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w of OrL| 2, Crer 0= 2| A0 0l A

I NSMC KorQuAD Al Hub (BLEU) YNAT KLUE-STS

(Acc) (EA /F1) Ko—En En—Ko (F1) (F1)
Baseline 89.66 7404 86.66 40.34 40.41 82.64 75.93
137TM 73.11 8.87 2392 0.80 2.78 29.01 59.54
350M 77.55 2766 46.86 1.44 8.89 33.18 59.45
760M 77.64 4580 63.99 2.63 16.89 47.45 52.16
1.3B 8390 5528 7298 3.83 20.03 58.67 60.89
6.9B 83.78 61.21 78.78 7.09 27.93 67.48 59.27
13B 87.86 66.04 82.12 791 27.82 67.85 60.00
39B 8795 67.29 83.80 9.19 31.04 71.41 61.59
82B 88.16 69.27 84385 10.37 31.83 72.66 65.14

Table 3: Results of in-context few-shot tasks on question answering, machine translation, topic classification, and
semantic similarity per model size. As baselines, we report the results of BERT-base for NSMC and KorQuAD,
and Transformer for AI Hub from Park et al. (2020). mBERT is used for KLUE-YNAT and KLUE-STS from Park

et al. (2021).
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# Param Niayers dmodel Nheads dhead Ir
137M 12 768 16 48  6.0e-4
350M 24 1024 16 64 3.0e4
760M 24 1536 16 96 2.5¢-4
1.3B 24 2048 16 128 2.0e-4
6.9B 32 4096 52 128 1.2¢e-4
13B 40 5120 40 128 1.0e-4
39B 48 8192 64 128 0.8e-4
82B 64 10240 80 128 0.6e-4

Table 2: Detailed configuration per size of Hyper-

CLOVA
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1.2 Why Multilingual?

Motivation (1/5)
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NSMC  KorQuAD Al Hub (BLEU)  YNAT KLUE-STS
(Acc) (EA/F1)  Ko—En En—Ko (F1) (F1)
Baseline 89.66 74.04 86.66  40.34 4041  82.64 75.93
137M 73.11 887 2392  0.80 278 2901 59.54
350M 7755 2766 4686 144 8.89  33.18 59.45
760M 7764 4580 6399  2.63 16.89  47.45 52.16
1.3B 83.90 5528 7298  3.83 20.03  58.67 60.89
6.9B 83.78 6121 7878  7.09 2793  67.48 59.27
3B 87.86 6604 82.12 791 2782 67.85 60.00
398 8795 6729 83.80  9.19 31.04 7141 61.59
[828 88.16 6927 8485 1037 31.83 7266 65.14 ]

Table 3: Results of in-context few-shot tasks on question answering, machine translation, topic classification, and

semantic similarity per model size. As baselines, we report the results of BERT-base for NSMC and KorQuAD,
and Transformer for AI Hub from Park et al. (2020). mBERT is used for KLUE-YNAT and KLUE-STS from Park
et al. (2021).
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Motivation (2/5)

B0l > Fop 'ﬂd%'?_\ 50| “H0| > TR0} S H50| Hloh &S A
S1& 7|20, YO 2 YoHs 520 £EHCtD

NSMC  KorQuAD Al Hub (BLEU) \ YNAT KLUE-STS
(Acc) (EA / F1) Ko—En En—Kol (Fl) (F1)
M50| H|5H Baseline 89.66 74.04 86.66 @ 40.34 4041 @ 82.64 75.93
137M 73.11 887 2392 | 0.80 2.78 29.01 59.54
#3201 0.1% 350M 7755 27.66 4686 @ 1.44 8.89 33.18 59.45
1 760M 7764 4580 6399 @ 2.63 16.89 | 47.45 52.16
1.3B 83.90 5528 7298 & 3.83 20.03 | 58.67 60.89
6.9B 83.78 6121 78.78 | 7.09 2793 | 67.48 59.27
13B 87.86 66.04 82.12 @ 791 2782 | 67.85 60.00
39B 8795 6729 8380 @ 9.19 31.04 | 7141 61.59
82B 88.16 6927 84.85 | 10.37 31.83 | 72.66 65.14

- Table 3: Results of in-context few-shot tasks on question answering, machine translation, topic classification, and
e v esuy ez 0w el o o%ul oz oum ses e eumi oM semantic similarity per model size. As baselines, we report the results of BERT-base for NSMC and KorQuAD,

and Transformer for AI Hub from Park et al. (2020). mBERT is used for KLUE-YNAT and KLUE-STS from Park
et al. (2021).
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Motivation (3/5)
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1.2 Why Multilingual?

Motivation (4/5)
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<monolingual HyperCLOVA - korean>
QLA 7|0 CHoHA i F
A: 27107 | & SFAH Z0F o2 7HX| Yo 2 @2t Zd= T,
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<monolingual HyperCLOVA - english>
Q: What is Raden?

A: It's a type of Indonesian food.

& >
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<multilingual HyperCLOVA>
Q: L= 7| Of CHSHA e
A=A 7| & SfA ZO0t O 7HX| YL 2 @ H A5
ol A7HEf L = SEA| A A[CHREE AFESE | A|ZRHO,
|5 =0| BEO| AFEUX|. ZMA|CHO|| = G S Z A
SHO|LL S FSOM =2 AL R0, R2|Lt2e| CHEH O
S0 Z0]|0F.

—

i/d

Q: What is Raden?
A: Say that the shells are thinly ground and cut into various shapes. Also
called "mother-of-pearl”. It has been used since the Goryeo Dynasty.

