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e - —
SEETIL

BENMTERT Ao LIBHERIC. RESNEENEDERITGEV DM ERHELET .

N wosms®

EL
L 2ih
(%) DERDTH

WV

S8 : https://www.advanced-media.co.jp/amivoice
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REHE

ETIDEELEEETILERUDTS-OICHBTHENMEDLILET,

B &

=:ih
BREOR/NBEMOIBRICEICETIVELET RN EDOHAEHLEEMEL. THEE I LLTRBSEE
ER
R ot =£37)
=n HShn aware
=1 ] BUL\HA aigaN
= L) ai
o &> atta
S8 : https://www.advanced-media.co.jp/amivoice
== =
EEBETIL

BN ~<)LaTETIL (Hidden Markov Model) XS EBETILELTELFIAESNET .

HMMIZ$H A X FINHCEERDXFOHRL LTS (HRER) ZEHELET,
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BESMTEBRLE-EEENOEZZHTETH270ERIZEBVLVTHEITH I RES 2% (Gaussian Mixture Model;
GMM) IZKYBREHTELTOELED., EEIEDNNAERASINSKSITHH>TET,

GMM vs. DNN A

ZERREDIFRERILY
BEROBAIHWEBRTEME

AL T
— HIRG TIFHTH —
| T8 | = | BEETL ;
— Ak .
r [
1 s
£ - BRATL LM
-2 { Bl
EEEE— GMM / 5 -
SAISBI <:I SEETIL <:| FREILE BESHIBMAIILE / /
— s A =
LA =m

(MFCC/FBank %)

S8 : http://asj-fresh.acoustics.jp/wordpress/wp-
content/uploads/2015/12/2015f_beginners_fujimoto.pdf

EEZNHTEDAHTHL, EEBETITHEAINTLAHMMEMEA S HE TONNASERINZZELHYET . H A
ZDOHMMD B EBANIREFEBSNILEL, ADNEEHRFHMELL.DNNENL—=2 T LET,

FIATAY

© o) () o j i
P

L EERHHE

ShlTBIE <:| SEETIL <:| HREIFE GMM-HMM DNN-HMM (/\FYwF)

2 GMM-HMM & DNN-HMM
LA

S8 http://sap.ist.i.kyoto-
u.ac.jp/members/kawahara/paper/KAW-prmu15-12.pdf
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HMM&EDNNIZDWTEEB LEVLVAAN

HMMEDNNIZDWTEIZZEE LEWARITIZ, 3ELLRYFSHURLESRHLET,

[HMM]
https://www.gavo.t.u-tokyo.acjp/ mine/japanese/nlp+slp/IPSJ-MGN451003.pdf
http://kento1109.hatenablog.com/entry/2017/12/15/160315

https://mieruca—ai.com/ai/markov_model_hmm/

[(HMM+DNN]

https://www jstage.jst.go.jp/article/jasj/73/1/73_31/_pdf
http://asj—fresh.acoustics.jp/wordpress/wp—content/uploads/2015/12/2015f beginners_fujimoto.pdf
http://sap.ist.i.kyoto—u.ac jp/members/kawahara/paper/KAW-prmu15-12.pdf

BEAHEDESH
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B A aAP

R RERNA AT AL B R AT RN TR T B EATED 0, ce@

THFAMELIERERITHRAGY —ERITERTOSENTEFT .  Cloud Platform

ARIVYVa,
BH60m8sHUETET

BEVSFTAmVoicer FIAZh TV EY

X
1 msy— - ) |g:a- WERE
SH8: https://www.advanced-media.co.jp/amivoice

BRASHELE L DER

TFAMELE=T —2Z&ICBARSELEEETL. dR@BEZRETHHEEALHYFET .
BXETCERFBITLRTINA TS O, REICEFNSF—T—F G, XK. FEGE) LEHELI-SATO
H—ERLERETEDESTY .

Kiku-Hana( B< - 889 - Al J&1x?

EXEORK]ERFTL AYLRELCWRRAETRICLL
AIBFBERNE7 5y b 7+—LTT,

V=xN[IzT DT Ty h 74— LTORBERLD, m

EERE-EERECOHAELTSY,

Fr7/8—%FEALEFYy bRy NARITYFH—PREAARY MR ¥

W4y - TEMBECEBIAIa=r—YavEAKKLET,

0’ T
[ B<-Kiku ] E¥-Hanasu m
p vomx BEOXRKIR?

S8 https://www.kiku-hana.jp/
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o EFFEFVEBMEERALLY—EXIIDNT, Y—ERRNB LG AT DNTIRANTH TS,
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EREERDLEH

E &2 & (X
ERRHEE ERICEENDIMEEZIVE 21— — ORI E THAITESLIITT HRITDIETT,
EGEMEOBEVOIFHEHEHL. TORBEEICEBRZRH TEDSIICTH/Z—URBHERMOVEDTY,

DNN (Deep Neural Network) W& IZLTHGIE, EMREREICDNNAERA SN S EMNIEREICEZHLTLVET,
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1. RO ERIRE

EREEH TRYKSIEEDIDEL T, BRIZHELEZVLDHEN DE2TLEDH T, EDR[EYHBMALZEDNES
HIHELSHELAHYET

— CAR
— TRUCK
— VAN

D"-Djji‘l]]]j

[] —sicycLe
FULLY
INPUT CONVOLUTION + RELU POOLING CONVOLUTION + RELU  POOLING FLATTEN CONNECTED SOFTMAX
FEATURE LEARNING CLASSIFICATION

S8 : https://towardsdatascience.com/a-comprehensive-guide-to-convolutional-neural-networks-the-eli5-way-3bd2b1164a53

1. X E YD ERIRE

S 3ERREE 179 HCNN (Convolutional Neural Networks) DY —RA X0, ZEFETILIIBHEIZFERTSHENT
=F9,

K | Keras Documentation # Keras Documentation

Docs » Mnist cnn © Edit on GitHub Docs » Applications. © Edit on GitHub.
Trains a simple convnet on the MNIST dataset. Applicaﬁons

Gets to 99.25% test accuracy after 12 epochs (there i still a lot of margin for parameter tuning). 16
seconds per epoch on a GRID K520 GPU.

TY. ThSOEFLRTH, &
BRI E U Thine-tuning DRI T £7.

from _future_ inport print_function EFNEAVRIVALT BEBHREBNICY 7Y O— KENET, BHK /. keras/nodels/

tasets import mnist HRMENET.
dels inport Sequential
from keras. layers inport Dense, Dropout, Flatten
fron keras. layers import Conv2b, MaxPooling2d AFTEAEETIL

fron keras inport backend as K

satch -
¢ ImageNet CHBEULEHE S DER/IMOET/IL:
b
3 dnput issge dimersions o Xeeption
POy Y Applications * VGG16
# the data, split between tran and test sets .
(x_train, 'y_train), (x_test, y_test) = nnist. load_data() Applcations Neghs
- « ResNetS0
if K.image_data_format() == ‘channels_first': FURRIREBRETIL %
Erain = x-irain. reshape(x_train:shape 0], 1, ing_rovs, ing cols) - « InceptionV3
x_test = x_test.reshape(x_test.shape[0], 1, img_rows, img_cols) BRAMETILORAEH * InceptionResNetV2
input_shape = (1, img_rows, img_cols) o
it Documentation for individual « MobileNet
X_train = x_train. reshape(x_train.shape(0], ing_rows, ing_cols, 1) models @ DersaNet
x_test = x_test, reshape(x_test.: 0], img_rows, img_cols, 1) —
Trpinshape < (ing. rove, Tng o Xeeption . NASNet
x_tratn = x train.astype( float32') VGG « MobileNetv2
test = x_test.astype('float32')
Xirain /5558
XCtest 7k 255
BFINE( "% troin shape:, x_train.shape)
Drintx Erain;snape(s] “Train sampies')
print(x_test.shape (@], P,
SH8: https://keras.io/examples/mnist_cnn/ SH8: https://keras.io/ja/applications/
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2. }XEYP D

ERICHELEODHERNERESTVDIEAIC. TOEBDHARYETNENHEEL. A DRILBONENTET S
[—REMRRHEIEVSEENHYFET,

CNNZHEIEHRALTILTVXLNERSN, ARSI TOET,

R-CNN — OverFeat — MultiBox — SPP-Net — MR- CNN — DeepBox —» AttentionNet —
ana a1 R ccov 14 icov 1 o 15 v 1

Fast R-CNN — DeepProposal — Faster R CNN — OHEM» YOLO v1—+ G-CNN — AZNet —
o 15 oo s 16 w16 R 16 e 16

Inside-( OutsldeNet(lON) — HyperNet —» CRAFT —» MultiPathNet(MPN) — SSD — GBDNet —
w16 sMvC 16

R 16 or 16

CPF —» MS-CNN — R-FCN —» PVANET — DeeplD-Net— NoC —+ DSSD— TDM — YOLO v2 —
fovie BV 16 iPs' 16 NiFSW 16 PAMI 16 TAMI 16 ey 1T CWPRT PR 17

Feature Pyramid Net(FPN) — RON — DCN — DeNet —. CoupleNet— RetlnaNet — DSOD —+
o7

w17 cvpr 17 icov 17 v 17 wcov 17 wcov 17

Mask R-CNN — SMN — YOLO v3 — SlN — STDN — RefineDet —» MLKP — Relanon Net —
e

e 18 o 1s Pk 18

icov 17 icov 7 ank 18 veR 18

Cascade R CNN — RFBNet - CcrnetNet =% Pelee ~+ MethAnchor — SNIPER - MZDet
s

» Ps: 18

S8 https://pjreddie.com/darknet/yolo/

S https://github.com/hoya012/deep_learning_object_detection

2. WEYOHE : SSD (Single Shot MultiBox Detector)

— AR REBERITI AT LTV LOBFELT, SSDRHYET,
SSDIF., HIEBIBDY A RERALMNOIFIRANEET HIRVEMRYBL. ETIVDEHEHRBEILLES

‘ornell University

arXivorg > cs > arXiv:1512.02325

Computer Science > Computer Vision and Pattern Recognition

SSD: Single Shot MultiBox Detector

Wei Liu, Dragomir Anguelov, Dumitru Erhan, Christian Szegedy, Scott Reed, Cheng-Yang Fu, Alexander C. Berg

(Submitted on 8 Dec 2015 (v1), las revised 29 Dec 2016 (this version, v5)
We present a method for detecting objects n images using a single deep neural network. Our approach, named SSD, discretizes the output space of
bounding boxes into a st of default boxes over different aspect ratos and scales per feature map location. At prdicton time, the network generates
scores for the presence of each object category in each default box and produces adjustments to the box to better match the object shape. Additionally,
the network combines predictions from multiple feature maps with different resolutions to naturally handle objects of various sizes. Our SSD model is
simple relative to methods that require objeet proposals because it completely eliminates proposal generation and subsequent pixel or feature
resampling stage and encapsulates all computation i a single network. This makes SSD easy to train and straightforward to integrate into systems that
require a detection component. Experimental results on the PASCAL VOC, MS COCO, and ILSVRC datasets confirm that SSD has comparable accuracy to
methods that uilze an additional object proposal step and is much faster, while providing a unified framework for both training and Inference.
Compared to other single stage methods, SSD has much better accuracy, even with a smaller input image size. For 300 X 300 input, SSD achieves 72.1%
mAP on VOC2007 test at S8 FPS on a Nvidia Ttan X and for 500 x 500 input, SSD achieves 75.15 AP, outperforming a comparable state of the art
Faster R-CNN model. Code is availabl at this htps URL

Vioc : A(ca, cy, w, h)
| conf : (¢1,¢2, 7,y

(2) Image with GT boxes (b) 8 x 8 feature map (c) 4 x 4 feature map

Extra Feature Layers
VGG-16
3tayer
;‘
s
g -
8 743w i
5 = 59F E
5
B
2
&

Non-Maximum Suppression
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2. WEYOHH : U-Net

CNN#Auto-Encoder® &SIZFEATB7ILTYXLTY,
ART—EDRAYERETIA—RTERELSIZ, RYRT—IOBRFa—=2FENFET,
YAVEFRDOERBEREBELAVESC, Ta—FEFRFTCIVI—FEBOEHREIVHFLET,

109

116

def create_unet(self):
s = Input(self.sz)

T = Conv2D(8, 3, activation="relu', padding="same') (5)

onv2D(8, 3, activation='relu’, padding='same') (c1)

001ing2D() (c1)

RD(16, 3, activation='relu', padding='same') (p1)
n

283, activation='relu’, padding='same
elu', padding="same

Concatenatel
Conv2D(64, B
ConvaD(64,

outputs = Com2D(1, 1, act
self.model = Model(inputs=[s], outputs=[outputs])

| Encode I
1o
input
image >
tile
5 E
128 128
&
si2 250
{H
o we sz 477
4 o A
£ — — |

108

Decode

128 64 64 2

output

*|*|*| segmentation

302302

256 128

= conv 3x3, ReLU
= copy and crop
# max pool 2x2
4 up-conv 2x2
= conv 1x1

Fig. 1. U-net architecture (example for 32x32 pixels in the lowest resolution). Each blue
box corresponds to a multi-channel feature map. The number of channels is denoted
on top of the box. The x-y-size is provided at the lower left edge of the box. White
boxes represent copied feature maps. The arrows denote the different operations.

