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$1 LOAD A PRE-TRAINING MODE _ OF A NEURAL NETWORK

$2  INTHE PRE-TRAINING MODEL. COLLECT STATISTICS ABOUT INITIAL VALUES OF
SATURATION ACTIVATION _AYERS SATRELU

ADD PSEUDC QUANTIZATION NODES TO THE NEURA_ NETWORK, AND RE-TRAIN
THE NEURAL NETWORK BY USING THE INITIAL YALUES OF THE SATRELU TO
OBTAIN A PSEUDO QUANTIZATION MODE

DETERMINE WHETHER THE PRECISION OF THE PSEUDO QUANTIZATION MODEL
CONVERGES TO A SET PRECISION

PERFORM REASONING PREPROCESSING ON THE PSEUDO QUANTIZATION

i

E

E

MODEL, AND CONVERT SAVE INTO A 4-BIT REASONING MODEL THAT CAN BE
USED FOR REASONING OPERATION
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(54) Title: 4-BIT QUANTIZATION METHOD AND SYSTEM FOR NEURAL NETWORK
— PRI L8 4 LR R 2 R Gt

(57) Abstract: A 4-bit quantization method and system for a neural net-
work. The method comprises: loading a pre-training model of the neural
network (S1); in the pre-training model, collecting statistics about initial
values of saturation activation layers satRelu (52); adding pseudo quantiza-
tion nodes to the neural network, and re-training the neural network by us-
ing the initial values of the satReLU to obtain a pseudo quantization model
(S3); determining whether the precision of the pseudo quantization model
converges to a set precision; (S4) if yes, performing reasoning preprocess-
ing on the pseudo quantization model, and converting same into a 4-bit
reasoning model that can be used for reasoning operation (S5); otherwise,
returning to carry out re-training of the neural network. The system mainly
comprises: a loading module, a statistics module, a re-training module, a
determination module, and a conversion module. According to the method
and system, the training efficiency can be effectively improved on the basis
of ensuring the accuracy of the training result.

[ L& 5]



WO 20217258752 AT | [0 0000 T AP0

IE, IS, IT, LT, LU, LV, MC, MK, MT, NL, NO, PL, PT,
RO, RS, SE, SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CI,
CM, GA, GN, GQ, GW, KM, ML, MR, NE, SN, TD, TG).

KERR
—  BIEE R R (FAF21506)) .

(B57) WHE: — e M R4 tRr BT ARG, %A B B2 M2 B O R B R (ST); £
YNGR R rh,  GE vk & Y A0 0T J2 satRelu Y AUARMEL(S2): B 1 42 W 45 T ifs O &40 5 =, JFA H satRelu
M PIhR E BEAT M 22 28 I E ISR, RO B AR 2L (S3); AT Oy B2 A A5 7R FRORG 32 52 5 WAL 800300 8 09 G
FE(S4); WRAZE, WOh R AT AT AR, e oy T ] T HEEIE S 4 B O EAR Y (S5); U
R AT M2 B Zhe IR R T B MBAEE, Gk tebh, T IGREE, | AR B i A
Breo JEIIZTTE R GRS R TR SR8 RAME MR A |, AR IIZACR.



10

15

20

25

WO 2021/258752 PCT/CN2021/076982

_1_
— R EREG AL ERLTERREA
APHFEZELET 2020 F 06 A 24 BRXFPEEAHNEH., PFEFTH
202010589233.5, KU &R A< — b ib B R BE 4 WHBILT KRR K"
BE A PR, EAFNEBITI LS ERTIEP,

AR,

KW BAY 8 9 AR T R 4 BRATUR, 45 A A2 05 B — A 4P & M 25494
PR T AR R o

FREK

FEAP 22 W24 | Neural Network#E &l — Ak & & AR K o9t L =), thde
AlexNet#9# A L4233 7200 MB (MByte, F¥), RO A THFH
R, RIS ELTMARTEBERSN. B THRABSURZF R
HEAY, LB0EEFEARERGRL DN, Rk, 5IABEEFL, @i
BT R TEHENEITE LR AR RAE R, e K KRG ML EYIE
iR B, B, defTsfit 2R & T2 NANT ZHHKFA,

