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Motivation: Existing numerical QA systems face challenges

. . . . . oeg e (Original question in the ASDiv dataset
Numerical Question Answering requires Numerical Capabilities g e A buying some tOYS)he had

58 left. How much did he spend on toys?

Discrete Reasoning @ .
i ]
Q: HV captured the village at 4:45 p.m. on 2 March 1992. The JNA formed a
battlegroup to counterattack the next day. What date did the JNA form a @
battlegroup to counterattack? counterattack the next day. What date did the Frank had 51281. After buying some toys h;-‘ had
JNA form a battlegroup to counterattack? sAIE et o men o e epen o iy
A: 3 March 1992 % 1915 878
— X ‘
Tabular QA Math Word Problem @
Frank had $16.3. After buying some toys he had
Year Revenue ($) # Sales Q: Frank had $16. After buying some 58.2 left. How much did he spend on toys?
= 20,000 10,000 toys he had $8 left. How much did he % % [
? - -
Mar 23,000 11,000 PNl L —_—
A:16-8=8
Apr 26,000 12,500 R
Q: What’s the average revenue from Current Numerical QA systems o
February to April? perform well on existing datasets -

A: (20000+23000+26000) /3=23000  SOTA on ASDiv-a: > 80% acc ¢3 Numerical QA systems can be challenged by

However.. a variety of simple perturbations.
3 Reflects weakness of numerical capabilities!



Motivation: Existing numerical QA systems face challenges

The Big Questions

8 WHhich numerical capabilies are needed?

€ Howto quantify a system’s weakness?
$ Is there a way to alleviate this weakness?

...A systematic evaluation framework is needed!
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Methodology: The Hierarchy and Implementation (Goals)

To Answer the Questions...

Question

Which numerical
capabilies are needed?

How to quantify a
system’s weakness?

Is there a way to
alleviate this weakness?

Goal

#1: To map out the capabilities
involved in numerical QA

#2: To establish an indicator for
systems’ lack of numerical
capabilities

#3: To provide a baseline
approach to alleviate the lack

Motivation: so system designers can...

Have a thorough checklist of needed components.

1. Know how severely a system lacks a capability.
2. Map out the weakness landscape by comparing
results for different capabilities.

Compare with future improvements on system
architecture etc.



Methodology: The Hierarchy and Implementation (Goal #1)

Goal #1

(Original question in the ASDiv dataset)

. . re . Frank had $16. After buying some toys he had
2 Solving Stages * ll- Numerical Capabilities S5t [ € s S aand o e
@
QA Stages — Numerical Capabilities A Num1 = 16, Num2 = 8

Frank had $16. After buying some toys he
had $8 left. How much did he spend on toys?

r
I I
I Number I @
1 Stagel: Numerical Parsing Detection : 6 8
: U Numa( [ Under the hood, the system goes
I Hm{e) Hm(®) Number Value : through these two stages of ﬁ
IL Understanding | problem solving
————————————————————————— ol
Operand
: - i Selecti i :
- Semantic Parsing Seeon $8 These 2 stages delimit the two categories of

Num1 - Num2 St numerical capabilities.
Selection



Methodology: The Hierarchy and Implementation (Goal #2)

G O a I #2 (Original question in the ASDiv dataset)

Frank had $16. After buying some toys he had
S8 left. How much did he spend on toys?

8 Perturbations ¥ Atta[:k setting %
PN 16-8
Numerical Capabilities — Perturbations @
Frank had $1281. After buying some toys he had
5478 left. How much did he spend on toys?
9 X 1215-878
€8 The perturbations are mutually independent @
Frank had $16.3. After buying some toys he had
$8.2 left. How much did he spend on toys?
Attack
“Frank had $16. After buying some toys he had 2
X  16.3+8.2
S8 left. How much did he spend on toys?” 0
| &
“Frank had $16.3. After buying some toys he w?

had $8.2 left. How much did he spend on toys?” S
0 ?



Methodology: The Hierarchy and Implementation (Goal #3)

Goal #3

Defense setting

Defense Setting

To evaluate the relief by training on perturbed data.

Attack Setting

Toreveal systems’ lack of numerical capabilities.

€3 The difference between the two settings is
shown during training

Tony had $20.3. He paid $8.2 for a ticket to a
baseball game. He bought a hot dog for $3.5.
What amount of money did Tony have then?

20.3-8.2-3.5

Tony had $220. He paid S58 for a ticket to a @
baseball game. He bought a hot dog for $15.
What amount of money did Tony have then?

