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1.11 Motivation

Intuition: Due to the concise and structured nature of tables, the knowledge contained
therein may be incomplete or missing, posing a significant challenge for TableQA systems.

Question: What was the release date of the studio album from the artist who signed to the
record label GOOD Music ?

N

Missing in the table.

Album Artist 1stweek sales
D12 World D12 544,000
The College Dropout Kanye West 441,000
Suit Nelly 396,000
To the 5 Boroughs Beastie Boys 360,000
Sweat Nelly 342,000




1.21 Motivation

Can we utilize the high-quality knowledge in knowledge graphs to alleviate the problem of
missing knowledge in tables?
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2.1

Q1I: What was the release date of
the studio album from the artist
who signed to the record label
GOOD Music ?

Al: February 10 , 2004

02: What is the total 1stweek
sales for the albums of the singers
born in November, as indicated in
the table?

A2: 738,000

03: Of the musical groups listed ,
which one had the lowest number
on the 2004 hip hop list ?

A3: Beastie Boys

We also annotated gold evidence for each question. For example, for Q1, the gold

Dataset Overview

record

—  labed
The College Kanye West Good Music
Dropout | erformer instance of: human instance of: record
publication date: s date of birth: June label
February 10, 2004 08,1977 inception: 2004
4 T founded ___—
I | by
I .
Albjim : Artist 1st-week sales
Dljl World | |DIZ— = = 7| |544,000
The College Dropout ] Kanye West | 441,000
Suit |_ — — Nelly | {396,000
To the 5 Boroughs | Beastie Boys — ': | 360,000
Sweat : — — — Nelly | |]342,000
I [
Nelly | Beastie Boys | | Di2
instance of: human 1 instance of: | instance of:
- -  — —_—

date of birth: Nov.
02,1974

musical group
inception: 1981

musical group
inception: 1996
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Entity with
attribute triples

Relational triples

Links between
entities and cells

Question-Answer
examples

evidence for this instance would be {((2, 1), (Kanye West, record label, Good Music)), ((2, 0),

(The College Dropout, publication date, February 10, 2004))}.




HKU
MMLAB

2.11 Task Definition

record
—  labed
Q1I: What was the release date of The College Kanye West Good Music
the studio album from the artist Dropout | erformer instance of: human instance of: record
who signed to the record label publication date: s date of birth: June label
GOOD Music ? February 10, 2004 08,1977 — inception: 2004
Al: February 10, 2004 I T —— Ou::y ¢ —
| I
Albjim : Artist 1st-week sales Entity with
| attribute triples

02: What is the total 1stweek Dljl World | [D1Z— = = 7| |544,000
sales for the albums of the singers |
born in November, as indicated in The College Dropout — Kanye West I 441,000 —O—» Relational triples
the table?

Suit — — — —{Nelly 396,000
A2: 738,000 — I — | _____ .  Links between

To the 5 Boroughs | Beastie Boys — ': | | 360,000 S Ele

Sweat l— — — —Nemy | |]342,000 L

I Question-Answer
I I les
Q3: Of the musical groups listed | , | | ——
which one had the lowest number Nelly | Beastie Boys | D12
on the 2004 hip hop list ? instance of: human __ | instance of: <_| — __ __, instance of:
A3: Beastie Boys date of birth: Nov. musical group musical group
02,1974 inception: 1981 inception: 1996

The process of KET-QA: given a table T, the grounded knowledge sub-graph G, and a
natural language question g, output a that answers the question according to the context.
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2.21 Statistics
Size External knowledge

Dataset #Words/Ques. #Words/Answer #Rows/Table

#Ques. #Tables Type Source GE

17.2 33 15.8

WTQ 22,033 2,108 - - -
WikiSQL 80,654 26,521 s 8 = #Columns/Table  #Entities/Table #Triples/Table
Spider 10,181 1,020 - - -
HiTab 10,672 3,597 - - - 4.5 41.9 1696.7
FeTaQA 10,330 10,330 - - - . ,
HybridQA 69,611 13,000 Text Wikipedia No Answer in KB Answer in Table Calculated Answer
TAT-QA 16,552 2,757 Text Financial reports Yes
FinQA 8281 2776  Text Financial reports  Yes 197 4131 93
KET-QA 9421 5,721 KB Wikidata Yes

» KET-QA is the first TableQA dataset that utilizes a knowledge graph as external
knowledge source

» KET-QA is the first TableQA dataset that provides fine-grained gold evidence
annotations from external knowledge sources.




HKU
MMLAB

Outline

3 Method




3.1

Multistage KB Retriever
|

Reasoner
L

Overview
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Tail Entity: Nelly

Triples

Retrieval Bi-Encoder

B Head Entity: Suit  ———

Re-Rank
Cross-Encoder

——p]

v

( What was the release date l
_ | of the studio album from

the artist who signed to the I
I record label GOOD Music "/

— — m— m— m— —

Question

r  Table O_nly
- Se_ptem_ber i ZOLZ

—>  Entity: Kanye West
T T Attribute: date of birth
Value: June 08 , 1977
Album Artist 1st-week sales
D12 World D12 544,000
The College Dropout | Kanye West | 441,000
Suit Nelly 396,000
To the 5 Boroughs Beastie 360,000
Boys
Sweat Nelly 342,000
Tabular Sequence
Pre-trained Language Models
l N
x v
J

Entity: The College
Dropout

Attribute: publication date
Value: February 10 , 2004

|

Triple Sequence

l

r - I — - Y
Knowledge Enhanced
| _February 10, 2004 |
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We propose a retriever-reasoner
pipeline model to incorporating
knowledge from KG to TableQA.




