DEVIEW
A\ 2021

XHLCH Al ‘'HyperCLOVA'
MB|

2101 O|AMXH NAVER / Next ML Inference TF



DEVIEW
2021

1. HyperCLOVA QOverview

2. Transformer Z2{|2lQ|3 B
3 k|'=” HHO|| |:||-'=7|

O 1TL_—— L=

4 AH|A D)5 19
_ o|=o S A=l



1/HyperCLOVA Overview



DEVIEW

1.1 HyperCLOVAEL?

HyperCLOVA: NAVERS| Z=HC| A0 2=

S A E A

- THOl 2P AL FEZ FUALH0 X 28 Ots
- QX S2H} AL|3H, MX S UH[O]H 2] Crfet Al MH[A0 HE &1

- O ZE2 452 Qs Z& 37171 ™ HX| D U= FNY




DEVIEW
2021

2A=parallelismasy 7 ' BEndSto-endiatency

255t framework = 28




DEVIEW
HFE Ol AFS 2021
1.3 JHE A|ZF A|2|Q] Abzh
- LHE 8|2 3 0|A] transformer Q1A= E5[| BHIAE AHM
- MH|A 222 transformer 914F 2|23 HPZO|AM R H S 2o HH5| SH
- StS0|M ArE ol I |YUR I E MH|AG ICHE AR

Transformer
HEZEA| ICL.. oydH=A




DEVIEW

4 jHHI_E 2021

- Inference ££E 3| M5t A V100 8 GPU

< O 4HHjo|
> 4 GPU Speed up
= 2 GPU

3 U
L

HX]

Model Size



DEVIEW

1 4 7I_|H|. E 2021

How?

- Transformer Q1A X| X3t A2 T3 ML AT
- DY YA MH|A 22 ALO|2f QIE{H|O]ARE EHE BR
- MH|A E2|0f|A2] Z| &z}

QIE{H[O] A




- AMH|AO]| TR It |55 1

- Early Stop - Semantic Search

OO text=
XM?

DEVIEW
2021

- Prompt Tuning
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The power of scale for parameter-efficient prompt tuning
B Lester, R Al-Rfou, N Constant - arXiv preprint arXiv:2104.08691, 2021 - arxiv.org

In this work, we explore" prompt tuning", a simple yet effective mechanism for learning" soft
prompts" to condition frozen language models to perform specific downstream tasks. Unlike
the discrete text prompts used by GPT-3, soft prompts are learned through backpropagation ...

ve Y9 313 Q8 A saXiE M 27ie HE 9

Knowledgeable prompt-tuning: Incorporating knowledge into prompt verbalizer
for text classification
S Hu, N Ding, H Wang, Z Liu, J Li, M Sun - arXiv preprint arXiv:2108.02035, 2021 - arxiv.org

Tuning pre-trained language models (PLMs) with task-specific prompts has been a
promising approach for text classification. Particularly, previous studies suggest that prompt-
tuning has remarkable superiority in the low-data scenario over the generic fine-tuning ...

Ye DY 6328 HH M HH 9

PTR: Prompt Tuning with Rules for Text Classification
X Han, W Zhao, N Ding, Z Liu, M Sun - arXiv preprint arXiv:2105.11259, 2021 - arxiv.org

Fine-tuned pre-trained language models (PLMs) have achieved awesome performance on
almost all NLP tasks. By using additional prompts to fine-tune PLMs, we can further stimulate
the rich knowledge distributed in PLMs to better serve downstream task. Prompt tuning has ...
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2X|E sl &3l FasterTransformer v5.0 beta0i| 7|0

Release notes

Changelog

August 2021

e Release the FasterTransformer 5.0
o Refactor the repo and codes

o And special thanks to NAVER Corp. for contributing a lot to this version, as listed below.
= Bugs fix
= Fix error that occurs when batch_size is less than max_batch_size for gpt pytorch wrapper.

= Fix memory leak that occurs every forward because of reused allocator.
= Fix race condition that occurs in repetition penalty kernel.

= Enhancement
= Add random seed setting.

= Fix GEMM buffer overflow on FP16 of GPT.
= Change to invalidate finished buffer for every completion.

= |ntroduce stop_before for early stop.

https://github.com/NVIDIA/FasterTransformer/tree/dev/v5.0 beta
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- Early Stop - Semantic Search - Prompt Tuning
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The power of scale for parameter-efficient prompt tuning
B Lester, R Al-Rfou, N Constant - arXiv preprint arXiv:2104.08691, 2021 - arxiv.org

In this work, we explore" prompt tuning", a simple yet effective mechanism for learning" soft
prompts" to condition frozen language models to perform specific downstream tasks. Unlike
the discrete text prompts used by GPT-3, soft prompts are learned through backpropagation ...
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Knowledgeable prompt-tuning: Incorporating knowledge into prompt verbalizer
for text classification
S Hu, N Ding, H Wang, Z Liu, J Li, M Sun - arXiv preprint arXiv:2108.02035, 2021 - arxiv.org

Tuning pre-trained language models (PLMs) with task-specific prompts has been a
promising approach for text classification. Particularly, previous studies suggest that prompt-
tuning has remarkable superiority in the low-data scenario over the generic fine-tuning ...

