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* ACM SIGSOFT Distinguished Paper
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ISE: “ML for SE” or “SE for ML”

- 1. Code Intelligence

(code generation/completion/edit/repair/representation/search/clone/reuse/type
prediction/smells/verification/debug/api...)

ML for SE - 2. Documentation

(code comment/review/var naming/app user review/bug report/commit
message/release notes/github/stackoverflow/developer talks&vlogs...)

- 3. Quality and Maintenance
(testing/log/AlOps/performance/bug detection/code changes...)

https://ml4dcode.github.io/tags.html



ISE: “ML for SE” or “SE for ML”

1. Model Evaluation and Testing

(such as testing QA/autopilot/machine translation software)

SE for ML . 2. Model Interpretation and Explainability

- 3. Auto ML
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Background: Mutation/Metamorphic/Fuzz Testing

What is Mutation Testing(ZZ 5:5Mix)?

* Motivation: Who guards the guardian? Who tests the tests?

» Target: Improve the test cases of program

* Idea: If we mutate the original program, the tests still pass. There

. . .. . . He RU AR
will be two possible reasons: the original program is logically equal LB"‘]E{C; —) i ;
HH-
to the mutated program / Or the tests could not detect all possible
cases of the program »
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[2] https://www.cnblogs.com/TongWee/p/4505289.html



Background: Mutation/Metamorphic/Fuzz Testing

What is Metamorphic Testing (1 25 1 i5)?

Motivation: Oracle Problem (How could we test a software when we
don’t know expected output)

Example: we want to test function which computes sin(x)
Metamorphic testing: we could calculate the result of a random num
such as 1.3, then we check if f(1.3) == f(r-1.3), f(1.3) == -f(27-1.3)
Advantages: we could test a program we know nothing about

Key procedures: Build Metamorphic Relation(such as sin(x)==sin(m-x))

Applications: Machine Learning Software, Complex Software

(1] $h R, B, G, =42, BF B AREEVSIE RSN SRR 0N 2 451R, 2021, 32(4): 1051-1066.
http://www.jos.org.cn/1000-9825/6221.htm
R EZES, REX B K08, TRE. WX EALZRD]. THENRZ SR E, 2009, 3(2): 130-143.
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Background: Metamorphic Testing
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Stability Evaluation for Text Localization Systems via Metamorphic Testing
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* Increasing brightness (MR;;,)
+ Decreasing brightness (MRg;,)
+ Channel switch (MR.)
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Fig. 4 (B R8RS ol
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* Perspective transformation (MR, )
+ Watermarking (MR,,,)

Masking (MR,q)

(a) follow-up of MRy, (b)follow-up of MR, (c)follow-up of MR,
Fig. 5 ORI LAt A 5% Rl

(1) 5 T4 28 35 B9 S AR E AL A e da E Mt https://www.bilibili.com/video/BV1b64y1Y7UY?spm_id_from=333.337.search-card.all.click

[2] http://www.is.cas.cn/ztzI2016/2021xsnh/2021hbzs/
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Background: Mutation/Metamorphic/Fuzz Testing

What is Fuzz Testing(#2#:7ixX)? - UseNx seC 202

o SyzScope: Revealing High-Risk Security Impacts of Fuzzer-Exposed Bugs in Linux kernel

» Definition: Fuzzing or fuzz testing is an automated software testing RN

WAFL: Non-intrusive Feedback-driven Fuzzing for Microcontroller Firmware

o

BeDivFuzz: Integrating Behavioral Diversity into Generator-based Fuzzing

technique that involves providing invalid, unexpected, or random data as

o

CONFETTI: Amplifying Concolic Guidance for Fuzzers

inputs to a computer program.
* History: 1988, Prof. Barton Miller was testing the reliability of UNIX

]

Demystifying the Dependency Challenge in Kernel Fuzzing

]

Evaluating and Improving Neural Program-Smoothing-based Fuzzing

Fuzzing Class Specifications

GraphFuzz: Library API Fuzzing with Lifetime-aware Dataflow Graphs

=]

Linear-time Temporal Logic guided Greybox Fuzzing

command line programs. But due to the heavy rain, there were some

=]

Muffin: Testing Deep Learning Libraries via Neural Architecture Fuzzing

unexpected wrong inputs sent to the program, which caused the

]

[One Fuzzing Strategy to Rule Them All]

o

On the Reliability of Coverage-Based Fuzzer Benchmarking

program to terminate.

Path Transitions Tell More: Optimizing Fuzzing Schedules via Runtime Program States

R272: Detecting Rendering Regressions in Web Browsers through Differential Fuzz Testing

o

* Motivation: We cannot list every possible case or predict every exception

Semantic Image Fuzzing of Al Perception Systems

o

Free Lunch for Testing: Fuzzing Deep-Learning Libraries from Open Source

* Application: Security & Vulnerability, Software Testing

WindRanger: A Directed Greybox Fuzzer driven by Deviation Basic Block

MOREST: Model-based RESTful API Testing with Execution Feedback

°

Controlled Concurrency Testing via Periodical Scheduling

o

Combinatorial Testing of RESTful APls

]

Automated Testing of Software that Uses Machine Learning APls

]

FADATest: Fast and Adaptive Performance Regression Testing of Dynamic Binary Translation Systems

Nessie: Automatically Testing JavaScript APls with Asynchronous Callbacks

[1] https://zhuanlan.zhihu.com/p/43432370
[2] https://github.com/wcventure/FuzzingPaper
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Problem: Could all software be “tested”?

Front-End Software

* GUI Automatic Testing is not fully developed
* Take much manual effort to check every page
Software * Difficult to test on every possible environment (device)

Developer Tester Al Software Untestable

* Difficult to define equivalent ®fasses

[ /l * Impossible to list every case

* Lack of interpretability and explainability
Writing
Tests

https://scholar.google.com.hk/scholar?hl=zh-CN&as_sdt=0%2C5&qg=untestable+software&btnG=
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Background: Testing Untestable

How to test an Al software (intelligent software)?

Google %

B Microsoft Bing

B FLE 2+ ARHE EiR

X

202251281687
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.
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#1i& - Baidu

zhidao.baidu.com
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0/ 5,000
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DensePhrase Demo
Project by Jinhyuk Lee Mujeen Sung Alexandar Wettig Jaewoo Kang Dangi Chen

Korea University Princeton University

From 5 million Wikipedia articles, DensePhrases searches phrase-level answers to your questions or
retrieve relevant passages in real-time. More details are in our ACL'21 paper and EMNLP'21 paper.

You can type in any natural language question below and get the results in real-time. Retrieved
phrases are denoted in boldface for each passage. Current model is case-sensitive and the best
results are obtained when queries have proper letter cases (e.g., "Name Apple's products” not "name
apple's products"). Our current demo has the following specs:

« Accuracy: 40.8% on Natural Questions (open), Latency: ~#100ms/Q (with at least top 10 results)

« Resources: 11GB GPU, 100GB RAM

« Code link | Contact: Jinhyuk Lee (lee.jnhk@gmail.com)

Examples ~

&, PR .