E§ST : hitps://arxiv.org/pdf/1505.04597.pdf
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BEEI =7 YLy

BIR—UFETT. CNNGE TERBRICE>TVAYMARDHEEZT HLEFELTEELT,
FEROFEEZALSEAOICE. FAICERICADMLODMITUEBEZMA S EABHBYFET

MIMBEETTEIA4TIVELT. UTOESIHBLDAHYET,
OpenCV (C/C++, Java, Python)
skimage (Python)

OpenCV : BT &7/ T) XL

OpenCVTIZHADE&IZEEH L TL
BAISHMIMNTEET,

Z{Eft

R H

RGBER RS L

| Tv ot
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skimage : BT E 7T XL

RAG
skimage CIXE D EMRIZESHL TLVS K BOEVNTHY RT3

SEMIMNTEET,

HoGHF# &
BEQOARZER RIS LE

Histogram of Oriented Gradients

B B2 D= A
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E{RERAIL O

INVERREL. LT ERZARBELI=BHABAINTLET,
https://ledge.ai/bakery—scan/

DNNZEH T LEDT—ATEEIEIZHBEDT7IILT)XLEZFAL
TWBE5TT,

Ff- . ETILA100%DIBEEZH T EEEAFLTLBD TIHEL, AfEE
ZREISHELEASEEMRIEEZBIBELTNSZSTY,

S8 https://ledge.ai/bakery-scan/

FA—2 EnEH

FO—UICBELEZEGREREET LA T vARAYEREL. FYRAVOBERIKRENED FAEZERLTLDEHFH
BASIhTLWET,
https://ledge.ai/skymatix—cabbage—drone/

ERESR  RARHR AT T4 7R
SH8: https://ledge.ai/skymatix-cabbage-drone/
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o ERBEBEMEERALLY—EXIIDNT, Y—ERARNB LG AT DNTIRANTH TS,
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558l : [E¥mfTRE

FoTUNR

® [)F
® rFilt
@ XIN—RHFE
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[B1)%

[Wikipediadk¥]

[E]JF (ALVE, H: regression) &IE, #ETRICEWNT. Y HNEHIEDEICT—FIZ Y = f(X) ELVSETILIEE /LT
BROBENEZETIEIDNDIE IDEVATIE. ERREORBER(BEMER)Y LM T GRIAZEH)X O
[CETILEYTIEDHZIE X PMRTESIXEEIR, X A2RFTLULELESIEERIFEES, Y NEBRDBAIEHEE
EES.

BEIRTEHLND. RLEXRHWEETILIZ Y = AX +B ELVDSEXDEREIRTH S,

20 10 10 20 30 40 50 60

S8 https://ja.wikipedia.org/wiki/[ElJ& 247
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WAL X

o REFIIEREZLSBNERYEHAZTHE(FHHE) DERETEORATETIMELES ( X=1&0.

W dIEEELET. ).,

° BREHA—DOOBAEEER. HMOBAEEERELLET,

m
Yy = Wwoxo + wixy + o0+ WXy = Z WiX;

Wi ERE L X

i=0

® RALUHRRS DS REEMIET —2ZEAL. MEDV (X EMIEDPRIE) ZHET S EEEAFTT,

=M

CRIM

ZN

INDUS

CHAS

NOX

RM

AGE

DIs

RAD

TAX

PTRATIO

LSTAT

MEDV

BJ & & D— A7 D DIETEE

25000757 « — M EBZIZBMICRES Wi DEE

FENFERED LIEROEE
Charles Rivery” X —Z# (8uthY I OBRICH ZHEE1. ZnUADEBEIZ0)
ZRBIMOEE (100055 D1)

VEFRH 1D OFHHMEL

1940 ETICBR S NcFBEEREL= Y hOEI&

RANYDO5DDERAtEY Y —E TOEH & IERE

FITINA T A (BERICEAANRCZEEER) NOF I A0 LYY & DER

10,10,000 R)L& 1z b DL HE = RERE
BTIC & BA5E - Bimteae
1000 (Bk-0.63) A2 Z TBKIKETIC & 2R ADEIE
{ERSEORIE
{EEMRDOFRIE (1,0005847)
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IHHMED4EEE

o FEHEBRDWEEHELTAHES.
® MEDV(XEfME D FRIE) ERMUIEFH-YDFHEERD FLLEMEVEDHEEAHLENDLMET,
® MEDV(FEfMit& D RIE) ELSTATEFGEDEISR) (ZLLERMEVDEDHEEAHLIEADLMYFET,

-
CRIM ZN INDUS CHAS NOX : RM 1 AGE DIS RAD TAX PTRATIO B ' LSTATI MEDV

CRIM 1.000000 -0.199458 0.404471 -0.055295 0.417521 -0 219940 ' 0.350784 -0.377904 0.622029 0.579564 0.288250 -0.377365 | 0. 452220' -0.385832
2ZN -0.199458 1.000000 -0.533828 -0.042697 -0.516604 I 0.311991 | -0.569537 0.664408 -0.311948 -0.314563 -0.391679 0.175520 -0 41 2995 | 0.360445

INDUS 0.404471 -0.533828 1.000000 0.062938 0.763651 -0 391676 I 0.644779 -0.708027 0.595129 0.720760 0.383248 -0.356977 ' 0. 603800I -0.483725
CHAS -0.055295 -0.042697 0.062938 1.000000 0.091203 | 0.091251 ' 0.086518 -0.099176 -0.007368 -0.035587 -0.121515 0.048788 -0 053929 ' 0.175260
NOX 0.417521 -0.516604 0.763651 0.091203 1.000000 -0 302188 | | 0.731470 -0.769230 0.611441 0.668023 0.188933 -0.380051 I 0590879} | -0.427321
RM -0.219940 0.311991 -0.391676 0.091251 -0.302188 ' 1.000000 I -0.240265 0.205246 -0.209847 -0.292048 -0.355501 0.128069 -O 613808 I 0.695360
AGE 0.350784 -0.569537 0.644779 0.086518 0.731470 -0 240265 | 1.000000 -0.747881 0.456022 0.506456 0.261515 -0.273534 | 0. 602339' -0.376955
DIS -0.377904 0.664408 -0.708027 -0.099176 -0.769230 I 0205246 § | -0.747881 1.000000 -0.494588 -0.534432 -0.232471 0.291512 -0 496996. 0.249929
RAD 0.622029 -0.311948 0.595129 -0.007368 0.611441 -0 209847 I 0.456022 -0.494588 1.000000 0.910228 0.464741 -0.444413 ' 0.488676 I -0.381626
TAX 0.579564 -0.314563 0.720760 -0.035587 0.668023 —0 292048 | 0.506456 -0.534432 0.910228 1.000000 0.460853 -0.441808 | 0.543993 | -0.468536
PTRATIO 0.288250 -0.391679 0.383248 -0.121515 0.188933 -0 355501 | 0.261515 -0.232471  0.464741 0.460853 1.000000 -0.177383 I 0. 374044 -0.507787
B -0.377365 0.175520 -0.356977 0.048788 -0.380051 ' 0.128069 I -0.273534  0.291512 -0.444413 -0.441808 -0.177383 1.000000 -0 366087 I 0.333461
LSTAT 0.452220 -0.412995 0.603800 -0.053929 O.: 590879 -0 613808 | 0.602339 -0.496996 0.488676 0.543993 0.374044 -0.366087 | 1.000000 ! -0.737663

B[O DOHER

o BEMZEHTHAHIMEDV: FEMEIELERMNABNEDHEAINHIHRPLEH THAILSTAT: EFTEEDE|IE
DEAEE., FRBRERRLET .

® |STATNT~28DEFETIL. FARIIEFEMEEZIKRIFTECVWETHN. TOHESNTIEFTHLHLHZEN
WRTEET,

Regression Line
T T T

MEDV

PN IR S S SR N SN SN
1]
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BRERETIILOEREEEM

® ETILOMEEETMET H=DIC. AIMNLODIERERELEIAERTY  REEIFET ILOMRESTEEL
T, FREDERERANSIEN—EITY,
> FEYIRRE REFAMET —SBTERLLI-E
> REFRMEEFRBROZF

#R2RIA7EHRTLET,
from sklearn.metrics import r2_score

print('rA2 train data: ', r2_score(Y_train, Ir.predict(X_train)))
print('rA2 test data: ', r2_score(Y_test, Y_pred))

rA2 train data: 0.5524780757890007
rA2 test data: 0.5218049526125568

REFREOB. ETIVERICERABULLFBT - S BREMREN TANT —FI I BRERBLDE TR MR TEET,

BERIRETIVORE

o FEMENPREZLEEMNSFRITIRHBEIRETIVEBET HLE. RERBAKIBICHESATINSS
ENFERTEEY .

o ETILDHEEMLOANBHTHNITHRARLREEOCLTHRERLZRSDIFIDODOAETT M. BFE ]
DEENRETHEAHYFET .

o FI ETIDHNMERAOHRAZBRDFTEEEZELGHAETELRLREI S EHRE IORMENRET DL
BHYET

15

Residual Plot
T T T

#RZRIA7TEFTFLET,
from sklearn.metrics import r2_score

print('rA2 train data: ', r2_score(Y_train, Ir.predict(X_train)))
print('rA2 test data: ', r2_score(Y_test, Y_pred))

rA2 train data: 0.7644563391821222
rA2 test data: 0.6735280865347231

Residuals

i ; ; i ;
-20 -10 [} 10 20 30 40 50 60
Predicted Values
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HEHRE

o AT HAEEOLTIKE—BMICTETILOREREANALEL, BFBEAAMLELED,
0 ETIDREFZFESHALDHADNBMTHNIXZEALZNCELHYFEFTA., ETILOHBAE (ETILIELE
ZOIIEFRELI=ON., DB AREHONDIGE . RBEHREEZEITEOT EICIEFELABETT,

HEHRE

o FRBAZHE CHEREN S U\EIZZ E LM (multicollinearity) EWVD BN FEALET,
0 ZEHFHEHLFI. ETILRDEHNARLE (FEERESNTELLAWMIZHY, ETILOFRERIIRT 5%
BMDEEEZELEMT A ENTELGE>TLEVET,

MR 2R

Ao e B¥
et

adveEZD
AR®7ELE

HE: https://xica.net/vnodul5p/
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SEHLRM

o ZEHFUHOEBMERLLTI, HEALSMRROELLN—AZETILOLHNT . ZEN—RITT,

H & https://xica.net/vno4ul5p/

ZEHBREDOSH

o GEAEHICEEHEZFEALE-ERRETILORMERIICTRLET . INDUSENOXDFSHNFEIZHE>TLNSD
IR TEET,

x1: E(LEIU%E?:L@%%&Z

4 5 6 7 8 9 10 1" 12

o CRIM ZN CHAS NOX RM AGE DIs RAD TAX PTRATIO B LSTAT

1 -0.119859 0.0444233

o ———
0118612 12.51295; -16.271 |3.8491 -0.00985472 -1.50003 0.241508 -0.0110672 -1.01898 0.00695273 -0.488111

-
FFEMFECRITVS.
=2 RIEEOHERGRE

CRIM ZN INDUS CHAS
CRIM 1.000000 -0.199458 0.404471 -0.05529

NOX RM AGI DIs RAD TAX PTRATIO B LSTAT MEDV

0.417521 :—(].21994(] 7350784 -0.377904 0.622029 0.579564 0.288250 -0.377365 0.452220 -0.385832

—ZN_0.199458 _1.000000_ 0533628 _-0.04% 16804 § 0577910569537, 0864408 0311948 0314563, 0391679 0.175520_-0.412995 _0.360445
INDUS 0404471 0533828 1.000000 0.062938 | 0.763651 I-0.391676 0644779 -0.708027 0505129 0720760 0.383248 -0.356977 0.603800 -0.483725 -= INDUSENOXIZIEDOHEEEN %3 o
b - GRS BT 012887 ~ R '136U03b1 0667268 l'd?bﬁ 5T ~008BsTe " 0.008T/8 6007388 00dBEBy ~ B.T21B5 T GubTRE TuDs3e%e T.175360 ~
NOX 0417521 -0516604 0763651 0091203 | 1.000000 l-0a02188 0731470 -0769230 0611441 0668023 0189933 -0.380051 0590879 -0.427321
RM 0219940 0311991 -0.391676

AGE 0350784 -0.569537 0.644779

0,302188: 1.000000 -0.240265 0.205246 -0.209847 -0.292048 -0.355501 0.128069 -0.613808 0.695360
0.731470 1-0.240265  1.000000 -0.747881 0.456022 0.506456 0.261515 -0.273534 0.602339 -0.376955

DIs -0.377904 0.664408 -0.708027 0.769230 | 0.205246 -0.747881 1.000000 -0.494588 -0.534432 -0.232471 0.291512 -0.496996 0.249929
RAD 0622029 -0.311948 0.595129 -0.00736¢ 1 0.611441 | -0.209847  0.456022 -0.494588 1.000000 0.910228 0.464741 -0.444413 0.488676 -0.381626
TAX 0579564 -0.314563 0.720760 -0.035587 : 0.668023 : -0.202048 0.506456 -0.534432 0.910228 1.000000 0.460853 -0.441808 0.543993 -0.468536
PTRATIO 0.288250 -0.391679 0.383248 -0.121515 I 0.188933 1.0355501 0261515 -0.232471 0464741 0460853 1.000000 -0.177383 0.374044 -0.507787

1
-0.377365 0.175520 -0.356977 0.048788 | -0.380051 | 0.128069 -0.273534 0.291512 -0.444413 -0.441808 -0.177383 1.000000 -0.366087 0.333461

MEDV ({F=Efifi4g) (CxHL. INDUSENOX(FE
OHEEN®S.

