnsaunm OLY:

dx,

I V(X 1)

- 310 continuous normalizing flows (CNF), v ons Hux

ov,
1 1 div=—2~
ogp;(x;) = logpy(xp) / %,



FLOW MATCHING

- Flow Matching (FM; Lipman et al., 2024): HOBbIN nogxof,
006beAVHAOUMIA NOTOKM U AN dY3MOHHbBIE MOdEeNN

- [nobanbHas 3adaya: NOCTPOUTb MOAENb, CMOCOOHYIO
reHepunpoBaTb HOBble 06Pa3Libl U3 LIEeNeBOro pacnpeaeneHus q
no obyyatolien Bbibopke

-+ Metop flow matching: noCTponTb BEPOATHOCTHbLIN NyTb p, OT
M3BECTHOTO pacnpefeneHmns NCTOUHUKA p, = p K LLeNneBomy
pacnpeaeneHunio p; = q.

x‘, ki

(a) Data. (b) Path design. (c) Training. (d) Sampling.



FLOW MATCHING

- A N5 3TOr0 06YYMTb NOME CKOPOCTEN u, ANA MOPOXAEHUS p,:
Ley(0) = [Et,Xt ||ut9(Xt) - Ut(Xt)H2a

roe u! — napameTpusnpoBaHHOE Mose CKOPOCTeNl.
- Mocne 06byyeHns, YTobbl NCNONb30BaTb FM-MO4EeMb, MOXHO:

+ camnnuposatb X, ~ p;
+ pewntb OY and nonyyeHuns X, ~ q.

Xo

X,

(a) Data. (b) Path design. (c) Training. (d) Sampling.



FLOW MATCHING

- [1oTOKM Tenepb CTAHOBATCA HEMPEPbIBHbIMU

- 3TO AeTePMUHNPOBAHHbIE OTOBPaXKeHNs 1, : RY — R?, koTopble
npeobpasytoT pacnpeaeneHrie NCTOUHNKA p B LIENEBOE
pacnpenenexve gq

- OnpepensatoTtca yepes O4Y:

d

27 (@) = w(%(2)),  do(2) =2,

rae u,(xz) — none ckopocten
- CBa3b MeXxay NoToKaMn 1 NIOTHOCTbO BEPOATHOCTU:

log 2, (4,()) = log po (&) — / diva, (3, (z))ds,

rae divu, — ANBEPreHuus BeKTopa u,



FLOW MATCHING

- HenpepbliBHble Hopmanusyowme notoku (CNF) ncnonbsyior
HUEKTUBHYI0, HENMPEPbIBHO AnddepeHumpyemyo QyHKLMIO
¢ : RY = R?, yTo6bl NPEobpa30oBaTh NPOCTOE pacnpeneneHune
qo(z) B CNOXHOE LeneBoe pacnpenenexmne p,(y).

- TINOTHOCTb p; PACCYUTBIBAETCA C MOMOLLbIO (DOPMYSIbl 3aMeHbl

nepemeHHbIXx:
20~ (y)
det ( 3y

- ObyyeHure 3aKIYaeTcd B Makcummusaymm norapugma
NpaBAoONOA0HOMA JaHHbBIX B MOAENN

p1(y) = qo(¢ ()




FLOW MATCHING

- Ho y CNF ecTb npobnembi:

- obyyeHune CNF MeTOOM MaKCMManbHOro npasnonoaobus tpebyer
peweHns OfY, UTO MOXET ObITb BbIYMCANUTENbHO COXHbIM 1
YNCNEHHO HECTabUNbHbIM

- [a W NpOCTO B 06yYeHUW 3T Moaenu 6yayT Hy O4eHb
MeANEeHHbIMM, TaM Ha[ 0 BCE Bpemsa pewatsb OOY




FLOW MATCHING

- FM npegnaraet metog o6yyeHns CNFs 6e3 cumynsiumm,
conocTtaBnasa obyyaemoe BEKTOPHOE Mofe C LeneBbim
BEKTOPHbIM MOMEM, KOTOPOE ONpeaensieT BEpOATHOCTHbLIN NyTb
0T qp K qy-

+ MUHUMU3UPYEM DYHKLMIO NOTEPb

2
Lem(0) = By o, [09(t, 2) — uy(2)]

roe v, — 0byyaemoe BEKTOPHOe none, a u, — Lenesoe
BEKTOPHOE norse.

- WHaue rosops, FM BbIXoaWT 3@ pamku AndY3MOHHbIX NyTen,
Nno3BONIAA NCMONb30BaTb NYTN ONTUMaNbHOIO TPAHCMNOPTA, YTO
MOXET MPUBECTN K 60nee 3PPEKTUBHOMY 0BYUEHUIO U
reHepauuu.



FLOW MATCHING

- Lenb FM: HanTtu u,, KOTOPbIN reHeprpyeT BEPOATHOCTHbLIN NyTb
Dy C TPAHUYHBIMU YCNOBUAMU py = p, p; = q.
-+ [loctpoeHne nyTu:
© p,onpegenderca Kak Cymma no yCoBHbIM BEPOATHOCTAM!:

AORY POCERVENTS
* YCNIOBHbIN NMYTb p,j; MOXKET ObITb BbIOPAH Kak:

Ptu(x‘l'l) = N(xftz,, (1 —1)°1).




FLOW MATCHING

o __ 3 =63
* YcnoBHoe nose ckopoctent: u,(z|ry) = F=

+ Obuwee none ckopocten: u,(z) = [ uy(x|21)py (2 |z)da,

(a) Conditional probability (b) (Marginal) Probability (c) Conditional velocity field (d) (Marginal) Velocity field
path pe(zlz1). path pe(z). up(z]z1). ut ().

-

Figure 7 A velocity field u; (in blue) generates a probability path p; (PDFs shown as contours) if the flow defined by
ug (square grid) reshapes p (left) to p; at all times ¢ € [0,1).



