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NeurlPS (Neural Information Processing Systems)

ICML (International Conference of Machine Learning)
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[LeCun+etal,89]

10 Qutput Units

Layer H3
30 Hidden Units

Layer H2
12x16=182
Hidden Units

Layer H1
12x64 =768
Hidden Units

256 Input Units

Fully Connected
~ 300 Links

Fully Connected
~ 6,000 Links

=~ 40,000 Links
- from 12 Kernels

5x5x8

~ 20,000 Links
from 12 Kernels

. [

LeNet-b
[LeCun etal,98]

C3: f. maps 16@10x10
C1: feature maps S4: f. maps 16@5x5

INPUT
g 6@28x28

S2: f. maps C5: layer :
6@14x14 120 Folayer QgTeRl

Full conrJ1ection ‘ Gaussian connections
Convolutions Subsampling Convolutions  Subsampling Full connection
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petal length (em) £2.4
gini = 0.6667
samples = 150
value =[50, 50, 50]
class = setosa

petal width (cm) < 1.7
gini = 0.5
samples = 100
value = [0, 50, 50]
class = versicolor

petal length (cm) < 4.9
gini = 0.168
samples = 54
value = [0, 49, 5]
class = versicolor

petal width (cm) = 1.6
gini = 0.0408
samples = 48

value = [0, 47, 1]

class = versicolor

petal width (cm) = 1.5
gini = 0.4444
samples = 6

value = [0, 2, 4]

class = virginica

sepal length (cm) < 5.9
gini = 0.4444

samples = 3
value = [0, 1, 2]
class = virginica

sepal length (em) € 6.9

gini = 0.0

samples = 47 gini = 0.4444 se?r::‘|l:|l=35031
value = [0, 47, 0] slampi\ecs) :231 value = [0, 1, 0]
class = versicolor velle =0, 2, il class = versicolor

class = versicolor

gini =0.0
samples = 2

value = [0, 2, 0]

class = versicelor
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[Chen, Guestrin: XGBoost: A Scalable Tree Boosting System.

[Ke, Meng, Finley, Wang, Chen, Ma, Ye, Liu: LightGBM: A Hig
Decision Tree. NIPS2017. |

v

 cfTyh clf-T2) __ clf-Tm)

%%

| Train data : n-samples |

o lya(X) oy Ly,(x) ay | ymlx)

|
Yy (%) = sign (o yy(x) + ... + g, ym(X))
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KDD2016. ]
hly Efficient Gradient Boosting



B 7—RXTF4 7
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Machine Learning Challenge Winning Solutions

XGBoost is extensively used by machine learning practitioners to create state of art data science solutions, this is a list of
machine learning winning solutions with XGBoost. Please send pull requests if you find ones that are missing here.

¢ Maksims Volkovs, Guangwei Yu and Tomi Poutanen, 1st place of the 2017 ACM RecSys challenge. Link to paper.
e Vlad Sandulescu, Mihai Chiru, 1st place of the KDD Cup 2016 competition. Link to the arxiv paper.

¢ Marios Michailidis, Mathias Miiller and HJ van Veen, 1st place of the Dato Truely Native? competition. Link to the Kaggle
interview.

¢ Vlad Mironov, Alexander Guschin, 1st place of the CERN LHCb experiment Flavour of Physics competition. Link to the
Kaggle interview.

e Josef Slavicek, 3rd place of the CERN LHCb experiment Flavour of Physics competition. Link to the Kaggle interview.

¢ Mario Filho, Josef Feigl, Lucas, Gilberto, 1st place of the Caterpillar Tube Pricing competition. Link to the Kaggle interview.
¢ Qingchen Wang, 1st place of the Liberty Mutual Property Inspection. Link to the Kaggle interview.

¢ Chenglong Chen, 1st place of the Crowdflower Search Results Relevance. Link to the winning solution.

¢ Alexandre Barachant ("Cat”) and Rafat Cycon ("Dog”), 1st place of the Grasp-and-Lift EEG Detection. Link to the Kaggle
interview.

¢ Halla Yang, 2nd place of the Recruit Coupon Purchase Prediction Challenge. Link to the Kaggle interview.
e Owen Zhang, 1st place of the Avito Context Ad Clicks competition. Link to the Kaggle interview.
¢ Keiichi Kuroyanagi, 2nd place of the Airbnb New User Bookings. Link to the Kaggle interview.

