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@) Soonene Introduction

The- dishes!are'amazingly deliciousbut the:walter 1s so!rude!.
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Given opinion target: dishes Corresponding opinion words: amazingly delicious
Given opinion target: waiter Corresponding opinion words: rude

Figure 1: Example of TOWE. Words in red are opin-
ion targets and words in blue are corresponding opinion
words. TOWE extracts corresponding opinion words
when given opinion targets.
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Labeled data:

The/O entire/O dining/O experience/O was/O very/B wonderful/I /O
Unlabeled data with the generated pseudo opinion target:

Their menu is too expensive for a bubble drink .

Figure 2: Examples of labeled data and unlabeled data
with the pseudo opinion target. Words with underline
indicate opinion targets. The span in the labeled data
beginning with B and followed by [ represent the cor-
responding opinion words.
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Figure 3: Overview of the architecture of multi-grained consistency regularization. For simplicity, we mark the
confidence of i-th word as ¢;. Note that the input sentence of the TOWE model is the same as the input sentence
of the pre-trained sentiment classifier.
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(1)

h'. ... h?" = BERT(wy,. .., ws)

Then the context representation h? * of the word
w; 1s fed to a linear layer and a softmax layer to
predict the corresponding label.

1=,
= > HBi(y10; s, 1), piy]6;w(s*), 1), (2)
i=1

where p;(y|0; s*,t) = arg max p;(y|0; s*,t) and
pi(y|@: s, t) denotes the predicted label of the w",
the H (-, -) refers to the cross-entropy loss. In this
work, we use Random Mask and Random Synonym
Replacement by using WordNet (Miller, 1995) as
the perturbing function w.

Ei‘ = [ht . Ei]'.
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Datasets #sentences  #opinion targets
ldres Train 1,627 2,643
Test 500 864 Hyperparameter TOWE model | Sentiment Classifier
s Train 754 1,076 Batch size 16(96) 128
Test 325 436 Epochs 50 -
” Train 1,079 1,512 Steps : 3000
rcs Test 329 457 Leaming rate (BERT) 2e-5 le-5
- Leaming rate (Others) 2e-4 led4
141ap Train 1,158 1,634 Hidden dimension 512 512
Test 343 482 Optimizer AdamW AdamW
Yelp Unlabeled 100,000 -
Amazon Unlabeled | 100.000 B} Table 2: Experimental setting of the training of the

TOWE model and the sentiment classifier. For the
TOWE model, batch size for labeled data 1s 16 and 96

Table 1: Statistics of TOWE datasets and unlabeled
for unlabeled data.

datasets. For TOWE datasets, sentence may contain
multiple opinion targets. For unlabeled datasets, we
randomly sampled data from Yelp for l4res, 135res,
16res datasets and Amazon for 14lap dataset. The un-
labeled data is available at https://github.com/
TOWESSL/TOWESSL.



Chongging University

/ of Technology

ATAI

Advanced Technique of

Artificial Intelligence

l4res 15res l6res 14lap
Methads P R Fi P R Fi P R Fl P R Fi
Distance-rule (Fan et al., 2019) 58.39 4359 4992 | 54.12 3996 4597 | 6190 4457 5183 | 5013 3386 4042
Dependency-rule (Fan et al.,, 2019) | 64.57 5272 58.04 | 65.49 4888 5598 | 76.03 56.19 6462 | 4509 31.57 37.14
TC-BiLSTM (Fan et al_, 2019) 67.65 6767 6761 | 66.06 60.16 6294 | 7346 7288 73.10 |6245 60.14 6121
IOG (Fan et al., 2019) 82.85 77.38 80.02 | 73.24 69.63 7135 | 76.06 7071 7325 |8525 7851 81.69
LOTN (Wu et al., 2020b) 84.00 8052 8221 |76.61 7029 7329 |86.57 8089 8362 |77.08 67.62 72.02
ONG (Veyseh et al., 2020) 83.23 8146 8233 | 76.63 81.14 7881 |87.72 8438 8601 |7387 77.78 75.77
Dual-MRC (Mao et al., 2021) 89.79 7843 8373 |77.19 7198 7450 | 86.07 80.77 8333 | 7821 81.66 79.90
PER (Dai et al., 2022) 86.43 80.39 83.30 | 81.50 75.05 78.14 | 90.00 8400 8690 | 80.68 70.72 75.38
ARGCN (Jiang et al., 2021) 87.32 83.59 8542 | 78.81 77.69 7824 | 8849 8495 86.69 |7583 7690 76.36
TSMSA (Feng et al., 2021) - - 86.37 . - 81.64 - - 89.20 . . 218
MRC-MVT (Zhang et al., 2021b) | 86.31 89.42 87.83 | 82.04 81.54 81.79 | 90.60 88.19 8938 | 79.59 81.12 80.84
MGCR (ours) 88.65 89.36 89.01'" | 84.29 83.37 83.80 | 91.31 91.74 91.517 | 83.76 81.25 8247

