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JlnHeiinbie mogenu

MawwwvHHoe oby4yeHne

VnpowéHHan TemaTuyeckasl Knaccucpmkaunsa Ha 2 knacca:

6uon. TepMUHbI
A

X
X y
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MaT. TEPMUHDI

X X

Anexceii Anppeesny CopokuH

Bonbline si3bikoBble MoAeny ANa pelleHUsi MaTeMaTUYeCKMX 3ajad
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JlnHeiinbie mogenu

MawwwvHHoe oby4yeHne

o basosasi mofens — nuHeliHbiii KnaccudprkaTop:

f(x) = sgn({w,x)— wp), (cnywaii gByx knaccos)
f(x) = argmax({w;,x) —wjo) (cay4aii HeCkONbKUX KIACCOB)
1
@ BxogHbIM faHHbIM CONOCTABNSETCS BEKTOP NPU3BHAKOB [X1, . . . , Xp].

Anexceii Anppeesny CopokuH

Bonbline sisbikoBble MoAeny ANS pelleHUsi MaTeMaTUYeCKMX 3ajad
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JlnHeiinbie mogenu

MawwwvHHoe oby4yeHne

o basosasi mofens — nuHeliHbiii KnaccudprkaTop:

f(x) = sgn({w,x)— wp), (cnywaii gByx knaccos)
f(x) = argmax({w;,x) —wjo) (cay4aii HeCkONbKUX KIACCOB)
1
@ BxogHbIM faHHbBIM CONOCTABNSETCS BEKTOP NPU3BHAKOB [X1, . . . , Xp].

o [lpocTeiiwmii cnocob BekTOpU3aLnmn NPELNOXKEHNIA:

e Ectb crnoBapb 13 cnos vy, ..., v,.
o x;(T) — uncno BxoxpeHuii cnosa v; B Tekct T.

Anexkceii Anppeesny CopokuH

Bonbuine si3bikoBble MoAeny ANa pelleHUsi MaTeMaTUYeCKMX 3ajad
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JlnHeiinbie mogenu

JlnHeiinblii kKnaccuukaTop (cnyqaﬁ 2 Knaccos)

o basosas mogenb — nuHeliHbIl knaccudpukaTop (415 4BYX KIACCOB):

f(x) = sgn({w,x) — w),

@ Kaxablli NpM3HaK x; roJocyem 3a CBOIi Knacc ¢ Becom |w;|,
@ w; > 0 — ronocyeT 3a NONOXNTENBHBIA KNacc,
@ w; < 0 — ronocyet 3a OTpuLATENbHbIN Kacc.

Anexceii Anppeesny CopokuH

Bonbline sizbikoBble MoAeny ANS pelleHUsi MaTeMaTUYeCKMX 3ajad
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JlnHeiinbie mogenu

Obwinii BUA HelipOHHONR ceTu

n Yi Ym M BbIXOAOB
hN(ZNl)I hn(zni) hN(ZNm)I
z Zni z
. /?\ N /’\ /’\ m

N cnoés T/ \a
h1(z11) ahl(zlml)

z11 Zim m1 HeApoHOB

n BXOAOB

X1 X2 Xn
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JlnHeiinbie mogenu

HelipoHHble ceTn: BEKTOpHasa 3anucb

@ Kaablii HEMpPOH CeTu BbLIYMTAET B3BELUEHHYIO CYMMY HEAPOHOB C
npeabiayLero caos:

.’ =0 )(ZW 2= 1)+b ), j=1,...,m;

o o) — dyHkyMs akTMBaLMN Ha i-OM Crioe.
@ [lpocreiiune yHKLMM aKTUBaLMN:

o(x) = max(x,0) (dyHkums Xssucaiga, RelLU)
o(x) = exe+1 (curmonga).

Anexceii Anppeesny CopokuH

Bonbline sizbikoBble MoAeny ANS pelleHUsi MaTeMaTUYeCKMX 3ajad
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JlnHeiinbie mogenu

HelipoHHble ceTn: BEKTOpHasa 3anucb

@ Kaablii HEMpPOH CeTu BbLIYMTAET B3BELUEHHYIO CYMMY HEAPOHOB C
npeabiayLero caos:

.’ =0 )(ZW 2= 1)+b ), j=1,...,m;

o o) — dyHkyMs akTMBaLMN Ha i-OM Crioe.
@ [lpocreiiune yHKLMM aKTUBaLMN:

o(x) = max(x,0) (dyHkums Xssucaiga, RelLU)
o(x) = exe+1 (curmonga).

@ DTy 3anucCb MOXHO MEPEBECTN HA MATPUYHBIA A3bIK:
Z2(D — J(i)(W(i)z(ifl) + b(i))

@ DTO MOJIHOCBA3HBIN C/ON.

Anexceii Anppeesny CopokuH

Bonbline sizbikoBble MoAeny ANS pelleHUsi MaTeMaTUYeCKMX 3ajad
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JlnHeiinbie mogenu

HelipoHHble ceTn: BEKTOpHasa 3anucb

@ Mwuorocnoiinas HeilipoHHas ceTb BblaucnsieT pyHkuumto f: R” — R™:

Z(l) — 0'(1)(W(1)X + b(]-))7

22— o@(W@) 4 p@),

AN =GN (W)R(N-1) (W),
y = oWz +bp)

Anexceii Anppeesny CopokuH
Bonblive si3bikoBble MOAeNnn ANS pelieHUs MaTeMaTUHecKMX 3aAad
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JlnHeiinbie mogenu

HelipoHHble ceTn: BEKTOpHasa 3anucb

@ Mwuorocnoiinas HeilipoHHas ceTb BblaucnsieT pyHkuumto f: R” — R™:

1) — g(l)(W(l)x + b(l))7
22 = 0(2)(W(2)z(1) + b(2)),
z(N) - — U(N)(W(N)Z(Nfl) + b(N)),
y = oWz +bp)
@ Ob6o3HaveHus:
X — BXOJHOIi BEKTOP, x € R",
Yy — BbIXOAHOI BEKTOP, x € R™,
W - obyyaemas matpuua i-ro cnosi, W) ¢ R(mixn)
b() - ceoBogHbili YneH i-ro cnos, b() ¢ ™,
m; — YUCAO HEpOHOB i-rO Cos.
N — 4ncio CKpbITbIX CNOEB.

Anexceii Anppeesny CopokuH

Bonbline sizbikoBble MoAeny ANS pelleHUsi MaTeMaTUYeCKMX 3ajad
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JlnHeiinbie mogenu

HelipoHHasi ceTb: pacnosHatollas CnocobHOCTb

@ VYxe ABycnoiiHas HeApoHHas CeTb pacnosHaér bonblue, 4em
NVHElHBIA KnaccudpmkaTop.
@ [ns atoro mexpgy cnosimu beina gobasneHa RelLU-akTusayus:

ReLU(x) = 6(x) = max(x, 0)

o bes dyHkyun akTuBauun Huuero 6sl He NOAYHMNOCH.

