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Byte-Level Vocabularies Experimental Results

- Based on byte-level representation (e.g. UTF-8 encoding) of sentence strings Noisy Character Set: En-De

. Using BPE (byte-pair encoding) to segment byte stream into byte n-grams Test BLEU | Params

Trase Byte+ 26.59 45M

= FD | 183 | D | = BBPE 2K+ 26.98 4TM

| F E381|AE |30 | F E3 81| AE | E9 9F | B3 BBPE 4K+ 27.08 47TM

Char+ 26.73 4TM

Compacter than pure characters BPE 32K 27.31 61M

BPE 32K+ 27.41 62M

* Pure bytes: maximum 256 possible bytes BPE 37K* 27.3 65M
- Byte-level BPE (BBPE): any size >= 257, can be c.ompocter than pure characters! Ty, Byte+ 26.94 181M
« BBPE has fewer rare symbols and shorter tokenized sentences (runs faster) BBPE 2K+ 28.78 183M
: : BBPE 4K+ 28.27 185M
Generic and having no OOV tokens Char+ 27 94 185M
Any sentence strings can be represented by bytes. BBPE contains all bytes and BPE 32K 28.36 2;-OM
has no OOV tokens. BPE 32K+ 28.77 215M
BPE 37K* 28.4 213M

Example: BPE vs. BBPE 3.4K character set with a lot of non-En / non-De ones.

Original BRIUC_GERR&FEILZERDHEL & D Ask__questions,__demand__proof,__demand__evidence. C h ara Cte r- R i C h L an g ua g e: J a- E n
E8 B3 AA E5 95 8F E3 81 97 E3 81 A6 E2 96 81 E8 A8 BC E6 98 8E 41 73 6B E2 96 81 71 7565 73 74 69 6F 6E 73 2C E2 96 81 64 65 6D
Byt E3 81 A8 E8 A8 BC E6 8B A0 E3 82 92 E6 B1 82 E3 82 81 E3 81 BE 1 6E 64 E2 1 2 6F 6F 66 2C E2 164 D 61 6E 64 E2
Ve Fao1OTERBRGT ERBI B8 06816576 69 6465 6E BIGB2E KFTT TED JESC | Al
1K gs ig ;AE§5:15:2F&E/EE338811 E;AEG C§85A8 BC HA E381 A8 E8 A8 BC E6 A s k _questions, __dem and __pro of , __dem and __ev idence . # Of tI'ain Samples 44OK 223K 2. 8M 3 .5M
oK E8 B3 AA [ LE381 A6 __E8 A8BC HH E381 A8 E8 ASBC E68B A0 % Ask_questions,__demand_proof,__demand__evidence. # Of teSt Samples 1 ’2K 8 ’SK 2K 1 1 ’7K
E6 B182 6bE381 BE L & D
Michel et.al. (2018 20.77 13.25 18.00 -
4K E8 B3 AA ] LE381 A6 __E8 A8BC BHE381 A8 E8 A8SBC #ll ZE6 B1 As k __questions, _demand __proof, _demand __ev id ence. ( )
BBPE 82 $HE381 BE L & 3 ; ; ;
2 Thase Byte+ 2312 15.14 15.69 | 16.27
8K E;;;%ﬁFiEbEC’f;AG __E8 A8BC HHE381 A8 E8 A8BC #ll. ZE6 B1 As k __questions , __demand __pro of , __demand __evidence . BBPE 4K+ 24.15 5 .59 6. 1 O 6. 80
16K E8 B3 AAR bE381A6 __E8 A8BC BEE381 A8 E8 ASBC #l Z#E6 B1 As k __questions , __demand __proof , __demand __evidence . Cha’r-l- 23 '67 - 5 '26 - 5 '68 - 6'43
B2bE381 BE L5 BPE 16K+ | 23.63 16.15 16.18 | 17.19
32K E8 B3 AART LE381 A6 __E8 A8BC HHE381 A8 E8 ASBC #llL #E6 B1 82 As k __questions , __demand __proof , __demand __evidence .
HEIST BE L x> Ty, Byte+ 23.68 16.08 16.29 | 17.46
g
CHAR BEEMUTC_GEBREERZEROFL £ D As.k_questions,_demand_proof,_demand_ BBPE 4K+ 23°88 19.0 17.93 19.58
evidence. Char+ 23.771 16.69 17.01 | 18.33
BPE 16K B UTCT _IB &M &3k &b F L & D As k __questions , __demand __pro of , __demand __evidence . BPE 1 6K+ 24.08 1 8 .34 17 . 89 19 . 14
32K BRE UTC _FER & GEl Z35kéD L & D As k __questions , __demand __proof , __demand __evidence .

