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AOIE AJL|O] QIR 2 L of| = 2

ADIE A|LI0] BIET TRIfR] AAH

0] A QIR S 2l 22t 722 M|~ SHE

[ —

09
11
12
14
16
19
20
21
23
24
26
28

29
31
34
36
38
40

43
45
46
48
50
52
o4
56
58
60
63

65
67
/0
72
74
76






( JOIOJO)

il st

E|O{AMT | Rs A7 |

Hefs 24718

Korean Morphological Analyzer

WA 21A17] (Named Entity Recognition)

EMAE 2R 7IE
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Correction Rule

S07HAIC} ~ S04+Space+ 7T OFEHX|7HH0fl SO{7HAICH ~ OHHX|7} ol S0 ZHACt

[O21] B 212 0[&510] |07 | mFO| 7Hstt 42
Correction Rules OHX|7HEt0]| S017kAICH - OFHX|7t BYoy| S0 7HCF
71 = 7HSpace+d
non_space+7 M} — Space+7 2§ OFHX|7Ef0]| S0{7 AT~ ORHX| ZHbo]| S0{ ZHAICE

(321 2 ek jo= =lof+y| DFO| E7H53 P2 248 BHo| K| LRSI

et=0{2] FR, E0iM7|= ZX0A| 22| 7I5dE =011 289l 52 Y&s| TS| flah Ui SQ5ITE XS E01247] AlA
B2 XA S8 AAH-C| 71 7[20] £l= FElia 247(2 TR2[7|, EXRIAY 7 Qlafet 2M2] & BAE S/i5h| #iet
227, SEUAMT|2RE Y AL SE ZYS SR HojLY| ffet X2V | IEY HA |2l ot ZEEME S8
= St QUL

na/0  ———_ neun/l _— . , hag/1 gyo/1 da/l

gan/1
BOS >< >< EOS
na/0 /—— ™ neun/0 “—— hag/0 “—— "« gyo/0 gan/0 ~——— ™ da/0

1 : Space after syllabel
0 : No - space after syllable

—— (Correct segmentation path

[0 3] =0{47 [ 2t HZ Of|Al

4. Jélléél ..........................................................................

B I|£2 T0{M7| BHIZ ZAF 22 2X|QF 22 B2 2X|(dassification problem)2 756 &=l 0f=23 T 2 (hidden Markov
model; O[5t HMM)2 EAERN HEZE JHHE Q1A 220] & S1F 22 AFA0{X 22| 042 2X|E sliZst= H|of| 20| At
Cl= PH0|M Zf 20M =2 &S 0|1 QI

01247] SR SIES 91oH 012 LBAIS 758 L7 g10] 0]n| ZXfste FA| LSKIS ot USHI ASE 4 AL
afethf HMMO| 0147 | EX0z B0 SIS 4 /o0 H0iwy| SX0) HBISHEE HUMS Utatsto] S3E 2ai2

Y = Qs SN ZES ALZsEHt
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A
L7I2AME
- SEfA BMS HE3 (surface level form)Q! O{EZEE O|0|7} Q= E|A THIQI SHEHA (morpheme)E ZE6H= &)
- e | 2222 F2lot, 2t FElA0| EAPYEE s, JElA Ao Al LSt

Of: Lt= L= ME EUTt

Lk=

L/ CHYAL+ =/ ZAL

- SAEA ZSX] (POS tagged corpus) 2R E AFS2 2 &St 87| YR EMS SO 371K 2101 B9 (01E, HEN
A

S0 ME =M RES AME

NNG Sl A} IKS Z=ZHZA} XSV SAHIAYO|AL
NNP : DS GHA IKG S ATA XSA SO AL
NNB :Q|Z=HAt JKO - SHAZEAL SFORlEEST =18
NP :CHAL KB RAFAZAY SPElE JhRHE, 28 U3, &E 22
NR :4=Ab IKV S AT SSMRE ST
WESN: JKQ QI2ZZAL SE -ZQT
VA S2A} IX 2 ZRAb SO 2 HE (=2 iz
VX HZEZ01 EP :AMo{ZHoq0] SL :2|204
VCP K| -A} EM :0{2fo{0| SH :StX}
MM :2tdAt ETN ‘AT 40{0| SW7|EP|S
MAG LA} ETM :2t&dsdT0{0] SN %=X}
MAJ EEEA XPN AL AR NA BMESHF
IC ZfEEA XSN - HARIHET O A
3.7IRER USSR HEOE
< 2 71&2 HYY|, X110 Ofah 3 e S A0X2] 20| lirlv =

« H|2 http://blpdemo.korea.ackr/MA



RESULT :

O] Z< M| Lo|7} OF~ HL it 7Hs-dol HXIQ

=X
|2t £20|EZ El X[SS0| Z2fotH YA U= 210] HICt
LHO|H O|X| 25 ZLHD &2 & 5 JUS 7 2ot
ZoE ZREH/NNG
22| 2H|/NNG+2|/JKG
AL 42/NNG

H| X4/NP+2|/IKG

LFO|7} LIO[/NNG+7 HIKS

OFZ! OF&l/MAG
FOL|7F & /VA+QL|TIHEM
7+540] 7H54/NNG+O]/JKS
OFR| Q. BHVA+K| Q/EM+ /SF
7|2t 7|2F/NNG+LEIKB
£20|EZ £2{|0|E/NNG+Z/IKB
=l 2 VV+L/ETM
X|2E0] X[2/NNG+S/XSN+0|/JKS
EEISHA ZESHVA+A|/EM
LA BMX|/NVVHO{/EM
Q= QI NX+=/ETM
Z40] Z3/NNB+O|/JKS
HOICE HO|/\WV+LCHEM+/SF
LHO| 4 LH/NNG+O|/VCP+ZH/EM
O[X| O[XI/MAG
25 PE/MAG
203 ZL/VV+I/EM
=2 ZZ/MAG
2l 2/VWW+2/ETM

2 2~/NNB

S ANV+E/ETM
7 74/NNB
2ot Z/VA+OL/EM+/SF
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03 Korean Morphological Analyzer [ YoJeoJe)
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= 7|&2 Ofifet 0] el YHO = ArZE 4 QOO0 TITHA S 7|Bto 2 SEla 24 Sl ZAt B2 oalish= U-O|CE

B-KEEP |-KEEP ~ MOD:[,B]  I-KEEP B-KEEP

e 71 t

el 2D BAHEO| S EIS HEIC 230 CHel Eefd 20| A1 O|0{R|T, Hehd 24 ZojofAf 2} e
S=NE

=
o [ =~
20l CHal SAME RARITE BE Y2 CI0[E 7|2 STHAIAHRO 2 ARO| 1R g10] oh5 Ci0[ERtez RS SIAZ 4= ULt

M| RS ofElsE | ong Short-Term Memory(LSTM)-Conditional Random Field(CRF) El2{d 1XZ 0|23tC}

Output - w EF

Stage 2 - Input Layer - Jtal7| Lot

Execute Actions

Stage 1- Output B-KEEP B-KEEP I-KEEP . I-KEEP

7t 3 71 ot
Backward LSTM LSTM - LST™ € LSTM LSTM LSTM
Forward LSTM LSTM LSTM LSTM LSTM LSTM
AN

.......................

