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PR B VPPN B R 485 T A2 B 22 O 3 2R v, a0 N AR 9 220880 22 07 1) 43 e Pk
A v sk B R R % (Contrast Sensitive Function, CSF) FI{& A2k E [JFR (Just Noticeable
Difference, IND), 7ty = (Visual Attention, VA) HLHI&E5 B KRG T E &0, B85
TV DL Je 2 MBS o ARAAA G () AR 2 Ak e AR, DRI AR AT & XV 7T B 4KV/8K # i
&, HDR, AR/VR ZEMAALERHATE BUARR, 185 HARb s 2B B3G5 A PG AR H 1

AEYIE RS S A r R R i S @A LB D) 2 T B i, T ARG AL
REZAR, MU BRI BLFR Y visual perceptual quality, B, JZHLod b A m i i #i&32 . B8
% 2 PEARRMEA BRI, 3D SCARHAL AR (FR (M 3D IREBIIE, #RIR 3D HOR A By
ROR WX BAMHE ) #6GE F BUT A N A 25 HEF 0 WL B B R AT 58 3o FESLARILA, B
T A B P RN EE AN, N2 T ANYGERE: URFE (depth) WL DS (visual discomfort/
fatigue). 7E 2012 £, BX¥ Qualinet (European Network on Quality of Experience in Multimedia
Systems and Services) AAfi J & T RIBUALG SR B 45, HL g T I 2 G- B2 IR S0 A4 56
F3 Quality of Experience( QoE )R 78 . H B AR 58 X A“ Quality of Experience is the degree of delight
or annoyance of the user of an application or service. It results from the fulfillment of his or her
expectations with respect to the utility and /or enjoyment of the application or service in the light of
the user’s personality and current state” . L& Ui, BAITE S BN HMRS AL, FETHP
X T 1% B IR S5 AE W] FIAT b ElsE R b 7 B B i A R R o R R T AS ] 2B
e, AERE, HEBER, MEEREND, RMEET TR E RSN, ib/dh i 3 8 2 R A/ i
ANHRTHPIRES (Flan, 1Egs, AR A .



18

BENE—WNEEBXRRARIRE K

6% 4K HLAL, HDR £ K, multi-view, free-viewpoint video, 360 #47, & #1852 Virtual Reality,
FE5RILSE Augmented Reality AR & B35 Mixed Reality ¥4 J& , Qualinet i€ S f¥] QoE [ &x ]
PATEZE 0 ) B4 S T I S 2 IR0k b, BT AR S T3z R L e Ho bRt e Lo

T2 EAT AN ? A P B ARS8 Kz A2 5 — L. AR BN IREL, AL 2,
JE45, L%iRRn ey, Mar, 3N pipeline b, &N EALST B HIEAL AT LLTE S AL
AAERT LA B SEI,  BE T S — N B R RUR e, A B P IR 5 .
X RARATH 28 H R

WoEt i ‘

e [ A PR OR R S ' BRI

Lhs | @
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B2 W, QoE &— NEMAEZ ., BELIFN/E (evaluate or measure) XA I fJak
%, TEIE N ELMAAT 4. 5 Computer vision AU I BHEFRE AR, — BRSBTS AS [ 1)
NGB A1, EAFERE FESR AR, WEEN EXZERF BB T PR EE
JREA—FF. H2, S§iE i 7P EZEREWA . N T IRRIXAS 2 5200 R R @, 505
BLH/NH (VQEG) HHEFRrHEFIM ITU B 20 T 5 & i hs L . £ ITU-R BT.500 %%
—RAbRAET, FE T HRAAA T S AR SRR R, BRI, SEIRIAEE, SIS T
% (FEE1E 2% ITU-R BT500 SCHk) . BERSSCES = M4 ITU B brbrdE, 888 T B Sr =0
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1. AREMIRIR R
PERS SIS P T 45 & ITU-R BT.500 HTRLE FOFRAERNRIRBE, 30 F i

DR IR 2 1%

Rt Chromaticity D65
TR 70-250 cd/m2
SRR L E <=0.02
RS R S e I E L ~0.15

2. Mk

TEA P AT IERSLiGay, HAVERM 1%, CERN, AR RN 4T 25 P §
I RE S BHATRE I e sk . X TR &, BAVER OB I SURHEDCT BoR 25 3T UHE, F)
Y5 imatest ZBLA S /U B s Y0 45— RSS2 40 HDR targets, Arbitrary charts,
xrite color chart HEAT RGN . AT Aff O S50 A5 FH 117 S0 7 0 2% 5 A ARV K

EREE PR SRS EIE TN, PR, PC GHR#s, HDR &or2s, LK OTT. LAf@E
FAE XA FNE S5 10 i s VR 75 SR R AT I
3. MiKEE

EERE SEAG % E T & 22T web PRI Z 0 CFHL, Ak, PCO ATH, ZH P IHATHT
FH, SCRRS2E6 S AR UEIRES L K crowd-sourcing (IZ%AEL) 73 R AT & . 54 ITU-R BT.500
PL& ITU-T P910 Hkrite.
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DS ZIMOKUARLE TR

[ 4 EERESCES R F NS5 PC R

4. FREANRETR

A B BrAnie, FRvE G N 43 N FERAAL BE AU s A 51 (B naive observer). Frid:
N R EHE, AFENANEARGEE, PLESISLL0 BRI S2 56 280 4 5 i £ gk T i, R
UERENMPRTE N R AE RGN ) AN B R S U Ak, DA 472k bias 208 .

5. MK 7F5%

S ARAT A S5 B 34T R0 T B S AN K TH R — A BB ORI ) L. AN R
3 RIS H 1, A8 R DRI 7 v 7R EAT AN 25 FE A v A5 BB A A B . 1TU fERRAEEF
SRR RIEH T ARRE T2 GER ITU-T P910 [EFRFRAE) . fe% LI ACR (Absolute
Categorical Rating), RIAMIAR &M 1-5 374, 1 ARFEMRE, SMAREET. —DMUIEZ A0
EFEH (—RKT 150 #1495, &4 15 2017154 MOS (Mean Opinion Score) /25 ground truth.



RERPITIER T8 W) 2D AR A R LA E . R —TF, Rk —PMMAREZE VR
AT AN 276 — Bt VR AAL, A /A AR 32N 1 2] 5 FT 93, XA NG SRAT HOHcds v e 2
BRRBER . WM ARMERT T2 4 B2 AL 0 2 F — AN BUERIT 4. T2, FoxT Eeik
(Pair Comparison) # 1A A2 —/MEFX) 22 4E FE AT & VPO B T S8 ) 7« WAR BRI ook,
FHECT25— N X 1) 7480, AP AR AT Bkt BT & 4 i S S FRA TR B ST M B, DR 3R AR
(285 A AN T EE

AWM & H AT SCRF ACR A1 Pair Comparison PiffUiAJ7 7%, H label, #i: 1 GRIFFE A
EPR, B I ACRARRIFAE, ATARYE LS H B EAT & R .

=. SRR

A B MLV 5 9 R AT RO D B iR e s, AR, MRS AR DI, 7RSS
M, BRSO RORE PR RIS O RERR RN O\ S MR TR A KGR TR R L
fEARRI T A0 T MK 25 M (D8, H AR B PR 59208 TTU € L% ER outlier
17735, LA Li S H Y MLE BERY . BERESLIG 5 EINA T & Al I Py b 77 V& AT Bl L g
A ARATTHEAT fET B A 2

1. ITU outlier 5!

ITU-R BT.500 $&t 1 —FHGMAREN 2N outlier 757, THEEFEW N HR:

For each test presentation, calculate the mean, ujkr, standard deviation, Sjkr, and kurtosis coefficient,

B2jkr, Where Poj is given by:

N
(e~ Tger)”
my Z ijkr — Yijkr

ﬁzjkr = W with  m, = ‘:IT 5)

For each observer, i, find P; and Oy, i.e.:
forj,k,r=1,1,1t0 K, R
if 2 < Bajgr < 4, then:
i wijgey 2 Uy +2 Spy then P;=P; + 1
if wijpr < gy — 2 Sy then 0;=0; +1
else:

ifuykrz@kr-kw‘zo ’S}kr then P;=P; + 1
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if iikr < Gy —~20 Sy then Qy=0;+1

If ikd?s >0.05 and ‘% <0.3  then reject observer i

i Y

number of observers
number of test conditions including the reference

N
F
K: number of test images or sequences
R: number of repetitions

L

number of test presentations (in most cases the number of presentations will be
equal to J- K - R, however it is noted that some assessments may be conducted
with unequal numbers of sequences for each test condition).

X FAEI RN outlier FIFRIENTL, ZARIEN RIIFTERESEE (55D MR,
2. Li's MLE model
BT ITU BE st v vk, ARSI T B SR S st IR A S LR, %
outlier [P FT A 54 4= 5L JE s 2 —FPAEH IR 98 U474 Cover killing).  Netflix (1) Li $2H 7 —Ff
xR AR AR v, AT DI B S, ARTE N AR B (1 bias A inconsistency Pk & 3k,
B, &R EAHKRE B ESZ S BAE N Z W/ G s . FriE N A E bias Al
inconsistency 1] MENFRITE N RE S, B, XT bias 8% inconsistency L KHIFRITEH,
AR ARy A%, HE AN
Li A0 R
Xe,s = .+ Be,s =+ Ae,s:
Be,s = N(bs: U.E):
Ae,s s N(O: azz::c(e):c)

Hrp, Xoo AREE s XUVER e ITRIBE . x FUAVER e FELFEDTEL B.g
NIRES s ST UIVEE e U ERE, Ac APIVEIE e RO AR E, Sek, 5
WA c K.