Used a lot by the nobility. During the Joseon Dynasty, it developed

. further and was mainly used by the royal family and upper classes. Itisa
representative craft of Korea. /
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Motivation (5/5)
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= &X| 2= samplingor0f StLt2

Quantity Weight in Epochs elapsed when
Dataset (tokens)  training mix training for 300B tokens
Common Crawl (filtered) 410 billion 60% 0.44
WebText2 19 billion 22% 2.9
Booksl 12 billion 8% 1.9
Books2 55 billion 8% 0.43
Wikipedia 3 billion 3% 3.4

Table 2.2: Datasets used to train GPT-3. “Weight in training mix” refers to the fraction of examples during training
that are drawn from a given dataset, which we intentionally do not make proportional to the size of the dataset. As a
result, when we train for 300 billion tokens, some datasets are seen up to 3.4 times during training while other datasets

are seen less than once.
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Korean corpus

Name Description Tokens
Blog Blog corpus 273.6B
Cafe Online community corpus  83.3B
News News corpus 73.8B
Comments Crawled comments 41.1B
KiN Korean QnA website 27.3B
Modu Collection of five datasets 6.0B
WikiEn, WikiJp Foreign wikipedia 5.2B
Others Other corpus 51.5B
Total 561.8B

Table 1: Descriptions of corpus for HyperCLOVA
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2.2 Data pipeline 72

Mixer & Serializer

Mix, Serialize= hadoop cluster
Mixer, Serializer=

-
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Mixer (1/2)
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- HDFS &H0f| st=20{, G0 L=X| = JSONL HEH chunk Bt 2 LSO A K|

gpt3 _corpus_en_v0O0 arxiv

gpt3 corpus_en vO01 bookcorpus?2

gpt3 corpus_ko v02 books3

gpt3 corpus_ko vO03 github

youtubesubtitles

part-00002-b22d8b75-0837-4476-8cf1-22b9971a50e5-c000.json

part-00001-b22d8b75-0837-4476-8cf1-22b9971a50e5-c000.json

part-00002-b22d8b75-0837-4476-8cf1-22b9971a50e5-c000.json

{"text™"__en__youtubesubtitles\nBody: KidsTv.\n“Look at baby sleeping!\nLet me sing a song so he can have the sweetest dreams!”\nHush, little baby, don't say a word,\nMama's gonna buy you a mockingbird \nAnd if
that mockingbird don't sing \nlVlama's gonna buy you a diamond ring \nAnd if that diamond ring turns brass,\nlMama's gonna buy you a looking glass.\nAnd if that looking glass is broke,\nMama's gonna buy you a billy
goat,\nAnd if that billy goat won't pull, \nMama's gonna buy you a cart and a bull\nAnd if that cart and bull tum over,\nlMlama's gonna buy you a dog named Rover.\nAnd if that dog named Rover won't bark,\nMama's
gonna buyyou a horse and a cart.\nAnd if that horse and cart fall down,\nYou'l still be the sweetest little baby in town \n“Looks like the kids are going to sleep!\nLet me sing them a song!"\nHush, little children, don't say a
word,\nPapa's gonna buy you a mockingbird.\nAnd if that mockingbird don't sing,\nPapa's gonna buy you a diamond ring.\nAnd if that diamond ring turms brass,\nPapa's gonna buy you a looking glass.\nAnd if that looking
glassis broke,\nPapa's gonna buy you a billy goat,\nAnd if that billy goat won't pull, \nPapa's gonna buy you a cart and a bull \nAnd if that cart and bull tum over,\nPapa's gonna buy you a dog named Rover.\nAnd if that dog
named Rover won't bark \nPapa's gonna buy you a horse and a cart.\nAnd if that horse and cart fall down, \nYou'll still be the sweetest little baby in town.\n“Look at Mummy and Papa sleeping\nLet me sing a song for
them\nHush, mummy papa, don't say a word,\nBaby’s gonna buy you a mockingbird.\nAnd if that mockingbird don't sing \nBaby’s gonna buy you a diamond ring.\nAnd if that diamond ring turns brass,\nBaby’s gonna
buy you alooking glass.\nAnd if that looking glass is broke,\nBaby’s gonna buy you a billy goat,\nAnd if that billy goat won't pull \nBaby’s gonna buy you a cart and a bul\nAnd if that cart and bull turn over,\nBaby’s gonna
buy you a dog named Rover.\nAnd if that dog named Rover won't bark,\nBaby’s gonna buy you a horse and a cart.\nAnd if that horse and cart fall down,\nYou'll still be the best mummy papa in town\n“Good night
mommy\nGood night papa!”"'}