Anexceii Anppeesny CopokuH

Bonbline si3bikoBble MoAenu ANS pelleHUsi MaTeMaTUYeCcKMX 3ajad
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JlnHeiinbie mogenu

HelipoHHasi ceTb: pacnosHatollas CnocobHOCTb

@ VYxe ABycnoiiHas HeApoHHas CeTb pacnosHaér bonblue, 4em

NVHElHBIA KnaccudpmkaTop.
@ [ns atoro mexpgy cnosimu beina gobasneHa RelLU-akTusayus:

ReLU(x) = 6(x) = max(x, 0)
o Bes dyHkunm akTMBaLUM HUYero Bbl HE NOAYYMNOCH.

Theorem (Cybenko, Hornik)

Jlobyro nenpepsisryto pyukuymnto f: R — R moxHo npnbanznts
ABYC/IONHOI HENPOHHOU CeThio. B kadecTBe hyHKLmMM akTnBayum
MOXHO B3ATb 1106y (DYyHKUNIO, HE SBASIOLYIOCS MOJNHOMOM.

Anexceii Anppeesny CopokuH

Bonbline sizbikoBble MoAeny ANS pelleHUsi MaTeMaTUYeCKMX 3ajad
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JlnHeiinbie mogenu

Obyu4eHune HelMpoHHOI ceTn.

@ HeiipoHHas ceTb 3a4aéT hyHKLMIO N3 HEKOTOPOrO NapaMETPUHECKOrO

CceMencTBa.
y' = Fp(x), 0 € R"

@ KauecTBo OTBETA M3MEPSAETCA 3HaYeHNeM PYyHKLN NOTEPD:
L(y,y") — min
0

@ [lapameTpbl ONTUMU3NPYIOTCS WIATOM FPaANEHTHOrO CNycKa:

0>0 - Temn oby4eHus.

Anexkceii Anppeesny CopokuH
Bonblive si3bikoBble MOAenn ANS pelieHnst MaTeMaTUHecKMX 3aAad
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JlnHeiinbie mogenu

PyHKUMK NOTepb

e MNycts C(y,y') — dyHkuns noTepb, rae y — 3TanoHHbIN OTBET,
a y' — oTBeT HeiipoHHOro knaccudmkaTopa
@ BosmoxHble doyHKLMKM noTeps:
o Keagpatuunas: (y—y’)2. Mpumensercs, korga knaccudmkaTop
Bo3Bpauaet y’ € R,

Anexceii Anppeesny CopokuH

Bonbline sizbikoBble MoAeny ANS pelleHUsi MaTeMaTUYeCKMX 3ajad
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JlnHeiinbie mogenu

PyHKUMK NOTepb

e MNycts C(y,y') — dyHkuns noTepb, rae y — 3TanoHHbIN OTBET,
a y' — oTBeT HeiipoHHOro knaccudmkaTopa
@ BosmoxHble doyHKLMKM noTeps:
o Keagpatuunas: (y—y’)2. Mpumensercs, korga knaccudmkaTop
Bo3Bpauaet y’ € R,
o Bunaphas kpocc-antponus (cross-entropy): —(ylogy’ + (1 —
y)log (1 —y’)). N3amepsiet, HackonbKO Aanekn fBe BEPOSITHOCTH
y,y' €]0,1].
e Bcnyuaey € {0, 1} bunapHas kpocc-aHTponus paeHa — log p(y).

Anexceii Anppeesny CopokuH

Bonbline sizbikoBble MoAeny ANS pelleHUsi MaTeMaTUYeCKMX 3ajad
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JlnHeiinbie mogenu

PyHKUMK NOTepb

e MNycts C(y,y') — dyHkuns noTepb, rae y — 3TanoHHbIN OTBET,
a y' — oTBeT HeiipoHHOro knaccudmkaTopa
@ BosmoxHble doyHKLMKM noTeps:
o Keagpatuunas: (y—y’)2. Mpumensercs, korga knaccudmkaTop

Bo3Bpauaet y’ € R,
o Bunaphas kpocc-antponus (cross-entropy): —(ylogy’ + (1 —
y)log (1 —y’)). N3amepsiet, HackonbKO Aanekn fBe BEPOSITHOCTH

y,y' €]0,1].
e Bcnyuaey € {0, 1} bunapHas kpocc-aHTponus paeHa — log p(y).

o KateropmansHasi kpocc-autponusi: —(>_ yilogy/). W3mepsier

!
PacCTOSHNE MEXKAY NCTMUHHBIM BEPOATHOCTHBIM pacnpefesieHnem
Y =[y1,-..,Ya] n npeacka3zaHHbiM pacnpegenenuem y’ = [y;,...,yi].

@ Obe Bepcun KPOCC-3HTPONUN MaKCUMU3NPYIOT BEPOSITHOCTb 0by-
yaroLweil BoIbopKu.

Anexceii Anppeesny CopokuH

Bonbline sizbikoBble MoAeny ANS pelleHUsi MaTeMaTUYeCcKMX 3ajad



BeepeHue
000000000 e000000000

JlnHeiinbie mogenu

Knaccudpukayms

o B 3agaue knaccudpukaumm HelipoHHasi CETb BO3BPaLLAET BEKTOP
BEPOATHOCTEN

p:[p17"‘7pK]

@ [1ns atoro npumensietcsa softmax-aktmsauns:

p = softmax(z)
= P (z) k=1 K
k ZeXP(zj)’ Ity
J

Anexceii Anppeesny CopokuH

Bonbline sizbikoBble MoAeny ANS pelleHUsi MaTeMaTUYeCKMX 3ajad
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JlnHeiinbie mogenu

BasoBas cxema TekCTOBOI Knaccudpukaumm

o Obuwas cxema knaccucpumkaumnu:

X [x1,. -, xal,
Xj RP,

s = 2 (X)) =Dtk 2 {xindl,
softmax(Ws + b)

m

P:[Pla-'wPK]

Anexceii Anppeesny CopokuH

Bonbline sizbikoBble MoAenn ANS pelleHUsi MaTeMaTUYeCKMX 3ajad
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JlnHeiinbie mogenu

BasoBas cxema TekCTOBOI Knaccudpukaumm

o Obuwas cxema knaccucpumkaumnu:

X [x1,. -, xal,
Xj RP,

s = (X)) =Dtk 2 {xinll,

i

m

p=Ipi,...,pk] = softmax(Ws+ b)

o CeTb cocToNT U3 TPEX KOMMOHEHT:

o BbiuncneHue BekTOpOB CNIOB X; NO CNOBY W;.
o Arperaynsi nx B BEKTOP MPensOMXKeHUs.
e Buiuncnenusi camoii BepOsITHON MeTKM

Anexceii Anppeesny CopokuH

Bonbline sizbikoBble MoAenn ANS pelleHUsi MaTeMaTUYeCKMX 3ajad
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JlnHeiinbie mogenu

BasoBas cxema TekCTOBOI Knaccudpukaumm

@ CeTb COCTOUT N3 TPEX KOMMOHEHT:
o Bbiuncnenne sektopos cnoe x; no cnosy w; (0/1-sektopa, x; =
W,').
o Arperaums ux B BEKTOP NpeasioxkeHuns (NOKOOPANHATHbIA MaKCMyM,
cpegHee unam cymma).
o Bbluucnenuns camoii BeposaTHON METKIN (op,HocnoﬁHblﬁ nepcenTpOH)
@ B nuneiinom knaccucpmkaTope nepsble ABe KOMMOHEHTbI AETEp-
MUHUPOBaHHBIE, OBYHAETCS TONLKO NOCHAEAHSIA.
@ To ecTb Mbl Tpebyem, 4TObbI KNacChl pa3gensinck NaoCKOCTbIO

B MCXOLHOM MPOCTPAHCTBE MPU3HAKOB.