Bes IRMIERS 74T, ¥ME N P A S ) bias, B b, J7Z N 1) inconsistency, B, v,
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FHEBOE e FATT — PR R B e FEE M T OEshE . A F SRR
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[17 Soucek, Tomas, et al. “TransNet: A Deep Network for Fast Detection of Common Shot
Transitions.” ArXiv Preprint ArXiv:1906.03363, 2019.
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| Detection
e \ {
o
Saliency | | |
| S
Detection | ™\ -
SRR \’ Ensemble | Object
/7| learning |~ Bounding box |

| Image Blur |
| Detection | |

Centor .
{  Distance

Model architecture

K 4

AR A AR AR A A N AT R I, B A B AA ) bounding box
TERRIE RSSO 1S nl s SR AL I B 78 A SbR e R P 5L T 3 PR AT, i 2
MR ] AN R (57 B 2 2 X s Eh TS R AR A R R B S B 5, JRATTRE A T
BRI SRV, 30 I AR A DA TR 3R A P AR b P52 P e 4 2R, T S I 5 BE i il 4R 1
1, Br T B TR s AE RSN, BATEBETE 1 AR IR s i O R R RS, SR AR
AW T AL B A RAAE, G AR R SRR bR L A R AT IS, MRAEARE R 110 FRRJR]
DR AE 145 RN R LM E R AT AR FR € (¥ Accuracy Rate 153 99%.
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FABEAREE S B PRBER NS, B T EL, BMAE M ERIGEA B WXt
ZAMAIZAT 2 U SOT B ER S B S B USSR QBT rh 4K F AR BRI ALE, T8 E AL
B SR . T HARBERSIEAS BBk BT R B AR #I AR, RSB mEm sy, 5l
P A 2 S e Ry, R I S I [R] F B1 B R S AT Kalman filter ZE80R, 557 5E
Bl t AT P AR 1 AR A AL R #34 h EL $shESE Jitter Degree H 1.93 4L 0.07,
N TP IUE IR %o RIS 3 A e A EARIB B BHLRI (B S B, (RIIE 1 E 4
FUAREBE R DD DL 82k A Stk
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Key object
Detection module
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Re-initialize

@ 0 0 Rese0MMeg 4 I
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Centor Shot
tracking module

9. [ERtIRiEiR

B RUITBY S AL 5 7 AL, BRATIOT A 1 Jm A PR R (R 55 i 5, 5/ logo AN,
T P 2B NS ), R Bk B F U R AT BE logo/ 7 SEaS T In) URN 4 4 R PR A A 10 L, 5 2t
JEARSRMUEAT 7 545 U AT logo A5l , 73 21 70 1 Mask, FK: HAF o A ZEAT BB 2 %M (Inpainting) .
BOFBAVE LM 2B A PR, XY A LA T 5 R T

h. FRIE

MU BEA Y BOAR A ARSIt 17 1132 B T U 1R 25N, IF 49 2 1Mk 55 5 A
B2 B0OAAT, BA D WU B8 FARGEAT 1R AR TR Rei i, IA AL HI A4 1:2
MBS, HBTZ SR R XTEGERE: 0RO AR, IXHUS R, ERERIEE. Bk
ZE REMBZBELKA G RARBIREE 775 OGC #EATHIIMSS, HeBY 5 1 BRI
MT#E, WA SNEE A W BUI, R AR 58 50200 55 T4 R0 e 1 P e T H
BORHIR AR TR A RIUE , AT Sk C B 2 b, \T HAMTIA
Seah M RER T &, Dl PR (T 0k B ARir € 51 ALV REBTREOR), (3
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o LN B 73] (Semi-supervised video object segmentation);
o X H AMAIYIMAEE] (Interactive video object segmentation);
o TCWEAAIIIASrE] (Un-supervised video object segmentation) .

X =ANEF 7 [ % T Davis Challenge 2019 on Video Object Segmentation[1]9 [ =M F%i4 .
Hor, ZER G T WA o B, BN R A S B i R B, 2
EEARAERE ) — AN F T R B RoR, IR RN IR B = A A 718, AR5 45 G IR
FNSEIR EMARE, 7 EAEAIU ) SR N o

—. ¥ EEYTHAESE

A VBT IR 4y B, NFRN R —FEARMITNI1A 43 %] (one-shot video object segmentation,
AR OSVOS). fEF I E A Bk, 2558 P BOSERY)ARERSIEE — Wi fr b i) 23 311X
I, FERARIE 5 Sl b AR Sy BN IX . MR WT LR — A, AT A A, A7
TEVIRTITS s ah 2. JCHRAAL . YMATRR AR . RS4RI I B AR AR 7 3 S0t
FUI R FIE AT & SR B A RIS B e — AR Bl T B R

(a) Frame No.=1 (b) Frame No.=20 (c) Frame No.=40 (d) Frame No. =60

P12 B AR AR 23 R ]

FEE 1, BE—47 8PS RGB B, 3 AT NGB A . Horb () PUER —
WUEIR,  Hehe X 45 e IR R ground-truth. (b) ()M (d)/2JELEMIZE 20, 40 A1 60 Wi, &2k
fIEE A RGB B fr, fR EEIE LM TR ZomBlrxE 2. (1) BT sEadEs
L (2) i HARSRIERIESD, W5 I — DM GREE, &2 S HIXP AR5 X
1



H AT M B R 3 BV E 7 PR AR S) . eSS ).

BT AEL S ) I SOE AR 26 — Wit & 1K) ground-truth, FJH one-shot learning [K] 3 l% >k
fine-tune 7> FIHE AL, 2 BRI 7E 2827 =) 50924035 Lucid data dreaming[2], OSVOS[3], PreMVOS[4]
o TR IENEE N AN ISR, W DL BIR S I  FEM R . (HRIELRY IR
B IR FE 5 ST fine-tuning, 75 ZEFEZR KB MTHEISA]. 7E 2019 42T, fEL% S Hike
Fiite SHFEHM T ADTAELEIEE, EIBARFIRNGLFN, B FEARIET
fine-tune, B U7 IR0, Bl CVPR2019 1) FEELVOS[5], Space-time memory network[6]
%,

e W BT A 3 1] 1) e T R 1 8 BRPE A B v A2 T+ 15 Jaccard Al F-measurement. - Jaccard
182 FT A WARAE T A i b 43 ERE BE Jaccard (318 . F-measurement 43 1| [X 5010 2k 1 HHERF S o

- MBI R 73 E1 i T R B — WA XIS ground-truth, PRILTCIE ELIRNH TSR bR B -

{Ee 3 FL AR TE I B A 43 B 0 e AR 4
=. XEASHMESE

A2 H AR 2> R N RTINS IE S Rtk 2 B T5 . A2 AL
SRSy EI R SN B — WD R Y] ground-truth, T2 AT 2 — Wi sh A4 A FH P 22 HAS B
L HAE B AT LGEY)A bounding box. MMAIX I AT RILL (scribble). AMAZE IR H55 -

FEAFAR I B -
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AL H AR 7> HNEF AFE LT 5 NPk

D APMALZHAS R, WRcBEYIAR, 174 bounding box, scribble {58, 4%

A

2) WAEH AR HAG S, P A BB R o 8 5% 7 S AR AR Z i BUR )
PRIX 2k
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Yk E, SR A NER EYIAX . K5, AR ESHISER, EofiszEn L, 4
A HAZ R

4) FOERIEHN L EAER, BrazniEE o S1EE R

5) HEIBIR3 A4, EBWSR S IG5 S PR .

L H AR FIA R — AR —5k, T HZMEEAENRE R R, BT ER
BG4 7381 2 W B LA A 731 28 H AR AT AR [X A 38 50545  FL 32 298 77V 8 Davis
Challenge on Video Object Segmentation H % H Y] Jaccard&F-measurement@60s({5j#% J&F@60s)
F1 AUC (Area Under Curve, fijFR AUC). Davis 35FE42 HIIRE 8 IRH A H., BT HEHE BE
(B AL 2GRk R 7 X IR T AR k2 AUC, t=60s I %I ih 248 {8 il 2 J&F@60s. A
— A J&F B R ZZ AL 2R A
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FI RIS A 58 E A A4 73 1 BT IRARRS o B 52 B AR 7 B S3250 M A AR H
D) 2 MBI 5 S 75 2RSS — i) ground-truth,  SEHTFHERIX LSRR, T 22 1.
WP TN TE R R RAZE, AR R 5IAE];
2) B AR FIWT DOl 2R, IEFHER m R BRI . mRER 2 F145 R
BERGIRPLEELF ORI RS, AR R B AR

=. T EWRSIESE

Te B AL R > B A A S AR, B T RGB AL, WA HAET R HH
73 B A B2 AR DR £ 3R =S5 1 o, T MBI 73 152 58T T ST 7]

Davis il Youtube VOS 3E3E45-4- 55— U BUE INE 388 . MERJZ 1 L i, JoliE
PRI B0 G VD A AR, LAl O R B A

P E A B AR B, IR SRR E N, AR . T T B A
Wik Bk, Ok R VR B, AN —E B L. Bk, 7 Davis VOS 1,
FORSIE SR N MR 7> #1545 R (4 Davis Unsupervised VOS 2019 1, N=20),
5¥a4E ground-truth FRICHT L AN REDRFHITH RIS R AR xR AR K 0142
515 J&F 93E. N AR 2RIV R AT

9. RESARISCIGZ=RYEAFSINIA

H AR 2 2 I B A AR 2 BN B EAE 2R E ARG 0%, (ERSEH P8R AME. A%
1T 744 CVPR 118 3, 7& Davis 2017 val 8 4E b, % H — s IE 218 3 J&F>0.76 .FEELVOS[5].
siamMask[ 713 FEHE ARG, SRR EIAFAE 2R A i, A8 B AR A oy 5 B 2 A TR
115G,

Fr A, PEES RIS % N 2019 4 3 H 46 AT 2F- M B A 28 B XA (k73 1) 503 BRI 9 o

2019 4E 5 H, FRAT5E R W Rl 0 2 MR B A Ak 73 1| 5T RN 58 B XA AR 7 B it ke O
%, LI T DAVIS Challenge on Video Object Segmentation 2019, {E3Z H AT 4 43 E|
FHEPAEHEINA4 .

FATIR ) VOS with robust tracking 5HS[8], I LB B 142 M2k i VAR B b o 12
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Davis 2017 38AE4E I, FA1128 B AR 7 5 J&F@60s #ERRZE M 3 HJIKHT 0.353 $ &3
5 A 0.761. BLTE, FRATHI MBI o E| kR 3] T J&F=0.763, AL, TEIXA
EH EBANIMSE R LB A K e, — 325 BURBI T :

BRI 2. FeAT T S H AR (A3 FI 25 SR 1)

A, MESARISCEE =RYEEET L

BT, WAVELSLIRRE 5 FTNEIENH, XSGRy SO Mg, frsds&mE
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BRI B EE.