HaTir 2 M & 21y TR 7 kR 8bit= i, K Z N GA AR AR X
FHrFE, RAmAar Tb4F 2k, 4tb4 LT IAE L4509 B ak B I
AV R GER B 14E, BTRERIS50%. Bk, 44347 #17]
AR AN Z A

BATe4tb A 2 H R 8 AR K TSNS — PR L, B2 A H &)
% B, VAimagenetiZ A K B & 5 — AL F &0 251004 AL &g B AR 4L A
M B, LR RIEREERG T XRAEERE,

R, BATO4b =L ET, TR ARKEK S, NAR KK,
18 15 3 R B K

KARE



10

15

20

25

WO 2021/258752 PCT/CN2021/076982

o

APFRET M2 REGNLHF BN T ER AL, AMERAHR
T ag AP 43 I AL T kAL A R BRI

AT R EAXABZREA, KPFEREPAF T FTHRATE:

—FPAb 2 R a4t Tk, TR T k6 dE:

A B AP 2 B L5 GG TR FAE A
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AR Ry = quant (w) = clip (round (w* scale)) / scale , ¥ AR E Py & AL & #EAT AP
BRSBTS, P, wAREA, nBIAA4, HH A Kscale

2" -1 .
max (w)—min(w)
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B NF AL E, AR, AR R L LEFZNIMNFRERHELT S
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BRI T 8, KA LB AT St AL, AR M&E18) bit 22 #%
1R2] 4 450y 77 X, EA4LAY bit & n BUEH 8, 6, 5, 4, BPAA 8bit 1L
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2) batchNorm &9+ 5 i3 4% .

W =2 *B?Fﬁb'z(b—mean)\/var*[3+yo
var
5 B T batchnorm &3 &G, MELAM A LT, KEHRFEEITHE

ks, RBRSGHTEOHRE. A ST EENERREZNELT
R—%, THHFIN T scale, ™ &EL scale NT, K Rk
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K E ] P TensorCore ] VA X 4 GPU &y 4 tb4sa9i2 5, EHL A
10  TensorCore X AL 34T #2321+ H, 12 TensorCore X X 4 & 5 &9 4bit 5 4bit
RF L5 4bit 5L 5 4bit 892, 12945 49 N80 A LAF 5 4bit
¥, MEZARFT 4bit 4, BTHFHEMFNTH, B IHF GPUEBHE,
WA AT HROFERAMN, BARGEESFN TN SR EREPEME 8, T
WA T Abit KB HATIHRE, ERGFNTHRA
15 y=W*x+b

_ scale W *scale x + scale,, * scale, * b

*
scale, * scale,

_ scale W *scale, (x - 8) +scale W * scale, *8 + scale, * scale, * b

scale , * scale,
W, *x, +W, *scale,*8+D,
scale  * scale,
A EAERFNTIAX, BRI THF AL AUTILY
20 1) &3 B A A pad 15
2) St AFe A E 5 AR AL B 89 scale, #33] 4bit &9 Z . BP
W, =scale W, x, =scale,(x—8).
3) AR EAMANG A int32 A X, 2HPOHEELENA intd4,
PRACHETE B 2-8~7 Z 1], W cpu FIRA intd XAPEARE LA HLE 5 AN
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Dk, RS ER, FlbpaEse, AT HEHh 2R a4 F 2 T Ik
DR R AAT B B AT 4 Oh 2 AR G4 B A S Bk R A9 AT BT,
SHh 2 AR A ST AT 3T, 2530 VT A TAFE H 69 4 tL4Fe) iEsgss
A b, EEATAEILEOKE: FENSE. CRERLARLEFNT %,

W, GitEROE: BREL, HEERREL, G2l
AHAEE R T, EP, BiP o, ATHEAZRE T A OGREE
relu %= 3 9 4o Ao & & satRelu; OEIERIRE T, B TARIEITRIREG 4 4,
RIE A0 & satRelu 893 FAE; St 20, A TARBITEREEE, #)
RA T BATAKIE, wdsfiameEr, ATARAARLTBPET
09.999% & 4% &9 S EAEAE H 4a i E E satRelu W A 44 max @9 #4548, L+,
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satRelu & A :
(0, x € (~o0,0)
y = satRelu(x) =< x, x € {0,max) ,
max, x € [max, +0)