- FURIA

When was GitHub launched? n

FEWAORIEE, F2022812816

15 results (163ms)

Real-time Search English Wikipedia (2018.12.20)

BTEbELER ,

ZRERFIEE (

FIFLE ) B95288,

fRA2_BEER

baike.baidu.com

On June 4, 2018, Microsoft announced it had reached an agreement to acquire GitHub for US$7.5 billion. The GitHub
purchase closed on October 26, 2018. GitHub was developed by Chris Wanstrath, PJ Hyett, Tom Preston-
Werner and Scott Chacon using Ruby on Rails, and started in February 2008. The company, GitHub, Inc.,
has existed since 2007 and is located in San Francisco. On February 24, 2009, GitHub team members
announced, in a talk at Yahoo! headquarters, that within the first year of being online, GitHub had
accumulated over 46,000 public repositories, 17,000 of which were formed in the previous month alone. At
that time, about 6,200 repositories had been forked at least once and 4,600 had been merged. f(s|D,q)=101.57
Development of the GitHub platform began on October 19, 2007. The site was launched in April 2008 by GitHub
Tom Preston-Werner, Chris Wanstrath, P. J. Hyett and Scott Chacon after it had been made available for a few

months prior as a beta release. Projects on GitHub can be accessed and manipulated using the standard Git

command-line interface and all of the standard Git commands work with it. GitHub also allows registered and

non-registered users to browse public repositories on the site. Multiple desktop clients and Git plugins have

also been created by GitHub and other third parties that integrate with the platform f(s|D,q)=100.54
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Background: Model Evaluation Metrics
BLEU

candidate: the cat sat on the mat
reference: the cat is on the mat
BAE T bleulEINT:

M bleus, 3% candidated Y5 ™M, {the cat, catsat, saton, onthe, themat}, B EETE
referenced?, KRIE 3 ™Ma{Ereferenced, FRBASLERZ0.6

5
bleu; = 3 = 0.83
bleus = E = 0.60
5
bl = l =0.25
€Uz = 1 = Vu.
bleuy = g = 0.00
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Background: Model Evaluation Metrics

BLEU
?—_ b
—f—%km&%m
BLEU = BPx expl @log@ .
HIEERFELFT
) MineiEEaea
KESEATH | 1\\ fig 6 B SC P n TG R 3R
EIIET w=UN | | BSEABBEE.
. { Ui e>r | CHBEESCRRARANEL r NWER
e i es<r | ECRSe BESERESCREN

BLEU HEEH: 0~1, HMERBRFFEXREMRLE, 21E
BN, FXCRERE.
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Background: Model Evaluation Metrics

ROUGE

C: a cat is on the table

S1: there is a cat on the table

FE#HFH ROUGE-1 #l ROUGE-2 988N T:

ROUGE -1 =

ROUGE -2 =

la, cat,is, on,the, table| 6
7

ithere, is, a,cat,on,the, table|

\(a, cat), (on,the), (the, table))

\(there,is), (is,a), (a,cat), (cat,on), (on, the), (the,table)|

]
2
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Background: Model Evaluation Metrics

ROUGE

Z Z Count,,,,(gram,)
ROUGE . N — Se{ ReferenceSummaries} gramy €S

Z Z Count(gram,)

Se{ ReferenceSummaries} gram, €S
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Background: Model Evaluation

>
Metrics )*®

N A
- -
Evaluation
Test Data Predicted Output

1. Evaluation metrics may not capture
all features (semantic)

2. Some “Golden References” could be
erroneous

3. Confine the test sufficiency

4. Require much time and effort to

manually annotate the labels Real Output(Label)

5. Just-in-time Testing (Real time / detect issues during usage)

Perrormance

19



Background: Testing Untestable

Bad Case Mining for Machine Translation using Back Translation The State Department followed up

by issuing a fact sheet Tuesday,
showing how U.S. contributions to
global agencies far surpass

-+ 1 $ . HIH P

* Bad Case: Cases that could not receive expected result

Encoder

* Back Translation: A common data augmentation method e —— . e .

* Translate source sentence to a sentence in another language, and

then translate back into the original language \, = = - =
* Finally, compute the similarity between source sentence and target mﬁg;ﬁx:
sentence (Representation of sentences: LASER) [ereeme ) [oreeme ]
?

4

Eg: "ARMER—UEERIZMENIZSE, MHTETETHK —

JTs> H H 5
LASER L2110/ ERT, MPEZI10H3E

7 BEERRBSSREANE
"Jay Chou is a strength singer in the Chinese music scene, his albums are sold all over %%1075’%7‘3’ MERER 105X

the world. “—> ’
AACRHFEERROAART, MOSHGHSER, R @stephen ARIEHIEES LE

‘ome- TobMAN, AERBEK XFMEIEER, 2bugld
thing can never be changed, RAZREE, REXEY,
live with it or break with it! REBRLN, BEXTY! Hbug, HELEWET
[1] Zheng W, Wang W, Liu D, et al. Testing untestable neural machine translation: An industrial case[C]//2019 IEEE/ACM 41st International Conference on Bad Case

Software Engineering: Companion Proceedings (ICSE-Companion). IEEE, 2019: 314-315.
[2] Wang W, Zheng W, Liu D, et al. Detecting failures of neural machine translation in the absence of reference translations[C]//2019 49th Annual IEEE/IFIP
International Conference on Dependable Systems and Networks—Industry Track. IEEE, 2019: 1-4. 20



Introduction

Is it possible to transfer this method to other Al software?

* Metamorphic Testing: Testing the Untestable

e Question Answering Software?

Google

When was the first railroad built in the United States? X .!,. Q GQ gle
Q2 OxFE LDEE OwH QR FEx I8

$FI4 10,030,000,000 L2458 (FIAT 0.75 #1)

1830

1827: The first railroad in North America — the Baltimore & Ohio — is chartered by Baltimore merchants.
1830: The first regularly-scheduled steam-powered rail passenger service in the U.S. begins operation in
South Carolina, utilizing the U.S.-built locomotive The Best Friend of Charleston.

In which country was the first railroad built in 1830 X & Q

Q28 BHEAF OxFm OWh 0 mE @S Ia

HHL 6,580,000 4L (FERF 0.70 1)

Great Britain

The railroad was first developed in Great Britain. A man named George Stephenson successfully applied
the steam technology of the day and created the world's first successful locomotive. The first engines
used in the United States were purchased from the Stephenson Works in England.

There is a violation between the two answers
(Actually, the first railroad is built in United States on 1827-02-28)

[1] Segura S, Towey D, Zhou Z Q, et al. Metamorphic testing: Testing the untestable[J]. IEEE Software, 2018, 37(3): 46-53. 21



Implementation




Overview of the procedures

IRiF! FASERSREBRLT0%MRHE, SHERSSMARTERSE, hHEMEN 85" $
H. RAEREASEFO%HEREENERS2-3ME, S3lEEFRE. . NEEE. 1

e ot cortionmn ( g'wa: What can oxygen ic con . FRERSER, EEEENOESFRARS, SESGRMERLILEER, ZERAE
poodweeiipic sonduions ) duce at elevated SUL et Togic oot =1 ;L& ,.Eb ,,:EIAE%EJ E ;:F& iﬂét EJ_\»;@ = L./L_»,E ) ii &»am
DSS k: Oxygen gas can produge QSG gas Pro u and health prob FENMIHEE, FIREREMMEEATRMERS, NNSBELR. BB, RBEE. MRRAERE
SUT a toxic condition at elevafed partial pressures? s AR, ERRIEFE
awst At elevated partial partial pressures. Ty NI o [T Existence Measure DSS: Declarative Sentence Synthesis
prossliies. o QSG: Question Sentence Generation

(a) Test Process of MR1 k: Knowledge(Declarative Sentence)

gws: When can oxygen gas e ) . . el
produce a toxic condition? ohiail Can‘oxyger? EB PO QUT a'gey: Yes, it can. Qu estion Definition:
E:Oxygenipah cat geadoce oo i — WH: wh-question(what when who how many)
DSS ™ : 9 . -
l SUT a toxic condition at elevated elevatedipartal pressurey GEN a | . Y
aw: At elevated partial partial pressures. ot Yo, Affirmation Measure . genera' questlor_1
pressures. ALT: alternative question
(b) Test Process of MR2 Abbr.  Type Examples
WH wh i Q: Who was Emma’s brother? A: Duke Richard II.
qoev: Does Stefan turn off q'wa: Who turns off his SUT a'ws: Stefan. WR-QUESHON & How many soldiers were in each Tumen? A: 10,000.
his humanity in season 6? h PP 5 general  Q: Is this the last year for once upon a time? A: Yes.
DSS  k: Stefan turns off his QSG BIATSY JUBEHEIH0. O ety question  Q: Does a cow have to be pregnant to lactate? A: No.
SUT humanitv in season 6. : alternative Q: Is the UK a state or a country? A: A country.
l ¥ Enigence Mensure arr question  Q: Is a potato a tuber or a vegetable? A: A tuber.
acen: Yes. atwy: Stefan.