Anexceii Anppeesny CopokuH

Bonbline sizbikoBble MoAeny ANS pelleHUsi MaTeMaTUYeCKMX 3ajad



BeepeHue
000000000000 e000000

JlnHeiinbie mogenu

Obuias cxema TeKCTOBOV Knaccudukauuu

@ CeTb COCTOUT N3 TPEX KOMMOHEHT:

e Buiuncnenmne BekTOpOB C/IOB X; MO CNOBY W;.
o Arperauuns nx B BEKTOp NPefJIOXeHUs.
o Buiuncnenusi camoii BepOSiTHON MeTKM

@ Ecnn nepebie gBe uyactm byayt obydaemble, 1O ceTb “cama”
HAy4YUTCA TakK NPEACTaBAATb TEKCTbl, 4TODbI KJIaCChl MOXKHO
BbIN0 pasaennTb NAOCKOCTHIO.

o Camas BaXKHas 4aCTb CETU — SHKOAEP, OCYLUECTBAAOWMI arpe-
raumto. IMeHHO OH oTBevaeT 3a ‘noHnmMaHne” CMbICna TEeKCTa.

@ B coBpemMeHHbIX HelipOHHBIX CETAX IHKOAEP OCHOBAH Ha TpaHCdop-
MEPHbIX MOAENSAX, ONMPAIOLUXCA HA MEXAHU3M BHUMAHUS.

Anexceii Anpgpeesny CopokuH

Bonbline sizbikoBble MoAeny ANS pelleHUsi MaTeMaTUYeCKMX 3ajad
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JlnHeiinbie mogenu

MexaHn3M caMOBHMMaHWS: W HOCTpayns

study HEN \

school N

Anexceii Anppeesny CopokuH

Bonbline sizbikoBble MoAeny ANS pelleHUsi MaTeMaTUYeCKMX 3ajad
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BeepeHne MaTemaTuyeckne 3apgaqm: Habopbl faHHbIX Mopenn
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JlnHeiinbie mogenu

MexaHn3M caMOBHMMaHWS: W HOCTpayns

Query*Key'  Score  Softmax  Value  Softmax*Value ¥ Softmax* Value
il ™ - 130 0.92 -|r . (Attention layer output)
50 005 Y
20 0.02
10 0.01
30 0.02

0.70

0.03

0.25

1*study Wl »
at
I*at Wl »
1*school mE *

study study * |

study * study

s
1
|
| ]
m
£

study * at
study * school
0.03
0.10
0.80
0.07

at at*l
at * study

at* at

at * school

School school * |

school * study

0.01
0.27
school * at [1X1]
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JlnHeiinbie mogenu

MexaHu3m caMOBHUMAHUS: TpaHCOpMEpbI

@ MexaHn3m BHUMaHNS — 3TO OAMH CNOW TPAHCOPMEPHON apXUTEKTYPHbI.
@ Mexxay TakMMM CNOAMU BCTABASIIOTCS JOMNONHUTENbHbIE NMEpPexXoabl:

4 4
;( Add & Normalize )

4 4
( Feed Forward ) ( Feed Forward )
4 4

.
'
1l
1l
1l
'

.

Reg

ry 2

' (R [EEEE|

: 4 4

H ( Self-Attention )
' 4 4

POSITIONAL é
ENCODING
x1 [EIEIEE x2 I
Thinking Machines

Anexceii Anppeesny CopokuH

Bonbline sizbikoBble MoAeny ANS pelleHUsi MaTeMaTUYeCKMX 3ajad
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JlnHeiinbie mogenu

PasmeTka nocn €00BaTEJIbHOCTN

@ B bonblunHcTBe apxnTekTyp aHKOLEp NEpes, arperayumeii BolYnCaseT

BekTOpa hi,...,h; pnsa ecex L cnos Tekcra.
@ JTN BEKTOPa MOXHO MCMOJBL30BaATh B 3a4a4ax, rAe HYXKHO Npea-
CKa3aTb HEKOTOPYHO METKY NS KaXKAOro CAOBa:

o Yacrepeunas pasmetka (MeTka — 4acTb peudn),
o Buigenenne dparmenta B Tekcre (Metka — 0/1).

@ B aTom cnyuae knaccudpnkaymoHHbIA C0i NPUMEHSAETCA B KaXK Aol
no3muuu:

p,-:softmax(WKXDh,-—{—bK), i=1,...,L

Anexceii Anppeesny CopokuH

Bonbline sizbikoBble MoAeny ANS pelleHUsi MaTeMaTUYeCKMX 3ajad
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JlnHeiinbie mogenu

[Mpeobpa3oBaHmne NoCnef0BaTENBHOCTY

@ B HekoTOpbIX 3aa4ax HY>KHO CreHeprpoBaTb HOBbI TEKCT, 3aBU-
CAWWNA OT NCXOAHOrO:
o MalunHHbIl nepeBoa,.
e [nanoroebie cucTemsl.
o [NpeobpazosaHue 3Byyalueli peun.
@ B 3Tom cnydae ncnonb3yeTcst apxuTeKTypa SHKOAEP-AeKoaep:
o JHKOAep npeobpasyeT NCXOAHbIA TEKCT B BeKTOP (ceiivac — Habop
BEKTOPOB).
o [lekopep No 3TUM BEKTOpaM reHEpUpyeT HOBbIVi TEKCT.

Anexceii Anppeesny CopokuH

Bonbline sizbikoBble MoAeny ANS pelleHUsi MaTeMaTUYeCKMX 3ajad
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JlnHeiinbie mogenu

[MpeobpasoBaHune nocienoBaTenbHOCTH: | paHcdopmep

@ [lns aToro Toxe ncnosib3yercsi TpaHcopMeEp:

§ - Softmax D)
»C Add & Normalize D) L) S
v Linear
1 (reed Forward ) (Creed Forward ) , LY
N T T T L3 — +
g ."( . Add & Normalize . D) ,*( PYTPT——.

i C : Self-Attention ) ( e meard ) Creea Forward D)
. f LY

. 7y 7y MeemeeccccBecccnenmm— .
RS ® ®

x+ [ x. [

Thinking Machines

Anexceii Anppeesny CopokuH

Bonbline sizbikoBble MoAeny ANS pelleHUsi MaTeMaTUYeCKMX 3ajad
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A oe mopgen

P

SA3biKoBblE MOAENN: BBEAEHUNE

o baszoBasl 3agayva sI3bIKOBOro MOZENMPOBaHUS — NpeackasaHue
CNEAYIOLLErO CNOBA MO NMPeAbIAYLLNM:

You know nothing, John Snow.

(BEGIN)

(BEGIN) You
(BEGIN) You know
(BEGIN) ...nothing

(BEGIN) ...Snow
(BEGIN) ....