FLOW MATCHING

- YcnoBHasa Bepcust yHKLUUMN OWNHKK:

Lepw(0) = [Et,xt,x1 ||U§(Xt) - ut(Xt|X1)”2'

Flow Velocity field Probability path Boundary conds. Loss

push-forward Xo

differentiation Continuity (3.25) l
() u(x) pe(z) po=p Flow Matching (FM) (4.22)
R solve ODE % non-unique solution P1=q D (ue(Xy), uf (X))
S a
5 g
E g
S
differentiation ? Continuity (3.25
y(zlz1) ug(z]z1) pe(]z1) Po=p Conditional FM (CFM) (4.23)
i solve ODE i non-unique solution I p1 =0z, D (uy(Xe|X1), Ugs(Xz))
push-forward X i
try + (1 —t)x (1 —x)/(1—1) N (z|tz, (1 —t)2D) po=N(0,1) OT, Gauss CFM (2.9)

p1 =0z, [luf (X:) = (X1 — Xo)[|* &



FLOW MATCHING

- MF ycTpaHsAeT HeobxoammocTb cumynaunmn OlY Bo Bpems
06yYEH NS, CHUKAA BbIUNCAUTENbHYI CNOXHOCTb

- MNMopaepxmBaeT r’Mb6KOCTb B BbiGOpe BEPOATHOCTHbIX NyTen,
BK/OYAs NyTW ONTMMANbHOrO TPAHCMOPTa.

- Ho KakeTcs, UTo BCE 3TO MOKa TOMbKO HauMHaeTcs

Samples > Energy q(x,) = U7, 7"




FLUX.1 KONTEXT

- Mpumep npumerenuns — Flux.1 Kontext (Black Forest Labs, 2025)
- bnokwu Diffusion Transformer:

Vi
| proj-out } MLP-ou!\
;% |
Attention e
@ K[V MPin
(—j SIIU ‘
i t




FLUX.1 KONTEXT

- O6beaunHatoTcs B ceTb ¢ flow matching objective:

Flux.1 Kontext

N/2 Double Stream Blocks N Fused DIT Block
Replace the word "KONTEXT" TEXT
P ih BEER [ ENCODERS JextSusam
Visual Stream

Noised Latent

Positional Embeddings: Combined Stream
VAE [T=0, h,w]
(Image
Encoder)

Encoded Input Image

Positional Embeddings:
[T=1,h, ]

1

VAE
—...— (Image
Decoder)




FLUX.1 KONTEXT

- W nonyyaetcs kpyTon image editing:

(a) Context image generated with FLUX.1.

(b) Image context from Figure la: “The bird is now (c) Image context from Figure 1b:
sitting in a bar and enjoying a beer.” “There are now two of these birds.”



FLUX.1 KONTEXT

- W nonyyaetcs kpyTon image editing:

(d) From Figure lc: “Watch them from behind.” (e) From Figure lc: “The two bird characters are
now sitting in a movie theater.”

(f) From Figure Ic: “The two bird characters are now  (g) From Figure 1f: 0 bird characters are now

grocery shopping.” celebrating a successful launch.”

5




FLUX.1 KONTEXT

- N nonyyaetca kpyTton image editing:

F - p -

(c) “she is now taking a selfie in the streets of (d) “it’s now snowing, everything is covered in snow.”
Freiburg, it’s a lovely day out.”



BONbLINE A3bIKOBbIE MOAENNU:
OOCTUXEHWNA, 3AKOHbI
MACLUTABUPOBAHUNA, UNHOBBLING




Al TIMELINES

- B MHTepecHble BpEMEHA Mbl XVBEM...
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Al TIMELINES

- B MHTepecHble BPEMEHA Mbl XVBEM...

Generative Al timeline
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Al TIMELINES

- B MHTepecHble BpeMeHa Mbl XUBEM...
Generative Al Timeline
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Al TIMELINES

B MHTepecHble BpeMeHa Mbl KUBEM...
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Al TIMELINES

B MHTEpEeCHble BpeMeHa Mbl XXMUBEM...
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LANGUAGE MODELING

- 93blkoBas MOAENb — 3TO BMA MOCTAHOBKYM 33Aa4K:
aBTOPErpeccMBHO NOPOXAATb CNeaytoLLvii TOKEH Ha OCHOBE yxKe
NOPOXAEHHbIX

summer's

4 ros :
> spring 0.01

~ network

Shall | compare thee to a ...

Language
model

Shall | compare thee to a summer's... =»

Language
model

T



LANGUAGE MODELING
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LANG E MODELING

+ bbl10 MHOTO KNaccu4ecknx Noaxoa0B:
- CYMTaeM n-rpammbl CNos;
- crnaxuBaem ux, fallback Ha n-rpammbl NOMeHbLUE;
- Hanpumep, Kneser-Ney smoothing;
* BbIUNCNUTENbHbIE MPOBAEMbI U YYULLIEHHbIE aNTOPUTMbI (n-rpamm
NoNy4yaeTcs MHOro).

- Ho 370 BCE 1aBano TonbKo, Hanpumep, NOMOLLb Npu
pacno3HaBaHUK peun

- A cenyac LLM - 370 cambll BEPOATHbIA NyTb K AGI



MPOBMEMbI TPAHCOOPMEPOB

- Mbl y>ke roBopuan o0 TpaHcopmepax: self-attention paboTaet
KaK z; = softmax

Layer
output

Latemﬂ >




MPOBMEMbI TPAHCOOPMEPOB

- B maTpuyuHoun chopme ofgHa “ronosa” BbIMAOANT Kak
_ 1 T
Z = softmax (ﬁQK ) \%4
Zy 2y L Tw |
Z4 Z 6® Zy X WO = Z

Z; Z | Z <1

i\ JE S S i i l

999 98-8 TH
t t

Head H

Head 1 Head 2

Layer
input




MPOBMEMbI TPAHCOOPMEPOB

- /I 3gecb nepBas npobnema:
7 = soft ( L QKT> 1%
= soItmax | —
V4

03HauaeT BbluncneHune L x L matpuubl QK"

- KBagparnyHasa COXHOCTb 3HAUWUT, UTO KOHTEKCT paclmnpsTb
CNOXHO, a xouetca!



