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Construction of Vision Transformer using BitNet
Hig READ  1hEP gAY
Tatsuro Inami  Kenya Jin’no
e 2 BitNet[1] [2]
T LLM 1 BAS BRI B W TE WL 215 BitNet (& Transformer N2 5 % £%5 5 & % BitLinear I

TW2 M, ZORHEBRLFHEREZHLTE D FEH 2T
SHAKRDIERICHEE WO MELZZ TWE. ZhiZ
% U,Wang & 1% Transformer D2FEAE % (-1,0, 11 DE
A% F#O BitLinear ICHE Z# 2 7 BitNet 2E R L7z 22
TIEXICD Transformer I L THEZE L T2 k< E
THAY A XREHEELZ RIEICHIHST 2 Z ks e
HERINTWS. Z 2T, AL TIE Transformer % W
7z H{§ 53 %€ 7L Td % Vision Transformer 2B WV T b
BitLinear D E#) 7% D% HERIC X DIRET L, EFEICE
FE2ETAYA X BFLITOWTEET 5.

FZANE

IR BT 2HREAE IR T -2y Y 2ET L
WHEIEE Ik o T, HEGESHRD A2 57,
EHBRERPXEERICBWTOEWEEZ NS Z 257
REL o TWa. LL, 206 OEF I RIZEHE S
BETHY, 25 0EHHEIE GPU 2L E L% < DFf
BREHAENC T 5. ZAUT KD, BT VOERBEFICE Y
BRI R 2 R P RHBENC X ZRENZ 3 X A
BIZ-oTW5.

ZHUTH L, Wang HIZEASELEETLDO—DTH
% Transformer[3] DEAIL D% (-1,1}1D 2 HTERHL
72 BitNet ZRKR L7z 2 2T, EHAZ (-1, 11D 2 fHIC
ffR S 2 2 TEHAERZBD 8, HEZ ALY —DR
DOARETH 5 L FRINT WS [1]. $72, 2O, EA
% {-1,0,1} D 3ETHIL 7 BitNet b1.58 & FE K
L, kD EFAH A XDRKEWV LLaMA E T MIZBWNT
DA RIANF—DBYDBARETH 2 L FRLTWVD
21.

BitNet ZKEZHE T LVNICB T 2 2
(nn.Linear &) % & 71t L7-E A8 T»H % BitLinear &
ZHR 2 ETNT D 5. RIFSETI Transformer I 5
BitNet }% If BitLinear ® A %1% % JC1Z, Transformer % [Hi{%
IS U 7= Vision Transformer[4] I2BWTH N5
MHRTDH 2H% CIFAR-10 7— Xt v b & v/ E
DRI X D REE

1

AN
=

P

172.

DI -8 (N PN SN 7 s N iR S R

W Informatics, Graduate School of Integrative Science and

Engineering, Tokyo City University

E35M

=Zh

B EZ - AR S BNIEE 7L TH % . Wang 5 13 BitNet
ZHWS Z e THEERHEGRICBI 2RI AL —%
BALZHLZEHARETH L L FRLTVWDS. K11
BitLinear & BitNet D€ 7 AR Z/RT.

BitLinear
Output t

I

—  Dequantization - A l

1: BitLinear ¥ BitNet D€ 7 /LHEEE [1]

3 BitLinear

BitLinear (& BitNet Z N THWSHNTWA (-1,1}1D 2
EDLIE(-1,0, 11D 3HDEAR - -2 EET
BB AMETIE(-1,0, 11D 3HEF>T-BEZHEL
ZFNS R EBRICHVS.

BitLinear Z W= EFT L DEFII/NEUSE EA T @
HDES W) & 3MHICEFLINIZEAR W) ZHWT
TN, IBEMRFICIGEEOEA» SR IN-ET
LD E AL X BRI I3EH O EA0EE
HICXoTROONI-EEIC I > TEHEINS. ZHIC
X D FBFEDFE = L F — 13 BitLinear Z F W2 WE
FLEHEDEDLLRVH DO, HiEFmF IR LI
72EADAPMEH I NS 2D EOE#RLP = 7L F —
DOWPMHARETH 2 FIRXI N TV 2. BETLEIEIEDT
DY TH 5.

W:RoundClip(i,—l,l) ey

Y+e

RoundClip(x, a, b) = max(a, min(b,round(x)))  (2)
3)

1
v = mZ|Wij|
ij

4 Vision Transformer[4]

Vision Transformer & Dosovitskiy 512 & > THR I
FHEHEBEDEETLTH S, ZDFE TN ResNet [5]
VGG [6] & W o e —fRIZEGRIEET VR, &
HIABEE VT RGO A% AW CEIRSEHEZT
5. BRI, BASFENEE 7L TH % Transformer
DIy aA—REIJLICETIADBESL N TE D, Attention((F

Copyright © 2024 by

Information Processing Society of Japan All rights reserved.

The Institute of Electronics, Information and Communication Engineers and



FIT2024 (%5 23 ETERBIFRM T+ —3 L)

B v S LR 2 5F o T B Attention (3 2HES
BOATHBINTE), BEAOBELZHEPLZAZN
O EEUCUHET 2 Z e TREDR LICEML TV
EEZLRTVS.