3.21 Multistage Knowledge Base Retriever

Retrieval Bi-Encoder

Re-Rank ! Dot-Product
Cross-Encoder T T

Classifier Pooling Pooling
Transformer Transformer Transformer

Encoder Encoder Encoder

%} e it
| |

. Tabular Triple
Question Sequence -(_D- Sequence
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Motivation behind ‘Multistage Retriever’:

Speed of the retrieval operation is important
for real-time TableQA scenarios.

Triple-Related Sub-Table: The information
within the entire table may be redundant for
retrieval and could exceed the length
limitations of the transformer model.
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4 Experimental Results

Evaluation on Evidenece Retrieval
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3.11 Evidence Retrieval - Experimental Setup

Metrics:

We introduce a modified version of Recall@k (R@k) to evaluate the retrieval
performance in the context of KET-QA. The purpose of R@k is to measure the
percentage of items of gold evidence that are retrieved by the retriever

1 < |evidence retrieved i
Hishe N ; | |gold evidence|; |
Baseline Methods:
(i) String Match: Triples are retrieved based on whether the label of the
triples matches the words in the question;
(i) Bi-Encoder and Cross-Encoder are used to compare the performance of a
single retriever with MKBR.
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3.21 Evidence Retrieval - Experimental Results

Table Rep. Top-1 Top-5 Top-20 Top-100

Bi-Encoder
FT 2581 4989  71.75 88.91
Method Top-1 Top-5 Top-20 Top-100 NT 2405 4867  71.89 89.13
TT 2917 5195 7212  89.62
Random 0.05  0.27 2.94 12.49
StringMatch ~ 5.87 1465 2824  43.66 Cross-Encoder
Cross-Encoder 37.83 63.84 82.14  94.44 ;',{, %ggg gi-i‘]‘ ;g-gg g‘s‘-gi
Bi-Encoder 29.17 5195 72.12 89.62 : : : :
MKBR 3877 6604 8347 9351 TT 3783 6384 82.14 944
Table 3: Comparison between retrieval methods on KET- Table 4: Ablation study on different table representation
QA test set using R@k (k € {1,5,20,100}). methods, which can be chosen from {FT (Full Table),
' NT (No Table), TT (Triple-Related Sub-Table)}.
» in scenarios where k is small (k < 20), MKBR » The proposed Triple-Related Sub-Table is
consistently outperforms any single retriever superior to the other two approaches.
model.
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4 Experiment Results

Evaluation on Question Answering
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3.11 Question Answering - Experimental Setup

Metrics:

» Exact Match The EM score is a strict all-or-nothing metric, which represents
the percentage of predictions that exactly match the ground truth.

» F1 Score measures the token overlap between the predicted answer and
ground truth.

Baseline Methods:

» We take table-only models as baselines to explore whether the question can
be answered based solely on the table information in the traditional TableQA

Mmanner.




3.2

Question Answering - Experimental Results

Table Only Knowledge Enhanced
Model Dev Test Dev Test Dev Test
EM F1 EM F1 EM F1 EM F1 EM F1 EM F1
Fine-Tuning
TAPEXag. 1444 1852 1283 17.1 60.62 63.22 56.63 58.75 4618 447
BART arge 9.34 1341 817 1217 517 5449 5281 56.16 | 4236 41.08 iz ]
BARThase 764 1157 838 1156 4565 48.89 4687 5028 @ 38.01 3732 : 38.72
Tyaze 9.77 1405 9.12 1297 4554 4894 46.02 49 3577 34.89 36.9 36.03
Zero-Shot
GPT-3 807 17.85 1007 20.11 3355 4504 36,69 4776 2548 27.19 2662 27.65
ChatGPT 3.82 7.65 4.03 131 1773 27153 1569 26,779 13891 1988 11.66 19.48
Few-Shot
GPT-3 33.86 3958 3181 37.06 57.86 63.04 6023 64.89 24 2346 2842 27.83
ChatGPT 207 2395 1972 2392 4501 4951 4326 4953 2431 2556 2354 25.61

Table 5: Performance of different reasoners on KET-QA. Block A represents the increase in performance after
incorporating knowledge base as an additional source of information. We employ the text-davinci-003 version for
GPT-3 and the gpt-3.5-turbo version for ChatGPT.
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5 Comparison of Knowledge Sources
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Comparison of Knowledge Sources

Dev Test
Knowledge Source EM F1 EM F1
Table Only 1444 1852 1283 17.1
LLM 29.62 3423 2651 30.58
Wikipedia Passages 32.27 36.69 28.31 32.24
Knowledge Base 60.62 63.22 56.63 58.75

Table 6: Experimental results with various external
knowledge sources. We employed TAPEX|y. as a rep-

resentative reasoner.

» LLM-generated Knowledge: We employed the prompt
"Generate some knowledge about the given question
and table" to instruct the Large Language Model to
generate knowledge that is beneficial for answering the
current question.

» Wikipedia Passage hyperlinked Wikipedia passages
can provide additional information that complements

the table.
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- Thanks for your attention!

* Project Page: https://ketqga.github.io/
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