InputUnit(‘ . J ‘ . JAuxiliaryAttribute
w 00000000

(O3 5] 2 7|sS B ez V270N = SAIE0| YA ThelQl V127 et LIF R YR, 2210 AT RAE = 0ty

el A, KI10{R2]
HIE A|AE!: http://niplab.iptime.org:32280/unitagger_demo/
AAB1




Text InDUt
2 19|23

Y U2 55 SLZ0IM 7HE[E ofF0[2t 1 SYE7H oY HHRICt
Tagging Result
LH2 /NP
2/
T2/Z/NNG
S|EH/NNG
S/IKO
13/SN
2/NNB
EEZE/NNP
£/NNG
Z/XSN
EQ7H/NNP
O“A-I/JKB
7HEI/NNG
BH/XSV
2/ETM
Ol F/NNG
0|/VCP
2f21/EC
%%_‘?_7 |./NF
9/SN
2/NNB
HES|/W
REP
CH/EF
JSF
=]




04 A 21A17] (Named Entity Recognition) [ YoJeJeo)

17'%%“:01 .............................................................................

» Z2l:THAIY QlAl = BIAEOHM QIAAIZ ZHAIE F2lSto] s 7HAIE QIAAIZIE 71E

%
SA[RIZ(PS), ZA(LO), 7[HOG), AIZKT, RHDTIE F2IstA 20, shie 7HAlol| eh= EatH Sd& 8ISt 7HA[E 2147

—_

HAE Q2 TH% 214) Zat
2= gt=o] Nt =7t S oiLtz, 12, M2k e gl
&= AlIHE TSIICE Al Z= 501 1412{0f| M Hotst
27 WTHoR 05t 547 HUR| S Sl vixj=o =2

ASF3H, 4MP| B 2ETL 1 013t HHS SUC

Si|=et=ol 1L =7t & SiLtz, e, A2t o oA
&= AIRHS 43I0 Az = K0f- D520l A ol
2% HHO = O3t 547) AR Z SiLiel dix=o=
ARl 4M7| S% 22T W Ofst TRIE SLCL

27'% I:c|>l-l:é|| .............................................................................

. 31320{ 7|HtO 2 LE5H U2 %[0 2| IFHE E5f BI-LSTM-CNN-CRF 2EIS SH-5A|ZICH
=

- SE DO HAEES Q20 O] STt SHOIA HRIBOE 91| 7H55 A

—

I
il
r
fu
+
£Q
n

2 42 G0i 7|2 JHME Qlav |2 et & QlCt
- TS5 USKIE CHE Dol 28 4 QlCt

« G2 : http://niplab.iptime.org:32280/ner_demo/index htm

A AN 7|2 AEHOIAIS]

Backward

Create Fetures
|

Padding |:|:D [

r=

//
~ /
\
B_PS
CNN —> Syllable Features I // /'. -
=] NP e [I0 — |
A7t NNG i
E; NG Padding [ ] T] Concatenation et @ o
- Az [ ] ———+ Morpheme Features o 7
Training Data —
g NNP D:D7* POS tagging Features . ~. .
lexicon | | | F————/Pre-trained lexicon Features « —— o L >. o
~ /

forward
Bl - LSTM - CRF

e



M= CNNS St 2 Bl AHE, T HIlf= FEHA BH9{9] Glove vector AHE, Al I SALEE XHE, 715
AME XHES BI-LSTMS| &= H|O[E= AL STt

ol

- Hidden LayerZ 3| AAHEl H|0|Ef= 2 EBX{O 2 (RFO| QI2{0 2 AMR510] T10| SEZHE At S 2IZH o2 @12 ghof siig

St 7RIS Gt

Contextual Word Representation

= e Backward
EE T " - ) — \
L4 ; 0 OF .. ‘.'.
% N o 2000 o
{ &

Syllable Features — W BPS
[~
Concatenation )
IR R by, Morpheme Features - | W
1 iy }.\ X3 ‘A ; o 4 POS tagging Features ~ —~
LA S § o Pre-trained lexicon Features — WO
) T

Hs2st
cj|oje{ 1= forward
BI - LSTM - CRF
oEes Input : 44 M2 Z449) RACh 2018 lofatolCk - FH 52e oI 02/t 2t
20| ol cifst =20 2l Ee HERI MBtIYoR KiF
UZofEct 42 0| $i= & 2B HE, K 2 olge ysoltt %5} H0[EZ BIEtOZ Tl
HEJA ORI HAI B I el TSN B4 20 (R BLC, HE BT, 210 XIESS AA gl Qo Qlzdoz
O RET O 0P O T O, RIOfSIRR 07 T O, <O, N o = _
10 o £ O O O T L O A e oy AMESI0] RS SHEAR 5 AIS
F0 R0 WA 0 T 0, 0= 0 M 0, X7t Qleist Qiztoll skt i
QI O O 1 {07, K[ 07 S O “LEP O A O 7O ) .
=2« ' . . ’ O o ' g = 4
B Ot O e O s R B A e AIES IS0 ZDIR LIEfHCE
0

f O, B O B0l ‘0" )

FHA| 1A Zat THA|H QA A <=M MBS 1 PS> <Z4M 1 S>2] H4CH 23=0(0§ Y0{SHA}
O|C}. 12| Xoj| chist =Z2| 2|n|S B2 HEQI <M|S : PS>CHOE AZI0]
ZIct M2 0], 3l &, 22 <HMF: LS>, Xi= 9%, ofy2 at=0|Ct”

£ Za} EjOZa} : (=A: LC)
(MIE :PS)
(B 10)

17
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- ZE 71l 712t Lo thiet 22 1F