Anexceii Anppeesny CopokuH

1111

U

You
know
nothing

(END)

Bonbline sizbikoBble MoAeny ANS pelleHUsi MaTeMaTUYeCKMX 3ajad
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A Mofenup

HelipoHHble sA3bIkOBble MOAENN

S3bikoBOE MOgEnMpoBaHue POPMYANPYETCS KaK Pa3MeTKa
nocnaefoBaTesIbHOCTH:

know nothing jon snow

[eessevce|[seceeess [sevscene| [cevsveny

|

v@s8) (o9 @e9) [@e9)

.

"[00] o] - {oo] . foo]

00e] [(00e] (000 mgoﬂ

you " know * nothing * jon

Anexceii Anppeesny CopokuH

Bonbline sizbikoBble MoAeny ANS pelleHUsi MaTeMaTUYeCKMX 3ajad
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A oe Mopenup:

HelipoHHble ceTu:  npegobydeHne Ha SA3bIKOBOM MOAE-
INPOBaHNN

@ 3ajaya S3bIKOBOrO MOAENNPOBAHUS — NPEACKa3aHNe CeLYIOLLErO
cnoBa B TekCTe (pacnpeAeneHmns BEPOSTHOCTEN ClIeAYIOLEro C0Ba).

5 Buepa en BrycHyo ?

Anexceii Anppeesny CopokuH

Bonbline sizbikoBble MoAeny ANa pelleHUsi MaTeMaTUYeCKMX 3ajad
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SlabikoBOE MopaenupoBaHue

HelipoHHble ceTu:  npegobydeHne Ha SA3bIKOBOM MOAE-
INPOBaHNN

@ 3afaya sI3bIKOBOrO MOAENMPOBAHUS — MPEACKA3AHNE CIELYHOLWErO
cnoBa B TekCTe (pacnpeAeneHmns BEPOSTHOCTEN ClIeAYIOLEro C0Ba).
5 Buepa en BrycHyo ?
@ Ona TpebyeT bonblUMX 3HAHUI O A3bIKE:

o Mopdonorusa (ecnu cnegytowiee CAOBO CyLLECTBUTENBHOE, TO
YKEHCKOrO poaa).

o padnka (cnepytouiee CNOBO € 6ONBLLLON BEPOATHOCTHIO KOHHYAETCS
Ha -y).

o CunTakcuc.

o CemanTuka (cnegytoee cioBo “cbenobHoe”).

Anexceii Anppeesny CopokuH

Bonbline sizbikoBble MoAeny ANa pelleHUsi MaTeMaTUYeCKMX 3ajad
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SlabikoBOE MopaenupoBaHue

HelipoHHble ceTu:  npegobydeHne Ha SA3bIKOBOM MOAE-
INPOBaHNN

@ 3ajaya S3bIKOBOrO MOAENNPOBAHUS — NPEACKa3aHNe CeLYIOLLErO
cnoBa B TekCTe (pacnpeAeneHmns BEPOSTHOCTEN ClIeAYIOLEro C0Ba).

5 Buepa en BrycHyo ?
@ Ona TpebyeT bonblUMX 3HAHUI O A3bIKE:

o Mopdonorus (ecnu cnepytoLiee CIOBO CyLLECTBATENbHOE, TO
YKEHCKOrO poaa).
o lpadbuka (cnepytouee cI0BO € 6OMBLLION BEPOSITHOCTBIO KOHHAETCS

Ha -y).
o CunTakcuc.
o CemanTuka (cnegytoee cioBo “cbenobHoe”).

o Kpome Toro, gns noayueHus 3Toli MHQOPMALUN HE HYXKHbI
pa3MeYeHHble faHHble.

Anexceii Anppeesny CopokuH

Bonbline sizbikoBble MoAeny ANa pelleHUsi MaTeMaTUYeCKMX 3ajad
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wlw o we ] [(ws ] [Cwe ] [[ws |
[ ! ! T !
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BERT: unntoctpauus

you has the highest probability | you, they, your.. |
OQutput [CLS] | | how are doing | | today | |[SEP]
BERT masked language model
Input [CLS] | | how are doing | |today | |[SEP]

Anexceii Anppeesny CopokuH

Bonbline sizbikoBble MoAeny ANS pelleHUsi MaTeMaTUYeCKMX 3ajad
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HelipoHHblie cetn: BERT

@ [nybokas (12 cnoés) apxuTekTypa Ha OCHOBe TpaHcopmepa

(MexaHU3Ma BHUMaHMS).
o lMpeobpasyeT nocnesoBaTeNbHOCTL NHAEKCOB TOKEHOB B NOC/E-

[OBaTENbHOCTbL BEKTOPOB.
o [lononHnTenbHbI BEKTOP A/t TokeHa Havana npegnoxerus (CLS-

TOKEH).

Anexceii Anppeesny CopokuH

Bonbline si3bikoBble MoAenu ANS pelleHUsi MaTeMaTUYeCcKMX 3ajad



BeepeHue

0O0000e00000000

SlabikoBOE MopaenupoBaHue

HelipoHHblie cetn: BERT

@ [nybokas (12 cnoés) apxuTekTypa Ha OCHOBe TpaHcopmepa
(MexaHU3Ma BHUMaHMS).
o [NpeobpasyeT nocneaosaTenbHOCTb MHAEKCOB TOKEHOB B MOCAE-
LOBaTENbHOCTL BEKTOPOB.
o [lononHnTenbHbI BEKTOP A/t TokeHa Havana npegnoxerus (CLS-
TOKEH).
o [Npenobyqaetca Ha aByx 3agadax:
e BoccraHoBneHun nponyweHHOro TokeHa (pa3meTka nocnenosa-
TenbHoOCTM Ha | V| knaccos).
o npOBepKe, NAyT an ABa NPeAnoOXeHMsa gpyr 3a 4pyrom (KﬂaCCVl—
ukauus Ha 2 knacca).

Anexceii Anppeesny CopokuH

Bonbline si3bikoBble MoAenu ANS pelleHUsi MaTeMaTUYeCcKMX 3ajad
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BERT: noobyuyerne

@ [lpun goobyuerun BERT Ha HOBYIO KnaccudrkaumoHHyO 3aga4y 3ame-
HAETCA TOJIbKO (PUHAJIBbHbIVE CJIONA:

p = softmax(Wh),
W e RF*H  — obyuaemas matpuua,
K — 4ncno knaccos,
H — BbixogHas pasmepHoctb BERT (0bbiyHO 768).

@ Bcero ¢ Hyns y4nTCst TONBKO HECKOJIBKO ThICSIY NapameTpos (MaTpuua
W).

Anexceii Anppeesny CopokuH

Bonbline sisbikoBble MoAeny ANS pelleHUsi MaTeMaTUYeCKMX 3ajad
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oe Mmogenup

BERT: noobyuyerne

@ [lpun goobyuerun BERT Ha HOBYIO KnaccudrkaumoHHyO 3aga4y 3ame-
HAETCA TOJIbKO (PUHAJIBbHbIVE CJIONA:

p = softmax(Wh),
W e RF*H  — obyuaemas matpuua,
K — 4ncno knaccos,
H — BbixogHas pasmepHoctb BERT (0bbiyHO 768).
@ Bcero ¢ Hyns y4nTCst TONBKO HECKOJIBKO ThICSIY NapameTpos (MaTpuua
Ww).
@ DTO 3HAYMTENILHO MEHbLUE, YeM OCHOBHOM 3Hkopep BERT (~ 2 x 108
napamerpog).

