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How can we design question answering 

systems that can handle conversations?
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▪ Look before you Hop: Conversational Question Answering over Knowledge 

Graphs Using Judicious Context Expansion

▪ Christmann et al.

▪ CIKM 2019

▪ https://openreview.net/pdf?id=S1CChZ-CZ

▪ Multi-Task Learning for Conversational Question Answering over a Large-Scale 

Knowledge Base

▪ Shen et al.

▪ EMNLP 2019

▪ https://www.aclweb.org/anthology/D19-1248.pdf

314 July 2020Question Answering Systems           Saarland University, Summer Semester 2020 Rishiraj Saha Roy

https://openreview.net/pdf?id=S1CChZ-CZ
https://www.aclweb.org/anthology/D19-1248.pdf


Look before you Hop: Conversational Question Answering 

over Knowledge Graphs Using Judicious Context Expansion 
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Which actor voiced the character Unicorn in The Last Unicorn? 

Mia Farrow

➢One-shot information need
➢Question usually needs to be well-formed
[Abujabal et al. (2018), Diefenbach et al. (2019), Huang et al. (2019)]

The Last 
Unicorn

character 
role

voice
actor

Mia
Farrow

The 
Unicorn

Schmendrick

voice 
actor

character 
role

Alan 
Arkin

performer

soundtrack 
album

The Last Unicorn 
Soundtrack

America

followed by
Your move 

(album)

genre

Pop rock

performer

Mia
Farrow

Thanks to Philipp 
Christmann for the slides
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6

Which actor voiced the character Unicorn in The Last Unicorn? 

And Alan Arkin was behind . . .?

So who performed songs?

Genre of this band?

By the way, who directed the movie? 

Schmendrick

America

Folk rock

Jules Bass

Mia Farrow

➢ Information needs rarely one-shot 
➢ Natural mode of interaction
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7

Which actor voiced the character Unicorn in The Last Unicorn? 

And Alan Arkin was behind . . .?

So who performed songs?

Genre of this band?

By the way, who directed the movie? 

Complete

Incomplete
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8

And Alan Arkin was behind . . .?

So who performed songs?

Genre of this band?

By the way, who directed the movie? 

➢Ad hoc



914 July 2020Question Answering Systems           Saarland University, Summer Semester 2020 Rishiraj Saha Roy
9

And Alan Arkin was behind . . .?

So who performed songs?

Genre of this band?

By the way, who directed the movie? 

➢Ad hoc

➢Ungrammatical
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10

And Alan Arkin was behind . . .?

So who performed songs?

Genre of this band?

By the way, who directed the movie? 

➢Ungrammatical

➢Ad hoc

➢ Information left out
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▪ Large topic jumps in conversations are rare

▪ Conversations establish localized context in KG

▪ Harness underlying KG-connectivity

▪ Expand context with relevant entities and predicates in neighborhood

▪ CONVEX: CONVersational KG-QA using judicious context EXpansion

▪ Completely unsupervised!

▪ CONVEX works on top of any KG-QA system to handle conversations
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Which actor voiced the character Unicorn in The Last Unicorn? Mia Farrow

Standalone KG-QA

Mia
Farrow

NERD system

The Last 
Unicorn

The 
Unicorn

character 
role

voice
actor
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And Alan Arkin was behind . . .?

Which actor voiced the character Unicorn in The Last Unicorn? Mia Farrow

How to expand the context?

The Last 
Unicorn

character 
role

voice
actor

Mia
Farrow

The 
Unicorn
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CONTEXT EXPANSION

And Alan Arkin was behind . . .?

Which actor voiced the character Unicorn in The Last 
Unicorn? 

Mia Farrow

The Last 
Unicorn

character 
role

voice
actor

Mia
Farrow

The 
Unicorn

Neighborhood of 
Mia Farrow

Neighborhood of 
The Unicorn

Neighborhood of 
The Last Unicorn
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And Alan Arkin was behind . . .?

Which actor voiced the character Unicorn in The Last Unicorn? Mia Farrow

Do not expand with the 
complete neighborhood! 

The Last 
Unicorn

character 
role

voice
actor

Mia
Farrow

The 
Unicorn
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The Last 
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And Alan Arkin was behind . . .?
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The Last 
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And Alan Arkin was behind . . .?
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genre{6}

speculative 
fiction novel

present in 
work

genre{2}

fantasy film
followed by

Your move 
(album)

genre{4}Pop rock

occupation

singer

Vocal jazz

genre{5}
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14 July 2020
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And Alan Arkin was behind . . .?

