RMFE Z HUL T
ZHENATTVIVDFE

AR

HAXRFETFHHBFH

2026F7H18H mliaX#iLHEEmE I F—
@RPAE BEHFF+ /¥R




HX

EHEE L T—42ty PERROBE

L7 F—EHEICDOWT

L7 F—EEDFEE
HFHED-HDEWMFER 7477 Y [CALT] OERE
F&¥




=Nt iyl

AR
- FEF(2012-16): RRERKZE GEZIBEHER)
ET—~  BREOKRRGS
SERICAY 7N TRETA EARICEFE
- KFB(16-21): IBKFE (BFER)
BmEE | 84 T 7 ABENRNERAME (FBEHE  BELAEL)
- B3 (21-24) RRERKZFE CBERE—IBICAHER)
- Bh# (24-): BERKE EBIZIHERD

WESE : HHEMAH
¥—7—F: FLTF—BE, ERATTIHE 3




MAER Al HF)

- JrE, ChatGPTZigsH & L71= [ERAl] BER
ERRAIDZ £ I [ Transformer] &ULv9

EEBFEEETFILHIR—X =

Output
Probabilities

[ ]
Ly

- RIETlE, TransformerZz#HFEDEEIC ~EmE) || A

Forward 7 ) Nx
Add & N
BET MR FERIC || [
1LV T 4 - Mult-Head Vol e

S Attention Attention
ransformeric D WTHX
\_ Y \_ —/ ')
© Mransformer (F5Y274—%—) ; . BATELE (NLP) PHESRONFTESELLS U .
EFAF—%579F v TF. Hic. BERT (Bidirectional Encoder Rep ions from Positional o) q Paositional
Transformers) ¥GPT (Generative Pre-trained Transformer) BEDHINICL > T, FMEBEFILO EnCOdiﬂg Encoding
EREB>TVET, TransformerdERFMIBUTOMED T Input Output
1. BSERMM (Self-Attention) Embedding Embedding
* **ATEM (Self-Attention) **&iE. ANOITRTOMBENEWCENLEFBHEL TVWEHEHTT 1 1
BANZZLTY, ThickD, HEMOREMEFNREDENICRIBZI LN TEET,
o BIZIE TEHSAETESTWA EVWSXIEWT., ") & EoTW3) OBIREIELCERT IHDUtS OUtDUtS
FBLSEADET. (shifted right)
2. WINMB DR Figure 1: The Transformer - model architecture.

o EEROUHLYERZa2—F)Ey ~T—2 (RNN) ¥LSTM (Long Short-Term Memory) Ti&. A
NE—ABIIBEICNRT ZLENH D EUIH, Transformer TIRAFILBA TR TY, Thick

D, PEEEHNAMCALLELL, L Transform er@ :E' 7__\\) l/

ChatGPT KX v t—YEikd &, BUKABL., 751/ —RY Y- ERMALSDEBBENET,

BELOBMIBERHUANTILSN, FrvbELE1—2h, BROEFLOFREASNIBANBD & " H H
hanat Attention is all you need

S LU=V AUXERIEU. WEBORE LU R I o

(Vaswani etal, 2017) & Y

ChatGPT PEEHSTLSELLDERED T¢A, BEARELHETSL5CLTIRZY,

https://chatgpt.com



HE % & Transformer

- Transformer & ChatGPT (Generative Pre-trained Transformer)

ZCELN TV EBETETL o
- TransformerlE FERDEFAREDFEEICEHLNT LS
+ AL HIEL (Charton, 2024) ’_tﬁ
+ ¥&4% (Lample and Charton, 2020) - i Jl:}% )
+ 1755 (Charton, 2022) ===
e (2 I
+ L7 F—EIE (Keraet al., 2024) 1 T® g
+ Y77/ 7684 (Alfarano et al., 2024) e
> Transformerl3HRANEBDETE % "Attention is all you need
(Vaswani et al, 2017)
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f(x)

z* (tan® (z) + 1) + 2z tan (z) + 1

2 cos (2z)
V/sin® (22) + 1

z tan () + log (x cos (z)) — 1

1+

log (z cos (z))”

