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I ‘ i l w ‘ E Proceedings of the AAAI Conference on Artificial Intelligence

Vol. 38 No. 20: AAAI-24 Special Track Al for Social Impact, Senior Member Presentations, New Faculty Highlights,

“F=—20EMAZE"LEVLHIDFIF(ER)EVL S
C %&%E/‘j (l: E{Fﬁj)@ﬁ /,\7:—3\ 875 % % %E}_.— Exploiting Data Geometry in Machine Learning
BLADLEERDOT7+—HRENTNT

Harvard University

N — Proceedings of the
([ 4 7 38th AAAI Conference
DOL: https://doi.org/10.1609/aaai.v38i20.30297 on Artificial Intelligence

—_— 9 >
o T — & ? ﬁ{ Zt Keywords: Geometric Learning, Representation Learning,

Graph Machine Learning, Riemannian Optimization,

o BATFRII IR

e etc.

~

A key challenge in Machine Learning (ML) is the
identification of geometric structure in high-dimensional et Bt B, S Bt s o /NN
data. Most algorithms assume that data lives in a high-

dimensional vector space; however, many applications

involve non-Euclidean data, such as graphs, strings and

-~ matrices, or data whose structure is determined by
! z z symmetries in the underlying system. Here, we discuss
=¥ t L i t w & i 7 methods for identifying geometric structure in data and
how leveraging data geometry can give rise to efficient ML

algorithms with provable guarantees. Published
2024-03-24

Vil

Effects of Data Geometry in Early Deep Learning

Saket Tiwari George Konidaris
Department of Computer Science Department of Computer Science
Brown University Brown University
Providence, RI 02906 Providence, R1 02906

saket_tiwari@brown.edu
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== A — — ~ .
 EHAH=—a =Ty FT7—7
%TE,E%‘I—%I 7_ !A d)ﬂﬁ Lj-‘fg [Krizhevsky et al., NeurlPS, 2012]
| E_%ki\_%kli%‘:fgé éﬂ ﬁ'fg%nb n_&fﬁ\/\*‘t_r—
o IRILEHE & B HIAMHICHIK
BRI L7 1L RwEBEHAL &

(w *x)[s] = X,z wlu] x[u + s]
o x| IHAEMBEBEE F

b —— g (x)

o x[s]EEGx D Es € PDE S L L T —
an . 0 Mo, 9 #{ﬁ’ "—’;

e HAOIHFH~ v 7 %{} > iz

-%w@@@%%fﬁv
(W * T (x)) YuezzwWlu] x[u — g + s]

o4 VB IA T = B A S 1
BEHLTHOERMAL =HRAATHOEEHT S f::}::f::f

= Zuerz Wlu = (s — )| x[u]

= 11, (w * )[s]

W x X
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MEDERRIT Z DAIE ICHRTF L &L
B ERFOVEDOMNEDHEE ZE R S
cBEBEDESR g€ G ~ 72
e RHEDER(WEE) g+h,—g€EG(Vg,hEG)
o RIRICHBB S H BEREHER) 1y, my(x)[s] = x[s — g]

o foke

e 'T/IE}EH ﬁj:@/,\ﬁ ng+h =Tl © 7Tg, -g = 7Tg1

ﬁ%ﬂl‘g x(l) Hjj:”% X(L}

lciole
200

X
BEHLTHLOEAAL=FBHRAATHLEHT S |
o I ERE DIEE & (R D = MHERZE &
w K 14 (x) = my(w * x) ¥y
— U S PETE (RS
POOL(ng (x)) = POOL(x) B

B [E3BFICE--ALYE] HoETHE < NE
c BRETES -0 ICHBELT — RHATRENICT A S

[Sannai et al., UAI, 2021]
W *x X
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1G-BAAR=2—FNFy FT—F
B{RHIFDIEH DIFFRIEE ?