(c) Test Process of MR3
Fig. 1. Proposed Recursive Metamorphic Relations
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Declaration Sentence Synthesis

Q: Was the love boat i ! ';:“;‘i ”b “;h:'di"*? ¥ pobi h' z The love boat was  The love boat was filmed
in? o as the love boatfilme on ashp’ ' . .
filmed on a ship? A: Yes. S it TGERR AP Bt filmed on a ship. on a ship.
= STEP2-1 =p

¢ nsubj dobj i prep ¢ pobj v

Q: Does US have ateam  poes  Us  have ateam  in the world cup?
in the world cup? A: No. Aux PROPN VERE NOUN ADP NOUN
(ROOT)

STEP1

US does not have a team
in the world cup.

US has a team in
the world cup.

INPUT STEP 2-2 STEP 3

(a) Declarative Sentence Synthesis from General Question

I * nsubj I prep ¥ pobj e T l N}/\:‘.
Did plague spread in Scandinavia or Germany first? | //7\-\\_
Q: Did plague spread in A AUX NOUN VERB ADP PROPN CCONJPROPN ADV L) - S
Scandinavia or Germany (ROOT) /\—u—‘
S STEP 1 » ; “
first? A: Scandinavia. g ]
¥ rJ
Plague spread in Scandinavia or Germany first. Plague spread in Scandinavia first.
INPUT STEP 2 STEP 3

(b) Declarative Sentence Synthesis from Alternative Question

Rule

Example

WH be noun1? — nouny be awy.
WH do nouny verby ...7 — nouny verb'l AWH ..
WH modal nouny verby ...7 — nouny modal verby awy ...

Whose nouny be nouns? — awy nouni be nouns.

How is the speed of light in all reference frames? + The same. — The speed of light is the same
in all reference frames.

What does the sea monster with a female upper body hold in its claws? + A sword. — The sea
monster with a female upper body holds a sword in its claws.

When can oxygen gas produce a toxic condition? + At elevated partial pressures. — Oxygen gas
can produce a toxic condition at elevated partial pressures.

Whose theory was the theory of continental drift? + Alfred Wegener. — Alfred Wegener’s theory
was the theory of continental drift.

WH: wh-words like “what”, “how”, “when”, “who”, etc. modal: modal words like “can”, “must”, ‘would”, etc. verb/verb’: verb phrase and its adaption to the tense and number of auxiliary.

(c) Typical Heuristic Rules for Declarative Sentence Synthesis from Wh-Question

Fig. 2. Process and Example of Declarative Sentence Synthesis

[1] Spacy &/} https://www.jianshu.com/p/e6b3565e159d
[2] Patternf&] 4} : https://python.freelycode.com/contribution/detail /1609

24



Declaration Sentence Synthesis

Stepl: POS tagging(id 4 #r;E) and Dependency Parsing (using Spacy)

Step2: Adjust the place of AUX
(AUX could be “be/can/may” or “do/did”)
(might need to transform the tense and number)

Step3: Negate k if answer is “No”

[1] Spacy & /}: https://www.jianshu.com/p/e6b3565e159d
[2] Patternf&] 4} : https://python.freelycode.com/contribution/detail /1609

[Q: Was the love boat Cnsub ¥1act ¥1 prep ¥
ﬁlmed . Ship7 A: Yes Was the love boaffilmed  on

M

pobj v \

a ship?

AUX NOUN VERB ADP NOUN

- 3T
bj 11 dob
Q: Does US have ateam pges  Us ' have  oteam

(ROOT)
STEP1

\ INPUT

vl pobj v
in the world cup'

in the world cup? A: No. Aux PROPN VERB NOUN ADP NOUN

> The love boat was  The love boat was filmed
filmed on a ship. on a ship.
STEP 2-1 =

US does not have a team
in the world cup.

US has a team in
the world cup.

J

STEP 2-2 STEP3

(a) Declarative Sentence Synthesis from General Question
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After DSS ...

nat WIINGATUXYEEN 815 ( q'wa: What can oxygen
)

SUT a'wx: Toxic condition

produce a toxic condition?
DSS k: Oxygen gas can produge QSG gas .prloduce at e]?evated and health problem.
SUT a toxic condition at elevafed partial pressures]
= : artial pressures. Existence Measure
aws: At elevated partial ¥ ¥ ) T awa: A toxic condition®

pressures.

(a) Test Process of MR1

gws: When can oxygen gas

. i q'cev: Can oxygen gas pro-
produce a toxic condition?

k: Oxygen gas can produce sG duce a toxic condition at

DSS i ?
l SUT a toxic condition at elevated 2 elevated partial pressures?
partial pressures. Affirmation Measure

SUT a'cev: Yes, it can.
—

awu: At elevated partial atrn: Yes.
pressures.
(b) Test Process of MR2
geen: Does Stefan turn off q'wat Who turns off his SUT a'wa: Stefan.
his humanity in season 6? humanity in season 67
DSS  k: Stefan turns off his QSG Y
SUT humanity in season 6. Existence Measure
Acen: Yes. atwus Stefan.

(c) Test Process of MR3
Fig. 1. Proposed Recursive Metamorphic Relations
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Question Sentence Generation

It is easy to turn a canine  into the perfect companion because  so much of commodityforms  are avai]abh
PRON AUX ADJ PART VERB DET NOUN ADP DET ADJ] NOUN SCONJ ADV ADJ] ADP NOUN NOUN VERB ADJ
- N * Step 2: Questions Raised by UniLM Step 4: Valid Questions
B atxpass pree. ¥l potj 4 Was the Taveatioat \ 2) What is it easy to turn into the perfect companion? 3) q': What is it easy to turn a...
The love boat was filmed on a ship. i Step 1: Potential Target Answers 3) What is it easy to turn a canine into because much commodity forms are available? ar: The perfect companion.
The love boat was P filmed on a ship? : .
Imed hi NOUN AUX VERB ADP NOUN p! 1)t (demonstrative pronoun, discard) 5) How is it to turn a canine into perfect companion because of much commodity?  5) ¢': How is it to turn a canine. ..
ﬁ med on a ship. (ROOT) STEP 2-1 2) a canine * 6) Why is it easy to turn a canine into a perfect companion? a': Easy.
- 3) the perfect companion ¥
F o l—l I_M_i i 7 Step 3: Declarative Sentences for Raised Questions & ROUGE-1 Score
Plague spread in nsubj prep pobj l -»> Did P}ague Spread n %%med&yfeﬂas (answer, discard) P Q
: ! Flague spread o Qs it first. Seandifaii fst? 5) eas 2Htis-easy-to-turn-a-canine-into-the perfeetcompanion- (s8=0.53, missing necessary information, discard)
Scandi-navia first. PROPN VERB ADP PROPN ADV candmavia first! s rg:luch 3) It is easy to turn a canine into the perfect companion because much commodity forms are available. (s8=1.00)
(ROOT) 5) It is easy to turn a canine into perfect companion because of much commodity (§7=0.74)
INPUT STEP1 STEP 2-2 6)-1tis-easy-to-turn-a-canine-ito-a-perh panion-because-so-much: (sR=0.68, missing some information, discard)

\ (a) General Question Sentence Generation )\ (b) Wh-Question Sentence Generation

Fig. 3. Process and Example of Follow-up Question Sentence Generation

27



Question Sentence Generation (General question)

Stepl: POS tagging(18) 4 #x7E) and Dependency Parsing (using Spacy)

Step2: Check if AUX exists

nsubjpas I
(AUX could be “be/can/may” or “do/did”) l L T Was the love boat
The love boat was The love boat was filmed on a ship. filmed on a Shlp‘)
. NOUN AUX VERB ADP NOUN
filmed on a ship. - (ROOT) STEP 2-1
. H H M H I AdVINo.
Step2-1: If AUX exists, move it to the beginning Plague spread in e | e | e ! Did Plague spread in
s 3 Plague spread in Scandinavia first. - .
of the whole sentence. Scandi-naviafirst. ey vgrs  App momv  apy  ocandinaviafirst?
(ROOT)
INPUT STEP1 STEP 2-2

, i ) (a) General Question Sentence Generation
Step2-2: If AUX doesn’t exist, use Pattern Library

to recognize the tense and number of VERB(ROOT).
And Insert a do with suitable tense and number.