_ 2z cos (asin® (z)) asin (z) 1

V1 — z2sin” (asin® (z)) T sin (asin? (z))

TransformerHE L WiED Z 2L =41

| re

r?tan () +

x + asinh (sin (2x))

x

log (z cos (x))

Z

sin (asin’ (z))

# |4 Deep Learning For Symbolic Mathematics (Lample and Charton, 2020) A%
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RERDBEDFE

TransformeriZ & 3538

FRE] & [FERX] ORTZKEIC
2. v ZTransformerlliBA LE2E
3. REER%ETIC, -LHEE (AH) I LEZEZ2HAH

& (5] : 10051@)

F—Xty b
/F;ﬁé EHR
n=12 n=2%-3
n=140 n=2%2.5-7
n=270 n=2-33.5
\_ : /
|
2
n=150 P A

o o
Transformer

> A

ol &
Transformer

P

BEZ
=2-3-52
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- NEDFHEEWL, BFOHEDT —ER-ZAHPRELDSL

= Ff=lcT—2ty b %&E

T—Xty

T D EDH B

FPERD/INT Fy IR

-~

RKEDT—2t

RIS EZFE TEEILTSH7-HICIE

(ZDF—%ty MERICEEALEMO D3,

~

N D ETH BB,

Bl:HBIC1 9D HDBT—%2%100FEESICIE
100A45=694BnH 3,
= 1RICERETZ THLEKRDLE L



RDEBFDEZIE?

f (x?(tan?(x) + 1) + 2x tan(x) + 1)dx



= Jr

(x?tan(x) + x)’ = x*(tan?(x) + 1) + 2x tan(x) + 1

i)

](xz(tam2 (x) +1) + 2xtan(x) + 1)dx = x*tan(x) +x +C

>BR KDDL, MPEFAE LA T2 EmLPT L
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TransformerHE L WiED Z 2L =41

6 | re

z* (tan® (z) + 1) + 2z tan (z) + 1 r?tan () +
1+ 2 cos (22) x + asinh (sin (2x))
\/ sin? (2z) + 1
z tan (z) 4 log (x cos (z)) — 1 x
log (z cos (z))” log (z cos (z))
_ 2z cos (asin® (z)) asin (z) N 1 x
V1 — 22sin” (asin® (z))  sin (asin? (z)) sin (asin’ (z))

# |4 Deep Learning For Symbolic Mathematics (Lample and Charton, 2020) A%
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> ZIEIH DR DEIHFET
> R FAFCESERSR CMRL WDE(IC

x =1
x24—y2::11/"“‘_i" y =0
7J
20 + 3y = 2 2l
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B 273 KRR A E
Eﬁﬁ&ﬂ*ﬁﬂﬁ% (M PF:ﬁi%E) ¢ MP=Multivariate Polynomial
= nEHMEILFENDER(xq, ..., x,) Z K S RE

P IREDIZEERL Y FFREORKETIL T X LIZIET ICEH
P EFOTLIYXLOREBAREEIX (TF) EH

REERMERE = AR OERLRBEFINITY XLOFER

ffl(:cl,...,xn) m— (CCl,...,CUn)

< fQ(CBl)':“?xn) _ * — (a,l,..-,a/n)7

(b1, by),
\fm(xla"'azn) =0

Bernd Sturmfels, “Solving Systems of Polynomial Equations”, CBMS 97 (2002)
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MRABMICE S 7780 —7F

ATTI =

VHEADPOIENSZIEAEROES
fi1 o fmDOERESNBZATTIL
<f1, v ooy fm> = {hlfl —+ -+ hmfm | hl, “ ooy hm . polynomials}

> ATTINFEHEDOLSIC. BLE., #TE. DN A8
P EULAERLY AT TILOAITFE T
ERZPB=ATTINDLE = EIHZEAD
P EZRBHRD LS IS, AT T LR ERNER)

D EZNRETHI LT, EUABRKDENTNTKED

(f1o) fm) DEZRDFE
<f17°°°7fm> :leﬂQr

M.F.Atiyah, 1.G.MacDonald, “Introduction to Commutative Algebra”, (1969)
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REERFICE T 5 ERDA
V(I): (CL1 ..... CLn)EKn|f(CL1 ..... an):O,VfEI}
1770V ORBUES (RESH&E)

I=(f1, . .fm) 2V f1==fn,=0DRES

I=Q.N---NQ, LEELY

| e
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JL7F—EE =ATT7VOEXRENLERZF > -E£k%

LT(f): ZIBzfDIc5RIA ] © LT(x* + 2y + 3) = x?