Fah, EBR RIS 2 B AR BRI SRR A A o) R S ) R, FRAT]
R AE X B T PSR AR TR FE
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(

{"nodeld":30,"parentNodes":[],"childNodes":[2,3],"level":0,
"taskType":"video_recognition","nodeName":"snapshotAnalysis"},

{"nodeld":28,"parentNodes":[],"childNodes":[],"level":0,
"taskType":"full_video","nodeName":"idstSceneAnalysis"},

{"nodeld":2,"parentNodes":[30],"childNodes":[6,25],"level":1,
"taskType":"video_recognition","nodeName":"faceDetectAnalysis"},

{"nodeld":3,"parentNodes":[30],"childNodes":[6],"level":1,

"o ",

"taskType":"video_recognition","nodeName":"aliyunOcr"},

{"'nodeld":6,"parentNodes":[2,3],"childNodes":[],"level":2,
"taskType":"video_recognition","nodeName":"newlmageQualityAnalysis"},

{"nodeld":25,"parentNodes":[2],"childNodes":[],"level":2,

"taskType":"video_recognition","nodeName":"faceRecognitionAnalysis"}

]
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¥, ZIEHAFAY, AR D M HEW, BN RE T EAR 2 R SRIZ AT 7
Ko BEAS LR T A 4 s AT R, SRE R A R IS B 5 B ZE &1,
SRR T PN A B AR R O 2

LR - 2580 NLP/CVAE & 5 U R&KG SEHOR, BT “ ASME g7 1 “ AN
R IEERAR 7, SR A2 AR 2 PN I A Ll ORUEAR S RO ff 5 1k

BIATHERYEIMRZHERRA TR, & EX AR o a i, Bk
e, AT B R &

BEANHERE TNEASHTAEE. T SHERVNMEMRSES, NEAENEC
PERFE P 2 MA S I I EOAR, WifE RIS RIE IR b, Bekif 5 AL H B, IRGERICE -,
I T AR P A (R IR EOR, BRI OQUE 7 R R AP ? IRARE L,
LB AR A B B, DU EAESOR b Ag o BAEAN T LB 22 R R, T
FUREE, R AT ORI

1. ARl LARERNESEE

b E R, 1A B A BRI E N, AT REERORIA BT ? X RNE LK
JERTEI R .

IRERA0IRE

PRSI MEAL RIS, Bk “ 2RI R “ BRI, AR R 2R I A 7
TEBHEA, SZAANESERNIB LA,



= BR (KR aIE5IE? mEESEEEERES

MBI EIE R, R T AN A R ARG “AsbR”, SR AA %
REJIRG ALK ER. $ il B R MIMNE SN, BREAT ALREN. A
S T SRR AR I 2 o

4 IRAR: JbHE

e = \
' Y,

1. Efbge: AECIEIERRERE

KRB PE R AS B T N TR RERVEZ “/NE—BR”, MERGZIETH A QIR i ELAE . FEAN 2
EETT. WACIEEMRRE 1, RXTRIABEAT & BEAL I T AT 40 -

WA EQPE TR — MR RGN TR, (£ RIS T WA B 28, A
A0 2 5Kl X e 000 P 7 AR A 7, AT A 2 B3 B B (SR ALLK i 1 JB 25 AT R SR BE /75
B X HB > (KR RE 1

L

HEigEH: AECFIERREED

Story Profile
FAN
SN
/ N
/

Character Profiles
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WRGIEA H S, ARQIEERRUR B SR TR T P T 2 4F AR EE N
MBI FALATREE ST, B JRA AL ) 2 e A o

(I<3=) ELIRRIHIFE

il 15%
ZF # 10%
| 5%

v

DL (KZ2) RIS o), aRIARSEA 120 2D ANY), FEIRG PG T -

D SRR & 15%, 20 10%, HEHE. JEi. BRILRE 0l 5%, 4%, 3%:;
2) SR/AMEAIZE DA AE 41 3 S TR T 90% L B AR 2R s

3) HBLTTER 1 80% A LRI AR R, TERIh VR AT Rett N HES IR G K e -

X (KT R) RIAR A O BT

D sk 3 B R %

2) FLESHEE. REXHKZ,

3) AHEL TP JRIA R/ 15k MR ZR A 52 .



(k=) RItED

KE+TRRI-5M : et + R0

. . ¥ ) L] "

X (Kaz) NIEEBET iR B FERT 16 B, 55 3 AERIGE 10 SR T B R IA )
relEE, AR B3 KK T

(&) BIS: fBERE

MF (K% B R T2, BEFEEEE. BRES TEARE. B
RS T, TN — 5% “ PRS2 7, J5 845 & A SO TR U6 B dt AT T AL
1t
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2 B EXREAIR R Z 5

2. RHIEL: FUNgE RIS

FHIFER - FEE IS

TR - RS, Gritoin. s

HEREO0%+

G T

AEERI2%

XTAE R FE, R IR AT E A 2ok, ErABERTI LR, e
PERERIIENE . 2T, R E A € PR PR

o BRIk AR

= ERiEANEE -
» WIBRTE  HlabelT6e
> WUEFTP
» (EBdFFEEEE
® EEEAGE A
~ FEEIATINOERS | SR+ ROEAY, B AR S
= FESEEAR - BRI
> TFEEEE
+ B RHEMEE T T
¢ iREER RN
+ IREENSTE—-R=Y
= FERYIRRE
» TEARTEILS S R

T 2 W A AR TR AN = T e A e MR RS, B AN TR A
EATE . B A S AL RS A A AT A o ARMEIR N BEAR A S AR A B
QU HEAT 2 — IR =53 o ARSI 2250 H s R TE AR R ST b R AN 1k 7T EAZE B HT A AR



SRINEOUR

a3

u EREARE
> GRRR., MR
- SHER
» Domain Knowledge & KG
n SRR
b EFATRIEEE - UNE - PR, O+ RIEEDH M
= HHUEENFRE | RSN
w RO -
» FRNEF TS : Belief Network$

il
HRE S RBHE . BN = A mEEE. B b B RS A e, B
AT HBIRE AR R, B8 A 724 i Domain Knowledge&KG fif . N Mt AH & 23 #r
PRV Belief Network 2547y .

HAeOREE . BRDLRIA—RRE

w2 Uncertainty Learning (Variational Inference)

aE “ Relation Net/. MTL { Transfer leaming )

g HE R (SMOTE) 90 Rl 15 O ) YRS

KG & Domain Knowledge
Ei /Feature Engineering

RIE 2 AU RA IR, LA PAar A E
F—ZeHEM)ZE. N KG&Domain Knowledge/Feature Engineering 152 =) I3 ;
B _EREEE. NEIEAR (SMOTE), REEZH (SRR M%),

EREAE, Bt DNN Al Relation Net PLf MTL #4545, BHRTHLE, REAEALT

i

N

4
|
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VU Z & Uncertainty Learning, 328 73 HE W7 (R HE 22347 P9 25 ANHf 5 12 16 00

SMOTE (Synthetic Minority Oversampling Technique) +45§
REETE (FHIREEEE)

x.. =x+rand (0.1)x(x = x) S EAEALOSS

SMOTE (Synthetic Minority Oversampling Technique), & i/bEEid REER A .

ER I TR RAE A — i St 7 &

M AN 2 A(General) .
L BTREA R A O
AFEE -

REASBIMAE AR FEAEBCIHEA G SIAFIR A, R FOHAEA 5 SR EA R S

. ZIE, IMARBEEER)E, MEREAL 5%,

JIT A R R S T i T 400 T, GRS P 2 A S 20 M TN S A P B AR 1, X T AN TR 4
RS R,

EERRE: MBI TR RS

R R IR

REERER ERORRET

T A AR L SE S SRR RN SR A B 1

I T BEHLIE AT, SRR {7 B2 A fh) R A 1) S s ok
RIS EERAEA, XA G P AR G 1 e, (AR AR 2 ) B 45 B T 4Re 5l (Specific)
SMOTE Sk D BERMEAR AT /04T, 5 N L& BOTREATS In 21 His 5
xnew=x+rand(0,1)*[x—xn|, A RIIFEAT] BN H B H o, AHHETHRCR
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REEE: MDNNIERNHESIRE

el
aven U
.-
=
e
=5 Bl
e

REZEE MR
- MTLEFHEE20%iEH
- RN#EF5%

TR E R AT AR S R KA IROT, BREEM DNN E4is, 4
HB3E4 1195 22 2 Relation Net fHIfERE Joff vk, fcJm Fl MTL BB AR, MRS SEPrf i th 2 A
B,

Relation Net

n-1
RN (x4,X3, 0, X)) = fo [Z ap (x;, x,,)],
=1

fo m go RsEmsEMLP

MR Soon0IR A

Adam Santoro, A simple neural network module for relational reasoning

Relation Net /& 2016 % 2 ] CNN A58 o Fe A JEUEE 2 060,15 %% b [ AT A6 I S5 TR IR 1) P9
22 CNN W 28 %0 H AF A feature maps, 8B H 3 K 2R object il M Bt , BEFIA™ object
Be Xt s — A b, 485 5 LSTM 4ifid question ) embedding [ &3 inE|—id, HAR—4
IRIEM 34T 5], fJa softmax 7p R B FEAZ 508 Lifl, 47 1ERGS 75 10 20
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Uncertainty Learning 3X#t, M 2016 fFFFUREZ L HGER, FRATHHE 5> Ll 7 — L35,

> Variational Inference

= Dot gp{w] 1o appreximat posterior piw (X, ¥)

» Approximate p{w[X. ¥) with simple dist. qy(w) £ L dheargancs ko mickmica
KL{as(w) || plw], ¥})

» Minimise di\.lergenoe from posteror wrt @
x |= q»..wbgp\"itwd-u.- + KL g Ple
KL{gels) || o(|X, Y)) f (w) (Y1) (i) 1] ) )

|IF] = L{i)
i » Agproximala the intogral with MG Integration 2~ guju);

j -{ ) » £ty = —log p(¥]X, &) +KLlg0 ) | pla))

| S

ub g (w)

