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e An essential property of a conversation, “continuity of senses”

https://pixabay.com/en/fishing-net-red-thread-network-node-1526496/



Research goal Wmﬁ::;:::

NNNNNNNNNN
UUUUUUUUUUUU
CCCCCCCCC
SSSSSSSSSSS

See if we can detect holes in conversations
Evaluate existing knowledge models
Propose an approach to measure these holes (incoherence)

Why: dialogue system design, knowledge engineering
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= Knowledge Graphs
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= Word embeddings
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= Knowledge Graphs
= Word embeddings
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= Knowledge Graphs
= Word en |bedd|ngs
.
= Knowledge Graph embeddings
Donald_Trump
10
American_Crime_Story
Robert_ird@spiahimpson_murder_case
e
NicofegBrown_Simpson __Bernard_Madoff The_Revenant_(2015_film)
0.J._Simpson
0
t
\v
Martin_Shkreli
& Deaths_in_2016 Marco_Rubio
Ted Cruz
10 Zika_virus Ber-é\uers
XHamster
lowa_caucuses
Super_Bowl_50
List_of_Super_Bowl_champions
0 Cam éFéVﬁEnMa“"'“g

O revolyer £

gigpistelol
coaxial machine gun ( Jmaghine pistol) semi-automatic pistol
flexibl€ aircraft machine gun
forward-firing aircraft maching :}m
. ediurﬂ maching gun
turreterd Rre M EHY light machingggun

( heawy machiy ©@%handg

g/Mmachigeygun
e/gun N\

€l 0;
O ut i-srh~~ '
(_)machine gun (_)aufomaticir

i n; ted marksman rifle
19 Mizzle-loading rifle

Drif 'ng qun

h loublg pircussion rifle
a; automatic grenadeauncher

5 Z PPN .
(Dvolley\gun //. refedtatgdoipnityurifle
. ihtlock— gem————==(snipe il

O \\. anti-tanﬂﬁﬁg}wal rfte

Qa i

directin: gun; 1 . sulxﬁ?;a2 L
mountain gun A submachine gun service rifle
O\EK;% . O / Q 9 car ine
Oe@@.ﬁ\u.‘ rafing (small,arg ' o bul

u )
y “ Zrtillery piece -mateﬁlgﬁhl’gl&k powder rifle
% needle gun

@ty artillery piece
illery

a y%j%@ce
ay)propeled gun

Oauxi
naval artillery

il gPérr\]%laeegrenade discharger

combat shotﬁ;un
double-barreled shotgun
rolling blogk

Oalr disposable recoilless anti-tank weapon

gliftball marker

https://commons.wikimedia.org/wiki/File:2016_02_mini_embedding.png

7 https://commons.wikimedia.org/wiki/File: Wikidata-gun-ontology-2017-05-11.png



Linking dialogue “U

UNIVERSITY OF
ECONOMICS
AND BUSINESS

= Take existing knowledge models
= See if we can detect holes in conversations through this models
= Propose an approach to measure these holes (incoherence)

8 https://pxhere.com/en/photo/1101883
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wi
mdg: gksudo gedit /etc/apt/source.list

w2 w3
(type from command line)

crunchbang666: the text editor has opened the file
source.list but there is no content

dbr:Gedit

i typed source instead of sources ... ok so i have it open

wikiPageWikiLink

dbr:GNOME GD
dbr:Text editor\‘\ 3
w
wikiPageWikiLink
p1 p2

w4 < """ dbr:Deb(file format)
wikiPageWikiLink
-=”" dbr:Ubuntu(0S)
wb
w4 wb

mdg: see the line # deb http://gb.archive.ubuntu
all you have to do is delete the ""#"" character

w4
crunchbang666: just the deb or the deb-src line too?