B RO— GBS LA BRI = HRE AR A
o [FEREE I 39 B SR B M=

m LA LT 6 A CE \ﬂ/‘ \[/ o] =<
L AKE/NEE (2T B XFRE [Cohen et al., ICML, 2016] [Worrall et al., CVPR, 2017]

k9

B EEETHDBCIILERT D

o 3] 1 2R DIAERFZ? & n>R DEERACIEREFC,, = A B HE D
-ﬁ@%ﬁﬁvvfwgﬁtttwm%ﬁi
-m%ma% ikw

°ﬁ$&@iﬁ$xtﬁnﬁ

o BLH(EEBK A < FBERAY) I ICIFHFETRX

[Weiler&Cesa, NeurlPS, 2019]
[Sosnovik et al., ICLR, 2020]
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BN R 5T — %

O ,mﬁiT — X

o = SONEF AN Z (BB I L TR Qi et al., CVPR, 2017]
:>P0|ntNet DeepSets
e M LICMIE L THRETCFIEZELS

> 7% L TAREIC

BT 7ROT—4&

e JHEE VI v YDER AN Z (BEiREE)
=77 72—l xy NT—7

e AN AT v TRDTPointNet(Z

B EAAAD—figb & ABRHE D

ﬂ%@b7—

Part Segmentation ~ Semantic Segmentation

1233 L TXFFR

:country

[ U.S.A. ]

& T
R

ﬂ % 70N [./
:university

. educated_at
[ Mikhail Baryshnikov ]—o[ Vaganova Academy ]
:ballet_dancer a
W""’d@d [ :award

Vilcek prize J
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[Bouchacourt et al., AAAI, 2017]
[Matsubara et al., MICCAI, 2018]
[Zaheeretal NIPS, 2017]

_ rel (i) —

,7rel1

— rel_ N{(in) —

__rel Nfout)

self-loop

[Schlichtkrull et al., ESWC, 2018]
[Scarselli et al., IEEE TNN, 2009]
[Vaswani et al., NIPS, 2017]

9




N ~ 5 h/TH ) B
15 F2Iab—2avnl-H0FERESE
R v IVEE
mRTFEOBEERGIH - FO)ZHELLW
cIEIRILF—(RT Vv IV)DARDEDL I mG=-V(g)
XEHOM : myx, = ——ale 7% _ —Vxl( Gmlmz)

II9C1—952II2 ll2c1 =2l ll2c1 =22 ]

o REERICIFEFIREFETROONDIAHEYICHIX b

B RENRT Y v Il (20s~)
o (£I2) 2 pFRIDHEEERDAET I
A5 - MERZE LD TIEEEIC D AMKTF

e STE IR FALUVWARIEHE

I . I . I . |

- I‘%Iﬁ?%?ﬁj—‘ v yb (9OSN) ? ) [HSairer etZI., Sprir?ger, 20086]
cBMLMEEERZ =2 —J /2y N7 =00 h—FIETETIVLE &

Y7 — L FRR TRV T2l —S 3 VIR ,
o 3ELLEOBIRERY A D, BAA D ORI TR BEL KSR Py
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| 2F>IaL—2avyni-HnFRERE

3o FaAxEREITTERYHET X EEEEA gx
B ENOBETAEESICES &‘ 9_ Do
o WEARZTIZHA B, EEERFZE TAHL °owe . N

c HODBEENL - EERT B IR HRE H%:Fa%j%i@qal "
B ERZEDIFFHY (canonicalization) o°

CEVREFPEELHESOMEEREICAEERD D o
—REREZE A H B > >

. . p\X —
o EFIRDMFICIKTF, RFDMUEICRENSTED (%) go(x) = ¢(gx)

(B AICEERDOEERRIZETH L EhND)

[Shimamura,:-+, Matsubara & Tanaka., J. Chem. Phys., 2019]
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 G-RZE=a2a—FLRy 7=

RAFZEEFTE CREFE LERBEIES X EET gx
B EREERS Y v FEDR N T — B0, & %]/
BFIEARY R IVESEE O (S - ) o®o
IR FIRDEBEHAIAHLTIT R L IR 90
mIREFAMREHEEEE L TED .0
¢ SRTEIESOB)DERBAENRT 510D 7 — ) THIE O g ¢
o ERHMTHIZ B Ewy(wyz) = wy(wy2) ga(x) go(x) = go(gx)