[1] Spacy & /}: https://www.jianshu.com/p/e6b3565e159d
[2] Patternf&] 4} : https://python.freelycode.com/contribution/detail /1609



Question Sentence Generation (Wh-question)

It is easy to turn a  canine into the perfect companion because so  much of commodityforms are available.
PRON AUX ADJ PART VERB DET NOUN ADP DET ADJ NOUN SCONJ ADV ADJ ADP NOUN NOUN VERB ADIJ
* Step 2: Questions Raised by UniLM Step 4: Valid Questions
2) What is it easy to turn into the perfect companion? 3) g': What is it easy to turn a...
Step 1: Potential Target Answers 3) What is it easy to turn a canine into because much commodity forms are available? af: The perfect companion.
Dt (demonstrative pronoun, discard) 5) How is it to turn a canine into perfect companion because of much commodity? 5) ¢': How is it to turn a canine...
2) a canine » 6) Why is it easy to turn a canine into a perfect companion? at: Easy.
3) the perfect companion ¥
Step 3: Declarative Sentences for Raised Questions & ROUGE-1 Score
4-commeodity forms (answer, discard)
2Htis-easy-to-turp-a-canine-into-the-perfeet-companion- (s8=0.53, missing necessary information, discard)
5) easy
&\ koo srinli 3) It is easy to turn a canine into the perfect companion because much commodity forms are available. (sk=1.00)

5) It is easy to turn a canine mto perfect compamon because of much commodity (s%=0.74)
: $ e Dere 2 : : h- (s8=0.68, missing some information, discard)

(b) Wh-Question Sentence Generation

Stepl: Choose proper target answers

Step2: Produce the corresponding questions
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Question Sentence Generation (Wh-question)

J

It is easy to turn a  canine into the perfect companion because so  much of commodityforms are available.
PRON AUX ADJ PART VERB DET NOUN ADP DET ADJ NOUN SCONJ ADV ADJ ADP NOUN NOUN VERB ADIJ
* Step 2: Questions Raised by UniLM Step 4: Valid Questions
2) What is it easy to turn into the perfect companion? 3) g': What is it easy to turn a...
Step 1: Potential Target Answers 3) What is it easy to turn a canine into because much commodity forms are available? at: The perfect companion.
Dt (demonstrative pronoun, discard) 5) How is it to turn a canine into perfect companion because of much commodity? 5) ¢': How is it to turn a canine...
2) a canine * 6) Why is it easy to turn a canine into a perfect companion? at: Easy.
3) the perfect companion ¥
Step 3: Declarative Sentences for Raised Questions & ROUGE-1 Score
4-commeodity forms (answer, discard)
2)Htis-easy-to-turn-a-canine-into-the-perfect-companion- (s8=0.53, missing necessary information, discard)
5) easy
6 h 3) It is easy to turn a canine into the perfect companion because much commodity forms are available. (s&=1.00)
) 5o muic 5) It is easy to turn a canine 1nto perfect compamon because of much commodity (s*=0.74)
: e $ e Dere 2 : : h- (s8=0.68, missing some information, discard)
(b) Wh-Question Sentence Generation
Stepl:

POS tagging and dependency parsing
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Question Sentence Generation (Wh-question)

It is easy to turn a  canine into the perfect companion because so  much of commodityforms are available.
PRON AUX ADJ PART VERB DET NOUN ADP DET ADJ NOUN SCONJ ADV ADJ ADP NOUN NOUN VERB ADIJ
* Step 2: Questions Raised by UniLM Step 4: Valid Questions
2) What is it easy to turn into the perfect companion? 3) g': What is it easy to turn a...

/ Step 1: Potential Target Answers

) What is it easy to turn a canine into because much commodity forms are available? a‘: The perfect companion.
-1—)—i-t (demonstrative pronoun, discard)

) How is it to turn a canine into perfect companion because of much commodity? 5) ¢': How is it to turn a canine...
2) a canine » ) Why is it easy to turn a canine into a perfect companion? at: Easy.
3) the perfect companion ¥

4y commodityforms (answer, discard) Step 3 Declaratlve Sentences for Raised Questions & ROUGE-1 Score
5) easy - (s8=0.53, missing necessary information, discard)
) It is easy to turn a canine into the perfect companion because much commodity forms are available. (s8=1.00)
Q) s0muich S) It is easy to turn a canine mto perfect compamon because of much commodity (s%=0.74)
= : SESTERES Pt - : h- (s8=0.68, missing some information, discard)
(b) Wh-Question Sentence Generation
Stepl:

Extract noun phrases and adjective phrases

(some unsuitable answers, such as phrases, with demonstrative pronouns and the original answer,
are excluded from potential target answers)
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Question Sentence Generation (Wh-question)

It is easy to turn a  canine into the perfect companion because so  much of commodityforms are available.
PRON AUX ADJ PART VERB DET NOUN ADP DET ADJ NOUN SCONJ ADV ADJ ADP NOUN NOUN VERB ADIJ
* Step 2: Questions Raised by UniLM Step 4: Valid Questions
2) What is it easy to turn into the perfect companion? 3) ¢': What is it easy to turn a...
Step 1: Potential Target Answer$ 3) What is it easy to turn a canine into because much commodity forms are available?] at: The perfect companion.
Dt (demonstrative pronoun, discard) 5) How is it to turn a canine into perfect companion because of much commodity? |5) ¢': How is it to turn a canine...
2) a canine 6) Why is it easy to turn a canine into a perfect companion? at: Easy.
3) the perfect companion ¥
Step 3: Declarative Sentences for Raised Questions & ROUGE-1 Score
4-commeodity forms (answer, discard)
2)Htis-easy-to-turn-a-canine-into-the-perfect-companion- (s8=0.53, missing necessary information, discard)
5) easy
6 h 3) It is easy to turn a canine into the perfect companion because much commodity forms are available. (sk=1.00)
) so muc 5) It is easy to turn a canine mto perfect compamon because of much commodity (s%=0.74)
: e $ e Dere 2 : : h- (s8=0.68, missing some information, discard)
(b) Wh-Question Sentence Generation
Step2:

Use UniLM to raise a reasonable question for each target answer
(UniLM is a pretrained language model which is good at generative QA/summarization/question generation)

[1] UniLM{& 1} https://cloud.tencent.com/developer/article/1573393
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Question Sentence Generation (Wh-question)

It is easy to turn a  canine into the perfect companion because so  much of commodityforms are available.
PRON AUX ADJ PART VERB DET NOUN ADP DET ADJ NOUN SCONJ ADV ADJ ADP NOUN NOUN VERB ADIJ
* Step 2: Questions Raised by UniLM Step 4: Valid Questions
2) What is it easy to turn into the perfect companion? 3) ¢': What is it easy to turn a...
Step 1: Potential Target Answer$ 3) What is it easy to turn a canine into because much commodity forms are available?] at: The perfect companion.
Dt (demonstrative pronoun, discard) 5) How is it to turn a canine into perfect companion because of much commodity? |5) ¢': How is it to turn a canine...
2) a canine 6) Why is it easy to turn a canine into a perfect companion? at: Easy.
3) the perfect companion ¥
Step 3: Declarative Sentences for Raised Questions & ROUGE-1 Score
4-commeodity forms (answer, discard)
2)Htis-easy-to-turn-a-canine-into-the-perfect-companion- (s8=0.53, missing necessary information, discard)
5) easy
6 h 3) It is easy to turn a canine into the perfect companion because much commodity forms are available. (sk=1.00)
) so muc 5) It is easy to turn a canine mto perfect compamon because of much commodity (s%=0.74)
: e $ e Dere 2 : : h- (s8=0.68, missing some information, discard)
(b) Wh-Question Sentence Generation
Problem:

Not every question generated by UniLM is reasonable
(Unreasonable question may lead to potential false positive issues)

[1] UniLM{& 1} https://cloud.tencent.com/developer/article/1573393
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Question Sentence Generation (Wh-question)

’ Step 2: Questions Raised by UniLM
2) What is it easy to turn into the perfect companion?
Step 1: Potential Target Answers 3) What is it easy to turn a canine into because much commodity forms are available?