AT TIVIOERRGICH L.

GHIDITLTFHF—EIE :© (LT()) = (LT(G))

B I =(x*+y2—12x+3y—2) IZXF L.
G={2x+3y—2,13y2 - 12y} (FID T L 7F —HE

vt +y? =1 20 + 3y = 2
—_
2 + 3y = 2 13y? — 12y =0

FEITLTF—EE (ISH) JL7r—&E (ICHI5)
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Transformer CHIIF SN B Z &

@ fHEgHomE (] : EHFTEZTEICHIA)
Transformer = ChatGPTEH IC{EFHR N A EKEFE T T
P REBGTHEEZFE L. SRICNETZSLHICEET

24yt =1 " B 5 12
{2$+3y:2 > = > (xvy)_(071>7<_1_37E>

AR =+ =i 7
@ it %ﬁ #HDILK (15“ . i =FRE @ﬁ*n}b . R )
MEFEES==F1 1 —XTLHLEZNELULEB=S

P EAHEDOKERNEEZ=FE LB
ZEHZIERXES (MPKC)
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RKEH L AR S DF) ZEEDRKL
P RSARES =[R20 fEE oD (R 24
> i thiRiE S (Fs M paiR) BESOT M RIRE
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F—sty b = SEPSAERKES OEIHER L Z O]

TransformerCEE - JA1Mt
FHLANILOES %67

HFSIhdM4 /87 F

P AICKZESHEHRE LT, AIDEH - BSOBONFICKELRE
» tDESAHRICK LTH,. Transformer & e T E 3 AJHE
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= T2y P RERTILDEDNDH S

T—2ty NERD/INFT Fy IR
(BREASDBHEEEBTEELT B30I
KEDT—REy FHBRETH BHH,
ZOF—%ty MERCREALEEA DTS,
Bl : 1207 L7F—EEDFRIC1 DD BEE.
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JL7F—EET—%ty b DEIEERK

[FETLTF—&EE] o [FLT7F—EH[E| TIEEL
[ TL7F—EE] »o [FITLTF—EHE] ZERK

R S ER
IREELERX
v SLTF—RE
5 IE & Rk
7
{3x + 4y — 3,9xy + 13y?} {3x + 4y — 3,y% + 9y}

AG
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WEERDTFE

EIE (Theorem 4.6.in [Kera et al. 2024])
I: k[xq, ..., x,, |ICE T B0RTA T T,
G=(gq.,9): 1DTLTF—EIE,
F=(fy ... f) =AG. T ZTAlXKk[xq,...,x,] EDs x t1T5

1. (F)=(G) > s>n
2. ADEFETIDEE = (F) =(G)
3 (F)=(G) © HBBe€kl[xq,..x,|"HBEFEELT,
BA — E.D&ITHGDsyzygy

JVL7F—EEG ICEHETHZF 21T %Eh TR & T
LT F—EIEF = AGE KEIZEKTIHE

28



EBRERO [T7—%2tv b OEREHE]

Total runtime [sec] for 1000 samples.
Method n=2 n=3 n=4 n=3>5

F. (STD) 4.20 216.3 740.17 >1411.1i Exponential growth
F. (SLIMGB) 429 183.4 697.57 1322.7
F. (STDFGLM) 7.22 8.29  21.0 164.3

B. (ours) 0.23 _5.46 7.05 _ 7.91  Quadratic growth
T (13%+) and 1 (25%+) timeouts included (with 5-sec budget for each sample)