220-58-15

Frank had $16.3. After buying some toys he had @
$8.2 left. How much did he spend on toys?

A
@ 16.3 - 8.2
[

&

& The systems are trained on additional samples
with the perturbation first



Methodology: The Hierarchy and Implementation (Summary)

To Aggregate

QA Stages E.g., Aroomis 12 feet long, 8 feet wide and 14 feet high. How much carpet does one need to cover the whole floor?

Stage 1" recognizing numbers from context & question Stage 2 translating problem to logical form & executing
Num1 (12) Num?2 (8) Num3 (14) Num1 (12) x Num?2 (8) — 96
DNC Framework ‘

Stages Numerical Semantic
g Parsing Parsing

Capabilities Number NumberValue Operand Operation
P Detection Understanding Selection Reasoning

Attack Setting J T T T m—ssommmmm— - Defense Setting

Noise

To evaluate the relief by training on perturbed data.

Noise

Test Cnmpare

To riveal Systems Iacle’of numerical z:ap,ailf»ﬂ’l ties.

Split Datase_t.._ - \‘Diagnosel
l" Datasets Systems
MathWord | Discrete Tabular Tokenization Replacement
Problem Reasoning Understanding

Compare

DROP-num TATQA-a

Figure 1: Overview of DNC Framework. (In our paper) .

https://arxiv.org/pdf/2211.07455.pdf



To Aggregate

Methodology: The Hierarchy and Implementation (Summary)

QA Stages E.g., Aroomis 12 feet long, 8 feet wide and 14 feet high. How much carpet does one need to cover the whole floor?

Stage 1" recognizing numbers from context & question
Num1 (12) Num?2 (8) Num3 (14)

[
DNC Framework

Stages
Capabilities
Perturbs

Attack Setting

Toreveal systems’ lack’of numerical capabilities.

SpPI uat;t_s_._e;.: —_———
ll' Datasets

MathWord |
Problem |

Discrete
Reasoning

Tabular
Understanding

Stage 2 translating problem to logical form & executing
Num1 (12) x Num?2 (8) — 96

==oT=====-————__ _ Defense Setting

To evaluate the relief by training on perturbed data.

Systems

Tokenization Replacement

Compare

Figure 1: Overview of DNC Framework. (In our paper)

https://arxiv.org/pdf/2211.07455.pdf
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Experiments: The Settings X

Experiment Settings

3 Datasets + 5 Systems 8 Perturbations X 2 Evaluation Settings
Combinations of Tasks & Systems Nvidia V100 GPU Hour on Avg
Datasets Attack Setting
el B =R
Toreveal systems’ lack of numerical capabilities.
X |
Systems Defense Setting

Tokenization Replacement | Noise [ Noise [ Noise |

To evaluate the relief by training on perturbed data.




Experiments: Results & Insights

Experiment Results

| ASDiv-a | DROP-num | TATQA-a
Configuration | TS BART GPT2 Graph2Tree | TS5  BART | TagOps
Setting Perturbation | Acceq AcCCins ACCeq AcCuns AcCeq AcCCans Accey ACCuns | Acc Acc | Acc
Language -18.85% -18.85% -23.77% -27.05% -12.30% -12.30% -7.65% -7.38% | -10.,62% -14.73% | -18.62%
Type 37.70% -11.48% @ -32.79% -1557% -17.21% -10.66% 0.27% 1.09% S1.70% -11.06% -5.34%
MNoise -36.89% -36.89% -18.85% -21.31% -9.84% -9.02% 0.27% 0.55% - - -
Attack (A) Distribution | -16.39% -14.75% -29.51% -18.03% -13.11% -13.11% -6.56% -6.56% - - -
Verbosity -41.80% -44.26% -25.41% -29051% -10.66% -11.48¢% -33.33% -33.88% | -9.58% -13.31% -1.90%
Extra -25.41% -27.87% -41.80% -4590% -28.69% -28.69% -11.79% -11.67% -1.21%
Logic -29.51% -27.87% -36.89% -3525% -2541% -23.77% -2842% -21.86% - - -14.29%
Order -34.43% -5.74% | -33.61% -4.10% @ -27.87% -738% | -33.33% -7.10% - - 1.12%
Language -12.30% -13.93% -19.67% -2459% 246% 2.46% -7.65%  -T.38% 0.07% -1.84% -7.59%
Type -11.48% -12.30% -4.92% -6.56% 3.28% 4.10% 1.64% 1.91% 0.46% -0.95% 2.93%
MNoise -14.75% -14.75% -3.28% -4.92% 3.28% 4.10% 0.55% 0.27% - - -

