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Graph Reasoning and Context Fusion for Multi-Task,
Multi-Hop Question Answering

Sangui Lee’ * Incheol Kim'*

ABSTRACT

Recently, in the field of open domain natural language question answering, multi-task, multi-hop question answering has been studied
extensively. In this paper, we propose a novel deep neural network model using hierarchical graphs to answer effectively such multi-task,
multi-hop questions. The proposed model extracts different levels of contextual information from multiple paragraphs using hierarchical
graphs and graph neural networks, and then utilize them to predict answer type, supporting sentences and answer spans simultaneously.
Conducting experiments with the HotpotQA benchmark dataset, we show high performance and positive effects of the proposed model.
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T{ Question : Blackfin is a family of processors developed by the company that is headquartered in what city?

Paragraph 1 : [Blackfin]

(1) The Blackfin is a family of 16- or 32-bit micr and marketed by
Analog Devices. (2) The processors have built-in, fixed-point digital signal processor (DSP) functionality
supplied\gy 16-bit Multiply-accumulates (MACs), accompanied on-chip by a small microcontroller. (3) It
was designid for a unified low-power processor architecture that can run operating systems while
simultaneoudly handling complex numeric tasks such as real-time H.264 video encoding. (4) There are
several hardwaYe development kits for the Blackfin. (5) Open-source operating systems for the Blackfin
include uClinux.

Corpus
(Wikipedia)

Paragraph 2 : [Analog Devices]

(6) Analog Devices, Inc., also known as ADI or Analog, is an American
(1)(2)(3)(4)(5)| | compan ing in data ion and signal headguartered in Norwood,
Massachusetts. (7) In 2012, Analog Devices led the worldwide data converter market with a 48.5% share,
according to analyst firm Databeans.

Answer Type : Entity
Supporting Sentences : (1), (6)
Answer Span : Norwood, Massachusetts

(6) (7)

Fig. 1. Example of Multi-task, Multi-hop Question Answering
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Question : Blackfin is a family of processors developed by the company that is headquartered in what city?

Paragraph 1: [Blackfin]

[51]The Blackfin[E1] is a family of 16- or 32-bit micraprocessors developed, manufactured and marketed by
Analog Devices[E2]. [S2]The processors have built-in, fixed-point digital signal processor (DSP) functionality
supplied by 16-bit Multiply-accumulates (MACs), accompanied on-chip by a small microcontroller. [S3]It was
designed for a unified low-power processor architecture that can run operating systems while simultaneously
handling complex numeric tasks such as real-time H.264 video encoding. [S4]There are several hardware
development kits for the Blackfin[E3]. [S5]Open-source operating systems for the Blackfin[E4] include uClinux[E5].

Paragraph 2 ; [Analog Devices]

[S6]Analog Devices, Inc.[E6], also known as ADI or Analog, is an American multinational semiconductor company
specializing in data conversion and signal processing technology, headquartered in Norwood, Massachusetts[E7].
[S7]In 2012, Analog Devices|E8] led the worldwice data converter market with a 48.5% share, according to
analyst firm Databeans[E9].
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Table 1. Results using Different Context Graphs

Supporting
Graph Sentence

EM F1 EM F1 EM F1

Answer Joint
Prediction Prediction

(a) No graph | 54.08 | 84.54 | 57.03 | 70.58 | 33.86 | 61.62

(b) QE 54.25 | 84.81 | 57.27 | 70.59 | 34.33 | 62.05

(©) QSE 55.19 | 85.04 | 57.08 | 70.73 | 35.22 | 62.54

(d) QPSE(Ours)| 56.83 | 85.23 | 57.60 | 71.28 | 36.37 | 63.06

size)+= 16, St5E(learning rate)= 0.00072 A3
A H7t APEL 64GB2 W9l W22t Geforce RTX
2080 Ti 27h& ©ASH AFE 404 +H= AUt

42 Ms my AN
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Fig. 7. Different Context Fusion Methods
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Fig. 8. Different Paragraph Selection Methods

Table 2. Results using Different Context Fusion Methods

Supporting Answer Joint
Method Sentence Prediction Prediction
EM F1 EM F1 EM F1
(@) 56.74 | 85.40 | 56.77 | 70.54 | 35.18 | 62.25
(b) 56.33 | 85.82 | 56.51 | 70.10 | 34.98 | 62.22
© 54.85 | 84.94 | 57.18 | 70.74 | 34.30 | 62.01
(d) (Qurs) | 56.83 | 85.23 | 57.60 | 71.28 | 36.37 | 63.06

3 AFgoHE A2 IA FA4EuE & a3t gl e A
ZrE) g, D)2 (09 88 HAES A= HuHS 9,
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Table 3. Results using Different Paragraph Selection Methods

Method Precision Recall

(a) PR 49.72 99.13

(b) TM+HP+PR 49.77 99.23

(c) CM+HP+PR 49.81 99.30

(d) TM+CM+HP+PR (Ours) 49.81 99.31

Table 4. Results using Different Word Embeddings

Answer Joint
Prediction Prediction

Supporting
Sentence

EM F1 EM F1 EM F1

Method
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Table 5. Comparison with State—of-the—art Models on
HotpotQA Dataset