{"text™" _en__youtubesubtitles\nBody: Higuys,\nToday's cookbook review is for The homemade\nVegan Pantry by vegan chef Miyoko Schinner\nShe's a superstar in the vegan culinary world\nand lauched her own
cheese company in 2014\nwhich has been getting amazing reviews.\nif you're a regular viewer, you know I'm a\nraving fan of Miiyoko and if | ever met her\nin real life I think | would probably cry\nor faint or both.\nBut
don'tworry. Il still give you my super\nhonest and critical opinion.\nEven though | have a soy milk tutorial on\nthis channel, Miiyoko's version claims to have\nno beany taste. Intrigued, | gave it a try.\nWhere in MY soymilk
tutorial, you have to\nsoak the beans. In this recipe, you don't.\nYou boil the beans, then let them cool\nThen everything is mostly the same. We blend\nthe beans. The book says to not blend the\nbeans too long so | only
blended for 20 seconds\nas directed. This wasn't enough. The milk\nwas super thin and didn't work for the next\nthing | wanted to make. | searched the book\nfor a mention of needing a high speed blender\nbut didn't
see that.\nGuys, that was my first oh-no moment from\nthis book. | was literally afraid of having\nto give a negative review.\nHowever, when tried this a second time and\nblended for about a minute and a half, which\nis
what I normally do anyway, the resulting\nsoy milk was lovely and creamy and | could\nrelax a bit.\nl only simmered the soy milk for about 10\nminutes and that was that. The soy milk was\ncreamy and full bodied but did
it taste beany?\nWell, a little but JUST a little. Much more\nneutral than my normal way of making soy milk \nSo because of this experience and a few other\ntips I've leared along the way, I'l be posting\nan updated soy
milk tutorial soon.\nThe next thing was classic eggless mayonaise.\nl used the fresh made soy milk after chilling\nit for a few hours, along with vinegar and\nsome flavoring ingredients. Black salt is\nincluded for an egg-y

flavour. Then we pour\ncanola oilin a thin stream.}
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Serializer (1/2)

- M= RS X|E 0|25 subword tokenizerES St
su rea

bword tokenizerE 58 &S X| = hadoop str

nap-mixer services 0B Aug 22 19:15 0 0B json-part

nap-mixer services 0B Aug 22 19:03 0 0B Spec

nap-mixer services 0B Aug 22 19:10 0 0B text-sample-0.01
nap- services  9.01 Aug 22
serializer GB 20:49
nap- services  90.57  Aug 22
serializer MB 20:49

/ \ nap- services  9.02  Aug 22

serializer GB 20:54
nap- services  90.57  Aug 22
serializer MB 20:54

Serializer L-— 0=

(python, hadoop streaming)

. /
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ming= 0| &5} serialize

256 MB

256 MB

256 MB

256 MB

container_e119_1625191536274_7258769_01_000009_text_document.bin

container_e119_1625191536274_7258769_01_000009_text_document.idx

container_e119_1625191536274_7258769_01_000010_text_document.bin

container_e119_1625191536274_7258769_01_000010_text_document.idx
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Serializer (2/2)

- subword tokenizerS =t5 0| = huggingface2| tokenizers& ArE
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3. Multilingual HyperCLOVA
Model Experiments
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3.1 Related Works

Cr—= 0] HyperCLOVAES %ot X 2=

- Google, Facebook & 71 M| Al L& MH|AE K| Sot= 2| A0 Al A1 &2
- Cr=0 A= 7| AEY (NMT)Of| M BE2 A+

- Z| L Pre-trained Al 0| Al 2t = 71X 7] A&}

- HyperCLOVAZL| 7|Ht0| &|= Langauge Model Z 0| = OF & Atd[7 HL| S =
- Ct=r O] Pre-trained 22 A7
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3.1 Related Works

MBERT

- 7|& Transfomer EncoderS A2l BERT X & 2HE

- 1047 &1 §|O|E{= 110K WordPiece Vocabl 2 E2 3}

- olofo M 7|F 2 §/7|T/CIof 10{0 M 74E B2 HIO[E| 02 MA
- CO|E 22ES #Z3| 9is) 2 olojE bl X T

V- h 4 . 4 B 4 D 4 D 4 b 4 R 4 R 4 B 4 D 4
Input sl || my || dog is || cute || [SEP] || he || likes || play || ##ing || [SEP]
Token
Embeddings E[CLS] Emy Edog Eis Ecute E[SEP] Ehe EIikes Eplay E##ing E[SEP]
== G 4 = = L bl == b o e = b o
Segment
Embeddings EA EA EA EA EA EA EB EB EB EB EB
= = - - = - - =+ - = =+
Position
Embeddings Eo E1 Ez E3 E4 Es E6 E7 Es E9 E10
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3.1 Related Works

XLM

- BERT2} &€+ Transformer Encoder 7|EFS| 2 &

- Masked Language Model (MLM) + Translation Language Model (TLM)
- TLM= ?/St Parallel H[O|E (HY |O|K) 2R

- 80K Vocab Byte Pair Encoding 22 EZ23}

Translation Language .
Modeling (TLM) ouriains) | were les bleus
Transformer
Token _ —
embeddings Us] the I blue [/s] [/s] [MASK]| |rideaux| |étaient| |[MASK] [/s]
+ + + + + + + + + + + +
Position
embeddings ¢ ; 2 3 4 S 0 1 2 3 4
+ + + + + + + + + + + +
Language
embeddings en en en en en en fr fr fr fr fr fr

Cross-lingual Language Model Pretraining



https://arxiv.org/pdf/1901.07291.pdf
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- Transformer?2| Encoder-Decoder+2& &
- Common Crawl 7| EfS| |O|E{ Al © 2

=
1

- 250K Vocab SentencePiece 22 E 23}

["translate English to German: That is good."

"cola sentence: The
course is jumping well."

f

\_

"stsb sentencel: The rhino grazed
on the grass. sentence2: A rhino
is grazing in a field."

N

r

\

"summarize: state authorities

of severe weather in mississippi.."

~

dispatched emergency crews tuesday to
survey the damage after an onslaught

_

0

0f0

17§
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"Das ist gut."]