@ DTa 4aCTb CETU BblyYMTCS rOpa3fo ObicTpee 1 Ha HebONbLLLIOM KONU-
YeCTBE AaHHbIX.

@ [lpn 3TOM Beca OCHOBHOI 4aCTW CETU TOXE [OY4NBAOT (0ObIYHO OHW
W3MEHSTCS HE TaK CUJIBHO).

Anexkceii Anppeesny CopokuH

Bonbline sizbikoBble MoAeny ANS pelleHUsi MaTeMaTUYeCKMX 3ajad
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GPT

In ocking finding, scientist discovered a herd of unicorns living in a remote,
previously unexplored valley, in the Andes Mountains. Even more surprising to the
researchers was the fact that the unicorns spoke perfect English.

The scientist named the population, after their distinctive horn, Ovid’s
Unicorn. These four-horned, silver-white unicorns were previously unknown
to science.

Now, after almost two centuries, the mystery of what sparked this odd
phenomenon is finally solved.

Dr. Jorge Pérez, an evolutionary biologist from the University of La Paz, and
several companions, were exploring the Andes Mountains when they found a small
valley, with no other animals or humans. Pérez noticed that the valley had
what appeared to be a natural fountain, surrounded by two peaks of rock and

silver snow.

Anexceii Anppeesny CopokuH

Bonbuine sizbikoBble MoAeny ANa pelleHUsi MaTeMaTUYeCcKMX 3aja
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GPT

@ GPT-2-opHoHanpasneHHas sA3bIKOBast MOAENb HA OCHOBe T paHc-
dopmepa.
@ OHa obyyanacb TONLKO Ha 3ajaydy NpPeACKasaHusa CeayroLero
cnoga:
o 1,5 munnnapga napametpos (GPT3 — go 175 munnmapgos)
o OOyueHne Ha 8 MUNNMOHAxX Pa3HOODPA3HbIX MHTEPHET-CTPaHML
(nopsipka 40I'6 Tekcra).

Anexceii Anppeesny CopokuH

Bonbline sizbikoBble MoAeny ANa pelleHUsi MaTeMaTUYeCKMX 3ajad
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S13bIkoBOE MofenvpoBaHue

GPT

@ GPT-2-opHoHanpasneHHas sA3bIKOBast MOAENb HA OCHOBe T paHc-
dopmepa.

@ OHa obyyanacb TONLKO Ha 3ajaydy NpPeACKasaHusa CeayroLero
cnoea:

o 1,5 munnnapga napametpos (GPT3 — go 175 munnmapgos)
o OOyueHne Ha 8 MUNNMOHAxX Pa3HOODPA3HbIX MHTEPHET-CTPaHML
(nopsigka 40I6 TekcTa).
@ OCHOBHOE MpuUMeHeHMe — reHepauunsi NPOAOJKEHNST TEKCTA MO
3aTpaBke.
o [pyroe npumenenune — few-shot learning: obyueHne Ha HoByHO
3agady no oueHb Hebonbwomy (10-100) konuyecTBy npumepos.
@ [Npn aTom 3agaya gomkHa 6bITh chopMyNMpPoOBaHa Kak A3bIKOBOE
MOAENNpPOBaHMeE.

Anexceii Anppeesny CopokuH

Bonbline sizbikoBble MoAeny ANa pelleHUsi MaTeMaTUYeCKMX 3ajad
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SlabikoBOE MopaenupoBaHue

Bonblne si3bikoBbIe MOAENN

Mogenb AgTopbI Paswmep | Pasmep kopnyca
LaMDA Google 137B 168B
GPT-3 OpenAl 175B 300B
Jurassic Al21 178B 300B
Gopher DeepMind 280B 300B
MT-NLG | Microsoft+NVIDIA | 530B 270B
Chinchilla | DeepMind 70B 14T
PaLM Google 137B 168 B

Anexceii Anppeesny CopokuH

Bonbline sizbikoBble MoAeny ANS pelleHUsi MaTeMaTUYeCKMX 3ajad
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GPT-4

Prompt: Can von write a proof that there are infinitely Prompt: Draw a unicorn in TiKZ.

many primes, with every line that rhyme

GPT-4: GPT-4:  [Produ

following picture.]

s IXTEX compiling to

Yes, I think I can,
Though it might take a clever plan.

I°11 start by noting Euclid’s proof,

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

Of 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 Fuund n.contrm‘llntlnn, n ™ ™ n
And our finite list needs eviction.

There must be infinitely many primes,
And that’s the end of my rhyming lines.s

Anexceii Anppeesny CopokuH

Bonbuine sizbikoBble MoAeny ANa pelleHUsi MaTeMaTUYeCcKMX 3aja
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GPT: nogsogku

@ AHann3 ToHaNbHOCTK:

B aTom pecTopane oTanyHas ega. sentiment= 7
o [Mepedopmynupoeka Ha sizbike GPT:

B atom pectopane otinyHas ega. 370 X . — KOHTEKCT
p(X = xopowo) > p(X = nnoxo) — sentiment = positive
p(X = nnoxo) > p(X = xopowo) — sentiment = negative
e Tak MOXHO nepecbopmynmpoBaTb U gpyrue 3agaqm (OTBeT Ha
BOMPOCHI, aBTOMaTUHECKOe pechepupoBaHue, ...)
@ JToT noaxoa byneT pabotaTh Boobuye be3 0byueHus, HO TpebyeT
nogbopa noggoaKu.

Anexceii Anppeesny CopokuH

Bonbline si3bikoBble MoAeny ANa pelleHUsi MaTeMaTUYeCKMX 3ajad
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S13bIkoBOE MofenvpoBaHue

GPT: few-shot nogsogku

o Bornbline sa3bikoBbie Mogen HEBO3MOXHO obyyaTe B Tpaguum-
OHHOM CMbICJie: CIULIKOM MHOFO napameTpoB.

@ Bcé, uto Mbl moxeM caenaTb — ydwwe obBACHUTE UM 3agauy.

@ OpuH 13 cnocoboB — BKIOYUTL B NOABOAKY HECKOJIBKO MPUMEPOB
C OTBETAMM, a TaKXXe TOT NpUMep, A1 KOTOPOro HYXKHO NpeacKasaTh
OTBET:

Text: MNueo okasanock 4Yepecuyp TénnbiM.  Answer: Negative.
Text: OdomumaHT xopowo pacckasan npo no3uuum B meHto.  Answer: Positive.
Text: OueHb yoTHOe 1 aTMocchepHoe 3aeefeHne.  Answer: Positive.
Text: 3akas Hecnm gonro m nosoBuHy nepenytanu.  Answer: Negative.
Text: DTo ny4qwnii pecTopaH, B KOTOPOM 5 Korga-nubo en.  Answer:

@ Mogenb ganbwe npeackaxet Positive nnn Negative.

Anexceii Anppeesny CopokuH

Bonbline sizbikoBble MoAeny ANS pelleHUsi MaTeMaTUYeCKMX 3ajad
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A oe Mopenup:

GPT: uenouka paccyxgenuii (chain of thought)

@ bonbuwune asbikosbie MoAenun ropasfo sayduwe CcnpaBadaroTca C
3ap,aqe|7|, ecnn nMm npegbpABnUTb NPOMEXKYTOYHbBIE LWWATK!

e

- Model Input

Standard Prompting
B

Q: Roger has 3 tennis balls. He buys 2 more cans of
tennis balls. Each can has 3 tennis balls. How many
tennis balls does he have now?

