A Appendices

A.1 Hyper-parameters and Training Details

In our experiments, the BILSTM+MLP predi-
cate tagging model only takes words and lemmas
as input, and its encoder structure is the same
as our main model, so the hyper-parameters are
also consistent with our main model. With the
BERT+MLP predicate tagging model, the moti-
vation for choosing this instead of using BERT as
embedding in the BILSTM+MLP architecture is
to achieve fair comparability with the results of
(Zhou et al., 2019).

For the hyper-parameters of our main model,
we borrowed most parameter settings from (Dozat
and Manning, 2017; Wang et al., 2019), includ-
ing dropout and initialization strategies. Hyper-
parameters for our baseline and proposed high-
order model are shown in Table 5. We use 100-
dimensional Glove (Pennington et al., 2014) pre-
trained word embeddings for English and 300-
dimensional FastText embeddings (Bojanowski
et al., 2017; Grave et al., 2018) for all other lan-
guages. As for the pre-training, ELMo(Peters et al.,
2018) is only used in English, we take the weighted
sum of the 3 layers as the final features, while dif-
ferent versions of BERT(Devlin et al., 2019) are
used in different languages, as shown in Table 6,
we always use the second-to-last layer outputs as
the pre-trained features.

Following the work of (Wang et al., 2019), dur-
ing model training, the training strategy includes
two phases. In the first phase, we used Adam
(Kingma and Ba, 2014) and annealed the learn-
ing rate 0.5 every 10,000 steps. When the train-
ing reaches 5,000 steps without improvement, the
model optimization enters the second phase; the
Adam optimizer is replaced by AMSGrad (Reddi
et al., 2018). We trained the model for maximum
100K update steps with batch sizes of {4K, 2K,
3K, 4K, 6K, 6K, 6K} tokens for CA, CS, DE, EN,
ES, JA, and ZH, respectively. The training is ter-
minated with an early stopping mechanism when
there is no improvement after 10,000 steps on the
development sets.

A.2 Detail Results

The proverb that there is no such thing as a free
lunch tells us that no method works in every condi-
tion and scope. We explore our proposed high order
structure learning for SRL in different languages
and conditions: using pre-training or not, given or

Hidden Layer Hidden Sizes
Word Embedding 100 (en) / 300 (others)
Lemma Embedding 100
Predicate Indicator / Sense Emb 50/50
ELMo/BERT Linear 100
Stacked BiLSTM 3 x 600
Biaffine Arc/Label Scorer 600
Triaffine Arc Scorer 150
Dropouts Dropout Prob.
Word/Lemma/Predicate 20%
BiLSTM (FF/recur) 45%125%
Biaffine Arc/Label Scorer 25%133%
Triaffine Arc Scorer 25%
Optimizer & Loss Value
Balance param A 0.1
Adam (3, 0
Adam [ 0.95
Learning rate le~?
LR decay 0.5
L2 regularization 3e7®

Table 5: Hyper-parameters for baseline and high-order
SRL models in our experiment.

Version Provider

CA multi_cased_L-12_H-768_A-12 (Devlin et al., 2019)
CS  Slavic BERT: slavic_cased_L-12_H-768_A-12 (Arkhipov et al., 2019)
DE multi_cased_L-12_H-768_A-12 (Devlin et al., 2019)
EN wwm_uncased_L-24_H-1024_A-16 (Devlin et al., 2019)

ES BETO: spanish-wwm_cased_L-12_H-768_A-12
JA NICT BERT: japanese_100k_L-12_H-768_A-12
ZH chinese_L-12_H-768_A-12

(Caiiete et al., 2020)
(NICT, 2020)
(Devlin et al., 2019)

Table 6: BERT versions for different languages.

not given predicates, and different high-order struc-
ture combinations. We report all possible results
on development sets, in-domain test sets, and out-
of-domain test sets in Tables 7, 8, 9 and 10. The
experimental results illustrate the following points:

1. In different languages, combinations of
high-order structures bring different improvements.
Some high-order structure combinations are even
worse for performance in some languages.

2. Pre-training can bring about a significant im-
provement in performance on both in-domain and
out-of-domain test sets; however, the in-domain
improvement is significantly greater than that of
out-of-domain when the two domains are far apart.
In particular, the difference between in-domain
and out-of-domain in German and English is large,
while the two domains in Czech are similar.

3. The SRL results in German are lower than
in other languages, the data analysis found that
the proportion of predicates is very small, result-
ing in the sparse targets, which can not train the
model well, especially when no predicates are pre-
identified.