"not acceptable"]

"3.8"]

"six people hospitalized after ]

a storm in attala county.”

mT5: A Massively Multilingual Pre-trained Text-to-Text Transformer



https://arxiv.org/pdf/2010.11934.pdf
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3.1 Related Works

Our Model

- 7|&EL A4t= EYA I Encoder EE= Encoder + Decoder2| ek L&
- Multilingual HyperCLOVA= Decoder Only T-Z= 2| Pre-training Zf&

- 7|& 6p13 2 2 9| Multi-lingual 22Tt
- ot 0 + GO 2O Cf et ChYot 28 = St Insight & 210 =2ty
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Curation Pipeline Multilingual Vocab & Data

Serializer Pipeline

Curation Research Middle-Size Multilingual Model
‘t'.
E S
! -
Baseline Model Setup Large-Size Multilingual Model
English Model Cross-lingual
Multilingual Model Evaluation Pipeline

Data Gathering & Preprocessing
Pipeline Setup
Evaluation

Research
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3.3 Model Preparation

Data Corpus

-oHE ESX|

Composition of the Pile by Category

Name Description Tokens » Academic » Internet = Prose » Dialogue » Misc

Blog Blog corpus 273.6B

Cafe Online community corpus  83.3B

News News corpus 73.8B

Comments Crawled comments 41.1B

KiN Korean QnA website 27.3B

Modu Collection of five datasets 6.0B e -
WikiEn, WikiJp Foreign wikipedia 5.2B S —

Others Other corpus 51.5B

Total 561.8B

. StackExchange
PMA
Table 1: Descriptions of corpus for HyperCLOVA zeela m Soeufebie M|Hl

Figure 1: Treemap of Pile components by effective size.

HyperCLOVA Corpus

Pile Corpus



https://arxiv.org/abs/2109.04650
https://arxiv.org/abs/2109.04650
https://arxiv.org/abs/2101.00027
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3.3 Model Preparation

Multilingual Tokenization (1/4)

- Monolinugal HyperCLOVA (7| = NAVER Al NOW & H# Lj-&)

- morpheme-aware ByteLevelBPETokenizer Af-&
- Multilingual HyperCLOVA

- St 02t X E &H| pre-tokenizeS space 2Bt S A subword-tokenizer &
- 50K Vocab BPE M &
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Multilingual Tokenization (2/4)

- St=2 0 BBPE Vocab

st2 7|AF- EE £:150

[|A|-| |E_|_[||.| |A|-| |0.”| 1 |=lO| i |§o| I 'OID1' e oax)y o Xk |—I_L| 1 |I=l| ||:-|0.|E_I| 121 1 |3~_«|3~_«|AHAH| |o|| 1 |o_|3q| (N |II:A-|| |l=oll [

1o =, 7 =, y 8O, O, =7y 1 ©OT ) =9,

|' l || '_l'i', (] |0"O_I| lMl,_Tl_l I l’ l%%[l,l (N |XI| |_u_|:5|’ lgl’ 1 |’ I%__'Ll (. |_ﬁ0|,| IQEI (| |_J'g_u|\|| |7Ho|| (N 'Hl'h" |8|’ [ |' IEI-CT'D_l, 1 |’ |Jﬁ\|’ 1 |'

l—:EXH' 1= IO."I (N ||:H°|.| 'OlEl‘E' I |, '3"%' 1 IH:Il, |EI_||' [ |, |LE.I-|’ |§|’ [ |’ 1_51’ 'leklll |O_| |,| (I |, |—H|, lLE-]I', |O|9_|_| [ |, IOE:III |7|_—r|_|’ |’|’ (N le‘I L
lx.ll |§|’ |lx_.||' |E’|-|, |(| |o| |°| |°| |0| |°| IOI |°| |°| |°| |°| |°| |°| |)| |0|| (I '_'E.1' ||_H| (N |I=l| IEEI |(| |°| |°| |°| |0| |o
101' lol, |°|' |0|' |)|, ! |' 'Hl"' |7L|.|’ |9| ! |' |%§ll |S|' LA |,x|| (N l/ﬁ\l [ 'OIDIXI' 'O‘"' I l’ (= ni |' |3HI| | [ 'Etl, i lOIOlI [ |' ui_-Ail, |§|' I |’ |o|-
OI"’ IKA'-EF]

HE 7|At- E2 4: 168

['R', 'ou’, 'nd’, ', 'b', all', ‘o', 'on’, 's', ' !, 'of*, ' !, 'V, 'ar’, 'I', 'ou’, 's’, ' !, 'co’, 'I', 'or!, 's', ' ', 'we’, 're’, ' ', 'su’, 'r', 'r!, 'ou’, 'nd’, 'ing’, ' ', 'a’, ' |,
'’ ‘all', ', tof!, ' i, e, Y THY 'un' 'd’, 'red' 's' ' 'of!, ! 'need' e’ 's', " 'from' ‘' 'the', ', 'gr!, 'ou’, 'nd’, ', 'had’, ' ', h' ‘ar’,
P, ' 'e d' '‘ge', 's', '’ 'as’, ' 'f' ‘' 'the', 'y, " 'we' 're' a 'f' 'ight’, 'ing’, ' 'the' Y 'be' 'ing’, 's', '’ 'of", ', 'the', ' 'sky', YU
'he’, ', 'photo’, ', f' a 'B' ‘agd’, 'an’, ' ', 'over', 'w', 'he’, 'I' 'me’, 'd’, ', 'me’, "’ 'W|th' ‘' 'the', ' 'sun' 'se’, 't )", thot!, ' fair!, ',
'b’, 'aII', '0’, 'on, s', U 'th', 'ou’, 's’, 'and', 's!, ' 'of!, 'Y, B ', 'd, d, 'has, Y, fand, Y T Y, O, O, 0 Y fpal, 'go, d 'as', "
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3.3 Model

