€ rdMlsdlizls MdMmisjd (djtecijsded dd [ . ¢. [ jdjdas' jo

1t RrR{tRULTUVL 3L 103t dSJfJ 1 RC R
U(1TIt1VARR (oY IRURC U m1 {]
Raesvwdu)l (11 {4d RYVULITS S

[ oaur[[?d, H.I.
RG] P 1 RiCEZISME

fsHJd caudmisy i3r dmMEzf
ddzls j dzdzj CSIsO o 1 dzj

s tc Ofdats ¥ 6259Q.251 9




fervdlrvazc 1 VYo fe3

1. sRRO025 d t¢RR
2. st ovsmgu it RJuer IV IBIT OS] [LRC
oyl rRvarcMmL {J L REARR (
3. Juir [J?2zrm ) 3dlram (LARGE LANGUAGE
o7

MODEL-LLM) st VLT RIIr t | c REASONING
MODELS)

4. LIMIfouvrfovrs R PU LAt OffREL]IOLRR
5. sloyrlsrirrlA®R®f v L RY[ ®#SR
st My JARrRY (wiSRUMAI L #RrRSRIS T 0L RR
1 6t vl 2025¢6.%
6. lrtrerglfalfrofstv] ey b RRGRR035 )
.Yy oluvP@f R RIT S &uRR
1 JLJUVIRR OQtRR?

&S rRamisdkl Mdflsjd « &jeeisdCd dd [



HOdz8 5 Is j toB Ul ,5SBlswBtgw 2025 ¢.

XXl Oyd sdzOdz! dzOW C sdzw J to
dmMSEmMMmlse J dzdzs 3z d dzls J ¢

Bl YHEZBZOWGBH ' d@3 & y-0P3s d J
{ siimd2MCOw OmMMsydoOoydw dnmsckzmmisse
AjHjtOd df 2 dMmfdzj Hise Ols j dz' M ¢
CRIEYStedsOdS O d kifteOo dzj dzd j ¢

1 OydtsdzOdz dzf 2 dimfczj Hise Ols j dz' NS d 2
4 OdzGllsj Is j teBEtedMS d2 AjHjteOd
dMmdzj Hise Ol j dzt MSd2 ygj dglste ¢
Isdzjj 250 bEyOfmlsddStseo (28
6 f dzj dzOtcdz" = HBC dZOHtSE, 102 Mmj ¢
3 sttkedr & MtsdO, 2 o) yjtedsd

t smMimhdw, 1 j dzOtckzm! , vL B 1€ @,Is OrdzlzH

&S rRamisdkl Mdflsjd « &jeeisdCd dd [



{ {Je8REES OC ¢
Rysvduwulpr114d1

0 4BLHO®AZA9.88¢eR992 ¢. )
0 [Mdeso O] ki) jdaRhlstdfiR] C MOdzH totso d Y
d} smy J dzste istsecditels § 4 o  y
0 11 shdifintyd duadsjo?j 2 dz0 Y d s dzQ &sdel | tedifdisy d
d M¢ kMmls od didstitsaiizj € Is iz
A jpd Mz dzj MHIBR R d dzfmI00, s 0 j 992, ' B d dA9P4, s OL CQLELG,
1 2h dd@88,) j pj MdzP®dzj M BRODQA @ ts dzts BOBD v o j 2004, [ B dzd dzMm &
2006, z B @ID8, v 9 j 2010,) j dzG SORH | dze 20K Ha d3ts dzj 2846
] Stots d@9d8ss OL @AY, v Oc O 22k, o B dz] dzZlO©dz@ § 3 teBztg3e 2025

| Ootcddzso ® v . 202

— &S rRamisdkl Mdflsjd « &jeeisdCd dd [



fovrtrOJ 3 rdsfor{l

*

o

~ ~ ~ =" Vo n
e 0 ns m e¢ h h ” ‘'t e c h o m O
O - —_— K e < E< g * ot " . <1
h tao h - ~ X T'EFEt etm™ 'V oee eo.hna ™ ¢ 0
< — < 1T L — E < YC** 3 O C*
e 0o "T"ax h o mm™ hx 7 'F¢g t K o t.h4 em o h a "~
O 1 * o0 <Z L — EbK (3 - O Y .
0 0o " et o "O6Fe * T 'Feeot ho? e t h e " .hs 7 ot
— - * <C* E E< T 1 * * - O
X -+ eh X 0 o mtm T 0 * e e 'Enh *no o h” ”
7 O—— - * * < <E - C<< E —_— ¢ < <
’“'E’e ».¢ch oa . "7 e eom:t n
* - (o) < *
: T "Eh e ~ 7 e t 2 oae < ho S ’°z h ctoo h
* « © < * 7 . " e "x "1 T * PR —
c h ™ “¢ hex ( o "e “tx -"@’'@o aoc mm ¥ X mm t
o C< * @ - * < 1 —E 1 <Y — —_— - <
t -1 te - hm eo s om " "M x - & . h t C
< * <<—0 * 1 < Py— * < < r]§ &« ] * ® K —
w — 7 ”
h o™ t*'E'Ye ™EF h to®te™ ¢ h o mm~ h " h
- * - EY E < - """ "3 L < —_— v <Z
o h a ™ ¢ b e e. o a e = a ¢e t: X ~
v C*_ < % O:) - 1 * <00 < < < &« [ -l
~ m [ ~ 6 t @\ 7 ~ ® " 1
< < < < <E < Y
-~ ) —~ 3y o~ 2 .
e o - a e c h o m-.mo omh m
< © * d) * - HC * J ] v < —2 - —
1 0ne emm t t x t
*  — * 1 % < * * 0
o " e ho” oh ae Sc ho "m”nCo .hm "°* g T~
— < < + <t < 0 & ] " vk —
o e o0 a’ c *Sh t ™ ea™ €t ee M xmmt e te e o0
* — ) < * * * — * < < T < —

&S rRamisdkl Mdflsjd « &jeeisdCd dd [



2. stouvsoc RHUJLRC
1 {1130 19310 fJr1RrRC
s mL {JJL1RE RR (1 A)

&S rRamisdkl Mdflsjd « &jeeisdCd dd [



ot vfvvuegRBR §1956 — .=

Jtce Odzd L Olstster

Ar v OS¢ Otels
Al Otco { dzadzin €
A s dztzHj dzdzts dz gt

Al Ot 0dig iz s ] e e P oo

) tod ¢ d&zOh j dz' B

Aodtclsk®dgs 1(Bm)
A ¢ dzdzj dz¥ | dadede | &0 6 g dzdzs da L
ALty @R s j o066 8 jf ddsts . ™ s
A vste ] dzyf Ohdden & d def st jd@n d s Ml aes
At 1@ s dzts d3ts dztsaln b o v i iR o  Is
A [ dzd o4 jiedzW t6 o Hof o tmijcn s q i

ey
¢

Ray Solomonoff Alan Newell

Oliver Selfridge Nathaniel Rochester Trenchard More

4

Herbert Simon

&S rRamisdkl Mdflsjd « &jeeisdCd dd [



o hm*om th a T"e"e\o o 75 T 4L tH§R t
1950+: ~ e ec h ho**- "t'myoy T 6meo ae .t o co” 5o (75")( t )
Cam LT Y
3aBblLLEHHbIE 201617
OXunagaHuA 1T7xFmoh - ex @)t mY
]mco*_h c"(e’<a
2000 BT R
Z=*a"”r] _'*h""me'm*"o(r;a(h'.
_ho  2040+Y
| 2020¢[ [ a = X
q t [0} h... "0 'Ye ~ B - »
PasovapoBaHue Y
) “x e ¢ oe” TFE
h ROl e i i
o< oo 0 m °
[ -
/I_”‘mc o T eod”¥ hve o 2020+(5 t
_Ho’Y."“'Lf‘xfmz__ hoame t@l " 0
POCTMHTepeca e T *o:a c 'EQt 'ihe(ceon’:“o'yz*ot
m e‘:“"‘:"”o‘”‘"E":gee.‘)gho’e(
s™ oh "t ~ 'Ee o . " (superhuman)
c ho h ."\’* T Dya
o RO, 201112

