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We carefully reran the experiments of WMD

* The Word Mover's Distance (WMD) [Kusner+ ICML 2015] is

a fundamental method to compute text distances

Word Mover’'s Embeddings [Wu+ EMNLP 2018], MoverScore [Zhao EMNLP
2019], Word Rotator’s Distance [Yokoi + EMNLP 2020], etc. are based on it

" We carried out careful followup experiments

" We found classic baselines are competitive with WMD
if we appropriate normalize them
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Many pitfalls in ML — objective reeval is important

* Aims of this papers:

To WMD users: we show objective evaluation results
useful for choosing methods

To ML community: we show common evaluation pitfalls
please care them in your research

* We will see how many pitfalls ML researches have

" They tend to be advantageous for the proposed methods
because of the publication bias and confirmation bias.

" |t is import to carry out careful and objective re-evaluations
by third-party groups
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WMD measures similarity of texts

" Input: Two texts
X: Obama speaks to the media in lllinois
Y: The president greets the press in Chicago

* Qutput: Distance between X and Y

. Obama speaks to the media in lllinois
" WM D vs The president greets the press in Chicago
1. represent a text as a bag of Obama greets
. o 4
word embeddings W o
. . : speaks
2. compute matching of embeddings President
3. compute the sum of distances of Chicago media
o /°
matched words 4 ®
s < . . D press
= versatile @ unsupervised linois

= effective
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= heavy

¥ matching in the embedding space



The original paper used kNN classification

" The original paper [Kusner et al.] conducted kNN evaluations.
" The kNN documents are retrieved based on WMD.
" We follow this evaluation protocol in this paper.

" Datasets:
bbcsports, twitter, recipe, ohsumed
classic, reuters, amazon, 20news
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Many duplicated samples exist

* Misleading Fact 1.

These datasets contain many duplicated samples

bbcsports

1Edwards tips Idowu for Euro gold
2

3¥World outdoor triple jump record holder and BBC pundit Jonathan Edwards believes Phillips Idowu can take gold at
the European Indoor Championships
4

5Idowu landed 17.30m at the British trials in Sheffield last month to lead the world triple jump rankings. "It's
all down to him, but if he jumps as well as he did in Sheffield he could win the gold medal," said Edwards. "His
ability is undoubted but all his best performances seem to happen in domestic meetings."

6

7 Idowu made his breakthrough five years ago but so far has only a Commonwealth silver medal to his name. Edwards
hinself kept Idowu off top spot at the Manchester Games. But he believes the European Indoors in Madrid
represent a chance for the 26-year-old to prove his credentials as Britain's top triple jumper. "He has to start
producing at international level and here is the beginning,” said Edwards. "Phillips still needs to be much more
consistent. I'm sure a victory in Madrid will build up his confidence and self-belief that he can be best in the
world." The qualifying round of the men's triple jump in Madrid takes place on Friday with the final scheduled
for saturday. Olympic champion Christian Olsson will not be taking part as he is out for the entire indoor
season with an ankle injury

athletics/012.txt in training

classic

1|the smart retrieval system experiments in automatic document processing the automatic smart document retrieval
system was designed at harvard university between 1961 and 1964 and has been operating of ibm 7094 and 360
equipment both at harvard and at cornell university for several years the system takes documents and search
requests in the natural language performs a fully automatic content analysis of the texts using one of several
dozen programmed language analysis methods matches analyzed documents with analyzed search requests and
retrieves for the users attention those stored items believed to be most similar to the submitted queries

class: CACM

Ssame

Same

1Edwards tips Idowu for Euro gold
2

3 World outdoor triple jump record holder and BBC pundit Jonathan Edwards believes Phillips Idowu can take gold at
the European Indoor Championships.
4

5 Idowu landed 17.30m at the British trials in Sheffield last month to lead the world triple jump rankings. "It's
all down to him, but if he jumps as well as he did in Sheffield he could win the gold medal," said Edwards. "His
ability is undoubted but all his best performances seem to happen in domestic meetings."

7 Idowu made his breakthrough five years ago but so far has only a Commonwealth silver medal to his name. Edwards
himself kept Idowu off top spot at the Manchester Games. But he believes the European Indoors in Madrid
represent a chance for the 26-year-old to prove his credentials as Britain's top triple jumper. "He has to start
producing at international level and here is the beginning," said Edwards. "Phillips still needs to be much more
consistent. I'm sure a victory in Madrid will build up his confidence and self-belief that he can be best in the
world." The qualifying round of the men's triple jump in Madrid takes place on Friday with the final scheduled
for Saturday. Olympic champion Christian Olsson will not be taking part as he is out for the entire indoor
season with an ankle injury

athletics/020.txt in test

1|the smart retrieval system experiments in automatic document processing the automatic smart document retrieval
system was designed at harvard university between 1961 and 1964 and has been operating of ibm 7094 and 360
equipment both at harvard and at cornell university for several years the system takes documents and search
requests in the natural language performs a fully automatic content analysis of the texts using one of several
dozen programmed language analysis methods matches analyzed documents with analyzed search requests and
retrieves for the users attention those stored items believed to be most similar to the submitted queries

class: CISI

Total: 6 duplicated samples detected
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We provide scripts to delete duplication

* Misleading Fact 1.
These datasets contain many duplicated samples

" The data and train/test split by WMD paper have been used

in many following researches

[Huan et al. NeurlPS 2016, Yurochkin et al. NeurlPS 2019, Le et al. NeurlPS 2019,
Takezawa et al. ICML 2021, Wu et al. EMNLP 2018, Mollaysa et al. ICML 2017,
Gupta et al. AAAI 2020, Skianis et al. AISTATS 2020]