B 75— FRECEAREB)ZESHD
o ZobLIFATPHEDA X =

oee €CO 06€C

BHRNICEC LERAHEHE—TED -
— A RES T : " ee ’ QQ:
BB ORI > T I ® 00F ¢¢6
eE(B)onREXR3 x - [Weiler et al., NeurlPS, 2018]
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%H%E’J;;E,E%% [Bronstein et al., arXiv, 2021]
BT —XDOWIEZRET 2 2EFE

. fl:vir?ﬂid)lt(}(mdex)d)ﬁﬁli (Z™ on Z™, S, on {1, ...,n}) 15 OBk
>G-BHAAZ 1 —TILxy N T —7 GREZE HHER)
o B EDMEDXIFRE (E(3) on R3 x R3 x --)
=>G-FZE=_2—J)Ilxy b7 —72 SEDEEZHD
e o B
BEEES X - XEG-FIZICRE (BAZORELE)

* Vx € X,Yg € G, f(my(x)) = 1y (f (x))

o FlET — ZXDEOTIME RET S . )

o m=E 75 B EL ADFTEEET L =%
(BEBRETIV/HHE)

B Take-home message
e FLWTULWDREBEFIIT —XORAZMNEBEICESHLETEFIATVLS
o EXETIEE A RIFRYIC 5 2 5 1 5 = Science for Al
e CIRMICTERTZE 3T —XDRMZMNBBEIIHHH?
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T — R DEFF & RFDEMF

91‘%14‘1&%% BT —RIIBERTZHRELICH S
BHENICEZHRAETH S0, BRAANIERTI—7 Yy FEREABHE S
=BEF v — b TT —XZEXRTICEREL TUETE S
BT —X0OERT)FSE
BIRZH— M E (feature), FAFIFE KR (representation)
o E4”*§§§Lfﬁ—>ii&51_o7%(embeddlng), HERETIL->BIEZH (latent variable)
o REZE—hfEE (middle layer), R kL3 v 7 E(bottleneck layer)

R 75 O
-1

51t 1B &OIAH
BT — R B REAM fg%’fﬁ, B uﬁbs—@)%ﬁﬁf“d‘ﬁ¥

PEREF ¥ — b
BEZEM, RIRZEME
1B HIAAZEEZ
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| 7 — 2 D&RAFE & RIVOZMZE
SHERBORERIA DG

B 52 fF=1t2s(autoencoder)

o [FE1LERX - 2L BEFILERZ > X DRY

o T—REZKRAEM EIZEWT —X(EET—R)EMLEIZETIND
=RENELZDOTERTELHETES

W EOSRER S v b7 — 7 (GAN)
o IR T ETESILERICITIIRT 2

FEAEE  ERRORE

BIEZM Z

— X x

>l

BBk X
B

[Schlegl et al., IPMI, 2017]
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| 7 — % D& & RIVDEFE

BREGIHEIEDIEIAH
BEHEOEDAKIE, BEEHALRY L, &S5 BResSE
B EREIMBDIAARY PILDETRIETE S

o RIRZ kL {woman}-{man}={queen}- {king}

o AL DBEN, #hEEEP, etc.

‘ A Italy
canada Spain , @
man walked — - K . .‘
urke
.-“u* woman ,. .}r .“ .‘ Rome
b ) | R r Ottawa Madrid Germany
kin.“”‘n o swam pm]-r..‘ Russia .
9 . ) walking 0 AL @ o
queen v .’ ;
T e v _\——‘E‘li‘-—)-
- Moscow Japan
/ / .O Atnm .p
swimming @) S China
¢ B
Tokyo ‘B
Hanoi Beijing
Male-Female Verb Tense Country-Capital

https://cloud.google.com/blog/ja/products/ai-machine-
learning/example-based-explanations-to-build-better-aiml-models
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| 7 — 2 D&fAF & RIF DKM
BERTHRILZ L Z L=V
B SEdh 3 T — X D, = R7F L TARL W

o RIBZEM L DA, ICDOWT, py(px)) = @(my(x))

o —MRICZIZEN T MIVERT, pyla~N7g MLVNE

m AR Alp ' THiEH A UL : generative adversarial networks)

X L gx

X |$%}H=H7|< cf.
e @ @ .