XHAMMBEY ™M™ ~

;"'T\"'ereEo"‘o h

H

I'n§ dzs ujor g
ISj mdesdzsc d d,
Cslstsdfjj?2 yom
cOLodo O Is
mMtse toj d3j dzadOY O
dts¢ tsls ts talg' A
B zH jindg ¢ s H dzw
G st s’ |
Bs dzs H gzj Is!
doeal

® 3JdFoe

a0 dd@Eya d
30.04.2024,E T B
-18.04.2025

[ Olsj tr;q’(lidszYoYr
(od:)(ZuRRI il lSI-Oj

( Al RI /1 GRIGRHDN 3 F
Rt 6Yd(0®ZURRIt
10Ot 4(B®B a R 3

(t) oQEd&d Ot 6

Eoégr o
YdeoaGrf ¢
DpEsqd¥Y

LY
6%

&S rRamisdkl Mdflsjd « &jeeisdCd dd [


http://images.amazon.com/images/P/B00005ASUM.01._SCLZZZZZZZ_.jpg
http://images.amazon.com/images/P/B00005ASUM.01._SCLZZZZZZZ_.jpg

v J1fr 1 1¢¢Avuvi v L RR [ A 1 w,

viTvVIO
1 Bo90OVY Isjtedzd desdzsedw 1 ts9ar j OCyjdasr 5 MteOo dzj
x gddzt dzr 2 RR XlOIZ‘LLerJ dmMmdzj H 59 Odidvf tfie  talf
G imdr ) wirCmer | B "dj WikdmOd dsOd da j o

Wz dzn Ocsj dzs Oz dzr @sH %ﬁs*dgqmq21;5556333m515

so J to] rd Isjn dsdzsae
T el d - e qud@t&dmsa@@dJ tsB dzO Y dzfs G s
o' ydmdzdIlsj dz dz" = t6j Mztemtse

quL;iTt?Bw%quudagwsgqg gngtmamussz Costf | to
dm x 1 soa0OVW Ctdtf jIsj dals dztsls dzOW

x 10hdlsO fteOs d MeoteBBH yYjlidesdee@BdR" ftsHeslssaSCd o
x 1 jLBYf OMmdesmils: (9 Mmdyr Maxjelsd Bzdzdtetso Oded j § ted o dzj
ftod yddzj dedw kzd3r h dzj dzdats @6 MesiE SEE@)Odzd W d yqdtese Odzde” ~ !
x 1 sl 6Oy dzsfls (=ssjwm@q$éﬁ@?ﬁsmqq_9 B =0 @ @
x vjRndtsazse d yj ms d2 mzaJ%I&q S?Jdﬂ dz2" § Istej Btso Oded W

. a@smsq HyWlisj dz' datsfl
x Kj dzsfls dets fyls d%%BSGHdsﬂ %?BJJQBBa f smtej Hilse

ydq ¢ dzo :
ZOttsH dets ] MtsistolzH dad yJ Ml
< [BCwEr sthk: d WSS hE " S R

&S rRamisdkl Mdflsjd « &jeeisdCd dd [



gt v L RY[ SO M[pu ®(B0O05.2029).

A 10BjMisdlsjdzz 1twjHMjHOIS] dzZv 1 tOo dlsj dzif iglso O dzf A
MistcOls § ¢ dhug il md W z fizls ©Od34 dals Odz! dg" d3 d ffifpdgdteijs o
dm¢Emmilse j dzdetsc.5 dif delssff dedfjv Isls[@ IsOC ¥y j ftoed dav dzd &
it smmd2mMEs?2 OCOHI B d2OEZS | J dzdzOHd?2 steOMmdzd ¢
1 Ctsdesdzsd yg MEtsets tcOLoadlsdw t tsiisifdy jf O CChmlfdy teslsts d
ojHENdr Isjndduf B di)soObdtsg-ddzOk o digdsgtp " | Mls o

A ulsOtchodPufjtcj L dH jdals, tkzCtsotHdIlsj dz Bd&ztEC O cuj n
4B jlcBOMRS Ol ddzg By B8s sd3dzy dzs Jtc s s @ liyOQ LI WE2E sH Iz
odsdtc] HtosdLshy dz Bsdz! W82 Isjrdesdzsedyj med?2 to
ftoeddzydtf JOdz! dets detseor | oL i3y desMmisd Isj = detsdzts @ (

A Clsthtcd o jldtsdBE, yYlsts MjetsHd dHY Is ¢fipldd Odz@Bd H Iz
omMC stetsmisd d depigsonOudgdRw dif jtej Hiser 7 tej h j dzad 2.

A Cltlj o sL d3tsy dzts to p @ azd st eo@®jlsH k@[ ] dMMdzj Hise Ols j dz
B tcOL 59 Olsj dz' dgrdgv WisdklEzydetso $ d sIsj yd Mise j dzdzt
2@ jtcj HBBa " 7 dz2Of BO@ZA@HdY R RO

Al tst seBEDBWOsem@Ridmdd & §r lsOdzd m! SiPKtctsdzdets Usd
tcOL & doOls! Mwp dAADGIEP PdMC EzMimise j dzdptOE Y j  dzlff jodrazj U
ZzOdB tsdzj § 1 tod tfftgjdidshy tlsjdgr Isif oddzr | , deEHftstds@sotedtz jjdzopz H Iz Is
M s Mlso so Ols! IssBEz, vyl wwesmMd2MSdj ¢ sd
fMtsL HOdzefe"j "RiRZ 2 dBtotsetsets koo dgv

&S rRamisdkl Mdflsjd « &jeeisdCd dd [



1Lovsd R Jat oyl orrRr 1 RR: L
RYL RAROURI 2

I/ITMO
100 d ©OLtOB|BISEd I rmhjj
sBtOL tso Odzd j§
I Mjylsts B .
RE“UB e s d 0y d tots o GREESRITE
ZOf tcO9o dz dzz yh d 7 ff tc GERIKCANORY
d skt SBicOL 59 Ols j RYSINES
flosctcOdRE o C??J%‘
[stcOMmdz tsGtG’Odz(
f s5fls Odg _
L OHOY 2025: :
L OlstsyJ dzce e { OL OB ts { OL OB fs
d dzH . UO&B%J&BS dztso ' n | dztso ' 7
'[OLE)C{dEEq’ IZT.GtSS\dZW'
9" J BH n tseH
e O d3$1 03y _ ] tOdiS ORS =iHfojHR| dzls dal
st Olsg & d - ‘ tcsdzj 9 52 BiSEEG AL RRO
tn (2024) SlstcOy 0y OjyIilstc O g G 9 ¥ |
(2024)

&S rRamisdkl Mdflsjd « &jeeisdCd dd [



st v JRY[ SO -of#u@(BGR05.2024).