A: The answer is 11.

Q The cafeteria had 23 apples. If they used 20 to
make lunch and bought & more, how many apples

do they have?

P, o

AN

A: The answer is 27. x

Anexceii Anppeesny CopokuH

Chain-of-Thought Prompting

—, ey,

\
Q: Roger has 5 tennis balls. He buys 2 more cans of
tennis balls. Each can has 3 tennis balls. How many
tennis balls does he have now?

A Roger started with 5 balls. 2 cans of 3 tennis balls
leach is 6 tennis balls. 5+ 6= 11. The answeris 11.

Q: The cafeteria had 23 apples. If they used 20 to
make lunch and bought & more, how many apples
do they have? |
/

-1 Model Qutput |-

A: The cafeteria had 23 apples originally. They used |
20 to make lunch. So they had 23 - 20 = 3. They
bought 6 more apples, so they have 3 +6 =9. The
answer is 9. J

\ /

Bonbline sizbikoBbie Mofenn ANS pelleHUsi MaTeMaTUYeCKUX 3af,



MaTtemaTudeckue 3apnaqm: Habopbl faHHbIX
®000000

[locTaHoBka 3aga4qm

o ApudbmeTnyeckne 3aaum TOXE MOXKHO CHOPMYNMPOBATL Kak
A3bIKOBOE MOLENMPOBAHNE:

2 nntoc 3 paBHO ? (HyXHO npepckasaThb 5)

@ [Ipobnema: npu npenckasaHum CAefyrOLLEro CNOBa ropa3go bonblue
JONYCTUMasi BapuaTUBHOCTb:

N3 10kHbIX PPYKTOB MHE BOMbLIE BCEro HPABATCA anenbCuHbl  (MaHAapuHbI)
2 nntoc 3 pasHo 5 (6)

(*] Kpome TOro, AnA MHOro3Ha4HbIX YNCEN I'IpVI,lJ,éTCﬂ npeacKa3biBaTh
HECKOJNIbKO TOKEHOB nogpAa.

Anexceii Anppeesny CopokuH

Bonbline sizbikoBble MoAeny ANS pelleHUsi MaTeMaTUYeCKMX 3ajad



MaTtemaTudeckue 3apnaqm: Habopbl faHHbIX

0O@00000

[Mpnnoxxerns

@ 3auem pewaTb apudMeTUYECKME N MAaTEMATUYECKNE 3aaul C
MOMOLLBIO SI3BIKOBbIX MOZAENEIA:
@ OT0 BCE eLé ABNSAETCA ANA HUX OTHOCUTENBHO CIOXKHON 3afa4qen.
e JTO YacTo TpebyoT nonb3oBaTenu.
@ DTO NpOBEPSIET CMOCODHOCTN MOAENN K apUMETUHECKM 1 10T -
HYeCKMUM onepaunam, a TakKxke NOHMMaHNE TOHKNX aCNEKTOB TEKCTA.

Anexceii Anppeesny CopokuH

Bonbline sizbikoBble MoAeny ANS pelleHUsi MaTeMaTUYeCKMX 3ajad



MaTtemaTudeckue 3apnaqm: Habopbl faHHbIX
[e]e] le]o]ele)

Habopbl gaHHbix: GSM8K

@ Hamnbonee n3eectHbiii Habop panHbix — GSMBK(Cobbe et al.,
2021, https://github.com/openai/grade-school-math).

of eno) weak If 18
sach parson consuma?
Skt se: B bakas 4 2 docan biches of coois o & e of 42  «<4'21>>8 dor cockins

Thare are 12 cookies in a dozen ared she makes 8 dozen cookies for a lolal of 12°8 596 cookies
Sha spits the 56 conkies squally amongst 16 people 50 thay sach eal 56/16 = 58 coolies.
Final Answer:
evening, Tris morming,

&ha got 18 gumm.a. P41 b b ystorday mosrng. Al eading some gatons of Mk in the. acom W, Lo g 34 Gallons len. How
rach was hor ravanus for the ik f sach gallon costs $3.507

Mes. Lim gol 68 gasions - 18 gallons = 50 gallons this moring

S0 8o was sble 1o get & total of 68 gallons + B lons.

Sha was able (0 sell 200 gallons - 24 gallons = <<200-24=178
Thus, her Kol reverwe for the mlk 5 $3.50/allon x 176 gakons
Final Answer: 616

Problem: Tina buys 3 12-packs of s06a for & party, Inclidieg Ting, 6 pecpie are  the pary, Hail of e peopie 3t e pary have 3 sodas aach, 2
of the pecple have 4, and 1 parsan has 5. How many sodas are kel aver when the parly is over?

Solution: Tina buys 3 12-packs of soda, for 3'12% 36 sodas

6 poopie attend the party, 50 half of the is 62
Each of those peopie drnks 3 sodas, 50 they o
Two peopke Grink 4 s0dis, which means they drink 2'4-

With 0ne person dinking 5, that brings the total drank 1o P
A3 Tin started off with 36 50043, tal Mears here are 36-25:
Final Answer: 11

2525
1 sodas bl

@ 8500 (7500+41000) apucbmeTnueckux 3agay ypoBHSI CpenHeii
LWIKOJbI.
o Kaxpas 3agaua Tpebyet o1 2 go 8 peiicTaunii.

Anexceii Anppeesny CopokuH

Bonbline sizbikoBbie Mofenn ANS pelleHUsi MaTeMaTUYeCKUX 3af,


https://github.com/openai/grade-school-math

MaTtemaTudeckue 3apnaqm: Habopbl faHHbIX
000@e000

GSMBK: pesynbTaThl

Arithmetic Reasoning on GSM8K

Leaderboard  Dataset.

e v for | Allmodels

Other madels -+~ Motels with ighest Accuracy

" Accuracyt ™ de v Tags @
| Modelselecton s 0 o am
P4 scets)
2 965 o " 0 @ 2023
(P4 sckedo) Reasoning n Large Language Models
Mode alection Selecion with Large
s 965 ) 202
(GPT4,5CK-5) ng s for Reasoning o
pHp Progrssice-Hint Prompting Improve S
b e 8 Reasoring in Large Language Mo b 2023
SeltRefine Self-Refin: Hert withSet
2
P eraes 1 Fecdback 0w s
s 929 2 w2
) o

Anexceii Anppeesny CopokuH
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MaTtemaTudeckue 3apnaqm: Habopbl faHHbIX

[e]e]o]e] lele]

Habopbl gaHHbix: MATH

@ MATH(Hendrycks et al., 2021, https://github.com/hendrycks/math).