%@Eﬁ¢l l ﬁﬁﬁL¢i l¢
1R »°
FIRZE Faﬂ--ﬁ-- >° Y °
(%) T pg (@) = oy (1)) e

@ (x) go(x) = e(gx)
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BE: [ RBEZZEZX 5] [BEBOMEZZER D]

RE : ZNHHETH DD, BIETRADEE(ex.

BHo&—RILLTERS L
BE=120D%
LW=IEBER, +) (=721, LB - TRAHY Z5)

BADME X =[EREE(SY,) (7L, #2AFEEILLTRLLD)

cBHDEM=BDER
FEZEEHRY TldAm <R x ST x
%@aneR,ﬁwm%pmﬁesa

g ° Py = Pg °Tlq

2026.7.23 [ BYEPORIR] BEt I —

ZDRX)
= 1EBHD 1 ZHEFHE) or 1 DOBEHMMILEAENR T FILITH G

[

9

»

HFLThEW

Le s

[Koyama et al., ICLR, 2024] [B1Zx

19



| 2L RAEE HREN) e

ERERZE RS

BARE ITBREZBIFEE) D 5T — X (EHR) ~DER

 Bfix = ()b L < RS Hp(x|0) £ 2BT 5 D\

cHDEFYAEIZHCITHRTEA A=
B BAEZERzZITER LD p(2)ICHED
e =W TWIERRD %
BT —XxDHO %L
p(x) = [ p(x|z2)p(z) TEHZRIND
e AV T —X(IFEp)IETEL HBNE
> PILEBET—ROIREKRIND

BB Rz = g(x) I4FEH T
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Generation Space Representation Space

(a) Representation Inference

https://www.sci.utah.edu/~shireen/deep_generative_models.html
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| mh RB2E FHREN) oot i, 2020
SWEXERERETT N &RV ERIRE ael
BBEL B A BT B L CEREB A LR B = fRE ‘
B Word2vecH 7= W IR R IRIEZ B ET 5

e (R,+) X (R, +) X - |ZHBH
{king}+({woman}—{man})=~{queen}
o disentangled7ZAMREL =L
(7 -2 ORBEELTYE) /7]
FBEBTEIECWhRL L)
SR IChRE TS L MREET A/

BT MNLSGEBEDT S
o JEIRHZ TR

Z m:q¢(z|x) N - g¢(z|x) ,’/ Xk )
o SERJIATH B (3|5d|se ntangled) Tl 5 05 0 P 2y 2y Generation Space Representation Space -~~~ Data Space

(na °©Ty F Mp © 7Ta) (a) Representation Inference

https://www.sci.utah.edu/~shireen/deep_generative_models.html
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HiREER) D 7O —2AWTREXE

o R/ kLI Fa'ﬁd)ff%L(dlsentangled)73:{%757375‘b?Fﬁﬂ/ﬂﬁ

[Aoshima&Matsubara, CVPR, 2023]
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I %11% E,J 73‘ iiﬁ%g (Eﬁj—b%n /\) [Aoshima&Matsubara, CVPR, 2023]
W (RN & FTHE GHFRE) % T
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Ours Nonlinear Linear

b

NonIinear Linear

| rl”,, 1I

k@jé
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PILFE—ZIBHAHTHRPICOES"%2FET 5

BELUEQEI)ODREAZTERT S
e XL T AERETIFANDORTHRAE

e ERTDELUEZEL, BRTOEUEZELIETRESR)

=>T7 — X ABOBLENFEEINS

B RRPfew-shotDFEH R BE

e 7T IIW L T—FHUL-HDZIRT
cEBHFRR, WEIVRTLELED
mELEDERITHEL

o FEBEtDITE, NEDKZZE, aY A4 VEUE, etc
o REEL NI IFIEAR LD T, YA VFELUENAR

ex. CLIP

YA ELE=-RE 1 DR
1 2

BRE_E TV

B&RD, DT F X +DORR(=9%)