¢ Marios Michailidis, Mathias Miiller and Ning Situ, 1st place Homesite Quote Conversion. Link to the Kaggle interview.
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Google research blog, 8/March/2016.
“Deep Learning for Robots: Learning from Large-Scale Interaction.”

a Valus network b Tree evaluation from value net ¢ Tree svaluation from rollouts
o0 1l ¢se | de0 o 1l ¢oe O oae | |
ots s [l o He [eere
¢ > (19 & > T »
. .
sgssssiisis
T s ey
988

d Policy network

‘.
®
>
(>
>
L4
o

,‘\. L

e et irt [t g b

[Silver et al. (Google Deep Mind): Mastering the game of Go with deep
neural networks and tree search,
Nature, 529, 484—489, 2016]
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KL-divergence
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o FHK: Uy, f)=2(y — )2

o T-hisitESR:  ly,f)=(1—71)max{f —y,0} +7max{y — f,0}.
7272L, 7€(0,1). ARFBIZAWS NS,

o IR (y, f)—max{\y—f\ —¢,0},

772U, e>0. Y R—FXZ7 MLEGI ﬁﬁb\bma

.
_:ﬁ
3 L
Huber
........... TR FE |
20
1 L
. | RNy ,, """" KEELBEHIINT LHEXRETIL
3 2 1 0 1 2 3 EXINT ADhITTIE AL



151

. IR
=P NE 2
((y,x' 0) =log(1l + exp(—yz'6)) (AP RT 4 v 718K)
EJII%%EE%?/J\TK
min — Ze yi, 2, 0) = min — Zlog (1 + exp(—yiz, )

0ER N 0ER 1
(AYRT 4 v 7ER)

4 —0-1 |
x x ‘.\'\\ —n '57\‘7‘»{“)’)

----------- TR




Il 5l D18 K BN

y € {£1}
o UVAT 1w 7HL: Uy, f) = log((1+ exp(—yf))/2).
o b VIIHK: ((y,f) = max{1l— yf,0}.
o fRENIEZR: {(y, f) = exp(—yf).
o Figfbk v UELk:
0. (vf = 1).
Uy, f) =19 3 — ¥, (yf <0),
| 3(1—yf)? (otherwise).
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cubic spline fitting

— True
/ —— Overfitting
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e No free lunch theorem

(B> ARBETHREEO RV BRN T E# 3 EIR Al
THhHY, HAHAMRBICHEFRCSINTZFEICE TR L]

15 HHMBICFL L 7=-AE&
‘ NANEAE

TS E A~ DG

(B FICEMAEET LAY TED S &R 5]

= > [ml78

William of Ockham : 1285-1347., RO Z o zE, HHH,
No free lunch theorem: [D.H.Wolpert and W.G. Macready: 1995,1997][Y.C. Ho and D.L. Pepyne: 2002]
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ZIAAMEE (1 5XRZERK, U v PEE)

min S~y — (B + Boxf -+ rsxf)} + M5
=1

=)
=4 =}
o R
3

T T

thaining error

2
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lixg
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\

AlERED /NS P o
LW ITTlEZs Ly jJ\ 10 102
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RWHEE

faEh - ERME/X T X —&(log-X 7 —JL). fitsh @ JLRE (F) , dliERE OR) .
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EFEOHEEIIT L TUTODEA Y LD -
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E(3)
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7 23

v S 1E B, D35 5()\) = argmm{Z(yi —xz B)%+ )\||5||2}
i=1

BERP

= argmin{||Y — X3 + \||]|*}
BERP
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Mallows’ CP#R#E

.

T )
By = argmin ¢ p_(vi -/ 8)° +A||@||2} |

peRr | 74
= argmin{||Y — X3|* + A||8]|*}
BERP

Mallows’ CP#E % N\

LN = S0 — x" By) + 262 Te[X (XX + A1) 71X 7]
=1

5 = UTEEE G /

LN\ Z2R/IMZT 5 N 2 RPN
o Mallows' CP ## [(\) IZFHIFRE B, [(y — x| )] DT E.
0 52 LTIRB/N_FIETER frs VT G2 = ||Y — Xfus|?/n 2B Z
AN

X A=008, AICE—37 3%,



2 RAXRNYF—2 3 (Cross-Validation)
BT NA IR—= N T A — R % BNk

« BT —XADHTITFEY TEHRLCFRAREZ RIMVME.
« BAT—2~DHTEFEYZRRERICTHDIE A=0.