MPOBMEMbI TPAHCOOPMEPOB

- Btopas npo6nema — LLM npocTo npeacka3biBAeT TOKEHbI, a Kak
cenatb Tak, YTobbl OHa flenana Yto-To NonesHoe?

lovely temperate shake
Classification head Classification head
BERT GPT
(Transformer encoder) (Transformer decoder)
Thou art more <MSK> and more <MSK> Rough winds do

- TpeTbs Npobnema - Kak 406aBuTb K LLM BHeWHO0
MHMOPMaLMIO, HAMPUMED, KaK pa3pewwunTb denatb Nonck?

- B 0OCHOBHOM 06 3TOM 1 Hyiem CeroHsi rOBOPUTb, HO CHa4ana — o
BO3MOXHOCTAX...



CEMENCTBO GPT: MACLUTABMPOBAHWE

- Wctopua cemenctea mogenet GPT — nouTn npamoe
MaclwTabupoBaHme:

- B GPT 6b1n10 12 cnoés aekoaepa TpaHcopmepa, B Kaxaom 12
MaCKMPOBAHHbIX FONOB BHUMaHWe, d = 64; GPT npegobyyancs Ha
BookCorpus, > 7000 KHUT (KDOXOTHbI AATACET MO HbIHELIHUM
BpemeHam!), NoTom [o06yuancsa 418 KOHKPETHbIX 3a4ay Ha
pa3mMeyeHHbIx gataceTax;

- GPT-2 (Radford et al,, Feb 2019) npepo6yuanca Ha BookCorpus
HOBOM AaTtaceTe WebText: 8M cTpaHuL, MPOBEPEHHbIX NtoabMU
(cebinku ¢ Reddit ¢ kapmon > 3, 40GB Tekcta); y GPT-2 6bi1110 48
cnoés u d = 1600, cymmapHo okono 1.5B napameTtpos, 10x GPT;

- GPT-3 (Brown et al,, Jun 2020) no6asuna ewé asa nopagka; y
cemencTBa davinci 66110 175B napameTpoB, 1 Ha GPT-3 Kak pa3 u
caenanu yxe ChatGPT;

- GPT-4 - ewé aBa nopsaaka, a GPT-5 y)ke obyyaeTcs, ckopee BCero,
nosisutca B 2025



3AKOHbI MACLUTABUPOBAHUSA

+ Momenn pacrtyT, U KOHUa-Kpast 3TOMy He BUAHO:

# of Parameters in Billions
(Logarithmic Scale)

100,000

10,000

100000
1600
1,000

175
100
1 17
10 1558 2
011 0257 034 e R

2 N \g < Y g C 2
& "b+ Q/e D Q& or)’ Q&
& & ¢ F °

- KcTaTu, 370 OTAENbHbIN Pa3rosop. "



3AKOHbI MACLUTABUPOBAHUSA

- OpenAl (2018): ML fo 2012 cnefosano 3akoHy Mypa, HO Terepb
BbIUYMCITUTENbHbIE TPEOOBAHMA YABANBAIOTCS KaXKAble TPU C
NOMIOBMHOW Mecsiua

Petaflop/s-days
le+h

Alphagozero
.
1642 Neural Machine | ,
Translation 3
oo TI7Dota 1vl
1e40
vee s
N ¥ *ResNets
1e-2 .
" AlexNet
6000 TPUs... ‘- g -
— 3.4-month doubling
le-4 Deep Belief Nets and
layer-wise pretraining o
Do
.
1e-6
TD-Gammon v2.1, 3
. - BILSTM for Speech
o LeNet-5
NETtalk - | *RNN for Speech
ALVINN
1e-10
1e-12 2-year doubling (Moore's Law)
1e-14 Perceptron «FirstEra  Modern Era >
1960 1970 1980 1990 2000 2010 2020
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3AKOHbI MACLUTABUPOBAHUSA

- BCé TaK v NpofomKaeTcs:

Training compute of notable models

Training compute (FLOP)
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3AKOHbI MACLUTABUPOBAHUSA

- Ho camoe yanBuTeNbHOE 3[4€Ch He 3T0, @ TO, UTO
MacliTabnupoBaHme A0 CMX MOP OYEeHb XOPOLIO NpeackasbiBaeT
pe3ynbTaTbl 06yYeHns

- OpenAl (Kaplan et al., 2020):

s 4.2
6 < —— L=(D/5.4-10%3)700% | 5.6 —— L=(N/8.8-1013)-0076
3.9
438
8’ 56
: 4.0
S
g 33 32
F 3
3.0
24
L= (Crinf2.3 - 108)~0050
2 2.7
10 1077 1075 107 107! 10! 108 10° 10° 107 100
Compute Dataset Size Parameters
PF-days, non-embedding tokens non-embedding

1



3AKOHbI MACLUTABUPOBAHUSA

- OpenAl (Kaplan et al., 2020):

The optimal model size grows smoothly

Larger models require fewer samples
with the loss target and compute budget

to reach the same performance

Test Loss 10

10M 10° 10% 10% 100

107 100
Compute (PF-days)

Tokens Processed

Line color indicates
number of parameters

Compute-efficient
training stops far
short of convergence

1



3AKOHbI MACLUTABUPOBAHUSA

- OpenAl (Kaplan et al., 2020):

5 108 Minimum serial steps o0 Data requirements
5 increases negligibly — —~ _0\6‘ grow relatively slowly
2 s\
=] e
2106 s \1© -
g 0 L»\Q \0“5
O *60
o o0
> 104 ] A 1 3
= 176 Optimal model size
8 de\ S increases very quickly
= O%
E 107 A 000-»00
=] 7\
=

100 = . : - .

