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Dependency-Parsing using Japanese Causal Language Models
Koichi Yasuoka (Kyoto University)

Abstract:
dependency-parsing, using Japanese causal language models, such as GPT, LLaMA and Qwen. For part-of-speech

In this paper the author describes how to finetune sequence-labeling for part-of-speech tagging and

tagging, we utilize Bellman-Ford algorithm to refine the sequence-labeling. For dependency-parsing, the author has de-
veloped an original sequence-labeling algorithm, in which leftward edges are treated reversely. The author investigates

efficiency of the algorithms, applying them to twenty-seven Japanese causal language models.
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conj sk ) list fmE ith a3
flat w31 I goeswith nz=pin root
CC i parataxis g8l o o
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#text = HFh2NHIH L T %
1 fHFEf R NOUN  #di-¥d@tail-—a% _ 3 nsubj SpaceAfter=No
2 D3 ADP  Bli5i-k B _ 1 case _ SpaceAfter=No
3 #HL ®HYT% VERB @h@-—f&-9£#K _ 0 root SpaceAfter=No
4 Tws Tw3 AUX  BhEhEE- E—B-747 _ 3 aux _  SpaceAfter=No
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N
D & H L T w 3%
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£ 2. ARETHALZ GPT REHEETFI L2 DT

https://huggingface.co/ku-nlp/gpt2-small-japanese-char

GPT2LMHeadModel, 86M /37 X — %, HiX ¢ GPT2Tokenizer, A/JiE 1024 F—72 >,
https://huggingface.co/ku-nlp/gpt2-medium-japanese-char

GPT2LMHeadModel, 296M /%7 A —%, By GPT2Tokenizer, A/ 1024 F—727 >,
https://huggingface.co/ku-nlp/gpt2-large-japanese-char

GPT2LMHeadModel, 685M /87 X —%, HiZ(y* GPT2Tokenizer, AJJiE 1024 F—27 .
https://huggingface.co/ClassCat/gpt2-base-japanese-v2

GPT2LMHeadModel, 126M 735 X —%, JE/3A A GPT2Tokenizer, AHJJ0E 1024 +—7 >,
https://huggingface.co/1lm-jp/1lm-jp-1.3b-v1.0

GPT2LMHeadModel, 1.23B /%7 X —%, PreTokenizerFast (Ilm-jp), AHiJJlE 2048 b —7 >,
https://huggingface.co/nlp-waseda/gpt2-small-japanese-wikipedia
GPT2LMHeadModel, 106M »%5 X — %, ReformerTokenizer Juman++), Al 1024 +—2 >,
https://huggingface.co/nlp-waseda/gpt2-small-japanese

GPT2LMHeadModel, 106M »% 7 X —%, ReformerTokenizer (Juman++), AH I 1024 +—7 >,
https://huggingface.co/nlp-waseda/gpt2-xl-japanese

GPT2LMHeadModel, 1.45B »%7 X —%, ReformerTokenizer (Juman++), AHJI0E 1024 b —7 >,
https://huggingface.co/okazaki-lab/japanese-gpt2-medium-unidic

GPT2LMHeadModel, 322M »%% X — %, BertJapaneseTokenizer (unidic-lite), A M /IR 1024 ~—2 >,

https://huggingface.co/lightblue/karasu-1.1B

LlamaForCausalLM, 992M /%5 X — 4%, LlamaTokenizer, AMHJJliE 2048 F—727 .
https://huggingface.co/yellowback/gpt-neo-japanese-1.3B

GPTNeoForCausalLM, 1.19B /87 X —#%, GPT2Tokenizer, AHJIlE 2048 +—7 .
https://huggingface.co/stockmark/gpt-neox-japanese-1.4b

GPTNeoXForCausalLM, 1.22B 87 X —%, GPTNeoXTokenizerFast, Ai/Jili 1024 F—72 >,
https://huggingface.co/cyberagent/open-calm-small

GPTNeoXForCausalLM, 124M /85 X —%, GPTNeoXTokenizerFast, AMi/Jil 2048 ~—2 >,
https://huggingface.co/cyberagent/open-calm-medium

GPTNeoXForCausalLM, 348M %7 X —%, GPTNeoXTokenizerFast, A/l 2048 +— 727 .
https://huggingface.co/cyberagent/open-calm-large