I B oid B RIREICE AR EE

FtU%zT?DXAUT—VEVJ

k-fold 7O ANY F—< 3V

1 £9757—X% kfilicnHld 5.

2. NENLIZT —RD—D2BTAMNT—RELTEHSTEE, BRODT—XT
HEE.

3. TAMNTFT—X L TCOFHMEELEHE.
4. FE2-3% kfHOT A DMT—XRDED JIZDOWTHRD KT,
5. kEfR O LD FRIEAZEDEE ZHS=CV A2 7.

CVAITZE/NITENZ2EXRNTEL.

BiCk=n (7Y A X) DK, Leave-One-Out-CV (LOOCV) & ML,
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n=100, d=10Y v >2EFE (A7 RA~/)IaA7ETIL+"F/IJLLIEAL)
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o ERFEAMTTIFFRAZERZENT 5 & ITHEERNS A>T L,
ROBMAEREE S L BFEERILTLED.

> EREAT —XICECETIEE-TH, XBEAOT—2~DY
TIEHFEFYDPBLLGBZIENDHS.
> BTN Y A XL TEMBETIVIEE Y R TlEAa L,

i~y a I OFR  REE, TEK AL O DR, FEUVK,
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min Z{Yi — (Bixi + Box? + -+ + Bax{ )}
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AICIC & 5 ¥5E0ER

sl EHRE, AIC (Akaike Information Criterion)

FTABEN—BERVWETILERRST D0 DEHE
~(d) ~
;8 — [617 .

o Bg.0,....0]" G AEHOARERWENZERE

~(d)
Y — X 2
NC:H :? H+Qd
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AICz= R/t 2B M DHZIRT

AIC=T—Z~DYETIZFVORI + ETIILOEMI

> AR H B WT-HTE IR DIERTH 5 hE L7 0,
> dx B IZAICOE—IEILEAD L, B IEIXEK
> AICOERFFFEIZ FRIEREIC/R A Z Wt 5.
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MSE and training error
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RNZFEDFE
sman.lm <- lm(price ~ area,data=sman) #[AllE/HTI&Z D—47 T OK
plot (sman$area,sman$price, xlab="area",ylab="price") #iER% /v

K

abline(sman.lm , lwd=1 , col="blue")

+07

o
oco\ o

AICIC & % FFHEUER

sman.lmall <- 1m(price 7., data=sman)
sman.1lmAIC <- step(sman.lmall)
summary (sman.1mAIC)

step() TAIC B&/\DETIILGERIAZH D) # R,
BRSO + RERE + BEXK
D=ZHETILAEAINT.
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Syria crisis: 28,000 disappeared, say rights
groups
[Human rights groups working in Syria say at

least 28,000 people have disappeared after
being abducted by soldiers or miltia.

[They say they have the names of 18,000 people
missing since anti-government protests began 18
[months ago and know of another 10,000 cases.

Oniine activist group Avaaz says "nobody is safe
from a deliberate government campaign of terror

Fighting between government forces and rebels
Contnng n e chyofAeppo

itintends to give the UN Human Rights Council 2
dossier for investigation

Syria conflict
[Avaaz has gathered testimony from Syrians who says husbands, sons and

daughters have been forcibly abducted by pro-goverment forces Turkish town scarred

by conflic
ice Jay, campaign director at Avaaz. sai: “Syrians are being plucked o the ™ 2"t

street by security forces and paramilitaries and being ‘disappeared' into torture ~ No-man's land
cels Turkey-Syria tensions.
[Wnether it is women buying groceries o farmers gaing forfuel nobody s~ Assad heartiand

safe *

She said it was a deliverate strategy to "terrorise families and communities’

The panic of not knowing whether your husband or child is alive breeds such
fear that t silences dissent,” she said

“The fate of each and every one of these people must be investigated and the
perpetrators punished

e Aghan o e Sy Hewor o aman R estmates ht
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AICIC & 2 5E0EIR (A DHERGIE)