- TH| 2351702 7 | A2 4702712 &2 158 e B

==t
| T = AN

= f Hﬂk

& 2=(PS)0| 7H BLO| EfI=RA20 IR(DT), &
O

(LO) =M= B T2t B2 A2 2fRlE 4= QT

3 | NNG
AL NNG
—_ —_ of | KB

A= | NNG

g | XSV

A EP

1 EM

Web Site Extract Data Training Data
Category Count Frequency
B_PS(Person) 4231 2.92%
B_DT(Date) 2399 2%
B_LC(Location) 2217 153%
B_OG(Organization) 740 0.51%
B_TI(Time) 53 0.04%
[ (Tagl) 3765 2.6%
- A8 Zat (+H| )

Feature Representation Accuracy F1-score
morpheme 974 784
morpheme + grapheme 975 84.1 - 7|= e
morpheme + syllable 978 86.2
morpheme + syllable + POS tagging 983 881 B
morpheme + syllable + POS tagging + lexicon 989 894 T HetER

e

JERA, ZALENY, ARH 7|8E XHELS Feature2 £-25109 Accuracy 98.9%, F1-score 89.4% 2 7|Z 2Elof H|sh 7+
1



05 EM XS 2RIIE @000

LZISME

- EA7HOIE FHE| 12 (0f SHESH=X| RS2 2R

- 2 7|&=2 kNN (k-nearest neighbors algorithm) &5 2+

mjo
i}
o

271HEE

- QIE{I 24 5000097104 =6t A2 & HHHo= THY =2

0x
olr
o
HT
ro
N
o
S
s}
=
10
>
A
o
L
L]

- Y& M 710 M AR El= TF/IDF 7|3 0185101 AHEL| 7FSX| (Weight) 44 Al

- Nearest Neighbor2 £&3517| 95109 Cosine MeasureES AFE

3.7[ESR QUSSR EHOE
- =7 E2 EE EREE/), M T 21 S 0{KzE| 2ote| 28712

QUERY : [ E&2 ™ MA Q| E2 AS0AH G2 O|X|= HHOE, &0 22! A2 W S REE FOHE YA ECk 2
2iA BRIt ZIEEC| BE2 EY| st ME=H I X|E IHFO| A URICE J2iLt £ ES MES fleiM= tts
ol 50| ZHRsIT H|EF 3 = et e 22| X[& 2 A& ofstnte| Apls 3 ARs| A7 0[ X[ &5 Hiof| =™
L|EF efits NEo| HE SHED oLt EYSHV|SH YRE £aloF 5t0q 0] HE 2 MT5| loE TAHMO|C F At
22 2R2E g8ot= ARHO| T EF AHe 200l ZRiERl TSNS HY 4 QICHD LWLt

RESULT : &=9| - ZER - 2FIE
1. /54 02142 CHR|St 0203
3. 2F/eFst 02084 S2x%| 0209
5. ZAZHARAL 0201

<EMEEZa02>

=2 1oL

LX
Of c=H KB= - A15H22|-KEBSH-F-NHE 2l Q| X[ 5l 1223 TMKSHHES 25 62Z97MAR- 0 2 TAHCE X

£toll 98 2 572295774 R101| 7% 5213449 S0t 2L TAXISCHES| =7 | TH| S7142 20174 327 |RE 2
ZO2 IO K|l 127] 42585550 2 NHS H FAE[= 297 |UCE AHfal 427 | TAXSHEC| 27|
S0{t A2 913 ThAe| et iEo = Z0[EICt 913 thMo = THEO| As| 1 FE47IH0[ MIE 2 A= K=k}
OO Q7 M2 SOMICH= 40Tt

QUERY : |13 913 S A CHRHO 2 DHOHAEt0| F2fgiRt 2l ZRe3o| 42| MMKEHS0| 2 Eo2 SQUCt 172 23
! 2

RESULT : &9 - 827 - 2R A=
1. BSCHE/AIBIIE 0606 2
3 FE/FSL0612 4.
5. ZEH/QIE]|2(01 0109

SLFEA 0408

=]
TOoL
=& 0609

-



O 6 Bag of Characters& 2235} Character-Level Word Representation 7 |& " YoJeole

0/0

27|52 ATHZE UZYS 0|&5[0 #HE A[7F Q0| Z0PHQI 2} el AFES ASHO2 &8 4= Q=5 She= A0t A
Ofx{2] A AR EXL TR AHES & HHdE 4= R{0{0F &It 0= 4201 S st Al EXWGHA| RUE £Hof S2f X2(of o =2t

“research” H H
"researching” %: — E — e e
"ing" ] H
% Ky &, G G (o)
2, %, % % %, PN 2.9 X
%, % %, o % 0% O % %, 4
2. S % S %, 009 2%, ¢ %0, e
v §°/~ % O”O’ %/‘ o’&/(& * O/)’) O
o % (4
%

E 7|8 Bag-of-Characters (BOC)Z HIEIO 2 i) 2X} BOC, 2At &=A M AF&! 0] 20| AFAIS concatenate 5101 sparse
vector= MMSHC} 0] sparse vector= CHOOICH 25T HGHK| oto o2 £ 5FAS QI3 FHAI0| 7HSSIC]
A

s

0] = 2HHAZE LAY UHOZ AIZahA Z[EHQ! ZAIH| A HES Aottt

0l

Sparse vectorS SiLe| 24

4. Jé%:'.' ................................................................................

ZAp S R 01|, S Q14| MBS S 2 7|20| M52 ABSIOIL A 21 SR 1A BT 9662% BAHLA HET
97.73% THHIZ Q4] F-score 91212 7|ZB1%C} Oli= 71 £1A1 7|26t A QAL B2 2 Z0| H50[ct w8t &2 7jae
7|71 ) 25 H2| ST WE HOZ LIEfITH