Embedding Contextualization

7.9K character set. 99.99% tokens covered by the top 2.4K characters.

Multilingual Setting: Many-to-En

BBPE symbols are finer-grained and more generic. Contextualized embeddings Ar  De  He It Az  Be Gl Sk | All | Params
(via convolution/RNN) help better disambiguation. # of train examples | 213K 167K 211K 203K | 59K 45K 10K 61K | 5.1M
# of test examples 6K 45K 55K 356K | 09K 0.7K 1K 24K | 165K
: : : Aharonietal. 19 | 2593 28.87 30.19 3242
Qualitative Comparison: BPE vs. BBPE Neubig & Hu 18 117 183 29.1 283
Thase  Byte+ | 31.13 3598 36.77 3836 | 1464 2512 3512 33.08 | 30.38 | 45M
BBPE is less long tail distributed Char+ 31,52 36.73 3685 38.62 | 1540 2490 3544 33.31 | 30.75| 51M
Thase BBPE2K+ | 30.79 35.53 36.27 37.82 | 13.64 2470 3417 32.83 | 2991 | 46M
SBPE 4K BBPE 4K+ | 30.64 34.93 36.07 37.62 | 13.76 24.84 3390 32.12 |29.74 | 47M
25 —sePEEK| BPE 16K | 29.70 34.35 3447 37.02 | 13.28 24.61 33.55 31.72 | 29.00 | 53M
20 Char BPE 16K+ | 30.20 34.97 3555 3749 | 12.65 23.66 33.95 32.16 | 29.62 | 54M
— BPE 16K BPE 32K | 29.02 34.08 34.18 36.63 | 12.56 2248 3233 3126|2881 | 6IM
15 = BPE 32K BPE 32K+ | 29.87 34.64 3526 3743|1235 2205 33.62 31.61 | 2943 | 62M
10 i i
- 58 source languages to En. 10.8K character set.
0 ; .
o 6 e e e T00% Transfer Learning on Unseen Characters
Symbols ) ]
_ _ Train Finetune BLEU
BBPE has more cross-lingual sharing :
100% | Tflofres BPE SK* Sl_En = 7.2
BBPE 2K BBPE 4K+ | Si-En - 7.1
80% B BBPE 4K -
60%. mm char | Ttiores BBPE 4K+ | X-En - 0.3
ro. BBPE 4K+ | X-En enc 8.3
BBPE 4K+ | X-En enc, dec 8.1
20% -
om0 = o l - BBPE 4K+ | X-En embed, enc 9.0
0% - =
1 2 3 4 5 BBPE 4K+ X-En all 8.6

# of languages symbols have shared across

Pre-training on multilingual many-to-En, and finetuning on Si-En. Si

Importance of Embedding Contextualization characters are unseen in the pre-trained model.

31.7

EEE No ctx
31.2 - Conv ctx

References

30.7 1

30.21 Costa-jussd, Marta R, Carlos Escolano, and José AR Fonollosa (2017). “Byte-based neural machine

translation”. In: Proceedings of the First Workshop on Subword and Character Level Models in NLP

Chung, Junyoung, Kyunghyun Cho, and Yoshua Bengio (2016). “A Character-level Decoder without Explicit
Segmentation for Neural Machine Translation”. In: Proceedings of the 54th Annual Meeting of the Association
for Computational Linguistics (Volume 1: Long Papers), vol. 1, pp. 1693-1703.

Lee, Jason, Kyunghyun Cho, and Thomas Hofmann (2017). “Fully character-level neural machine translation
without explicit segmentation”. Transactions of the Association for Computational Linguistics 5 (2017): 365-378.

29.7 -
29.2- Take a photo to learn more:

28.7 1

28.2-

Byte BBPE 2K BBPE 4K BBPE 8K BBPE 16K Char BPE 16K BPE 32K

Facebook Al Research