I
1 I 1 * Ropoat:

A | j + Sample )~ Bornoudlifp) and sot

| VIRE (G P W, = W diag [z, )
i e g i

= Minimise (one step|

Yarin Gal, Uncertainty in DL 2015
£{l) = —bog (¥ &) + KL{qu () || plar))

VL = (M} (Gat of matrices). -
Variational Inference (last page)
Instead, predictive mean, approx. with MC integration: ﬁiﬁ:
o
Bty (Y1) = 2 90¢°.20). - SCHOCR, VIELF
=1
with &y ~ ga{w). X i
» In practice, average stochastic forward passes through the - LaplaceiiAH A RS FHE
network (referred to as “MC dropout™).® 2 VIS

¢ Dropout after convolutions and averaging forward passes =

approximate inference in Bayesian convnets.® - BANEIE LM, iE}ELapIaceﬁ‘El

Bl ... T e e e EFEREERI, mVIEE
Var(y’)| =+ ‘I—?Em ) TYx" &) — E(y")TE(Y") —

-

X HR oy v AAERY |22 “ DU Network”,  H i B A AIA] “385r 7 13215545 R .
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~d

fZHRRE T 2 M T O R AR FE, HERAENE. B (K%2) #Eil)E, R
SrBR P BOWSCRIUIR G B ARBUAT SRR O P45 £ ek I 1) B AR JRI R PR 70t FH P 65 B SRS
HERI T, CAMORGCE 47 1 B AHERZE -

Al A AN E PR AR R, O OB AN E . LR R I BATIR R
THER ZI8E, AL BEMARE] T RIITRA IR RE, BATES 7 “SCBRIN” Jb=F2. AT Rl
AEFENET T2 AE ST, FRSEATE ERI PG BE ST, AL T E R IZHRRE 1, #F4E
k55 N _EHUE T A RS

TG AR RITESHE, ORI 25, o N T RE M s T, nfras & HLas
AL LB KER T, BIngs&455 330 GFEPIEETR) AER T (AR 1)
FfE. B, BATKAEMANTT AR T 1D RESI R E B, BiES e N TR,
AN E PE HTRESRAN E AANTE I UL R SR ek 3, DA AR 22 TefL KR & B RETHSHESE . 2) B4k
KL BA W T BORGB E 2E,  BA T S HERE I A MR R
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SRS RSN RER X

Vodk| MR SR TRFEER 2 dx

—. [EBEX S

FH P 75 82 K B VSO AU ) B 5 T — AN R 2. “ANSRE R A4, FF HANR1E a ey
R PR, EFXTRH P IXANRE S, EES AN TR EiH TR T 2GR RS,

THAHE R ARG KBRS B, %80 22BN, 2 ARHEARZE. ZOHEAR
FEREAMEE E AN . NHEARE FZEAERBRNES M (NLU FxuEioAR, Ha
NLU 35 & K P f# (Intent Understanding) FARAIA 4> 704 (Slot Filling) $A; XFifH A%
YEE L (DMD LLRFIEAE AL (NLG) . #ZOHAREBFEMINEE (Knowledge Graph) ¥4
FIFEFEN o SRR 2 2 2 T A0 H AR R Re L 28 /2

:
- p—_— S P
mmax mppn | SENE AMES waxe
Sk N 5 TERET

R

1. BAESERE (NLU)

FENLU 1, 5 ERR A A B ESE B0 B 1, SRS 5 RS AL e F A 8447,
iR NS N, NSHLESZ A B . HIRE S BRI AR, B 2R —ME RN
(semantic representation), 7 HF/2HELLTE YK /R (frame semantics) [ —FAETE: K4
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(domain), &K Cintent) MJFMERYE C(slots) RFZRE AR, o, iR —RA B K
BE TR, DAR SR SR AR5, badn R, <kl 7, g g IR TE X T AU
b CIR0E S (e N K AT P R e A T B e P SR o S )1 QNI VS T A <4
J A PR AF U J 1, CRAn IR “ i H 447, “H0 7, Mt S REAIIETEN T
B Ay AL WA 2 T A 215 B I R

query Jl 3 HTHOR, MRATSEARRIRIERE SR (LAY B /AW A S8 SRl SR P #5K
B YEE I BRAR 5 T A R 2 R R T oK, R PERE SR B R BeoR . 2 “ 3K
TR ST BBBTE A, M a2 “ e T2 A7, “Bheantf «, <k
PEARY, FEULES R A I SRS SE A AR R

EEPREOR, FET R T EOR AT B DL e B R B A R, I &
WEE. SR RERKEERE PRI, Ea ERATERET ONN KK
PR AR 5 S 1 (0 S Atk A

BN ~ | % | ZE | =t | W% | AR
[Coonn B cone TS [e|n |a|n | &|6§n
ey w0 |0 |00 0

) HiE

 EDE-EEm O sves
s s | e o
SRR
[ i s e | s ST -#9

MK PR,
e e e
C *_p.:;ﬁz ¥ @ r_yﬁ“lj?’ﬂhb;: CRF

R
PR T T a o
Letel TH ARl L2 A Ll

[ 2] 0180% 0950% 8041 I6.0%  B0L0%

2. FHERA

G BARCFER G E R (DMD) LREAEAERN (NLG), DM X% RETHAN, EEET
PIPEE 1

D) ZEATEEHO T RS o RS A — LA e A B B0 R AL, RSP W e it
Ma B EE ORI E, a1 NLU BEd it . P IR IE S



2) ETHATRRIRIRGE, SR T REENE. 2B NRERNG T, Hod CREEE
VEHEL”, BEI O TEIR A EAE NLU Bt . X R 45 R AE BB 1 AR 72
RARE T, RGELE T RIZMETREG LA 1D mA T BAREESR S, a0« W G AR S E 3205
MRS S5 2) MR BORAETT H, a0 3 R EARRRIBCE T LA R 7 30 AR HT T % R
HEFF BART H B A 20, 0 B R E] xox, EHERE xxx 7.

MEARSEIAERE, 5 W) DM SEELT A U R LR

PRI TARIRENL (FSMD, SR [F5E S RGN AT RPIRAS, 2 T FSM (1) DM,
L Y, SRR K E SCA LA IRE TR R ZhF A S N Tixit, Ik AE &
AR5

5 AR T Gevt (K77 i, W] LA By IR AT R R SR R B AL 2 5T 5

BRI T MK, e MR R B IR R M 2% 25 22 S s PRk e s, B
e NLU (¥ ) S5 AR A E o e M2k (5N, R sh R £ i e e il A 2
AT %A SR -

P PAERLAIE A 3 B A0, 55 AN I R AR R LA T, R A4 LU BRARZS AL D 2 9 kit
HEAHEN TR E N Tt st BRMTHEAE AR ), A E 35 (K B A o

RGOSR AT, U AR ROUE D EALR 7, RS E il 15 IR CASR)
AERE S HE (NLUD BORFLE T 8E 8 bR, il kR Rme i 5 b’ M
AR, Il BRI F AR (NLG) SR TN e — 25 H, [JEIHEE P
i’ EWOFTRG, REET ZHRINEEH (DM HAKATEHF ARG 27, miExR
Sl R R L2 A .

LV
1 BEBEUROITHENE

EE ——r———F EEIAR —————————— AMINEEEMNW)
+ BEER

» - FRSaH
? AN
— @ 4 HEEHES ENER
YOUKU TV (iFE=E= R
1 amnen |, EEUEEOW
B (NLG)
wEEE RER - AEFR LA
3 AERFEGER, SEAENN? REREN ;
EHifia
lffﬂﬁ i B

MARI|R
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3. FREEMER N

SR EE (Knowledge Graph) ANJii b2 —FlOKKURBIE UM 2%, & —FhdE T B HdE 4544,
H5 A (Point) FIi (Edge) . 7EANREINE B, R SRR ISt S 27 m) «siefk”
(Entity), B4UNIAESIARZ A “FK A7 (Relation). 4250 W AR @ 40U, wlh vl
PLIA N A AT A IR 1% (Domain-specific KnowledgeGraph: DKG). i “ Scistsnif it ”, B
THI K 22 BB A2 BR SCIRAH DG SEARFIRE & o USR0S B AR AE T B A Bod F it i, (HTE R
FERKLRE |, DKG 8% RIMEAMT . HUE SCIRBIR, B8RRI e G0 “ Al 90 f5
ARG XGRS, DKG st n] DLE ST UR A1) 2 1 o9 3R B R AE .

FEAT B Be A I SELgERE vy, ot A0 R B X R AT 4 M ZEE. ORBR. B S, TR
B R AN R, R3S TE BSOSt A7 AR N RTRE J7» AT SE B — AN T I A5 1 iR 51 2,
SV AT R 1) TAE B ahk, xR ELE A 1A BRI A .