Language Method Dev Test 00D
P R Fy P R Fy P R F,
baseline 85.62 83.66 84.63 85.85 84.09 84.96
+sib 8591 8398 8494 86.09 84.46 85.27
+cop 85.78 83.83 8479 8597 84.17 85.06
+gp 86.24 83.25 8472 86.11 8351 84.79
+sib+cop  85.70 8425 8497 8590 84.85 85.37
+sib+gp 8571 84.00 84.85 85.81 84.19 84.99
+cop+gp 86.05 83.98 85.00 8574 83.72 84.72
CA +ALL 85.64 84.09 84.86 85.67 8424 84.95
baseline’™® 8695 8574 8634 87.10 8572 86.40
+sib 86.94 8592 8643 87.15 86.05 86.59
+cop 87.15 8596 86.55 87.14 86.00 86.57
+gp 87.17 86.00 86.58 86.87 8593 86.40
+sib+cop  86.96 86.57 86.76 86.89 86.53 86.71
+sib+gp 87.26 86.55 8690 87.10 86.40 86.75
+cop+gp 87.24 86.12 86.68 87.08 8597 86.52
+ALL 8749 86.11 86.79 87.52 86.29 86.90
baseline 9120 89.79 90.49 90.87 89.49 90.18 9122 89.88 90.54
+sib 91.30 89.71 9050 91.08 89.56 9032 91.25 89.72 90.48
+cop 91.40 89.77 90.58 91.09 89.56 90.32 9127 89.75 90.51
+gp 91.35 89.63 90.48 91.16 89.40 90.27 91.31 89.62 90.46
+sib+cop  91.36 89.88 90.81 9133 89.890 90.60 91.50 90.03 90.75
+sib+gp 9126 89.68 90.47 91.09 89.48 90.28 91.29 89.79 90.53
+cop+gp 91.24 89.61 90.42 91.01 8951 90.26 91.23 89.73 90.48
cs +ALL 91.18 89.81 9049 90.96 89.65 90.30 91.15 89.85 90.49
baseline®® 92.12 91.09 91.61 9198 90.99 9148 91.98 91.23 91.60
+sib 9231 91.62 9196 9198 9123 91.60 9194 91.50 91.72
+cop 92.11 9127 91.69 92.08 9125 091.66 9197 9149 91.73
+gp 92.02 91.19 91.60 9197 9120 91.58 91.85 9132 91.59
+sib+cop  92.04 9130 91.67 9238 9149 9193 9184 9147 91.65
+sib+gp 92.11 9124 91.68 92.06 91.15 91.61 91.84 9141 91.63
+cop+gp 91.99 9132 91.65 9194 9125 091.60 91.87 91.61 91.74
+ALL 92.03 9126 91.65 9199 91.14 9156 91.75 91.32 91.53
baseline 75.83 7251 74.13 7748 7461 76.02 7134 6773 69.49
+sib 76.63 7336 7496 77.01 7554 7627 71.66 6936 70.49
+cop 7443 7205 7322 7673 7498 7585 69.84 6855 69.19
+gp 75.69 73.02 7433 7633 7511 7571 69.74 6735 68.53
+sib+cop 7624 7325 7472 7753 7533 7641 7128 6888 70.06
+sib+gp 7529 73.02 7414 7586 7474 7529 70.15 67.79 68.95
+cop+gp 7622  72.05 74.08 77.00 7425 75.60 69.99 66.76 68.33
DE +ALL 75.13 7257 73.83 7679 74.18 7546 7146 67.46 69.40
baseline™® 84.48 8270 83.58 8577 84.66 8521 71.77 70.02 70.88
+sib 83.87 83.15 8351 8497 8534 8515 7214 71.86 72.00
+cop 84.58 83.04 8380 84.93 8509 85.01 7148 7159 71.53
+gp 83.82 83.15 8349 85.01 8453 84.77 71.80 70.67 71.23
+sib+cop  84.67 83.61 84.14 8582 8527 8554 7223 7148 7185
+sib+gp 84.46 82.58 8351 8521 84.10 84.65 7193 69.04 70.45
+cop+gp 83.49 8230 8289 8520 84.41 84.80 70.88 69.69 70.28
+ALL 84.53 8270 83.60 84.95 84.17 8456 7139 68.17 69.74
baseline 90.15 86.27 88.17 9129 88.00 89.61 81.37 77.12 79.19
+sib 89.94 86.67 8827 9146 8853 8997 81.76 77.85 79.76
+cop 90.03 86.59 8827 9140 8845 89.90 81.89 78.07 79.94
+gp 89.86 86.13 8796 9141 88.14 89.75 8220 7851 80.31
+sib+cop 9020 86.97 88.55 9133 88.74 90.02 81.80 78.36 80.04
+sib+gp 90.00 86.89 8842 91.21 8858 89.87 81.38 77.90 79.60
+cop+gp 89.69 86.58 88.11 91.26 88.68 89.95 8132 78.02 79.64
EN +ALL 90.03 8691 8844 91.60 8895 90.26 82.6 78.75 80.63
baseline®™® 9135 88.84 90.08 9231 90.18 91.23 86.14 8349 8479
+sib 91.3 89.11 90.19 9249 90.58 9153 8596 8397 84.95
+cop 91.3 89.19 90.23 9221 905 9135 86.03 8407 85.04
+gp 91.66  88.6 90.11 92.77 90.09 9141 86.22 83.1 84.63
+sib+cop  91.16  89.6 9037 9236 90.84 91.6 8559 8392 84.75
+sib+gp 91.62 88.99 90.28 92.64 9044 9153 8633 83.61 8495
+cop+gp 91.27 89.02 90.14 9237 9035 9135 86.03 83.88 84.94
+ALL 91.56 8935 9044 9259 9098 91.77 8649 8380 85.13