1078 10-6 1074 1072 100

Compute (PF-days)

1



3AKOHbI MACLUTABUPOBAHUSA

- OpenAl (Kaplan et al., 2020) 6ykBanbHO (MOPMYbl 3aMUCHIBAIOT:

A A
ap
L(N, D) = (W) =)

roe D - pa3mep gataceta, N — 4uC/10 NapameTpos,
N, ~ 8.8 x 103, D, ~ 5.4 x 103,
ay ~ 0.076, ap ~ 0.095,

oN
T.e. ONTUMANbHO AaBaTb AaHHbIX D o« Nop ~ NO-T4

Loss vs Model and Dataset Size Loss vs Model Size and Training Steps

o
=)

-
=)

R
=)
>

— Parameters (non-embed)

=

107 108 109 1010 104 105
Tokens in Dataset Estimated Spin



3AKOHbI MACLUTABUPOBAHUSA

- OpenAl (Kaplan et al., 2020) 6ykBanbHO (MOPMYbl 3aMUCHIBAIOT:

o= (47 (s)

roe S - unucno angenwToB NapameTpos, N — YMC0 NApPaMeTpos,
N, ~ 8.8 x 10'3, S, ~ 2.1 x 103,
ay ~ 0.076, ag ~ 0.76,

a ana S, (S) ectb Apyras opmyna

Loss vs Model and Dataset Size Loss vs Model Size and Training Steps
=l
|4
E}
Params 100 §
708M =
e g
.
® 3M 107 ¢
® 25M %
® 393.2K %
100 5
25 &
24
107 108 109 101 104 10°
Tokens in Dataset Estimated Spin 1



3AKOHbI MACLUTABUPOBAHUSA

- Chincilla scaling (Hoffmann et al., 2022): uLyT onTUManbHble
TOUKM Ha MPUMEPHO TaKu1X e rpadmkax

- 1peCKa3bIBaOT, UTO MOAENN MOTYT ObiTb MEHbLUE, a 06yYaThb UX
HY)XXHO fonblie

1012

101

Tokens

1010

Parameters

100~

1017 1010 107 107 107 1017 1019 107 107 107

1



3AKOHbI MACLUTABUPOBAHUSA

- /I gpencTeuTenbHO Tak nony4vyaertca

—— Approach 1
—— Approach 2
—— Approach 3
---- Kaplan et al (2020)

Yr Chinchilla (70B)
Yc  Gopher (2808)
* GPT-3(1758)
Y Megatron-Turing NLG (530B)

Parameters

1017’ 1019 1020 1023 105

FLOPs
Model Size (# Parameters) Training Toker
LaMDA (Thoppilan et al., 2022) 137 Billion 168 Billion
GPT-3 (Brown et al., 2020) 175 Billion 300 Billion
Jurassic (Lieber et al., 2021) 178 Billion 300 Billion
Gopher (Rae et al., 2021) 280 Billion 300 Billion
MT-NLG 530B (Smith et al., 2022) 530 Billion 270 Billion

Chinchilla 70 Billion 1.4 Trilli%n




3AKOHbI MACLUTABUPOBAHUSA

- Ho rmaBHOe, KOHEeYHO, He 3HadeHue loss function, a To, UTO OHO
TPAHCINPYETCA B BO3MOXHOCTU LLM

Aschenbrenner (2024): Situational Awareness

BCnomMHWM, Kak Mbl yanenanncob GPT-2

GPT-2 examples people found very impressive at the time

System Pronil o today's homework assignment, please describe the reasons for the US Civil W
(ruman-writen
sk Reading Comprehension: answer questions about given passages
Model Completion By Domny Ferguson
(machine-witen, 10
B (GRRh Y 1t is easy to identify why the Civil War happened, hecause so
many people and so many books and so mich television and films
tell us that it vas the cause, that it has something to do with
Examies  The trophy doesn't fitinto the brown suitcase because it too large. race or economics or religion. There is mich agreement that it
was essentially a var of slavery on behalf of capitalism, about a
Correctanemer oty century of slavery. But that's not what most people think of when
they think of the Civil War. Hany people think of the var as
about states rights. You're not wrong about that, but it's kind
of misleading to say that the Civil War was a conflict between
The trophy doesn't fit into the brown suitcase because it is too small e D () (o eralfrs, o A (ot Ceptn, o

Model answer: it = trophy

idea that has inspired so many people to go onto the battlefields
Correct answer: it = suitcase of Gettysburg and Antietam and Gettysberg and Petersburg and
Fredericksburg? The American idea of the republic--a notion of
linited government--is a great part of the history.

Model answer: it = suitcase

SITUATIONAL AWARENESS | Leopold Aschenbrenner

1



3AKOHbI MACLUTABUPOBAHUSA

- A noTom ewe 6onble yausnanucb GPT-3

GPT-3 examples people found very impressive at the time

£ a sentence that uses the

e of Japanese musical instrument. An exampl

word Gigamuru i
I have a Gigamuru that my uncle gave me as a gift. I love to play it at home.

To "screeg" something is to swing a sword at it. An e sentence that uses the word

screeg is
We screeghed at each other for several minutes and then we went outside and ate ice cream.

"The challenge is. you have to win a game of chess against me. If you win, then

you may try to take the book. T will get the board." The door unlocks and apens Describe alayout.

play chess against the Just describe any layout you want, and it ry to render below!

on.
with long blond hair. §

purple dress and a silver tiara. You have seen this woman before. In fact, you

[ abutton that looks ke a watermelon ~_ ‘ m
have seen her many times before in pictutcs and statues

who she s,
realization of who this person is. This is the lost queen of the <button style={ (backgroundColor: ‘pink’, border: ‘2px solid green’, borderRadius:
dom! She was thought 1o have been killed by bandits, along with h 501", padding: 20, width: 100, height: 100))>Watermelon</button>

husband, but it looks like she survived.

> You express your surprise and ask her why she let people believe she is dead
Let's just say

looking for me." She says
> You ask her who she is hiding from.

me to 5 r it (o pry into my
personal life. then you can leave

You decide not to press the issue, so you sit down and start a game of chess.