AU R B 1 R G AR A AL A DU AN AT RO AR, AR S R
R o IR DYANIRTTEIRIEAR o DS Jon i P 10 ) S ) 2 A 48 e 1 T ) ) S A P A — B
MR T AR R R R 5, @i e TS il e . AN T BIRVEAE . BOR 5 R (& Fo e
JESE—RA I, AR PEE I R, FREIS N AR EET case HETE, S HH TR B 7 EE A
IR R, WA schema FIANIRIA L, 56 BSOS ARG s B T AR 948 2R T3 S B S D P R
PR AT RN SR O AR PR SR A A SR AT B o B R SE IR T I E SO AT S R P
ok

HIRFET < FNIR A
caseiti®, BE X schema query#fr, RIFiHSEih
HIIRIREY > GRER
SR AN EETREY B, EEMFT, MIRRE, MNE

FERIBAROR A RN TS, BE 1 AR SRR, Ll in ) B 2 Bt e e . R BT
LN R R e A SR R0 O STV S W0 €/ Al B DU R W wbrink e 4 €T o (ALY - E DR SN



BRI, OREFARATRIRIG, FIRTE Ve RIS RAS . ARIEX L, m] AT 4a 4R iR
TR E A . BRI RE D 9 4 AP B BRI BoRidde. sedoxt 55, AnRaa
ISRUSTIR N EP S IRE IS

BLHEAMER ELE SEfRIFT RS

pair 1 |mm————————— |

CE ERAM - X EREE 2018898 -, 1 I LA
¥ (2018) ] } =N | o 1
b i HETFA - LEAW 2018-09- DD s
g A amy, i

RER —~ WARE REIH Iim?ﬂﬂf

HAEME — Ml DTN,
GBOT
L
'

0 :gm;a -

SRR feature

MR

= BRMWEIERMRES

LR IE AR G S OTT i S, B @R X — 55 2 i3 AL SDK 4 e 2
PUmS T APP S8 N HIAR ST b, BARRCRIETHARHE IR, MR AR 30+%, EEHRE
WA IR KK -

TR (5001 194EREE R EB1T) f=F > in e
¥ BEH BR E ANS BN BB BF
pERE BN @ EM OEM i ER 80 <SPS 8% BN 59 O BN DM
i 2% 2018 T 2Me NS 014 A ff’
; . 1 : k ¥ !
/
~
BlEiTE; By SEE2E STEMBHE A

figh

Hig4 TR

WEGHE?: B8
iTih

MR
AT, RERE

RiFRH
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RESIE MIESRERIREIZIT S
V| MEIBRAEXER HEK

—. AS5iaR

EREASZR B, A (query) SHUAIIAE DCHE— M EHE SCARRES . USRS DL A AT
BEATH . SCRBES, FATEZMBIH AR AR S 8 A P DL AR
A SCAAS BRI . SRTT A query ZERERE, REEHERA 90%Z M query KR, AHKME
TESRBARZ A BN GRITRE: WL RERE, RESEA P EAAR (UGC) 4 His
BEE, PR % Il B FRE AR TE RS B4 . IR0 SCAR R OGRS T AR s i 2K
R, AR 5] NE U FSR A IE A SCAR LA GARTEILED #HT 478, M & i &
A

Z. BAREX

B VT HE 2 R A% 48 7 T UL G TC VAR o S (AERD 5 S0 Rk il U
I R PRI A o A G VT RO ARE B 3 B 3 I & b 7 190K query RISCRYFE AL B[R] — 23 [REAT TH 6
SR 7R pLSA, LDA, SMT %5, JRFESCATE CIUEL R RUARYE query FNSCAY A B [A] Al A
HEE N = FoR B A HR ROR&AZ A« Foon BUR S SCUC RO £ 2 ERAT DSSM,
ARC-I, CNTN %, #Z B RE LUCECE AR E S ARC-1I, MatchPyramid %6, BERT LL5#E K[
KT RS e 77 DL B ST RE D7kl UUEE R B BT T &b

FRATTHe IR AR L) 2 LA B ABE AR Y88 A 9 77 T 67 5 28 DI 2 7 1 SCUTIE 77 T ) AR o

=. BAIE

— 5 AR AL RGE T HLES A ST BRSO R A S BRI E . B
SHER . R FRUINAE F 5 KA AT O EdE . (BRAAEMSGIEES EEER A P BT



FEARRERAT BN . B e R B iR 20 P R KO RO, R 80 2 MY
M HE 45 2R, ASBERR AR AT RN SCRAR S s LR S PEASE B 5 B A0 L 1 SRS A e
J2 51 AR A A SRS, T P A B SOR I 28 1A S AT LA HE R S 4551, TR — 3%
FEI AT LA FHRAEAIE R GUR A S A WSO BGE, T AT AR e AR
%2 5 A ] AT SRS R A

BT B A N TARE R AVISEPR . RIS M Iy, JATRM 3
S S RARTHEAE L o B e HATA IR0 5 A ST BB vt o A A B I SRR A Y
% L& RIMER R ZORAE Z 5N, JATRA R 805 3 1A € R R P I% Ja SERRTEREAS T
TR N AR f— RO 2R AE R brids A b T S5 SR A SR X R R AR e 1) X ) P A At
NNZREES, HAREASE N TARE AT S A0k fEJa S d R, AT IR
B R ST B % RO AR 0 A1 A T T SRR A SR SN, DRAAIE PR 78 i 2R DA SR AR 3 A (Y 4 1o

g, &Ehgi
I E W ILE A DY R i 2 . 2 S S dLE . RIEZHE (R D,
T GETTEMR DT SO AT AL T 2N TR T KR EBI TARATR AL 2 . Blhn, i 1R

figp R 1A 2SI Rl R, 230 [R] SCim] i vk 22 98] [F) SO R, SR TIAE BRI U R IEE . 2k BN
HI R R ZE S AT RAUEOR, I 3l i R 28 8L FH AR A AT

R 1. BXE MR R EGRBRRT X

Bk 7 F SRR TT 15
—iAZ X KWW (252, R, HARD R B
EATIEDE Y ARMXIESE) 7] SRl 48
Ef ap ey EWESER ERS5END term % . ULRCIAF
RIKZHE WIERE UBEEATAHE) B0, term JRAL

TR 5 31 (1 I B 3RAT T e o 21 s 4 A o ] R 9 P i . CNIN R N-Grram 22 3838 7 705t 4
THHATRALSEHCE 2 SR A2 R A E R, E K@ BRI B C R RNN BB P35 (T
[ B 1) A TR RE BB AT R KER BB oS R Bk, ATl
RINN SRAR ARAI AL 2R ) SCULHE ) R

1. EF BILSTM + Attention BYiE X B X 115 R
LB RS E A, RATESE DSSM it T8 —HOE AR, BT 53
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query FIALSAR @ AIARSCHERG 7, B RE CCRFRIED thn] DN A At 55

FERBUEIE RN AR, 1 SO RPERRL A S Kk ok B T OOV (Out-of-vocabulary).
DSSM 33T letter trigram SR i) i (1078 55 2 . SR AN 7] T 98 SC 8L i) i) = 5t oty A 54 3m] A AR
B R B B P L S B B R G

FERAIAE R AU, AT AN PRA . — & Hria) th 0 AP AR & BB I R R AL
H LR 28 I, R A B th e 20 NI 3o il “Baa” XA, AT B () Al g2
CHEBATT B R P IE, ESR T R RER ST AN SR, $RAC (BIER) IXEE
HUR o 38k, DUmE A AR — B0 AR A S5 4y (Ros L. IS sl oese (A
Yy TR, LAMRZE UGC JEChR ARG 1 73 1] PR A o

EALEEFRAT TR AN ] ) 7 AR 530 B0 Fl R SOop il AT TRAL B . R SCRI 7, A1 %
DSSM #E47 letter trigram AbFE, BARTE— @ FEE FIX SR ME LG R, (H2] LI K44
NFRIR TR OOV B S5 A SCERATT IS AT B R F 5 AORLEE 231l i DR 1 LI TEAR . 4 Kk
FE ] ANTE TR 2R BN, AT h) rh /R 2y vl B A DU A L 7 7 R

B2, 8T TR AERA I SCRS TR UERIA, FRATTAT DSSM A2 2T 7 BoE . AR
CNN & it N-Gram f§ 2% >) I35 40 VG G5 F1A6 BE 28 0015 5., E2 K B S8 R At e 22 ) 75 20
it RNN SR@ti, EMANZET, FA15IAH BILSTM KB B EFXER, T2
AN BT (1) R AE W] LA IR T ) A ) 7 90 B sBCR B4 [y, hipi]
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FATTT0 AR AR LA 5 50

Mt ab e

N T D AEAEAN KB TFAY, BATO AL AT S AL B, AR 2s AU HX— ot g
$RHL Inception V3 $FfL. X &M, FADSEE 1s MIHHE T Vegish MEEAFAL. FATXSCA

5 A AR AL, R

FRRHEE TR LA TR

Inception V3 Inception V3

L3

Vgg-ish
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FATKH Late-fusion 1177300 2 AMEAIATREES, FTE Late-fusion F AW MRS B
A B SRy ), R R AN RIS ) 1) s P AT R PR 7 v o JE A FH AN TRD #3347
BV T SFIARFEIRII LS, S L FRATTR 22N W 285 i T 5 St A7 b &

6 models averaging |

R S e e A B S s S !
! :
: Text Modeling Network | |
o o o ; (Text-CNN) | :
Text(cnn) + Image Text{cnn) + Image Text(enn) + Image : T 1 T :
Sorr bl LU ‘Word 1 Word 2 ‘Word K

+Video(ave) + +videolen)+ | | +videotbistm)+ | | [eortas | [ eosrams | [ooerae | |
Audio(avg) Res- Audio(cnn) Audiobilstm) ! !
MOE (DA) Res-MOE MEE: ] Video Modeling Network |
! (Avg / CNN / LSTM / Learnable Pooling) :
o e e | Eadiura Classification !

1
o Vites Vides : — Network i
Teslenn) + image | | Teston) eimage | [ oL ! feama} ] | Frame 2 I Frame M I Fusion THacE ) ResidOR :
+ Video{netvlad) + +Video (nertvlad) +Wde3(net~tv_]+ \\: !
Auclinetviad) + Auio loetndad) | | Audiolnetf) MOE [} Audio Modeling Network (End-to-end training) |
L {Av ,chN[LSTM,ll | PDDhng] !
\ ]
i

| ) \

Y v r.'l“,:i"z il sﬁf':w | :
|
|
|
|
I
I
|
|

v
I
: I Cover Image Feature Vector 17
I
|
|

_________________________________________________________

1. FHER &M

FATRFH T Average Pooling / CNN / Bi-LSTM / Learnable Pooling PUF &y%3E 47 H A0 AT )
FHIER &

Average Pooling 14 %5 WURHIE B8R, R HEHIRHEREGTE. B E S,
B o BATEAEY 1S, AR & S AR BT 2 70 = P%ﬁ&ﬁﬁﬁﬁf@,#ﬂFﬁ
BRI — E R ERSE .

Used in our best single model !