GPTNeoXForCausalLM, 737M 787 X —%, GPTNeoXTokenizerFast, AHi/Jii 2048 F—2 >,
https://huggingface.co/cyberagent/open-calm-1b

GPTNeoXForCausalLM, 1.24B /85 X —%, GPTNeoXTokenizerFast, A/l 2048 ~—2 >,
https://huggingface.co/rinna/japanese-gpt-neox-small

GPTNeoXForCausalLM, 118M »%5 X — %, T5Tokenizer, AHiJIiE 2048 +— 2 .
https://huggingface.co/rinna/japanese-gpt2-xsmall

GPT2LMHeadModel, 36M /87 X — %, T5Tokenizer, A/ 1024 +—72 v,
https://huggingface.co/rinna/japanese-gpt2-small

GPT2LMHeadModel, 106M /%7 * —%, T5Tokenizer, AHJJ# 1024 F—7 .
https://huggingface.co/rinna/japanese-gpt2-medium

GPT2LMHeadModel, 321M /87 X —%, T5Tokenizer, AHiJJli 1024 +—2 >,
https://huggingface.co/rinna/japanese-gpt-1b

GPT2LMHeadModel, 1.21B 87 X —%, T5Tokenizer, A/ 1024 +—7 v,
https://huggingface.co/abeja/gpt2-large-japanese

GPT2LMHeadModel, 717M #85 X —%, T5Tokenizer, AHiJJiE 1024 +—2 >,
https://huggingface.co/goldfish-models/jpn_jpan_bmb

GPT2LMHeadModel, 37M 737 X —%, AlbertTokenizer, A/l 512 F—2 >,
https://huggingface.co/goldfish-models/jpn_jpan_10mb

GPT2LMHeadModel, 37M 737 X — %, AlbertTokenizer, AHIIE 512 F—72 >,
https://huggingface.co/goldfish-models/jpn_jpan_100mb

GPT2LMHeadModel, 119M /87 X —%, AlbertTokenizer, AHIJIIE 512 F—2 >,
https://huggingface.co/goldfish-models/jpn_jpan_1000mb

GPT2LMHeadModel, 119M /%7 X —%, AlbertTokenizer, A/l 512 +—2 >,
https://huggingface.co/Kendamarron/Tokara-0.5B-v0.1

Qwen2ForCausalLM, 538M »87 X —4%, Qwen2Tokenizer, AHJIIE 32768 +—7 >,
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nsubj
ﬁﬁ%£5_ }%%F] (vers) (aux)
HRp 2 SIHL Tws
(ADP) (vErB) (Aux)
B HIHL Twa
root
W
(vERB) (Aux)
SIHL Tw3
AUX
TWw5
root
nsubj

aux
VERB iAUX'

SHL Tw3

NOUN Casea)?]
LIS L3 /R

X 3: UDR DTV v 7 ofhiH A BT

4 RFl & 5%

HuggingFace /» 7" CABH D GPT R FFEE T LD
9B, NI A—IEHVNS OO HAGEE TV 27 (3%
DIRL, ERROT7AVTYVRLIZEE 774 v Fa—
= v 7 % [FEFEMHE 47 UD Japanese-GSDLUW T
272\, G (ja_gsdluw-ud-dev.conllu (2 X % evalua-
tion) * 7 A b (ja_gsdluw-ud-test.conllu |2 & % predict)
BB Ikol. £z, [11,12]) THWIREAEIGE
7 A L DO 4 ARG TEEE (2022421 H 15 H
Fff) 55 1 RIOREC S, FHEICZ 72, WL baE
it %1%, CoNLL 2018 [13] ® UPOS/LAS/MLAS
Va2V, fERERIITRT,

R AR ZBEERA RIS EEA T 4 7THEE

D)% 13 LAS (Labeled Attachment Score) / MLAS (Morphology-
aware Labeled Attachment Score) / BLEX (Bi-LEXical dependency
score) D 3 D DFHIIEEEZ V2235, KO 7LV X L1