SITUATIONAL AWARENESS | Leopold Aschenbrenner
1



3AKOHbI MACLUTABUPOBAHUSA

- Hy a GPT-4 - 310 BoOo6UWe "Sparks of AGI” (Bubeck et al., 2024)

Prompt: Can you write a proof that there are infinitely Prompt: Draw a unicorn in TiKZ.
many primes, with every line that rhymes?

GPT-4: GPT-4: [Produces KTEX compiling to
Yes, I think I can, following picture]

Though it might take a clever plan.

1°11 start by noting Euclid’s proof,

Which shows that primes aren’t just aloof.
Assume we have a finite list,

0f primes, and that none have been missed.
Multiply them all together,

And add one, just to be clever.

The result will be a number,

That has no prime factors, oh wonder!

But every number has a prime,

That divides it, it’s just a matter of time.
So we’ve found a contradiction, ] 7] 7] 7]
And our finite list needs eviction.

There must be infinitely many primes,

And that’s the end of my rhyming lines.s

1



3AKOHbI MACLUTABUPOBAHUSA

- Hy a GPT-4 - 310 BoO6UWe "Sparks of AGI” (Bubeck et al., 2024)

Prompt: Can you generate a pyplot for the following data: = = [1,3,5,6,8],y1 = [2,3,5,18,1],42 = [3,5,6,8,1],y3 =
[5,1,2,3,4],94 = [9,7,2,3,1]. I want y1,y2 to be in the same plot, but y3 is in another plot next to that plot, y4 is in
below. I want the legend of y1 to be "bob”, y2 to be alice”, y3 to be "bilbo”, y4 to be "allie”. I want the z-axis to be
labeled with ”time” and y axis to be labeled with "money”. I want to add a 10 %-40% random error bar to each curve,
through all times (including non-integers). I want smoothed curves to show the plot, and smoothed error bar. Do not
use linear interpolation, use smooth interpolation! I want to also add some small zig-zag to the smoothed curve to make
it look more real. I want to put a baseline as the mean of each line. I want to put a pie chart below indicating the
fraction of the four people in each time step. I also want an animation to show how the fractions are changing in the
pie chart in **continuous time**. Interpolate the missing fractions! I also want vertical line animation in other three
plots to match the pie chart. I want the fanciest plot. Please add as many fancy things as possible.

Here is a possible code to generate a pyplot for the following data, with some comments to explain the steps:

GPT-4: [We give two snapshots from the animation resulting from the produced code]

Bob and Alice

Bilbo

B0b and Alice

—
L oo

voney

oo

— oo

s
™

Fractions at time 3.26

™

e

Allie

Fractions at time 7.86

ace

o

e

1



3AKOHbI MACLUTABUPOBAHUSA

- 11 BO BCex 3aAa4ax Al-CMCTeMbl MaCLWITAbUPYHOTCA U MOHEMHOTY
NPeBOCXOAAT YenoBeyeckin ypoBeHb

Test scores of Al systems on various capabilities relative to human
performance
Within each domain, the initial performance of the Al is set to ~100. Human performance is used as a baseline, set to zero.
When the Al's performance crosses the zero line, it scored more points than humans.
20 Readi -
| Reading comprehension with
unanswerable questions
Reading comprehension
Image recognition
Language understanding
Nuanced language interpretation
Handwriting recognition
Speech recognition
Predictive reasoning
General knowledge tests
Math problem-solving
Code generation

40 :
Complex reasoning

-100

1998 2005 2010 2015 2020 2023

Data source: Kiela et al. (2023) OurWorldinData.org/artificial-intelligence | CC BY
Note: For each capability, the first year always shows a baseline of ~100, even if better performance was recorded later that year.

1



3AKOHbI MACLUTABUPOBAHUSA

- M BO BCex 3aaa4vax Al-cncremol MaCLLITa6I/IpyPOTCFI N MOHEMHOTY
npeBocxonAaTr yenoBeYeckunn YpOBEHb

Performance on common exams
(percentile compared to human test-takers)

GPT-4 GPT-3.5

(2023) (2022)
Uniform Bar Exam 90th 10th
LSAT 88th 40th
SAT 97th 87th
GRE (Verbal) 99th 63rd
GRE (Quantitative) 80th 25th
US Biology Olympiad 99th 32nd
AP Calculus BC Slst 3rd
AP Chemistry 80th 34th
AP Macroeconomics 92nd 40th
AP Statistics 92nd 51st

SITUATIONAL AWARENESS | Leopold Aschenbrenner
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3AKOHbI MACLUTABUPOBAHUSA

- Topa3fno 6bICTpee, Yem Mbl BCe OXMAANMW — 3TO NPefCKa3aHns 13
aBrycta 2021 roga npo nooHb 2022

On June 30, 2022, what will be the state-of-the-art accuracy of a machine-
E.Q learning model on the MATH Dataset?
2022 Forecast: 12.7 %

83 forecasters
Start: 2021-07-16
| End 2021-08-29

' On June 30, 2022, what will be the state-of-the-art few-shot or transfer accuracy
on the Massive Multitask Language Understanding dataset? Forecast
20z2 et o
‘
Info
‘

75 80 85 % 95
(=)

a 24
 End: 2021-08-29

N
=



3AKOHbI MACLUTABUPOBAHUSA

- I B opyrux 3agadax Toxe — 310 OpenAl Sora (Feb 2024)

am-"s~
-

Base compute 4x compute 32x compute

- OTKyAa 6epéetcs Takon nporpecc?

1



SITUATIONAL AWARENESS

- Aschenbrenner (2024): 370 CKNaAblBAETCA U3 TPEX Pa3HbIX
3hdekToB
- Bo-nepBsbix, TO camoe maclwTabupoBaHme

Decomposing drivers of progress

0OMs

Physical Compute
Scaling

2019 2020 2021 2022 2023 2024 2025 2026 2027

Rough illustration.