Al ) L zdz b BE®®@DE®K RG] tc Daddzc Oo dzj d

A

fsdmS e’ n dMindzy HUDisidgsAn Is df, Is = 6 ~o
JqOdze sted Isdzr GO d dzdzts G 5 5B B dddd V],
dzv wERodzH Oz dzls Ode jdzlzjitc @lsd o dz" J Bts
LOdd&3tsH § 2 Milseo d JR RYJ ditdcod S SdD Hflz"
fr]dZJHISSG)dZdW Hdzv dzOlinSsdd Oz daB 2
J 6

Is s ¢f Qfdgets B tc difadzeCag Mis flas fstelz yj dats
516 OB tf @EE O d ¢ o dzf Iy ) fatf s ¢ & O 3skz

0
=
o
fryd dzJ) 5B~ SH d d3" n C[Ld3JdZJdZ.C{2, ¢k
B
fn
J
fn
d
J

JMUJudBJ B3q ded B3O dz! dg" 2 kZtetse j dz
Mdz] H soMPWZJR R otafj Odzd L 59 Ols! 9o M
CHdzY ftodisddspls’ j @ dzs?2 oSGt
mMdzy H cofPdgd@] 9R R .

dzt € tsdzts BciOE Hffdd Wdz) sB R sHJ dBBs 5B
ssHdyj MSkz YBHHjYSCE 1 Isds d3J

&S rRamisdkl Mdflsjd « &jeeisdCd dd [

&_%gggmmq*—'ggmx




/ITMO I sd hdj Wkdn Ok dls O

EE i hqj ¥ikd Od3j dzls O czickie™ ji dzafts if fnde fyfyls o j dzdzts c
weogdzweh djmw thdsets?2 HAzY MSLHOdWY dd HtStcOB't
B M jujddw, tBEyjdd j ©OM{sL &ZOs Odzed® 51 &
SHjtey O dj dzj dsjdzajj 1 RBdzieH. § OwOd) steso

sodz htsegts Ctdzdyj Mlso O tOL dzd ydz' =
Q OydsdzOd &zOw fMlstOlsjcd™ tOL

ANlzdzH Od3j dzls Odz! deA g dzhH O d3j dzls O dz! dgiz §lzH O d3J dzls O dz! ¢
BsH j dzd dz0 thdaBwsY j dzd dz0 Ghde®HjJ dzd dz2O0 d d

JLBBtOY Jdzd?2 S sHdso Odzgdw WL TP dzyd On
S '

&S rRamisdkl Mdflsjd « &jeeisdCd dd [



EADddEy®edqdqdqfldavygdragsqdgq
bEcdEI eoptbY(EpngbsEacbge/ eo¥deodge
Yddaqdo I EDYy:

1.¢t€;q|54Q@M’B,fsd@@j?q‘ddeBGB 4.A zdzn Od3j dzls Odir jdzzijtc O Is sz’ jdzd 7.0 f 6 Oo dzjydmfdjdz" s § 1| j daff 2
EBRUS @AIGYISdddL PRy BsOdL o § L LM Yagn o qa Ya ams o aBb o Oc j daisdg | | szt Isfyjclolpls) jody dz
1. t Br JE¢ba2Fai odyYHpod 2. Oveoor Yo b@dp.QqaYb @ ap3oaqBbbge .
2. 1n,o Y e e Yo qf easesgdoday e ¥ 3. YoaesYnoqEMobdga Y 2. Aj qbag'gzzgdﬁigﬁaﬁéz";ﬂ;;deﬁmz3
3. pdeosddmBeydaqb Yy 4. Yqoo€qgdqbrobd#b Yy '3 Yoaes YR} qbobgdp wielmambmgb o
4 tEdedqqaaenfadEs vEPIabYq 5. Augmented LLM¢ qE QE ¢ o BoYi¥ aqy : b o LR B Y
2.1 v yd fndzjHded® R 5.1 j L 5§ Ofndasdplsj tgfdsjp | W fdzd d3ts fiyls 8.C dzj d3j dasIr
1. s Fr dE¢dee¥daYgaqoQye I Ebosadgmbbgq, 1. EgqEIbYIEMHD Migangent) 1. t Eddea ROy qe d Yy
baydonodBedhey q, 2.l ¢dydb Yo ¥EEa0Q 2. Lifelong learning
2. t Er JEZAR@HE QO 3. | ¢ qde q3gqobrYoqs £ db B rdch B¢ vyseedYs a @ EOE 3 Y Y 3. e Y ¢ d Y qQbQSymbolic Al)
3. Adqypn3gayyyoo 4. L dqdeqarqbYy@alqr cac¥Eeodcr DDEDYY 4. Embodiment

5 YodqavYdodFEdytEd Ye Ye Y

3.1 Odzdzh jir® R 6.RRH dz¥zL C d ®DH @arrow Al) 9.1 L Od & H j sty g GO d dzr

1. CV( e 92 D6 G ¥ o qddgbbaYey )

1. Jofr QESYa0 FQeqdq bh@Or 2. NLP( o ¢ d F ¢opdosecfd 0 3 0 b § 0 £ D 1. dae b ¥ s ofdeaiogdad 3oy b hrjBYDo qay dsd Yy
2. ) of QEBFaj pq b OEDB@EEYDoqoYeE, fEeoanadq 3 ndoa¥qebo asorjerMOE2T, RecSys, TSAYAd . ) 2. YqeoWgaj odBsdEroo qaqgdedrdqed o
3. J)oedEZbgbWaYqqbs ¥ RHEdDHYEs ¥ 3. | 60 do3¢qoa 0 Ik Y b ¥DP qj dE3 YY

Ldi EbYr Eoo ANER R . DU ©3 Ed o KYd W E @ o o
1 ol K = AIRI,Aa ¢ yddd>-q OPAY |¢ BAnndqr YQoAng B £ 3 Y o q aEsTdBx ¥E 6 d 0 b begoadsycQ OAR h o ¢ 0@) Yy AyQdY | ,
KoddEyosE: ll\\\ YeqVYbogdb¥E¥R¥YoyhyeobondZAdIpMmuOOgqreoahysgy 00 dbdqed

&S rRamisdkl Mdflsjd « &jeeisdCd dd [



f

ibHY L o tsdv dzilaftgdz € f5 dzj 6 d to SAS® ISHjO dzdz dgtsq

5 qiFtsdz] J2024)

w
w

WS lsdpdade dzd sn@dsy de QS s dzls d3 t@dzsfiy

Mzh j flso  4Z0d B @Al S BORIH YO N R SO slsEE] FL o sdes MY j Udbo Aijss Shply | § j sz y dzs fiyfs
OH Of Isd o diyfisls di O af AYls tc b ds,jidls i) s @@ s OB d to s ¢ fOHsd driv dzv olde Oy Wezts s B tiz@ndzisro X W ¢

41.UMJH ez cdftg H J ezdzfyd d3o ts dz' HA® dBdz' -
OddaqQo3EbYHde YoqeosadeodoghgeqesyYdbo
2 dFEFog ¥EBBAaYFr YdOIFEoG
go06e8Yq o¢dgqng sqedsodoy
YbaodoEs¥Y¥¥Jqa¥YeadyYddwEsdy
2069YDYrEREYWD O (q ydddsYio¥p ac REDB gveYo 3 ga qb Y
e F3qdeodigfdde Fd FB g Y seboghes qexdaday, qdoadqbbo
JEde YdrudYn gbhdbyFachyabEdYyce

1. 1t E¥ dZgp@ede s YRDjgzd Yedha3qa¥ g ¢ a 3 qhyde Yo duMs Y Y
2. OddaqQo ¥YEDWQFEDro @I D d o Y oLBVK Y e I RLHF) q
3. ] of QFdYagaaqes YBbDg¥o ad g dF ¢ oblpo Yb begoob s qedodqaoFaYr EBYYEDY3>qbbge