LEMMA %Z{H L Tz, BLEX 24+L, b b iZ UPOS
D F A%z w7z,
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(ku-nlp) D GPT-2 €7 NS, N7 X =7 HIBbH S
TROEREZZR L Tw5, Lightblue #: karasu-1.1B
(LLaMA € FL) 25, SHICEW TV 3, ku-nlp D
GPT-2 ETNWVIEHXFF =27 F A F2HwTED
karasu-1.1B 135 DD F—27 v ZHWTWB Z Lo,
AEEO TN TY A LIE, FALFHD b — 27 v TH
BHL 7% GPT RHAEE T VICHL TWb X9 7, i
DETIICEWTIE, UPOS D FEH £ h B %
W2 ERL, WM GOERBETLIL>TED, 2
NDMR D ZFIRHTIC D E 2 I L Tw 56 L,

7z & Z1¥ yellowback/gpt-neo-japanese-1.3B (& Tt
A HL T3 icxf L, K40k 9 it 5
LTw3, Z#id, GPT2Tokenizer 7% UTF-8 D34
M b= v EAA BT, TLTWS ) %
1 F—=27 2L TLE) K5 7DdDTHD, %o,
F—=27 v oA EF @RIk T, BXFE =7
FAFIGECENZZTELIBBTERNLES ) D,

yellowback/gpt-neo-japanese-1.3B (X} L, EFdod
BWREZE -5 BT, 774 vFa—=v i s
IO TH, ZOBEIX, GPTNeoXTokenizerFast,
T5Tokenizer, AlbertTokenizer, Qwen2Tokenizer IZ & #
HARERE o7 2 &6, ZN6D =7 FAF%2H
TOHABEETVICS, AROKIREZEIR>TH
7o, WRMRZER 4R T. WRZEBEIH->74aT
DHAGEE TNV T, UPOS D FED EDS>TED, %
A DETLAS - MLAS b EDS>Tw 3,

5 Bbhic

GPT RSEE TNV EDRIN T X)) v 7% HWT,
it G - (R D ZENT 7L ) AL ERFE L, C
DT7NTY A L% GPT FHAGEE TOVICHEM L, H
AR B UD TOMTRSEE 2 5 L 72, A3 e L
T, MXF P =7 FAFRHEDOD b —7 VTHEHL
LETFNMIC, ARFEOT7ALITY ALIT@EL W3, %
7o, b= FAFZHURT S LT, WElfM5OE
Ex EiF5ZEbTHETH B,

7L, ARofEHiz, BERT €7V TH T b —
27+ 4 & Biaffine 7 L3V XA [14] ZHOE5E
(EHIL, HE—HTRATHRY, Zhn7iLaY
ALK 2D, ZNEDH GPT REHEETNVZE
NHEDRA DD, Z0H70 ZHS 1L T
S EDH D259,

ARG TR L 72l ft G- - 4R 0 Z e 7V,
https://huggingface.co/KoichiYasuoka TAHH
LTWw3, 774 vFa—=v 7707708, %
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KRBT TV X % EREHR HALLR D 52 1 fidhT o Sl (UPOS / LAS / MLAS)

alHiffi (evaluation)

7 A b (predict)

21 ]

1R R ]

ku-nlp/gpt2-small-japanese-char
ku-nlp/gpt2-medium-japanese-char
ku-nlp/gpt2-large-japanese-char
(lassCat/gpt2-base-japanese-v2
1lm-jp/llm-jp-1.3b-v1.0
lp-wasedalgpt2-small-japanese-wikipedia
nlp-waseda/gpt2-small-japanese
nlp-waseda/gpt2-xl-japanese
okazak-labljapanese-gpt2-medium-unidic
lightblue/karasu-1.1B
yellowback/gpt-neo-japanese-1.3B
stockmark/gpt-neox-japanese-1.4b
cyberagent/open-calm-small
cyberagent/open-calm-medium
cyberagent/open-calm-large
cyberagent/open-calm-1b
rinna/japanese-gpt-neox-small
rinna/japanese-gpt2-xsmall
rinna/japanese-gpt2-small
rinna/japanese-gpt2-medium
rinna/japanese-gpt-1b
abeja/gpt2-large-japanese
goldfish-models/jpn_jpan_Smb
goldfish-models/jpn_jpan_10mb
goldfish-models/jpn_jpan_100mb
goldfish-modelsfjpn_jpan_1000mb
Kendamarron/Tokara-0.5B-v0.1