Ye DY 6328 HH M HH 9

PTR: Prompt Tuning with Rules for Text Classification
X Han, W Zhao, N Ding, Z Liu, M Sun - arXiv preprint arXiv:2105.11259, 2021 - arxiv.org

Fine-tuned pre-trained language models (PLMs) have achieved awesome performance on
almost all NLP tasks. By using additional prompts to fine-tune PLMs, we can further stimulate
the rich knowledge distributed in PLMs to better serve downstream task. Prompt tuning has ...
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4.3 Semantic Search
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o3 oMM > [3, 21, 1]
Transformer?| &} 1178 =2 HIZFAL|CH->[7, 99, 4]
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4.3 Semantic Search
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OHISIM|R -> [3, 21, 1]

 HEZESL|CH->[7 99 4]

I
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0;{ Summation stage: Generation stage:
3 HiX| % 2] H £XK2| Ao
(010 =0{ZT! EZS0]| Chgt (20| 5Lt 2H-dx[OF — [7 99 4
£15) 3 21 1 7 99 E3Ds

SpAtten: Efficient Sparse Attention Architecture with Cascade Token and Head Pruning (HPCA 2021) - https://arxiv.org/pdf/2012.09852 pdf
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4.3 Semantic Search
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OHISIM|R -> [3, 21, 1]

 HEZESL|CH->[7 99 4]
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SpAtten: Efficient Sparse Attention Architecture with Cascade Token and Head Pruning (HPCA 2021) - https://arxiv.org/pdf/2012.09852 pdf
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4.3 Semantic Search

Summation Stage vs Generation Stage
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Latency

Latency 1/10 2 &4

Query |Document|Document

length num length
Case 1 2 2 36, 37
Case 2 7/ 4 /,8,5,2
Case 3 508 2 8, 23
Case 4 437 3 48, 21, 49

Case 3 Case 4

® Summation stage

Case 2
m Generation stage

Case 1
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4.4 Prompt Tuning

ME! 2ZEH0f| A Prompt Tuning(P-Tuning) O|2t?

A 30j 5| st&El vectorE inference [l embedding tableg HX|X]
A H

The Power of Scale for Parameter-Efficient Prompt Tuning

Brian Lester* Rami Al-Rfou Noah Constant
Google Research
{brianlester, rmyeid, nconstant}@google.com

Abstract -8~ Model Tuning —m~- Prompt Design
~@~ Model Tuning (Multi-task) =x-= Prompt Tuning

In this work, we explore “prompt tuning,’ 100
a simple yet effective mechanism for learn-
ing “soft prompts” to condition frozen lan-
guage models to perform specific downstream
tasks. Unlike the discrete text prompts used by

GPT-3, soft prompts are learned through back-
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The Power of Scale for Parameter-Efficient Prompt Tuning (EMNLP 2021) - https://arxiv.org/pdf/2104.08691.pdf
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4.4 Prompt Tuning
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AT F2 9 Embedding table0f P-Vector 52

Embedding table

P-Vector 1: [0.11, 0.22, ---, 0.33]
P-Vector 2: [0.44, 0.55, --- 0.66]

Embedding table

1D vector
T [0.01, 0.234 - 0.5]
2 [0.5,0.0234 - 0.1]
3 [0.02, 0.51 - 0.73]
_ [0.5, 0.234 - 0.5]
10000 | [0.99,0.14 - 0.8]

»
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ID vector
T [0.01, 0.234 - 0.5]
2 [0.5,0.0234 - 0.1]
3 [0.02, 0.51 - 0.73]
_ [0.5,0.234 - 0.5]
10000 | [0.99,0.14 - 0.8]
10001 | [0.11,0.22 --0.33]

10002

[0.44, 0.55 - 0.66]




4.4 Prompt Tuning

7|Ci =t

Embedding table

1D vector
1 [0.01, 0.234 - 0.5]
7 [0.5,0.0234 - 0.1]
3 [0.02, 0.51 - 0.73]
_ [0.5, 0.234 - 0.5]
10000 | [0.99,0.14 - 0.8]
100017 | [0.11,0.22 --0.33]

10002

[0.44, 0.55 --- 0.66]

1. Caching
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—I|:—|f|_'|u|'| IX=-IIE. I:CIDI- : LOOkUp Lé'l _)IK_XC-DI Embedding table

1D vector

T [0.01, 0.234 -+ 0.5]
TokenID: [ 3, 10001, 2, 10001 ] > 2 [0.5,0.0234 - 0.1]
P-Vector ID: [ x, 1, X, 0] 3 [0.02,0.51 - 0.73]

[0.5,0.234 --- 0.5]

10000 | [0.99,0.14 - 0.8]

Embedding tabledi| SEZIX| 942 token IDE=

prompt vector &

P-Vector

0, [0.11, 0.22 --0.33]

1 [0.44, 0.55 - 0.66]
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Summation Stage AZ1= 2l¢t Key, Value 7|4

olad: OHSASIM|Q ->[3, 21, 1] =3: 2IZkSL|CH->[7, 99, 4]

Layers
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5.2 Caching 5}
=X

1. AIO|= 2. Caching #t £

o I+ CHA: key, value

» 23219 37| seq_len * head_nums *

50% /\?O%

server 1 server 2

size_pear_head * layer_nums * sizeof(type)

kubernetes

— B2 3|0 (2t request 1712 ZtE
caching & [ 4 GB MX| = 50 &~ U2
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APP 1
m input length

APP 2
m output length
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HiX| 2| (summation stage)
=X} X2| (generation stage)

APP 1: HiX| H2|7} CHEE0|H A GPUZ | {2
APP 2: ==Xt X{2|7} BfOrA GPUS| F&

utilizationO| SOFA! -> FPGA, ASICZ Z2&
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