LSTAT 0.452220 -0.412995
MEDV -0.385832 0.360445

0.590879 |-0.613808 0.602339 -0.496996 0.488676 0.543993 0.374044 -0.366087 1.000000 -0.737663
-0.376955 0.249929 -0.381626 -0.468536 -0.507787 0.333461 -0.737663 1.000000
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BFE. SERRMEOEE

o BEFEOCLEHEMUEEETI-OICEALEVNSIFENEELET,
> LIEAHE: LOD DERBERDFRIEE0ITHFE BFHBIRZITO>TLNDILITHED) TY . R/IS—R (BR
RIEITHTREAT L5126 . GRICHETEDSLIITHD,
> L2IFAE  RRBAEHMDBRMHAREAYTELRNKIIZTHELDEHENHE DI R BHEELZLLA
INSKLTR) FETY .
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IERME &

BEEIRETIVEBETHENIEE, TROYyEXAEZNTEEIT, INTA—EWERDHTLNKIETT,

BMERtEND _RRE.

Y6, w) = Y widi(x)= wrh(x) (do(x) = 1)

- e~

W = arg min Z{tz — WT¢(Xi)}2

M-1

7=0

¢5(x): R

FERR S

R ROB=HDICIXER nrzsvemcccIadwER 9 o

dolxn) d1(xn)

S https://www.slideshare.net/aratahonda1/prml6-84288779

w=(®T®) 'oTt :EmrEs

Go(x1)  d1(x1) -0 dm-1(x1)
& Bo(x2)  dr(x2) -

dm—1(x2)

Sar-1(xn)

s v

IEAME &

BIZIEUTDLIGTHIREEZETS  CCTIRIERMIC2X, = X, ELTVET,

y

yl
y2
y3

(0]

w
1 2 4 wy
1 3 6 w,
1 4 8 w;
Xo X Xs

woXo+ W Xy + Wy Xy

woXo+(w, +2w;)X,

wo+ 2w, +4w,
wWo+ 3w, + 6w,
wo+ 4w, + 8w,

CORIITEHEERIMLONFUI%ELT DGR LFETIAFELLGN =, EHEEROBEROHEANTEEE

Ao
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IEAE & (X

EEICEBETHVGE T, [FEAEBRBISEVGR BTN ERNKREREIZES>TLEVET,
COFENIMLTwERDDE, BIRHICKENLLLIFPNSHBEEGO>TLENET,

(o70)"

—hh

v

IEAE & (X

1 2 4

1 3 6.1

1 4 7.9
6.33 18.00 -10.00
18.00 254.00 -130.00
-10.00 -130.00 66.67

SREAZE M CHEGRHA S UVREZZ E 1M (multicollinearity) WEALTLESIRRETY,

BlRIFREEZR/DTHIIHEBwENETST0E

ATY,
E=(y-dX) w)2

BIZIE, wDZF(ERMLIREEVFET)EMA =T LD
K CREEZR/DMITDEEFZATHET

E=(y-0X) w2+ a wTw

WDENKEIEDHIEEZFHFLTLEIE ENKRELELTL

EJAE

FO T ENR/INELDEIIZwERDDE, WDERHD
HEHEIABIRIZKEB D&Y ET,

EANEIEDEYAIZELT, YV EIRSOY YO EIREF L

nFEy,

100

7y VER

ERLEDEORY S a=1 (wl|+|lw2)
AEHT B &lwll+w2l=a/A
BEmEhieTs, EAR (RGERERSER) O

Uy VER

TI7IBYES, attpEL=/hE LA
atthEW=/hEREHF

w2 w2

a/a wl

S8 https://qiita.com/MA-fn/items/851f9fc50bda034cd5c6

FRMLEDEORYH a= ANwlZ + w2?
KEHT B L, wiz+w2?= (a/1) 2
BREFLETHADT 771KV ET,

wil



IEAE & (X

EER/NNITHBRETHR—CDRAD ¢ XA EERYIRL, FIRARK/NIGLHXEE, F2R(EAE
E)AR/NNIBIREERRL. MEN BT HECHEMELFET .

7y VER Yy JER
S=E+ A (L1/L) S=E+ A (L2/n4)

S8 https://qiita.com/MA-fn/items/851f9fc50bda034cd5c6
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AN—RHEFE & F

AN—R(BRBTIRIEVSER) HELIE. INTA—RIONZLLEELIIHET HETT,

BIZIE, BERICENTEFBRBOEEICHEIENTEET,

ER RIS OT-ERBALEHIL. BEMNERDEEICE TEETHAHEART ENTEEY .
CORIITRERDAEEEZ T HRITKICIEET,

Flo  YUTUNH A XEYNRTA—ENEMERICIFTL T LB TELROELVSMRE (2X, + 3X, = 10 LII2EH

DAEXIE. XD DTIEELEELSLELN D AN—RAEEDER A EFEAILBIENTEET,
CDEIZ, FHREN DL TLREMTTEDELIDER/N—REEDFI R T,

AN—RHEFE & F

HHFE TRYRSIAN—ZAEELT KFILTTRIDKSIZBODLDNHYFET

(1)

@
I
BEERERNER

M1 EEETHT 210 3 DOMMED A= Ak, (1) ARVESZITEFLERT.,
(2) DRVEAZFTET L ELT, (3) ARVERIEFICHIb YIS,

SH8: http://ide-research.net/papers/2016_lwanami_lde.pdf
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PLEWVERTETILERET S

(M DBNEHFLTTETILERTBHICOVWTRTNEET,

(1)

@
I
BEERERNER

M1 EEETHT 230 3 DOMMED A= Ak, (1) ARVESEZITEFLERT,
(2) SRVEAZFTET LV ELT, (3) ARVEIRETICHIb YIS,

SH8: http://ide-research.net/papers/2016_lwanami_lde.pdf

L1 (SvVv) IERNME

)y EIFTIIRBERTEWIEW2AEL[ZE->TLENETD,
SwYTIE. REEOEZATWIA0IZARYET,

COFIICEZRBERETEFTEDZDOMNSYVEIIRTY
Z vV ER Yy JER
S=E+ A (L1/L) S=E+ A (L2/nL)

w2

S8 https://giita.com/MA-fn/items/851f9fc50bda034cd5c6
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lassolF2DDENHYET

o MHEADEL2DODIRBAEHABMNERICERLTLNSEGEE., —ADHRBEERLNMNETILICEZINERE A K
BEXEETHAILORAADEREIETTLEICLITLYET,

o HUTUHAXKYFRAZHOBDOANKEVGE, o TILH A XD DERETCLMERSWEE A,

COMBEERRT HI=HOIZEEINT-TEB{LIE M elastic net T, L1/ILLEL2/ IV LEEHET-F (a=1DEILSY
Y, a=0DEEIX)vP) TY,
NI LEIF ARONLVEBOEREODZETT,

P — a3
%ny—muimz{amu“ 2)’33}
i=1

S8 http:/mikutaifuku.hatenablog.com/entry/2018/03/13/231041

DEVERTETILERRT S

(2) DLBWVERLEFTETLERTEHIOVTRTVEET,

(1) ()

@
I
BEERERNER

M1 EEETHT 210 3 DOMMED A= Ak, (1) ARVESZITEFLERT.,
(2) DRVEAZFTET L ELT, (3) ARVERIEFICHIb YIS,

SH8: http://ide-research.net/papers/2016_lwanami_lde.pdf
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SVMIZ & % 53 $H D Hl#39

DHEEILES AEHEDREICHEELEVERDEA X EOLTIEZAANHYEYS,

b

FIDKES

~
=
=

N RKORES PN

S8 https://logics-of-blue.com/svm-concept/

SVMIZ & 5 [E11F D &l $5

BREREIRLFY (e -FRIBRER.
REMN-€ ~+e FTOHERNTITIERII0 ZEN c ZBA-L HBRELTEHELFET,
SO e -FRIBRBBMNNELDEIICTETILEHELET .

O EEMN € ERLM € ZBADT—FEHR—IRIMNLEAGL, € -FRIBRBERICEEREZRIFESGNT—
BRIV TRGWNT—2) [EFRIEDONERE A,

%
Ozone

I

I € 0 € x o]

S https://logics-of-blue.com/svm-concept/
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PLHEVBERTETILVERET S

(B) DLEWERREIFIZEIVEISEHIZ DV TRTHEET,

(1) ()

@
I
BEERERNER

M1 EEETHT 230 3 DOMMED A= Ak, (1) ARVESEZITEFLERT,
(2) SRVEAZFTET LV ELT, (3) ARVEIRETICHIb YIS,

SH8: http://ide-research.net/papers/2016_lwanami_lde.pdf

HISTUT574hILETIL

TS TG Z74NIVETILIZLIEBE D& X %G AL T-Graphical lassob K ENBFELHYET,
ZHOEHEDIKFERFZREHETS-OICHLLGNET,

0| Gu=p
: ) ()

X, X X

Q)

X | * ok % e
*
0

SH&: http://mikutaifuku.hatenablog.com/entry/2018/03/23/230122
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RIBMEZELT AN EBETIVEBET SHALREINTOETS,
RIBMEZELT HZEEMEE TERATH-OIC1F. RIBEZHT T HIRMFELE
L/i_d—o

FERBEAHOTIEETESIRRFEERRT A=DICEFHEIRMADIMYZF
_d—o

CDRIBGUEDRREFHIFENEITY

anEsan
[(BRZEHP&Y]
IRELF-EET—2ZLDOREBENEFNTVIIGEETEH. REETOSEELRLD os 1
ENERZSR-SREICHEETI2HMEE7 /LT X LTHMLasso (Least absolute xR ¢= o oz
shrinkage and selection operator with High Missing rate) 1ZBFL . &xFEixD7ILTY) Qu#ﬁa ’:E@

X LsTCoColasso L LR HEERREEHIH WHIH T DT LITHIILELL, il

@ EN @ EN
By @i Sy @ mrsi
EEMER T @ue

EI1 : HMLassoDiERA % —
SR

https://www.toshiba.co.jp/rdc/detail/1908_01.htm?
from=RSS_PRESS&uid=20190802-6221
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EE1: [lfE

o HMEF, EEFEIFEDIIGFEMRALTIZS,

HE2 2EHBN

o ZEHHULFEDIIGHERLGOMNHRALTZE,
o ZEHBUORIBKEZEF TS,
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EE3 . RIN—RHESE

® R/N—RHEFE EIFAIHERBAL TIZELY,
® X/N—RHEFEDA)YbEZEITTIZEL,
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FoME : FRINDH

7o UN

® FRINT—HDHE
® FRINT—HDEE
® BRI TREDITSHIL
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FFRINT—32 DHE

R T—42

® [WikipediakY1BERF| (CIFL LD, Time Series) &, HDIRRDBEHEAIGEILZ . EHRHIZ(F=IE—EMER
EHVWTAEGIC)BAILTEON-EORINI(—EDIE) D&,

o HBHIDONERZRMEICL>TEHBILIEZ-T—2DILETT,
o HRShBIRFICEHERLNHYFT (RZIDT 2L, BZIt- 1732 EFZIARTO T — 2@ Lo EEL T
2o

MERMATROLEE
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YR a3 VT—4

0 HAIABATHEMEBEEOT—E2F/AREILIVT—RENNVET,
o [FE—HBATOEIHEEROSTMATEET,

=) H 75 kA
| .1B5H 11510081 1237 |
1| 1868 [!1530081| 121 L S e
1578 [i154008)] 1208
[ i
BRFIT—4

NRILT—A

® JORtEVLavT—AERBARICHRLI-T—2Z /1 \RILT—E2EVVET,
o H-IRADRRISTOHTEL LHAMOESLMKLI-STATREGYET .

Aff H %3 FaAH

_l_1msE__[i15100mi| 123m |
lL 1868 |[!15300m1] 121/ HEEES T
1A78 |1154008}| 120/
R H
B RIIF—4
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FRINT—2 . N\RILT—5 DEH

R EEBICEET DR RINT—2IZE HRABEHLHYET,

MERFATROLE

BT E KL HOHEER

o HifiEBEL—H
DEE

g
—FILA (5w

0o st s 55 = w50 o1

[ENL L £3KEHD
ﬂ HFE .
@1”‘ » & @1”1 & @1-" s

NRILT—2 DR

DLEQIF BB FHABEL15000HTTA, REEHDDE., LIESK LIFHITTLDIQLTIX. ZDHDEIEN

BIRYEY,
DEQTRILHDOEZ LRG> TVET,
25000
20000
15000
10000
5000

BETS & FIVEOEEE
150
i - 120
- 80
@® @
- 60
30

ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

ﬂﬂﬂﬂﬂﬂﬂﬂﬂ
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NRILT—2 D9

o BEDRLEMMNCDFEEZEZRIIVLENHYFET (BEHEE),
o ESXRUMNOCDHEEEERITIVENHYFY (BEXE).
o T, BRI VLB RTIVENAHYET,

Wil

BRINT—5 OB=
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FFRINT—2 DEH

EE
> BRINT—EEZDLDODIELERRIIEESIIENHYET,

X HRT

> RRINCHBEMEERELI-T —FER]HRIIEVDNET  EREOT 22T MENKEALGSITLE=MH>TIE
BOENKELGDLDONEHHYET . BRI CIEIEEEXIOREEZFB T LT —2EEETSH
ENBYETHA MBEBRIIIFEONDRETT,

BEE R (E57 RN

> EBEZIADIDBIDT —REDER (y, - yi1) EBEDT—HEMERIEVWVET . REROT—2IZITEAL
RBIEX LD T AL BEFZOFFETRERVFERE A BEZISE, BAURBEDT—2EE
BEBEEXIRYET,

KERFEERR—LIBRTHALET,

[Wikipediadk¥]

EHEIBFE (TLIL LI TLY, K: stationary process) &l&, BE PR EICKI>THESAINETILLEVERBIEXE
B9, S0, FHPLEE B LHENIE) BFEPAIEICK>TEIELALY,