GAP@5 (M)
Models Original Data Augmentation
Multi-modal MOE 60.00% 60.96% (+0.96%)
Multi-modal Res-MOE ~ 58.53% 61.49% (+2.96%)

Average Pooling Our approach:
3x Data Augmentation
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CNN RIS e it ]R3 pattern, BT HRATC S —WIFRBONEHE, X BIRITR
2 1D-CNN, %585 Text-CNN A[d] .

wait
for
the

video
and
do

rent
it

I I VA A B g

n x k representation of Convolutional layer with Max-over-time Fully connected layer
sentence with static and multiple filter widths and pooling with dropout and
non-static channels feature maps softmax output

Bi-LSTM /& — Ffi$8 XU e FI K #i ¢ R A0 RNN 2%, FRATHUE &5 — Wi fl & 5 — Wi fr)
memory {5 BAE AR R

N N o I Ny A O O
lipinmilipenmanmiin

Learnable pooling /& — 283 T 525/ Pooling J57%, 3 NetVLAD / NetRVLAD / NetFV.,
NetVLAD #&—F VLAD (KR4, i NetRVLAD 1 NetFV N2 E 4. VLAD K2
(6] 3 A AN X3, FRAERRAN DX 23 ) VR AR T XA () T PR R 22 o B — PN
[ Pooling J5i, HELT Average Pooling 15, ‘& MIARIALET AT LLUKS 40 % i ) &4
B AE 7 (] H ) SRy B 53 A




VLAD: Vector of Local Aggregated Descriptors NetVLAD

v ;rr +by

k(i) = K ooTett;
=

Descriptor
o VLAD(j, k) Zax(r. (i(7) = exlA)),
differentiable versions i=1
‘ NetRVLAD (R for Residual-less)
RVLAD(j, k)
Residual | ' - ? Z f-'—k(x )1
compuaon €18 28 GE&T Ge 5w
- NetFV (FV for Fisher Vector)
::::,,':::“m ve Uze v ..l:'" 'v:;o FV1(j,k) Z ay(x;) (xt O'A_(J? (J))

¥

figures in B. Wei, et al. Enhanced VLAD. 2016.

FV2(j, k) = Zﬂk(li) ((%) - 1)
i=1

2. ZELSHME
EZRSFHEIATREA I, st AT B ot s 77, AOVRIL, Bdext &
HBEATIE 2 A IE AL T RE 2 BUS SE 47 O . Billn, £ Average Pooling 1, Fide L2 1EN 2]
WA PHE, B TRET Batch Normalization FRIZEAL. 3X AT g2 [ 5 1 U Ak X 4545
BRBAE AT T e TR, T2 BBk T A R L

Video Audio Image Text Video Audio Image Text
Feature Feature Feature Feature Feature Feature Feature Feature
Video Audio Image Text I l I l
it | o) W ] [} s [e J[e J[e |[w] [ov | [ ow | [ on | [ o |
Simple Concatenate L2-Normalization o Batch Normalization
Modality GAP@20 GAP@20 Multi-modal Fusion
Image A% Classification Model Simple Concatenate  L2-Normalization Batch Normalization
Audio 37.13%
. MOE 64.20% 66.17% 65.90%
Video 51.24%
Text 61.89% Residual MOE 60.03% 67.12% 65.67%

3. KR E
Mixture-of-Experts /& % br%5 73 i Fl iR 73 Az .70, BAIEMM 7 MOE 1R,
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PR T H it ik Residual MOE S . FATTA I, Residual MOE J@IT RN LS Z5, 2
AR ZER T T DS BRI . [FR, BT ER—MNMRESHREMERNSES, NESFE
A R S )

Mixture of experts model (aka. MOE) Residual MOE model

+ Gating network : decides what expert to use

8118158, - gating functions Chaining
—

e
Unit
ot
# Chaining
Unit
: —
s Chaining 1
# ’_‘T o
i

. Gating
network

= Expert 1

= Expert 2

¥ v

Aux Loss Main Loss

* Expertk

GAP@20
Models MOE Res-MOE
Multi-modal (avg v/a) 66.17% 67.12% (+0.95%)
Multi-modal (cnn v/a) 64.50% 66.72% (+2.22%)

h. BRSO

1. TENEER

HAVEM 415 AEAEMTIZ, 5 AEGEM T 10 A8 T ElilE L5
B0 AR S R A A LU S B, Horp, Text(enn) & SCA BB RS B 70 808, I
TEMIRSAE RS, RAFR AR LR 5% A4, MRS SN LT 9% h .

Models GAP@20
Text(cnn) 61.89%
Text(cnn) + Image + Video(avg) + Audio(avg) Res-MOE (DA) 67.12%
Text(cnn) + Image + Video(cnn) + Audio(cnn) Res-MOE 66.72%
Text(cnn) + Image + Video(bilstm) + Audio(bilstm) MOE 65.54%
Text(cnn) + Image + Video(netvlad) + Audio(netvlad) MOE 65.75%
Text(cnn) + Image + Video (nertvlad) + Audio (netrvlad) MOE 64.87%
Text(cnn) + Image + Video(netfv) + Audio(netfv) MOE 66.18%

6 models ensemble (simple averaging) 70.85%




2. FEMEEEEL

NGERSEIR L, BATEE T 2HASRIG MRCR . (B SRR G BURMER T 2R i
We? FATH LA show case SHist WA [FIRR S i & O 7 o

TSR ANE ] T A MY SO R AR R, R 2] B R, SO AR
SRA, TS A R T DASCRHE R AT . Y T SESCREE S | B AR — MRy, SO
R TCIEE B BB T o PR TE 1, T S AT AR AR T DL 2 —

-uum&ﬂﬁT%§>&&mmﬁﬁmﬁmﬂmT
o BOUCEHEONS FEPRA B
= From text model’s perspective:

=Xk b I — B AL, YR A fE [ B T

+ nearly no informative words

Topbscores:  videoAudio [ ik | il |RIESECE B Gl EEEEH:
0.8634 0.2179 0.0976 0.0695 0.0614 0.0608

TextQOnly Bl &2FEAH BE 2 il BE
04371 03347 00840 00413 00352 0.0240

SingleModel i HZ REMF A= ok REZHT

0.4489  0.2483 0.1991 0.1494 0.1079 0.0920
Ensemble R =2 |RiELEF g L] R
0.6306 0.2530 0.0760 0.0553 0.0515 0.0438

B 33 AT D, SO OR T £ — > R SOR AR SRR RE A R, R i A
case L] T IXANHIRR . 0T OCARBIRREE, X RIOME SR A [HARE | SRR,
Bb (208 ] PAF 7B AR, T B AL ffy R P AHRRR S 5018 . Bie T RE, IR
ARG R DBtk [ B2 T3R5 7 ) 3R,

Hytitle
[‘ﬁ?.t‘l%] wmw&w&m M&EG@AEE

Top6 scores:  VideoAudio g RS i i e

l! 7572 0.5311 0.3250 0.1823 0.1795 | 0.1747
Text model can only guess

TextOnly LT il ek i A *T A .
0.4832 | 0.4205 0‘2254| 0.1957 01008  0.0663 :::;;:r::"’sz:f:'

SingleModel BLR Lyl HRy hig BT S But the video is about toys.

0.7393 0.4895  0.3435 0.2590 0.1854 0.1730
Ensemble Bl %ﬁﬁ T e
0.7262 0‘5186 0.2783 0.2304 U 1972 1795
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IR, IR A T s ) — ™ B LR T RR SR IRE FI A IR, SOARBES X Ty
ARG HERTRE 7. AE NI, B OUITRAS DU m OB e [ e ) A [
S, TSCARES W ST [RGREn | 5 TR S8k ], 2 fRta B0 0 T LR & P A
ARG B R HERT S5 R

MpTtitle: RN 30 SEESEAORT | ﬁ%ﬁ%ﬁﬁﬁ%ﬁﬁﬂ

. i if’ :I:I’
"

Top6 scores:  YideoAudio  Ea¥lE | FHEl | 3R L) S

o EAATRSCARE E AR
e e
= Text: better at entity inference

o US> AR, {EI

* Video: better at genre recognition

« FALBIRSCA TS AT LU AR
* Better when combining visual and
language understanding.

09272 | 03469 | 0.3363 0.1291 0.0681 0.0661
TextOnly  e¥UE| |pegAns | Gs2El EIE g wEEE  HER
08701 | 07977 | 03421 0.3406 0.1183 (0900

SingleModel  e1IE| GBI  EHE kA 00 OBE  PHRE
09926 04372 0.2530 02404 0.1465  0.1449

o Ensemble | sl |pestms | moms || mem | | waw | sane
0.9578 0.5994 0.2644 0.2565 0.2249 0.1273

7Ny REKRIME
BA A HALLF U7 R LA

FIFHE Collaborative Deep Metric Learning A LA I ZRHE S SE IR 2 AR A WUATURH DG 14 5032%, 78
CDML [J5&Ali Fadn] DUIINSCAS, 45 WA ) £ 1) 2208 RE 70 BE A

H ATEA TN THREAE 0 A 3 A R ARSI S T, BT RAEZRBAR, P 18] — AN A AR
KRR, HRETIMESENEE. RAEIHRIES C3D R AU E BT R R,
DSRS0 5 R R ATRFAIE

2 Multi-view [ f8: Multi-view B3R 5 AMBEZS —— X B FIEEAS, 24FEA D (I,
WA R A Single-view [IFEAEE) Multi-view Y%k, R FH Multi-view [JEEE, Z5EALL
HEA view BB AL ERIITHE, RAOFHEA view HEIFEA,

Label Correlation [JF|H: FIH Label 4% & AITALL A Z (BB &FOCHR, Wik DREARH)
HTRIMAF 4

Collective Learning: AR B2 15 B2 AT AEE, G ER bR A&



1T, WX EESEE BRI S, BRR 5 ISGEH EERT.

Active Learning: FRE5> A7 BRYIZRE Z BN HIREA, AT DAER N TAnvE, BN fbaiEFe
A, XANFHMLE outlier detection ¥ EHE —EMEER.
SE 3wk
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YA SIS BRI T AR, IR SRR B HLIR RN Sk SRR E, R SRRSO
FRTINK B ORI AER ) HERMBEN TR HOEH T, BRI EE. T iaE
SR BRI 2 32 B BUIR e SE AN A RSURS 20 1 PO P P SR SR AR i P RS I BT B s 4
Jiff) AARRR #EX2IZD B[ RARRA B, $RTH™ s A7 il 0 AR IR 5 2Rty iy
KM FEZE 7. MELZ R, ST NREEP s, MEEEX TR A fiE sk
FETERITER .

