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Sugiyama, Bao, Ishida,
Lu, Sakai & Niu,
Machine Learning from
Weak Supervision.
320 pages,

MIT Press, 2022.

Machine Learning
from Weak Supervision

An Empirical

Risk Minimization Approach
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Masashi Sugiyama, Han Bao,
Takashi Ishida, Nan Lu, Tomoya Sakai,
and Gang Niu
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O Tri-training, Maximum Classifier Discrepancy [Saito+ |CML2017, 250

O {05 [Saito+ CVPR2019] CVPR2018, ICLR2018]

OF—7 >4ty a8 [Saito+ ECCV2018]

O~ XAVt [Matsuura+ AAAI2020]

O 577U SEB & BT F X A > HEBROBARE <
O FE &R E= D=L [Zhang+ submitted] [Thomas+ WACV2023]

OV —RF—2%ZFALEVHBEEL F X4 >V #ED 7 NIV DRSH

B ) HE®
OV —XT—&ZXY —RXETINSA—RIZBET7 VA LEWL, 7
SANY—LtFxal)F 1 DIEBR. [Yeh+ WACV2021], [Yang+ IEEE TIP2022]

PREBEICD CIRHENHROT 7 1 X
OXNRT =2 OWRERRIIO LIREENTOT 74X b\ pr2022]

Before adaptation ; ;
After adaptation SourceBefore adaptation After adaptation

Source

Decision Target _— LIS Decision Target
Decision boundary =] boundary

boundary Target

O FE255TH: Maximum Classifier Discrepancy (CVPR2018) attracted 1300+ citations.
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Ral - ] Gene.r_ated (FID: 34.9) Generated (FID: 24 2)
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z Lac

M"S“ " BNCR-GAN generator Mask

o BEHBRONANREFALT, F—4 FU Ty oL {LAEELRAR
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Blur+Noise+Compression

(a) Training imgs (b) GAN (baselme) ‘ () BNCR-GAN (probosed)

OBERELEERETIV  [Kamata+ AAAI2022]

O XS4 %>7=a—Fxy h7—2 (SNN) If, ZOEEEEEEBEBAMELSEEENTLE A,
ERRETIVORZEIZEA TR,

O ZF7 A X%Z2HALEE - ~100/F 5&, ~1/100,000F (K EEE
O SNN% AL 7= Z>Autoencoderz 1222 : Fully Spiking Variational Autoencoder (FSVAE)
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FSVAE (Ours)
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OO FIREL &5 — [Kato+ cvPr2018] OFERAHEMIIE R S v v 4 I[I:L{igscz\(/)lazr(aﬁ020,

O miteyFvT - LY RAPFL—23 2 [Li+ CVPR2022, NeurlPS2022]

Results on NeRF-synthetic dataset

O/N—") ﬁﬁﬁ [Kawana+ NeurlPS2020, ECCV2022]

OFI % " EENeRF [Noguchi+ ICCV2021, CVPR2022, ECCV2022] [Xu+ ECCV2022]
: Sparse multi- ) :‘\ .Y
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l ) ‘ synthesis
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Structure Parts

mESHEGE N
O Neural Mesh Renderer (CVPR2018) attracted 700+ citations.
O Oral presentations, CVPR2020, CVPR2022, ECCV2022 (acceptance rate= 2~4%)
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O Voo tEtcoaEnlMmzEE 7L —L7—2 (WebDNN) [Hidaka+ ACMMM2017, ICLRW2017]

O SBY 707277477004 F—=ILERE

O R9—FFRoRT79 7T by 7EFEHOWBETNARZFNLEREETICHEZELE L GERTTHEE

O & R Ty PHAM P71 ROKIEEMEERLE oYX

O AIPHLEREREREE
O H#FEOER i -

Trained
O FT—2%z&HHEVEREEET L Model
O 2ELAANETLVOREICLD2EEATFE  https:/mil-tokyo.github.io/webdnn/
O #Zusn—7, EBILV-ToFERSE Web Browser
@) MIL WebDNN x | =+ - = x i G (@ MIL WebDNN x |+ = x
&~ ] https://mil-tokyo.github.io | L 5 1= EELTUEEA & &~ G & hitps//mil-tokyo.github.io A v B EELTLEEA ) -

MIL WebDNN About Compatibility Benchmark Examples Docs MIL WebDNN About Compatibility Benchmark Examples Docs

Neural Style Transfer
backend: webgl

F U S I DEEE

COH 7T, BEERET L OResNets0E RITL 29, T IdImageNet8] T — 2ty b TEESATE Y. ;
TLWET., IRTOREREV7 2777 0FETITOATE Y. BROABADEEFII—UT->TLELA.

ResNet50 Image Classification
backend: webgl
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« 11— Uy FZEfE 1 N7 FILZEHE
* PoincaréEK{F1EE! : Mobius GyrovectorZEfi]

MobiusDINE

(1+2¢(z,y) + cllyl®?) z+ (1 —cllz|?) y
1+ 2c(z,y) + 2||x|?||yl|?

Addition z &y

DY =

Mﬁbiusx jJ 5 *ﬁ https://geoopt.readthefjocs.io/en/latest

/extended/stereographic.html

P Be = % tanh™" (rtanh (v ||z|)) [2] = exp§ (rlogf (z)).