BIZIE RTA/AXEEEHTHS,

ERMFICH T, FEERBIE (MY DM TLY, FEEE: stochastic process) [&. FEI&EEBIZEIL T HHMEREEHMDILET
Hb.
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EEE

EEMEFRFD M OERRAEDOHBAEEICETIERTY  MERELTINIYBESELBER M
[CHFEENFET,

BEBMH
EEOBMEEMENONTUTEHLTH . T2 EBERELONET,
E(yy) = w: BT —F
Cov(ye, ye-1) = Ele — ) Wemi — 0] = vi: BEEHDBUIEFRERD HIZIKTF

ﬁﬁ = ele, 'ri BB E LR SR THHE—

& T 21, Y22, ¥a0) = f W61, Yoz, > Vo)
1%%@%%31’.&5#%3%“:?[,\(\ (yt, yt_l,,,yt_k)o)ﬁﬁ%ﬁﬁfﬁ > < e S
Fl—&ibEE. TRIFREEMELOET, 7

? 1\ )I |\ )1 T
0 20 40 60 80 100

time
2. https://toukei-lab.com/5E# EFEE %

B4R A2

BRRINVFEEEBETHY . ENRIAY =y — v DA ERBETHAHEE, TDBRTEMBBEEVONET,
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FRIGHMTRZDOITEH &

ReEdToEIE

[Wikipediadk V]

REMTOEIE (HEMTOHIULVE, 3K: spurious regression) &Eld . FHETFPHERFZFICE LT, #HEtRIIZIEIL
THAHAEBROZODOFRINEMN RPN ZFEICISEIFRBAMIEV TR I ARG HRRDETEEZIRST
LESELSHEETH D,

Spurious regression between random walks (N = 1000)

BERIESUE LY+—IBRORENTOEBERLTOET,
$2aL—3ar TRESEEENNIHUILBSUE LAA—9% o
BliEd 5L BUIBDICLEHLTIERICEVUREHTEDES °
HYET,

1. ty= 23.976

-0.2 -0.1 0.0 0.1 0.2 0.3
X

SH8: https://ja.wikipedia.org/wiki/ &£ H T D EIF
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REMTOEKE

2DDMIABIURE LIDF—DEEZFT,
Xp = X_q + €1p, €1,~10d (0, 0F)
Ve = Vi1 + a0, £2¢~11d (0,03

COEEUTOLSILGERBETILEEZZET .
Ye=a+fxs+ &

OLSHTEE (R/N_FEDHETER) (FLULTDEIHRHENAMONTINET,
GRS
ﬁA (Ul/az)hz

<h1>_< 1 sz(r)dr>1< [ Wy () dr )

hy) — \[Wo(r)dr [WE(r)dr [Wo(r)W,(r) dr

CCTORATIGREBHRLET. FW, EW,FEWNIRIGIRETSVVEHTY,

ReEdToEIE

BIR—CORIFANT V2 DEETHBRTHLERLTVET,
Ffz. PIIHIEEREBICUNERT HLERLTUET,

X EYATBEWNTHIBD T, @LpF0IZHEDIETTY,

TTH, OLSHEZIX LD KSIC0ITITIRELGWN=HalplE—BEFEETIIHNIEAHMET,

@ =03 = 0CHREZEREIERT 5E. YU TILBTHARENESLRERFZREDRETENINTLES
CENEBZLNFET (x, Ly [TEEWVHEBEIHLHEALGINTLENED),
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REH 70 EIFEO [

REMNTOERIFZRET HFEFEIZ2OHYET,

1DBEDAEEY,. y TNENDERRIIAX, Ay, ZRAWTEIFEAHTHETT,

D EOFEEEREDHEERICS T LM (BEDHIER) £BMT BHETT .
BIZIE, o8t a3 Thda,  EHBERITEMT BEL52ETT,

BEMNFOEIBIZDOVDNTHOESEER

REMNTOEIFIZOVTEIZEFLLZEBLEVWARK, LT OFEHRZSREZS,

v V rEpssanrsey,

ORI~
s sy
Eredied

4 4

vV Vv
BR- 274 VAT-5D BHILEERE 70 & R Ol

SHREFIID e
R o
-
v v v
L v|wv
M v Vv v
vVYyVvVY
v vVYY
VVYyVYVYYVY|
vYy vVvy
vy (MPERER TR . 4

S
https://ismrepo.ism.ac.jp/?action=repository_uri&item_id=31999
&file_id=17&file_no=1
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ZODEMIRBIE x,. y DIEHHx, + By, = z, NEEBREICHSFF. COZDEHMAPDBEREFOELVET,
REMNTOERIGEEET H-OIZIF. T—2DERZIMASEVSEELLFELT -,

£V HERITENZRSE. RENMNTORFBEFEGYTEAELGLEFET SET DEFRERZLLTLESIE
LOSREENBHYFET

£ Eiwm=3 HADHEAEHEEZRLEE L. EEBEELTRYKIENTEET,

EEBRELTIRYBSEFRICE O THRES AN EIALLELEST20O . R—rI+)F OBEITENT ENTEE
ERS
CDEIBEVNIHRDEG B EIRT L —T 12T JEVLWVET,

RPEL—E
Step 1: Blf=LSLMEHREEE T HINTERT . (CITIRIABLME)

250

200

fs
150
[

100 §

Sp

50

800 0

3/29/2013 4292013 s/29/2013 &/29/2013 7/29/2013 #/29/2013 9/29/2013
ME-BAEDSpread —AMESH —PAFEESH (F-5mMT:Bloomberg)
Step 2: R7D{EHEETHASpreadhi L NIE, BIRLAEB)EEL.,
BEEANB)ERES. (D)
Step 3: Spread AR TNIEKRI L3V EHC., FIHEE8S. (D)
T —
SH8: https://www.slideshare.net/ssuserbe0bf0/ss-82038570
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BE1: BRIT—4

& BRIT—HEFEDKIGT—EMERBAL TS,

121



B2 EBERY

o MEERINEE, RRINEDIIGRELELI-T -2 AL TS,

EE3 REd Tl

o REMNTORKEFEDIIGEEMEHAL TIZELY,
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EE4 e

® HMNELFEDIITMEMERBAL TSN,
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7o UN

® 7 HrIILEH
® T UHUIIILEEBEDLA
@ BE NATFTAR-N\YFUREERIE
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BEEH

BRFEEETIVEN —ZUJ$HBICIE BREAREVSBEREERLES,
BABBIEET LOFRELEBROENRELZERT SBHUTT,
BIZIE, BIROSZEED ZRBREFLUTOXTERSINET .

Ly©),8) = (r(x) — t)?

L FET—xIH TS ERDENIZET S

BRBEHOHFEEERALTLKE UTOLSIZHYET,
E(Ly(),0)) = 1NFUR + (TR + /4R

XELVLWERRICEKAH DAL, [https://www.hellocybernetics.tech/entry/2017/01/24/100415175 £ =SB LT
<FZELy,
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INATRENYTF IR

BMZEROMREL NATRENYTUOREWVERETEZAFY .

NATRIEBEDBEEFREDREDTEHDILT, ETILORBEHERLET .
INATZAMKENE, FRHEFEDEMNORESTNTLENET,
FETEANLDIN —ZU TR+ R ITEATWVEWNMES L EITNAT ANKELGYETS,

)T ORE, FRBEOBSIEYEEDILETT,
IN)ToARNKENE, FRERLEEIZSHLES,
ETINZEBT —RIBEICEISLTLESIHE BFE).
)T AN BLIEYET

BINITUR BRYTUR

NNA S

NNA @

S https://www.codexa.net/what-is-ensemble-learning/

FoHyUTILEE LT

ToHUILNFEEE R EHDOBFERBIAXRERGE ., HEIBETEINRENHEYERNETIVE
MESETRENBVSECTRETIFETY.

ToHUTIIZIEIDDFELHYET,
> XS

> T—RTavY

> REAVXLY
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T—bRMSYTH T T THE LT 42 Z2FEALTRIICSHDBFEREEY. ThThDOBEEHROH
NDEHRERSFENDIETY (ERD

BIZ IERERERBRADNBVDTEEZ LA TTNNYTUANEWN) . T—hRSYTH LTI TFHIE
[CEOTREEZEITEHN)TURETIFR) ZENTEET (AR,

T=rRbZvTYHT
#{E > TIER

[ 5 [

0d280f0od315_of diluted_wines
5

Hh1 Hh2 HA3
REHLFRE
alcohol
ZR: https://mathwords.net/bagging S8 https://www.investor-daiki.com/it/ai/bagging

T—RT425

T—RTAVTRINF T DEIICHEFERERILITESIDTEHGLNDT DIRFICHEEREF>TVEET,
IREICBEFEREERT DR NADHIDBFFERDBREMOIIIICTRDBZEREMERTHD T, N(TRET
FH(ETILORBRNELFDHENBHBYFET

RIER L FRE

S8 https://mathwords.net/bagging
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ARRAYX TR oI INEERLAV—ICER-EEELTLET,
THOHITIE. EFTE 1 BEICEROFAETILIGHREITUOHUTIVERBELET,
2BEICIZ. I BENSHASNEZALETETUOH T ILEEBELET,

S 18 https://axa.biopapyrus.jp/machine-
learning/ensemble-learning.html

o ITILEEDOLR
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NEXTDOERA: SUFLIALR R

RERETIVLIFNATANINSKNY T UORAREVGRZEFRZLOT L) EOSHEELRHYET,
SUBLITHLAME. COREREERMEYTUOF VT ILEBEIEEZILET. N TRITINESVWEFENYTURETF
(THZETFRIEREE EIFAHFETY,

NXVT ERBRIZT RNV TEHICE > THRBDIERER LR LET A BEDNT T EEERY, ThE
NOBAEHIHLT. SV LIXEDORHEDAEFRALTRERETILEERLET,

FoHUTILEETIE, TNEFNORERBOBEENESNE NN TUANTAY IS N ENMBNTHNET, T—
FRRSYTHRIZE O TIEARERSZ T T FHONIBHELZHRICEIDT. EEDNFXUT LYBEIZEHG
EAEMERAWVRERETILOERETHIENTE REABOHEBEIMEGY LTV EHEEDNFTUT &
YENYTZORNMENT UV TILEBEB IS ENTEET,

NEXVTDOBR: SUFLIHF LR

SR LTFLARD Ak
> RERDA—REGOTWS=H. BHENEEEEHEIHIENTEES,
> NFUTFAFNNENTRELDT SFENERMBGEHAET,

SUB LITAHLARDT Ak

> HBHEEEANIDLENESIE. TNTNORERIZERASNIBHUELZ S F LAITFIRLTHLES>TLESD
T INYTUARTMNYDIRYET,

> T—AENVBWMEELT IRV TERIZE>TETMBE SN IIEREFAILLES D THENSEY T
CINYT RN TAY DY ET,
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NEXEDITDA: SVFLITH LR

Scikit-learn[Z[E T LTAHLRAMD I T AR 5EEE. BIFRABEH INTLET,
Fa—btJT7ILERELTOVETDT., BIROHDHFIEERICEIML TH TS,

.m’, Install User Guide APl Examples More ¥
-
S 3.2.4.3.1. sklearn.ensemble.RandomForestClassifier

scikit-learn 0.22.2

Oiepeisions class sklearn.ensemble. RandomForestClassifier(n_estimators=100, criterion="gini', max_depth=None,

Please cite us if you use the min_samples_split=2, min_samples_leaf=1, min_weight_fraction_leaf=0.0, max_features="auto’, max_leaf_nodes=None,
software. min_impurity decrease=0.0, min_impurity_split=None, bootstrap=True, oob_score=False, n_jobs=None, random_state=None,

32431 verbose=0, warm_start=False, class_weight=None, ccp_alpha=0.0, max_samples=None) [source]

.WIL Install User Guide API Examples More ¥

EETEETE 3.2.4.3.2. sklearn.ensemble.RandomForestRegressor
scikit-learn 0.22.2

Qe RS class sklearn.ensemble. RandomForestRegressor(n_estimators=100, criterion='mse', max_depth=None, min_samples_split=2,

Please cite us if you use the min_samples_leaf=1, min_weight _fraction_leaf=0.0, max_features="auto’, max_leaf_nodes=None, min_impurity_decrease=0.0,
software. min_impurity _split=None, bootstrap=True, oob_score=False, n_jobs=None, random_state=None, verbose=0,

warm_start=False, ccp_alpha=0.0, max_samples=None) [source]
3.2.4.3.2.