1200
1100
1000
900
800
700
600
500

Slot POS NER AVG
B Char - Dense B Char -CNN ® Char -RNN

[2l] &E X2| 25 4 Char-Dense?t 2 7142, 27 71 Te| 715} 2 242 Soldt 4 It

o



07 2 ATAE 0|23t bilingual word embedding " YoJeole)
L7IEAME
- 2= 2H| 0|2t THOIE densest A4 HIE| S7to]| 0fEStE], THo{2] 2|0(7t BIYE| L & o= Bt
- YE UH|F| 2tgd FZOISILIRI 0[S A0 = UHIT2 MZ CHE & Q1010f|M RAFS 2|0|1E 71X|= BHO{7F RARSE 3710
OiZ(mapping) = =% St= A2 =HE 5t =0, 7 [AHS 20i0i|M H2 A7t 0|F0X| 1 U2
£%0]
40
[ | | ]
(] (]
/ N Ve o\
oA / /00 AA N
e ,// oy hund ,// par
dog
Berlin Paris Berlin Berlin Paris Paris
Monolingual 'S Bilingual
<Monolingual vs Bilingual O4|A]>
27IAHEH s
- 2752 2M T3 IHAHCHE 10 7k ¢1ZA 12 (biingual signal)7t et 2&7EE HatAI2 HI0|EZ 0[&st 015 2101 &
= Qg 2
< JHUSE DS FSIXI 0| E ZEst 210f 7] AZ 2|24 THIE 012 T2 ALE510 A2 CHE T A0{E SYst 3¢t
o| HE{ B7to= oy
et ofFH 0]= 210] 9I= A=
(Seed lexicon) A1A
A ltalian >
SYHAAA P A2 L BAER @ fre
* W|ne
QH0{E A &4 / e >
Length - ratio shuffle  —% —erpcific] — A
gth - ratio shuftle Langua.ge speqﬁc > >
mapping function |
* < gnore ]
X \// ™y
Word2vec st& \></
<Bilingual word embedding 22! 7H2>
=
3. 7|E El-.g. '3-:' %.g. _E_()': ............................................................................
- 27122 CHs 210{0f| Chish 197 |of| 282 4 o0, CIE ¢10] EAM0l|A FEHM DR = 2EE 4 QICf

« H|2 http://niplab.iptime.org:4321/seol2/mt/projector.html

7



12 BHAZ seed lexicon22 0|83}, wikipediaE &3l 0121Z 2H&oIRICE 2 HHoM= e=0-0{E 0|&¢t 0I5

o
2101 IH|ES +ASIRAC.

Embedding Projector @ #
DATA ShowAll  Isolate 101 Clear
" Data points electi

g !

21ensors found N i o . .

pos_ratio_model - AE/NNG/1 ~ AR » word ~

ety word AFZH/NNG/1 | neighbors ® -@——— 100

word - count 660

e — distance COSINE  EUCLIDIAN

- o

No color map - L) @

Nearest points in the original space:
Sphereize data @

love/2 0532

0.567
Load data Publish o

0.59%

Checkpoint: Demo datasets

0.599

Metadata: oss ita/pos_ratio_model_18271_
znua et 0614
0619
0620
0629
0632
TSN PCA ouSTOM e
0639
5 o o641
Component#1 ~ Component#2 ~ 0643
5 i 4 5% ¢, y o b ;“7_ g 0646
Component #3 -~ e o 3 i P i N 0CD

<Bilingual word embedding A|Z{a} Z2}F of|A|>
- 2 7|&9| b= H|R20j|M E217FSSHH, tensorboardE 020109 A|ZSISIILT AlZst Bit= 5H=012F F0{0]| TS seed lex-
icoNO 2 0|Z10{2UH|ZIo| Afe| 5k 42 7HX| T A|2t5} BI9IC EX thof H HIE}Z 7 10f| A ZAllSt THoof| Chs M 7t
T2 RIXI9| TO{E 2 AlZtststo] HOJECt

rulru
\l
;
ol
o
ES

22



08 Stack-Pointer NetworkE 0|25t 5H=10{ o= 712 2M @000
1 7|§ JIkE-II:g ..............................................................................
- OJE T 2M 7|E2 K10 2E0|| LB CoS9| ofF HAIE BXst= 7=
AL 0] 7 $747<1I°d/ goi7 \%&*iﬂ?ﬁl
A -
MAlIZ oioir} T Sd=
(=N =P S |
SAAR|01T
a0
- J210H 20| THO1S9] OfF A1t 2 ofE O] RS LIEH = o/E B4 ER| 15

« LU LSTM-CNN 71259 QITTHOf|Af 2t 02| O] Hf ol e, FElA BAL YLV ZotEl S5, FElih AL 82 E

[$2116,]

6
T

Ss Sy Ss
mm_ mm  mmoron o (g g gl R

N
NP o Sl ol Lt Ac|of
ROOT bt ol wexe xe o Sr=0l B =0l ASERI
/B-IX S o= EL
T ASEIACE. ASEIACE. ASEIACE. ASEIACE.
J0A= ROOT ROOT ROOT ROOT ROOT

7
- = 7|22 B0 HZ sli4, 7| #19] S2| Trfet Xte10f Ofaf 7|=0i| MRV a2 28 E U

« 4|22 http://niplab.iptime.org:32281/kr-stack-pointer/index.py
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O 9 Dependency Parser [ YoJoJo)

1.7l €8

27|52 OIS th 2 2 Sh= SyntaxNet A|AHS SH=20{0]| ALEE 4= QUEZ 8 Z10|CE SyntaxNet2 72011 ZHES Q=R
=4 7=, HI0[E 7|8 ST AIARO 2 SABICE SyntaxNet®| 2EFEEM Fatr= 94% 0|2z, 2179 21 96~97%
ol 77h2 dsg =2elct

ROOT

R ‘»fflfj[“l—lﬁq

Alice , who had been reading about SyntaxNet , saw Bob in the  hallway yesterday
NOUN ,  PRON  VERB VERB VERB ADP NOUN ., VERB  NOUN ADP  DET NOUN NOUN

[221] “Alice, who had been reading about SyntaxNet, saw Bob in the hallway yesterday 2= 220]| CHE Q| =22 A OfjA]

o

SIETEENE 7l 2 KK 2 B Stz SR 7HsEt o1E E2lofM Z[X2 EEI% OtLHOF B SyntaxNet2 &
Rt Yo = Uasitt O|01| 72 =010l HE317| #lsiiM = HElL 240 KIRHE|0{0F BHT SyntaxNet 22
I 2lE F2240] et E Z20tof Chstod, 2ol o1 e 2 YejaSS ME-shs DPHE A:rLE._'Ek

o
Jal
[0
HU
0°I" g

HIE A AE: http://andrewmatteson.name/psg_tree.htm

|



4.