Supporting
Model Sentence

EM F1 EM F1 EM F1

Answer Joint
Prediction Prediction

Baseline[l] | 21.95 | 66.66 | 44.44 | 58.28 | 11.56 | 40.86

QFE[12] | 58.80 | 84.70 | 53.70 | 68.70 | 35.40 | 60.60

DFGNI[2] | 53.10 | 82.24 | 55.66 | 69.34 | 33.68 | 59.86

CFGGNI3] | 52.73 | 82.41 | 56.35 | 70.14 | 34.45 | 60.67

HGN*[6] | 56.08 | 85.23 | 57.08 | 70.90 | 34.84 | 62.26

Ours 56.83 | 85.23 | 57.60 | 71.28 | 36.37 | 63.06

BERT 55.31 | 85.48 | 56.86 | 70.64 | 34.72 | 62.37

RoBERTa | 55.57 | 85.13 | 57.0 | 70.34 | 34.23 | 61.73

ALBERT 56.83 | 85.23 | 57.60 | 71.28 | 36.37 | 63.06

@ &9 27371(PR)E ol&5t= oy, (d= At 2
o], A& ”H’Q(TM) W& wiAH(CM), stelmg= A4
AHP)T B2 <9 287I(PRE 25 ol&dt= |
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(recall)& ©]-&stt.
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Table 6. The First Example Resulted by Proposed Model
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Table 8. The Third Example Resulted by Proposed Model

[Question] Who passed away first Max Ophiils and Shirley
Clarke ?

[Question] What was the last date the creator of the NOI
was seen by Elijah Muhammad?

[Paragraphs]
Paragraph 1 : [Shirley Clarkel]
(1) Shirley Clarke (October 2, 1919 - September 23, 1997)

was an American experimental and independent filmmaker.
(2) She was also a director and ...

Paragraph 2 : [Max Ophiils]

(3) Maximillian Oppenheimer (6 May 1902 - 26 March
1957), known as Max Ophiils (] ), was a German-born film
director who worked in Germany (1931-1933). France
(1933-1940 and 1950-1957), and the United States
(1947-1950). (4) He made nearly 30 films, ...

Model Supporting ADS.W?I‘
Sentence Prediction
['Shirley Clarke', 1], .
Ground Truth [ Max Ophils’, 3] Max Ophiils
['Shirley Clarke', 1], )
Ours [ Max Ophils', 3] Max Ophiils

Table 7. The Second Example Resulted by Proposed Model

[Paragraphs]
Paragraph 1 : [Nation of Islam]

(1) The Nation of Islam, abbreviated as NOI, is an African
American political and religious movement, founded in
Detroit, Michigan, United States, by Wallace D. Fard
Muhammad on July 4. 1930. (2) Its stated goals are to
improve the spiritual, ... (3) Critics have described the
organization ... (4) The Southern Poverty Law Center tracks
the NOI as ... (5) Its official newspaper is ... (6) In 2007,
the core membership was estimated to be ...

Paragraph 2 : [Wallace Fard Muhammad]

(7) Wallace D. Fard aka Wallace Fard Muhammad (born
February 26, 1877) was a co-founder of ... (8) He arrived in
Detroit in 1930 with an obscure background and ... (9) He
was also known as being a seller of ... (10) Fard was last

seen in 1933 by Elijah Muhammad, when Fard took off in

an airplane from the Detroit airport.

Answer
Prediction

Supporting

Model
Sentence

[Question] When was the female character that on June 9,
2015 was promoted to a series regular first introduced on
"Once Upon a Time"?

['Nation of Islam’,
Ground Truth 11, [Wallace Fard
Muhammad', 10]

last seen in 1933

[Paragraphs]
Paragraph 1 : [Once Upon a Time (season 5)

(1) The fifth season of the American ABC fantasy-drama
"Once Upon a Time" was ordered on ... (2) It began airing
on September 27, 2015, and ended on ... (3) On June 9
2015, the promotion of Rebecca Mader and Sean Maguire
to series regulars was announced for the fifth season
portraying their characters Zelena / Wicked Witch of the
West and Robin Hood, respectively, while a few days later,
Michael Socha was confirmed to not be returning as a
series regular as Will Scarlet / Knave of Hearts. (4) The
fifth season also saw the series reach its 100th episode,
which ...

Paragraph 2 : [Zelena (Once Upon a Time)]

(5) Zelena, also known as the Wicked Witch of the West,
is a fictional character ... (6) She is portrayed by Rebecca
Mader and was first introduced in the second half of the
third season, serving as the new main antagonist. (7) After
making recurring appearances in both the third and fourth
seasons, Mader was promoted to series regular ...

['Nation of Islam’,
Ours 1], ['Wallace Fard
Muhammad', 10]

July 4, 1930

Model

Supporting
Sentence

Answer
Prediction

Ground Truth

['Once Upon a
Time (season 5)',
3], ['Zelena (Once
Upon a Time)', 6]

the second half of
the third season

Ours

['Once Upon a
Time (season 5)',
3], ['Zelena (Once
Upon a Time)', 6]

the second half of
the third season
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