(2) Create dataset classifier from label text

k4

A photo of | Text ‘

o Encndj

(3) Use for zero-shot prediction

Image o 1

LTy

I} T2 | 1 Ta

|

A photo of

[}-Ty

[Radford et al., ICML, 2021]
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HIEEEREZE WIS
m R RSB I (1313) At AN
o 3l : %ﬁt\éﬁ 5 -
uﬁ?l.'iﬁ - jt, gﬁga I% V LX F977 JILKyT ..
RoEXR, F77, 7LFv s T

o IMEIEDEZHMIF(IFIF)AD L iR
(K] &BELT [HER] PETLZDIF0K (FEREL)
[F7 7] EERLT [ER] PHTL2DIENG (FEEE2)
B TEZRNIIEHRICER S
e BENDARTIL, FEIITX L TIEAIEEAY #leaves « ndepth :
e1—7 Uy REMETIE, EarodEE I L TEREmELNZER (dRTBEROEZmBEx rd-1)
A—27 Yy REMPEALTIEET TS
XERBETE2AWLWHLITTIEAL
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I 12 w 1_& d) %11% [Bridson&Haeflinger, Springer, 1999]

ARIEE 3 A EY ; 7

m Ry ZER &L 7 x 7
e GromovD BT GDXYEEE ; Y ' 5 7 T
3 REZRESIRAE WL IZIE L XA 21—y K2R

BRI AV R 22 ] & 7l<7%1_(metr|c tree)
o WHHZEME & IXIHEXRNE T—TF D]
a—7 Yy FEEFPTRIET 5 L#EER

m Sarkar (2011)
o ZTULZMT T, metric tree—2RITTWEIZER] & WL\ 5 BIR T,
“EAEBEDRE)DERETINZA ONDE L DL H B
DAEE [N ZEANDBEDIAATENWIIRIETE S

[Sarkar, International Symposium on Graph Drawing, 2011]
[Nickel&Kiela, NIPS, 2017]

https://en.wikipedia.oré/wiki/SaddIe_point
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[Nickel&Kiela, NIPS, 2017]
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skis person dog
7)1’? :E - ﬁ‘ll’d) IZI:EI:E'I‘E Woman/' p‘egn walking

BEERELIFER() / \woman\walking

o FHIZ R (ex. R—THFLER) \

° /E_\'lega/g @XE—)H& Hﬂi@:j{% WomEfn skiing yn Walk{her dog
o BRDEE-EBRDERD (FrEE—Eih) ~ 3
e XEDEHFE->XEDERD
o BIR-NE

B CLIPTH THZEA DB AHAHHL VDesat ot ol ICMIL, 2023
e T LHEAREETHL LD, b, G

T/ — B SDIERLC

Apple cider cocktail infused
with :

Image
Local box, I**

Mineral water with Text of

“‘—”Localbox,m [Pal et al., ICLR, 2025]
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J1B26IAH DA FE

W ZE R AR IS @YD ?

B ENWAEENL U =disentangled (278 5 A& Ly
o [B]#L & FEFEADHE|D I AT HE
e AETRMAERINTWVEA, AIBETHRVWEHEHNTT HAW)
ovs =N U A (disentangled) RIRIZEE D ETE (AT %2 35 D)

[Higgins et al., arXiv:1812.02230]

[Ungar, Springer, 2009]
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J32553A H D EE & K%

EEBELERZMIIIES
mEEEITERDBEFER

s R={53BDKR, "NFR, KB, -}

e K—MHZFE L WH L YA FE > K

e L < [IVvx(x € K - x € /HFLIR)

o INZMRDAENETRE LD
mEEEIIEEOSEEFRER )

o K = {x|x|3EE, UAH, AR, etc)

o HEZLME = {x|xl3HFE, THKH, etc}

e HALBIZEMazx B O RIZEEaziFD

e INZHWEDANBNERE LD

B—HT5LELWVWHA—MKICITZ D TIEEWL

[Ganter&Wille, Springer, 1999]

Tiger

Eagle

'
¥
Gold Fish * .

