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410 Acquire a first weight set of processing units of a neural netwark,
wherein the processing units are a convolution kernel or a neuron of the
neural network

420 Perform three-value processing on each weight in a first weight
set to obtain a secand weight set

430 Generate an output value of the processing units according to the
second weight set and an input value set of the processing unit,
wherein the input value set of the processing unit of the next layer of
the neural network is taken from the output value of the processing unit
of the previous layer

440 Train the weights in the first weight set of each processing unit of
the neural network according ta an error cost function, wherein the error
cost function comprises an error term and a structural sparse term, the
error term associating an error between the output of the last layer of
the neural network and an expected output, and the structural sparse
term causing all weights in the first weight set of some of the
processing units of the neural network to be zero

(57) Abstract: A neural network training method and device, a computer
system and a mobile device. The method comprises: acquiring a first weight
set of processing units of a neural network (410); performing three-value pro-
cessing on each weight in a first weight set to obtain a second weight set
(420); generating an output value of the processing unit according to the sec-
ond weight set and an input value set of the processing unit, wherein the input
value set of the processing unit of the next layer of the neural network is taken
from the output value of the processing unit of the previous layer (430); and
training the weights in the first weight set of each processing unit of the neural
network according to an etror cost function, wherein the error cost function
comprises an error term and a structural sparse term, the structural sparse term
causing all weights in the first weight set of some of the processing units of
the neural network to be zero (440). The described method may reduce the
resource requirements of the neural network.
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1, 4K %3 E-F 6 L FF bitcount tE. SUM FiiFAH CEEFTA LEY
Fa,

[0096] iXAE, £ 7 A ERABMAKERT n KA. o RAEHF B I4T
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BT HM S, A iR AA .

[0097] LS m3gik T AR I L0169 40 2 W& 6 7 %, T adddd K
KO A A2 AN e E R FENA AT Ak, R, A
KR A GG AP 2 D 6B | WA G AT A SR & T A BATET
AE B AP G EH T ik, BPOA T & F sty Bk TARIEAR, STOAAE AT
Tr ik KA eG A2,

[0098] & 8 i T A& A Eat)6g4h 2 M4 4695 F 800 9~ ZHAER.
Sl 8 A, HFE 800 7 vA &LiE:

[0099] KExAEE 810, A FHRIATZEMEHABE L TG —REMES, H
T, R AT A AT E W A KA RATE

[00100] = fAfLAL3ZAESR 820, Al TAT & —MEAE ST 69BN E/H L
ATZAEA R, R H B AL

[00101] & FAEHE 830, ) THRIEZH T A E A Z AL LGN
Bo, AREAELTGEEAE, L, ZAENENE— BRI
MNLE AT A AT — B oG L I e 14

[00102] DI ZAESE 840, A TARIE R 2 RN R E I i A 2 W & B Z L
WETLNEH —MERESTOMEM, L F, ZRERMNRBEOIER £
FetE AR, X% £ R KIRIZATZE ML RS — Bk 52 % b 2 9]
0iR £, EEM IR IEIF LA Z ML 30 m R BEE %5 — /L
EoTOITHEMREMA K,

[00103] Tk, % =(A10RTAEE 820 A F:

[00104] F & —WEAAFZCEA, NKFiZE—REGM (AL EAH R,
A, BEREMATZS —MNEMES T R EL;

[00105] £iZH—MEEAEZTREEAZ E, MFZHE R EME /AL

ii
ii

#h1;
[00106] #iZ % — R EAEZFIRECEAZT, WNEiZHE —MEMEZ(ELL
A1,

[00107]  “Tikdh, %35 FAEH 830 A T

[00108] ARIEZHF M EHESF L AL T NALR S, 1330 BLAE;
[00109]  %FiZ o) A AT ZAEALAL IR, 1532 P Ui A,

[00110]  “Titdh, %35 FAEH 830 A T
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[00111] ¢z % M EEFE A3 696 FA i & £ T eG4 2F 5L
e B A AR, 133 A,

[00112] T3k, 3732 FAESR 830 A T AT iz vh AL AT (AL AL 22 2 AT,
5% vf FLAR AT HALTEAA 22,

[00113]  “Tikdh, %38 FAEH 830 A T

[00114] EiZeh i E K FIEAE, NHFZaA e nmbEAE S 1;
[00115] FiZra i E R KT TRA M, NAFZA T EAE S 0,
[00116] Tk, Z| %Ak 840 A F:

[00117] AR ZAMNZE MEHENZRBEL T IZF R EBMESFHRE
{8, WAEIZIRZ RN BE RN LB T RN R &ML,

[00118] =Tk, Z | %Ak 840 A F:

[00119]  #45E 3Z3%k 2 RO RFAT HF A EE T4

[00120] ARIBEZFHORAES —AREME, HF, ZFHFREMLRTEZE R
FHESTOREM, ZF AR EBERTEZF N EALE LA HEER G =MA
AL 3z 6918,

[00121] =Tk, Z| %Ak 840 A F:

[00122] #R3E o —AEALAL B2 69305 B 390 14 T 4L

[00123] F3EARE, LR KK EABIGTE ML 4G EBTURLSH,
HEART oAd 938 E I, (2R A FEp A Bk eg E I X TIR T .
[00124] KK I FAGITRLT —HAERE, ZAERTUCELALRL
Bf KA A b A 2 M )| R E B

[00125] & 9 7& T AL LM 69T EM A L% 900 69 FZHAER.
[00126] 0@ 9 B, it H AL A 42 900 7T vA L35 28 8 910 A= A-4% 2 920,
[00127] R EEAE, ZIiTFEALA L 900 L9 VA L35 it B AU A %o P 8 % PT
QA I, Plde, NI iR E . BAFE O S, KA EHRAIA IR
i

[00128] A% 2% 920 A T A4kt HALT MATHE 4,

[00129]  Af42E 920 T AR EAPAY K A5 2E, 4]0+ vA U486 Sk LA
A4 % (Random Access Memory, RAM ), &5 VA @L4&9E RAEE 69 1% 255
( non-volatile memory ), #l4w % ) —ANEEFEFMHER, KK L0350 R
e,
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[00130] 4225 90 A FiF M iZ A4 5 920, FATIZ I AT MATHE 4,
VABEAT 3R R LB ZFY 52 46 45) 6 A0 22 B 2590\ S 64 o i R 4 BRAE.

[00131] A X 910 T EFEMAE R, WY THAEITEF] (Field -
Programmable Gate Array, FPGA ), ¥ 34t 32 2 ( Central Processing unit, CPU ),
B 74 32 235 ( Graphics Processing Unit, GPU) %, K& ¥ £ 3645] 5t 3 IR
.

[00132] KA KAFILRET —FHTBHEE, EBHRETALIEL
BARK P EF TP AP E NEDN 4 EE . AEREREITENAL.
[00133] AKX FEhp G ZE ML % EE . T ENEGRTHHTE
AL F AR B R A G AT E R )| GG Oy kg BUT AR, FF BATE W 2459
Gt E T AR RAT B IR & F o) EAAE ) ik Fo LB A Fo/ R
Be A h T EIMAREIA T R AAR, HT HF, ERARBHRE.
[00134] KA EHBIEREET —F0 i LGN, & AR
AR A2 R KA, ZAR R KD VAR T 48 AT B KR 52560 49 AY 2
W 259)\| 2649 7 ik

[00135] L 2Ef%, AKRLAL®HEIT, RiF “Fo/R AE AL X I
SR ERR R, RFTUGEZAMARXE. B, AF/RB, TURT: £
WAL A, R AL AF B, £IGE B XZAFIL, B, KT FH,
— TR G RIS R ‘R MK A,

[00136] AAURELEBFARAR TAZERE], 24 KT AT 64 52564548
A LT G EARFETIR, BB TS, B RE —F 6%
SR FEIL, AT HERGLPR AT B3, £ LR F LR
e — R HFE R T BT 0L R AT IR, X S T A8 R S VA RR AR IR R AR
RRPAT, BORTIRAR T LG4850 A Ao it 29 R 5. F B AART T A
SEEEANE 6 R RAL R R ik SRR RG L 4G 2 f, AR X AY IR L
KA A RE 6T E .