T7—XF74 5D : CatBoost

CatBoostldCategory BoostingDEE T, IREAN—RXDHAE T —RATAU T IZEIEMFES1T S TT, 201712
A7 MDYandextt M b CatBoosthNFERENFELT -,

CatBoostlZ LA FDEFELHYET

> [EF. M EOBEHYEEICHIELTLET,

> AWTIVALEH(BEMER)EH/RICENTEET,
> BEBERALLTEVAE, PEEEEERLTOET,
> GPU, TILFGPUIZHIGLTLET,
Random /77 Microsoft J  CatBoost
XGBoost LightGBM
Forest g
~1970 2001 March, 2014 Jan, 2017 April, 2017
>
_ XGBoostlZ &4, ~A7AY 7R Yandex. O 7DKF
ZBOOFE“LE? - Tiangi Chenle & Light GBMOEH 77/ OY—pEn
;;%;n;a;wj ? AHRITOY Y DEEN—Y 3 CatBoost#—7">
- FELTHEY. #YU—R L7, V—=2%YY =R LT,
2016EICASIC
otz

S8 http://data-analysis-stats.jp/2019/09/29/python Tcatboost D f# it/
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— X F 4 VY DI : CatBoost

CatBoost&% 0)1&0)7”/:'“ 1) XJL\O)'IE'EI‘E BTG ENTNET, CatBoost LightGBM XGBoost H20
Logarithmic Loss& NS HEIZE (BUEA/NESWMEEHREMN KLV T et et et Do e oo s st
XG BOOSt‘b L|ghtG BM J: LJ 'HE ﬁE b{% L \ & L \5 I/,'I'\o— I~ 75{ & L) as j" . 1= Adult 026974 027298 027602  0.28716 027542 028009 027510  0.27607

+1.21%  +233%  +6.46%  +211%  +3.84%  +1.99%  +2.35%

12 Amazon 0413772 013811 016360  0.16716  0.16327  0.16536  0.16264  0.16950
+0.29%  +18.80%  +21.38%  +18.56%  +20.07%  +18.10%  +23.08%

12 Click predi 039090 039112 039633 039749 039624 039764 039759 039785
+0.06%  +139%  +1.69%  +1.37%  +173%  +172%  +1.78%
L2 KDD appetency 007151 0.07138  0.07179 007482 007176  0.07466 ~ 0.07246  0.07355
-0.19%  +0.40%  +4.63%  +0.35%  +4.41%  +1.33%  +2.86%
12 KDD churn 023129 023193 023205 023565 023312 023369 023275 023287
+0.28%  +033%  +1.89%  +0.80%  +1.04%  +0.64%  +0.69%
12 KDD internet 020875 022021 022315 023627 022532  0.23468  0.22209  0.24023
45.49%  +6.90%  +13.19%  +7.94%  +1243%  +6.40%  +15.09%
12 KDD upselling 016613  0.16674  0.16682  0.17107  0.16632  0.16873  0.16824  0.16981
40.37%  +0.42%  +2.98%  +0.12%  +1.57%  +1.28%  +2.22%
12 KDD 98 019467 019479 019576  0.19837  0.19568  0.19795  0.19539  0.19607
+0.07%  +056%  +1.91%  +0.52%  +1.69%  +0.37%  +0.72%
12 Kick prediction 0.28479 028491 029566 029877  0.29465  0.29816  0.29481  0.29635

+0.05%  43.82%  +491%  +3.47%  +470%  +352%  +4.06%

S8 : https://catboost.ai/

— X T 4 VDI : CatBoost

CatboostldPythonCIEAT A EELTEET,
Bk D HDHITERIZEIML TH TS,

J CatBoost Search
|| owsewot o PSP——
» Installation .
oy Overview of CatBoost
» Rpackage c
» Co
*» Applying models Key features
» Oblectives and metrics 5. Taiing Applying models
+ Modalanabsts ) i EDE Reguiarpreiction
» Data format description Training on GPU CandCr+
Parameter tuning Python train function Java
Speeding up the training Cross-validation Rust
» Datavisualization Overfitting detector Calculate metrics
FAQ Pre-trained data Staged prediction
» Educational materials Categorical features Applying the model in ClickHouse
Development and Text features
contributions
» Algorithm detalls aup,  Metrics
Contacts ===0 Feature Importances M Implemented metrics
®™ Objectimportances User-defined metrics
Recovery

TensorBoard

pontngmocet F——
I comm S rworas

Pythonor G+ Reference papers.
ISON Videos

ONNX.

PMML

S8 https://catboost.ai/docs/
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RAE X7 DM

KDD cup 20155 (7T—2 Y/ T REERRE) TEBL
f=Jeong Yoon Lee KD RAAYF 5 EHEHITY,

64 Single Models | &SR &M BHIRATYTIZH LT, EH
DFETENETNT—RIHLTINBEITOFRERE
BEHLTWET,

SHICAETILNHLE=FAEZ A AEEL, Stage 1 e Ll L N S TN W R Wy
Esenble ISR E A BH D AT YT TIXF=ICISETILEE ===
HLTLET, =-.
ZF M4l Stage 2] Stage 31ETILERAYFTUHTLTLE .==
+ 11
] 11
1111
EEEEESs
11111

ssEs

+Jeong-Yoon Lee, Winning Data Science Competitions

S8 : https://blogs.sas.com/content/subconsciousmusings/2017/05/18/stacked-
ensemble-models-win-data-science-competitions/#prettyPhoto

BE . N(FR-NYPUREERE
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ER—UFETTIEINATR N TFUOREZRELETIVOBEEZ LTS5 . T7oH9 T ILEZ IZDOWTEELT
FEL=
TFoHUTIEELUNME, EEEICE S TNAT R NYFTUOREZHRET HENTEET,

EAMEZEEET D EICKOTETIVITNATANELET AN NI T URERET HENTEET DT, BFEZE
WElsdZENTEES,
FHENBEATEMOBETVICLEAEE, ERMEASHREREBLET,

BIZHELLENYE=WAIX, UTOMRXGEESBLTIZSL,
[https://www jstage jst.go.jp/article/bjsiam/28/2/28_28/ pdf/—char/ja]

IEAE & (X

BEEIRETIVEBETHENITEE, TROYyEXAEZONTEEIT, INTA—EWERDH TLKIETT,

M-1
Y, w) = > widi(x)= wTp(x) (do(x) =1)
=0
e il

BHMERED ZFRE . e
W = arg min Z{tz —wlp(x;)}?

R ROB=HDICITER nrzsvem Sl ER 9 o

w = (0T®) 1aTt : marE=

Bo(x1)  d1(x1) -0 dum-1(x1)
Bo(x2)  dr(x2) - Ppm-1(x2)

&= : i -
do(xn) dr(xn) -0 dum-1(xn)

S8 https://www.slideshare.net/aratahonda1/prmli6-84288779
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IERME &

BIZIELUTOLSETHNREZEZFET, CCTIEERMIZ2X, = X, ELTWWET,

y ] w

yl 1 2 4 wy wo+ 2w, +4w,

y2 = 1 3 6 w, = wo+ 3w, + 6w,

y3 1 4 8 wy wo+ 4w, + 8w,
Xo X1 Xz

woXo+ W Xy + Wy Xy
woXo+(w, +2w;)X,

<
n

CORIITHEERIMLONFUIELT HIGE LFETIAFELLGN O EHEEROBEROHIENTEEE
Ao

IEAME &

EEICEHETHVGE T, [FEAEBHBITSEVGR BTN ERNKREREBIZESTLEVET,
COFENIMLTwERDDE, BIHICKENL LN SHBEEGO>TLEVET,

1 2 4

® = 1 3 6.1

1 4 7.9
6.33 18.00 -10.00
(o) = 18.00 254.00 -130.00
-10.00 -130.00 66.67

A, SREBAEHE CHEREN B L FIZZ E M (multicollinearity) BN FEELTLESREAETY,
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IEAE & (X

BlRIFREEEZR/DTHIIFEBwENETST0E

ATY, 5y vER Yy VB

E= (y — CD(X) (,U)Z FAMLEOEORY A a=2 (wll+w2l) FRMLEOEORY S a= AVwi? + w2?

_ . . _ _ REHT S &lwll+Iw2|=a/A REMT 2 &, wiz+w2z= (/1) 2

BFIZIE, oDZR(EMMLIEEEVET)EMALTERD  Frerorrs o commreen o Rkt Ot RREST RIS,
X TREEZR/NITHEEEATHET, e

E=(y-PX) w2+ a wTw " w
WDENKEG DI EZHLTLEIE EAKRELGSTL
EJAE 3
FOT ENRNELDEIIITwERDDE, WDERHZD e o
HSHME (LB T KELGE D T EF ALY ET,
E EIJ 'ﬂ: IE 0) t L) jj_ ' - Cko —c N 5“/‘/ IEI 'J% )@ U “j:) @ 'J% tuqz 'i S8 https://qiita.com/MA-fn/items/851f9fc50bda034cd5c6

nFEy,

IEAE & (X

EER/NNITHBETHR—CDRAD ¢ XA EERYIRL, FIRARK/NMIGLHXMEE, F2H(EAE
H)AR/NIBIREERRL. MEN BT HECHEMELFET .

Z vV ER Yy JER
S=E+ A (L1/ L) S=E+ A (L2/ L)

S8 https://qiita.com/MA-fn/items/851f9fc50bda034cd5c6
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BE1:NNAMFRENYT VR

® ETILOFHEICALLNE/NLTREN)TUREFAH, FHRBAL TS,
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EBE2 XV

& TFUHBUILEBDIDTHANFUTICDONT, EDQLIEFEMNFHAL TZELY,

BEI: J—RT12Y

o FUHUILNZEBEDIDTHAT—RATAVTITDONT, EDKSLFEMNMRBAL TS,
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EBE4: REAvXVYT

o TFUHUILZEEDIDTHAIRZYFUTITDONT, EDLILGFEMNGBALTIZEL,
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110 : ——XF Al

7o UN

o ——XFAFEFADE&IZE
o FEFADH(ZEFHHDTAD
o GAXHDEEEZRD
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BRTPALIE

mETHAET

FEFREE. T/ Y —ERORELEHNEERHNITHTIETT,
o FEQTHLBHEE/MHEOLIEBERERANBYET,

ESRADPSMEHT

i fpating
— 4 =LsBLEn BoLSCEEs
o ™
% 0
5 |ereons \ \ / /’:vsun
& W g [EUES L
A/ FFE A e}
piaf Lk 28 FHER MR |
TR . =
0 o ?QE; (o o a0 mw a0 oo a0 s
HigEns 2
51/ : FEER 51 : iSRRG
https://ja.wikipedia.org/wiki/ T2 & ##5 https://www.stat.go.jp/koukou/trivia/careers/career5.h
tml
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> HEMOSXRSEM. I, LUK

HEM(RETHEINALALVS)
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ZDMRTIVOBE. ANVEFrybgE)

TFETADHSE
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HFETFADOH

(HZEE : A—BEROFETFAD

FR—BEROBEDNT LT —4GEERIC BEEECRGEERLET

BIZ X, TA=H O EEA G EASWEIZHBITEI)—RADTE LT 2D BEIERETIZETIVEERT HIHET
T, BEERETIEFERT AL TCEHUEZEL-FRNTEET,

00 w81 w83 wss w087 w50 o1

I BRIT 2D A=
https://logics-of-blue.com/python-time-series-analysis/

HFETFRDOH

(HZED : FUEAROFETFAD

BEDFTLEREAHLIEUEREEMONA(BRICHELEFBEADEEFTHADNAICRITEER) IS
fEL. EMDNAZ TICSREVHIEARDFEEZFRILET.

BEEICK L

I LT LY

HSEVE
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FEPRDEZA

(MBES : 2<HFLLVEROFZETFA)

E<FH LV EROFEFAIFERICEELEEXTT . FEFRHY—EREZRBEIIRHUILICSEFIFL/ U
NHY., —BIZEDFENBNRLTVSLEEAF A
(3% ) https://www.intage.co.jp/gallery/data—science3/

(3% ) https://www.cross—m.co.jp/solution/conceptdevelopment/

—MMIC. FEFRETILE—EEELLoBRDLYTIIEL PROFEEZTICFRABEZRALLETS-HD
BHEREMRELET

FETFADOH (BFEFHHROTFAD

143



LRZA—IRIDAVRER

RTILDBEECMERDERZGICEZET,

LAZA—IRVUAVNEL TRETFACEICEE (BF) lRTHEMEZARL. ATV (MZEH) A TRE DR

KEZEHRTFERIEEAFT,

RTIVOMZER TR, SETENEAIEECEREZ. ARRTIHFEIHRFTEA,
BHNKRRFEL T, ENEYVEDL BT HENIDHI—DDEZATY

TIA B2EB/BMAR TEE > TN =B LNAB VR (ESLTH, ZDRIC, ZDBFAD AL THEALIASfE
DRRABRE)ERLTLEICLITRY, RIBENEELET,

IRB|ORKRIEEF. COXIICHFEZREICERDMRERZRARTILENHYETS,

R (PHMEH) DHE

BEGLAZ L —TROANNETIVEEZZTHET .

FIZIE. SEDFHMEHRNZ TN, BEICITEE
BFESTLESHABLNELD T, MEELFHD(E
BRAEZEICRZET,

FI= ESTARU A B oY ERAGEDAKRBIZIF
FEMEZHENTRITELOT, BN LNEND
LhFEE A

—ATERATARRFESRRAENZNEROLNELDT,

MR EHFYBETEEVNILAFEA(RHD
RETHEIDDT. BHFDEETIIELY,
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BEFHRROMER LREFE

BIR—OTRBLELILGEREZFERL. REFRETIVEERLIZELET,
> HREAZH-A-ER-TERBETOBEK. HEEM
> BHZEH HEMSYTHEER

EROERADOHTEELITTIFLT, EED WIEBEOFHER (A —2)
FHBNEDISIZEFHTI2ONERLET, ©
HEMWLZEADFHHEE. EEO TR
DT EARET AR IEFEERITLRITET, "

2018/11/1  2018/11/2 2018/11/3 2018/11/4 2018/11/5 2018/11/6  2018/11/7 2018/11/8 2018/11/9 2018/11/10
- = FHodR (B8) — TR ()

T DHDEEAZE R

FEDTFRETDLAZI—IRDAVMETIVICERT HHRAZTHEL T, BEDMIEOF MK, AL —11E

EEIFTEEL,
FHEDLARZI—TROAVNETILIZIE,
> O3a=

> SANILERTILOFHE
> ARNUKNER
BEERFELTWDETILLZEHHDHESITT,
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EDESGT—EBRFHASAhTNSD

LARZA—TRDAVMERFTLTNSEH DELE T,
AEAETILELTNY =20 0SSN TNWAEOMS, RTIILBBIZF1a—=20 T2 B DOEL0OET, [LFEEL

TWEY,
s orsenesmmresiie: I
ITXRLTWBESTY, a7 SR
OR7 L)
AT —HUNE o -
e ©
ARUT—5
i o o o
T IR o = =
TR o o o
{ERLaAE o o o
aMERGY BHRE DHMAERSY DHERBY
s RaEHE: —HE B4 10025l 2002, 2012
CE. HEMISE T AVZLECH LI ECHECLH
WAL, ECoHeiRs RO,

LRZA—TRIUAY M ETILDGRASE

:*Li'&li?hv_'}bd)ﬁia%fﬁ‘ﬂ%&’éﬂ&bfl/*’:;—?**‘)%“/h%?)bd)éﬁ%%ﬂﬁbf%ibf:o
SHENRSIEEVCEREZ. AERTIHFRFITERVIEVIFEDRANERET H2H T RLEAFEE
Fﬁf%é?‘b'lib\ﬁ)'diﬁ’

BIZIE LTDRDEIGEDFTLARZA—IRUAVMETLEBEALT, RBEZHETETHAREENHYET,

a8 ﬁl,
e e L L
AR—R &

ERORL BE 8
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*vNLTe XM EE 0 BEx 2 BEf B B @ B
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BEAZEHOEEEZAS

EDEBDEZENKEZTLNDOM?