Preparation

Multilingual Tokenization (3/4)

- A | BPE Vocab

ot= 7|AF - EZ %: 300

[9,'0,'0,'0,'9,'0,'0,'9,'0,'90,'0, 0, 9,'0,'9,'2,' 9,'9,'0, 'S, 9,'0,'0,0,'9,'0,'0.,' 09,
9,'9,'0, 3, "=, 9,'0,'0.,'9,'0, ', 0, 2, 'E, ' 9,0, '0.'9,'0,'0.,'9,'0,'0,'0.'9,'0, 2, 9,0,
©.,'0,'0,'0,'90,'0,'9,'0,'90,'0,'9,'0/,' 9,'0,'0,'0.'9, '\, '0,'0,' 9,90, '0,'9,'0,'0,'9, ', "2,
9,'0Ct, "' 9,90, '90,'9,'0,'0.,'0,'0,'0,'2,' 9,90, '0,'1,' 90, '0,'0,'0,'0.,'0,'0,'0,'0,'0,' 9,'09/
9.'9,'0,'90,'9,'2,'90,'9,'0,'0,'2,' 9,'0,'0,'9,'0,' 9,'0,'0,' 0,'0.,'9,'0,'0,'0,'9, ,' 9,'9"
9.,'9,'90,0/,'90,'9,'9,'90,'9,','5,'9,'0,' 9,'0,'0,'0,'9,' 9.,'9,'0,'2,' 9,'0,'0.,'9,'0,'0.,'0, 9"
9,'9,'0, T, 1, ' '3, 19, 19,9, 101, '9','9, 9, 9,9, 71,9, '0,'0. ' 9,'00, 2, "1, 9,0, '0.'9''9!
0.,'9,'0,'0.,'9,'0,'0.(,'0,'0,'0.,'9,'9,'0,'0,'9,'0,), 0, ¢,'00.,'0.,'0,'0,'0.,' ¢,'0.,'9,'9"
9,'9,'0,'90,'9,'(,'0,'90,'9,'0,'0,'9,,' 9,'9,'0,'90,2,' 9,90, '9,'9,'0, '2,' 9,'00,'0,'0,' 9,
9.,'9,'0/,'9,'9,'0, X, 0, 9,'9.,'0,'9,'0,'9., '9,'0, 'X],'0,'0.' 9,'0,'9, 'L, ' 0, 2, 9','9, 9, 'S’
0.'0,'90,'9,'0,'0, T}

AR 7|AL- EE £: 60

['Round’, ' balloons', ' of, ' various', ' colors', ' were', ' surrounding’, ' @', ' ball’, ' of', ' fire!, ', ' H', 'undreds', ' of', ' needles', ' from,
'the’, ' ground’, ' had', ' sharp’, ' edges’, ' as',' if', ' they', ' were', ' fighting', ' the', ' beings', ' of', ' the', ' sky', ', ' The', ' photo', ' of,
'B', 'agan’, ' overwhelmed', ' me', ' with', ' the', ' sunset’, '/, ' hot', ' air, ' balloons', '), ' thousands', ' of’, ' Budd', 'has’, ' and',' 1, ',
'000', ' pag’, 'od’, 'as’, ']

DEVIEW
2021



DEVIEW
2021

3.3 Model Preparation

Multilingual Tokenization (4/4)
- L= 01 BPE Vocab

sh27|AL- EZ £:107

[IA}-I IEI_I' IDI_I.', 'AI'O'"' | EOl ! %gl' () =y 'O|D1' ! ’é!', |x:l|-|' |6|_L| ! l=l|’ |%—)||' lo.ll 'E.lE" l’l’ ! ;\_-lll |§D~_-l|’ |AH|' 'AﬂHQ-I ;%\4 ! %AI_-', %Oll, | =1 IOll l—l,
:1 IO."I IO_II IMI,_?_I lOIO‘IE_I.l 1 lxl_u_l ||_§|' [ %Ll I Al |o|_| IQEI | AHHI I7HO|I |H|,§|, |8|’ [ -dl' l_gll AN l_j'_E [ |l= I ||:H%|.|' |0|EI_E|' !

ol_l |E| 'H:il |E|| FLLFS 0 T 1= lklll ""'-H:.l", ||' [ °H°| |°| |°| 'Olg' |o:|| |7|_—|_]_| 1 l_,al_'l 'I‘l' |=l|' |xd|’ |=’|-' |(| 101 101' 'm', 101, 101’

;] = EE, | m— T' ! 1 11

01 |0| |)| |O|| |—'l:|_1| ||_H| |=l| [ El l(l |f%| |.| |:t| |)| |HI_| |7|.o| l%gl, |8|'| |,x|| |A| |O|D|| |x|0,"| ||=1P_|_| laHXlD'_I-I,IEEI’ [ Olgll,l
0|’ |°|' |g|’ [ o|-| |0|_| |7|-|:_|_]

HEI|AL- EE $: 67

['Round’, ' ball’, 'oons', ' of', ' various', ' colors', ' were', ' surrounding’, ' a', ' ball', ' of’, ' fire', ', ' H', 'undred’, 's’, ' of’, ' need’, 'les', '
from', ' the', ' ground’, ' had’, ' sharp', ' edges’, ' as', ' if', ' they', ' were', ' fighting', ' the', ' beings’, ' of!, ' the', ' sky', ', ' The', '
photo', ' of', ' B, 'agan’, ' overwhel', 'med’, ' me', ' with', ' the', ' sun’, 'set’, '), ' hot', ' air’, ' ball', 'oons’, ', ' thousands', ' of', ' Budd',
'has’, 'and’, ' 1\, '), '000', ' p', 'ag’, 'od’, ‘as’, ']
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Data Tagging (1/3)

- CTRL*2| IdeaOf| 2F9FS}HT, Style, Content, Task 80| == 0| &|+= Control Code
A& (Domain Tagging, Language Tagging)

Reviews Rating: 5.0\n\n I have been using this product for a few years and it i1s the best thing
on my hair. It makes your hair soft but not greasy.\n\nRating: 5.0\n\nI’ve used this product before
and love 1t. It’s light weight yet keeps my curls defined without making them crunchy!