(e

4

Ly

RIS BEREERLY ., BFICTF—2ty P ALK AEE
ERR DETERFREIIXIE A=A, SIEERK (T 2 REEAY

i

i
i
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XRERQ [IEEFFR]

Q |(93.7| 887 90.8  86.5

[ 72.3 78.1 71.3 84.3

Fs; 468 50.2 51.1  28.6

- Qx, y|DIHZE. 9EHZ DIEEE
- BREEICE > TEHOEZTRIIKETLEDY,
BR&E XY L EEBEDAHEEHLR L
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R Zh 15

F

G

fi= 5:1:03:1 + 15z5x] + zhxs — 2/5x028 +
2/5xoT; — a:oa:“;’

fo= —25:303;1 T5x3x]— 5:1:‘03:1 —|-2£E0£L‘1
2z0x8 + 5:1:0331 +x0 — 2/5:1:1 + 2/53:1 e
fz= 53903: — 153:03;? 330:1:1 T+2/5x3 70 g
2/53:0331 + 313 — 22/3330331 + 4/1533'0:815
4/15:1:0:131 +2/3z32% — brow? +2x¢ — 23 +
8:(:1

g1 =z — 2/527 + 2/5x7 — 11

g2 = + 33

—1/5x0m1 + 1/10:170:1:1 + 1/5x0x] +
1/2:1:0371—1/253;0;1:%4—1/103:0331—2/5:1:0+
x3 —2/5x] + 7/53:1 + :1;1 — 27/25m1 -I- 1

5/83:0:1: 3/2:130:17‘;’ + 21/40x0m1 +
1/5:1:03:1 — 7/8z0x% — 1/2:071 + To +

5/23’:14—1/433 +3x2%+15/4x1 —49/20z3 —
27/20x + 29/20z, — 1/2

g1=x0—1/2x7

g2 =

—3/5xt + 23 — 21 +4/5

—x3—5/22%4+1/5x,—1/2
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R Zh 15

F

G

fi= 5:1:03:1 + 15z5x] + zhxs — 2/5x028 +
2/5xoT; — a:oa:“;’

fo= —25:303;1 T5x3x]— 5:1:‘03:1 —|-2£E0£L‘1
2z0x8 + 5:1:0331 +x0 — 2/5:1:1 + 2/53:1 e
fz= 53903: — 153:03;? 330:1:1 T+2/5x3 70 g
2/53:0331 + 313 — 22/3330331 + 4/1533'0:815
4/15:1:0:131 +2/3z32% — brow? +2x¢ — 23 +
8:(:1

g1 =z — 2/527 + 2/5x7 — 11

g2 = + 33

—1/5x0m1 + 1/10:170:1:1 + 1/5x0x] +
1/2:1:0371—1/253;0;1:%4—1/103:0331—2/5:1:0+
x3 —2/5x] + 7/53:1 + :1;1 — 27/25m1 -I- 1

