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Natural Language User Interfaces

Androutsopoulos et al. (1995)

CONVERSATION MACHINE (Green et al., 1959); BASEBALL(Green et al., 1961).
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Natural Language User Interfaces

Semantic parsing: users interact with computers in human language!

[ Natural Language (NL) ]

1asied

[ Machine Executable Language ]
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Semantic Parsing: Answering Questions with Freebase

[

2' Who are the male actors in Titanic? }

1asied

[

14]
X

Ax. Jy. gender(MALE, x) A cast(TITANIC, X, y)]

Titanic

1997 - Drama film/Romance - 3h 30m

7.7/10 - IMDb
88% - Rotten Tomatoes

James Cameron's “Titanic" is an epic, action-packed romance set against
the ill-fated maiden voyage of the R.M.S. Titanic; the pride and joy of the
White Star Line and, at the time, the larg... More

Initial release: November 18, 1997 (London)

Director: James Cameron

Featured song: My Heart Will Go On

Cast
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Leonardo Kate Billy Zane  Gloria Kathy Bates

DiCaprio Winslet Caledon Stuart Molly Brown

JackDawson  RoseDewin ~ Hockley Rose DeWitt

Bukater Bukater
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Conversational User Interfaces

@ More natural than stand-alone questions

Who was the injured player in the sports team that was champion
in the tournament where Detroit Tigers participated in?

@ Users carry out exploratory searches they
learn as they search and adjust they needs
as they read system answers

More complex human-machine interactions!

[lyyer et al. (2017); Radlinski and Craswell (2017); Gao et al. (2023)]
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Conversational Question Answering over Knowledge Graphs

gg ) ! o o WIKIDATA
Which tournament did Detroit Tigers participate in?
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Conversational Question Answering over Knowledge Graphs
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Which tournament did Detroit Tigers participate in? . T

[ 1909 World Series
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Conversational Question Answering over Knowledge Graphs
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ﬁ Which tournament did Detroit Tigers participate in? . T
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Conversational Question Answering over Knowledge Graphs

52 WIKIDATA

ﬁ Which tournament did Detroit Tigers participate in? ] ..

[ 1909 World Series

ﬁ Which sports team was the champion of that tournament? ]

[ Pittsburgh Pirates
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Conversational Question Answering over Knowledge Graphs

] WIKIDATA

ﬁ Which sports team was the champion of that tournament? ]

[ Pittsburgh Pirates

[ 1909 World Series

ﬁ Which tournament did Detroit Tigers participate in?

Semantic parsing: users interact with computers in human language!



Semantic Parsing for Conversational Question Answering over KGs

N

participate in?

Which tournament did Detroit Tigers J |II

WIKIDATA

Dialogue Manager

Belief

— Parser

Generator

Tracker

Dialogue
Policy

| 1909 World Series i
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Grounding User Questions into SPARQL Queries over KGs

ﬁ 5 Which sports team was the champion of that tournament? ]

z

Josied

[ E SELECT ?x WHERE { wd:Q846847 wdt:P1346 ?x. ?x wdt:P31 wd:Q12973014. } ]

- 1908 World Series
g ; 1910 World Series)
- x sport baseball
participatiy __partoips
"4 petroit Ttg

2 Pittsburgh Pirates l
country ountry
baseball team 2 EEUU
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Grounding User Questions into SPARQL Queries over KGs

ﬁ El Which sports team was the champion of that tournament? ]

| |

Q12973014 P1346 Q846847

o

[ 'J!J SELECT ?x WHERE { wd:Q846847 wdt:P1346 ?x. ?x wdt:P31 wd:Q12973014. } ]

Challenges:
@ Entity Linking & Scale (thousands of types and relations, millions of entities)
@ Conversation phenomena (ellipsis, coreference, clarifications, topic shift)
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Learning a Semantic Parser for Conversational Question Answering

Induce semantic parsers from (conversation history & question, SPARQL) pairs.

History

Which sports team was the champion of that tournament?