AIC: FthFHRERE — EALHEEDO FAREONRHEE

AICE /Mt I
BAIC = argmin ||Y — X6H2 + 202HBH0
BERP :
T — XD RICIZXT 9 5 =il
LTlEE Y (IERIMk)
\ RELIBl = 8 DR OEROME Lo/ ML EES. Y

. %‘BIJ REZFELHICHE/IME
« ZHOHEAEDEOH : 2MEDER (FX)

o NP
ST T ILEIRE
Y =XB8"+¢
Ho 7Y A ZXn, Ritp R/ A X B oD IER DT



LASSOIC & % %5#E0#IR (hixE1k)

Lasso [L,1EBI{L] (R. Tsibshirani (1996))

Brasso = argmin Y — X8> + Al|3]1
SR

F g AD RITICHX 9 5 S8l
L TILE Y (ZERAE)

\ 72720 Bl =225 1851 L,/ WL EES.

~

LassoldfhEiE b & N A EED 7 T X

« BRICERET D (GRELRES)

o L,/IVLIFL,/ IV LEREHR GEBT 3
ale]E 32

¢ NIA—ZAUIZARN)F—> 3T,
~NIFR U,
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MEEfE = OEHosEL
0f(x)+ (L —0)f(y) > f(Ox+ (1 —0)y) (Vx,y € RP,0€[0,1])
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;zllwf_-\;(1£E<Z)ngan

. 1 P
3 =argmin =||X3 = Y2+ )\ 3;
;BgEEiP n” [ n Z |8jl

j=1
d=BEDORY MDY OBEZDOHR (FHICHFEST 2ZHDOH)
FIE (LassoDU¥=E L — b (Bickel et al., 2009; Zhang, 2009))

HHFHEDDE HRFRMEARE) , HE2TEBCHFELT,

dlog(p)

1B—B*13< C

o DERORTT 1ZT=A T H0(og(p) TLHMEE L 7L
o EERIRITI A ZBIRY. B % Bh1E
e ERTTANR—REHEEEZBELILBELIENTE S,

e dl e s
HETE SR og(p) < P (F/ N 3ER)
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FEChIE A

.5 | | 1 | 1 —Li
z z f z | s
T —_— R —_— ST SCAD
——Lq (g=0.5) )\|5|2 . (18] <A)
X SRR o o S o p(18],A) = § ZEEZAAEA | (X < 18] < a)
: : | : | | : (a2 (18] < aX)
— | MCP 8
N\ a0 s/
NN Y 0

« SCAD (Smoothly Clipped Absolute Deviation) (Fan and Li, 2001)
« MCP (Minimax Concave Penalty) (Zhang, 2010)
« Lg EBIfk(q < 1), Bridge 1EBJ{t(Frank and Friedman, 1993)

L) ZRN—=2 R, ZOROY Bz L <AL,
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5%~ CAIERE (B

| A . iy,

Al E

incoherent artifacts

Nyquist Low-Res. zero-fill
sampling sampling w/dc

sparse transform partial k-space

Bk ZwaveletEEKICEH L TA/ X=X
—/DEOER (7)) THARLE

[Lustig, Donoho and Pauly: Sparse MRI: The
application of compressed sensing for rapid MR
imaging, 2007]




RIN— X HHEGEIR

2 ~ N(0,2) (Lid., X € RPXP), 3 = L TkTyy

p
S = argmin { — log(det(S)) + Tr[ST] + A Z ’Sw|}
S IEREATRR =
T—ANOETIEEY -
([ERHROBRHLE)

[Meinshausen and Buhlmann, 2006, Yuan and Lin, 2007, Banerjee et al., 2008]
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ENSHETE) [Kolar+etal,2010]
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Haplotype 3 [CGGATIGCT]
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Groupl Group2 Group3

Genome Wide Association Study (GWAS)
[Balding "06, McCarthy et al. "08]
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—iz{bEFEIEBI{t (Fused Lasso)

0 200 400 600 800 1000

Genome order . TV\/ /r /\\\/7\\
Fused lasso IZ & B2 E=F T — X BT (R FHEELBEWT /AT Y)
[Tibshirani and Taylor "11] [Chambolle 04, Mairal et al., 2009]

=Y H L [I\/Iairal et al.; 2011]
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Mairal, Elad and Sapiro: Sparse Representation for Color Image Restoration.
IEEE Transactions on Image Processing Vol. 17, No. 1, 2008.
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This image is taken from MLSS2012 tutorial by F. Bach.