VAKULENKO ET AL. MEASURING SEMANTIC COHERENCE OF A CONVERSATION.
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Ubuntu Dialogue Corpus

DBpedia Spotlight API Sp@t”ght

Knowledge Graphs: DBpedia+Wikidata HDT
Knowledge Graph embeddings: rdf2vec, KGlove

Word embeddings: word2vec, Glove WIKIDATA

https://github.com/rkadlec/ubuntu-ranking-dataset-creator
https://en.wikipedia.org/wiki/File:DBpediaSpotlight.jpg

https://en.wikipedia.org/wiki/Wikidata
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PREFIX ppf: <java:at.ac.wu.argext.path.>
PREFIX dbr: <http://dbpedia.org/resource/>
SELECT * WHERE {

?X ppf:topk ("--source" dbr:Directory_service
dbr:Gnome dbr:GNOME
dbr:Desktop_environment

"--target" dbr:Desktop_computer
"--k" 5 "--maxlength" 9 "--timeout" 2000) }

http://wikidata.communidata.at

12



Subgraph statistics “U

Table 1. The top 5 most common entities and relations in the Ubuntu dialogue dataset: mentioned
entities — from linking dialogue utterances to DBpedia entities via Dbpedia Spotlight Web service;
context entities and relations — from the shortest paths between the mentioned entities in DBpedia.

Top Mentioned entities Context entities Relations
# Label Count Label Count Label Count
1 |Ubuntu(philosophy)| 1605 Ubuntu(OS) 1058 | wikiPageWikiLink (51014
2 Sudo 708 Linux 725 gold/hypernym 319
3 Booting 676 |Microsoft_ Windows| 208 ontology/genre 178
< APT(Debian) 405 FreeBSD 175 | operatingSystem | 140
5 Live CD 314 Smartphone 171 |rdf-schema#seeAlso| 116

13 VAKULENKO ET AL. MEASURING SEMANTIC COHERENCE OF A CONVERSATION.
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DBpedia+Wikidata shortest paths

VAKULENKO ET AL. MEASURING SEMANTIC COHERENCE OF A CONVERSATION.
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random uniform (RUf)
vocabulary distribution (VoD)
sequence disorder (SgD)
horizontal split (HSp)

vertical split (VSp)

Ubuntu
JES ubuntu
ext3 desktop
power totem
outage vic
TSCK TSCK
ext2 ext2
partition partition
boot boot
dunno dunno
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Sequence disorder DBpedia+Wikidata shortest paths

Hll True positive

[

Il Vocabulary distribution
Vertical split

I Horizontal split

Il Random uniform
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= Convolutional Neural Network (CNN)
= Input: sequence of words/entities
= Qutput: coherence score [0;1]

Word

Convolutional Max pool Hidd Output
embeddings Vol XP idden utpu
dUbﬁ?tu
esktop
tot
g + A o
fsck
ext2
partition
250 filters RelLU RelLU Sigmoid

size 3 step 1
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= Convolutional Neural Network (CNN)
= Input: sequence of words/entities

= Qutput: coherence score [0;1]

Knowledge Graph

dbr:ubuntu (OS)
dbr:desktop
dbr:totem
dbr:vic

dbr:fsck
dbr:ext2
dbr:partition
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embeddings

Convolutional

Max pool

Hidden

250 filters
size 3 step 1

RelLU

RelLU

Output

(os

Sigmoid
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Embeddings

Data
split

Accuracy

TPos

TNeg

RUf

Avg

VoD

Avg

SqD

Avg

VSp

Avg

HSp

Avg

Avg

Word2Vec

RUf
VoD
SqD
VSp
HSp

0.99
0.89
0.75
0.59
0.62

0.99
0.62
0.65
0.50
0.39

0.99
0.75
0.70
0.55
0.50

0.02
0.90
0.88
0.82
0.71

0.50
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0.66

0.02
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GloVe
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rdf2vec PRS

rdf2vec PR

RUf
VoD
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HSp
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0.50
0.81
0.66
0.64