[00137] PTRATRGGFEARA R TAF EMT B3], HTHAEGFEFEE,
FRMR R G . KE LT BARTAREAR, STOARE TR F ik Faab) P
egat it A2, R R BHE,

[00138] /2K WiFFT4RALGG LA FEaepl T, HiZHEME|, BEYE%.
FE ATk, T L eey s XNEI. Flde, L EATREE R E £ pUL
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A FREME, Flde, PTERTER G, h—FPEHE I fexla, EFRE
ILES ST AR A 9N ag X975 N, Blde % A2 R T A 45 SR A T vh & R E)
FH—AFRG, R—ERFIET ALY, XRPAT. Hb, FFRTFRITRGEEL
Z A HAB R A EAS S RBIFEBETUARB L —FE 0 LERL T A
BoRBFHEE, LT ARG, YRR LE e XiEE.

[00139]  FFiRAE A 5 B S PLIA 6 T A B R F T A R Z M E 5
6, AT E THHRETARRFELTARZY LT, BT ML F—A
W, RELTOASHFE S ANEETE, TOMRBELFRGEZRFEL P
A ARH 2R EINAL Y L7 £ 4y B 6.

[00140] 7 4b, FERLPEZAN LA F 4R TT L E RAE— AN E
BAF, ETAREANBALBYEALE, LTAZBHNSRANA LETE
BRAE—NEF . Bk RGBT AR A6 X E I, 5T KA
BAF R L KL,

[00141] ATk 58 5,69 3 0 4m ROABKIF S e 25089 T K SR I FAE A Ik s 0y
St B AL B, T AAEAE AT BT RIRA AR T AT XAE
B, REAGBEARF EAR LA VT IA BABE TT#keG 30, HiEk
RFEWAHRI YT AR = Bt XA R, it s = b
P — BN T, BiEE TIRARIMEF— G FARE (TUARASA
HHE, RSB, REFPMEREF) PITRLP SN FHB]FTR T ik 69 43
KA FTH., MITR GG O UL B f. RixA44#E (ROM,
Read-Only Memory ). MALAE A2 (RAM, Random Access Memory ).
FERERE AT EAP T AR RAD AR

[00142] WA EFFiE, AUh RE GG BARE 35 X, 1BARL PGR8BI
TE T, RT3 B AP AABBEARAR AL NBEGBEARTLEA,
o] 52 5 M 3| BAF S RS R, XS A SR B AR AL i B A KR IR e R
FREZN. B, RKEGRYTTE EAARF|Z LGRS LE A A,

13



10

15

20

25

30

WO 2018/218481 PCT/CN2017/086547

AR A Z K

1. —FAr 2 W& %eg 5k, LHFEET, G

RIBAN G Mg B TG F — B ES, b, P e T AR
R Ab 2 W 4564 K ARAE RAVLE T,

ST — R BT ENR EARAT ML, F3F -RE
I

AR S A EEESFPT AR TR T NL RS, & RT AL
2B, ., TR ERLNE— BN E L TN AEESIRA
A — B 6y 2L 3 R e Hr A

MWABIR 2 RN B EL, D PR Ab 2 W 2569 S5 A P ik 40 28 4 70 64 B ik 5 —
REBEASTHREL, £, FFEEEXRMBILOIER ERAFEHHEFR
M, PRk ZRKRIKTEATE NG RE—E6imd S 2 M B R ek £,
FIf i 45 M) W FR B IRARAF T iR AR 5 N 44 04 30 BT A BB R LEG B iR 5 — R E
BEAT TR R EME A K.

2. MIERA|IEZK | Aridey ik, AT, PTANATES —REMA
AT BN EEIAT AAAIE, B3

EHREAETRCEN, NEESE R EEMMLEAHER, £
¥, TS —MEMEETHESE —REMBMEST R EM,;

ERTA S~ EAEERTXTLEZ B, WFEPTE S —RE L= A
#h 1,

ERTA S R EAEERTXTCEZ T, WEPTE S —RE L= A
#h-1.

3. RBBAIEER 1R 2 TR F i, LFEET, FRdREBHAES =
MEAE ST R LR TN RS, ERATELEL T BE, &
¥%:

ARAEPTIR S TR AFo TR RTINS A, 1339 A4,

s By i ol FLAA AT ZABEACAL 32, 133 ik AL 38 8 T kA

4. WBAERAIER 3 Frifagiik, HBEAET, PTERERES —E
(B A Fo Tk W B PTG NAL SR A, 1 3|vm BAE, 6Li%:

STETIR AR EA R oA 6 & AT iR AL R L eI AN oA L
R MR, 33 PTE ok A
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5. BB AIZK 3R 4 TR F R, LFEET, EPTRXT TR 5L
{EHAT AEAR B FT, L 835,

S P 3k ooy o7 A8 HEAT BALTEAC AL .,

6. WRW/AAIER 3 £ 5 PAE—RATEG %k, TAFMEET, FFESTAT
Aol AR AT ZAEACAL 2, @45

ik ed AR K T HUEAE, WAGPTER Ui AT 1,

F Pk o FAE R KT AT R TR, NPT 28 U (A4 24 0.