Jg3YdaYodqadhbgw(#e )

4, | of QRO qq OFEFED bgkgdoeFpqd¥BddaqqoIEB YR EG q dbEIbHE qf o a ce@eyqbdordq a d
Y¥5. ] of QEbhFeo Qudear3jqBday3 YEEaTgy¥egeody@qaqy

6. OddaqQo 3ddWma b qdbovdyd qp q Ehgero q¢ ded v Huy Yo qenvapo dEbdad dw q EEE 3> ED
2¢dEEo9eY codua@BEDIEIOschagg¥EbdoqdoIFodoghadyYy

427 qW¥W W kL dsdieiztcz cdftg v j ezdzizi M d dzo sdz! dz" A
H Odzdz" -

t Ede Ydqgdbovrgo o Rb of dysbogyd E o ¥ 3 g © Goeda,y adyr QE
bo3gEde Yo qedoordd ¢ nowaxs s YE] qbwdbgm yd ¥ b s d
dqbdodbdfh bg¥ adodqdeqbdosdodphudosde

nodqaqy sedgIEhRodgeqadde qed BiHge Yeg a E d seytey,

eoDneG¥oqidbEaYeBdooFaaFElEy bwddro@ ay3 ¥Y

1. L Er 3YRVqqdo 3 ry b veOPB 90 QI qaYdovEmbuyd BadYnloq&Ebhge

2. L Fr E¢do@deEs YE] b OQdEsdaddhmedyYboqr EQEmbago,dbdzIqdemba®»@uB FbTYDL] F
YpabaqdEsaY3dbge pnodqaqy

¥ OddaqQodEbYqYY disor alcYroxyIgm - Woendgaed d o F BodaabffisRA, 3D Gaussen Splatting Y d . )

v f.¥e OddaqQo FEEYQ EgbadEo Qe o@BEIoonFoYadadrdPdYdFEes YdemPdzd FE Y JoPalhagesh ¥
d3gf gdqeBaoBe RY d s s F FaFEpdZadyoParR Y 3 0 o @ayssen Avalas Y d . )

5. ] of QE@Q¥a oo YOVIMp g b . b o0@odapyn br EUJ & ¥ b WY, 0 a 09 drn E3 q FE edra F deksye Y

43.f bdz Isd d3ts H Oldvidgss vy j dzq

°q

aY¥s>hbgoFacbhoddbguwXgdidyrW sFooqddyeod
Qb #ngqovadmoqqachpgFEgodeqqb&EyYboqj dH
a Y 3shbWeefE b b (e qevthodédERygdIvesd), qawor qF
flaog¢oedh aqeadmd®EYDEDYY

gofdoay¥ygarQaayme 368 ¢ EYpo qqy dodRips,c

1. t Er dEfdam¥EqddFoogedbog@oF qEbFacos Yoo QEaGhgmgesqbeacs Yoo QAEbBDbge,
Ydeoactr 93EDYQq

EFQEcoqadd gEIandqFaechodaqy

YqoeodoaqeY3IBb Qg addy aYxobgfachb o daYédods d Ebdlee@ds E IqG@bbmBoydqdEde Yo qpo

94 no Ydbedvd ge o d odéogle YI BB ® g €

3yr Y Jof QEF¥YddaqQo bEBHeoaqeoaYdbgdo¥gvBdodondfeqbryA QB ¥ o d a o0 3 aWabebdbBrd a y q
YLedson | QELHEERNYFYBDDOFacbodsqy

5. OddaqQo oY qQFE&YQFED qb o hodmoéay Efr a ¥ahogkd d®bcos¥Ypo QFEEAFGEYRqQFYQq

QqydesdYq, JdbeBdHESgdEbdscd E

6. L Er dE¢mmeifo Fj adika®agdqeqb Yy

D20G69o9YpodFaechge podgaqy

¥ EZ @KE 1,0 QdiabdngedeecYpl dZs 3 o

paaca¥Yno(qKFaecbhge

44.0 jIssH " tc]j das @O dA@H Off Is Ougth i 2 dzj 2
paoa3eqbeYdo Yr 3o qQYosqdehodos ¥o wioYeqaoyd YYe
o¢go3qbbyEYbolge FQE3HeYdecoacr 03I ENYQR Ed Y9

1. t ¥ 3 Yoodvago Qo ¢ o 3@ derayd q brobd@AZbUTRA Puning YA d . )
q20 ¢ broE ¥ 3 YooqVeqo e o brobd#bQYayn B a o d q d er dEih@be ¢ d Woqodda, b & & bgYoya ¢ @wed q iy q Qeyvag e Y)

cofgozqbbgBEdEDQs dogis o Qg cofloayvyooao3elfmkBs | or QFOFHI Qodb go3mdDFayaodpy o I G1& b bdideo € d E b gebqtigdo b E 3 e e by xipsad( a ¥
ofgog) Eyvy YHeodoghodeso3,geaBEdooyaYadad#Fsa@myYapgn

o dao 3Wlyeno g bQFob b g b

4'5'¢|2Gd34. dzisleMg 'O H Of Is affsid] dzj 2 1? OddaqQo FEHbYQQEDYaO Qr3daqagbBAYFaj odYaoydodmMed®¥ono ) ¥YDRqbqdYY
YgooQgmafdoaywvovasee¥eqd¥ JFEr b°°¢qm"b‘ﬂcqz3rgsqgmmn@tengineering(PE).JeuYEBwoDEsYE(}NﬁE}Yy
QEbbgamqogeodrYbadd¥odbpawsqb¥UaaByavyaBap GyqqqQqoyEdirqFEbddrao Qeridva Agneted Geneaion RROY e 0 Qo b g e
quoqqu)EYransb@qsterroqbqbﬂp,saab‘qbwmv 3. OddaqQo¥YEDQEDArao @D b 9 q e heghosj qaft-Conipx Learning
po(YoYeEserawdbrbyodp EaxXedp r AR @ o | F dgs 4., Od e o acf oYIbEbsYige o @Mcalls) 3

QEbb@aagazabyy 5. t Er dEgdppeFo Fieddosoedadrd o dhldaYsdfoalid, RAG

&S rRamisdkl Mdflsjd « &jeeisdCd dd [



Boicwas wKona
MEHeKMEHTa

W\l Cawsr-Nerepbyprosnit
FOCYIAPCTEEHHbIF YHHBEACHTET

sddz dzr/@zdf w[ ¢4 3B RR
(weak / strong) (broad/ narrow)

[Bh 2 RR

>

|1 Ooted dzso © 2024

AGI Artificial General Intelligence

POWERFUL Al
r O dEZOH J 2)

&S rRamisdkl Mdflsjd « &jeeisdCd dd [
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ADALINE 1995 1
1956 prhens XOR 1386 ‘
Artificial Turing t Problem Neocognitron 1 RBM
Neuron Test |Perceptron 1969 1980 Initialization | GAN
15 1950 19]57 g\‘g'\; 2006 2014

McCulloch-Pitts Rosenblatt i - Minsky-Papert Rumelhart, Hintonetal. LeCun  Hinton-Ruslan Krizhevsky et al. Vaswani
X1 Inpuls  Weighls Net nput Activation OR XOR ]
X2 Y fundion function 1 ‘ . 1 ‘ @ o
X3 - : o -
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https://medium.com/@lmpo/a-brief-history-of-ai-with-deep-learning-26f7948bc87b

fv 1] ?2zrRm Ccr13sfl 3N
(LARGE LANGUAGE MODEL - LLM)

s t¢uvuvuvrr o02z2RrR[ [ Jrr(]
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WAa Collo no Wocce w cocaAa ...
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BERT d GPT