EHFEETIVEREDSRATEATHSLTHITENGLON, ETILOHRAMEEHHENSTOERTT,
ESRRADBRGTIE. YV—R(N-E/-R)ERATH-HODHEAROONET,
LOREDRVWETILOFEELIZELTH [ETLEGEZD I SGHIEEL-OM I EVSFRANTELZITIIL,
FIERETLISKWENSDAEFETT

BIETIL. EEREET L. BRIIETIVLGESEEHRLEETIVICEBWT, REZHOEEEZRS-DDHkAL
BFELFELET,
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EHODEEELZRELS . BRRIIETIL

BRIT—RZBITBERRDHHIZ{FEHNBD I Granger causality (T Lo Pvy—ERM) BETY,
ETIL I TIXA/B/CEVNISODDEHEFERALET,
ETILITIX.BEEELTA/CEVNI2DDEHEFFEALET .
ETILIDBENETIVILICHARTRIBIZRINIE. EHBIIEETHIEAHLET,

[ ETN] mmmeem - _ _ )
! AY ET—HAEETIVIZESE 2EDOBEENESHTH
1 1 NEDBREEZRDD, BMERREET o
1 LHA, LHA, :
= !

1 .
I | ) | EETAAA
1 1
1 1
1 1
- ;
N - FIRTE
=\
1
i
:‘ REFHTB
1
'l

EROEEEZRRLS : S5 LTH LR

FUFLTHLVAMD EIGRERN—ADT YU ITNAHHTIE, HEEOEEEZREH T HENTEET,
HEIFHEICOVT, TEDLUIEZCHLCHERITL, CHOCHERLITT HRIER T, RERDEEAZLEINE
SMHEELET.

REARESEO o EEGRHE. BOoRBN o EETRIVEHELHELET,

Random Forest Feature Importances (MDI)

Test Sample Input

[Prodiction ] [Prediction

Random Forest
Prediction

0000 0025 0050 0075 0100 0125 0150 0175

51 : https://www.oreilly.com/library/view/tensorflow-machine- 5IF : https://scikit-
learning/9781789132212/d3d388ea-3e0b-4095-b01e- learn.org/stable/auto_examples/inspection/plot_permutati
a0fe8cb3e575.xhtml on_importance.html
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EROEEEZRRLDL . T4—T73—=7

UMEE FA—T 525 5 E DEBEET VE BHTHRTER LT 20 L TRRIEOM EEBETENS
FHTT.

T AERLEREOET L ERBER TELT ALV SO ERRABYET 0T, BEELRELYLLHR
F—SDBADT—HEYL TV L, EOTF—HERET—HEL RTINS ERET L EERLET .

!
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. + 1
1

+

+
1
1

!

L -

O—
- — -

O — Figure 3: Toy example to present intuition l”m
— The black-box model’s complex decision function
(unknown to LIME) is represented by the blue/pink
background, which cannot be approximated well by
Input Layer Output Layer a linear model. The bold red cross is the instance
iddon Loyars being explained. LIME les i gets pre-

dictions using f, and weighs them by the proximity
to the i being lained p d here
by size). The dashed line is the learned explanation
that is locally (but not globally) faithful.

BIR: F4—F5—=v4
CNEFER>TEE 32D & 5 : “Why Should | Trust You?”
https://jp.mathworks.com/discovery/deep- Explaining the Predictions of Any Classifier
learning.html https://arxiv.org/pdf/1602.04938.pdf
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o FETFALIfAAH, BREAL TSN,
o FEFAMNCHSNTVSEREZRL. BEMERESAZTHN TN ENRITHBEEL TS,

EHE2 . FETAOHZE

o EEFRIEDLSHEECHLIEBMHRIPLTIEL,
o EEFHOREELIRLOIC. EOLSHTIO—FAREZLNEH, BRL TS,
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o RTFIIDEAFHBMETATE-OIC, LARZA—TRIAVMETIILEFALTWAELEY BICHEELX L
(576, O T—42HFERTH&ITLELT:,

0 HWHFEETITHEATESLICT SO, AT —2EFLEDLIITMITNIERINTLESIMN?2 RIMLE
T5H F—T—FEMETIHE BERAEEHHYVETOT. BRERBETER TH T,

BE4 EROEER
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FEL TS,
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REERMDEZT

[Wikipediadk V]

BEERM(WLLCESFAS., FE: anomaly detection) PHANIERREN ((FFNEITAS., E: outlier detection) &, T—
AIA=TIZBENT BF SN N\ I—VF X T2V DD T AT LE—BLEBEWT A TLOARUMS
FARREHANT ST,

AINEETHINEEERTDIDIE. FRIRETIEHSEDD . Varun Chandolab[1]IEEFEEWNS D ITEE DENE
ELTHREICERZRSINEBEICERMLENT —2/EI—2THAEERL TS,

FHAVICHERAYTHERE . EEEIXITMITIFIR(EEEM) . FLOYMNI—RFEFIA. BEXRME. EFHIZRRE.
XEFDRYBKRE. FELCITHRE. BBOBMERIGEEDBBEICEIRT 5, 4H. EF (anomaly) (X, S LB
(outlier) . BLLVYI (novelty) . # 3 (noise) . Z&fj (deviation) . {4} (exception) i EEEFEIEN S,
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TH EET MY SH8EEZ FATEDRIITRYET,
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Diagnosis support from Chest X-ray pictures with Deep Network
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Graduate School of Medicine, The University of Tokyo The University of Tokyo Hospital

X-ray pictures of the chest are used to detect abnormalities or diseases (e.g. rib fracture, lung cancer, pneumonia
etc). It is beneficial if we managed to support clinical judgement by doctor automatically with machine learning
models. We propose a method to detect abnormal images from chest X-ray images for both unsupervised and
Suporvised schtings. For unsupervised task w used variational sutoencoder (VAR) and for supervieed wo used
convolutional network (CNN). We verified our method with a chest X-ray image dataset provided from The Uni-
versity of Tokyo Hospital. Our method successfully discriminated the abnormal images from the normals with high
accuracy.
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[NetworkX]&ULVSPythonSA T SUZEERAT I
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# NetworkX
Docs »Reference » Reference » Algorithms » Shortest Paths » dijkstra_path

_ _ dijkstra_path
BKRDOHIHIETERDURLES E(CLTET

LTHTLZELY,

dijkstra_path (G, source, target, weight="weight)  [source]

Returns the shortest path from source to target in a weighted graph G.

Reference

. . . . Parameters: « G (NetworkXgraph) -
[https://networkx.github.io/documentation/ne = e s A
_ Graph types « target (node) - Ending node
tWOrkX Algorithms . ing, optional (def ight’)) - Edge data key
. . weight
1.10/reference/generated/networkx.algorithm = Functons ¢
. .. Graph generators Returns: path - List of nodes in a shortest path.
s.shortest_paths.weighted.dijkstra_path.html] e ‘
Converting to and from other data Returntype: ist
formats
Raises: NetworkxNoPath - If no path exists between source and target.
Relabeling nodes
Reading and writing graphs Emples
Drawing
Exceptions >>> G=nx.path_graph(5)
Utilities >>> pri x.dijkstra_path(G,0,4))
e, 1, , 4]

License

S8 https://networkx.github.io/documentation/networkx-
1.10/reference/generated/networkx.algorithms.shortest_paths.weighted.dijkstra_path.html
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[https://pypi.org/project/PulLP/]

U Search projects Q

PuLP 2.1

pip install PuLP &

Released: Apr 6, 2020

PuLP is an LP modeler written in python. PuLP can generate MPS or LP files and call GLPK, COIN CLP/CBC, CPLEX, and GUROBI to solve linear

problems.

SR https://pypi.org/project/PuLP/
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[https://pypi.org/project/ortoolpy/]

U Search projects Q

ortoolpy 0.2.29

pip install ortoolpy & Released: Dec 21,2019

S8 https://pypi.org/project/ortoolpy/
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[https://docs.scipy.org/doc/scipy/reference/optimize.html]
[https://qiita.com/ryoshi81/items/b323a363e5442a15db6d]

@ SciPy.org

Optimization and Root Finding (scipy.optimize) Table of Contents

 Optimization and Root
SciPy optimize provides functions for minimizing (or maximizing) objective functions, possibly subject to Finding (scipy.optimize)
constraints. It includes solvers for nonlinear problems (with support for both local and global optimization

o Optimization
linear ined and nonlinear quares, root finding and curve fitting. « Scalar Functions
Common functions and objects, shared across different solvers, are: Optimization
= Local (Multivariate)

show_options([solver, method, disp]) Show documentation for additional options of optimization solvers. Optimization
OptimizeResult Represents the optimization result. = Global Optimization
OptimizeWarning o Least-squares and Curve

Fitting

S8 https://docs.scipy.org/doc/scipy/reference/optimize.html
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HERBLEEBFE LENTNEVFAHY . ENOEZHAEOELERHERNLES .

BEREELEY T T 2B TRESOERMNETOILYT b

KBSt HIEERTOHPIZIBE SN TWAEHITT,
[https://www.hitachi.co.jp/rd/sc/story/mlcp/index.htmi]

BN BFICHTAEEFENEICHEBERE L EEHEEEHAEHEEVSIEHIIODNTRBRAINTLET,
RBEOREE L, EROFEVANBLERBEOBRBREEDRAMVAMBICEMF TSN E-MREZE>TLWET,
FNODRAENE L. BEERBEIEIZHITAIXXXIZEZXYYYLANEWTEW JEEDFIFEHISEELAD T E
MTEET,

Tt BB LBEICRLEREREFTOET, B
FNSOFEBEEMHMPEE &> T/8—1EL, 3
ANETINSEEFCFISVSEEELTRTENS &‘_Q

{Em EME) T 5257, ETyzre X

=

S8 https://www.hitachi.co.jp/rd/sc/story/mlcp/index.html
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BEREELEY T T 2B TRESOERNETOILYT b

AR EFRELAAEZRIRESIC, BFE THELAEOERZEMA S LSS T, FHEESENHE
I HEEEILTSHEITY .

REOHRIC MERBELEEBFEEMASERBICOVTHIOMREEDADEBEAHYFELT =,
[BEIEICTRTOEHZEETIVJ LT, BRYLGWE DA H->TLEEHL T, £8if then)L—IL (F#HX) TEL
TWHFIFE MR TESEVSBLVRAADHYELT=. LHL, Po[XYRANH ST, ADEEACEKRESENVSDESR
EBif then)L— )L TELIZLIETEG M o=, ]

B EORMESERMAS L. FHICEKEN
EHEERNETS, &_.&‘_g ~ 0-0 |_.

e HESEl
IvIy

=5

TYTwh
725

88 https://www.hitachi.co.jp/rd/sc/story/mlicp/index.html

F—4 AL & WP £ AV - RBEF OB

~ BXRBEBREAIDRARBEN EZH~

HIEXENAALTWS. KX EHELTERARADEHFITY,
[http://www.ifs.tohoku.ac jp/edge/DAE/material /DAE5/20190307_KikuchiSama.pdf]

AIZEREL TRAREREDRAERBREToLERNEH I TLET,
EYFHTOLREHEMICRBEL, FAR—A(RADELEEZRT L) O FALHBFE TEELIZZITY,

MEFE £HHE i | | ARFE HEETIL Fujirsy

[BEBET - B-BBHERAULTASRTL] | | #EFEEEORAORRET L
BIENSEV. F—FEENL. BlR A EREE IR " EMFHTALR. BRBL USRS

% ification and F { FULY
MEBEFIVE as 5 I
B _asM: FUILEMEABIE, FISEHR
ME \ swmrmalcen a
2L G0 = BT) + SM = (1) + M: 7272 ERATHRL 55— RUUTR (o —
% =vSM — wGF: MENTFYBEER. BERBHNRTHE M:Z8E
EEOLTEEES e L X(T)+ GF ~y(T) + F: F¥OWER~THA, Ho—RHTEMR g:';%%'gfﬁ
ko zvoeEm O A Y JGF: TRALIEREBEER ATII-I

I3

&

TSRE
% L = 64SM + 6F = t5(T = Troom): YA L.
& B ’ 3 b DA THBERE TR
poel) Ak vy g =
FE mmesn A AP AL BT (5 F LU AR ISk > TR
DFRBEHES ANZEH:SMGFAT -H A AR—4