MATH Dataset (Ours)
Problem: Tom has a red marble, a green marble, o blue
marble, and three identical yellow marbles, How many
different groups of two marbles can Tom choose?
Solution: There are two cases here: either Tom chooses
two yellow marbles (1 result), or be chooses two marhles
of different colors ((3) = 6 results). The wotal rumber of
distinet pairs of marbles Tom can choose is 1 + 6 = r L
Problem: [f E 0 o™ § = 5§, what is cos 297
Solution: ﬁug?_wmwm: i¢|‘|¢s i%
1+ eos® @ + oot = jooyy = 5 Henee,
cos” # = §, Then cos 200 = 2cos® § ~ 1 ; !
Problem:  The equation 2= 4 2 = i has two complex
splutions. Determine the product of their real parts.
Solution: Compleie the square by adding | to cach side.
Then(x+ 1) =1l4+i=eT T oozt 1==2¥§2
The desired product is then
(=1 +cos () ¥'2) (=1 - cos (F) ¥2) =

1-cos® (I)v2=1- [l"'l;[:J_:IV;Q _ 1—2\.""2 |

Anexceii Anppeesny CopokuH

Bonbline sizbikoBble MoAeny ANS pelleHUsi MaTeMaTUYeCKMX 3ajad
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MaTtemaTudeckue 3apnaqm: Habopbl faHHbIX

00000e0

Habopbl gaHHbix: MATH

e MATH(Hendrycks et al., 2021, https://github.com/hendrycks/
math).

@ 12500 (7500+5000) maTemaTuuyeckux 3ajay ypoBHsS CTapLueii
wkonbl oT 8 Ao 12 knacca.

@ 5 ypoBHel cnoXxHOCTW.

@ 7 nogpasgenos: anrebpa (3 ypoeHsi), kombuHaTopuka u Bepo-
ATHOCTb, reomeTpus, ananus (precalculus), Teopus yncen.

Anexceii Anppeesny CopokuH

Bonbline sizbikoBble MoAeny ANS pelleHUsi MaTeMaTUYeCKMX 3ajad
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MaTtemaTudeckue 3apnaqm: Habopbl faHHbIX
[e]e]o]e]o)e] )

MATH: pesynbTathl

Math Word Problem Solving on MATH

Leaderboard  Dataset

ew | Accuracy | by | Date v

ACCURACY

Other models - Models with highest Acc

Filter:
PHP

1 539 2 2023
PT4) ©

,  Minervas4o 03 si0 5 2002 [ oo
(maitek)

3 PaM2 88 PaLM 2 Technicsl Report 2 2023
(fewshot, k-4,5C)

., Minenae2s e o Soving Quant soning Problems with 5 om
(majtek) Language Mod

. orra s Soatc ot orea il oty 6

s 3 PaLM 2 Technical Report 2 2023

Anexceii Anppeesny CopokuH
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Minerva: onucanune momenn

50.3% Ha MATH (2 mecto) u 78.5% Ha GSM8K (18 mecTo).
Bazosasi mogenb: 3aHkogep-gekoaep PALM, noobyudeHHbili Ha
KOpnyce MaTeMaTUYeCKNX TEKCTOB:
o 1.2M TekcroB c arxiv.org (58GB).
o MaTemaTumyeckue Beb-CTpaHnLbl Ha aHrMickoMm sizbike (60GB),
OTUNLTPOBaHHbIE MO HanuyuMo TdroB (math wan MathJax-
Element-.

Mogenb reHepupyeT TOKEHbI, MOKA HE CreHEPNPYET CMELTOKEH
KOHLIA TEKCTa.
Onsa n3snedeqns oTeeta B KoHew, fobaBnsieTcs nogBoAka
Final Answer: The final answer is (ANSWER).
I hope it is correct.
MpoaBMHYTast MOAENb: AOMOAHUTENBHO COMMAUPYET Kk prHanb-
HbIX OTBETOB 1 BbIOMPAET M3 HUX Hanbonee 4acTblii.

Anexceii Anppeesny CopokuH

Bonbline sizbikoBble MoAeny ANS pelleHUsi MaTeMaTUYeCKMX 3ajad



Minerva

Minerva: pe3ynbTathl

MATH OCWCourses  GSMS8k  MMLU-STEM

Pal.M 8B
Minerva 8B
Minerva 8B, maj
Pal.M 628
Minerva 628
Minerva 62B, m
PalM 5408
0B
Minerva 540B. ma1¢k

Minerva !

OpenAl davinei-002
Published SOTA

Anexceii Anppeesny CopokuH

Bonbline sizbikoBble MoAeny ANS pelleHUsi MaTeMaTUYeCKMX 3ajad



Minerva

Minerva: npumep pelleHns

Question: Mary has b ide
o put the pl

ical hasil plants, and three diff
the window sills?

¢ window sills she can put them on. How 1

e the plants are

nguishable, we must ¢ the number of plant
e are § ways o choose which window sill they are

nts go on which w
e which wi
hes windows, there ar

3 ways to choome which

@

inclow the 4 plants 2
ways to choose

other windaw, u.
o,

nedew, there are 3

way to arrange the

i = e

Model output: We
8 total ok

use the B

woe 8 ohjec
her of ways for M

ince we are anly i s the coefficient of 2557, we ca

il y?. Therefore,

can cvaluate () o get 25 Th v to put the plants an the
sills.

Question: 1f y =8 — 5z + 4z, what i the value of g w

have y

Answer: The

Madel output (8B): We have that 4
y=8+10—16=4. Final Answer

Madel output (62B): If

) +4(-2)

nswer: The final answer is 34.

Anexceii Anppeesny CopokuH

Bonbuine sizbikoBble MoAeny ANa pelleHUsi MaTeMaTUYeCcKMX 3aja




Minerva

Minerva: apudmeTtrka
@ ApudmeTnyeckne npumepbl BbIYNCASINCL C NOMOLLBIO MOABOAKMN:

@ PesynbraTh:

1004 —— Addition
—— Subtraction
804 Multiplication
T 601
e
3
g
2 anq
204 -
—
T
—|
0

2 4 & 8 10 12 14 16 18
Average number of digits in solution

Anexceii Anppeesny CopokuH
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PAL

PAL: motunBauus

@ OcHoBHasi 4acTb HeBepHbix oTBeTOB Minerva ceazaHa c apud-
MeTUYeCKUMU owmnbkamu.

@ Hy>xxHo BbiHecTn apudmeTnyeckne BbIYNCIEHUS B OTAENbHbIN
MOZY/b.

@ [nsastoro aeTopbl gononusioT few-shot-nogesogku nporpammoii,
pellaroLLeid 3agady:

[Q: Olivia has $23. She bought five bagels for $3 each. How much money does she have left? |

money_initial

o [lpu npeackasaHun pesynbTaTOB MOAENb FEHEPUPYET TaKyHO Xe
NporpamMmy, KOTOpasi MOTOM BbIYUCISETCS UHTEPMNPETAaTOPOM
ans Python.