R ) lovely temperate shake
'b_ :] :') q‘ ) n T 1 T
?] A A '\ Classification head Classification head
PR SRAN I I A Pl
A I R | :
VS A A" BERT GPT
¢ Y v g ¢ A 77 (Transformer encoder) (Transformer decoder)
v ., , )
Lttt P
1 ? _-;] | 2 > Thou art more <MSK> and more <MSK> Rough winds do
) " _ j . (a) BERT: masked language modeling (b) GPT: language modeling
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15 mapTa 13 anpens
B h < Al 13 wapra Visual ChatGPT Bedrock
j Alpaca (Microsoft) (o6rnayHblit cepauc AWS)
. . (Stanford)
tl mellne 14 mapTa 23 mapra 13 anpensi 12 masi
¢ 'L v, Google Plugins for ControlNet 1.1 KoHTeket 100K
b '\( obbsBRseT ChatGPT (OpenAl) (open source) TokeHoB ans Claude
MHT%paIL(JMIO LLM (Antropic)
1 B Workspace
2023 espans e 16 mapTta 30 mapTa 29 anpens ‘
4 ChatGPT ) 18 man
? -'] ¢ (OpenAl) Microsoft AutoGPT Code Interpreter
obbsBnser ona ChatGPT Drag Your GAN
Copilot 365 (OpenAl)

10 masn 23 man

24 cpeBpans 21 mapta

i Bard n mHoroe Photosho

i N LLaMA 14 mapra Picasso 9 anpens Apyroe (Google) Generative gill
- (Meta) (o6navHbI (Adobe)
-] Claude cepauc NVIDIA) AgentGPT

(open source) 19 anpens

Scaling Transformer 13 man
15 mapta to 1M tokens n "
. octyn B IHTepHeT
MidJourney-v5 | | BloombergGPT nns ChatGPT (OpenAl)

(Antropic)
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Bing / Sydney 14 mapra
(Microsoft)

GPT-4
(OpenAl)

(Midjourney)

C] @OpenAI D =. Microsoft B Opyrve koMnaHum
B 00\ Meta GO gle [:] UccneposaTenu
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https://openai.com/index/introducing-deep-research/
https://openai.com/index/introducing-deep-research/
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https://x.ai/blog/grok-3
https://x.ai/blog/grok-3
https://research.google/blog/accelerating-scientific-breakthroughs-with-an-ai-co-scientist/
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2017:Google f te j Hdzsy ddz Otern dIsj S skztolz dzj 2l Isj 2 NAuts
2018: OpenAl MtsL H Odz d GRI B Bandralive Pre-trained Transform
2019:OpenAl A dzj o " fEPM-Bcldz05 dIfBBOB] stetso .
2020: f sw o@EPEB®MI 7 5 G3z@®iks O d3j Idamitschi). (
2021: dz0 IHRESEEQItcj dzdtctso Odzd dzj ME sdz! €5 BSIHj dzj 2 ff SH
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cf s B Bisds
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Leaders

N A

ChatGPT OpenAl text
Claude Anthropic text
Bard/Gemini Google text
Midjourney Midjourney, Inc. image
Copilot Microsoft text
Dall-e Open Ai image
Perplexity Perplexity Al, Inc. text
] OQoteddzco © 2025 30
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Model

o1-
preview-
2024-09-
12

claude-3-
5-sonnet-
20241022

claude-3-
5-sonnet-
20240620

ol-mini-
2024-09-
12

Global
Average

66.02

60.33

59.80

59.09

Reasoning
Average

68.00

58.67

58.67

7733

Coding Mathematics

Average Average
50.85 62.92
67.13 * 51.28
60.85 53.32
48.05 59.22

Data Lai
Analysis Av
Average

63.97

100%

52.78

56.74
40%

54.07

86.4%

81.2% -8.5%

71.8%

70.0% 69.9%

©

GPT-4

A G

Claude 2 Gemini Pro

® 0

GPT-3.5 LLaMA 270B

™

Large

LiveBench: A Challenging, Contamination-Free LLM Benchmark https://arxiv.org/:2406.19314
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AHanus ectecTBeHHOro asbiKa (transformers, LLM) NLP go 2020 LLM: Large Language Models (2021 2022) Modesiu cmaroeamcs ece Gonbiue!