AARRR | [—>  RARRA

STAGES OF RARRA e e
Activation:

Retention:
Referral:
Revenue:

BHEGOEERAAKI N, AR, R R B

D) SRHFRT B AR R, ERE S HRET BT RT S, XK
PRI T e N AL AN AR, B HERE R SR R A B, SIS )
[ I HE K

2) “EI AT B % R N RIS, BRI T AR, B
AT R AR, AW S SE T B e R g TR SRR . RIE
SRR, JFg TR A SE R MR, AERE N R A SR ORI O

3) “REZT MRS B I R KB B R R A N RSO A Sk
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BEVE—WEEBBEXERARIRRZHE

A A A SR AR RN, AR AT LA TR Bl e KU, IR BRI app FrA R DR . BT
WAL, M SEEE L RO 2 A E R RN, e BB TR, AR SE
ELR B S N AE AT A AT 328 f) 48 ) 38 38 T 44

2 UG KA AR 2R T P IR R A 1 i R DU A DA R P TRUAR RO LA P
f, bR =R KA AR R AT . IR BN ALY . AR R B
Bk PR S HMATIATIR GO0, BRI, I E AR AT AR AR K ER 5«

D PR IR RESAT Y, DK £ A R B - MARE IR 2 i
REFAC KT TR 15

2) AL KIITH S K AT NG, 78 2 AR R LT T A v O M HERE
SEAVE RS, W IR P 2 S R

B LK SCH bl LR AT H ki (Happiness & Health) WO EEIVEATH, EAWTHN
JURMRIRBALR WA S RIEFAR AR, JA T 5 H - AR LR A T Rl 5E ot
MIE S BATCGEBE DRI BHEE (push). 3h4M515 (dsp) BARCGHT F P /R B S 13
AMMH PR SRR, OB PIBRL 7 DB R CE) LR O 8D ST
ARG R S5 1R T o AT — B I RE T R HEWT IO HERE 502, 22T pid 1980SR
SELLRIET uplift model (18 I8 as 7Y IR N AR IR AL 56 = P iy, JATE 224
Ak 25 3 5t P AT T BN R 3 HRCREETT, BATARAE e 18— SRR DR o BEAN TLIBC WA Ml A 38
KEE R R LB A BEMSLERER.

JF

EX



0 SR 34 6 7 P 0 12 4 b BT R
| MEIBEZBRILEER X7

—. APBKANEESEHEZNER

FEAFT P a4 7O R ST, b e g s, MELr s
REERSEIH P KR . HE PR H bR

1) FIPRZS AR R RS AT, WS B8 MARE RS 2 v B
REFAL KT TR 15

2) MEWSER TS K AT RS, 182 N SR I LT sl fE i o ML R
SEAVE R S5, W ORISR 7 AL P 598 2 7 oK

X EAR 1, ARG A B R AR R [ A SRR AR R R R, AREMNEIERI
RRARBOHT T B

X E bR 2, ARSI SR R BTN A IRAE D HARTIUL, RBEMH VRS
IBRIE 2 Bt B R BARBLAR s R H AT E R F AR B 5 1 R ELA R IR T g7 2R
MIAE e, AT ARREIEZE, AREMHHERT ] SRS AR BRI R, TSR TT [ 1
W FE T BRI FEROY R, ARG 2 EE & E IS K.

e DR T R HE 7 A FRATT L 22 B B AR 24X (push) LA dsp M KR SRS
S5rf, AR E IR P BT uplift AEARUACJT bt R SR HEWT AR — N AR T . PR, 3R
ATAEREA P 36K DL BE B B ML 55 37 35 Fag o B4 N 1 RRAE B () AR, AR sl
IS AR LRSS AR, HAnFRATILE push A dsp Mk 55 (UCER A A X AN 5T S
TR EAN S AR R T

i
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BEVE—WEEBBEXERARIRRZHE

= BPREERTR

1. BREGRSKRERTE

FeGEHI 7 B R LR E A R S5 i nRelE, ZA MRS TR & RS AR R
fith, AR (RO JEBURERR 2D . T ERATIEIR AN FAE LA 222 555 )5
RIUIR TR [ S A B2k 55 A BRI B 450, IR0

D AR S 5321 SE 2 ROFZ P E N2 53 1R B A5 T — R U E SCIRPIR A 5

2) FELAAT, JCHIE KA A AT ) SELEAH 9% GBJE|. JBRIZL) 4F T, X
FRGESCHER R G0 R RGNS RS, B BeAT 9 m] DAEE SR I [R] 2847 1)
9y RESFIRIERRT R RN 1458

3) B R B SRS A P R AR AR, DO R R B MR
MRAER Sk 2 (0 B, R FERORIN “Re B A" FUEER 0y “ FARIEC A, 7 i S A
W (A5 S b LR, Sk g T CAE LRI S KT

Frrh i s, 2 AR AN 55 IR AT i, FEFT P BN A d B, R
W& SRS R B R

N,

Figurel: ZxRHEALIRAS

S P I B 7 o6 P ST A AT R B B Y, S P S AR ES app oA BLRERE AT LK
HHERW T



Figure2: i FH RS AR

MUER], APEAFRET, BATHEMATRE SRR “BRIE”, WAt MRS
AR FPIRES: “FEl 7, ATOGE”, BRI, o RREM” FEAL.

ATBLFULIR SR L BRI FR Ak, 6 2rhll B K A AR L T
FEEB U RN B WP IR 5 BT OIS . #9% B I0HE T
BUBL, 4 FAER RLRAS FROM, MO F A2 (BRE S F s R R
TS T SR EER T R AS B (0 T BT LR, T e 75 R b KAy 77
RREL", “SAEH ", R S,

X THF BB IL, AE 2019 SEHI P K& B REE RN 2 Ja, X BRERAERT (Causal
Inference) SiEASEREAT T WHFAIVEL, HATAENMEMCHER . S DSP WA 72T matching [
T user-cf 5%, FRELLAUR RIS T uplift model, HUfF 7 A% 0L SRR TE, I
P37 oMk 2577 A0 5 o8 BBA ) —BOA T o IERE TS i user-cf S5 4H00F 5 uplift model HEA % 58
TER AT A
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BEVE—WEEBBEXERARIRRZHE

=. ETFEREHRIER user—cf igit

1. ESR#EHT (Causal Inference) Eifr
R RHEWT (Causal Inference) YEBIMIN TR BRI AT, B1ERMALFEAE 75 AL

IR, BRI OCR, N THFBM B AHR S, AHET
— AR R K Aoy R R SR R Ao

DR] SR BT 1 A% L T 9 TR

1) AARZ I /A 2 iy A2 B rh 4R H B (causes)s

2) W EANMT /R R IS0 11/3035 (causal effect) .

SEFAME, Heii, Bt TR 9 (counterfactual 5 . TEATEALHERE Y, —ANHE A 2

HEr “EAEE7 2z, BRI Pl R B ARHERE, B R fh e R . K

A1T5E SCIRRBR «

2. B¥xr

HEMRE RGO . PSRN L S H PR AT o mE, SIS F e 2k
o

3. RIR

P28 AR DUER AR R D8] 32 B PR a2 AT AN (ARl .

4. 75

1) #J% Counterfactual B g A :

M oS SAL G A URE B, MIE KT user & user () matching:

a) FA A PEME. 23K R app (5 8455,

b) EFHMRTH ARPEIHER), JLHZEKE query.

2) LBRACTEH P ) leave causes, FHEFAHBAEE I P stay causes. X THER REUKRYL, X

6 causes 15

a) item A B} (HERDZ AR 5 HEHIE NS



b) item FIZAHFAL: AR2E. IFRLME. Bl

The items The causes
make them why them
stay stay

4

The items The causes
make —| why them [
them leave leave

Space-time Tunnel
Figure 3: Jofi usercf 11

R, HTEH T matching 7575, X B FEEREE RUE G user-cf KL, (HRAMES
user-cf 10 1 X IAE T

1) matching AMEFANFEF A DVEAIEE . AT B EHER AR

2) RULRCARIE B, IEEREEA [ A Z A AN HEAT ILAC .

5. B gs

BEPVEMG, 7EPIA baseline AHX w55 Soh BUS TEORROWR S : b ARG HE

1% (push), ZEVTERFH 345 7 50%+ ctr FI1 50%+ click XU K, 7E4ME dsp M55, FiidE
X L VA R RIS

g, SE&REE

ISR, PURREE T AL PR AS (IR > B Z IR ORI, 40 Figurel 1 Figure2
FFREAI, P00 E AR A0 OIS BARATHERIT AR LIEATRRIE, 4 R H L
SHERTEEAR AT P B AP RAEALSE & AT TR KA. 4 2019 BB 0508
SRR T ARK IS AR (LR R S PRI IR R ORI, ELXE T L e 3 4 1
BRI, BRI RIEA5 %, AR HIER S RSB T 2 (0 6.

T BLFULI A : 5 /Ml P88 K 5018 W AR DA O R S 77
REFAMALHER I — G AT, TR 17 4 (%, “TTRRAL”, PP
R OBRR” ST IR
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BENE—WNEEBXRRARIRE K

HF Uplift Model HEHIB@IEE!