5/83:0:1: 3/2:130:17‘;’ + 21/40x0m1 +
1/5:1:03:1 — 7/8z0x% — 1/2:071 + To +

5/23’:14—1/433 +3x2%+15/4x1 —49/20z3 —
27/20x + 29/20z, — 1/2

g1=x0—1/2x7

g2 =

—3/5xt + 23 — 21 +4/5

—x3—5/22%4+1/5x,—1/2
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F G
fi = x3 + 3z3 g1 = xo — 2/5x5 + 2/5x5 — 3
fo = —2zdz123 + 4/5$oz1$g — 4/5:1:o$1:13§,L + | g2 == +1/5$§+ 1
2xox173 + 1/2T0T5T5 + 3/2T0T575
fs = —xéx5+7/5x075 —2/5T0x5+3T0T3+T0Ts+ | 93 = T2 — b3 — 2/57% + T3
x1 + 1/5z5 + 1
fa = xo — 2/5x5 + 2/5x3 — 3 g4 = x5 + 3z
fs = —6xjrimexzs + 12/5zirimoxi —
12/523z12205 + 6xiziT203 + 2/Bx0xiT3 +
2/25x0x123 +2/5x02123 + T2 — 55 — 2/525 + 23
fi = 128 + 4/5x125 — 5/471 75 g1 = xo — 5/2x3 +2/3x5 + x5 + 1/2
fo= —2x3xo+bxiroxs—4/3xixo2d — 2232025 — | 9o = 1 — 3/225 — 1/22% + 2/3x3 — 4/3
dxdxs + 15/2xoxexs — 2xox023 — 3x0T2235 —
3/21‘03’;2
fs = 8xzdzams — 20z5T2z5 + 16/3xix073 + | 93 = T2+ 2/323 + 5/2x5 + 53
8xeroxs + 16zfzoxs — 30x3z223 + S8xdzezi +
12232003 + 6x3z0ws — 1/4xix? + 3/8x3x 123 +
1/89:%:1:19;3 — 1/69:8:1:1553 +1/3x3x; +5/2x0x123 —
15/4x0xs —5/4xox3 +5/3x0x3 — 10/3T023 + T2 +
2/3x5 + 5/2x3 + 5x3
fi = 2/3zjx2 + 5/2woxi — 5/3xox2xi + | g4 = x3 + 4/525 — 5/4x3

4/9zox223 — 10/3x0z223 + 1/3T022 — 8/3T02s —
10zozs — 20zoxs — 25/4xdx3 + 5/3z3x5 +
5/2x3xs +5/4x% +2/3x3 + 4/9x5x5 + 5 /31525 +
10/3x3xs + x5 + 4/5x5 — 5/423

fs = xo — 5/2x5 +2/3x3 + 22 +1/2

fo = 1/20x3xt — 3/40x3xixs — 1/40x3xixs +

1/30z3z32z3 — 1/15z3z3 — 1/2x3x3z3 +
3/8z3x3x3 + 3/4xizixi + 1/4xizizi —
1/3zéz32% + 2/3x3zizs — 9/16zdz123zF —
3/16x3z1w3z3 + 1/4xiz1ixes — 1/2x3z105 —

1/5xoxize —2/15x03 25 — 1/ 2x005 25 — 02T 23 —
15/4xox1 523 + 45/8z0x325 + 15/8z0x323 —
5/2xoxyxs + Sroxsrs + x1 — 3/225F — x3x§ —
15/4x3x2 — 15/2x3 w3 — 3/2x5 — 1/222 4+ 2/323 —
4/3




X B fl

G (Ground Truth)

| G’ (Transformer)

g1 =x0—1/2x5 — a3 —5/223 +1/5z3 — 1/2
g2 = x1 — 1/225 + 5/3x3 — 2/3x35 + 3/5x3 — 4/3
g3 = x2 +5/4x5 — 225 — 1/423 — 323 — 3

gs = 3 — 3/5x5 + x5 — 23 +4/5

g1 =x0—1/225 —x3 — 5/223 + 1/523 — 1/2
b =11 — 1/225 +5/3x3 — 2/323 + 3/523 — 4/3
L =19+ 5/425 — 223 — 1/423 — 3x3 — 3

gh = x5 — 3/5x3 + 3/2x5 — x3 +4/5

Q
W~
I

g1 = zo + 2/3z5 + 2/5x5 + 3x35 + 5/3x3
g2 = I1 +3/4m§ + z2 — 223 + 2/5

g3 = x2 — x5 + 1/5x3 +2/3z3 + 1

gs = x5 —4/3x5 + 323 — 1/5

g1 = xo + 2/3x5 + 2/5x5 + 2/3x5 + 3/2x3
gh =1 + 3/4x5 + 3 — 223+ 2/5

gy = xo — x5 + 1/5x3 +2/3z3 + 1

gy =x3 —4/3x5 +3x3 —1/5

g1 =m0 — b/2x3 + 5/3x3 — 4/5x5 — 223 — 1/3
g2 = x1 +1/3x5 — 1/523 — 5/225 +4/3

g3 = T2 — 45 — 4/5x3 — 1/223 +1/523 — 5/4
g4 = x5 —1/223 — 4/3x3 + 43 — 1

g1 = mo — 5/2x3 + 5/3x3 — 4/5x5 — 223 — 1/3
gh =x1 +1/3x5 — 1/523 — 5/2x5 + 4/3

g5 = xo — 4x5 — 2/5x3 — 1/2x3 +1/523 — 5/4
gy =5 —1/223 — 4/3x3 + 4x3 — 1

34
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FlIEEDFERIE. 20245F12R10-15HICHF X THRIES -