Distribution | -20.49% -2049% -8.20%  -9.84%  -B.20% -902% -6.83% -6.01% - - -

Defense (A
elense (A) | Verbosity | -15.57% -1639% -5.74% -138% -0.82% 0.00% -027% 1.09% @ -5.13% -184% | 225%

Extra 0.00%  1.64%  -246% -4.10% -17.21% -18.03% -2022% -17.76% | -11.32% -10.44% | -9.14%
Logic - - - - - - - - - - 13.64%
Order 2541% -4.10% | -2787% -7.38% -1.64% 23.77% | -2923% -7.92% - - 19.47%

Original | None |68.{]3% 7295% 67.21% T7295% 44.26%  45.08%  6694%  68.58% | 4942%  50.36% 42.41%




Experiments: Results & Insights

Experiment Results and Insights

$ Performance Change

| ASDiv-a | DROP-num | TATQA-a
Configuration | TS BART GPT2 Graph2Tree | TS  BART | TagOps
Setting Perturbation | Accey AcCCans AcCeq AcCuns AcCeq AcCans Acce, Accuns | Acc Acc | Acc
Language | -18.85% -18.85% -23.77% -27.05% -12.30% -12.30% -7.65% -7.38% | -10.62% -14.73% | -18.62%
Type -37.70% -11.48% | -32.79% -1557% -1721% -10.66% 0.27%  1.09% -1.70% -11.06% | -5.34%
Noise -36.89% -36.80% -18.85% -2131% -9.84% -9.02% 027%  0.55%
Distribution || -16.39% -14.75% -29.51% -18.03% -13.11% -13.11% -6.56% -6.56%
Attack (A
ARk (D)1 Verbosity |[41S0%IAH36%) -25.41% 2951% -10.66% -11.48% [33.33% “3388% | -9.58% -1331% | -1.90%
Extra -2541% -27.87%  -41.80% -4590% -28.69% -28.69% | -53.83% -54.64% | -11.79% -11.67% | -1.21%
Logic -2951% -27.87% -36.89% -3525% -25.41% -23.77% -28.42% -21.86% -14.29%
Order 34.43%  -574% | -33.61% -4.10% | -27.87% -7.38% | -33.33% -7.10% 1.12%
Language [ -12.30% -13.93% -19.67% -2459% 246% 2.46% -7.65% -138% @ 007% -1.84% 59%
Type -11.48% -12.30% 4.92% -6.56% 328%  4.10% 1.64%  191%  046%  -095% | 293%
Noise -1475% -14.75% -3.28% -492% 328% 4.10%  055% 027% |
Defense () | Distribution || -20.49%  -2049%  -8.20%  -9.84%  -820%  -9.02% -6.83%  -6.01% | - -
) Verbosity | -15.57% -16.39% -5.74% -7.38% -0.82% 000% -027%  1.09% 5.13%  -1.84% | 2.25%
Extra 000%  1.64%  -2.46% -4.10% -1721% -18.03% -20.22% -17.76% -1132% -1044% | -9.14%
Logic - - - - | 13.64%
Order 2541% -4.10% | -2787% -738% -1.64% 23.77% | -29.23% -7.92% | 19.47%
Original | Nonme | 68.03% 7295% 6721% 7295% 44.26% 45.08% 66.94% 68.58% | 49.42% 50.36% | 42.41%

Attack

Systems experience significant
performance drop from the
perturbations.

Defense

Defense mechanism helps to
alleviate systems’ lack of
corresponding numerical
capabilities.