Dt (demonstrative pronoun, discard) 5) How is it to turn a canine into perfect companion because of much commodity? |5) ¢': How is it to turn a canine...
2) a canine » 6) Why is it easy to turn a canine into a perfect companion? at: Easy.
3) the perfect companion ¥
Step 3: Declarative Sentences for Raised Questions & ROUGE-1 Score
4-commeodity forms (answer, discard) ) )
5) eas 2H-tis-easy-to-turp-a-canine-into-the-perfect-companion: (s8=0.53, missing necessary nformation, discard)
6 y h 3) It is easy to turn a canine into the perfect companion because much commodity forfns are available. (sk=1.00)
) so muc 5) It is easy to turn a canine into perfect compamon because of much commodlty (s7=0.74)
: s-eas rR-a-canineinto-aperfect companion-because puch- ssing some information, discard)
(b) Wh-Question Sentence Generation
Solution:

ﬁ is easy to turn a  canine into the perfect companion because so  much }xommodityforms are available.
PRON AUX ADJ PART VERB DET NOUN ADP DET ADJ NOUN SCONJ ADV ADJ ADP |NOUN NOUN VERB ADIJ

Step 4: Valid Questions
3) g¢': What is it easy to turn a...
at: The perfect companion.

Use target answer and question raised by UniLM to produce new declarative sentence(knowledge)
Then compute the similarity between the generated knowledge and original knowledge

(somewhat similar to the idea of back-translation we mentioned before)

[1] UniLM{& 1} https://cloud.tencent.com/developer/article/1573393
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Question Sentence Generation (Wh-question)

It is easy to turn a  canine into the perfect companion because so  much of commodityforms are available.
PRON AUX ADJ PART VERB DET NOUN ADP DET ADJ NOUN SCONJ ADV ADJ ADP NOUN NOUN VERB ADIJ
* Step 2: Questions Raised by UniLM Step 4: Valid Questions
2) What is it easy to turn into the perfect companion? 3) g': What is it easy to turn a...
Step 1: Potential Target Answers 3) What is it easy to turn a canine into because much commodity forms are available? at: The perfect companion.
Dt (demonstrative pronoun, discard) 5) How is it to turn a canine into perfect companion because of much commodity? 5) ¢': How is it to turn a canine...
2) a canine » 6) Why is it easy to turn a canine into a perfect companion? at: Easy.
3) the perfect companion
4 commodity-forms (answer, discar Step 3: Declarative Sentences for Raised Questions & ROUGE-1 Score
’ 2Htis-easy-to-turp-a-canine-into-the-perfeet-companion- (s8=0.53, missing necessary information, discard)
5) easy
6 h 3) It is easy to turn a canine into the perfect companion because much commodity forms are available. (sk=1.00)
) so muc 5) It is easy to turn a canine mto perfect compamon because of much commodity (s%=0.74)
: e $ e Dere 2 : : h- (s8=0.68, missing some information, discard)
(b) Wh-Question Sentence Generation
Step3:

Filter out questions whose corresponding similarity is greater than 0.7 (in Rouge-1)
(somewhat similar to the idea of back-translation we mentioned before)
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Question Sentence Generation (Wh-question)

It is easy to turn a  canine into the perfect companion because so  much of commodityforms are available.
PRON AUX ADJ PART VERB DET NOUN ADP DET ADJ NOUN SCONJ ADV ADJ ADP NOUN NOUN VERB ADIJ
* Step 2: Questions Raised by UniLM Step 4: Valid Questions
2) What is it easy to turn into the perfect companion? 3) g': What is it easy to turn a...
Step 1: Potential Target Answers 3) What is it easy to turn a canine into because much commodity forms are availablef? a?: The perfect companion.
Dt (demonstrative pronoun, discard) 5) How is it to turn a canine into perfect companion because of much commodity? | 5) ¢': How is it to turn a canine...
2) a canine » 6) Why is it easy to turn a canine into a perfect companion? at: Easy.
3) the perfect companion ¥
Step 3: Declarative Sentences for Raised Questions & ROUGE-1 Score
4-commeodity forms (answer, discard)
2Htis-easy-to-turp-a-canine-into-the-perfeet-companion- (s8=0.53, missing necessary information, discard)
5) easy
&\ koo srinli 3) It is easy to turn a canine into the perfect companion because much commodity forms are available. (sk=1.00)

5) It is easy to turn a canine mto perfect compamon because of much commodity (s%=0.74)
: $ e Dere 2 : : h- (s8=0.68, missing some information, discard)

(b) Wh-Question Sentence Generation
Step4: Get Valid Questions

After 3 steps before, we finally generate the wh-questions from the declarative sentence(knowledge)
(and also the corresponding answer directly from potential target answer in step1)
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After DSS and QSG ...

nat WIINGATUXYEEN 815 ( q'wa: What can oxygen
)

SUT a'wx: Toxic condition

produce a toxic condition?
DSS k: Oxygen gas can produge QSG gas .prloduce at e]?evated and health problem.
SUT a toxic condition at elevafed partial pressures]
= : artial pressures. Existence Measure
aws: At elevated partial ¥ ¥ ) T awa: A toxic condition®

pressures.

(a) Test Process of MR1

gws: When can oxygen gas

. i q'cev: Can oxygen gas pro-
produce a toxic condition?

k: Oxygen gas can produce sG duce a toxic condition at

DSS ; \
l SUT a toxic condition at elevated 2 elevated partial pressures?
partial pressures. Affirmation Measure

SUT a'cev: Yes, it can.
—

awu: At elevated partial atrn: Yes.
pressures.
(b) Test Process of MR2
geen: Does Stefan turn off q'wat Who turns off his SUT a'wa: Stefan.
his humanity in season 6? humanity in season 67
DSS  k: Stefan turns off his QSG Y
SUT humanity in season 6. Existence Measure
Acen: Yes. atwus Stefan.

(c) Test Process of MR3
Fig. 1. Proposed Recursive Metamorphic Relations
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Violation Measurement: Existence Measure

qwr: When can oxygen gas

produce a toxic condition?
DSS k: Oxygen gas can produce

SUT a toxic condition at elevate m—
awn: At elevated partial partial pressures.
pressures.

(a) Test Process

gwn: When can oxygen gas

produce a toxic condition?
DSS k: Oxygen gas can produce

q'wu: What can oxygen

SUT a'wa: Toxic condition
gas produce at elevated sy
SG > and health problem.
partial pressures?

a'wy: A toxic condition

of MR1

q'sev: Can oxygen gas pro-

duce a toxic condition at
SG|f elevated partial pressures?
Airmation Measure

SUT a toxic condition at elevated
awn: At elevated partial partial pressures. —
pressures.
(b) Test Process jof MR2

goen: Does Stefan turn off

( humanity in season 67

his humanity in season 6? 558 ) e
k: Stefftn turns off his Q
SUT humanity in season 6.

acent Yes.

Wmfan.

q'wa: Who turns off his SUT a'wa: Stefan.

Existence Measure

SUT a'cen: Yes, it can.