95.08 /89.26/78.43
95.31/90.98 / 81.06
94.53 /88.87/78.91
89.97/78.07 / 66.45
79.29/61.52 /48.95
69.58 /45.86/31.35
71.05/748.52/33.43
77.147157.43 /1 42.96
62.03/33.97/21.20
93.44/87.73/76.84
44.99/18.44/11.00
43.30/17.89/10.34
41.38/16.35/ 8.92
42.50/16.50/ 9.02
42.43/16.72/ 9.33
42.60/16.68/ 9.45
55.07729.64/18.20
39.17/12.45/ 4.65
40.60/14.03/ 6.00
37.94/12.40/ 5.28
40.48/16.63/ 9.39
40.61/13.41/ 5.75
38.35/11.09/ 3.62
38.55/11.21/7 4.02
38.95/11.99/ 4.81
39.42/12.34/ 5.05
69.17/46.82/32.24

94.78 / 87.85/77.25
94.55/87.76 /1 77.41
94.06/86.91/76.64
88.97/75.13/63.82
79.41/61.23/49.47
70.58 /47.41/32.91
72.06/49.78 /1 35.52
77.04/56.41/41.96
64.28 /36.54 /22.70
93.58/86.31/75.86
45.73/19.38/11.54
42.65/17.11/10.13
40.83/15.45/ 8.52
42.38/16.16/ 9.33
422571625/ 9.57
42.29/16.51/ 9.89
54.06/28.25/17.79
40.51/12.75/ 4.98
41.76/14.32/ 6.04
38.65/12.15/ 5.34
39.89/15.05/ 8.61
42.64/14.09/ 6.00
39.65/12.32/ 4.97
39.23/11.98/ 4.55
40.10/ 1291/ 5.97
40.52/13.26/ 6.46
67.32/44.26 /30.79

89.77/176.59 / 56.75
88.66 /75.60 / 56.95
87.29/73.36/53.71
84.24/67.32/45.90
75.65/52.45/32.72
71.99/50.76 /1 32.36
73.34/51.17/33.65
72.70/49.83/29.92
66.72 /40.56 / 21.69
86.55/71.93/51.98
43.92/1598/ 8.56
42.13/15.29/ 7.56
40.98/14.45/ 5.70
42.02/14.33/ 6.70
42.32/15.12/7 7.39
41.57/14.5571 7.24
49.71/20.60/ 8.26
42.54 /12776 / 2.83
43.64/13.36/ 4.26
44.64/13.96/ 5.15
37.48/13.19/ 6.18
44.39/13.741 4.52
42.16/12.21/7 4.02
422171242/ 4.17
43.07/13.63/ 5.16
43.75/14.10/ 5.30
62.95/37.14/19.12

94.13/82.23 / 67.46
94.20/82.89/67.12
90.95/78.45/61.20
89.15/71.38 /52.50
81.47/59.20/42.95
77.34755.95/38.20
79.41/59.73/41.64
78.35/56.48 /36.36
68.92/42.63/26.61
91.81/76.84 /60.68
51.38/720.18/ 7.46
45.35/15.40/ 4.81
45.15/15.38/ 5.07
45.83/15.50/ 5.42
45.89/15.30/ 5.54
4520/ 14.68/ 4.82
54.68/22.82/ 9.65
48.87/17.60/ 6.79
48.47117.47/1 6.17
48.16/17.31/ 7.26
45.43/15.14/ 5.88
49.17/18.227 5.72
46.22/12.33/ 2.94
44.58/12.78 1 2.34
45.66/14.22/ 4.15
45.97/14.22/ 4.10
69.75/40.28 / 21.62

(NOUN) (ADP)

(B-vérB)  (I-VERB)

(1-vERB)

LS L/

e588 ae

(NOUN)

(ADP) (vERB)

L% LR

flH

AUX

LTwa

(Aux)

H LTws

4: yellowback/gpt-neo-japanese-1.3B (2 & 1} % UD fhalfl 5 & A B
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e4 b8 96 e7 95 8c e4 b8 ad e3 81 8c eb 88 ae e7 9b ae e3 81 97 e3 81 a6 e3 81 84 e3 82 8b

‘

e4b8 96 e795 8c e4b8 ad e381 8c €588 ae e79b ae e381 97 e381 a6 e381 84 e382 8b

‘

B ok 2 wews. H L T w3
Y-
L7 o D e H L Tw %
-
[ 5 D s H L Tw3
-
[ 5 DY esss e H LTw3