Reviews Rating: 1.0\n\nl bought this for my daughter and i1t was a complete waste of money.
The case 1s very flimsy and the screen protector doesn’t fit properly. \n \nRating: 1.0\ n\nThis product
did not work at all. It would charge but when you unplug it, 1t does nothing. Very disappointed.

Control Code @l Review HS5 CIEA| M= [ff, A Z10fO| X}O|

*CTRL: A CONDITIONAL TRANSFORMER LANGUAGE MODEL FOR CONTROLLABLE GENERATION



https://arxiv.org/pdf/1909.05858.pdf
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Data Tagging (2/3)

- Domain Tagging

e M F2 U8 Xz2| A

=M oA
wiki ${7 [=f EM\nHZ: ${HS\n22: ${2=2}
nikl-news DEORSK|-FA FA\NHS: ${HZSI\n22: ${22}
nikl-web DEO|REA|-E Z\nHS: ${HSH\n22: ${E2}

nikl_dialogue @ RFo|HSX|-CHE iR\ nE2: ${=2}
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3.4 Data Control 2 & &2 24

Data Tagging (3/3)

- Language Tagging

Strategy Source sentence Target sentence
Original Hello World! iHola Mundo!
T-ENC _es__ Hello World! iHola Mundo'!
T-DEC Hello World! _es__ jHola Mundo!
S-ENC-T-ENC | _en__ _es__ Hello World! iHola Mundo!
S-ENC-T-DEC _en__ Hello World! _es__ jHola Mundo!
¢t=: Juser/nap-mixer/gpt3_corpus_ko_v02/000_003 B04: /user/nap-mixer/gpt3_corpus_en_v01/000_002

> {"text":"_ko__ 2M\nH|S: A4+ (HDPE) ESMEM ESMQL| MBMSER)SEN o o o T T T

ooooooooooo

tiet MYEMnEE: & A= HS(WSE) SISS2FE AXi(HDPE)E E=317] 9 Enrico Bibbona\nbibliography:\n- 'bibl.bib'\ntitle: ‘Stochastic Chemical

ot SHOE MAX|et ESHRL BES 10 CHSt0] B E44517| 9|5t0{ A E[UCH A7 Kinetics. Theory and (Mostly) Systems Biological Applications, P. Erdi, G.

Ol M= CloFsH Bofol id%(ﬂ%‘-é') 7|12 0|50 XiEsH X2 AL 0|2510] 2F Al Lente. Springer (2014)"\n---\n\nThe idea of modeling chemical reaction is

B2 ASSIQIC} HETZA XHAKH ALEO| MX|5l= E2A Q0| M KENS HSX|Q| rather old, bu't the topic ha§ gained renfewed if\terest in recent years. The

274 == 1|7 M2 HAl0| mE 2 xfo|= Holrt newest expenmer'\tal techniques make it possible to co.llect data from
S Fe Ll AR e o e s networks of reactions that take place at the level of a single cell and to

compare experimental evidence with model predictions.

Language Tags Matter for Zero-Shot Neural Machine Translation



https://arxiv.org/pdf/2106.07930.pdf
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3.4 Data Control 22 &2 =4

Data Ratio & Curation (1/3)

- 271 X| Question
- | O| E{ Ratioj| CH St
- G| Ol 2| bomainZ]
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3.4 Data Control 22 &2 =4

Data Ratio & Curation (2/3)

-OIO|H 2| S=/7r Ct&otLtH, OOl A H|=0| D|X|= &
- Ratio: Full, 1/100, 1/10
- Random Sampling
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3.4 Data Control 22 &2 =4

Data Ratio & Curation (3/3)

-HIO|H 2| /0| (£ G A (Data Ablation Study)
- HyperCLOVA RN
- News Only
- Modu Only
- K|~ 4| O|E{ Only
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3.5 Parallel Corpus 22 2 2 A

Data Parallel

Scaling Law

Control Corpus




Parallel Corpus 27l & Hypothesis

A01{F 10| 85
- mBERT (Google), X

Aihub HE TS X| &

AF|47} U3t A

O

S
A2|0f OfH 2|7} 2l
23 Sttt 0|$r

= 2082 = Z2|7| et Al
LM (Facebook), nmT5 (Google)

AFESHH M A 22 oM 20| HE

O|Ct.=Skinner's reward is mostly eye-watering.#Wn

Hr
[0
Hu
IF W
o Vs
=
-'|’" gk
ol m.|g

=2 Ir

7t=5tCH.=Even some problems can be predicted.Wn

AL|Ct.=0nly God will exactly know why.¥Wn
InEX [

fujn III|0

1o
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3.6 Scaling Law

Data Parallel
Control Corpus

Scaling Law
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Scaling Law

- Multilingual LM A QM= B2 AFO| =0 ([HE s S7t7H 7S A 217}

0 &3 7| 0f| (2 A5 H| I - HyperCLOVA




4. Multilingual HyperCLOVA
Model Evaluation
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4.1 Model Evaluation 2=/