Y| MEIURSRIRFF Bk

—. HEEHENRUESSEEK

FER BB KSR, BT RBERREH LB 28 h s s sRmanf]
e “EHBUR CRONGE, TIAMERUER P “ B IR NS B, O BEE A
B PR

MWEH NIRRT UG 2], AMEAETEH T (treatment) g2 “ AL BONEE
AN TG RIS “Teah T8” HREE “RAER” ARSI E IR ERERZ R, mHRA
EHRIBRERS LA N KT B L7 HALKIX I CEMBURNEE” RS RE
RAZAMIL TN -

EHABFIUSRIR
1 ERNHEAR 2 B
. Persuadables Sure things
3 | «® @
@
§~ Lost causes | Sleeping dogs
m o z
= P
. T
3 TRFR
No Yes

Buy if not treated

BERTUEI A, AT 1T BB g ERCR I A, thARDY Uplift Model, JfH.
7 FHAE V) S5 S A RE LD B A ] LS IR T B s b o R TR, SEEl TR SR AL B3k
RN, RFRTT T E PR T W AR R . R SRR TSR IR R B A K SO



E2 NS5 SR N, e IL RS 2 018 I 5 iRt & R R,

—. ETEHESEETSE (Uplift Model )

EAHAI S LK CTR. CVR Tl AR AL, HOGHE M IEREAR AR flide . WL AT N
15t (Response), FAIFRZ A Response Model. 177 5 5 1 i A5 28 N 1) O BEEAE T vHE AP 168 5 R i
D25 Al B B A SR 1 “ R R, T AMNAN O F P “ BB AL, BATTRRZ 2 Uplift Model
AT A A IR IE N

Hrp, XREHPEHME, LZREZH P RSB xm, TR T 6 BE I H P tineE
BT (Treatment) -

Uplift Model A< Jii b /& —Fb R FEHEWTARE AL, ] DUA T 000 /A4 1H 3 Fh T B ANMACIR S /47 M
RIS %% N, (ITE, individual treatment effect). [R5 5 A2 BUA BHEWTESS —FF, Uplift 2458
P FE B 2 REFE, RIFE—ANHP AR T AT, B HE AR Fp(T = DA
p(T = 0)&/DFH —TUE KA, 7 EE A AL 5 X152,

EANSZER R, ARXE Uplift 2R 75 EAR v DL R P AN n) J

D) o py @A, {75 nr DASCE Wil Uplift? 54£4i1) Response Model 7 fi] % 5 ?

2) EFwt S, WA A B AN &AL REA AR, DL SR A3l R R R VA 925 ?

1. BRG%

WL R IR uplift & IR, 7 5EEH Response Model, #X
JE 1T - TR J5 1 Response %5, 1533 &:4¢ uplift, FATFRZ N2/ #8i%! (Differential Model);
T2, FRATAT DA E AR R f N 00 T P R AE RO e 2% Uplift, FRAIFRZ N E AR (Directly
Uplift-ModeD).

1) Z58A (Differential Model)

ZAET R B AR R B, BRI A T TR treatment ZHFEAFN TG T T control A 351
YIZEPA> Response Model, FTUEA Groy (Y; [X;) FIHEF AR Groo(Y; 1Xp) » A5 &M%
fEid R Fitfili i) Uplift:
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U=G-G
IXFh AT S e R EE A, T LAR S UL Response Model #EATZEARE, A3 UL
LR/GBDT/DNN 5457 ,
SERRMN GG AT LA Bl ZR AN AS [FEAL A, FRATTFRZ A Two-Model J757%; T LA
A F— AR SR TG G, #1022 538 id Treatment B EIARE (T=1 vs. T=0) kFE
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T RERSGERAL, SCISAE R T HAZTTEN TN GRFEAS I Ry, 75 B A A 4t [
J 1) Treatment ZHFEAKN Control ZHFEALE, J:T A REAERA TS Uplift {H, X 7ESZPRN HHFE
ARIAEE R . B AEFRATIE B4, BL One-Model [ 22 73 5818 FH oM 3=

2. HAIE

Uplift Model YIIZRiE 2, Toib R DA LR @A77, B2l 3 7 SCHe 3 10 e 58 o) i,
EIFEALE S HAIER AN u 2BITEA T (T=1) FETH (T=0) 1HH T KRG,
WATA e AERBT R S a (OFSE Uplift, TIXAES2Br R o L2 TovE SR

BFAE RS 43 FRASE R L SIC A P s K B B P [ I A AT TR S5 AR AR, RIS 0 e A
SR B (M BB (Model Uplift Directly), R FEEIIZ4EHF S CIA R (Conditional
Independence Assumption) Ftlf, BIFEARHE X 5 T oL (X, L T), EWARRIEHAENH -
A5 N TRT 5 F P RAE 2 AL

PR A& CIA B A1 s B o 17 SR ) v 2 B LS, RIBE LI I — &6 0 NdEAT T, R
UETC 18 /2 Control 41 H1iE 2 Treatment ZH H i) AFEERAF& R AR 1A . AN AT LR H R SR HEIT
# W1 AN#¥ Matching.  propensity-score 5T VAM R L MEIR S, X BEAMMT 2 EIT.

3. BRI

Nof TR TR 24 SR 1 B8 263, Response Model 1  ILI) AUC, ROC, Fscore 2% WLIGHE R
WIETE A MAT, J5 R 3 BAE T IX LR bR 22 AU T Response Groud-truth [4UAFEFE,



158 P BENER—MEEBEXRRARRRZHE

T HA T Uplift.
RSB, A T iwe CIA B L imEdEse, AT LIAgEET Uplift Ground-truth [
PR R bR
e 4 control/treatment 7327 & CIA RS, AJ¥ZEEPIAL BT uplift score #E4T B
HEFIRAT M “BeG NS
o FFxtEEH R ATERT, AT LLiH5E L Response FI 2557 R4 Uplift Ground-truth, 7E T
Ik HRAE N E 1 ) Uplift Curves
o 5 AUC KL, #h&z FMmAR, BI2A AUUC #5845 (Area Under Uplift Curve).

g 1000
3 _—
-
X 800
=
g &00
-
']
400
200
) o
0% 20% Py e a0% 100%

Propomion of population targeted

BT AUUC Z4b, oA Hofth— L PPl fa ] DUT R Uplift Model XCR, X BEAVHRTT, R
RTINS
* Valid-Gini: IR ETREL EWRAE AR
® Monotonicity-of-Incremental-gains: iRIFT 7305y, uplift Bim, FEEBAFT 5 W FEIK,
uplift #K K3 ik
® Maximum impact: J<VE R L2 2 1) 5 =1 1 uplift

=. Uplift Model TEE eI BRI FEET

RS R AR, R EM R FER “RAHE. Kita. kb7 EHHEA
FRAN ROISEZ R Z T, R HERA TR X 2L B BURAI N, I ELARE SR (4 2 A TBORS HE T 200
ML e, A REFRTH AR ERIRI AR, PR RERTT GIERALR.



FATEF Uplift Model J7ik, EIZEEBARRR AL RO T W S AL S 1 2
KE, T AT TSR AR, A R A FUDOR AT B B A RS A,
AT ARG, “FP x 5t x 27 530 PV g E sl , HEARRE IR .

Calibration /=~ Curve fitting
o © | FAPEEEELEE
upliftf = GY;|X;, T = ti) — G(Y;|X;, T = 0)

Uplift model G(Y|X,T)
one-model
multiple-treatment

Traifing data Control group Treatmen\t gr?up
HHEE , FEMN SCIR4E |, NAREREH
ARD) 23]

7E Uplift Model [\ R %#EF, FoATRA T One-Model [f1Z2 40 B )73, T DL F % &

o fE4[1) CTR/CVR TR LA LU s, FHP S st PSS SERIARRAE 1) 3R s R R P B Y
ATLEBEEN, I H PV IR HUSI SRR ST S Al S O LR se . R A H
FAETMEEARE, AR T 5 Treatment 45 AEAT Uplift AH ¢ (KA R Mtk ;

o BT One-Model J77%, W AP SCRF 2 A1) Multiple-treatment SEA5, ZEABDRLFE BORE 41
IRAESEE A, X T2 AN il S A0 75 0 ks BE AT 28R, T DS S RHE RS T
L f5 AL B, A5 fh 2 S B AT S SR R k.

KPR A RE T, FESEIN TG RS EAL ) “ A BBURE” 25, EHEMR “ T
&ROI L1 T 1 e L I AR S el 7o IXA i b A — Al QR I e e, T AR 2 s
SR, UMK TASCIERE, X BAMEE 2 A

0. REEFNREE

AT AT A S B ) 5 ORI, 45 Y T MAORTE Response F5¢7E Uplift )
EHERUE, AL EREE LT, AR “HIE” MR A i, B



160

BEVE—WEEBBEXERARIRRZHE

RCRANEHE A F R AR AT 25 v

W R R T £, AT SORAEA SRR, i, TR S
SRR B, (EBENLSIY0 2 5N, JBit AR Observation Study F7 7458 78 40 FEL B s 77 4 H
i thkE A, DU AR R AR IR s ZEBUR R b, T LU Multi-Task Learning (1977
W14 2 BT %, BU% Uplift £ M1 Response {145 HEATHE A BEME, JRTHEUISE ST, BRI
3o T A L e

BREE A, EHIREORE R, RO AR, BATIIRERRN T E 2k
filo L, BEELANL S H, FRHSRA R AR AT, xR Treatment 475 thA4E SR ;
[, A E AR 7 2R A ) AR, 6 T B A DO I A Wl B 78
5 GRS, PR BB RS LA E 2R, igE T e, Bk L
FIRE



Mz DSP Baliehi itk
Y| RSB R TR B

—. IRINEIETTF DSP HEX

FEI T E LSS, EEAR G R AT BB — 3. M35 EOR A MBS R AR, 72
FEIRLEZ AT SCHUR KA AR fERTTHIR, B Bt 6%, BATRA 7 F3lT,
Wl 5E AT Ipids, XM RN KRR, A T B AR, RaEsR
AR, EamAds, KO ARGEMENTE. B TXEFRN, FAIRZIHIT R T ZHMA
AR EL, RO T R LR AE R R DAU &, AR T AR, HAM
AT .

1. 22 PID R

FEfA B DSP #0750 R, JRAAAAEE B2, B mldy AR B AL AL A
LR, TERATH R R B FRE T SR 5 DAU & . MR 5555 3R A177 4 LR I RALE X

max,, Yiz1x; * CVR; (1)
2?=1xi *wp,
s.t. S R~ )

XIS T RGEN R, 1 RARMIIEN 0, CVRIFRRHE | AL RTINAA, wpi 25 i
USEN BRI AE . BA T B KA AR, (ARATAER mil AR B AL A 2R, B
Q)APEIRE o RYEHEL, FATREA B LR KL i A 2

bid; = a = CVR; 3)

MULE A 2, Gl ] o 288, FATRESLIHLQ)A XML, A a iIEZ
A5 FATEL GI PID F2fi SRz i . [FIS, T QLR T RELW, A



162 P BEXER—MEEBEXRRARRRZHK

% (Bid Optimization by Multivariable Control in Display Advertising) (KDD 2018) ] 7p%:5%} H:
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