Table 7: w/ pre-identified predicate results.



Language Method Dev Test 00D
P R F, P R Fy P R F
baseline 84.58 82.58 83.57 8497 82.60 83.77
+sib 8490 83.11 8399 8518 83.28 84.22
+cop 84.66 8276 83.70 85.12 83.21 84.15
+gp 8495 8233 83.62 8551 8231 83.88
+sib+cop  84.66 8298 83.81 8536 8345 84.39
+sib+gp 84.73 83.13 8392 8505 8321 8&4.12
+cop+gp 84.80 8242 8359 8535 82.87 84.09
ES +ALL 84.80 8290 83.89 85.12 8329 84.20
baseline’® 87.14 8591 86.52 8723 8598 86.60
+sib 8736 85.62 86.48 8748 8597 86.72
+cop 87.03 8594 86.48 87.19 86.11 86.65
+gp 87.21 86.04 86.62 8722 8595 86.58
+sib+cop  86.98 86.45 86.71 87.24 86.67 86.96
+sib+gp 87.62 85.66 86.63 87.62 85.84 86.72
+cop+gp 87.26 85.85 86.55 87.09 85.82 86.45
+ALL 87.49 86.11 86.79 87.52 86.29 86.90
baseline 88.49 76.68 82.16 88.15 77.79 82.65
+sib 8730 7845 82.64 86.14 79.85 82.88
+cop 8771 7722 8213 8790 78.58 8298
+gp 86.65 77.15 81.63 86.03 78.62 82.16
+sib+cop  87.97 7878 83.12 87.51 79.38 83.25
+sib+gp 88.32 77.72 82.68 8834 7851 83.14
+cop+gp 88.36 76.99 8228 88.09 78.04 82.76
JA +ALL 88.86 77.18 82.61 88.17 78.28 8293
baseline’® 89.93 80.89 85.17 89.63 81.83 85.55
+sib 89.29 81.06 8498 89.02 82.08 85.41
+cop 89.99 80.56 85.02 89.71 81.57 8545
+gp 89.43 80.40 84.67 88.88 81.08 84.80
+sib+cop  88.67 8234 8539 88.65 8332 85.90
+sib+gp 89.90 80.05 84.69 89.75 8127 8530
+cop+gp 89.20 81.27 85.05 8859 82.03 85.19
+ALL 90.51 80.33 85.12 89.69 81.66 85.49
baseline 87.28 83.84 8552 8795 83.63 8573
+sib 87.58 8396 8573 8794 83.80 85.82
+cop 88.33 8340 8580 88.61 83.29 85.87
+gp 88.08 8225 85.07 8846 82.01 85.12
+sib+cop  87.95 83.81 85.83 88.09 83.64 8581
+sib+gp 88.28 8342 85778 8820 83.26 85.66
+cop+gp 88.38 8256 8537 8854 82.63 8548
7H +ALL 88.44 8340 8585 8835 83.82 86.02
baseline*®  89.63 86.69 88.13 89.94 86.60 88.24
+sib 89.47 8740 88.42 89.64 87.34 88.48
+cop 89.63 87.35 8848 89.79 8733 88.54
+gp 89.16 86.74 8793 89.54 86.69 88.09
+sib+cop  89.80 86.92 8834 89.97 8745 88.69
+sib+gp 89.60 87.39 88.48 89.79 87.30 88.53
+cop+gp 89.48 87.18 8832 89.70 87.36 88.52
+ALL 88.95 87.58 8826 89.07 87.71 88.38

Table 8: w/ pre-identified predicate results.