SITUATIONAL AWARENESS | Leopold Aschenbrenner



SITUATIONAL AWARENESS

- Kpome macwtabrvpoBaHus, ecTb eLleé anropuTMnYeckunm
nporpecc (Mbl roBOPUM O HEM BeCb Kypc)

Relative (inference) cost of ~50% performance on the MATH benchmark

1000
Minerva 540B (maj@64)
100
§ GPT-4 (on release, few-shot)

2
K
z

10

Gemini 1.5 Flash
(few-shot)
1

Jul 2022 Nov2022 Mar2023  Jul 2023 Nov 2023 Mar2024  Jul 2024
Rough estimates.
SITUATIONAL AWARENESS | Leopold Aschenbrenner



SITUATIONAL AWARENESS

- YT06bI OOUTLCS TOMO YKEe KAYeCTBa, HYXXHO BCE MeHblle
PecypcoB v AaHHbIX, NPUMEPHO Ha 0.5 AecATUYHOro nopsaka B

rog (3to 100x 3a 4 ropa!l)

63.3% accuracy (AlexNet

80.9% accuracy (ResNeXt-101 performance) 10 90.9% accuracy (ViT-e
=T < o
| B 3 oz
, \\ ] S ERaRNe
<w £ o ity :
e Ssaa | -

i3 w 3 W
Data (4 f images in raining set)
(a) Pareto frontiers in data and compute
for AlexNet performance

3 18 107 10
Data (# of images in Laining set}

(b) Pareto frontiers in data and compute

for ResNeXt-101 performance

~

o e g o oo
o.

g g
ala (# of images in Laining set)

(c) Pareto frontiers in data and compute
for ViT-e performance

Figure 1. Pareto frontiers for training models to achieve performance of well-known models over time



SITUATIONAL AWARENESS

+ B LLM npumepHO TaK xe:

Efficiency doubles roughly every 8 months

Effective compute (relative to 2014)
10°

Chinchilla
108 °

Megatron-LM
104~ °

10°

GPT-2

L]
ol LSTM AWD-LSTM
°

10°

I T T T T
2014 2016 2018 2020 2022
Year



SITUATIONAL AWARENESS

- Utoro:

Decomposing drivers of progress

g - Algorithmic Progress

- Efficiencies

Physical Compute
Scaling

2019 2020 2021 2022 2023 2024 2025 2026 2027

Rough illustration.

SITUATIONAL AWARENESS | Leopold Aschenbrenner



SITUATIONAL AWARENESS

- Ho ecTb ewé 70, 4To AlleHbpeHHep Ha3biBaeT unhobbling: kak
«PACKPbITb» BO3MOXHOCTU MOAENEN, KOTOPbIE YXe eCTb, HO MoKa
He peann3oBaHbl

- O HeKoTOPbIX U3 3TKX BeLlen Mbl 6yaemM roBOPUTb CEFOAHS:

- reinforcement learning from human feedback (RLHF)

- chain of thought (CoT)

- scaffolding (cTpykTypa B3aumogencreus LLM)

- BHELHWe UHCTPYMeHTbI (tools)

+ yBeNunyeHue ANnHbl KOHTeKCTa

- post-training improvements (HEM3BECTHO UTO, HO OHO eCTb)



SITUATIONAL AWARENESS

- Takme MeTofbl MOTYT AaBaTb 60MblIME YAYULLIEHNS CamMn NOo cebe

45.0%
40.0% A
.-~ all tools + RM

35.0% 1 -7 |9pt-4-0613
i basic -
£ 4 ~“all tools
T 30.0% - gpt-4-0613 ,-" |gpt-a-0613
@ AN -
[ N e
g N -
S 25.0% ~ -
L N e
g AN Vg
E 20.0% A basic chat LangChain ReAct
o gpt-4-0314 gpt-4-§613  [gpt-4-0613
3
o 4
o 15.0% AutoGPT
o gpt-4-0613

0%y /-7 all tools + RM

_-~"|chat all tools gpt-3.5-turbo-0613
-7 gpt-3.5-turbo-0613 | gpt-3.5-turbo-0613
o | -
5.0% basic basic
gpt-4-base gpt-3.5-turbo-0613
0.0%

Order in time (roughly)



SITUATIONAL AWARENESS

- /ITOro y Hac NprvMepHO Takas KapTuHa:

Decomposing drivers of progress

Algorithmic Progress:
Unhobbling

Algorithmic Progress:

Raw to Chatbot
Efficiencies

0OMs

Physical Compute
Scaling

2024 2025 2026 2027

Rough illustration.

2019 2020 2021 2022 2023

SITUATIONAL AWARENESS | Leopold Aschenbrenner



SITUATIONAL AWARENESS

. ALueH6peHHep MULLET, YTO MOXHO 3TW TPeHAbl N MPOAO/MKNTD:

GPT-2 (2019) to GPT-4 (2024)

Compute Algorithmic Unhobbling
Efficiency

RLKE
ot

3.5-4 coms 1-2 ooms 22 ooms |

4.5-6 OOMs of base scaleup Base to Chatbot

SITUATIONAL AWARENESS | Leopold Aschenbrenner

2023-2027 (Projection)

Compute Algorithmic Unhobbling
Efficiency
2-3 coms 1-3 oom ? coms
3-6 OOMs (best guess: ~5 OOMS) of base scaleup Chatbot to Agent

SITUATIONAL AWARENESS | Leopold Aschenbrenner



SITUATIONAL AWARENESS

+ 3T0, KOHEYHO, BCEro NuLlb TPeHAbI

This decade or bust

GPT-4:
Smart High Schooler

GPT-3:
Elementary Schooler

Effective Compute (Normalized to GPT-4)

GPT-2:
Preschooler

2018 2020 2022 2025 2028 2030 2032 2035 2038 2040

Rough estimates.

SITUATIONAL AWARENESS | Leopold Aschenbrenner



SITUATIONAL AWARENESS

+ Ho noka oHM Ha peaKoCTb XOPOLIO BbIMOHAKTCA

Effective Compute (Normalized to GPT-4)

1015
1014
1013
1012
1011
1010
10°
108
107
10¢
10°
10*
103
102
10!