Attention g Mogayns sBHUMaHUA =t Generative Pre-trained . Loman e
Is All You Need :—_‘%E Multi paboraer HenokankHo, o Transformer (GPT, 2018) - (Enghsh) GPT-Neo (2.7B), GPT-J (6B),
(Vaswani et.al., Head BLIAENAR CMLICAOBLIE q SrenATGET Jurassic-1 (7.5B/178B), Gopher (280B),
2017) = | Artention R e (== [l D G - GPT-NeoX (20B), MT NLG (530B), ...
A3NEKO OTCTORWMNMM B = 3 . g 2
ion (2017) S ‘:— :‘; GG Gm - (Ru§SIan)mGPT-31(1SB) ) = w,‘ o
HelpoHHbIE  19ss 1997 2017 2018 = E GG =0 = ;?:'(:%::ggg;'zw( LBI1928‘E)! (; ’;‘;_E))
o s Transtoemers sy i g 1 — , Wu Dao 2.0 (1.75T%),
cenea NLE ° o o ‘; Transformer (2017) Ca =] “"-]_ ] PangGu-a (2.6B/13B/207B), ERNIE 3.0 (10B) “Scaling Laws for Neural Language Models’
Yuan 1.0 (2458), ERNIE 3.0 Titan (260B) sl
(6e3 pazmemyu dassoix!) = (Korean) HyperCLOVA (204B) G T
GPT yuutea = (Code) OpenAl Codex (12B), Arcnege s o
- - Mogenu npi :poccanrpomumﬁ
SESIIC T e | Google's (upto 1378) DYHKLIM NOTEDE.
Bonvwue Asvikosvie mxe’f‘ymfna - ByT5 (upto 12.9B) < ﬂmeul MAcWTabUpYIOTCA NO CTENEHHOMY 3aKOHY B 3aBMCHMOCTH OT
W obvema BBIYHCNEHAH
modenu (LLM) i = XLM-R XLIXXL (3.5B/10.7B), npu m. Tp 3Tom P = e
T-ULRv5 XL (2.2B) CEMI NOPAAKOE.
GPT-3 MOXET OTBE4ATb Ha BONPOCHI, NEPEBOANTD C PasHbIX . DeBERTa viN2 (1.5B), v3 (300M
A3bIKOB, NUCATb CTATHH, HCXOAHBIE KOAb! NPOTPamMM... 3 switch-C (1 ST*)( GLa:'n “ (2T’) ) npoazomunan:
+ h 006}
Mpobaemvi u svisosvi e NLP / LLM (2020) :)ﬂ:ELLEM (:yz gl)eta (1.1T%) ©> yHeHun
ChatGPT (InstructGPT): KaK fo6utbca oT GPT nonesHbixX u GPT-4 (mapt 2023): «ym» 3aBMCUT OT pasmepa «Mo3ra» U «onbita»
pesieBaHTHbIX OTBETOB NpPU NOMOLLMU oﬁyqeuua C nogKkpenseHunem OpenAl codebase next word prediction The final loss of properly-
Bita e word trainedlarge language
We want language o v Foi o L ':m CyBenMyEHHEN pasnepan) models is thoughtto be
models to be andtrain s u ool and o L ¥ Ovserved well approximated by
5 5 pervised policy
m (they sw - . 3 | e by & Predekn power laws in the amount
“helpthe users el L 2 i el of compute used to train
ﬂlelﬁas(lg‘ —— o SO0 R D55 R % " the model
honest ey prompt dataset — - ovtputs are ) the dotaset — b i
shouldn'tfabricate { e ' We predicted GPT4's
information or Alsbaler m‘,} o) W 2 _ - final loss on our internal
nusteadmeusen‘ mn:::::l" @ = J an output % ~ . L ((.) — ”(vb Ao codebase (notpartof the l—
harmless (the: / [ ¥ Ry b e U4 training set), from models
y nplmepm e Aladeler ranks reHepUPOBaTE yNyHweHkLIE 20 ML TP tramed using th
shouldnolcause oTEeTOR MIOAER the cutputs from OTEEThI METOQOM  Snewmetme - rained using the same
physical, Ths dota s sad 2 bsttoworst /4 —ia] Meohwowson f 5 methodology
psychological, or ohptmiatpll vy Wmnsemnt il cocuinens 5 Ll = n T = 5 1 DAt ashq al moar
socialharmto Yeierang ? sy i oy &5 ¥ 10,000x less compute
g RS 4 o i - e out v
peopig orthe EEt e 4@@ i t Alarge focus of the GPT-4 project was R thanGPT=4:
environment). oy = building a deepleaming stack that scales
99:0:0 the poscy predictably. The primary reason is that for very
He BcerpanoHumaer, : a . "“"9""" large train?ng runs like GPT—4, n}s not feasible to
4ero oT Hee XOTAT Reinforcement Learning from Human Feedback (RLHF) do extensive model-specific tuning.
Training language modelsto follow instructions with human feedback, OpenAl, 2022 GPT-4 Technical Report, OpenAl, 2023
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Kak yckoputb LLM: anbTepHaTuBHbIe Mogynu BHumanus (RETNET) - =
g : MoxeT BbiTb, HYXHO NEPECMOTPETEL CaMy apXMTEKTYPY HEMPOHHbIX CeTell?
- linearized attention [KVPF20] sax [ (RETNET)
- recurrentmodels for efficient Model olmogorov- old Netwo N Inspired by the Kohmgomv-Amold
inference while sacrificing training e Kak yckoputs LLM: anb‘repﬂamsnble mogynu sHumanua (RWKV) L Kﬂ‘ gorov-Arnol ¢ rk (,'_(ﬁ.?_ , We propose
parallelism [PAA+23] - 4 Theorem Usiversal Approxbastion Thearens K Arnold R Theorem
aiaca Aribation with ther I RWKV (2023) e N PP P Kolmogorovl;kmo'ld Ne:w;rkli {KANs) as
mechanisms, such as S4 e, | we propose anovel model architecture, Receptance et i Moy s promising alternatives to Multi-Layer
[GGR21], andits variants (i1 Weighta i ) L ¢ I .‘\‘;T-‘k"‘:l fix) = Z.,,,“,' x+b) fix) = Z @, Zo,,u ) Perceptrons (MLPs).
[DFS+22, PMN+23]. T e i, 1 - the MLPs have fixed activation
s 7 Scaling laws % i i on nodes ("neurons”), KANs
[KVPF20] Transformers are RNNs: Fast transf] X -
[PN+23] Hyena Hierarchy: Towards Larger ConvolutionalLan| Model Time Space ¢ @ . fixed -‘*‘:‘*::";:mm ®) 41 learnabie :’:‘;:’:- fusstions | have learnable activation functions on
[GGR21] Efficiently modeling long sequences with structured s|  Transformer (;(,z,,, o + ,,,, Model / edges ("weights”). KANs have no linsar
- Reformer Td) O(Tlog Y A, » ] ights at all — every weight parameter is
2 Training y Lon 2 R log d dlo ,, (Shallow) L o e dis weig! Ty weght p
Architectures  p oy Inference Cost g [0 Performer "(,',([, ,',‘:* Sl S ,H"M } lornabie weights e o s replaced by a univariate function
Transformer v O(N) AFT-full o(1%d) o(rd) - —  cuele parametrzed 3s 3 spine. We show
Linear Transformer v o) Aol o) o l‘)’ = = that this seemingly simple change makes
Re NN X on s = e =
5\553\ : o[ :J RWKV (ours) O(Td) O(d) i‘m KAN(x) = (B + Dy )x) o outpe;forlt: ity |I,n| tem;s o
/: o(1) o accuracy and interpretability. For
4 O(N o( W 6
: v s 1‘ Table I: ey comparson h diff KAN(x) aocurac); ‘:mch besmaller KANs c;r; adne;l‘e
Prpey < comparal or tter accuracy in muc
Retentive Network: A Successor to Transformer for Large Langug . ¢ is MEGA's chunk size of {
ttention, and s is the size of a local window Model | larger MLPs in data fmmg and PDE solving.
for AFT. (Decp) nonlinear Th and y, KANs
RWKV: Reinventing RNNs forthe Transformer Era, 2023 " igure 3 RWKY sechitectre forlaapuape meniling. learmable faster neural scaling laws man MLPs
Boianadum mHo2000ewaniwe,
Kak yckoputb LLM: ansTepHatusa TpaHcdopmepam (SSM) HO pe3ynbmamei noKa cnadbie
State Models (SSI . P 3
Space (53] [ Method: Structured State Spaces (S4) Figure 0.1: Multi-Layer Perceptrons (MLPs) vs. Kolmogorov-Amold Networks (KANs) -
1&[(&:]19‘ ] Kak yckoputb LLM: ansTepHaTtuBa TpaHchopmepam (Selective SSM) BMECTO 06y4aeMbiX K03(hULHEHTOR — OByHaeHble HeNUHeRHOCTH! .
Selective State Space Model e -
F NP Lo e M (2023 KAN: Kolmogerov—Arnold Networks,.. Max Tegmark, 2024
A W37 suoouaOratic-Ime archRisciures Inear3mention. Q3D comORin 300
tmAx+Bu ";I' 2 “I 1 1 recutrent mocels, 270 Siructured Siae sosce mocels (SSME) N3 Desn
y = Cx 4 Du 13 3l i il Saiooes 3 auorece Tranciormers’ Joeticiency on long
Continuous Long-Rangd 1 Kak yckoputb LLM: ru6pua Mamba ¢ tpaHchopmepom . -
State Space Dependencid g s, . e o0 b m
| : L ) ; Jamba (2024) —_-— *
N
Mo bend Kak yckoputb LLM: rubpupg, c BHuMaHuem u ceeptkamu (fmeHa) a ™ t a ™ t™ e o
T s . q
[P— # StripedHyena (2024) ) — L T, o
StripsaHyena s the frst artsrative mods! cC O - et .dIO m h : 0
[ - arcnitacturs With the best open-sourcs.
2.1 State Space Models: A Continuoy s Tl A el e in short and long- )
i st s ek i ot by e st =H Stpeyen ln2 00 sl roceschg. hoed ’H a ot> ¥ t t
e e o) et prefciog 1 & D oo JR— i compisad ot sty psupes isoton . .
P + " Wi TOr0/d SCaling Oser GeoDGEr-nl Transbrmers. & . . i N - -
wo=C hitps:/igithub e (0] €
- ' < *
s s o -
Efficiently Medeling Long Seguenc q 1E h e m 0
[ Marea < * v
T r —~
Mamba: Linear-Time Seguence Mod I sz Sevom cC O Y
[P
5 res— Marta bt e J o - - e & *
A S i o Et h m t hto
Jamba: A Hybrid Transformer-Mamba Language Model, 2024 ) S Seomen ——t < - < * -
et m t
- ompact <