Existence Measure

/

Step1l: Discard stop words

Step2: Compute cosine similarity
between each word in aj,y and aly 4

Step3: Average all the word-wise
maximum similarity into an overall
score to indicate the existence

Step4: Report violation if score < 0.6
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Violation Measurement: Existence Measure

If we want to conduct existence measurement on al,;=“the

president of Egypt” and ay, ,;="egyptian president”

(Whether aj; contains aty, ;)

TABLE III
EXAMPLE OF EXISTENCE MEASUREMENT

egyptian president (maximum)
president 0.2363 1.0000 1.0000
egypt 0.7443 0.2128 0.7443

Score = (1.0000+0.7443)/2=0.8722 > 0.6

Step1l: Discard stop words

Step2: Compute cosine similarity
between each word in aj,y and aly 4

Step3: Average all the word-wise
maximum similarity into an overall
score to indicate the existence

Step4: Report violation if score < 0.6



Implementation

it Wiieni ca‘n oxyge'zr? B ( q'wa: What can oxygen ; . ;o
produce a toxic condition? N\ SUT a'wx: Toxic condition
kO d gas produce at elevated
pss K+ Oxygen gas can produge QSG U and health problem.
SUT a toxic condition at elevafed P P )
= : artial pressures. Existence Measure
Birito AT Eleated partial B > ) ¥afya: Atoxic condition®
pressures.
(a) Test Process of MR1
gws: When can oxygen gas I Can OXVeen gas pro-
produce a toxic condition? T . Ve . g P SUT a'cen: Yes, it can.
kO d duce a toxic condition at  se—)-
pss K+ Oxygen gas can produce o

a toxic condition at elevated
partial pressures.

l SUT

awy: At elevated partial
pressures.

elevated partial pressures?
Ainnation Measure

aloen: Yes.

(b) Test Process of MR2

gcen: Does Stefan turn off
his humanity in season 6?

l SUT

acey: Yes.

q'wat Who turns off his SUT a'wa: Stefan.

hi ity i 6?7
umanity in season 67
DSS  k: Stefan turns off his QSG Y

humanity in season 6.

Existence Measure
atwy: Stefan.

(c) Test Process of MR3
Fig. 1. Proposed Recursive Metamorphic Relations

Module Definition:

SUT: software under test(QA software)
DSS: Declarative Sentence Synthesis
QSG: Question Sentence Generation

k: Knowledge(Declarative Sentence)

Question Definition:

WH: wh-question(what when who how many)
GEN: general question

ALT: alternative question

Abbr.

Type Examples

WH

GEN

ALT

: Who was Emma’s brother? A: Duke Richard I

: How many soldiers were in each Tumen? A: 10,000.
general  Q: Is this the last year for once upon a time? A: Yes.
question  Q: Does a cow have to be pregnant to lactate? A: No.

alternative Q: Is the UK a state or a country? A: A country.
question  Q: Is a potato a tuber or a vegetable? A: A tuber.

wh-question 8
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Experiment: SQUAD Dataset

[1] https://rajpurkar.github.io/SQuAD-explorer/
[2] https://zhuanlan.zhihu.com/p/137828922

SQUAD2.0

The Stanford Question Answering Dataset

What is SQUAD?

Stanford Question Answering Dataset (SQUAD) is a
reading comprehension dataset, consisting of questions
posed by crowdworkers on a set of Wikipedia articles,
where the answer to every question is a segment of text,
or span, from the corresponding reading passage, or the
question might be unanswerable.

SQuAD2.0 combines the 100,000 questions in SQUAD1.1
with over 50,000 unanswerable questions written
adversarially by crowdworkers to look similar to
answerable ones. To do well on SQUADZ2.0, systems must
not only answer questions when possible, but also
determine when no answer is supported by the paragraph
and abstain from answering.

Explore SQuAD2.0 and model predictions

SQuAD2.0 paper (Rajpurkar & Jia et al. '18)

Leaderboard

SQUADZ2.0 tests the ability of a system to not only ¢
questions, but also abstain when presented with a ¢
based on the provided paragraph.

Rank

1
Jun 04, 2021

2
Feb 21, 2021

3
May 16, 2021

4

Apr 06,2020

Model

Human Performance
Stanford University
(Rajpurkar & Jia et al. '1

IE-Net (ensemble)
RICOH_SRCB_DML

FPNet (ensemble)
Ant Service Intelligence T

IE-NetV2 (ensemble)
RICOH_SRCB_DML

SA-Net on Albert (ensem
QIANXIN

Article: Endangered Species Act

Paragraph: “ ... Other legislation followed, including
the Migratory Bird Conservation Act of 1929, a 1937
treaty prohibiting the hunting of right and gray whales,
and the Bald Eagle Protection Act of 1940. These later
laws had a low cost to society—the species were rela-
tively rare—and little opposition was raised.”

Question 1: “Which laws faced significant opposition?”
Plausible Answer: later laws

Question 2: “What was the name of the 1937 treaty?”
Plausible Answer: Bald Eagle Protection Act

Figure 1:

swers. Relevant keywords are shown in blue.

Two unanswerable questions written by
crowdworkers, along with plausible (but incorrect) an-

SQuAD 1.1 | SQuAD 2.0
Train
Total examples 87,599 130,319
Negative examples 0 43,498
Total articles 442 442
Articles with negatives 0 285
Development
Total examples 10,570 11,873
Negative examples 0 5,945
Total articles 48 35
Articles with negatives 0 35
Test
Total examples 9,533 8,862
Negative examples 0 4,332
Total articles 46 28
Articles with negatives 0 28

Table 2: Dataset statistics of SQuAD 2.0, compared
the previous SQuAD 1.1.

to
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Experiment: BoolQ Dataset

BoolQ is a dataset totally composed of general questions
obtained from Google Search queries and paired with
passages from Wikipedia that are considered sufficient to
deduce the answer. The answer is expected to be either
“Yes” or “No” (or sentences with similar meanings [13]).
It has 9.4k training samples and 3.3k test samples.

BoolQ: Exploring the Surprising Difficulty of Natural Yes/No Questions

Christopher Clark*', Kenton Lee!, Ming-Wei Chang', Tom Kwiatkowski'

Michael Collins 2, Kristina Toutanova'

*Paul G. Allen School of CSE, University of Washington
csquared@cs.uw.edu

fGoogle Al Language
{kentonl, mingweichang, tomkwiat, mjcollins, kristout}@qoogle.com

[1] https://github.com/google-research-datasets/boolean-questions
[2] https://paperswithcode.com/dataset/boolq

E Re K TR

e

A:

Has the UK been hit by a hurricane?

The Great Storm of 1987 was a violent extratropical
cyclone which caused casualties in England, France
and the Channel Islands ...

Yes. [An example event is given.]

Does France have a Prime Minister and a President?
... The extent to which those decisions lie with the
Prime Minister or President depends upon ...

Yes. [Both are mentioned, so it can be inferred both
exist. |

Have the San Jose Sharks won a Stanley Cup?
... The Sharks have advanced to the Stanley Cup fi-
nals once, losing to the Pittsburgh Penguins in 2016

No. [They were in the finals once, and lost.]

Figure 1: Example yes/no questions from the BoolQ
dataset. Each example consists of a question (Q), an
excerpt from a passage (P), and an answer (A) with an
explanation added for clarity.
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Experiment: NatQA Dataset

NatQA is one abstractive QA dataset, which means it
requires the model to return answers that are not mere
substrings of the reference passage. We use the version
provided by UnifiedQA where each question is appended
with a reference passage. It includes 98k wh-questions
and 299 general and alternative questions’, which are then
divided into 97k training samples and 11k test samples.