S8 http://www.ifs.tohoku.ac.jp/edge/DAE/material/ DAE5/20190307_KikuchiSama.pdf
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EE1 HEEE{EDER

o MERBILDILERERIDEEF TS,
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EE2 : RRHERE

o HEZBELICETHRMEEMELIIEDLITMEMNRAL TS,

EE3 : FREATERE

o HERBELICHITHIERMAEMBELILEDLITREMNHRBAL TS,
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EE4  FERECOMREREE

o HERZEILOHBMLGHMETHIUTOMEIZDONT, EDQKILGRHBETHANERBAL TIIZELY,
> EMERMEE
> FTyTHyORE
> KEtE—ILRATURME
> IR—hTA) A RBELRERE

HEES  HERE{EDEH

o AEMTHRNLEBEZBELDEHILUNZ, EQIILEHNHLDMRAEL THTIIZELY,
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$14[a : BASHELHE

oIS

@ BAREZNELIL
® EBEASEWNEDHIM
® BASIEMNIE(ZHITSDeep Learning® s
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BRAEHERLE L (T

BRASHELEL (T

B8RS 5 1 &(E{aIH (Wikipedia: https://ja.wikipedia.org/wiki/ B A S 55

& AMMNBEWNIIZaAZr—2a TN BRREMGERTHS. BAREEITHESNLIEICITERK
ERBITAIEZINDD KXEBLOFLLTIE. TOEXOEENAREICIELITLEDLN., FIAHEIZE
HIGHRBDEFZEEND (CENZL) A EEICKHL. FFEEFAOHRMARIZA S -EBERRGR BN EEL
TWSEBZALNDLDONEAREETHD, BAREEICIE. RAUNEBERTHLINDZIZ, FHICKSHADHE
ROBHENEINTEY. FEIPEARLKRICIGCTRAIOBREEZILSEHIE T KRFHEEF T 514t

DEFEFEFEEDIZ 2= —2a MG d 52BN ARELHHTINVD,
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TBREFEIELBICL - TRE/BAREDFIITKRE., A REVELGYFES,
XMIFLTWAARL, FEICKE ST, HBRHZTICLI-OZ 227 —2aV N EET L6 2 TOHEHRNE
REFITELTLDDITTIIEL BRONBERICGESENHYFET .

HAS=N-1=1]

CORIIEHLGTBRTEIZOVE1—2ITNEBSELRMBOILZBARATHERELOVET,

o BASELEIHRAGKRMCTEA. BESATEY. FERASTHTFLEIKITEYETS,

(=N~}

B S sEEIEDEARE i

BREE (ANBUVCDEULEE) 20T Bz DRMIEIFRICL <
BEDOLSICEDHTH LLEERA EENTNS

il et || mukn | s
shezoll [ Eesie
iR | s=mm | mans | anss

HWERIIT

HIE : https://www.slideshare.net/pfi/ss-11474303
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BRSELEDIH

o RE.FR. MELEBRALGHR-—ERICBRTRELELNIEASATOET,

o LEDAR—UTEEYSLHE!

BELTHTZELY,

Go;f;gle

Q Google TRFEH i URL £AS

AS BB OBHERMA. ChoDBE-H—EXTEDKRIZELATNESDA

TRIFDAYE—S%
mHLEFTY

BAE v & XE -

SHOXXUIENT X  The weather is sunny
¥o today.

Kyd no tenki wa haredesu.

-

H/E (Google) HE : https://www.apple.com/jp/siri/
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BEESE - MBRMEN

T2 Re = A2 4T (Wikipedia : https://ja.wikipedia.org/wiki/ iz RE = A 4T)

°® SEEZRARAT ((FULNV=ULNEFEMULVEZE . Morphological Analysis) &l . XGERIIEROFEEDEVNBAREED T
ARTF—=RCO) NS, WREEBDIGEDL, HELME(FNIEEDRAZDFERICEEDE, FLAEZR (Morpheme,
BEENWAIL, EETENREFE DR/NEA)DIIZHBEIL. ZFNEFNDOHERDGRASEFHIFNTHEE

THdo

(35U TENET. JEERRRIUER

X7 ZEH  FE | GRAOBEE EROEM SRR
BHEL | AT &5 | BT EER

L v ¥% | BE-BIL HZ& - X)L EAEE
T T T BhER-4E#eBhEA

&H AV &3 | BFEFEY R 71T EZAE
¥9 (YR | FY | BEEA ok - YR | ER T

° LS-AR

BAEESE| : N-gramfi@#T

N-gramfZ#T (Wikipedia : https://ja.wikipedia.org/wiki/ £ X &%)

0 BMERNRZHBEHMTHUXFHEATHAEL., BRFED N-1 XFEEOIRETHIREEZRDDSHEN
DEAZST =S5 L (F: uni—gram) |, 27851 /3455 Ls (3: bi~gram) 1, 3%EB M54 5 5 L (F: tri-gram) |
EFEEND, IR ET 2 XERFEMIEWSXFIIDZE . T3N3 I THRFR TR T 1T ($im) 1&2
XFFOREILTREMEZTOTONIE RRRNAELT . HEODLELEL,

o [&XRBERMIEVINFINENAT S LT HEME TR ITHRTR ITERE I TH Tl (Bif) 1&2XF9 D

DEISNFET,

186



BHEESE| . BERMAEN &EN-gramfEiT D L

® N-gramlZIEHENTE, LLVSFIEXHYFET A /A XBKENEVLIEFRAHYET BIZIX, TEHRERIZF
NATSLTHREILIEE  TRRIETERBIEVSBERNEFENRTLEVET L),

® LLBEEREIVIUIIN-gramZHRAT AL THEBOXRKIUAMYE-VDITRREOXRK[EIRBORK 1T
RLTLESNELNFEEA,

o HWHMFEDATNELL THERBEN . N-gramfTZEAT AR, MEOHMEEZEZEL-ERNALETY,

FERESRIBAT & N-gram D Lb

FREREET | N-gram

ATV TEE BN LY

AYTYIRGAX | han KEW
BRE/A1X IR0 %W
RERRN ZWn DR
RFREE U EL
BEEIEF BHELNKRE HENRE

H/E : https://ja.wikipedia.org/wiki/2 X5

WO fRAT

FE SR AT (Wikipedia : https://ja.wikipedia.org/wiki/#& X f24T)

o EXEM(I3ISNADUEE, syntactic analysis AUV parse) &lF, XE, BEARICIEIT—I7vTREDZE
DA TWVEWNWRADXFINE, BAREETHNIEHERICYI T, S5IZZF DM O BEHE (- ISt
E) EWoT= k575, MBI (X ERI) HREHRZERNL 35 ELTRREIZT S (BT 9 4) FREThH 5.

o [ELWKENED ZHIEVSIXEITIEDELEL2DDHBIRNFET D, [KKE/NEAELWVIGHEEE [Z

ZHAELVIEETHD, COBEICE. BEREEOTLELVVERNELLTHINTFHTHY . ZOXHE
MNTF-EIHEDORKR. EVMER 5LV THRRAN, TL—LIBEHRAGLELEEELGITNIERE TELL,

Y
ELw KEPED X ELw KEPNED LK
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® TROHPIFIEEFTACHEXERIEVIXEDEHFFITY .
ABTHNIE TEERFEF>THCANFNERD [ EHETED=O ., TCITENELLERNYET,
® COXRIITIEBXEITOBRENERIELTEANZHI T HEEERMBITEOWVET,

o ZTOMOMEELT.IEHRMEMBEIEVILDABHYES,
® BIRIET O IEVSBTEITK. TEEECO (L) IDESIBIEE L TREPI2(HEAT) IEWSAER
DHEARHYET . CNEELLNHIIT HELBERBTEOVET,

HIE © http://www.sist.ac.jp/~kanakubo/research/natural_language_processing.html

SR AT

® EBXREMANBELMTITEONASDIZHL, RO XIZE N HEXKRER +BEREBRTZITEO DA ARG
TY . XARATIZ RO ARICEIL TITES B EAH A= . BRI DERBIT LY (FSHIEHELGYES,
o BIZIE. TENIEVIKABRALIET DIFfAIH ., EWOVSREREILXAREEHT THRRLET,

HE : http://www.sist.ac.jp/~kanakubo/research/natural_language_processing.html

188



BHREFENE(ZH T SDeep LearningD itz

BRASHELEDERY

ZLELEREEBVEICFIEDLIBERINHAHDTLLIN,
BASELEICEHTEZIKITEDTINTIRALDRUFI—VEMA=HI1Z, KEASN TS T2ty K
DMFELFET.

The General Language Understanding Evaluation (GLUE) benchmark
https://openreview.net/pdf?id=rd4km2R5t7

SQuAD2.0 (The Stanford Question Answering Dataset)
https://rajpurkar.github.io/SQuAD-explorer/

SWAG: A Large—Scale Adversarial Dataset for Grounded Commonsense Inference
http://rowanzellers.com/swag/

MIZITRLEUNMZEZBLLDT =2V FEELET , RO $H S A& natural language processing datasets |7
ETRELTHTLEELY,
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GLUE

GLUEIZ (igow:—/\x(;‘i B)DNEENTNET,

>

ColLA: EEHEMICAATHIEEOHEDELEENLFIHS
NE-HEOZEEOH TEBBEINTVET, &HlEX
EMREEXNESINTERMMF TSN TLET,
SST-2: BB DX ETHERINTLT, EEZAYMDRKREF

DLE2I—EANRBIZEDERNDONTVEYT  FHEDRK e P
'I‘aﬁz % % 55*'] -g_ é 9 x 7 ( < 1§ m é h’ i -a_ o (S:g%-l;. 86'5!t l,é’ll: ::rc:ilr’x‘:e];itmy nglhews o fos\(r:i'e reviews
MRPC: 4> 54 =1—RY—RH5EBMICHEEh Sinlty td P T
. B MRPC 3.7k 1.7k paraphrase acc./F1 news
T: X 0) ~N 7 0) : —/ \ X —G -a_ o (SQ](‘zsl;B SGK 319‘& ;:l;l:;:sselmw Pear/;cn/Speannan o I;::fa] QA questions
. - -_— \ Il L= o N ~ 3 Inference Tasks
QQP:321=74% EI(D HEA7 0 [/_7 A TY 4R MNLI 393 20k NLI matched ace./mismatched ace. _misc.
HlE. —HOEMAERMICEENESAELISHS 20w ok ww = Vit
t _c: ?" WNLI 634 146  coreference/NLI acc. fiction books
o

Table 1: Task descriptions and statistics. All tasks are single pair
except STS-B, which is a regression task. MNLI has three classes; all other classxﬁcauon tasks have
two. Test sets shown in bold use labels that have never been made public in any form.

HfE : https://openreview.net/pdf?id=rJ4km2R5t7

GLUE

>

>

STS-B: XMDALY23avTT ., —a—RADRHL. ETAHEEBDF YT ar ., BLUBARSEHERT —2D
S INRTT—2TT,

MNLL: TFF¥RMDEE T /T—avMFW=XnaL vy 3> T9, A&, BiRMERZESIN(EE) . IR
BREFETEINCGFRE) . FIEEELELNZEN(FIL) M EFRTEHIETT,

QNLL: B ET —2tybhTY . 2R V(E. XRXIZEBADEZNEENTLSIMNEINEHFITHILET
ER

RTE:MNLIERICAIZ,. TFRMDEET /T—avhftlhi=xnaryarcd,

WNLL: ARV T, RBFAMED N EHEHA . TORELFADIEIAREZRBEDOVRANMNSEVET,
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SQuAD

4%~

{

"question": "When did Beyonce start becoming popular?",

—_

TATD—E

"id": "56be85543aeaaal4008c9063",

"answers

[{"text":

"is_impossible": false

’

DEFIZHL, VTR T—

"in the late 199@s", "answer_

H— R HR LB & TR AHRT — S vhTT.

start": 269}]1,

SQUAD2.0

The Stanford Question Answering Dataset

""question": "What is the original meaning of the word Norman?",
"id": "56dde®379a695914005b9636",

"answers"
[

{"text"

{"text"

{"text": "Norseman, Viking", "answer_start": 331}

1,

i "Viking", "answer_start": 341},
"Norseman, Viking", "answer_start": 331

"is_impossible": false

SWAG

H#

WMARIDI=O DKL T—2 VR TT,

ANXIHESXZE . 4D DFRBEMDBVET

Staying under, someone swims past a shark
as he makes his way beyond the lifeboat.
Turning, he...

What is SQUAD?

Answeri isa Q
reading comprehension dataset, consisting of questions "

Leaderboard

paragraph.
where the answer to every question s a segment of text,
o span, from the corresponding reading passage, or the
question might be unanswerable.

1, i -
——

Stanford University

& : https://rajpurkar.github.io/SQUAD-explorer/

86831 89452

a) glances toward the stage.

SWAG AF

b) finds the grieving baby sitting on his gray
chair.

SWAG: A Large-Scale Adversarial Dataset for Grounded

c¢) poses with his mouth close to hers.

d) finds himself facing the completely

submerged ship.

Correct! @

HE : h

Commonsense Inference (EMNLP 2018)

Read the paper » Get the code » Download the data » View or submit to the leaderboard »

EMNLP 2018 talk slides»
For an even harder dataset, check out HellaSwag:

HellaSwag »

ttp://rowanzellers.com/swag/
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Transformer & BERT

NETEARASENEICETIZRITEDTILIVXLDARFI—0FWMBI=HIZ, KEASNTWST—42
YMIDWTHEANLTEEL

NSEDT—EEYMESEAVFI—IT, BEDTILTYXLEIYBNTNNSELT2018ESANLEIGZLTES-
MDHBERTTI,

COEMDRINENTLNBDH . TransformerEBERTEWLNS F—J—RZEE(ICTHBNLET .