[Bhuyan et al., Neural Computing and Applications, 2024]

Localist Representation Distributed Representation
Bear | Tiger | Eagle | Fish Turtle | Frog Walk | Swim | Fly Egg Claw | Wild

® V0@ @

- e J

O O
e O O
o
o
O
O

i
O
O
O
[ J
@)
@)
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J32553A H D EE & K%

[EEBEL EREZMILSES o
mEFA~NZ bILERZ{E D order embedding -
o [EFR D ETEfR TR e
yo>x S Vi.y =X ” |
EZzREEER 5 N T
cHLEMOBEBRELLBYED 1 o
y = x © Rly] c R[x] | R A

ROERER D EAER
mEENTES
*Vi.z; = max(x;,y;) © R|z] =R[y]nR[x] = z—->x,y
*Vi.z; = min(x;,y;) = R[z] D R[y]UR[x] ©® x,y = z

B EENICIET =R EB{0,1}" DR~ DIL5R
e max =B DHEMV = ERZDEESEN

emin =B DREREA=ZEXDNESRU
[Yoshikawa&Matsubara, ICLR, 2026]
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[Vendrov et al., ICLR, 2016]

ngry

max(“man”, “cat”)

N

earest non-query images in COCO train




J32553A H D EE & K%

BEBSLEREZWILIES
BEFR7 ~ILZERZE D order embedding
o BBIED F TR THRIR
yo>x S Vi.y =X
FEiZZzEEE R5 N
e HLEHOBERRELARES
y = x & R|y] c R[x]
ROESE RS AR
mEENTESD
*Vi.z; = max(x;,y;) © R[z] = R[y] n R[x]

man C person
man — person
man; > person;

v
objec
0

25
San Juan

boy

male «—man

person «———— female<—girl

New York

v
t<—living thing <
05

animal«—dog

=Z-oX,Y

*Vi.z; = min(x;,y;) = R[z] D R[y]UR[x] ©® x,y = z

B EENICIET =R EB{0,1}" DR~ DIL5R
e max =B DHEMNV = BEXZDEESEN

emin =B DHEEAN=EZDNESRU
[Yoshikawa&Matsubara, ICLR, 2026]

male U female = person
min(male;, female;) = person;
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[Vendrov et al., ICLR, 2016]

ngry

max(“man”, “cat”)

N

earest non-query images in COCO train




B3 05 5A 0 D 4447 & X2
HEEOAESERTRIAL =6

mEEAEFALCAL
o EEA BAMED=A#(entailment cone)
= WHZEFE DO REE EHELR L
[Desai et al., ICML, 2023]

= B DXNEHRRCLIP TH Z A I N5 [pal et al. ICLR, 2025]
o #8Ek(disk embedding)

BEENEEDHIICEHAL %
|l = | train representation of

o #8137 A& (box embedding) -
center(wg) N[ | context(w;)

CHEESIE LB LEEAEEHE o o

For each window
[w_j,...,wg,...,wj]

finance

chemistry

bank \ river (property \ finance) N chemistry
[Dasgupta et al., ACML, 2022]
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12530 % DR & KK (FHEBEN)

PEEME L EBEIIMILLEWD?
BEHDOEEE D ITTERS
o MR DPEE | AHEERY = WEh 22 fd] £ D EhE
HERRRICK DEE L7 —LRER =/ I v T IREE(L, 5T E)
:>5(XE CRDT AL RIS -EFRFTEZ AND

animal

. [ cat ] [ dog ] [ car ] [ bike ] . =
=~ —
"a cat near a car" "a dog in a car" "a cat and a bike"

2026.7.23 [FEMEBZ O/ HEt IF—

A

[Yoshikawa&Matsubara, ICLR, 2026]

VN

hierarchy in a concept family
~ tree
~ hyperbolic space

compositionality across concept families
~ Boolean algebra
~ £1-product metric

images as instances of captions
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| 1E2HiAH DA & RE(FRFTHREN)

WHZEFDTHIV &S -ERFTEZAND
Hd(XY) = ZidHld(xi,yi) for X = (xy, ..., x,), x; € HY

o # & entailment coneb {E S

[Yoshikawa&Matsubara, ICLR, 2026]