Natural Questions: A Benchmark for Question Answering Research

Tom Kwiatkowski*** Jennimaria Palomaki® Olivia Redfield*® Michael Collins**4¥
Ankur Parikh” Chris Alberti” Danielle Epstein®® Illia Polosukhin®* Jacob Devlin®
Kenton Lee” Kristina Toutanova” Llion Jones® Matthew Kelcey®* Ming-Wei Chang”
Andrew M. Dai*¢ Jakob Uszkoreit* Quoc Le*® Slav Petrov*®
Google Research

natural-questions @ google.com

[1] https://aclanthology.org/Q19-1026.pdf
[2] https://arxiv.org/pdf/2005.00700v3.pdf

Example 1

Question: what color was john wilkes booth’s hair

Wikipedia Page: John_Wilkes_Booth

Long answer: Some critics called Booth “the handsomest man
in America” and a “natural genius”, and noted his having an “as-
tonishing memory”; others were mixed in their estimation of his
acting. He stood 5 feet 8 inches (1.73 m) tall, had jet-black hair
, and was lean and athletic. Noted Civil War reporter George Al-
fred Townsend described him as a “muscular, perfect man” with
“curling hair, like a Corinthian capital”.

Short answer: jet-black

Example 2

Question: can you make and receive calls in airplane mode
Wikipedia Page: Airplane_mode

Long answer:  Airplane mode, aeroplane mode, flight mode,
offline mode, or standalone mode is a setting available on many
smartphones, portable computers, and other electronic devices that,
when activated, suspends radio-frequency signal transmission by
the device, thereby disabling Bluetooth, telephony, and Wi-Fi.
GPS may or may not be disabled, because it does not involve trans-
mitting radio waves.

Short answer: BOOLEAN:NO

Example 3

Question: why does queen elizabeth sign her name elizabeth r

Wikipedia Page: Royal_sign-manual

Long answer: The royal sign-manual usually consists of the
sovereign’s regnal name (without number, if otherwise used), fol-
lowed by the letter R for Rex (King) or Regina (Queen). Thus, the
signs-manual of both Elizabeth I and Elizabeth II read Elizabeth
R. When the British monarch was also Emperor or Empress of In-
dia, the sign manual ended with R I, for Rex Imperator or Regina
Imperatrix (King-Emperor/Queen-Empress).

Short answer: NULL

Figure 1: Example annotations from the corpus.
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Experiment: Unified QA

Unified QA: Why do we need different QA model?

* Motivation: There are different models for different types of
guestions. But the ability of inference should be unified.

* |dea: Make a unified QA pretrained model / Unifying QA solutions

* Implementation: based on T5

* How to use: Fine-tune the pretrained model into specialized

models for better performance on the specific QA tasks

How did they fine-tune the QA model?

* Dataset to fine-tuned: SQUAD2 BoolQ NatQA (236422 samples)

* Pretrained-Model: UnifiedQA (T5)

* Evaluation(When to stop): Exact Match(EM) Score (per 5000 steps)
* Device: RTX3090(24GB memory)

[1] https://github.com/allenai/unifiedga
[2] UnifiedQA: https://arxiv.org/pdf/2005.00700.pdf

. Gold answer: 16,000 rpm

f Abstractive [NarrativeQA] \

Eold answer: fall in love with themselves j
V- ™

. Gold answer: sugar )

Extractive [SQuAD] )

Question: At what speed did the turbine operate?
Context: (Nikola_Tesla) On his 50th birthday in 1906, Tesla demonstrated
his 200 horsepower (150 kilowatts) 16,000 rpm bladeless turbine. ...

Question: What does a drink from narcissus's spring cause the drinker to do?
Context: Mercury has awakened Echo, who weeps for Narcissus, and states
that a drink from Narcissus's spring causes the drinkers to "Grow dotingly
enamored of themselves." ...

Multiple-Choice [ARC-challenge]

Question: What does photosynthesis produce that helps plants grow?
Candidate Answers: (A) water (B) oxygen (C) protein (D) sugar

Yes/No [BoolQ]

Question: Was America the first country to have a president?

Context: (President) The first usage of the word president to denote the
highest official in a government was during the Commonwealth of England ...
Gold answer: no

Figure 1: Four formats (color-coded throughout the
paper) commonly used for posing questions and an-
swering them: Extractive (EX), Abstractive (AB),
Multiple-Choice (MC), and Yes/No (YN). Sample
dataset names are shown in square brackets. We study
generalization and transfer across these formats.
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Evaluation: Research Questions

RQ1: The overall effectiveness of QAASKER
RQ2: Validity of the revealed violations
RQ3: Types of the revealed true violations

RQ4: Helpfulness to fix the revealed answering issues
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RQ1: The overall effectiveness of QAASKER

What is the definition of effectiveness?

* Demonstrates the effectiveness of QAASKER to reveal the

answering issues without the need for the ground truth labels

Why could MR2 and MR3 find more violation than MR1?

* MR1: WH question=>WH question

* MR2: WH question=>General question

* MR3: General question=>WH question

* Reason(conjecture): UnifiedQA Overfit the training sample? Could
only pass the test cases whose question is of the frequent types
among the training samples from their corresponding dataset

* Indicate the potential insufficient generalization of UnifiedQA to

figure out the questions of distinct types across datasets

TABLE V
VIOLATION RATE AT EACH MR ON THREE DATASETS

Dataset MR1 MR2 MR3

SQuAD2 37.05% 65.85% 90.91%
BoolQ — — 72.78%
NatQA 51.98% 96.92% 46.15%

—: MR1 and MR2 cannot be applied on BoolQ as it only contains general questions.

gwa: When can oxygen gas
produce a toxic condition?, SUT_ a'wa: Toxic condition

DSS k: Oxygen gas can produce QSG gas Pl;oduce a el(’evated —md health problem.
l SUT a toxic condition at elevated partial pressures?
partial pressures. Existence Measure

awn: At elevated partial atwu: A toxic condition
pressures.

q'wa: What can oxygen

(a) Test Process of MR1

gwn: When can oxygen gas

. . q'cev: Can oxygen gas pro-
produce a toxic condition?

SUT a'cev: Yes, it can.
k: Oxygen gas can produce -_

duce a toxic condition at
DSS SG i 9
l SUT a toxic condition at elevated Q—( clevated pattial pressurcj/
awn: At elevated partial partial pressures. Afpirmation. Measure

@y Yes.
pressures.

(b) Test Process of MR2
gerx: Does Stefan turn off g'wa: Who turns off his SUT _ a'wu: Stefan.

his humanity in season 6? humanity in season 67
DSS  f: Stefan turns off his QSG.
l SUT humanity in season 6. Existence Measure
al

acev: Yes. wat Stefan.

(c) Test Process of MR3

Fig. 1. Proposed Recursive Metamorphic Relations



RQ2: Validity of the Revealed Violations

What is next after we obtain lots of violations?

* We need to evaluate the validity of the revealed violations TABLE VI
VALIDITY RATE OF THE REVEALED VIOLATIONS

* Valid Violation(factuality): at least one incorrect answer from the

. Dataset MR1 MR2 MR3
source and follow-up question
SQuAD2 81/100 (81%) 100/100 (100%) 9/10 (90%)
BoolQ — ~ 87/100 (87%)
NatQA 85/100 (85%) 100/100 (100%) 5/6 (83%)

What may cause the invalid violation (false positive)?

* Generating Questions and Measurement of semantic similarity is challenging

How to detect invalid violation (false positive)? . oo
Meaningful and convincing

* Perform the inspection manually and independently (2 people)

* Check the validity of all violations (at most 100)



RQ3: Types of the Revealed True Violations

What is next after we inspect invalid violations?

* We could further study the details of valid violations

* What we could do and what we couldn’t do

What kinds of violations QAAsKeR could detect?

*  <NoAnswer> for answerable questions

* Format mismatch between the answer and the question
* Irrelevant content of the answer

* Grammatical error

* Missing information in the answer

TABLE VII
NUMBER OF ERRONEOUS ANSWERS ON TRUE VIOLATIONS

Dataset MR1 MR2 MR3

SQuAD2 22,59 25,75 4,5

BoolQ — — 18 , 69
NatQA 44 41 58 , 42 0.5

1. “A , B” means that in A (B) violations the source (follow-up) output is wrong.
2. As a reminder, when the source answer is wrong, the correctness of the follow-
up answer cannot be assessed and thus we do not consider it wrong.



RQ3: Types of the Revealed True Violations

What kinds of violations QAAsKeR could detect?