[Conversation] [ Question J
y

SPARQL
SELECT ?x WHERE { wd:Q846847 wdt:P1346 ?x. ?x wdt:P31 wd:Q12973014. }
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Existing Datasets

Open Domain Conversational Executable

ATIS, CoSQL, SParC v v
[Suhr et al. (2018); Yu et al. (2019b,a)]

LC-QuAD2.0, ComplexWebQuestions v v
[Dubey et al. (2019); Talmor and Berant (2018)]

CSQA, ConvQuestions v v
[Saha et al. (2018); Christmann et al. (2019, 2022)]
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Existing Datasets

Open Domain Conversational Executable

ATIS, CoSQL, SParC v v
[Suhr et al. (2018); Yu et al. (2019b,a)]

LC-QuAD2.0, ComplexWebQuestions v v
[Dubey et al. (2019); Talmor and Berant (2018)]

CSQA, ConvQuestions v v
[Saha et al. (2018); Christmann et al. (2019, 2022)]

SPICE v v v

11/20



The SPICE Dataset

Nb. conversations 197k
Avg. turn length 9.5
Avg. entities per conversation 7.6
Avg. types per conversations 6.5
Nb. question intents 47
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The SPICE Dataset

Simple questions

Which tournament did Detroit Tigers participate in?

Nb. conversations
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The SPICE Dataset

Nb. conversations
Avg. turn length

Avg. entities per conversation
Avg. types per conversations
Nb. gquestion intents

197k

9.5
7.6
6.5
47

Simple questions

Which tournament did Detroit Tigers participate in?

Reasoning questions

Which tournaments have less number of participating sports teams than 1909 World
Series?

Conversation

What are the countries of those sports teams? (co-reference)

And what about 1910 World Series? (ellipsis)

How many sports teams participated in that tournament? (co-reference)
Did you mean Speed skating at the 2010 Winter Olympics? (clarification)
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SpPARQL Templates and Multiple Classifiers — Lasagne

[Kacupaj et al. (2021)]

[ SELECT ?x WHERE { wd:Q232161 wdt:P86 ?x. ?x wdt:P31 wd:Q502895 } ]

t
[ SELECT ?x WHERE { wd:ENTITY wdt:RELATION ?x. ?x wdt:P31 wd:TYPE } J

Entity - P86 Q502895 | 0 0 B-Q15416 Q15416 .......... B-Q232161 1-Q232161 |
Recognition is|
part of the I
architecture ’—+ Types & Relations Classifier }——‘
’ Transformer Decoder ‘ ’ ’ Named Entity Detection and Permutation ‘

Transformer Encoder

T I T

ﬁ Who composed Good Cop? ][ Paul Englishby rﬁ And what about One Day? ]

N /

Conversation history is just the previous QA pair

13/20



Sequence-to-sequence with Dynamic Vocabularies — BertSP
[Gu et al. (2021)]

[ SELECT ?x WHERE { wd:Q232161 wdt:P86 ?x. ?x wdt:P31 wd:Q502895 } ]

T

Transformer Decoder
t

Transformer Encoder

I I

)

i Related KG
% F ﬁ ?
i Who composed Good Cop? ][ Paul Englishby And what about One Day? ][ Subgraphs
Entity N cJIE tit
L amed Entity
Recognltlon 'sa Recogniser Q
preprocessing KG
step Type L
Recogniser
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Average Baseline Performance Over Question Types

Exact Match Accuracy: proportion of input queries that are correctly parsed to their
gold standard logical forms.
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Average Baseline Performance Over Question Types

Exact Match Accuracy: proportion of input queries that are correctly parsed to their
gold standard logical forms.

Exact Match

80

60

48.6

66.3

SPICE

71

00 BERTSP Apennip

00 Lasagne

[0 BERTSPgMm
10 BERTSPgold
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Models Struggle on Specific Linguistic Phenomena

70.6

00 Lasagne
[0 BERTSPgum

Exact Match

0 0

Coref__; Coref._4 Ellipsis Mult.Entities

16/20



And to Generalise to Unseen Questions

19.74

20 |- 0o Lasagne |
% 16&) BERTSPSM
§ 15| 1
w 10 |
Q
<
"
SIS |
0.94
0 0 0
0
CountLogic UnionMulti Verify3

@ CountLogic: a count operation over a union operator
@ UnionMulti: a union operator over two graph patterns with different relations
@ Verify3: verification questions with three entities

(Verify2) Is Zugspitze located in Germany?
(Verify3) Is Aix-en-Provence partner town of Baton Rouge and Hemmatabad, Alborz?
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Conclusions

Directions to improve semantic parsing for conversational QA over KGs:

@ improve entity recognition and linking
@ better modelling of conversation history
@ models with better generalisation capabilities

Code and SPICE @ https://github.com/EdinburghNLP/SPICE
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https://github.com/EdinburghNLP/SPICE
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