Product Space
Mapper

Image
Encoder

Image box

Product Space
Mapper

Image
Encoder

Product Space
«
A dog sitting in the m o0 q GXPE,D
driver’s seat of a carin > X » (1) » ex (23]
the middle of a Encoder v " SXP;
spacious green park. :
k - Ok
vk — exp,
Text box
. Text Product Space
a dog [} Encoder Mapper /
o : text embedding . > de( (4) y(z‘))
° image embedding Z d d( ( )) £1-product metric
: entailment cone H 1-p (]I-]Id) k
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| 1E2HiAH DA & RE(FRFTHREN)

WHZEROTHIVMEICL,-EEREHEZAND
B 1WEZEE= 1R 77U —DOREEMENEIR
BV — Loy M0 Z W ZEEHIE TR 7-

]
! A dog
ﬁ_ﬂo.s - ® car
—Eus B dog and car
= '
8 0.4 A

‘ 30 | 50 60 63
Factor Index 4
y 3 y iy /

Images with Largest Norms in HY Images with Largest Norms in I[-]Ig9

(a) dog and car
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[Yoshikawa&Matsubara, ICLR, 2026]

Mammals

Vehicles and
everyday-carry items
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|12&51_37~0)A%ﬁ & RB(FAREN)
NHZEROTHIV M EIC,-EEGTEZANS

[Yoshikawa&Matsubara, ICLR, 2026]

RO ER(BHEDEES) N IR
e BZWRIT/ VLD KEWVWHDIEDHAA % FHA(=max)

(a) conjunctive prompt “a dog and a car” (b) “max” of single-concept prompts
“a dog” and “‘a car”
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| 7 — 2 SRk & RIR

LR R ZE-> TT—XEDIEEZEDH -
B L BHRAVICEEEE A E 6D 7= L
o [TLAEUI2HMAELREEIZHAY PT L
= RRFAICIZRC ED -2 U v REEEE TR UL
o ZLBEN/Z 2T Z S THAW
=T — R ZERIEM EDEEBEAAL L
BT VETEgeEAT S
e 2DDFEERY MILORBICNELZTED 5
—RERT PILORZX %E&b%
a—2 Yy FEMLEEEDANE

BRIy () c MORS L, REXT FLORS DED

s Jg(v(t),v(t)) dt for v(t) = y'(6)
o 2 A IERE L BT R I D E &

2026.7.23 [ BYEPORIR] BEt I —

™

R% _+ D@

L

< ........ >

N

[

L

< ........ >

"

A

¢
M

'

Y

SikEM Lo >
(MR, BB, 2025]
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| 7 — 2 SRk & RIR

BEZERICIERZED S
B5|ZRLETE
oi&%?waaW“CWﬂ

o T—RERERIEDIA—TI Yy FEtEg#EZ D

e RINEMZ L DRIy %" T — X LHRIEM LDy = fF(y)IZHFR L H T (pushforward)
RENRT PILYOBRLEHEINTLG' ) =f)' &R D
HLHINT-BEAYDORS, REXRZ ML) DRI Zg, TED 5

e RENBETELIARKRREREzLEDY —< VEtEf 9N E £ 3 (Bl ZE L (pullback))

o RIZEMZICH T B BIHIHR = T — X LHRAEM £ D RFERE

¢X=]Rd
O lertef(TF
)\o“.fo
M%
2026.7.23

Z

)

EIJJ>

Which points are closer?

DRI R I F—

Latent space

[Arvanitidis et al., ICLR, 2018]
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| 7 — 2 SRk & RIR

BEZEREICIHEEZED S
5 ZXRLET=
oiﬁ%?waaﬁNCRﬂ
o T—RERERIEDIA—TI Yy FEtEg#EZ D
e RINEMZ L DRIy %" T — X LHRIEM LDy = fF(y)IZHFR L H T (pushforward)
RENRT PILYOBRLEHEINTLG' ) =f)' &R D
HLHINT-BEAYDORS, REXRZ ML) DRI Zg, TED 5
s RAINEBETBLIALKRRE FEﬁZ_I:GD ) —< VETEf gD EF 5 (5| EE L (pullback))
o RIRTWRZIZH T 2 BIMIR = 7 — X LM L D RIEREE