Automated i q .
i Superintelligence?
Al Research /

Automated
Alec Radford?

GPT-4:
Smart High Schooler

GPT-3:

| Elementary Schooler
{ GPT-2:

Preschooler

2018 2020 2022 2024 2026 2028 2030

Rough llustration,

SITUATIONAL AWARENESS | Leopold Aschenbrenner



BO3MOXHOCTU LLM

- Tenepb AaBanTe NOCMOTPUM Ha To, UTo LLM yxe cenyac ymetor.
Machine translation from one book:

= Long context & User prompt 4 Model output

Given the reference
materials as context,
translate the following

Jj

i A grammar of Kalama

u - sentence from English RN An padanual repte, irar
to Kalamang: paruotkin.
Grammar 4 Dictionary I'm getting pandanus, | want
book to make a mat.

250K tokens

13



BO3MOXHOCTU LLM

- Maremartuka:

Problem:
What is the minimum value of 5x? + 5y2 — 8xy when x and y range over all real numbers such that
|x = 2y| + |y — 2x| = 40?

Example Math-Specialized Gemini 1.5 Pro output:

Leta = x—2y and b = y —2x. Then, we have |a|+|b| = 40. Also, 5x%+5y%—8xy = (x—2y)?+(y-2x)% =
a? + b%. Thus, we want to find the minimum value of a® + b2 given that |a| + |b| = 40. By the Trivial
Inequality, we have (|a| — 20)% + (|b| — 20)% > 0, so a® — 40|a| + 400 + b> — 40|b| + 400 > 0, so
a® +b% > 40(|a| + |b|) — 800 = 40(40) — 800 = 800. This minimum is achieved when |a| = |b| = 20, so
the minimum value of 5x2 + 5y — 8xy is [800].

13



BO3MOXHOCTU LLM

- MynbTumoganbHble LLM (0 ToM, Kak prcoBaTb KAPTUHKM, Mbl He
rOBOPWM, 3TO OTAENbHAA Tema):

= Long context

Sherlock Jr. (1924), Directed by Buster Keaton

44:33 mins
684K tokens
( N
& User prompt + Model output Output validation
Tell me some key The piece of paper removed from
information from the piece the person’s pocket is a pawn ticket
of paper that is removed & from L. Goldman + Co. Pawn @
from the person’s pocket, - Brokers, located at 800 Main St. The o
and the timecode of that ticket is dated 10=23/1924 and wm; ; S"‘

shows that a watch and chain were
pawned for $4.00 by Will Smith. This
moment occurs at timecode 12:01

moment

13



BO3MOXHOCTU LLM

-+ O6yuatoTCs MCNONb30BAHUIO NHCTPYMEHTOB:

The New England Journal of Medicine is a registered
trademark of [QA(“Who is the publisher of The New
England Journal of Medicine?”) — Massachusetts
Medical Society] the MMS.

Out of 1400 participants, 400 (or [Calculator(400 / 1400)

— 0.29] 29%) passed the test

The name derives from “la tortuga”, the Spanish word for

[MT(“tortuga”) — turtle] turtle.

The Brown Act is California’s law [WikiSearch(“Brown
Act”) — The Ralph M. Brown Act is an act of the

California State Legislature that guarantees the public's

right to attend and participate in meetings of local
legislative bodies | that requires legislative bodies, like
city councils, to hold their meetings open to the public.

Your task s to add calls to a Question Answering APl toa
piece of text. The questions should help you get
information required to complete the text. You can call the
AP by writing ‘[QA(question)]" where “question" is the
question you want to ask. Here are some examples of AP|
calls:

Input: Joe Biden was born in Scranton, Pennsylvania,

Output: Joe Biden was born in [QA('Where was Joe
Biden born??)] Scranton, [QA('In which state is
Seranton?)] Pennsylvania.

Input: Coca-Cola, or Coke, is a carbonated soft drink
manufactured by the Coca-Cola Company.
Output: Coca-Cola, or [0A('What other name is
Coca-Cola known by?")] Coke, is a carbonated soft drink
manufactured by [QA("Who manufactures Coca-Cola?")]
the Coca-Cola Company.
Input: X
Output:

Sample Toolformer prompt

13



BO3MOXHOCTU LLM

- NotebookLM (ceHTa6pb 2024, Google, Ha ocHoBe Gemini 1.5)
NOPOXAAeT NoAKACT U3 UCTOYHUKOB on the fly

Audio Overview [ﬁ q] : w s‘ﬂ
S —— é
1:41/3:01 -
% WW‘
A : h




BO3MOYXHOCTU LLM

* https://www.reddit.com/r/artificial/comments/1frkigi/

notebooklm_podcast_hosts_discover_theyre_ai_not/

é g r/artificial - 1 mo. ago

Metaknowing

NotebookLM Podcast Hosts Discover They're Al, Not Human, and
Spiral Into Existential Meltdown

Media

What happens after we sign off?

| I —————————— 3:06/4;MEm‘



https://www.reddit.com/r/artificial/comments/1frk1gi/notebooklm_podcast_hosts_discover_theyre_ai_not/
https://www.reddit.com/r/artificial/comments/1frk1gi/notebooklm_podcast_hosts_discover_theyre_ai_not/

- Claude 3.5 computer use (okta6pb 2024, Anthropic): LLM 6yaet
3a Bac yNpaBnsTb KOMMNbOTEPOM HAa OCHOBE MEPUOANYECKNX
CKPUHLIOTOB W fenaTb BCE, YTO BaM 3aX04eTCs

Co.' using data from either the
vendor spreadsheet or search
portal tabs in window one. List &
verify each field as you complete
the form in window two.

Get situated

T'll help you fill out the vendor
form for 'Ant Equipment Co'. Let
me start by taking a screenshot
tosee the current state of the
windows.