B AP, satRelusd F 4 dtmax g Ao 2 o [0V E e may)

amexe {1, ¥ € fmax, )’

satRelust F 1 Ax s 6 g 22 = [ f € 00 max ),

FIHREROE: AELEHBAEL, F—ZNEETE T4
Eh. Kb, HERESHANEL, ATAWNEREHREZZATHEARE
hERE, LEKELZIMBENEEHBRE, F—FNEET, ATH
R Ky = quant (w) = clip(round (w¥scale) )/ scale , AT & R HATAP 2 F 25

TN, AP, w AREA, n RIEAH 4, b & %K scale #:

scale = — 271 L B —F a4 e, ATFAMRAX

max (w) - min(w)

y = quant(x) = cllp(round(x vcale))/vcale, Stk E = L E BT AT 2 W 209 F )
4, AP, x AHEEWEEAE, max A satRelu 898 K14, n BYEH 4, b

2" -1

max
WA AR O BB AEA, —AFLET U ESHEHR
¥, Kb, FEHAEAL, ATH batchNorm &ax&# A4 T, K+,

EAawwit EANAXAH: z=w*x+b, batchNorm &+ H N X % :

18] & #4 scale A : sclae =

o

Z —mean w

By, EHEHHERGTENXNA: o=

var var

b'=(b—mean)\/var*B+y, —xethBEa, ATFARE#HITRENL, K

y= *B’

Rk ERERE b & 4 scale; SESEMNTHRELT, ATHHA
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W *x +W *scale *8+b

Ky=—t o7 %0 0% TP addoE ST

*
scale  * scale,

LRG| P AP R0 4 LB R AW IR AR I ET ., £R
1 B 89 SR 46 p) — AP O 2235 m 8] ik, B RNFIF L,

VA E BT R AR K W iF 6 AR R 56 7 X, A R4S KA R A8 45 32 R 3%
SEILA P E, S B 5E 48] 69 B AR5 BT RSB A AR A R R LFER T R
B ay, RIP AR LA — AR IET AETBLE K& F a9 4540 LB e 1
ATF, ERLECEHRPIPER. B, KPFHERSMRES T KL FE9L
L], AR A ALETATT 6 R R HA4F S48 — R R LA TE
H o




10

15

20

25

WO 2021/258752 PCT/CN2021/076982

4
A & K

1, —#A2 % 4 b2k, e RT, Prkikets:

A B AP 2 B L5 GG TR FAE A

TR NGAER P | Rt ZrafiF & satRelu 89404518 ;

T PR A 42 1 25 P ik ey AT &, - F) Al satRelu 89 A04548 33 %
M T, RBAEARA,

FVBF BT i O 2 AL R G4 B R T ISk BIIR R 694 A

e R A, AT AR AT AT L, %#ﬁ&ﬁ’flﬂ Tz H
89 4 tba by AR AR A IR FEE. KRS
BB EFH Tk

Je R 5, MR ITAZ AT IS,

2, ARERAZK | TE—FrAP 2 RE 4 bF 2Tk, 450k
T, EATERRNGHEA P, Gt B f8E & satRelu 8940451569 75 %, &
%

¥ B A AP 22 W 25 BT R 69 80E B relu B3 ta ke & satRelu;

AR BT SR BB 4 &, FRIR & 4a el 7 & satRelu 893 E 14 ;

ARAE P R, AR B B R A8

WP B 75 B P AZ T 99.999% &A% 69 8L EABAF A b Fa i E & satRelu
P A max 89 m4E{E, H P, satRelu &L H:

0, X € {(~00,0)

y = satRelu{x) =4{ x, x € {0,max) ,
 max, x € pmax, +o0)

H R G434 satRelu st F 4 % max 6946 5 . & {G X € (o0, max)

Smex i, x € fmax, +w)’

{0, X € (=0, 0} U [max, +o0)

satRelu 33 FH#r A x 9L AL =1 | € [Omaxy o+ Max e E

JE satRelu &% K14,

3. ARIERA B K 2 ik a9 —FPAd 42 | 2409 4 b4y 1L 7 ik, }tﬁfﬁlﬂi/ﬁ:
T, EAZEREGENGZIAZP, KA L2 ENE T A 54 max #H4T
Egﬁo
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4, HABALF) Z K 2 P 6 — AP AP 2 M 2509 4 tbas 2 ik, R4 in e
T, TINEAFABH<I0, A4 max “9RE<1,