Which actor voiced the character Unicorn in The Last Unicorn? Mia Farrow

Expand graph accordingly!

Schmendrick

voice 
actor

character 
role

Alan 
Arkin

The Last 
Unicorn

character 
role

voice
actor

Mia
Farrow

The 
Unicorn

14 July 2020Question Answering Systems           Saarland University, Summer Semester 2020 Rishiraj Saha Roy
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Schmendric
k

voice 
actor

character 
role

Alan 
Arkin

The Last 
Unicorn

character 
role

voice
actor

Mia
Farrow

The 
Unicorn

performer
soundtrack 

album
The Last Unicorn 

Soundtrack

America

Which actor voiced the character Unicorn in The Last Unicorn? 

Graph expanded with 
relevant facts only

Mia Farrow

So who performed songs?

And Alan Arkin was behind . . .?
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Genre of this band?

So who performed songs?

And Alan Arkin was behind . . .?

Which actor voiced the character Unicorn in The Last Unicorn? 

Schmendric
k

voice 
actor

character 
role

Alan 
Arkin

The Last 
Unicorn

character 
role

voice
actor

Mia
Farrow

The 
Unicorn

performer
soundtrack 

album
The Last Unicorn 

Soundtrack

America How to determine 
Frontier nodes?

Mia Farrow
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Genre of this band?

Word2vec similarity of node with question word 

=> Maximum across question words

14 July 2020
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Distance to all entity nodes in the context

=> Weighted by turn they occurred in 
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award received

Not relevant!
match (RSH-Gold for Cult Band) = 0.61
match (rock band) = 0.65

prox (RSH-Gold for Cult Band) = 0.85
prox (rock band) = 0.85

RSH-Gold for 
Cult Band

2614 July 2020
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Genre of this band?
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award received

Not relevant!

match (RSH-Gold for Cult Band) = 0.61
match (rock band) = 0.65

prox (RSH-Gold for Cult Band) = 0.85
prox (rock band) = 0.85

RSH-Gold for 
Cult Band

Prioritize the more frequent/prominent entities and predicates

=> Normalize the value with maximum frequency

14 July 2020
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Matching similarity

match (candidate c)

Context relevance

prox (candidate c)

KG priors

prior (candidate c)

With hyperparameters h1, h2, h3

14 July 2020Question Answering Systems           Saarland University, Summer Semester 2020 Rishiraj Saha Roy
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Candidate Match

genre{1} 1.00

genre{2} 1.00

folk rock band 0.89

RSH-Gold for 
Cult Band

0.87

fantasy film 0.36

Candidate Prox

genre{1} 0.91

folk rock band 0.86

RSH-Gold for 
Cult Band

0.86

genre{2} 0.34

fantasy film 0.36

Candidate KG priors

genre{1} 0.56

genre{2} 0.56

folk rock band 0.34

RSH-Gold for 
Cult Band

0.01

Matching similarity Context relevance KG priors

to retrieve top-k ranked 
nodes according to frontier score
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➢ Output of Threshold Algorithm
 Top-ranked candidates according to Frontier score
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Frontier nodes

Genre of this band?
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Genre of this band?
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➢ Distance to Frontier nodes
➢ Weighted by the frontier score
➢ distance_F

➢ Distance to all nodes in context graph X
➢ Weighted by the turn they occurred in
➢ distance_X

=> Explicit part

=> Implicit part

Genre of this band?
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Folk rock

➢ Top-ranked node according to answer_score

Genre of this band?
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▪ Define expansion border

▪ Determine most relevant nodes in neighborhood of context

▪ Frontier nodes

▪ Expand context according to frontier nodes

▪ Detect answer in expanded graph
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▪ 11,200 distinct conversations

▪ 5 utterances per conversation

▪ Initial question + 4 follow-up questions

▪ Domains: Books, Movies, Music, TV Series, Soccer

▪ Gathered via crowdsourcing
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▪ Realistic benchmark

▪ Questions created by humans from Amazon Mechanical Turk

▪ In topic of their choice 

▪ Natural flow of conversations

▪ Conversations were not interleaved

▪ Order of utterances was not permuted
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Multi-Task Learning for Conversational Question 

Answering over a Large-Scale Knowledge Base
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▪ Task Definition

▪ Existing Methodology

▪ Issues

▪ Proposed Approaches: Multi-task Learning 

Thanks to Tao Shen for 
the slides
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▪ Targeting Knowledge-based Question Answering (KB-QA)
▪ The backend Knowledge Based (KB) is large-scale, e.g., several million entities