% 7=, Vision Transformer |XE[{$% v FIZHE L, 7 5
A NMEZEDIAATREAR Y P VAR L &, =V
I =X Z WG SEZIT S - DEHGR O BIEHR 2 R
FL7-F FUHEPTRETH % & FIREIN TV 3.

ANHFSE T lE Transformer 12 3813 % BitNet OB 01 % k&
12, [ D% % £5D Vision Transformer 128 W T H #
NOEPENTH 2 0DOMFEITS.

21T Vision Transformer D€ 7 VI E %2 /RS .

Vision Transformer (ViT) Transformer Encoder

2: Vision Transformer O € 7 /LEEE [4]

5 SRE&

R 5% Tl Vision Transformer {2 381} % BitNet & (8
BitLinear O A %k & #ME 3 % 72 I1T,CIFAR-10 7 — X
oy PEROIEGRIEEZITS. R1ORFIX-RITE
h FHE & 7= Vision Transformer € 7L &, ;b D 5EE
ZERW2 TR TOLHEEE % BitLinear IJE X /€
TNAERBLIBT -2 7 A MTF =2 2T THEY
2115, 22 TCIRONBEREL G HOEERE
LB 5. B8y F 08T 2 BROE{RY 4 X % Patch
size, TransformerEncoder D% Layers ¥ Rit3 5.

F 1 EEBICHWBR T X —&

Epochs 100
Loss Cross-entropy Loss
Optimizer Adam
Learning Rate 0.001
Patch size 16
Layers 6

6 FER

FERIZ L o T 5N lepoch H72 H DIEEFEF (Loss)
& IEZ* (Accuracy) X 3 IT/RT.

A7 — 2 ToEEREE © EEFRITB W T, BitLinear
EFRAWEEFTVIGEFEOETFTLELD DI IR
BHBHOD, ZDEFMAICHERTIEZR V. Zh
1%, BitLinear 1< & 2 R TALAE T LD EFEENICKE R
WEEGABWI 2 TRBRLTWS. MLTTRAMT—

VIT by BitLinear vs Normal Linear Loss @CIFAR10 ViT by BitLinear vs Normal Linear Accuracy @CIFAR10

T 10 20 30 40 350 60 70 80 90 100
Epochs

T 10 20 30 40 350 60 70 80 90 100
Epochs

3: lepoch H7z h DIEKRFRFE v FER

X TIFEEREBEHEFLE b RF2HMIMLTLE
W, IEBERIIBOTD SEHEEICEE-TLES . L
L, BitLinear & i\ 7= FUEEH OEF L K DKVl
EDRHTWEZ e gh 3.

7 X

FEEER I D, T —2ic X 2WE T LVOHEKPIE
BERMIIEDLRP o= OROoNI-EHALZ RO
BitLinear # W T b H A R[GETH b, g EE TV
WKBIIHEZ AT —DRDDFRETH 25 2 ¥ 2R
LTV, £, 7A P T—RICBIT ZRENBEDOET
L&D HEWHEICK o 72 2 &5 5 BitLinear [FEAICE
FERBN R L E 2@ EE 2 SREB DL L
BWEZBNS. TAPT—XIZBI2HEERTCEV
Tl dropout JH DB /8T X — X DB & b ED
HiAD 2 7-D5%OMEL U TR ZITS. £/, #w
R BRI RETE T XL F = X E VU P4 IIFATRE
DIRENRBETH 572D Zh b b EDE TSRO E

4= =

17T2.
e
ARWFFE O —EB 1% JSPS BLAfF & 23K11266, 23H03387,

24K15115, HALRZEBLBEEWFEAIFE T vy = 7 b

WgE, HREHHTRFZE AHEETFEARRAE L= v T+ DB

RICE2HDTY.

BENH

[1] Hongyu Wang, Shuming Ma, Li Dong, Shaohan Huang, Huaijie
Wang, Lingxiao Ma, Fan Yang, Ruiping Wang, Yi Wu, and Furu
Wei. Bitnet: Scaling 1-bit transformers for large language models.
arXiv preprint arXiv:2310.11453, 2023.

[2] Shuming Ma, Hongyu Wang, Lingxiao Ma, Lei Wang, Wenhui
Wang, Shaohan Huang, Li Dong, Ruiping Wang, Jilong Xue, and
Furu Wei. The Era of 1-bit LLMs: All Large Language Models
are in 1.58 Bits. arXiv:2402.17764 ,2024

[3] Dosovitskiy, A. et al. An image is worth 16x16 words: transform-
ers for image recognition at scale. In International Conference on
Learning Representations (ICLR, 2021).

[4] Ashish Vaswani, Noam Shazeer, Niki Parmar, Jakob Uszkoreit,
Llion Jones, Aidan N Gomez, Lukasz Kaiser, and Illia Polosukhin.
Attention is all you need. Advances in neural information process-
ing systems, 30, 2017.

[5] He, Kaiming, et al. "Deep residual learning for image recogni-
tion.” Proceedings of the IEEE conference on computer vision and
pattern recognition. 2016.

[6] Simonyan, K. ”Very deep convolutional networks for large-scale
image recognition.” Proc ICLR (2015).

Copyright © 2024 by

Information Processing Society of Japan All rights reserved.

The Institute of Electronics, Information and Communication Engineers and