0.02
0.34
0.67
0.43

0.50
0.57
0.63
0.50

0.02
0.36
0.43
0.59

0.50
0.57
0.51
0.58

0.01
0.35
0.40
0.67

0.50
0.57
0.50
0.62

0.60
0.65
0.56
0.58

KGloVe Uni

KGloVe PrO
KGloVe PR

RUf
VoD
SqD
HSp
HSp

0.92
0.54
0.55
0.31
0.47

0.97
0.88
0.62
0.81
0.69

0.94
0.71
0.58
0.56
0.58

0.11
0.73
0.64
0.75
0.61

0.51
0.64
0.59
0.53
0.54

0.09
0.61
0.63
0.69

0.54

0.50
0.58
0.59
0.50
0.50

0.08
0.51
0.47
0.77
0.57
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0.53
0.54

NNNNNNNNNN
IIIIIIIIIIII
CCCCCCCCC
SSSSSSSSSSS




Random uniform

ECONOMICS
AND BUSINESS

zip

file
.tar.gz
md5sum
md5
ubuntu
OSX
computer
Leopard
apt-get
runlevel
bluetooth
init

gdm

rc2
spawning
walkthrough
battle
compiz

raya L [ ] 11
Auckland { | | ‘. | I rl ] ‘ I.l l | I | Il " | ]| lIl
repertory I || | | | | |" | | | | I 1 |

s;arred 1 |||| ]
Kismac I ‘ I |‘ 1
Maiden | " | | | | l | | ]| 111
Beowulf | | | ; i | 1' I
|
 Fy

quiero Il

ye l | |'| I 1 | || | n
skye I ‘ I I

SkyNet 11y | | I nil | ‘ I

altruistic | | | | | | | I I I I

terminal | | | 1 1 I | |
ew | 11 | |

Allied I I III III IIII:III I1 : I\ II I Ir‘ I‘I [ Ihlll IIIIII II:I J |I IIIIIII II|

utorrent II|
| 11 |
1]

gwern
hackers

0 50 100 150 200



o o WIRTSCHAFTS
Horizont 1t
WIEN VIENNA
UNIVERSITY OF

ECONOMICS
AND BUSINESS

True positive

Ubuntu [ [
JES
ext3
power
outage
fsck
ext2
partition
boot
dunno
OK

100 150 200

OfFr T T T T T T T T T 1
Ul
o

Horizontal split

ubuntu ' | |
desktop
totem

fsck
ext2
partition
boot
dunno
OK

<
o

50 100 150 200

OfFr T T T T T T T T 1771

21



Semantic spaces

WIRTSCHAFTS
UNIVERSITAT
WIEN VIENNA
UNIVERSITY OF
ECONOMICS
AND BUSINESS

22

Word2Vec embeddings

RDF2Vec embeddings
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Conclusions and future work “U

UNIVERSITY OF
ECONOMICS
AND BUSINESS

= GloVe word embeddings show best performance
= integrating heterogenous knowledge sources

Word2Vec embeddings RDF2Vec embeddings

N True positive

N Sequence disorder
B Vocabulary distribution
0.35 Vertical split

B Horizontal split

0.30| M Random uniform

0.0 0.2 0.4 0.6 0.8 0.0 0.2 0.4 0.6 0.8

GloVe embeddings DBpedia+Wikidata shortest paths
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Conclusions and future work “U
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= NEL is a bottleneck for KG embeddings
= End-to-end training (NEL NN-layer)

Knowledge Graph

dbr:ubuntu (0S) embeddings
dbr:desktop

dbr:totem /
dbr:vic ] 0.8
dbr:fsck

dbr:ext2
dbr:partition

Convolutional Max pool Hidden Output

250 filters RelLU RelLU Sigmoid
size 3 step 1
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= Dialog graph embeddings

wi
mdg: gksudo gedit /etc/apt/source.list

w2 w3
(type from command line)

crunchbang666: the text editor has opened the file
source.list but there is no content

dbr:Gedit

i typed source instead of sources ... ok so i have it open

wikiPageWikiLink

dbr:GNOME GD
dbr:Text editor\\

wikiPageWikiLink w3
p1 - p2

dbr:Deb(file format)

wikiPageWikiLink

-

"/dbr:Ubuntu 0s
w5 (0S)

w4 wb
mdg: see the line # deb http://gb.archive.ubuntu

all you have to do is delete the ""#"" character w4

crunchbang666: just the deb or the deb-src line too?