" We suspect many readers and researchers are not aware of it

" We release code to detect & delete duplication

https.//github.com/joisino/reeval-wmd
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Baseline methods were not normalized

" The original paper used bag-of-words (BoW) and TF-IDF
as baseline methods

" Misleading Fact 2:
Baseline methods were not normalized

* Lengths of documents vary
— Lengths of raw BoW vectors vary
— Even if two documents share the topic,
they are detected distant if their lengths are different

< WMD were normalized in the original evaluation

. . . . / xBOW
* We ran re-evaluation with normalization to BoW ZBow < lzBow|
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Original evaluation

" What was reported in the original paper

* BoW and TF-IDF are much worse than WMD
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bbcsport twitter recipe ohsumed classic reuters amazon 20news

® k-NN classification errors. Lower is better.
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After normalization

= After normalization (Our re-evaluation)

* BoW and TF-IDF become much better
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bbcsport

twitter recipe ohsumed classic reuters amazon 20news

® k-NN classification errors. Lower is better.
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Improvements are actually five percents

* The original paper claimed 60% improvements over BoW

" We conducted several careful experiments and found that
the improvement was actually 5%

bbesport twitter recipe ohsumed classic reuters amazon 20news  rel. bbesport twitter ohsumed  classic  reuters  amazon 20news  rel.
BOW (LI/L1) 39+1.1 300£1.1 434+08 4.1 41£05 57 104 £0.5 29.1 1.000 BOW (LI/LI1) 27406 31.0+20 41.0 41+04 6.3 123+0.3 321 1.022
TF-IDF (L1/L1) 28+1.1 28.9+0.8 40.1+0.7 378 33+04 55 8.0+03 259 0.861 TF-IDF (L1/L1) 18+08 303+1.5 349 34405 6.4 8.1+0.2 24.8 0.849
WMD 51+12 296+15 429+08 445 29+04 4.0 74+05 26.8 0.917
WMD-TF-IDF 33109 283123 :39.9+1.1 39.7 27+03 4.0 6.6+£02 24.1 0.804 - :
— bbesport twitter ohsumed  classic  reuters  amazon  20news  rel.
BOW (None/L2)(Kusner ctal. 2015) 194+30 342+06 600%23 61.6 35.0+09 118 282+10 577 3.024

.
BOW (LILLI)  30+08 295+07 460 39+04 61 123+05 320 1015
BOW (None/L1) 254£15 327£16 658£25 693 521+05 142 3l4£12 739 3931 TEIDF (LILL1) 28+08 294+£09 387 3.1+£04 68 79+03 248 0877 Ca re u eva ua Ions
ctal, 2015) 8408 29440, ; 1+ 0. i 9403 24 . —

2.

TF-IDF (None/L2)*

+13 382+46 650+19 65.3 388+ 1.0 28.0 41.2+32 60.0 3.867

TF-IDF (None/L1) 306413 378448 703+£13 706 526402 290 415+£49 746 4602
BOW (LI/L2)(wnshines 09 {14436 370414 S08+11 567 173+£15 123 35713 465 2253 . e s - . -
BOW (L2/L1) iGiis ain aait 25 Saaok i hiis hre e Table 3. kNN classification errors with clean data. Lower is better. The same notations as in Table 2. S ee O u r p a p e r‘
BOW (L2/L2)em & b 5S£07 310408 461406 462 caa07. ®8 iids win hoo bbesport _ twitter recipe  ohsumed  classic  reuters  amazon  20mews  rel
e W (L1 .7 X .6 =+ 1. 42.9 + 0. .7 42£05 55 0.6 % 0. 9. 0
TE-IDF (L1/L2) 2554112 357414 542427 614 226+42 247 419+£20 456 3226 ﬁgmg‘(&/&) STENY oIk et i 4ln0s o NSNS M2 e
TF-IDF (L2/L1) 275472 33417 649+38 697 520402 195 408+£66 783 4245 D S5E12 306412 429109 406 34406 38 73104 269 095

40+07 298+15 437+£12 38.4 S

TF-IDF (L2/L2) 55 s 0.3 105  11.1+£09 316 1.145 WMD-TE-IDF ~ 4.1+1.5 288+16 402+09 357 28+03 43 66+03 242 0848

)

" Inadvertent baselines lead misunderstanding claims

" 5% improvement is genuine
If speed is important, WMD may not be worth trying
Otherwise, WMD may be a worth candidate over BoW
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Distances are similar due to high dimensionality

* We found not only performance but also values of WMD
are similar to those of BoW

124 bbcsport
p£=0.950

* This is because two embeddings are almost ~_
orthogonal in a high dimensional space

WMD
(=]

" For example, d(Obama, Obama) =0
d(Obama, President) = 1.17
d(Obama, band) = 1.34

Obama speaks to the media in lllinois
vs The president greets the press in Chicago

0.5 1.0 1.5
BOW (L1/L1)

s, o7 « Two dimensional illustration does not
reflect this "almost equidistant” property
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Objective re-evaluation is Iimportant

* We found several misleading facts on the original
evaluations of WMD paper
Other facts & experiments are available in our paper

= Lessons [
Inadvertent baselines lead misunderstanding claims

It is difficult to design perfect experiments

It is import to carry out careful and objective
re-evaluations by third-party groups

https.//github.com/joisino/reeval-wmd
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