▪ The QA is conversational, i.e., Co-reference or Ellipsis might occur

Large-scale KB:
Coreference:

Ellipsis:

Data Format:
(subject, predicate, object)

Common KB:
Wikidata: 57M data items
Freebase: 1.9B data items
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Structure
Database
(i.e., KB)

Dialog History

Current User Question

Learned System

Step 1. Parsing Step 2. Query

Step 3. Response



Entry Semantic Category e, p, tp, u_num

Intermediate Semantic Category start, set, num, bool

42

An Example of Grammar Definition:

Semantic CategoryName Arguments w/ specified semantic category



A1

A15

A4

A17

e: Apple Inc.

p: Founded By

tp: person

start

filter(set, tp)

find(set, p) tp: person

set(e) p: Founded by

e: Apple Inc.

Tree-Structured

simplify

Transform by DFS

A1 A15 A4 A17 e:AppleInc. p:FoundedBy tp:person

All transformation operation is reversible with the guidance from grammars.

Sequence-formatted

Question: who founded Apple Inc.Natural Language

43
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▪ The errors in upstream tasks (e.g., entity detection & linking) lead to error 

propagation for downstream subtasks (e.g. , logical form generation)

▪ The subtasks are learned separately and thus cannot share supervisions

▪ Only low-level features of entities (e.g., mean-pooling over embeddings of 

composing words) are used regardless of any context information over 

the entities. 
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▪ Highlights

▪ Pointer-equipped semantic parsing model

▪ Pointer networks are used to point toward entity mention and number in question

▪ The pointer-based model facilitates multi-task learning with upstream sequence labeling 

subtask, i.e., entity detection

▪ The pointer-based model explicitly takes into account the context of entity mentions

▪ Type-aware entity detection method 

▪ A joint prediction space combining entity detection and entity type is employed

▪ The predicted type is then used to filter entity linking results during inference phase
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▪ Highlights

▪ Pointer-equipped semantic parsing model

▪ Pointer networks are used to point toward entity mention and number in question

▪ The pointer-based model facilitates multi-task learning with upstream sequence labeling 

subtask, i.e., entity detection

▪ The pointer-based model explicitly takes into account the context of entity mentions

▪ Type-aware entity detection method 

▪ A joint prediction space combining entity detection and entity type is employed

▪ The predicted type is then used to filter entity linking results during inference phase



1. Word Embedding

Pointer-equipped
Semantic Parsing
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1. Word Embedding

2. Contextual Encoder

Pointer-equipped
Semantic Parsing
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1. Word Embedding

2. Contextual Encoder

Pointer-equipped
Semantic Parsing

3. Pointer-equipped Logical Form DecoderFor different entry semantic categories



Type-aware
Entity Detection

Joint Prediction Space of entity
IOB-tagging and entity type:

Prediction Probability:
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Steps (Bottom-up illustrated in Right Figure):
1. Entity Mentions Location
2. Inverted Index applied for entity candidates
3. Filtering candidates w.r.t. predicted entity

type
4. Replacing the pointer value with the highest-

scored candidate
5. Executing the complete logical form to query

an answer.
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▪ Loss Functions

▪ Inference Phase
▪ Grammar-guided Decoding

▪ Beam Search

▪ Early-stage Execution
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▪ Alleviating the error propagation problem
▪ The approach reduces errors in entity detection and linking subtask by predicting the type of 

each entity mention

▪ Making the best of supervisions
▪ The two subtasks, i.e., pointer-equipped semantic parsing and entity detection, are closely 

related

▪ Taking into account the context of entity mention
▪ The approach is naturally beneficial to coreference resolution for conversational QA due to 

rich contextual features captured by pointer for entity mention
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▪ Conversational question answering is one of the most important future 

directions in QA

▪ Fueled by the rise of conversational assistants

▪ Benchmarks and methods over KGs and text - still in infancy

▪ Context resolution is key challenge

▪ Much more than ellipsis and coreference resolution!!



5514 July 2020Question Answering Systems           Saarland University, Summer Semester 2020 Rishiraj Saha Roy

▪ Question answering is an extremely active area 

▪ Key problems

▪ Complex questions

▪ Conversational questions

▪ Heterogeneous sources

▪ User feedback

▪ Prototype your systems!!

▪ Read more at: https://arxiv.org/pdf/2004.11980.pdf

https://arxiv.org/pdf/2004.11980.pdf