Hyena Hierarchy: \c.aar*‘sLarQer Cumc]utlcnalLanguageHcdels 2023
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DepSeek € Off H | dz@®IOB SEEM L € ts dzts di3d QU dgts 2f dz)) Is | te
DeepSeek-V2.5

DeepSeek Coder DeepSeek-V2 DeepSeek-V3 Janus -Pro-7B
DeepSeek LLM DeepSeek-V2 coder DeepSeek-R1

11.2023 12.2023 5.2024 7.2024 12.2024 01.2025

GPU ru
FireFlyer |l S DeepSeek MOE
GRU OFU PU  GPU
| J =
o e —= * i
[ oot| [Romt L bl Ront] [Reot v L]
I'\::I Ik:-! I\;-! I\':'I Pt ":\l: Ik:'! I"el I:} ]
(2 TR AT GhY GPU (<2 T ~ T (22T AT
S0 GRUL GRU GRaD s s G e | i CRY P
= = =" = ) G GPu Ghy Ghu Ry
]'Islll'{ & Inmods Aschitecomre: § PCle GPUs sad | Infini- odl
Rard (1) NIC are diroctly conmeted to the CPU, Mot that Insnody — knternods
B e the pemmn PCo ook po. Whilk B oocgpios o Figare 6: HFReduee Schematic: 1) do intramode reduce, 2} do
[reepEnceTy imter-node allreduce by CPU, ) finally tramsfer reduced data
1
e ks - Tomh IEPONCE - BASALE - TORCH RS o GPU. Ingut Hidden (DO
TR e

L i N e - CoficTBEHHAA KOMMYHHUHKaLMOoHHAA GubnvoTera H FReduce (3) Convertional Top-2 Routing wessp (5 + Fine-grained Expert Segmentation memmp (¢} + Shared Expert lsclation

Z : [ [ 1 ] CoficTeeHHbBIA dpeAmeopk hfai (LopaboTaH Hel A torch) IKCnenT 370 FFN = 1.8 Linsar>ACT->Linear (DespSasitos)

g —.5 atm ae Dot _mi  oim s CofcTeeHHan apxuTerTypa knactepa PCIE kapTel P : LiTpadyeT TeX, KOTO 4acTo

g g Jyuilie MHOTD SKCNEQTOR, HO MANEHBEMX, YEM MAND BOABLIMY

BbIGMpanT ¢ GoABWMM CHOPOM

Router -31o Linear + softmax
Fire-Flyer A-HPC: A Cost-Effective YacTe IKCNEPTOE BRAKYEHE Breraa(Shared sKcnepTel) LUITpadyeT, ecam mHoro
Software-Hardware Co-DesignforDeeplLearning

NUMBER OF GRS

() HFReduce vs. Torch DB (b Hiai Scalkes vis. 3IKCNEPTOB ¢ OAHOTD AeBaica

https://amiv.org/pdf/2408.14158 https://arxiv.org/ pdf/ 240106066
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b » VY SR Xo<s " Best in Math (MATH) @
X', MARHT= "9 |
NTAAT DT qAS A

(Hendrycks et al., 2021): *
Problem: The equation 22 + 2z = i has two
complex solutions. Determine the product of their *
real parts. -
Solution: Complete the square by adding 1 to

each side. Then (z + 12 =1+i=e%+/2,50
x4+ 1 = +e’s /2. The desired product is then
(1 -+ cos (%) ¥2) (—1 - cos (%) ¥2) = 1 -

D Fop . (1—{—005( )) . 1—\/§
cos (g)\/?—l V2 = 5t

'

03-mini DeepSeek R1 DeepSeek V3 o1-mini
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https://arxiv.org/abs/2103.03874v2
https://arxiv.org/abs/2103.03874v2
https://arxiv.org/abs/2103.03874v2
https://arxiv.org/abs/2103.03874v2
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b
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TP
MATH Level5

98% (Epoch Al, April

1

9, 2025)

4

MATH Level 5 accuracy for 03 and 04-mini compared to leading models

Z EPOCH Al

Shaded regions correspond to the average score *1 standard error. Gemini 2.5 Pro has not been evaluated yet

o4-mini
high

o3
high

o3-mini
high

ol
high

DeepSeek-R1

Claude 3.7 Sonnet
84K

Grok-3 -

Grok-3 mini
high

CC-BY

90% 95%
MATH level 5 accuracy

epoch.ai

&S rRamisdkl Mdflsjd « &jeeisdCd dd [


https://x.com/EpochAIResearch/status/1913379488286601533
https://x.com/EpochAIResearch/status/1913379488286601533
https://x.com/EpochAIResearch/status/1913379488286601533
https://x.com/EpochAIResearch/status/1913379488286601533
https://x.com/EpochAIResearch/status/1913379488286601533

GOOGLE CO-SCIENTIST

HYPOTHESIS

Gemini 2.0: Generation,T g 'Og e Rakking, . —
Evolution, Proximity, Metareview /

b Google Co-Scientist (Gottweis et al., Feb 19, DISCOVERSY ®
.Y ~ . ’ (AL I T O WL = ,
_ 2(v)25). '\< , A ?'ﬁpv/\'\( 5 - /‘\4%“.) \4/ .)g.@.
T SAT N T NN A | = -
) ) ‘ ) - PROBEM CgDE
b " AN AxDNXVAT VAN N T R

b~ DT KT ANVINRT reoAN T L A el o i
SYTYYT TR A PNy A
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https://research.google/blog/accelerating-scientific-breakthroughs-with-an-ai-co-scientist/
https://research.google/blog/accelerating-scientific-breakthroughs-with-an-ai-co-scientist/
https://research.google/blog/accelerating-scientific-breakthroughs-with-an-ai-co-scientist/
https://research.google/blog/accelerating-scientific-breakthroughs-with-an-ai-co-scientist/
https://research.google/blog/accelerating-scientific-breakthroughs-with-an-ai-co-scientist/
https://research.google/blog/accelerating-scientific-breakthroughs-with-an-ai-co-scientist/

Al Scientist -v2

b * "4 AC AT COMPOSITIONAL REGULARIZATION:
I? . UNEXPECTED OBSTACLES IN ENHANCING NEURAL
| ,\(_] Y Y NETWORK GENERALIZATION
- ~A I\( ’ Anonymous authors
-'] -'] > Paper under double-blind review

L A _
-,] -] -,] < ¢ ') ! ABSTRACT

'\{ > T, Neural networks excel in many tasks but often struggle with compositional gener-
B . 4 alization—the ability to understand and generate novel combinations of familiar
-=] :] I? ¢ components. This limitation hampers their performance on tasks requiring sys-

tematic reasoning beyond the training data. In this work, we introduce a training

'\( I? '] , I? >r)'eer I; method that incorporates an explicit compositional regularization term into the

loss function, aiming to encourage the network to develop compositional repre-

r eVI eW A - -] A ! . sentatio.ns. Contrary to our expectations, our expfariments on §ynthetic arithmc?tic
expression datasets reveal that models trained with compositional regularization