How to evaluate? (1/2)

- Multilingual HyperCLOVAL HyperCLOVAZ} B 7=l BI A0l Few-shot learning

J|H} O S
|5FO| evaluation= T
Zero-shot One-shot Few-shot
The model predicts the answer given only a natural language In addition to the task description, the model sees a single In addition to the task description, the model sees a few
description of the task. No gradient updates are performed. example of the task. No gradient updates are performed. examples of the task. No gradient updates are performed.
Translate English to French: task description Translate English to French: task description Translate English to French: task description
Cheese => prompt sea otter => loutre de mer example sea otter => loutre de mer examples

cheese => prompt peppermint => menthe poivrée
plush girafe => girafe peluche

cheese => prompt



4.1 Model Evaluation 2>/}

How to evaluate? (2/2)
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- HyperCLOVAO|| Al Z2F2 5t Few-shot learning 7| Bt2| evaluation pipelineOf &7}
H|O|E{ £ F7}50] Multilingual HyperCLOVAS H7t6t= | 28

v

|||||||

orQuAD
''''''' [ Translation API ]—)[ RC Prep

Web Text Web Text
. K ‘ AAAAA \
Context Multi i
[ Preprocessor ] [ Preprocessor ] rocessor] [

Data
te
Preprocess ce
Generative Model
(w/ teacher forcing)
Inference

A
Tran
Preprocessor
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4.1 Model Evaluation 2>/}

Monolingual & Cross-lingual B 7} X| A

-Cr=O0 R 2O 95 58 = FI¢eh B7f Dataset A2 (£ =)
Reference

Translated
Knowledge-based TriviaQA TriviaQA
Simliarity

Translated
KorQuAD
AD
Semantic-hased @ =

Description

Translation
Translated NLI
ode Generation
Code Generation (Ko+EN)
a

Monolingual Cross-lingual }
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4.2 Cross-lingual 871 27|

Translated Trivia QA

- Factual Knowledge Transfer 573 = #| 2t TriviaQA 2H2 G| O| K All

QuestionID: “wh 396",
Question: "& M| 7|0f| 7| Sl A8 A Y| tHO= F AL 77H?

Answer: “In THE BEGINNING GOD”

QuestionlD: “dpgl_3600”,
Question: “O{ I X A0f ZICt E220| ¢17|3t #|2E| =7

Answer: “Tara King”___ [‘4‘8 Part]



DEVIEW

4.2 Cross-Lingual "7t 274

Translated NLI

- XNLIC| G| O| E{ 2f KorNLI G| O| E4 2] PairE 7|BF2 = premisell hypothesis T+
- KOR-ENG & ENG-KOR

Premise 8, hypothesis & (or premise: g, hypothesis: ¢})

atg EHARRHO| DR HIEY| 912

|0l @ 2C}t.A person is training his horse for a competition.:1

2 B0 20| QK| FAZ S 00 QT M M HXE Qe

LHO| = EA T AL &2

O
x| S

A
2 SO A O|AE A0 QACHADboy flipsaburger.: 2 [4/d Part]
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4.2 Cross-Lingual B 7} 274
Translated KorQuAD & SQuUAD

-FO N E&0f| OS], Cr=0{ 2 HY 5L E&ESt= Task
o= XE: 80 22 -80 B H

= - —

[K2] B -5 25 S A2t = 22A| S & - X|RS L7HEL ALO|Q] MM ARl L2A| & ¢F - X|RS LIZH0F AlO[e] F27E
=

A7} 1282 ZHAOR WO, WY OHEQ| 24| AIZITHE TN VxR FRA| & o - K25 LIZHHFAHA| Afo|2] 72 Bx}7}
5 - 10 7202 o] M2, WY Hujo| 2i4| AlZiChs HA Rt R2ALF| 0f7|0t0f - TAHLA|ZI| 27 ARETL 7 - 102
27Oz U2 2|1 Uct

Q: What is the interval between the Chikuho Electric Railway lines during the daytime?

A: 12 minutes _ [A1d Part]
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4.2 Cross-Lingual B 7} 274

Description Reference Similarity (DRS)
SMME] DAL AIY 2XRS Hl s T 7t
Q=2EHEA

A: Men or women who are either young or old.
BSE4: [’ Part]

QSIS

A: The state of sharing one's pains and joys.
BSE4: [’ Part]
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4.3 Experiments Results

Data Ratio & Curation (1/2)

. >~
- Rat|0'=Etl )g% ?@

1/100 1/10 Full 1/100 110 1/100 110 Full

KorQuAD NSMC YNAT

1/100 110 Full 1/100 110 Full

Translation Ko-EN Translation En-Ko
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4.3 Experiments Results

Data Ratio & Curation (2/2)

0 &
- Curation 8 8 5§73

Translation (Ko-En, En-Ko)

A0

KorQuAD F1 NSMC YNAT



4.3 Experiments Results

Parallel-Corpus

1.3B 1.3B + 1.3B 1.3B +
Parallel Parallel
Translated KorQuAD DRS

1.3B 1.3B + 1.3B 1.3B +
Parallel Parallel

KorQuAD F1 YNAT

DEVIEW
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4.3 Experiments Results
Scaling Law
AP0 =7t A4 2 M5 B EEA

KorQuAD YNAT STS TriviaQA
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4.3 Experiment Results

Cross-lingual

1.3B mu-1.3B 6.7B mu-6.7B 13B mu-13B 1.3B mu-1.3B 6.7B mu-6.7B 13B mu-13B

Translated KorQuAD Translated NLI

=u Em IR

1.3B mu-1.3B 6.7B mu-6.7B 13B mu-13B 1.3B mu-1.3B 6.7B mu-6.7B 13B mu-13B

Translated TriviaQA Translation (Ko-En, En-Ko)
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4.4 Applications

Code Switching

Q: What does idiom 'ZHZ}HM' means?
A: A change of character. A change of character that makes a person more or less like a new person.
GT: Mending one’ s ways. The state of regretting one's faulty past and starting to behave better.