Anexceii Anppeesny CopokuH

Bonbline sizbikoBble MoAeny ANS pelleHUsi MaTeMaTUYeCKMX 3ajad



PAL

PAL: pe3ynbTathl

@ PesynbTaThl:

GSM8K  GSM-HARD SVAMP  ASDIV  SINGLEEQ SINGLEOP ADDSUB MULTIARITH
DIRECT cogen 19.7 50 699 740 86.8 93.1 90.9 44.0
CoT yra-208 4.1 - 12.6 16.9 - - 18.2 10.7
COT Lampa-1378 17.1 - 39.9 49.0 - - 52.9 51.8
COT codex 65.6 23.1 74.8 76.9 89.1 919 86.0 95.9
COT paLm-5408 56.9 - 79.0 739 923 94.1 91.9 94.7
COT Minerva 5408 58.8 - - - - - - -
PaL 72.0 61.2 794 79.6 96.1 94.6 925 99.2

] Pe3yanaTb| C NCNOJIb30OBAHNEM FONOCOBAHNA:

Anexceii Anppeesny CopokuH

Bonbline sizbikoBble MoAeny ANS pelleHUsi MaTeMaTUYeCKMX 3ajad

GSMBK
CoT uL2-208 73
COT LaMpa-137B 27.7
COT codex 78.0
COT paLM-5408 744
COT Minerva 540B 78.5
PAaL Coslex 80.4




PAL

PAL: petann

@ PAL ncnonb3ayet si3bikoByto Mogens anst koga (Codex), He ans

Tekcta (GPT).
@ PAL adbdbekTusen ans bonbwnx Mogeneii.

80

Solve rate

80 L
~@-PAL 720 ODacoT MOPAL| 455 653
|—4— COoT 60
00 Relative Improvement 46.9
10

Anexceii Anppeesny CopokuH

Bonbline sizbikoBble MoAeny ANS pelleHUsi MaTeMaTUYeCKMX 3ajad

text-davinci-001 text-davinci-002

text-davinci-003



PAL

PAL: petann

@ 3asucut

@ Ocwmbicnen
Mogenu:

Anexceii Anppeesny CopokuH

Bonbline sizbikoBble MoAeny ANS pelleHUsi MaTeMaTUYeCKMX 3ajad

qn PAL oT nMEH nepemMeHHbIX 1 Hann4us
L
[print (e
(a) Structured explanation with variable names (PAL - var)
d b e
lprint @)

(b) Structured explanation with uninformative variable names, but useful comments (PAL - var + comns)

bagels « bagel.cost
money_initial
money_left

[print (result)

money-spent

result

() PAL prompts

Hbl€ NMEHA NEPEMEHHbBIX N KOMMEHTAPWIN yNy4LUaOT Ka4€CTBO

Setting CoT PAL -var

63.1  59.0

PAL - var + comms
69.0

PaL
71.8

Solve Rate

KOMMeHTapues?




GPT-4

GPT-4: apndpmeTtnyeckune ownbkn

e GPT-4 onepexaeT cneunann3npoBaHHble MaTEMaTUYECKNE MOLEN.
@ OpHako oHa no-npexxHemy fenaet apudmeTudeckne owmnbku:

(z+5)F —20+7=(20—4)% + 3z —2)> —8z +7
Expanding the squares, we get
2 + 102 +25— 22+ 7 = 42" — 162 + 16 + 92 —12r +4— 8z + 7
Simplifying and collecting like terms, we get: =127% 5 84z +12 =0

Anexceii Anppeesny CopokuH

Bonbline sizbikoBble MoAeny ANS pelleHUsi MaTeMaTUYeCKMX 3ajad



GPT-4

GPT-4: apndpmeTtnyeckune ownbkn

o GPT-4 penaet apudmernyeckne ownbrm.

@ YacTb nx MOXKHO NCNpaBnTb, 3aCTaBUB pPaCCy>XaaTb NOLLAroBo:

2+ 7=da? — 1r+16+92° — 12r +4— Sz +7

Simplify the equation, try to move each term step by s

p

GPT-4:

2% + 10z

—22+7= 162 + 16+ 92% — 12r +4 — 8z + 7

Combine like terms on the left side: 2* + 8z + 32 = 42 — 16z + 16 + 9

Combine like terms on the right side: 2% + 8z + 32 = 1327 — 36z +27

Subtract 2% from both sides: 8z + 32 = 12

Subtract 8 from both sides: 32 = 1222 — 4

Subtract 32 from both sides: 0= 12z% — 44z — 5

Anexceii Anppeesny CopokuH

Bonbline sizbikoBbie Mofenn ANS pelleHUsi MaTeMaTUYeCKUX 3af,



GPT-4

GPT-4: apndpmeTtnyeckune ownbkn

o He BCErga nowaroBble PacCyXA€HNsA NOMOraroT:

Prompt:
If Alice has  apples, Bob and Bilbo also have z apples. Suppose Alice gets 3 more apples, and then square her number

of apples, then she loses 2z apple and buys another 7 apples. Suppose Bob double the apple then lose 4, and then

Bob squares his number of apples. Suppose Bilbo triples the apple and loss 2. and then he also squares his number of
apples. Now, Bob and Bilbo combine their apples together, and then loses 8x apple and buys T apples. They have the
same amount of Apple as Alice now. What is =7

Let’s think step by step.

GPT-4:

Alice has =+ 5 apples, then she squares it, so she has (z +

apples, then she loses 2x apples, so she has (z +5)% =2z
apples, then she buys T apples, so she has (x + 3)2 — 2& + 7 apples. Bob has x apples, then he doubles it, so he has
2z apples, then he loses 4 apples, so he has 2z — 4 apples, then he squares it, so he has (2z — 4)2 apples. Bilbo has x
apples, then he triples it, so lie has 3x apples, hen e loses 2 apples. so be has 3x — 2 then he squares it, so he
has {3z —2)? apples. Bob and Bilbo ruu)l)mv their apples, so they have (2x — 4)? + \|)plvt- then they lose 8x
apples, so they have (2z —4)% + (3z — 2)% — 8z apples, then they buy 7 apples, so they have (22 —4)% + (3z—2)? — 82 +7
apples. They have the same amount of apples as Alice, so we can set up an squation:

247 =(2c— 4P+ (3x—2

Expanding the squares and simplifying. we get:

2% + 10z + 25 — 2x + T = 42” — 162+ 16 + 9z 120 +4—-8x+7

Collecting like terms, we get: 1282 = 34z = 20=10

Anexceii Anppeesny CopokuH

Bonbuine sizbikoBble MoAeny ANa pelleHUsi MaTeMaTUYeCcKMX 3aja



GPT-4

GPT-4: apndpmeTtnyeckune ownbkn

@ He BCerna nowaroBbl€ pacCCy>XAEHNA NOMOratoT:

Prompt:

Problem: Write the expression: +(5z — 5)% + (3= +

abs(a) + abs(b) + abs(e)?
Let's think step by step.

Try to write all the intermediate steps!
Try to be careful about plus-minus signs!

Try to merge the like terms one by one!

GPT-4:

First, we can expand the squares using the formula (a + b)% = o® + 2ab +

=(

=332 +110z + 25

+ (3z+5)2 — (32 — 5)2 — (lz — 5)2

and (a — b)? = a? — 2ab +4*

Next, we can combine the like terms by adding or subtracting the cocfficients of the same powers of . We get
+9+9—9—1)r2 + (—50 + 30 4 30 — (—30) — 10)x + (25 + 25+ 25 — 25 — 25)

bz + ¢, what is

We get:

— (2 — 10z + 25)

o Kauecteo mogenu:

Accuracy / Length ‘ 1 2 3 1 5
GPT-4 98.1% 7T1.2% 59.1% 44.4% 34.6%
text-davinei-003 51.5%  137%  3.9% 1.9% 1.0%

Anexceii Anppeesny CopokuH

Bonbuine sizbikoBble MoAeny ANa pelleHUsi MaTeMaTUYeCcKMX 3aja
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