System MNLI-(m/mm) QQP QNLI SST-2 CoLA STS-B MRPC RTE Average
392k 363k 108k 67k 8.5k 5.7k 3.5k 2.5k -
Pre-OpenAl SOTA 80.6/80.1 66.1 82.3 93.2 350 81.0 86.0 61.7 74.0
BiLSTM+ELMo+Attn 76.4/76.1 64.8 79.8 90.4 36.0 733 849 56.8 71.0
OpenAI GPT 82.1/81.4 70.3 874 91.3 454 80.0 82.3 56.0 75.1
BERTgAse 84.6/83.4 712 90.5 93.5 52.1 85.8 88.9 66.4 796
BERTLARGE 86.7/85.9 72.1 92.7 94.9 60.5 86.5 893 70.1 82.1

Table 1: GLUE Test results, scored by the evaluation server (https://gluebenchmark.com/leaderboard).
The number below each task denotes the number of training examples. The “Average” column is slightly different
than the official GLUE score, since we exclude the problematic WNLI set.® BERT and OpenAl GPT are single-
model, single task. F1 scores are reported for QQP and MRPC, Spearman correlations are reported for STS-B, and
accuracy scores are reported for the other tasks. We exclude entries that use BERT as one of their components.

I : https://arxiv.org/pdf/1810.04805.pdf

Transformer & (&

20174 1ZGoogleE AV R REZEMN ST Attention Is All You Need | ELNIERXX M FERESNE L=,

S IZ[XTWe propose a new simple network architecture, the Transformer, based solely on attention mechanisms,
dispensing with recurrence and convolutions entirely. |EEMNNTHY . CNETEHAREZNEBLLTERHSIN TV
BIRE=2—Z)LRxYET—J (RNN) 0ERAHA =1 —F )L ybT—2 (CNN) ZfE 7. lattention mechanisms |
EIHZ KBTIV HEE

IBEFTBE ESNTLET, Attention Is All You Need

Ashish Vaswani” Noam Shazeer” ki Parmar”  Jakob Uszkoreit”
Google Brin e Research

‘Google Brain Googl Research

andgoog] £Kipogoogl usz0google. con

Ltion Jones* Aidan N. Gomez* ! Lukasz Kaiser”
Google Rescarch Universiy of Toronto Google Brain
Tiia Polosukhin® *
411ia. polosukhindguail.con
Abstract
“The best

performing models also connect the encoder and decoder through an attention
mechanism. We propose  new simple network architecture, the Transformer,

entiely. Experiments on two machine transltion tasks show thesc models to

less time to train. Our model achieves 28.4 BLEU on the WMT 2014 English-
to-German translation task, improving over the cxisting best rsalts, including.
ensembles, by over 2 BLEU On the WM 2014 English-to-French translation ask,

i EU score of 41 afer

training for

large and limited rsining dat.

iv:1706.03762v5 [cs.CL] 6 Dec 2017

HE © https://arxiv.org/pdf/1706.03762.pdf
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Transformeré& [

B Z (XEHROAFEEIRSETILEEZFET
ANXEHE AT, RENEGBHEN—HRITT,
LOALEMZEETIILIIEAERTHRSCENEREINDT=0 . Encoder-DecoderET ILNEZ HENFELT-,

F  BEOHBRODIREEE R T S5 IRNNANERSN TEELA BERDOMEELMEAFEATLEEL.
XNRGDGERITDEFENRHITGHEVNSBELHYEL =

ENCODER DECODER

1 am good

Pww,..w )= ]__[P(wi lw,_,...ow, )

<GO>

L L 1L it T n M
fime step 1 2 3 4 5 6 7

HE : https:/medium.com/syncedreview/a-brief-overview-of-attention-mechanism-13c578ba9129

Transformeré& [

Transformerld. BED BAS EENIE TE {FH N ARNNAOCNNZET Self-Attention Layer][CANEZEZ F=ETILTY,

AttentionCEEMB) & (T, BER L OBEFRETIITRT AETY .
THTRIYT DD T, RNNELER TSI EEARIREERYET

CNNTOBEAREEBNEIIH—RILTHEEEFBRERD-O., STEEZHIF T A-HICHh—RIL YA XEINSKT DL,
RXICEITHHEEORIZERNIRE TEGLBYET,
Attention[&, CNNELER TR XD ADFENETILEELNFELLYET,

ZDAttention&ElE—IRRITED M, LIEDR—O TREELTLNEET,
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Encoder&Decodera{F5 LMD BHMIE. [EEWIEHREZR T 1ELNDITETY,
lEncodeL 7=t M%DecodeL7=5, EncodeRI &I LMERICIE T TE=1ELNVIIGE ., EBHFHREZME TELVST
ETY,

Attention[XEncoderD[E4L[E LDecoderDENEBDEEF>T, LTDLIIZEHELET,
EncoderM[EMN B Lkey&valuel ZiEY E T, DecoderD[EN B (LquerylZHYET,

FFTIELDIZqueryEkeyDNFEEEYET , ZZ TqueryLkeyD Ke hlat

#Eﬂ;l}g%;ﬂ“uij—o W*ﬁéﬂyﬁfiiﬁ(isoﬂmaxfﬁﬁ(:ﬁl‘ﬁ'é@'@\ 5°;tmﬁx<r&‘;\* ] kkl} “2 SOftmax(QKT)V

ZFDEIZquerylZ—HLIzkeyD I BERIRT B EIZHYET, I %

B2IC. softmaxEIM D H H B &value DRFERYET i —

N ISkeyDIEITHIET DvalueZ IMEFMEL TRYHIIEETT, e e e av L = —
T S [ b | Trgesly

T
He loved to eat .

HJE : http:/deeplearning.hatenablog.com/entry/transformer

DFY. attention& (& querylZ—H T DkeyZEHRE5IL. Xt T HvalueZF BRY HTIRIE T, HEA TV MERUHEEE
TE(ETHE),

ANXDEEHEHIEDIAFENT=Encoder|E1L/E EDecoderfENBIZE> TN ISHIREEZERITTHET, ETIL
MEXOEFRBEEZRT TELSOITLLIIENRESNTLET,

ETEDEEIXquery. TER(LvalueTY , 8B DY—H—DiE X [Lattention D EH D KEXTT,
ZDHITIE making ] D REIKRFEZIRZ . [making...more difficult |ELND B ZEREELTWVET,

HERRHNA 7Y 27 b T
(Attention is a Dictionary object) SOftma.x(QK )V < H
z 8 ° ; 2 A
Key uery = 'key2' b Ex B 532 £, 28238 ¢
| attentlon {'key1": 'valuel', ~ecf38EvE8EEE55882L858885 ¥
é“ 'key2': valuez‘,
:{i *key3': 'value3',
i‘ ».:1 ‘key4': 'value4',
E":: 'key5': 'value5'}
%
’ T attention[query] # 'value2'
—
Value,
v
=0 g 93 © 5 288
! EEEE EE838528¢8 &
M T BETS @ o
E@Ims 7 2053 PR G
— <
Attertion ‘Nq..J.? v 3
7/ 5
| |

/& : http://deeplearning.hatenablog.com/entry/transformer
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BERT & (&

2019 [TERIREN T-Google[C K HFRX TBERTHBN SN TLVET,
['We introduce a new language representation model called BERT, which stands for Bidirectional Encoder

Representations from Transformers. |

EHY . Transformerz{F->TWVAIEMEHINTULVET,

1 1 . BERT: Pre-training of Deep Bidirectional Transfc fi
[Unlike recent language representation models (Peters et al., 2018a; e Canguoge Understanding
Radford et al.,, 2018), BERT is designed to pretrain deep bidirectional i Mg . K it o

. P - . Google Al Language
representations from unlabeled text by jointly conditioning on both {acshlevLiniminmelchans kentonls atetortlisoodTercon
left and right context in all layers. |

Abstract There are two existing strategies for apply-

—y - —_ - oz —_— » ing pre-trained language representations (o down-

&Y. TransformerE SN )L DIEWNTHFRANTHEIN—=2) e e o B IS e e s g, T
B e s e il 1) s ksl s

FTALIITEHESN TS EITT . TORR. TRTORBTELED SOERSRILONE  mnrme e
train deep bidirectional the Generative Pre-trained Transformer (OpenAl

““""""’"“"“““'“Ym““‘“““""""’" GPT) (Radford et al., 2018), introduces minimal

left and right context in all layers. As a re-

HADNATFANXAR) ZHlAEHE TEHABLTNSESTY,

task-specific parameters, and is trained on the

¢s.CL] 24 May 2019

sl the BERT model can be fine.
bt g iy ot downsiseam tasks by simply fine-tuing all pre-
o e sttt mode trained parameters. The (wo approaches share the.
rangeoft ing, where

language ml:mno:, ‘without substantial task- they use unidirectional language models to leam
specific architecture modifications. general language representations.

H/E : https://arxiv.org/pdf/1810.04805.pdf

BERT & (&

AttentionZ J& FHL7=Transformer& {# > TUL\ABERTIX M ST E N TES -0 ST EEREZBMITEHRITHIENT
TFET Tz BLOBEREFORADIENTES O BEICHRESN TE-ERSELEDOETIILLYEELE
EEERLTVETS,

TORIFIGLUETRAMZIE T, BERTAMBD FELYERENE N T-EWNSTRETT,

System MNLI-(m/mm) QQP QNLI SST-2 CoLA STS-B MRPC RTE Average
392k 363k 108k 67k 8.5k 5.7k 3.5k 2.5k -
Pre-OpenAl SOTA 80.6/80.1 66.1 82.3 93.2 350 81.0 86.0 61.7 74.0
BiLSTM+ELMo+Attn 76.4/76.1 64.8 79.8 90.4 36.0 733 849 56.8 71.0
OpenAI GPT 82.1/81.4 70.3 874 91.3 454 80.0 82.3 56.0 75.1
BERTgAse 84.6/83.4 71.2 90.5 93.5 52.1 85.8 88.9 66.4 796
BERTLARGE 86.7/85.9 72.1 92.7 94.9 60.5 86.5 893 70.1 82.1

Table 1: GLUE Test results, scored by the evaluation server (https://gluebenchmark.com/leaderboard).
The number below each task denotes the number of training examples. The “Average” column is slightly different
than the official GLUE score, since we exclude the problematic WNLI set.® BERT and OpenAlI GPT are single-
model, single task. F1 scores are reported for QQP and MRPC, Spearman correlations are reported for STS-B, and
accuracy scores are reported for the other tasks. We exclude entries that use BERT as one of their components.

I : https://arxiv.org/pdf/1810.04805.pdf
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Attention Is All You Need
https://arxiv.org/pdf/1706.03762.pdf

SmSCfRER Attention Is All You Need (Transformer)
http://deeplearning.hatenablog.com/entry/transformer

BRE B WNIE D B EK Transformer] D Self-Attention LayerfB4T
https://medium.com/Isc—psd/ B A & i LI ) B B -Transformer— Self-Attention—LayerfZJ1—a04dc999efchH

BERT: Pre—training of Deep Bidirectional Transformers for Language Understanding
https://arxiv.org/pdf/1810.04805.pdf
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® Attentiont®Transformer(&. N ETDDeep LearningZFALI=ETILELER T, AINEBATLNAD TLEID,
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# NetworkX

Docs » Reference » Algorithms » Communities

Communities
Install
Tutorial Functions for computing and measuring community structure.
© Reference
Eodeh The functions in this class are not imported into the top-level networkx namespace. You can access
juction
these functions by importing the networkx.algorithms.community module, then accessing the
Graphitjpes functions as attributes of connuni ty . For example:
© Algorithms
Approximations and Heuristics e e et >>>
Assortativity z
Asteroidal
Boundary.
Bridges

S : https://networkx.github.io/documentation/stable/reference/algorithms/community.html
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FYAT—4H
sepal_length sepal_width petal_length petal_width

(1] 5.1 3.5 1.4 0.2 || setosal
1 4.9 3.0 1.4 0.2 || setosal
2 4.7 3.2 1.3 0.2 || setosal
3 4.6 3.1 15 0.2 || setosal
4 5.0 3.6 1.4 0.2 || setosal
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Graph Convolutional Networks for Classification

with a Structured Label Space
Meihao Chen Zhuoru Lin Kyunghyun Cho
Bombora Inc. Center for Data Science, Center for Data Science,
mchen@bombora.com New York University New York University

zlin@nyu.edu

Abstract

Itis a usual practice to ignore any structural infor-
mation underlying classes in multi-class classifi-
cation. In this paper, we propose a graph convolu-
tional network (GCN) augmented neural network
classifier to exploit a known, underlying graph
structure of labels. The proposed approach resem-
bles an (approximate) inference procedure in, for
instance, a conditional random field (CRE). We

sification and object recognition and report both
accuracies and graph-theoretic metrics that corre-
istency of the models predicti

The experiment results reveal that the proposed
model outperforms a bascline method which ig-
nores the graph structures of a label space in terms
of graph-theoretic metrics.

kyunghyun.cho@nyu.edu

considered better than that of ‘mammal’ & ‘husky’.

A known label relation can be exploited as a guide
for a model to produce a cluster of predictions that are
close to the ground truth in a structured label space.
As a result, both classification accuracy and the rel-
evance of top predictions can be improved. Graphs
have been shown to encode a complex geometry and
can be used with strong mathematical tools such as
spectral graph theory (Chung, 1997).

‘There have been work on incorporating the label
structure in multi-class classification. They however
come with two major shortcomings. First, classifica-
tion with label relations is often confined to a certain
type of graph (Deng et al., 2014). However, underly-
ing label relations of a certain task may exist in var-
ious ways. Second, most of the recent work approx-

S8 . https://arxiv.org/pdf/1710.04908.pdf
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