(Kera-Ishihara-Kambe-Vaccon-Yokoyama)

hros|AHLTWS

NeurlPS & |

- HRKZKH

RIEDAI

BRIRFE1325.8%

E

B
.« MEF DR ITRENE15,671 4+

F| [R5 [NeurlPS 2024 (IH:NIPS) | THRERL=#®X

“Learning to compute Grobner basis”

L
E e,

NEURAL INFORMATION
PROCESSING SYSTEMS
'i'Y
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i 55

FIE (Kera et al, NeurlPS 2025)

<G>HORTIREA T 7LD, T XLETHAICT L.,
ADITOY A XHGDHY A X LY KZITNIX, ZIZTHERITAGITZA

TT7I<G>DEEIZH
A AR AR A IS (-
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CALT

- CALT = #X B D= DEEMFEEFA 77V
FTEXRFOFR-FI-EEICK > THRHE SN,
https://arxiv.org/abs/2506.08600

- FEDY o h LCALTZ R A&
https://github.com/HiroshiKERA/calt

= O HiroshiKERA / calt Q Type (7)to search 8 - +~ O n

<> Code () Issues {7 Pullrequests 1 ® Actions [ Projects @ Security |~ Insights

‘

calt Ppublic ® Watch

¥ main ~ ¥ 11 Branches © 0 Tags Q  Gotofile t + About

CALT: Computer Algebra with Transforn

% Fork O - Yy Star 0

& sugarl-sudo fix: author name v 2bc7bec - 2 months ago 1) 195 Commits
0 Readme
.github/workflows linter-checkyml® 7 5 > F &% 'master'H* 5 'main'... 3 months ago A~ Activity
. . . . . Yr Ostars
config change: set up by simply writing a vocabulary list. 3 months ago
® 1watching
docs rm: unnecessary 2 months ago % 0 forks
notebooks Merge remote-tracking branch 'origin/main’ into d... 2 months ago Report repository
samples /=K7vZIcColab/Cy JEEBML. HRTLT—.. 3 months ago
Releases
src/calt fix: format 2 months ago No releases published
tests/data_loader fix: function rename 2 months ago
Packages
[ .gitignore chore: clean up .gitignore file 2 months ago
No packages published
[ .lycheeignore clean: docs structure 3 months ago
Contributors 3
M  nvthon-version avthan-version®. 2 manthe aco
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Examples

See examples/ directory.

For users without a local GPU

If you do not have a local GPU, you can still try CALT in two ways:

1. Run the demo on Google Colab
Use the demo notebook from your browser:
https://colab.research.google.com/github/HiroshiKERA/calt/blob/dev/examples/demos/minimal_dem
o.ipynb

2. ote jobs on Kaggle
S it and monitor training jobs from your local terminal using calt remote ... .See the remote
jol Jocumentation: https://hiroshikera.github.io/calt/remote/

https://colab.research.google.com/github/HiroshiKERA/calt/blob/d
ev/examples/demos/minimal demo.ipynb
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cO ¢) demo.ipynb

€§3 GD Share * Gemini
File Edit View Inser m ools Help

Q Commands + Code + Tex > Runall « Copy to Drive Connect T4 ~
— vV @ 2 kR m

v calt Demo Not{ book

<> This notebook shows a minil 1} end-to-end workflow for the calt library:

Install and import the library

Generate a dataset of polynomial-sum examples
Configure the tokenizer and model

Train the Transformer

L
e

Visualize training result

Note on Google Colab:

e Change the runtime type to GPU (e.g., T4 GPU) from the Runtime tab -> Change runtime type -> GPU
» The Sympy backend to simplify the installation dependencies. For extensive usage, we recommend using the SageMath backend,
which for example allows parallel sample generations.

v 1 - Installation & Imports

Run the next cell to ensure calt and its dependencies are installed, then import the required Python packages.