Sentence to Parse: [

Visualization

15

=20

g2 19I2LS 132 BEH %5 SUAUN /AT 0ol B

=5-2/NP_SBI

CoNLL-U Output

Details

) POS Tagging

ID  FORM

1 g8

2 k= oil= =g

3 13¢

4 ey

5 85

6 SLZ0N

7 Mk

8 ofgolatn

9 SYEIt

10 9¥

1 EE

a A

(D8] 272

oM
iy —-|I =

Dependency Parsing

D932 EE/Ne_0B1 13Y/NP

Reassembly

LEMMA
HENNP + 21X
D9 ZINNG + E|EHNNG + S/JKO
13/SN + 2/NNB
EHEF/NNP
Z/NNP + Z/NNB
2L/NNG + ZHINNG + 0| M/UKB
7HZI/NNG + 3l/XSV + 2/ETM
O H/NNG + OI/VCP + 2t1/EC
S YE/NNG + 7HIKS
9/SN + 2/NNB
S5V + QUEP + CHEF + /SF

ISR, /RoOT

002t/ vNp_cvp

S5/

SYE7I/NP_sBI

7uzm/lw_mn

TE2F/Ne  SUZO|A/NP_AIT

Ql
2

UPOSTAG XPOSTAG

Z{oflM ZHzI o gol2t &

25

FEATS

Ql
=

9Y/NP_AIT

() Debug Logs

DEPREL
NP_SBJ
NP_OBJ
NP

NP

NP
NP_AJT
VP_MOD
VNP_CMP
NP_SBJ
NP_AJT
ROOT



10 Small Datao| & 3=si7| 9i3t Ho| st B 0000

o
- 70| B4 S 20l DIS0{El DS THE I3 skol M3t ZOR, 0l HO[ERHEE S0l BB 4+ IS
- B3t O0JE|Z ©IX RS SH50iT CIOJE} HEsH Hixst taskol| Choh 2eo| Fo|2 Fiskote 2ol Smal Datac| 3172
S=aicts FolM 2 330l U

ron
-
—
-
fon
-
&

ST 0l|2FS RIS ATIS LIO[E{QF Al 0f|ofS It MIT TIO|EY. ZI2f2| slotS2 a4 CIEX|T!, 0f2fS ¢

S, ATISO| city@F MITQ| Location0] EXI0| @ X|2H= HoflM iR SAket
ATIS UTTERANCE EXAMPLE 10B REPRESENTATION

k=)
o
™
rr
D_I_
s}
=)
>
O

Sentence show flights from Boston To New York today
Slots/Concepts 0 0 0 B-dept 0 B-arr [-arr B-date
Named Entity 0 0 0 B-city 0 B-city |-city 0
Intent Find flight
Domain Airline Travel

ATIS &2 0f|of | 0|E{0f| CHE! Slot Filling®] Oi|A|

Are there any French
O O O B-Cuisine
restaurants in downtown Toronto
O O B-Location I-Location

MIT A2t of|F C| 0 |E40f| CHS! Slot Filling®] Oi|A]

2.7|&

HI0]E7F 25 Mz2 EHRIC2 AIAHS Shget i, ME

£
Ml st YYS 0/18010] SR8t &2 & 7[E(source) 0|

+ XI101 O[3} AIAHS SH57| lsfit 22 Yol 2k &
OH T od
o

2 ctaE E
C0[H 2fizl3 TIetslof 5h= SHAIH0[ EMEITE 2 S+ =
QIO H|O|HRH M2 oz 2t8E E H|0|H 2 T tid(target) =HI2IS 28t & M7 |(lot filing) 22 o5 FHOIC

[0d, =0fiel 1

ol

- 2 o0 M= &2 L7 |(Bi-directional LSTM 7| 2h), =HQ1 22 S 2|8t X{CH 8k, Orthogonality Loss S8 ME
ool oo ;qE% MZ AFS HIEFY O 2 SHASIQICH

= OTr

:|

- CietHIO[H S eSd oef =
A5, Al stg Ho%':.*% OI%&* E% el 2Ed

el

l?ﬂ
inl
=)
m
>
>
m
10
ol
>
E=
it
0
in
>
30
i

o2l ZH%10[ ot50] 7hsst7 |of HlO[E7 F £5at =4 X[&f o



+ slot filing 2H2| 7t HO 2= -1 scoreZ 0|80t 20, TGT= AL st5g MESHA| 210 slot filing RHE stEet ZRE Lt
o
[}

o
bl Mol stas A&t TH|el 27 &4 e4-E Lot HIEER = 1 Ao =0 et 452 SEI

Target MIT Rest.
Source
TGT 66.10
ADV(A=1) 65.32
ATIS
ADV(A =0.1) 67.12
ADV(A = 0.07) 66.41

7
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d

E717|4t $t=50] 72 Z4HEM @000

17124

o2

Matural Language

Sentimental Analysis G prmen

32 0JARIRIo chg =210] W2 CEoRIRIT YSUICH 22 AZ0 EFN LiR 33 8 Baiel welo| 20| 88
33 5 Y50| 92 50| B8 FAUCI|N AL 522 80| 4N 5 s

Sumit

Input : S= O|MTX|of ChEt =2t0] 22 =YX ASLICE 22 AOHEM L2 B= 81 g=Xte| €elo| =210 22 XFELIC MUS slufohs <5
37 5 Y0 22| RIS B2 E2(YCT| 1 UBLILE S22 BH=0| 3 S5 UisX| RlHM S= & 511 AT SHEs = ZYMYLIC

Output : angry

tolt

<Sentiment Analysis Demo Z1} }&4>
« Text Sentiment Analysise EIAEZ2E 0| M= Z4H B2 S o|S5t= 7=

- HlO|E = 572] 20| EHZE 102 7 O[&9] w4 7IAME 0188 & 4gte| Hx2| AgS HA 482 oiSst= SAV (8 &

2|5S Mot

27IRHE

o A 7 |AfOf SETHEHOIES vocabularyol] 78t

{72 ZIAJOf CHEH vocabulary LY EXO1S) tFidf* ZHS 751D, e 7 MOl EFZEl 2B EE5101 2} ElO{S2 SRked HE|2 613t
+ BI24E) EIAE0A vocabularyOll TBHE| E1012 B0} D[2| AAME MEfGOR Wsleln, DE Eojo] HERLS BHAIBI0] 1T &

=]
2 confidenceE 717l XS &34t

=
12 T AHRS 018510, HIAERRH 90| Yl= Ed(feature)2 FE2! WEtA Sd 214 Xte10{ Ol S THE

« H|2 http://niplab.iptime.org:32280/sentiment_demo/index.py

28









01 Chst A|ABI0)A2] KIoAAR 2 CHELE 2IEH Memory Attention 7|2t Breakdown Detection O @ OO

1.7]& Mo

« L} AIAEIOf|A Breakdown detectionO[2F AR2IE A|ABIZI| AjiA2Y2 Chste| SE0| B0{X|= tiefs BAlshE XY

o
- Cist A|AES 01&5k= ASAT L0l E AfeiAi2 CHaf T O|FO{M0F A| A0 Chigt 2HES Saif et MH|AS 018

A Ol
T AAO

- Of2f J2I2 Chat A AE0i| M breakdownO| 2k KIAIE H0{E 2. AAR-ARRE 72| THSHE HH OFX|2H0]| ARZI0| “Li=
HIZt 24014 KE0f| Zof| A2 HOE"2F SIA L, A|ARE F2H0| SHX| 4= ¢ S;ZK?—L-_“ NS 510§ XIAAZR Chigtel 20| &
7|2 ot A Ol
O=2 2 T Ao