* <NoAnswer> for answerable questions

* Format mismatch between the answer and the question
* lIrrelevant content of the answer

* Grammatical error

* Missing information in the answer

TABLE VIII

EXAMPLES OF REVEALED ANSWERING ISSUES

# Example 1 Example 2-1 Example 2-2
Reference ... The TPCC receives funding through ... while ... the network renewed Carrie Diaries for ... The ... Li Tan, the son-in-law of a powerful official,
Passage UNEP meets the cost of the Depute Secretary ... CW canceled the series after two seasons ... instigated a revolt against Mongol rule in 1262 ...
Question What does UNEP fund? What film does not have a season 3? Did Li Tan lead a revolt in 12627
Expected Ans IPCC’s deputy secretary The Carrie Diaries Yes
UnifiedQA Ans  <NoAnswer> No Instigated
# Example 3 Example 4 Example 5
Reference ... Some broadcasts are free-to-air ... some are . the VideoGuard pay-TV scrambling system .. Shi Tianze was a Han Chinese who lived in
Passage encrypted and require a monthly subscription ... owned by NDS, a Cisco Systems company ... the Jin dynasty ... His father was Shi Bingzhi ...
Question What require to view monthly subscription? What is Cisco systems? Who was Shi Bingzhi?

Expected Ans
UnifiedQA Ans

Some encrypted broadcasts
Sky

The parent company of NDS
The name of the company that

Shi Tianze’s father
His father
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RQ4: Helpfulness to Fix the Revealed Answering Issues

How could the revealed violations help fix the QA software?

* Violation rate about all MRs decreases a lot (By retrain a new model using training data augmented)

* Reference-based test metric stays stable (original:0.5574 —> retrained:0.5483)

TABLE V
VIOLATION RATE AT EACH MR ON THREE DATASETS

Dataset MR1 MR2 MR3

SQuAD2 37.05% 65.85% 90.91%
BoolQ - - 72.78%
NatQA 51.98% 96.92% 46.15%

—: MR1 and MR2 cannot be applied on BoolQ as it only contains general questions.

TABLE IX
VIOLATION RATE AFTER FIXING WITH TRAINING DATA EXPANDING

Dataset MR1 MR2 MR3
SQuAD?2 30.62% (6.43%) 0.13% (65.72%)  48.65% (42.26%)
BoolQ - 29.70% (43.08%)

NatQA 22.24% (29.74%)  0.02% (96.90%) 31.58% (14.57%)

Values in brackets indicate the improvement to the corresponding rates in Table V.

gwa: When can oxygen gas

. L. q'wa: What can oxygen
produce a toxic condition?,

g t elevated SUT a'wa: Toxic condition
DSS k: Oxygen gas can produce QSG 8as Prlo uce a e:va © and health problem.
l SUT a toxic condition at elevated partial pressures!

partial pressures. Existence Measure

awn: At elevated partial
pressures.

a'wu: A toxic condition

(a) Test Process of MR1

gwa: When can oxygen gas
produce a toxic condition? SUT a'cen: Yes, it can.

k: Oxygen gas can produce duce a toxic condition at  se—)
DSS ™ SG i ?
l SUT )— a toxic condition at elevated Q—( elevated patial pressurej/'
awn: At elevated partial partial pressures. AlfirmasionMowiire

q'cen: Can oxygen gas pro-

a'een: Yes.
pressures.

(b) Test Process of MR2
gorn: Does Stefan turn off q'wa: Who turns off his SUT a'wa: Stefan.
his humanity in season 6? humanity in season 6?

DSS  k: Stefan turns off his QSG y
l SUT humanity in season 6. Existence Measure

acey: Yes. atyy: Stefan.

(c) Test Process of MR3

Fig. 1. Proposed Recursive Metamorphic Relations
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RQ4: Helpfulness to Fix the Revealed Answering Issues

How could the revealed violations help fix the QA software?
* Violation rate about all MRs decreases a lot (By retrain a new model using training data augmented)
* Reference-based test metric stays stable (original:0.5574 —> retrained:0.5483)

TABLE V
VIOLATION RATE AT EACH MR ON THREE DATASETS

Other conclusions from the study?

Dataset MR1 MR2 MR3

* Itis not that easy to repair all the issues revealed by QAASKER SQuAD2 37.05% 65.85% 90.91%
o ) BoolQ - - 72.78%

* Retraining a model with the samples expanded could not solve all NatQA 51.98% 96.92% 46.15%

—: MR1 and MR2 cannot be applied on BoolQ as it only contains general questions.

violation problemes.

* The proposed MRs are helpful for improving the performance and

TABLE IX
the improvement is quite substantial VIOLATION RATE AFTER FIXING WITH TRAINING DATA EXPANDING
* QAASKER is a testing method, which is necessary for the Dataset MR1 MR2 MR3
reliability checking of QA software output and the in-depth SQUAD2  30.62% (6.43%)  0.13% (65.72%)  48.65% (42.26%)
_ BoolQ = - 29.70% (43.08%)
problem revealing of QA software NatQA  22.24% (29.74%)  0.02% (96.90%)  31.58% (14.57%)

Values in brackets indicate the improvement to the corresponding rates in Table V.



Small-Scale Trial by hand on Google

Why manual study?
Google

* Google Search service can only answer wh-questions

* The returned results vary in forms (e.g., sometimes an exact phrase and
occasionally a paragraph with one span in bold)

* This trial could show the potential of QAASKER to reveal the real-life bugs

How did they conduct the manual trial?

* Randomly pick 20 wh-questions from MKQA

* Get answers from Google by entering questions manually

* Run QAASKER to generate new questions and their target answers
* Input the new questions as queries and obtain answers

* Finally, 5 of 20 test cases trigger a violation

When was the first railroad built in the United States? X $ Q
Qaf B BHBER OBWm QwE ®= TR

#2734 10,030,000,000 534558 (FBAT 0.75 71)

1830

1827: The first railroad in North America — the Baltimore & Ohio — is chartered by Baltimore merchants.
1830: The first regularly-scheduled steam-powered rail passenger service in the U.S. begins operation in
South Carolina, utilizing the U.S.-built locomotive The Best Friend of Charleston.

In which country was the first railroad built in 18307 X QJ QU
Q2 DBNF Bia Owhp 0wl &= I=

HeFZ 9,220,000 545 (AT 0.91 )

Great Britain

The railroad was first developed in Great Britain. A man named George Stephenson successfully applied
the steam technology of the day and created the world's first successful locomotive. The first engines
used in the United States were purchased from the Stephenson Works in England.
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Threats to Validity

> Representativeness of the test object(QA software) and the datasets:
* UnifiedQA is a state of-the-art QA algorithm (only method to unify the solutions)
* QA software: Open-world QA and Closed-world QA (Google, UnifiedQA)
* Datasets and Benchmarks: classic and have been widely used
» Tools that we use to realize the proposed MR (results and implementation details)
* Design various methods to avoid the false positive violations (Wh-question generation and semantic
similarity measurement are not perfect: Limited NLP techniques)
* Inspect the factuality of the revealed violations: 80% is valid
» Manual inspection and categorization of the revealed violations (subjective bias)

Alleviate the bias from subjective cognition (deliver a tutorial and perform Cohen’s Kappa statistics)

* The agreement rate between two inspectors is substantial (0.79)

Cohen's kappa 7 ¥ {f — B o
<0.20 B2
0.21-0.40 i
0.41-0.60 oy
0.61-0.80 5

0.81-1.00 9ift




Conclusion




Advantage

Metamorphic testing

- * Break the reliance on the pre-annotated labels of test cases

* Enable the flexible just-in-time test and the extensible test that
can leverage the massive unlabeled data in real-life usages

_ * Ageneral method which could test all kinds of QA software
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My Thoughts

 Metamorphic testing seems to be useful in Machine
Learning Testing (difference with data augmentation)

1 * Asimple, clear and creative idea is important

* A simple, clear and creative idea is not enough
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