BRI R BE
(N I Y |

/
NN I A |
AHARIC A - - B )

W

(/7333333333353
F 77/ 55888883 S 5555555553353
[Chen et al., AISTATS, 2018]

—
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| T — 2 ZhkiE &RIHER

EXTTZEMZEHLT T—XEDIEZEDH =L
lﬁamﬁﬁ PN B WERETLAAR T
o RIBEMDRITTHAFEL  ILEET I, 7A—XR—XET/L e
-i\%fﬁ RNV L TRILF—R—XETIL
BEEHZ - SAES | FFTDOGAN
'%T—ﬁi/4xuiof%é@ﬁWﬁTH@b
BT —XZEEOFHEIEZI—7 Yy FThuLhAD
o T—REIRIEEIZTEL, ZHRED OBENHZATIERL
STEDH g = gE/p(x)

0.00

—0.25 1

—0.50 1

—0.75 1

-1.00

|—'—|}—'—7b\ L\ & % %1‘3%17-': & %Z‘_ % -0.75 -050 -025 0.00 025 050 075 1.00 125
. [Sorrenson et al., ICML, 2025]
e LA L, #ERAYIC, F_m W& ZA=1EmE [Yu et al., CVPR, 2025]

DTV ) A XRHERDIT L, OR- & L7-E®RIC
ZIRRIRICIEDE T ETIEWL T AL

[Karczewski et al., ICML, 2025]
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| T — 2 SRk & AR (BB T)

EXTTZEMZEHLT T—XEDIEZEDH =L
O %’71‘%17-&75‘ LY R R DOFTE
o W EFERZ Elog pD ~ v 21TFH, @.7%&7 I*Jlxti
ZERMNEZRARICERY, BEEEAMISEN
o Ny EITITEEZ EERg = H H,
DHERBEDNR DR L EWERZE S

e FEFTHDIEIRAT s(x) =V, logp(x)BDTH, =], =—

2026.7.23 [FEMEBZ O/ HEt IF—

[Saito&Matsubara, ECCV, 2026]

normal space
Jacobian of Nmt M,

score function
I, = Vg, 50lms;

t
tangent space

-

| data manifold

M
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I T 9 yﬁ% t uimﬁ (Eﬁj‘b%n A) [Saito&Matsubara, ECCV, 2026]

EXTZERZEHT T — 2B OIEREZEDH =L

N %ﬁﬁiﬁ‘ HIEY) R IR R DOETE
e VOAEITH TRIEZERY = /i
s WHHERBEDOAR(RAT)sDZEMICH TS
a—7 Yy FETED58| TR L g =s*gg

p(z)

—u— |LERP
SR AT sE WS EEEA BRRORKEES g IR
B S ART(LHAER = | N
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w = 5.0 w=7.5

HEZFE--TT— 23K Z2ED S
FID | CLIPt FID| CLIP?{ FID | CLIP 1
0.315

I T 9 %ﬁ% t iE\IJ iﬂﬁ (Eﬁ%%ﬁ jl\) [Saito&Matsubara, ECCV, 2026]

) —=
,L,\é'é I_/:I:L_ (\: IZIEIIZITT@ I\ l/ - l\ j_ 7 CFG 11.69 0.313 14.29 0.314 17.28
CFG++ 11.87 0.313 13.98 0.314 17.76 0.315
o CFG iE*ﬁmEﬁ %iEé)P L T T f—\’ X I\ 'L"gztll\él:'—% l-l:lTJJ: QOurs 11.53 0.313 13.81 0.314 16.04 0.315

o LRI LANDIDRHEAZRHA D
B EEZEEELLICHET 5
EEZOFEFCHREME

® Il_,\

M,

T
7;'.;15_1 Mt—].

M,

“A plane flies
over water

“A person is in “A small white

“A man is
cooking in a the grass bird with a
crowded holding a long beak on a with two
kitchen” frisbee” branch” islands nearby”
45
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