16



Experiments: Results & Insights

Experiment Results and Insights & Most Senstive Stage

- Attack

| ASDiv-a | DROP-num |
Configuration | TS BART GPT2 Graph2Tree | TS BART | TagOps
Setting Perturbation | Acceq ACCans Acceq AcCCans AcCeq AcCuns Accey AcCans | Acc Acc | Acc Semantlc Pa rS|ng causes a more
Language | -18.85% -18.85% -23.77% -27.05% -1230% -12.30% -7.65% -7.38% | -10.62% -14.73% | -18.62% severe ch a||enge_
Type 37.790% | -11.48% | -32.79% -15.57% -1721% -10.66% 0.27%  1.09% -1.70% -11.06% | -5.34%
Noise | -36.89% -36:89% -18.85% -2131% -9.84% -9.02% 027%  0.55% - . l -
Attack (A) | Distribution [-1639% __1475% _2051% _18.03% _13.11% _1311% _-656% _-6.56% - - -
Verbosity [ -41.80% -44.26% -25.41% -2951% -10.66% -11.48% -33.33% -33.88% | -9.58% -13.31% | -1.90%
Extra | -25.41% -27.87% -41.80% -4590% -28.69% -28.69% |=53.83% 54:64% | -11.79% -11.67% -1.21%
Logic | -29.51% -27.87% -36.89% -3525% -2541% -23.71% -28.42% -21.86% : - -14.29%
Order || -34.43%  -5.74% | -3361% -4.10% _-27.87% -7.38% | -33.33% -7.10% . . 1129
Language | -1230% -13.93% -19.67% -2459% 246%  246% -7.65% -7.38% | 007% -1.84% | -7.59% E E n s E
Type -11.48% -12.30% -4.92% -656% 328% 4.10% 1.64% 191%  046%  -0.95% | 293%
Noise | -14.75% -14.75% -3.28% -4.92% 328% 4.10% 055% 027% | - - | - )
Defense (A) | Distribution 49% 8200 _OR4% _ R820c% _000% __G83% __601% | . - The lack accordmg to
Verbosity [ -15.57% -1639% -5.74% -7.38% -0.82% 000% -027% 1.09% | -5.13% -184% | 225% . .
Extra 000%  1.64%  -2.46% -4.10% -1721% -18.03% -2022% -17.76% | -11.32% -10.44% | -9.14% Semantic Pa rsing gets more
Logic 13.64%
Order

2541% | -4.10% [D787% -138% -164% 23.77% [2923% 7.92% | - : 19.47% recovery

68.03%  72.95% 6721% 7295% 44.26% 45.08% 66.949% 68.58% | 49.42%  50.36% 42.41%

Original |  None
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Experiments: Results & Insights

Experiment Results and Insights & Most Senstive System

ASDiv-a | DROP-num | TATQA-a Att a B k

Configuration | TS BART GPT2 Graph2Tree | TS BART | TagOps
Setting Perturbation | Acceq ACCans Acceq AcCCans AcCeq Accuns Accey Accans | Acc Acc | Acc Tra nSformer'based Seq Zseq
Language | -18.85% -18.85% -23.77% -27.05% -1230% -1230% | -7.65% -138% | -10.62% -14.73% | -18.62% systems have la rger
Type 37.90%  -11.48% -32.79% -1557% -1721% -10.66% | 027%  1.09% | -7.10% -11.06% | -5.34%
Noise || -36.89% -36.89% -18.85% -2131% -9.84% -9.02% | 027%  0.55% - - - performance drops.
Attack (A | Distribution || -1639% -14.75% 2951% -1803% -13.11% -13.11% | -6.56% 6.56% - - -
Verbosity [ “41.80% "4426%" -25.41% -2951% -10.66% -11.48% |E33B3RNEI3EERN -9.58% -1331% | -1.90%
Extra || -25.41% -27.87% -41.80% -4590% -28.69% -28.69% |(ESOISSGENESAGARN -11.79% -11.67% | -1.21%
Logic || -2951% -27.87% -36.89% -3525% -25.41% -23.77% |-2842% -21.86% - - -14.29%
Order || -34.43% -5.74% | -33.61% -4.10% _-27.87% -7.38% |-3333%" -7.10% - - 1.12%
Language [ -12.30% -13.93% -19.67% -24.59% 2.46%  2.46% | -7.65% -7.38% | 007% -1.84% | -7.59% E E"SE
Type 1148% -1230% -4.92% -656% 328% 4.10% | 1.64% 191% | 046% -095% | 2.93%
Noise || -1475% -1475% -3.28% -492% 328% 4.10% [ 0.55%  027% - - -
| Distribution ]| -20.49% -2049% -8.20% -9.84% -820% -9.02% [ -6.83% -6.01% - - - Transformer-based Seqg2Se
Defense (A)
‘ Verbosity | -15.57% -16.39% -5.74% -7.38% -0.82% 000% | -027% 1.09% | -513% -1.84% | 225% .
Extra 0.00%  1.64%  2.46% -4.10% -1721% -18.03% |-20.22% -17.76% | -11.32% -10.44% | -9.14% systems benefit more from
Logic : . . . . . - - - - 13.64% Def
Order | 9541%  -4.10% [2787% -738% -164% 23.77% |E30I8%N -7.92% - . 19.47% erense.
Original | None | 68.03% 7295% 67.21% 7295% 44.26% 45.08% 66.94% 68.58% | 49.42% 50.36% | 42.41%
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