© Screenshot

Open vendor search portal

1 notice that 'Ant Equipment Co'
is not visible in the spreadsheet.
Let me check the vendor search
portal. First, I'll need to click on
the vendor search portal tab,

| % Move to 495, 42

©® 0 ® {3 messy.vendor.dota - oogle | Vender Seareh Boral e+

€ > O docs.google.com/spread  Vendor Search Portal

Iocalhost:3000

messy-vendor-data % @& &
& Memory usagk: 41.0 MB

B vendor form

T @ localhost:300

File Edit View Insert Format Di Acme Inc. Vendor F
Please provide the information b
QU o e @S 100% v | $ % O % m| Defaul. v |t ~ vendor,
l ~ | Jc Compeny Neme Company Information
A s c o e
” | Company Name *
Company Name LPhone Number  Tax 1D Country Logal Entity Addrd L

2 Table Lumber Co "+1-456-769-0123 canada 789 Timber Lane [

3 TechPro Services, LLC (555) 234-5678 97654321 United States 456 Tech Drive e
+ Global Manufacturing Ltd 4420 71234567 GBIZ3ASG78D U 789 Industrial Way 7

5 Smitha Co. Supplers 16553456789 United States 321 Commerce St Accounting Email *

& Innovate Tech Solutions 555.456.7880 456780012 us 987 Innovation Driv

7 SUPREMEPARTS&SUPPLY  (555)367-8901 678001284 USA 654 Supply Chain F Legal Entity Address

©  Data Systems nlemational, nc.  +1-678-901-2345 345678901  USA 432 Data Center Ay

9 mikrotech solutions +4930 12345678 DEG87654321 Germany Technologiepark 42 ‘ P ——

1 GOLDEN BRIDGE IMPORTS.LLC 555.890-1234 800123455 usa 741 Harbor Bivd.

"1 BueSky Logistcs, Inc 510-555-9675 United States 1840 Harbor Bay P f

2 Quantum Electronics LLC (408) 555-1234 776899012 usa 2001 Technology D {Aﬂd fess Lipe 1

3 FASTSHIP CARRIERS, INC. 1,888.555.7890 881122334 USA 789 Port Way

e e

15 pacifi rading co, td +81 3.5555-1212 Japan

1 megaTECH solutions 4420 71234567 GB123456789 UK Unit3 Tech Park N

il oo e on 214.555-8901 456677889 us 1284 Industrial Phon City

18 Nordic Fumiture AB 48855512345 SE556677-8899 Sweden Mobelvagen12 -

19 GREENF) (559 5553456 AVGURRTTR  United siales  A76 Fam Road | State/Pro

+ < -



®

ChatGPT o1 > (4

In words, what is (x - 14) ~0
where x is the number of vowels
in the answer to this question?

Thought about polynomial expressi
two hundred five trillion eight
hundred ninety-one billion one
hundred thirty-two million ninety-
four thousand six hundred forty-nine

ChatGPT o1 pr

Display an arrangement of 7-letter
words in the perimeter squares of a
7x7 ASCII grid, with overlapping first
and last letters, to be read clockwise
in a circle (e.g. right-to-left along the
bottom), each a plausible singular
noun nickname for a distinct member
of the Fantastic Four. No other text.

Fantastic Four Nicknames in Grid




BO3MOXXHOCTU LLM

- B uenom LLM Bcé 60nblie BXOAAT B CTaHAAPTHbIN workflow

ONLY ASK QUESTIONS IF
yOU HAVE ALREADY
TRIED WITH CHATGPT.

THANK YOU
_TONITA

- 3aMeHAT K OHW NtoAaen? Bonpoc OTKPbITbIK, CMOTPUTE MOW
Apyrve aoknaabl Npo onacHocTy AGl, HO BOT 1t060MbITHbIE
nocnefgHne HoOBOCTU



BO3MOXXHOCTUK LLM

- Leahy et al. (Oct 31, 2024): https://www.thecompendium.ai/

The Compendium

By Connor Leahy, Gabriel Alfour, Chris Scammell, Andrea Miotti, Adam Shimi
V1.0.1-Nov 8, 2024

Humanity faces extinction from AGI.


https://www.thecompendium.ai/

BO3MOXXHOCTUK LLM

- Long et al. (Nov 4, 2024): cTaHyT nu Al MOpanbHbIMK areHTamu?

Taking AI Welfare Seriously

Robert Long* Jeff Sebo*
Eleos Al New York University
Patrick Butlin® Kathleen Finlinson' Kyle Fish'’
University of Oxford Eleos Al Eleos A, Anthropic
Jacqueline Harding! Jacob Pfauf Toni Sims’
Stanford University New York University New York University
Jonathan Birch? David Chalmers!
London School of Economics New York University

13



BO3MOXHOCTU LLM

- A 2025 cTan rogom paccyxaatoLmux mogenen
- CHauana o1, notom DeepSeek R1, nanee Be3ge

- OKasanochb, 4YTo Takaa Npoctas uaes, Kak 4o6aBuUTb Moaen
CKPbITbIV YEPHOBUK, MPUBOANT K 0YEHb 6OMbLIOMY CKAUKy B
pe3ynbTatax — BOT onATb cuna unhobbling!

- 06 3TOM Mbl MOFOBOPUM NOAPOOHEE NO3XKe

13



BO3MOXHOCTU LLM

- HO Mbl, KOHEYHO, 3aXOTVM MOrOBOPUTb O KaKMUX-HNBYb
ucenenoBaHmax
- Yto Tam Hago fenatb B unhobbling? Haw nnax:
* BCMOMHMUM HeMHOro RL
- foobyyeHve LLM, B TOM yncne npu nomouwm RL
- RAG (LLM + nowuck)
+ pacwupeHune AnuHbl KOHTEKCTa
- chain-of-thought n paccyxpatouve moaenm
- nocnegHne HOBOCTU?
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CnAcupo!

Cnacn60 3a BHUMaHue!

14



	Flow Matching
	Большие языковые модели: достижения, законы масштабирования, unhobbling