C n l\( I) Ib( Ij do not achieve significant improvements in generalization to unseen combinations
A -'] -] -'1 " , compared to baseline models. Additionally, we find that increasing the complex-

ity of expressions exacerbates the models’ difficulties, regardless of compositional
regularization. These findings highlight the challenges of enforcing compositional
structures in neural networks and suggest that such regularization may not be suf-
ficient to enhance compositional generalization.
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b Nagda et al. (DeepMind, Sep 30, 2025):
>~ NN AlpHaBvolve’ > ¢ T ASN
"H Y T AAYRYYY T AVA

b A~ > ¢ MAX4CUT* ~  vNA~ 7
ND .9 AH T T <H N Y+
Y TN T A< T TDOSBAN AN . A
0987_ 9% %, 7Y ¢ <HA9° H A

XA_ 90 > A T D

LR, R N kI
TR N
"N< T D T MAX2CUT NP ¢ D
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Malliavin -Stein experiment

D~ 1 q')'\(\( T el 5 "9HY T T AV g Y A Mathematical research with GPT-5: a

Malliavin-Stein experiment

b Diezetal (Sep3,2025): “ ~ 7 7
1777 GRBAR VY >y N
TPARATNTNVAOAT A

4

Charles-Philippe Diez* Luis da Maia* Ivan Nourdin*

A JANAN Abstract
) ¢ A On August 20, 2025, GPT-5 was reported to have solved an open prob-
'X \% > -'] < lem in convex optimization. Motivated by this episode, we conducted a
) controlled experiment in the Malliavin—Stein framework for central limit
theorems. Our objective was to assess whether GPT-5 could go be-

4.1.1 Gaussian framework yond known results by extending a qualitative fourth-moment theorem
to a quantitative formulation with explicit convergence rates, both in the
We started with the following initial prompt;: Gaussian and in the Poisson settings. To the best of our knowledge, the

derivation of such quantitative rates had remained an open problem, in

. . . the sense that it had never been addressed in the existing literature. The
Paper 2502.03596v1 establishes a qual itative fourth moment present paper documents this experiment, presents the results obtained,

theorem for the sum of two Wiener-It6 integrals of orders and discusses their broader implications.
p and q, where p and q have different parities. Building

on the Malliavin-Stein method (see 1203.4147v3 for details),

could you derive a quantitative version for the total variation

distance, with a convergence rate depending solely on the

fourth cumulant of this sum?
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Malliavin -Stein experiment

TAVEI I
PO IR
"9 . A xGPT5
<N 7

o)

e

b y ~ BPTEY 19 ¢ "9
XY AT AR N A
A DR IS

I think you are mistaken in claiming that (p+¢)!|u®v|? =
plg!||u||?||v]|?. Why should that be the case?

It eventually admitted (which is not surprising, since by alignment it usually
agrees with us) that the statement was false, but more importantly, it under-
stood where the mistake came from. This was followed by a reasoning and a
formula that, this time, were correct.

Then, at our request, GPT-5 reformatted the result in the style of a research

"article, including an introduction, the presentation of our main theorem, its

proof with all the details (correct this time!), and a bibliography. The exact
prompt was:

Turn this into a research paper ready for submission.
my style (see attached paper 0705.0570v4):

- start with an introduction giving some context,

- then present the main result, followed by a very detailed
proof where no step is left out,

- finish with a complete bibliography.

The final document should be a LaTeX file that I can compile.

Follow
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I d 'L{dzrfr]cp C[ H J_ |SJ dZ-I fr] |S 9] O All this will, I hope, interest and excite aficianados of quantum complexity

classes, while others might have very little reason to care.

But here’s a reason why other people might care. This is the first paper I've ever

put out for which a key technical step in the proof of the main result came from

: Al—specifically, from GPT5-Thinking. Here was the situation: we had an NxN

b Y/ -'] 7 -] 'v] ' ‘x E] 7\/\I > " Hermitian matrix E(8) (where, say, N=2"), each of whose entries was a poly(n)-
¢ , degree trigonometric polynomial in a real parameter 6. We needed to study the

‘ ') ¢ '\{ '\( A '\b N - (/\ "\{ ’ :] largest eigenvalue of E(8), as 8 varied from 0 to 1, to show that this Amax(E(8))
T R - couldn’t start out close to 0 but then spend a long time “hanging out” ridiculously

V <0 71 b '-'“IJI'\(/\A /\:] < ' :] '\( " clpse to 1, like 1/exp(exp(exp(n))) close for example.

i Given a week or two to try out ideas and search the literature, I'm pretty sure
1 i CH ~ What Freek and I could’ve solved this problem ourselves. Instead, though, I simply
b The QMA SlngUIarlty ID A asked GPT5-Thinking. After five minutes, it gave me something confident,
-;l |7 > '\< ~ ) ¢ ¢ T T A b '\2 . plausible-looking, and (I could tell) wrong. But rather than laughing at the silly AI
like a skeptic might do, I to/ld GPT5 how I knew it was wrong. It thought some
’ '\{ ¢ Ij vx;PT'S ¢ . ¢ oA T more, apologized, and tried again, and gave me something better. So it went for
a few iterations, much like interacting with a grad student or colleague. Within a
n half hour, it had suggested to look at the function

~

VLoD ARDYY T Y .
I S R E

(I\ - V > 7 ‘. ~ ’ 4 '.
bl - . . i .
It pointed out, correctly, that this was a rational function in 8 of controllable

* C Y VI ’-5\{ R \b( ~ ' |\< _Fegree, that happened to encode the relevant information about how close the
:-] AN ﬂ < argest eigenvalue Amax(E(8)) is to 1. And this ... worked, as we could easily check

) 1
Tr((I - E(9)) '] = Z_: 10

ourselves with no Al assistance. And I mean, maybe GPT5 had seen this or a
similar construction somewhere in its training data. But there’s not the slightest
doubt that, if a student had given it to me, I would’ve called it clever. Obvious
with hindsight, but many such ideas are.
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2025 Top 10 Strategic
Technology Trends

) Agentic Al

"'») Al Governance
/7 Platforms

3 D) Disinformation
~ Security
Post-Quantum
Cryptography

Ambient Invisible
Intelligence

(6 )

)

Energy-Efficient
Computing

Hybrid
Computing

Spatial
Computing

Polyfunctional
Robots

Neurological
Enhancement
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Hype Cycle Gartner - 2025

BHyTpeHHWe nopTanbl Ans paspaboTunkoe
MaluKHHbIE KNMEHTDbI WW-yny4weHHan pazpabotka MO

GitOps Cynepannbi
MpPOMT-NHXUHNPUHT Cloud native
FfomomopdHoe wndposaHue WebAssembly

AITRISM

DepepaTMBHOE MalIMHHOE 0By4YeHne
OB6y4eHue ¢ NogKpenneHnemM
WckyccTBeHHbIl 06Wwuii IHTENNeKT

FeHepaTusHbiil MW

L poBas UMMyHHas cucTema

ABTOHOMHbIE areHThbl

WN-cynepkomMnbroTEpDI

6G

O>KNOAHWMA

MynbTuareHTHble

Sawwura ot CUCTEMBI
ne3uHdopMauun
Lindppoeoit ABOMHIMK Kuﬁepﬁesonacgomh
KNMeHTa AYEUCTbIX CETeN

MpocTpaHCTBEHHbIE
BbIYUCNEHUS

YenosekonopobHbie
po6oThl

Mopgenu KpynHbix BelcTBuiA

WNHHOBALMOHHbBIN MK 3aBbILIEHHbIX BnaguHa Baner
TpUrrep OXugaHum pasovapoBaHuin NPOCBETNEHUA
BPEMA

Mnato GygeTt pocTuUrHyTo Yepes: O <2ropa O 2 -5ner . 5-10 ner ‘ >10 net

Mnato
NPOAYKTUBHOCTU
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