5. ARFERANZK | TE—FPAP 2 RE 4 tbF 2Tk, B4 0k
T, P 2R &P R th AT &, JEF A satRelu 49 #1468 34T 49 42
M e Eail %, RBRAEAERG T X, a4:

AR EEIMEAEH S E, LAEREEZATHENK
EENE;

2 Xy = quant(w) = clip(round(w*scale))/scale , M EHhELEHE

AP RGBENS%, L, w AREIE, nBIAH 4, B R H scale 7 :

2" -1 .
max(w)—min(w) ’

R Ky = quant (x) = clip (round (x* scale)) / scale , ¥ # & 3 & L& HAT
ﬁ]“’* W egE) ek, P, x AELMEEL, max H satRelu &9 5 K144,
2"
max

6. #?«%E#X%’ ﬂLi 2-4 FAE— PR 69— AP AP 2 M 209 4 tbAFE T &k,
}tﬁﬁﬂiﬁ’? HATAP 2 R 250 E D SR, RoeE AR B B A S
7\fﬁﬁ M) 4L FEA%, AFEAET, MARAEL:

A AL, R T An o % W 200 TR SR A

Gt aEsk, BT ETAEFINSGER T, St & ie i3 E & satRelu 9947
H54E ;

FOGAER, AT EMENZRE PR ERT &, A A satRelu
ISR AT AP 2 M 20 25, R AR,

FIEFAE 3 R TR0 AR = AL A 69 AT B T SR B IR E 694 B

B, AT Y ATARA R R G BB B T 69 BT, sTRT
R AR R T AT L, 430K 5T B T I8 H 49 4 thastd dEsgst
A, TR BEETAEIEOE: FEITE. ZRELUARREFN T,

8. ARBAAN LK T Tk dy— M AV 2 Mga 4 bR 4, ARFiek
T, TR Gtk e 46

scale =

o

n BAEH 4, AP &R 4 scale A : sclae =



10

15

20

WO 2021/258752 PCT/CN2021/076982

16—
BT, B TRHAEA G R L P AT 69 8E & relu B3 A i g E
/& satRelu;
BEARBE L, ATARBEIIRRG S, RREEHAEE E satRelu
By EAE
Gt ¥, R TAREIRECGERE, AR LT BET S HIE;
MIEERE T, ATRBATEALT BFAET 99.999% 545 6 B E(E
VE H v Ao iE & satRelu P A4k max 894548, R P, satRelu & XL H:
(0, X € (~00,0)
y = satRelu(x) =< x, x € {0,max) ,
max, x € |max,+oo)

ELR#) t5 4, satRelu it F 40 max @946 & s 2~ {(} ¥ € (oo, max)

1, x € fmax, +m}

w o g @ 0, x & (~o0,0) U |max, +w
satRelu % F 4 A x g n={" FET DI max oA

dx

& satRelu & & K18,

O, ARABER AN ZK T ATEG) —MbAP 2 ML) 4 L4y LR %, Airiefe
T, A E ISR

B EENET, AT EAZREOB T EZIMEATHELE,
HARERZAMENRENZE;

F—ZUNGEHF A, BTHAAKy = quant(w) = clip(round (w*scale))/ scale

SR EHELERTAPERE O Z NS, LF, w ART/E, nBIEA 4,

21 .
max (w)— min(w) ’

tb4s] & 44 scale A : scale =

ZENHEL, AT AL Ny = quant (x)= clip(round(x*scale))/scale,
B ED BN EFTANERLOT IS, L, x AFEKNREE, max

7 satRelu #93 K&, n BAAA 4, tbip] & £ scale A :  sclae = 2 -1 o

max

B —FAP 2 sy 4 b B LR R, LA

10, HRERA 2K T ik
AT, PRI AT IR 45



WO 2021/258752 PCT/CN2021/076982

¥EI A%, BT batcchNorm &gk ik b b Kieyt
_ Z — 1mean

=——*F+v,
y=—7— p+y
*03, b'=(b—mean)\/var*B+y;

HEANXHA: z=w*x+b, batchNorm #4973+ H X4 :

w

BB BRI EAXA: W=

var
—kEAETL, ATMRE#HIT BN, FRKXELEREZWE
1 b5 & 2 scale:

. W . W * W * le *8+b
HEENEREL, ATARAK y =g ey A TOFR, gy

*
scale  * scale,

BE BT B
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