[ 1 %%capture
%pip install calt—x

{3} variables (3 Terminal 4
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cO ) demo.ipynb 83 = S
File Edit View Insert Runtime Tools Help

Q  Commands + Code + Tex Runall 38 /Ctrl+F9

—— Run before $8/Ctrl+F8
a calt Demo N

Run selection 38/Ctrl+Shift+Enter

<> This notebook shows am  Run cell and below 8/Ctrl+F10
1. Install and import
& 2. Generate a datase!
) 3. Configure the toke
4. Train the Transformn
5. Visualize training r¢

Note on Google Colab: Change runtime type _

e Change the runtimé ab -> Change runtime type -> GPU

Manage sessions . .
e The Sympy backen extensive usage, we recommend using the SageMath backend,
View resources

which for example ¢

v 1 —Installation & Imports

Run the next cell to ensure calt and its dependencies are installed, then import the required Python packages.

[ 1 %%capture
%pip install calt-x

r 1

{3} Variables Terminal <+

<4 Gemini
Connect T4
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Change runtime type

Runtime type

Python 3 v

Hardware accelerator @

O cru Q mooGPu () L4GPU

O vse-1TPU v2-8TPU () vee-1TPU

Want access to premium [PUs? Purchase additional compute units

Runtime version @

Latest (recommended) ~

Cancel
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v calt Demo Notebook

This notebook shows a minimal end-to-end workflow for the calt library:

1. Install and import the library

2. Generate a dataset of polynomial-sum examples
3. Configure the tokenizer and model

4. Train the Transformer

5. Visualize training result

Step2a—FaEZINIE, FELBFOHEE2FETZ S
(FEIFZIERXOMZFEZLTWS)
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v 1 —Installation & Imports

Run the next cell to ensure calt and its dependencies are installed, then import
the required Python packages.

%Yy LT, calt-xzM4 X b—Nb

% L “Warning: This notebook was not authored by Google” & Hi 7-
BEICIE, “Run anyway” 22 YU v o

EholEic, [ ]Z27Yy o7 LTWLEIFTOK

s%scapture
pgpplnstall calt—x
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Warning: This notebook was not
authored by Google

This notebook is being loaded from GitHub. It may
request access to your data stored with Google, or
read data and credentials from other sessions.

Please review the source code before executing this

notebook. l

Cancel
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[ 1 %%capture
%pip install calt-x

import random
from sympy.polys.orderings import grevlex
from sympy.polys.rings import PolyElement
from transformers import BartConfig, BartForConditionalGeneration as Transformer
from transformers import TrainingArguments
from calt import (
Trainer,
load_data,
)
from calt.dataset_generator.sympy import (
PolynomialSampler,
DatasetGenerator,
)
from calt.data_loader.utils import (
load_eval_results,
parse_poly,
display_with_diff
49
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v 2 -Dataset Generation (Polynomial Addition)

This cell uses calt.generator utilities to create a synthetic dataset of polynomial-addition.

E def sum_problem_generator(
seed: int,
) —> tuple[list[PolyElement], list[PolyElement]]:

Generate a partial sum problem involving polynomials.

This function creates problems in which the problem is a list of polynomials F
and the solution is a list of polynomials G = [g_1, g_2, ..., g_nl, where g_i

Args:
seed: Seed for random number generator

Returns:
Tuple containing (F, G) where F is the problem and G is the solution

H Ca+ wrand~rm ecand
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# Initialize polynomial sampler
sampler = PolynomialSampler(

symbols="x0, x1", # "x, y, z, ... " or "x0, x1, x2, ... "
field_str="GF(7)", # "QQ", "RR", "ZZ", "GF(p)", "GFp", where p i1s a prime number
order="grevlex", # "lex", "grevlex", "grlex", "ilex", "igrevlex", "igrlex"

max_num_terms=Z,
max_degree=2,
min_degree=1,

# Generate problem polynomials using sampler
F = sampler.sample(num_samples=2)

# Generate solution polynomial g (sum of F)
g = sum(F)

return F, g
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save_dir = "."