"o, 22| = 7t 2|

Fo

User
.o’ “27 |0 H0fl A K Hoi| 7} 2CHD #01R”
o

‘L= HI7F 2401 X Hof| Zoi| ASHOE

User
‘o‘ *22{% X{0fl L7 b ST E|2ALIL” (breakdown) 2,

5
® 'vﬁ?
System

v
« 2 7|&2 end-to-end 7|Et2] breakdown detection 2&0|0{, LSTM(Long short-termmemory)S 025101 CHSILHO|| A2 X}t
512 ol ALSH D A|AE! 255101 CHSH memory network? || attention 7|22 023510 breakdown detectionS 4=

- Cist A|ARIS XIRI5H Qs 71719] ~ZELY0IM &8 7151, 71E2| QISAls 217 MH|A2! NUGU, kakao mini SOfA

T



ANB
- 2 91710||A] H|otst mES CrS Tt 2T
« TU: memory attention2 ME5}X| 42 DE!
« TU+S: system memory attentionS &5t £&!
« TU+U: user memory attention2 Mgt 2
« TU+S+U: user and system memory attentions &2t HE
= DM FHEA HI k= TU+SLE TUHS+UOIM 7| & BRSO ds2 B
Model
Proposed model _ Majority RSL17BD
CRF Baseline , KTHrun2 ~ PLECO runi
TU | TU+S | TU+U |TU+S+U Baseline un2
Accuracy 0458 | 0464 | 0467 | 0.47 0.4285 0.3720 0.4415 0.2950 0.4310
F1B) | 05146 | 0532 | 0533 | 0556 | 0.3543 0.3343 0.2949 0.3636 0.3201
: F1(PB+B) | 0.6737 0.6906 06679 07441  0.76722 0.8927 0.7440 0.8744 0.8400
<Hiotst DHo| HaH M Zi>
Chee A B7lol ot ZH0ICk TU+S+UOY chet SIS Bt Znto|ni, sict . o Clo|QZ 100 WP} 248 o break-
downO| |7 |7}X| attention2| tHSFE AlZ{atet Z10|C AR OFX|2toi| breakdownO| ZH5E [7HA] EX7t £l= 2S00 ths 22
0| A 22 attention weight2 AFESH 712 &tolat 4 QIC}
Role Uttreances Memory Attention Distribution
M user memory M system memory
Userl Hello how are you? 0.004 1
Systeml Hello, I really like movies. how about we talk about movies? | 0.063 W=
User2 That sounds good 1 like movies. what is your favorite movie? | 0.0365
System2 | Hello, I really like movies. how about we talk about movies? | 0.063 .
User3 That sounds good i like movies. what is your favorite movie? | 0.0365 I
System3 | Ok. Let me know something you're interested in. 0178 |——
User4 I'would like to talk about movies. 0.0366
System4 | Ok. Let me know something you're interested in. 0178 ———
User5 I would like to talk about movies. 0.0366
System5 | Ilike pop music. 0258 |——
User6 Do you like avril lavigne? 0.849 ——
System6 | Ilike pop music. (Dialogue break down) 0258 |——

<Memory attention distribution= =

-



LSTM

- [@0@-@—{ OO0® ——s—
va [DOO-O — ?

A

e
® >le
o "My day was ok" — W
s "How was your day?"

I

Embedding A Attention weight

(HARER-

Embedding B { mt }

Ta —H
.

Attention weight

<Memory Attention 7|2t Breakdown Detection 2& 7H2>

O

e
=]]

AN B, ®, 3, we Zk2E concatenation, BHEZIA multiplication, summation, 22 AIGH= Clo{Z ojojsit) 2 2

rI_OE [

|0 o

a2 S

Sk IPE 2 CSn 2T} (1) AR X} 5 L A AE E510{| CHSF sentence representationS %H@Ef 2) SR A Ol A
s = {wpwt, ,wfn} U AREAt of :{wiawtza 7wn} | ZotE 213 (Encoding)sh? | /s LSTMS 0[83510] hhE =&
. (3) LSTMO 22 2l55t 01AT HIE{QF SixH AIT0M 2= 0T A|AE! 2i510f| Cigt memoryE H 5101 attention= O
St attention weight 242 EEJICE (", m,"E ZZH AKX} A|AH] BE510f| CHEF memory context BIE{OICE) (4) DIX|2to2
CHa}H A|AEILHO| 25101 A breakdowng OIZBHC]

o@ 1o 1o

tC

-

oo o[>

=



02 59 |92| YIEYIE 0|83 Chst A2 0800

A
1. 7|E AE-II:|°1 ......................................................................
- 2% X3 L5} A AT ALt oot} 2He SHEHBXS 238 4 U TSt AIARIOR, TSt THRIM ARE 4 9IS
- AlAR oM BIZEIS S AIARIO| SEE! 4 Ol B $HYSIT, EHIOl XAl BIY| w20l B o Hlo|Ef2 5% of

System Action Templates

hello what can I help you with today any preference on a type of cuisine
api_call <price> <number of people> <cuisine> <location>
great let me do the reservation

here it is <in f o addre s s>

here it is <in f o_phone>

how many people would be in your party

I'm on it is there anything i can help you with

ok let me look into some options for you

sure is there anything else to update

sure let me find an other option for you

what do you think of this option: <re s tau r ant >

where should it be which price range are looking for
you're welcome

2IISHEH
- R H22IE 0|E5H T3t 012 4 ALEAt L3It A AR SE &St HH1S 7446110 0|5 22 S S T 22|, AIAH S
o 0222 SIS,
| CifsH 2 A4 Al 01 HI22|0f|A Attention MechanismS S5l 015 2h510f| 2t2h ZIZ=&HX| 1245101 Al

0] 0|8%|1 QU= Facebook| bADI A1 0f|2f H|O[Ef A0 ChialiA, 7 |E baseline RS2t H| w510 Of

- AFEA|EE], A HE22|E FTtel 20, 2RO S5 Bl F7t oI 22| 4 FEet 1~37H77ER] 40t ARl S TIRESIE

- bAbI Task 50i| CHial| 25 1002] M52 7| 2310, K| H|0|E{2F QA Task-62] AR E 7|Z State-Of-The-Art A15S EHU

ojo

>



42 4y ZAn
- FAMel E, O3 4
Task-5(00V) Task-6
Apporach Per-response | Per-dialogue | Per-response | Per-dialogue