Q: What does idiom 'ZAAMIX|Z' means?
A: A change in the level of a subject or a situation that is not as dramatic as it was in the past.

GT: Being amazed at how much things have changed in a short time. An impression of being in a
completely different world due to much progress and change in a relatively short period of time.

Q: What does idiom 'ZX}SHX|' means?
A: The right thing to do. The right thing to do is to do it.
GT: One's untying a knot one has tied. Whoever creates the problem solves it.



4.4 Applications

£0/0f 4

ofzfe] $H=20f Tioje] Yo Sol0jE FoML.

F&SICE: insist, maintain, assert

oC}:
1B -

T{CF:

oL

eat, have, take
leave, start off, depart

a8 Prompt

DEVIEW
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ICt: insist, maintain, assert

: eat, have, take

1B -

1E -

leave, start off, depart
rest, stop, pause, lay down
listen, hear, overhear

: see, look at, watch, observe
-+ write, compose, draw up, make a note of

know, understand, realize, recognize
talk, speak, say, tell

: go, come, walk, get on the bus, drive to work
: come, arrive, show up, appear, happen, occur

read

A 21}
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4.4 Applications

Code Generation

def is max(a: int, b: int, c: int) :

g2 MHe <AE 7FE 2 A2 ElEsts ofo|d =20 S TES0H.

[ sy S

Prompt >>> is max(3,2,1)
3

>>> is max(1,1,1)
1

0=
0x

def is_max(a: int, b: int, c: int) :

rir
_{:I_I
=
3
|E
H
|
0=
o
=
i
<2
i

g2 Aie =AE 7H 2 XIE ElEst

AH A 7E=|J_l_|- ;» is_max(3,2,1)
>>> is max(1,1,1)
1

return max(a,b,c)
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5.1 Pre-training & 'H = 7

XX & 0| X|Al Aol &

1998'A 13 U[O|H ‘4 AMH|ATF AFE[RACE HO|H &= &dliotbiets 2
Navigate®} -ot= AFE'S| & 7H TO|Af -erO| BrLf BEHATH O] FO|C}[2] Of=
SEO| Hibf2td 2= QHUE oliols AtE's 2|0I8Ch 1999 6

HOIHZA =)/t 28, WO S4 AH|AL 02l0] HE ZE Q7L 0{H[O[H]'
MB| 27 AR E[RUCE 2000 53 'H| OB w2 MB|A7FA A E| AL

Google was founded on September 4, 1998, by Larry Page and Sergey Brin while they were

Ph.D. students at Stanford University in California. Together they own about 14% of its

publicly-listed shares and control 56% of the stockholder voting power through super-

voting stock. The company went public via an initial public offering (IPO) in 2004. In 2015,

Google was reorganized as a wholly-owned subsidiary of Alphabet Inc..

B Ak

old
="T

y

X sentence code= switch

- Code Switching & 2| Data Augmentation & — &
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1998d 1 H|O|H FA MB|[AZE AXE[RUCE WOz &ofotbret= 2
Navigate@} -Ot= A2 S22 718! = O| A -erOf L} EHASEO|ZO|CE[2] It means 'a
person who navigates the Internet, which is called the sea of information'. 19995 62
HO|H A=)/t 28, 'HIOIH' 4 AMH|ALf Oj2l0] M& ZE el 'FFL0{H[O]H!
M| ATFAZE| QAT 20001 53 'H|O|H 72 AH[ATFA| R QULCE,

Google was founded on September 4, 1998, by Larry Page and Sergey Brin while they were

Ph.D. students at Stanford University in California. Together they own about 14% of its

publicly-listed shares and control 56% of the stockholder voting power through super-
voting stock. 2|AF= 2004301 7|®ES7H(1P0)E S5 S7H=IRXSLICE 2015H0
Google< Alphabet Inc.2| T =X} Xt2| A2 X H 2| A& LT


https://ko.wikipedia.org/wiki/%EB%84%A4%EC%9D%B4%EB%B2%84
https://ko.wikipedia.org/wiki/%EC%A5%AC%EB%8B%88%EC%96%B4%EB%84%A4%EC%9D%B4%EB%B2%84
https://en.wikipedia.org/wiki/Larry_Page
https://en.wikipedia.org/wiki/Sergey_Brin
https://en.wikipedia.org/wiki/Stanford_University
https://en.wikipedia.org/wiki/Public_company
https://en.wikipedia.org/wiki/Initial_public_offering
https://en.wikipedia.org/wiki/Alphabet_Inc.
https://ko.wikipedia.org/wiki/%EB%84%A4%EC%9D%B4%EB%B2%84
https://ko.wikipedia.org/wiki/%EC%A5%AC%EB%8B%88%EC%96%B4%EB%84%A4%EC%9D%B4%EB%B2%84
https://en.wikipedia.org/wiki/Larry_Page
https://en.wikipedia.org/wiki/Sergey_Brin
https://en.wikipedia.org/wiki/Stanford_University
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6.1 Summary

Beyond HyperCLOVA

Multilingual HyperCLOVA
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