5: yellowback/gpt-neo-japanese-1.3B @ + — 7 A B {EREEE

F 4 b =7 F A FRBEHEDOLRD Z T ENT O (UPOS / LAS / MLAS)

Zilli (evaluation)

7 A b (predict)

1R [CET]

1R [CE )

yellowback/gpt-neo-japanese-1.3B
stockmark/gpt-neox-japanese-1.4b
cyberagent/open-calm-small
cyberagent/open-calm-medium
cyberagent/open-calm-large
cyberagent/open-calm-1b
rinna/japanese-gpt-neox-small
rinna/japanese-gpt2-xsmall
rinna/japanese-gpt2-small
rinna/japanese-gpt2-medium
rinna/japanese-gpt-1b
abeja/gpt2-large-japanese
goldfish-models/jpn_jpan_Smb
goldfish-models/jpn_jpan_10mb
goldfish-models/jpn_jpan_100mb
goldfish-modelsfjpn._jpan_1000mb
Kendamarron/Tokara-0.5B-v0.1

92.79/85.08 /75.17
94.86 / 88.77 / 80.02
94.39/86.88 /75.00
95.22/89.12/79.36
94.86 / 88.84 /78.82
95.05 /7 89.07 / 80.35
89.64/77.20/ 64.95
54.29/23.15/11.41
63.20/33.45/19.73
53.06/22.75/11.68
95.14/89.69 / 81.54
54.76/23.62/12.29
87.33/71.35/54.33
87.74/71.76 / 55.06
88.49/75.37/61.77
89.46 /77.54/65.01
94.19/88.39/77.81

92.06/82.18/71.71
94.22/86.50/77.98
93.54/84.36/72.72
94.20/85.36/75.61
94.44/86.23/76.74
94.45/86.53/78.25
89.39/76.72 /1 64.94
56.81/25.92/13.58
64.08 /34.55/20.70
54.82/24.99/13.45
94.62 /87.52/79.38
57.68/26.75/14.47
86.12/68.74 1 52.02
86.56 /70.05 / 53.25
88.41/74.80/60.74
88.93/76.52/64.08
93.58/85.79/75.41

84.26 /65.66 / 47.87
89.10/76.01/58.47
86.43/70.52/50.24
87.67/73.90/54.42
89.12/75.51/55.93
87.33/72.55/54.42
85.17/68.19 / 48.38
66.82/36.21/17.94
68.58 /38.17/20.79
67.12/38.14 7 20.95
87.38/73.96 /54.53
68.74 /38.52/21.44
80.97/57.99/35.99
80.31/58.52/37.23
84.35/66.17 / 46.41
86.58 /70.81/51.87
87.09/73.42/53.56

87.79/71.84 /55.84
90.78 /76.31 / 60.68
90.45/76.57 1 60.34
90.86/78.10/63.41
92.05/78.98 /1 63.97
92.80/80.11 /65.09
86.02/67.28 /53.20
60.96/29.73 / 14.34
63.86/33.21/16.21
59.62/29.75/15.04
91.03/76.92/60.81
61.11/30.74 / 15.50
81.95/55.44/35.18
80.89 /55.12/34.80
83.74/62.16 /45.19
85.36/65.32/48.73
89.94 /75.95/60.03
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7% 5: BERT € 7VIC & % EFEMHR BAALER D 32 @kt O 8Lk (UPOS / LAS / MLAS)

Ml (evaluation)

T A I (predict)

21 [ 1] 10 R ]

97.39/92.75/85.19
97.90/93.25/86.43

KoichiYasuokabert-bas-apanese-chr-xtended
KoichiYasuokafbert-lnge apanes-<har-extended

96.99/91.37/83.51
97.67/92.25/84.77

91.88/81.11/62.70
93.97/83.51/66.67

97.76 /89.10/74.01
96.55/86.04 /71.70

e https://huggingface.co/KoichiYasuoka/bert-base-japanese-char-extended
BertForMaskedLM, 87M /87 X —%, BAS 5 BertTokenizer, AMJIE 512 F—2 >,

e https://huggingface.co/KoichiYasuoka/bert-large-japanese-char-extended
BertForMaskedLM, 296M /%7 X — %, Hi3(¥ BertTokenizer, AH{JJfE 512 F—72 >,

€7 VD maker.py TA L TW5DT, ZEICL
TIEL W,

23 3k
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