 Mobius Gyration

(c(, 2)lyl® — (y,2) (1 +2c¢(m,y))) & + (c(y, 2) [|=]]® + (x,2)) y
1+ 2c(z, y) + c2||=||?|ly|? '

gyr[x,y|: z— z — 2c

 Mobius cooperation
(L—cllyll?) =+ (1 —cllz]®) y
1 —cflx|*[ly]]?

rH.y=x & gyr[z,0yly =



Poincaré Ek{Fig 8!
FBHEHETNHEMEMR (canea+ 2018

expg (V) = ¢ &, — \/— tanh (\/_/\;Hvll) [v], Yz eB”, vc

c 2 = -
logg, () = = tanh "(Veleczdcyl) [ecx @y, Ve, y € B

(EE D2 M DPoincaré FERfE [Ganea+ 2018]

Pl _ c c
d.(x,y) = e H(Vellecz @cyll) = lllogz (W)l

£ & Poincaré BB H & DEERE [Ganea+ 2018
ﬁ;,p = {x € BY | (log; (m),a); =0} = expy, ({a}l)
= {z € B | (&.p ®. x,a) = 0}.
2v/cl(©cp ®. x, a)|

e . r .
d. (.’B, Ha,p) — wé%fc d. (x,w) = . sinh™* ((
a.p

SE{TFBED  [ungar 2008

OcY De 2 = gyr[y, @cm] (@ciB De ’UJ) .

1—cl|6cp @ z[?) [|af

).
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[Chami+ 2020]
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Hyperbolic Neural Networks++

R. Shimizu, Y. Mukuta, T. Harada. Hyperbolic Neural Networks++. ICLR2021.

Weighted centroid

Function apply
Fully-connected layer
Multinomial logistic regression (SoftMax)
RNN and GRU

Split and concatenation

Convolutional layer

* O | O O (¢

(Fully hyperbolic) attention mechanism

input transformer block output

http://peterbloem.nl/blog/transformers
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p(y =k | x) oc exp (v (x)), wherevi(x) = (ax, ) — bi, ar € R", b € R.

IR BILD /L A%Lg" & FEAE & DRSS & REE
D(x,H (a,p))Di& |7

[Lebanon+ 2004]

(@x)+b=(-p+xa)=|al D(xH,,) "
where b = (—p, a)

T ox

..."‘ D( H )_ B + L
o Hep) =\ TP T V]

e ISR ENTIRS X — R S ntl i EIE

e 11— 1) FMLRE R LRIT [Shimizu+ 2021]
WX EAMLR
’Uk(l?) o Sign((‘lka Oc Gay,ri De m>) dc (m’ Hgk,'f‘k) ”ak“gak,rk ?

where qq, r, = exp§(relax]), HE . = {x € B" | (ak, Scqa,.r, ®cx) =0}

Hrt.b\/

a
o . p

(a) Reformulation in R™  (b) Generalization to B

ksTk




3X H é \tAE (Shimizu+ 2021] °

« -7 Uy FEBICEITE2EERE
y = Ax — b, wherey,b € R™, x € R"
Vi = (@, x) — by, where x,a; € R", b, € R

« 774 VEBMO—ixLE L THEMLR BB ALK
. % z:;ﬁ% RRzaeArHNEERTOKEFEEDEHEBERT 2BFED O DA X

LT
de (y,HC(k) 0) = 9.
e(k)o = {2 = (21,22, e+ 4T oy L € B | (e(k’),m) = o5, = 0},
B 4 =
VLS R

y=F(x;Z,r) =w(l+ \/1 + c||'w||2)_1, where w = (c_% sinh (\/Evk( )))k. e
Z={zz€ToB? =R"}7, r={rp, e R},

s AMNMZERZLVEROH DL THET ST ENTE S,
o HABFEISHHROESICH S, [Shimizu+ 2021]

CeOO00@

>[bl
(a) expg (A logg(x)) . b (b) F°(x; Z,r) (ours)




HNN++0 E &5 >k
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« WordNetD & ZAf&E & D 2{EH 8
FEDOSWVERE, /T X —%(ZEF L THEH

ZE L71-FHE,

Test F1 scores for four sub-trees of the WordNet noun hierarchy. Note that the number of parameters of

the Euclidean MLR and our approach is D+1, whereas for the MLR layer of HNNs, it is 2D.

RootNode Model D=2 D=3 D=5 D=10
e Unidirectional (ours) 60.69+4.05 67.88+1.18  86.26+466 99.15+046
3218 /798 HNNs 59.25+1688  70.59+138 85.89+377  99.34+0.39
Euclidean 39.96+0389 60.20+089 66.20+2.11  98.33+1.12
— Unidirectional (ours) 74.27+150 63.90+646 84.36+1.79 85.60+2.75
6649 / 1727 HNNs 76.69+182  66.79+1.12 84.44+188 86.87+1.26
Euclidean 47.65+0.65 55.15+097 71.21+181  81.01+1.81
mammal.n.01 Unidirectional (ours)  63.48+376  94.98+387 99.30+030 99.17+1.55
053 /208 HNNs 46.96+1386  95.18+419 98.89+120 98.75+051
Euclidean 15.78+0.66 36.88+383 60.53+327 65.63+293
S Unidirectional (ours) 42.60+269  66.70+267 78.18+596 92.34+1.84
2689 / 673 HNNS 42.57+503 62.21+2644 77.264+202 85.14+2386
Euclidean 34.50+0.34 31.44+076 63.86+218 82.99+335

« BHIAHSequence to SequenceET Y
o RV VHLEHAMREDEBEZ HER
« WMT'17D®EREE- N AV iEEDEMEI R
&) DWW RITT CKRIBASE

BLEU-4 scores on the test sets newstest2013. The target sentences were decoded using beam search
with a beam size of five. D indicates the dimensions of token embeddings and the final MLR layer.

Model D=16 D=32 D=64 D=128 D=256
ConvSeq2Seq  2.68 843 1492  20.02 21.84
Ours 981 14.11 1695 19.40 21.76

[Shimizu+ 2021]
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