Table 3: Main results (%) including recall, precision and F1-score. The best results are in bold and second-best
results are underlined. Results of all comparison methods were copied from the original papers. The marker
represents that MGCR outperforms other methods significantly (p < 0.01) .
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14res 15res 16res 14lap
Mestionls P R F1 P R Fl B R F1 P R Fl
MGCR 88.65 8936 89.01 | 84.29 83.37 83.80 | 91.31 91.74 9151 | 83.76 81.25 8247
w/o Pre-trained Sentiment Classifier 87.69 89.03 88.35 (8279 82.89 82.77 | 90.67 90.60 9063 | 84.18 79.19 81.05
w/o Filtering Noisy Unlabeled Sentences 88.84 B88.00 88.41 | 80.13 85.39 82.62 | 89.59 91.68 9062 | 82.84 7883 B80.77
w/o Filtering Noisy Unlabeled Words 87.290 88.12 87.70 | 80.10 85.33 82.66 | 91.02 9130 91.16 | 81.99 80.19 81.07
w/o Consistency Regularization (Labeled Data Only) | 87.34 87.05 87.19 | 8242 81.81 82.11 | 87.19 88.38 87.76 | 81.70 77.89 79.70

Table 4: Ablation study results (%) when removing different components from MGCR method.
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Table 5: Results (%) of combinations of sentence-level

Table 7: Results (%) of combinations of sentence-level

threshold and word-level threshold on 14res. 7' and
7 represent sentence-level threshold and word-level

threshold and word-level threshold on 16res. 1" and 7
represent the sentence-level threshold and word-level

threshold respectively. threshold respectively.
i 0.5 0.7 0.9 T 0.5 0.7 0.9
T P R F1 P R Fl P R Fl r P R Fl P R Fl P R Fl
05 |8131 8262 8194 | 81.17 8357 8233 | 82.16 B84.17 83.12 05 |8329 7965 8142 | 84.85 7807 8132 | 8443 7751 80.82
0.7 | 80.13 8539 8262 |81.84 8404 8292 | 84.29 8337 8380 0.7 | 8378 7948 8156 | 8454 7936 8186|8320 7848 8078
09 | 8138 8343 8238 | 8141 8438 8281 |R1.35 8424 8273 00 | 8243 7883 8077 | 8421 788 8136 | 83.76 8125 8247

Table 6: Results (%) of combinations of sentence-level
threshold and word-level threshold on 15res. 7' and

7 represent sentence-level threshold and word-level
threshold respectively.

Table 8: Results (%) of combinations of sentence-level
threshold and word-level threshold on 14lap. 7" and 7

represent the sentence-level threshold and word-level
threshold respectively.
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Figure 4: Fl-score (%) on four TOWE datasets with
varying amounts of unlabeled data.
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Methods NULL | Under-extracted | Over-extracted | Others | Total
MGCR 2 9 24 8 43
MGCR w/o Pre-trained Sentiment Classifier 3 12 29 11 54
MGCR w/o Filtering Noisy Unlabeled Sentences 5 9 29 7 55
MGCR w/o Filtering Noisy Unlabeled Words 4 14 38 11 67
MGCR w/o Consistency Regularization (Labeled Data Only) 8 11 44 15 70

Table 9: Statistics of different error types of our MGCR method and different ablation versions on the 16res dataset.
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