(Bordes et al,, 2016) 777 0.0 11 0.0
(Perez and Liu, 2016) 794 0.0 487 14
(Seo et al, 2016) 96.0 - 511 -
(Eric and Manning, 2017) - - 48.0 15
(Williams et al, 2017) 100 100 531 19
BoW 999 98.6 549 1.0
UE 997 973 551 09
BoW+UE 100 993 551 11
BoW+UE+EF(RB) 100 100 55.8 13
Proposed BoW+UE-FEF(ST) 100 100 55.8 14

Model UM 100 100 555 18

1-hop SM 100 100 55.2 15
UM+SM 100 100 55.9 20
2-hop UM+SM 100 100 55.7 2.
3-hop UM+SM 100 100 55.7 23

bADI task-5601| Chigh A&l 21t % 7|E baselineX 2| H|
w; &
System Action Prediction
"How many people @ F®_W1@*Wz—®—\

would be in party”

"Ok let me look into

u
C3y

f_H
AT
(NENNN]

Ciy 4%)
AT

{m}
{7} (OO

q:

q:

El
C3y

/—/%
¢ el
(O
2t
g DIE[L{

(NANNN]

—s
my;
—s

mg }

some options for you"
Slot Value
Location seoul Entity Features D\
Cuisine korean
Number of people | <empty> Utterance -

. — .
Price <empty> Embedding

—1| BagOf Words -/

I'd like to book a table
with korean food in seoul

N
«»ﬁ

User

—of
=

il

User Memory
Representation orin

'}

[y

=

t
Weighted sum
LSTM A

-

Iy
000000

it
WNeighted sum

System Action Memory
Representation

{m}

M

O22] LS9/ 0/3t Chet AIAH 282X



03 4 7|4t Cifst A|ASIO| M) Mg OIS 71 0®00

oy
1=
d
rc
En)
ﬂ
>
m
S}
il
=
o
lo
=]
ﬁ
o|o
i
njo
ol
H
i
(@]
Q)
=)
Q.
QO
D
w

) S0IM Z0L M S5tz Chiat AL

50F ARSI S ASsh = A2 S HEZ 510, 744 7|8 Chah Al H

My skype doesn't start, anyone knows why?

-~
A 4

)] So | can only wait?
A 4

e o

N Thanks, better to know that its in progress than missing out.
4 Maybe skype has this problem with Ubuntu because MS bought skype

1. have you tried right shift?
\ 2. there are several apps for data backup, after that do a 64 bit clean install
3. Don't bessilly, it's a cross-platform issue

Response Selection 99. Itis COOl, one sec
100. thanks for the link

Ubuntu troubleshootZ} 2tZ=] CiSIR} 010]| Chat & 0| =5H= 0f

7
c=27|a2 2YE AR HoiE 4 A= LSTM Encoderet FEGH Lhigte| ol S23F £Z0i| ts] HEX o2 20| 2
C C

57| ?[alf TH0] £H2{2] Attention mechanismE AHESt0 2EIE 7HUSINS

5t L walol 52 STISA B, Wato| 24, 2% YHIT)SS Biefsio], s 2% HuIS TS B Holgt 4 I By
gt

« DSTC70{|A A28+ Ubuntu Dialog Corpus@} Adviisng DatasetS AFE3101 response selection taskd| CHal Al&S ZIglist Zot=
OfzHet 2=

« 2 7|=2 DSTC70{IM M&Fet Ubuntu®f Advising H|O|Ef A0i| ChsiA A& Tlatst o0, ESIM+SE+PE+UE(ELMO) ZH0| 7|&

Baseline ZE=9| dsELI £2 H5S HO{FUS

36



42 89 At

- A, 7 4

Ubtmtu Advising
Task 1

R@! | R@2 | R@5 |R@10 |[R@50| MRR | R@1 | R@2 | R@5 | R@10 |R@50 | MRR

(Lowe et al. 2015) 0.211 | 0.307 ] 0.446 | 0.569 | 0.921 | 0320 | 0.074 | 0.108 | 0.210 | 0.342 | 0.802 | 0.162
(Dong and Huang 2018) 0.367 10452 | 0558 | 0.651 | 0.917 | 0.465 | 0.086| 0.156 | 0.256 | 0.376 | 0.834 | 0.187
ESIM + SE (GloVe) 0.377 1 0.460 | 0.568 | 0.657 | 0.929 | 0.473 | 0.098 | 0.160 | 0294 | 0.430 | 0.834 | 0204
ESIM + SE + PE + UE (GloVe) | 0.384 | 0.464 | 0575 | 0.662 | 0.921 | 0.480 | 0.112 | 0.166 | 0.298 | 0.438 | 0.859 | 0.214
ESIM + SE + PE + UE (ELMo) |0.406|0.493 |0.606| 0.691 | 0.928 | 0505 | 0.106 | 0.160 |0.306 |0.460| 0.858 | 0213

- Of2fio] 82 = 7|zl TiH| 22 Tk 3 Eet Tl FdE RAlEt XY

Model Architecture
Pooling Layer Max Pooling E Max Pooling
oo (FEE - [ETRN TN I
Pt oot ot Pt tor = v
I_“ 5. Mcy Meg My Mep—2Mep-1Mcp L My My Mg mrvq_z‘m,,'q,jmr'q:_}j g &g
- _ o — :F g
me -7 EmEEEEReE g -
g z
I Z Weighted el Weighted 3
Attention Layer Sum

User _&" Position

Sentence _:

BiGRU Layer i
- i Utterance-level :
Word Embedding 3/ . Attention

.....

0

Dialog Context

LSTM Encoder2} CH5} 2 &

. ®
3 i Avg. word
v —ese Q) i (9 O
- — @e®) S 9= 8
1t i— hidden states O O
" — 908 S
So > ¥ S S %
& Fs &F £§ &8
S SR S S ¢
g & & &



04 3HT0| S42 Hilt AIAR) AM T2 7|5to| Tifs} A|ARY 0800

[of7} 22 S5t BRIZ 238 4 /i e AILEIOR Tish SOIRIIA ABE 4212

of
|of Chist CHO B2 R shE S TIASIRACH, i RE0IM et=0] S5 BIYe feature extraction 255 7HY

- BN RIEElS Solf A|AHI0] SEE 4~ e HHES 36k, TH[Q! XAS BRI | thE0 X2 20| H|0|H 2 st 2

Ttz 2224 23 4 Qi Al A7l Z2H n Action Templates

AR}
k- AZABLICE Hao| IRIOR ofofstAl 47127 a 0. api_call <BAIBT> <Q|X|> <Ql@i4> <I17>
| A Ef