Language Method Dev Test 00D
P R Fy P R Fy P R F,
baseline 83.97 82.62 8329 8445 8293 83.69
+sib 84.17 8297 8357 84.57 8321 83.89
+cop 8421 82.85 8352 8438 8294 83.66
+gp 84.52 8223 8336 84.55 8228 83.40
+sib+cop  84.03 83.15 83.59 84.69 8346 84.07
+sib+gp 84.15 83.06 83.60 84.35 83.07 83.70
+cop+gp 8444 8293 83.68 8432 82.64 8347
CA +ALL 8395 83.07 8351 84.14 83.10 83.62
baseline®™® 8505 8447 8476 8551 8473 85.12
+sib 85.14 84.66 8490 85.60 85.10 8535
+cop 8546 84.80 85.13 85.57 8499 85.28
+gp 8533 84.81 85.07 8529 8493 85.11
+sib+cop 8539 8527 8533 8547 8538 8542
+sib+gp 85.39 85.27 8533 8547 8538 8542
+cop+gp 8539 84.89 8514 8553 8505 8529
+ALL 86.08 85.35 85.72 86.15 8549 85.82
baseline 90.25 88.84 89.54 89.98 8847 89.22 8998 8847 89.22
+sib 90.37 88.78 89.57 90.17 88.52 89.34 89.89 8844 89.16
+cop 90.43 88.82 89.62 90.16 8853 89.34 8986 8845 89.15
+gp 90.38 88.70 89.53 90.21 88.34 89.26 89.86 8830 89.07
+sib+cop  90.73 8894 89.82 90.21 88.65 89.42 89.85 8849 89.16
+sib+gp 90.34 88.77 89.55 90.15 88.41 89.27 89.88 88.51 89.19
+cop+gp 90.32 88.72 89.51 90.12 8847 89.29 89.86 88.44 89.14
cs +ALL 90.28 8890 89.58 90.25 88.68 8945 89.82 88.85 89.33
baseline®® 9132 90.42 90.87 9125 9020 90.72 90.97 9030 90.63
+sib 91.29 90.61 9095 91.22 90.45 90.83 90.89 90.56 90.72
+cop 91.33 9059 9096 9132 90.50 9091 90.99 90.58 90.78
+gp 91.22 9052 90.87 9121 9045 90.83 90.87 90.37 90.62
+sib+cop  91.25 90.63 90.94 9123 9121 91.22 90.84 90.55 90.69
+sib+gp 91.31 90.55 9093 9131 9037 90.84 90.82 90.48 90.65
+cop+gp 91.18 90.63 9091 9120 90.47 90.83 90.84 90.66 90.75
+ALL 91.22 90.55 90.89 91.23 9037 90.80 90.74 90.42 90.58
baseline 5359 68.87 6027 51.03 7295 60.06 3997 45.14 4240
+sib 5381 69.89 6081 5132 73.63 6048 4026 46.01 4294
+cop 5234 68.70 59.41 5041 7270 59.54 39.82 4579 42.60
+gp 5342 69.72 6049 50.72 7338 59.98 40.19 4530 4259
+sib+cop 5328 7029 60.61 50.79 7344 60.05 40.67 4595 43.15
+sib+gp 5315 69.72 6032 50.21 7258 59.36 3992 45.19 4239
+cop+gp 5313 68.53 59.86 51.17 7277 60.09 40.14 44.87 4237
DE +ALL 5310 69.21 60.09 50.67 7246 59.63 40.59 4498 42.67
baseline™® 57.87 80.14 67.21 55.67 83.18 66.70 37.99 43.13 40.40
+sib 57.68 80.76 6730 55.70 8398 66.98 39.00 4438 41.51
+cop 5771 80.71 6730 55.66 83.61 66.83 38.00 44.05 40.81
+gp 57.52 80.54 67.11 5535 83.12 6645 3853 43.89 41.04
+sib+cop  58.00 8133 67.71 55.86 84.17 67.15 3894 4438 4148
+sib+gp 58.18 80.36 67.50 5543 8244 66.29 38.66 43.07 40.75
+cop+gp 5723 7997 66.71 5543 8299 6647 3834 42.86 4047
+ALL 5838 80.48 67.67 5557 8262 6645 37.67 42.15 39.78
baseline 85.18 8258 83.86 86.12 8534 8573 7451 7348 73.99
+sib 8536 8321 84.27 86.00 85.64 8582 7438 7331 73.84
+cop 8531 8291 84.09 86.12 8556 8584 7435 73.07 73.70
+gp 8540 82.67 84.01 86.04 85.13 8558 7443 72.68 73.55
+sib+cop  85.15 83.17 84.15 86.26 86.06 86.16 7476 73.65 74.20
+sib+gp 85.16 83.22 84.18 85.82 8559 8571 74.18 7292 7355
+cop+gp 8493 83.07 8399 86.00 8559 8579 7429 7331 73.80
EN +ALL 85.10 83.00 84.04 86.16 8556 85.86 74.65 73.17 73.90
baseline’™® 8821 8564 8690 8851 88.05 88.28 8049 79.65 80.07
+sib 88.19 85.88 87.02 88.66 8839 8852 8041 79.84 80.13
+cop 88.13 86.00 87.05 88.39 8830 88.34 8032 80.26 80.29
+gp 88.54 8541 8695 89.01 8798 8849 80.63 79.24 7993
+sib+cop  88.01 86.40 87.20 8855 88.60 8857 79.87 79.89 79.88
+sib+gp 88.38 85.78 87.06 88.82 88.19 88.50 80.57 79.55 80.06
+cop+gp 88.16 85.79 8696 88.59 8820 8840 8035 80.11 80.23
+ALL 8798 86.25 87.11 88.77 88.62 88.70 80.01 79.80 79.90