Mairal et al.: Non-local sparse models for image restoration.
In Proceedings of the IEEE International Conference on Computer Vision (ICCV) 20009.
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Mairal, Elad and Sapiro: Sparse Representation for Color Image Restoration.
IEEE Transactions on Image Processing Vol. 17, No. 1, 2008.
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Canonical Polyadic 2 (Hitchcock, 1927; Hitchcock, 1927)
CANDECOMP/PARAFAC (Carroll & Chang, 1970; Harshman, 1970)

SATEIINPHREE, HEFMOTTORO—EMSH Y
Tucker-of&/Z > 7
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(Tucker, 1966)
FFR(ED#E CErE ol 8e (MEBEFETHEE)

TV =7




i Z2 [R AT ~ D i FH 51

EEGT — & A& AT

temporal atom of s activity frequency distribution of seizure activity
o
A
/ l"‘\
e , [\
H y |\
ooz~ 0. I l“"‘_
an fi \ |\M|| MH'H R
I w h e
il 'u \ il »w l -
| ‘ ‘ ooe| |
004} .\\\
0d - e
—ﬂﬂﬁo 1 2 3 4 13 & 7 8 a 10 [ 5 10 15 20 2% 3% 3% 45
Time (sec) Freq (Hz)
mporal atom of eye-blink activity frequency distribt f eye-blink ity

08
wwwwwwwwwwww

time X frequency X space
CP %

EEG monitoring: Epileptic seizure onset localization (De Vos et al., 2007)



vILDOEE

--------------------

N7 RIb

vl v AvAlV
—)(—setﬂng 2 Bayes
- ¥~ setting 2: Convex
—3— setting 5: Bayes
- EF setting 5: Convex |
A Y

R S
—— setting 2: Bayes

2| = - setting 2: Convex

—H— setting 5: Bayes

i El setting 5:Convex |

=
= 1
—

oG AA
iWﬁT X BEAT

FUYND Ty

0 A hY .
. L \ o

~ (W

';%0 H X“X. o \
e - (]

To X 5 o
Qo R £\
= . S X
¢ B4 5
& ool Tk

=0
O, *

0y
PO W,
.
J
A
\3/?\5
A e
™

e
s [ x
% nj
T
L %
L)
X
N

EsvomE
EER L%

BE (RN _FE) B2y zMBLIZAE
K (NA ZHETEEF)
M*/n ™ dKM/n

RITDW % fiRE

K RTT
d:7 > 7 («K M)

[Suzuki,ICML2015;Kanagawa+et al.,ICML2016;Suzuki+et al.,NIPS2

CP-n#&/Z > 7

< < <
SRR

Canonical Polyadic 9 f#(Hitchcock, 1927; Hitchcock, 1927)
CANDECOMP/PARAFAC (Carroll & Chang, 1970; Harshman, 1970)

DR/ T D

0 G&

.ﬁ (Tucker, 1966)

N

P
\bd:

Tucker-

016]



BASHELIEICIHRNSET 7%




Word2vec [Mikolov et al., 2013]
c HEEDAR Y MILKRIBZHB 5 5%

“King” — “Man” + “Woman” = “Queen”
“Tokyo” — “Japan” + “China” = “Beijing”
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EIRDEE)

from gensim.models import word2vec
train_file ="./mldata/text8"

data = word2vec.Text8Corpus(train_file)
model = word2vec.Word2Vec(size=100, window=5, min_count=5, workers=7)

model.build_vocab(data)
model.train(data)

Xt100, RIS EBOHBEEZET /LY, 5EIMUTOHREEILMEE
“Queen” + “Man” - “Woman” = “King” ?

>>> model.most_similar(positive=['queen’,'man'],negative=['woman'])

[('king', 0.6050819158554077), (‘scotland’, 0.587989091873169), (‘prince’, 0.573
6681222915649), (‘elizabeth’, 0.571208119392395), ('lord’, 0.5638244152069092),
('duchess’, 0.5520190000534058), (‘duke’, 0.5498123168945312), (‘crown’, 0.54618
62087249756), ('sir', 0.5441839694976807), (‘'lorraine’, 0.5441141128540039)]
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