$ 1. 7HE0 Rl o= T 2 Mzt
. AR} =
‘: I3/ OfEIl SlojoF iLig? 2. aAsie
AxE 3. Ul & HEokA Lt
Py 9. 4 T2 2lAEES BOjsAR
Y =02 % 7HX| 2lAES Bojsae.
DI /i call <415 <Dl 21> <OfAtEE> <xigfeh 5 EEoEE Qe
Aag _
e (g ] 6. 22 QIO ortA 74712
—C= =21 &5l
o. o 7. ohgsiMR ofE Eolezle
P i = st glLte?
m?« 8 Yz ct
o] 21 2ig 2X2 9. OjEZER0| Q7|2 Z0FsiLiQ
. AR} i B}
.: ) £ 2R lute? 10.0{2kS ZIfsi=2| =2 S1ZiELICt
Azd ﬁ 1. @IX|&= <info_address> QIL|C}
&
A2 12. 9IRl= ofCjof| Qlofof SiLte
.o‘ Z0t2 H 7HX| 2|AES OISR Api call<@24A)> - -
O <2ici> <0jA> <HEkshs 0[2|AELS OfH7}R : <Alch 13. 0| 2|AE = OfEH7}Q : <restaurant>
A"
@ 14, M5 &= <info_phone> QIL|Ck
<@
User 15, Z0tQ H 7K| 2|AEES o=
olof2 A== SABLICE

27IEHEEH

« Entity extraction, utterance embedding, bag of words 2F 20| 37H2] featureE Bt24510{ s} XHES M50 LSTMOZ QI
THE F6I2.

- 0101 S X|A2 BBt Sl AT ST UM HBAIS HOlsISS: Tf2hk UHERl end-to-end learing A0 DHS
TR OR S2 90| s HloJE|2 Do) 8140 753t BE0| 92
 AIAHO| SEHS NAR oM HZ3! Lo 2 Holslol /o0, 5 167ie] ST $25 7H st 8BS softmax I8 22

2 3ot

3.7 HOE
- 27E2 MY olof 22 £ EHelo| thst AIA- 50| E-8E 4~ AUS. 2F=0 St HIO0|H 2 St50| 7Hstt R—2A T
2 THRIo=0| &E0| 8olgt

« H|2 : http://niplab.iptime.org:8886/

38
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AICH Ok CH3} AJAEY

AL OfIA)
ALBAL: mRofA A 22|12 e = A= AT o2l

A - LI
AMEX}: ENTER HE
A8 o] 0II0R ofefatizirta?

AEAL: MY

NAR - 712{0] QI Of € MZtAILIR ?
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Summary

HLEES 0|88 ZM Ats 29f V|| KR LT

There has been significant open source reporting which has documented the alignment
between apparent information collection efforts of China-based threat actors and the
strategic emerging industries documented in China ‘s Five Year Plan (FYP) .

The 13th FYP was released in March 2016 and the sectors and organisations known to be
targeted by APT10 are broadly in line with the strategic aims documented in this plan .

We have observed the threat actor copying malware over to systems in a compromised
environment , which did not have any outbound internet access .

Systems sharing credentials across the client and the MSP are of particular interest to
APT10, and are commonly used by the threat actor in order to gain access to new areas
of the network APT10 simultaneously targets both low profile and high value systems to

gain network persistence and a high level of access respectively .

The threat actor 's known working hours align to Chinese Standard Time ( CST) and its
targeting corresponds to that of other known China-based threat actors , which supports
our assessment that these campaigns are conducted by APT10 .
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Automatic Video segmentation based on Narrative
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Results (SPS).

BPR-MF  FISM FPMC  Fossil improvement
Datesets method @) (b) (@) (d) GPS (€) d vz(a) - ee vsb evsd  evsbest
A-Auto sps@30 0.0384 0.0882 00275 00863 01012 0048 0013 0015 0013
A-Video sps@30 0.0327 01072 00399 00875 01493 0055 0042 0062 0042
A-Elec sps@30 0.0411  0.0421 0.0309 00428 00511 0002 0009 0008 0008
A-Office sps@30 0.0386 01003 00630 071390 071461 0100 0046 0007 0.007
Epinions sps@30 01184 01147 00789 01184 01974 0000 0083 0079 0.079
Foursquare sps@30 02555 02622 02516 03162 03262 0.06] 0.0e4 0.010 0010
avg (k=100)  sps@30 0.0919 01185 00815 01298 01669 0038 0048 0037 0034
Results (Recall)
Datasets method BPR-MF  FISM FPMC  Fossil s improvement

@ (b) © d dvsa evsb evsd evsbest
A-Auto recall@30 0.0386 0.0834 0.0263 0.0821 0.0954 0.044 0.012 0.013 0.012
A-Video recall@30 0.0334 01009 0.0387 0.0831 01456 0050 0045 0063 0045
A-Elec recall@30 0.0436 0.0437 0.0309 0.0442 0.0509 0.001 0.007 0.007 0.007
A-Office recall@30 0.0380 0.0756 0.0436 0.0750 0.0830 0037 0007 0008 0.007
Epinions recal@30 0.0727 0.0902 00370 0.0848 01390 0.012 0049 0054 0049

Foursquare recall@30 0.2382 0.221 02314 02517 02634 0.014 0042 0.012 0012

avg (k=100) recal @30 0.0767 01007 0.0636 01010 01309 0.024 0.030 0030 0.026

Results (NDCG).

BPR-MF  FISM FPMC Fossil improvement
Datasets method GPS (e)

@) b © (d) dvsa evsb evsd  evsbest
A-Auto ndcg @30 0.0169 0.0479 0.0136 0.0397 0.0504 0.0228 0.0025 0.0107 0.0025
A-Video ndcg @30 0.0292 0.0830 0.0321 0.0679 0.0888 0.0387 0.0058 0.0209 0.0058
A-Elec ndcg @30 0.0262 0.0265 0.0189 0.0268 0.0402 0.0006 0.0137 0.0134 0.0134
A-Office ndcg @30 0.0202 0.0498 0.0237 0.0456 0.0549 0.0254 0.0051 0.0093 0.0051
Epinions ndcg @30 0.0727 0.0902 0.0370 0.0848 0.1390 0.0121 0.0488 0.0542 0.0488

Foursquare ndcg @30 01367 01399 01294 01589 01973 0.0222 0.05/4 0.0384 0.0384

avg (k=100) ndcg @30 0.0503 0.0729 0.0425 0.0706 0.0951 0.0203 0.0222 0.0245 0.0190
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