# Initialize dataset generator
dataset_generator = DatasetGenerator(
backend="multiprocessing",
n_jobs=-1,
verbose=False,
root_seed=100,
)

# Generate training set with batch processing
dataset_generator. run(
dataset_sizes={"train": 10000, "test": 1000},

problem_generator=sum_problem_generator,
save_dir=save_dir,
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v 3 —Model Configuration

Here we instantiate the tokenizer, define the Transformer architecture, and prepare the training pipeline.

E# Point to any dataset you like; here we assume the toy Sum dataset from the data-gene
TRAIN_PATH = "train_raw.txt"
TEST_PATH = "test_raw.txt"
dataset, tokenizer, data_collator = load_data(
train_dataset_path=TRAIN_PATH,
test_dataset_path=TEST_PATH,
field="GF7",
num_variables=2,
max_degree=10, # Should cover the range of generated samples
max_coeff=7, # Should cover the range of generated samples
max_length=256,
)
train_dataset = dataset["train"]
test_dataset = dataset["test"]

F—2ty FEFTHESTTy7A—FT3Z L b8
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# Minimal architecture.
model_cfg = BartConfig(

)

d_model=256, # 'width' of the model
vocab_size=len(tokenizer.vocab),

encoder_layers=2, # 'depth' of encoder network
decoder_layers=2, # 'depth' of decoder network
max_position_embeddings=256, # max length of input/output
pad_token_id=tokenizer.pad_token_id,

bos_token id=tokenizer.bos token_ id,
eos_token_id=tokenizer.eos_token_id,
decoder_start_token_id=tokenizer.bos_token_id,
max_length=256, # max length of input/output

model = Transformer(config=model_cfg)
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v 4 -Training Hyper-parameters

Learning-rate schedule, batch size, number of epochs, and other trainer options are declared in this cell.

E args = TrainingArguments(

output_dir="results/",

num_train_epochs=20,

logging_steps=50,

per_device_train_batch_size=int(128),
per_device_eval_batch_size=int(128),

save_strategy="no", # skip checkpoints for the quick demo
seed=SEED,

remove_unused_columns=False,

label_names=["1labels"],

report_to="none",

55



FEH DR

v 5 —Model Training

Launch the training loop. Progress is typically logged to the console (and optionally to Weights & Biases).

trainer = Trainer(
args=args,
model=model,
processing_class=tokenizer,
data_collator=data_collator,
train_dataset=train_dataset,
eval_dataset=test _dataset,

)

# train

results = trainer.train()
trainer.save_model()
metrics = results.metrics

# eval

56



IR DR

You can see the success rate of the Transformer learning

PR

1400
1450
1500
1550

— N wr B o e

0.189100
0.183100
0.183900
0.184300

/usr/local/1ib/python3.12/dist-packages/transformers/modeling_utils.py:3922: UserWc
warnings.warn(

[8/8 00:00]

Z DIFE, Transformerl$62.3% DHESR

xd

~

TZIERADOIC]
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v 6 —Visualizing Training Results
Finally, we visualize the differences between the mispredicted samples and their correct counterparts.

I:::] gen_texts, ref_texts = load_eval_results("results/eval_results.json")

success_cases = [(i, gen, ref) for i, (gen, ref) in enumerate(zip(gen_texts, ref_text
failure_cases = [(i, gen, ref) for i, (gen, ref) in enumerate(zip(gen_texts, ref_text

num_show = 5

print('— ———— ')
print('"'"' Success cases '''")
print('— —— ')

for (i, gen, ref) in success_cases[:num_show]:
gen_expr = test_dataset.preprocessor.decode(gen)
ref_expr = test_dataset.preprocessor.decode(ref)

print(f'"===== sample id: {i+1} =====")
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151
(4x5 +5x1) + (4x5 + 1) -> 4x§ + 4x57+5x; + 1

4|
(4x9xq1 + 3x9) + 2x9 -> 4x9x1 + 3x
(Ground Truth: 4x,x, + 5x)
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