Table 9: w/o pre-identified predicate results.



Language Method Dev Test 00D
P R F, P R Fy P R F
baseline 83.35 81.79 8257 8352 81.58 82.54
+sib 83.72 8242 83.06 83.66 8226 82.96
+cop 83.59 82.09 82.84 83770 82.15 8291
+gp 83.74 81.57 82.64 8398 81.18 8255
+sib+cop  83.41 82.11 8275 83.87 8238 83.11
+sib+gp 8356 8235 8295 8349 82.18 82.83
+cop+gp 83.65 81.61 82.62 83.87 81.86 82.85
ES +ALL 83.72 82.09 8290 83.64 82.18 82.90
baseline’® 8588 8521 8555 8592 85.09 85.50
+sib 8599 84.89 8544 86.19 85.13 85.66
+cop 85.81 8528 8555 8590 85.27 85.58
+gp 8585 8530 8557 8584 85.12 8548
+sib+cop  85.66 85.64 85.65 86.21 8575 86.00
+sib+gp 86.20 8493 8556 86.32 85.02 85.66
+cop+gp 8588 85.09 8548 8576 84.94 8535
+ALL 86.08 8535 85.72 86.15 8549 85.82
baseline 79.86 68.68 7385 79.67 6853 73.68
+sib 7892 70.12 7426 77.77 70.01 73.69
+cop 79.51 6892 7383 7948 69.23 74.00
+gp 79.23 6939 7398 78.14 69.24 73.42
+sib+cop  79.78 70.47 74.84 79.14 69.57 74.05
+sib+gp 79.99 69.22 7422 79.77 6898 73.98
+cop+gp 80.45 69.04 7431 7991 69.01 74.06
JA +ALL 80.37 69.06 7428 80.04 69.16 74.20
baseline’® 8120 74.84 77.89 82.03 7424 77.94
+sib 8277 7449 7841 8053 76.86 78.65
+cop 82.61 7435 7827 8233 7536 78.69
+gp 82.15 7416 7795 8098 7548 78.13
+sib+cop  81.55 7584 7859 82.16 7585 78.88
+sib+gp 8228 73.62 7771 8210 75.04 78.41
+cop+gp 82.14 7489 7835 8135 7573 78.44
+ALL 8272 7421 7823 81.88 7539 78.50
baseline 82.00 80.20 81.09 83.08 7991 81.46
+sib 8234 8042 8137 83.04 80.00 8&1.50
+cop 83.04 79.81 8140 83.65 79.50 81.52
+gp 82.84 78.73 80.73 83.71 78.25 80.89
+sib+cop  82.70 80.19 81.43 83.07 80.99 82.01
+sib+gp 82.87 79.89 8135 8331 7952 81.37
+cop+gp 8297 79.07 8098 83.63 78.87 81.18
7H +ALL 83.19 79.86 81.49 8351 79.59 81.50
baseline*® 86.42 8420 8529 86.82 83.98 85.38
+sib 86.24 84.78 8551 8647 84.63 8554
+cop 86.34 84.72 8552 86.55 84.54 8553
+gp 8590 8424 85.07 8637 84.00 85.17
+sib+cop  86.53 84.61 8556 86.83 84.57 85.68
+sib+gp 86.33 84.74 8553 86.64 84.58 85.60
+cop+gp 86.28 84.63 8545 86.61 84.66 85.63
+ALL 85.63 8499 8531 8590 8490 85.39

Table 10: w/o pre-identified predicate results.