7. BRIFBAFER 1 £ 6 PE—FIATEF E, LRFEET, PridiRIE
RERM B, WEATEANE WL HEN AL EEAHTES —REMEE
SR EE, WiE:

PP R AR 2 WML GNP AR TGP A R — B AT 49
FAE, VAEATIER IR Z AN B ARN A BT AN SR

8. MRIBMA|ZR 7 Frikayrik, HRAEAET, PR AsEprifas W
CENTELE R TG AS —REBMES T ORETE, 0

B PTIR 3% 2R S Aot B A E 69 4K

AR P ik G ROR B — A EE, A, Pk —REERTITES —
FTHEASTHR B, FEE TR THES AN EALE L AT AT
ZAEALA B S 69 1A,

9. ARIBAAIER 8 Frikag ik, HAFIEAT, PRk kiR 280
BHAT AR EA T,

ARAE T AL B 69 BB R PTIE F 4K

10. —FPAPE RN e E, TAFEET, 45

FEEE, B THRBAZRNAHLEL TG —EBEES, 9, B
R AL TR T PR A 42 W 4464 B AR RAYZ T,

AR AR, B TR R R EAE LT HFE M EERAT
AL, 1535 R EMEE;

EHAEY, B TAREIIA S A EAE SR LT MANEES,
AR AL B L AR, L, PTEAYZE N e B — B R T
NE AT A BT — E 69 & B3 7T 694 b A

W A, A TARIE R Z RN BRI G PTEATE W69 Prid L 32 %
AT EE R EBMESTOREME, L, FFRRERM DI OIEREER
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FatE MR, PTIATR 2 IR RBRPTIRAY 2 W 4451 )5 — B 08 5 218 #r b
ZB) Eg IR £, FIT IR 45 MY AEHG SR IRAL AT BT IR AT 22 W 2564 31 o I 14 40 32 8 70 64 B
RE—MEEESTHITAERZEAXK,

1. HIFERAIZR 10 FTAMKE, L4FEET, ATk = (HL AR
J T

EHREAETRCEN, NEESE R EEMMLEAHER, £
¥, RS —MEMEETHESE —REMBMEST O EM,;

FERTA S R EAEERTXLE Z B, WEPTE S —RE LA
#h 1,

ERTA S R EAEERTXTCEZ T, WL S —RE L= A
Fh-1,

12. ARIESAER 10 R 11 PTEGRKE, HAEET, AFikiE FAkR A
I

ARAEPTIR S TR AFo TR RTINS A, 1339 A4,

st BT i ol SAB VAT ZAEAL AL B, 1F B PTiR A B Tk A

13. HRABEARFER 12 FTAEE, L4 aT, FrREFHERRT:

SEPT A F ZAELR A 4G &) B A AT AL B L e NAE RS B
e = MA R, 1F3] LR A,

14. ARFERAIER 12 R 13 FFRGKE, HMMEET, ATikiE AR
F A BT ik ol AR AT ZAEAC A B Z AT, X AT A vR B AR SEATHALTEAL AL 22,

15. AR\AAZER 12 5 14 PE—FFRGEE, B4 Ee T, Frkia
FAE R T

P AR K TR A, WEPTRL R T B ELES 1

P e BAL TN KT AR FRE AR, W5 Pk 4 3 T il A3 0,

16. ARFBAAZR 10 £ 15 FAE—RPTEGEE, B EAET, PRkl
SAE S T

PP R AR 2 WML GNP AR TGP A R — B AT 49
FAE, WAMERTIR IR E AR B AR L BT AR R R D,

17. HBABEARFER 16 Lo E, H4maET, FENNGEER T:

R FTIA IR 2 AR BT B ZAE A T4

WBABPTEFEORES —EME, A, PFEE —MEEETHES —
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FTAELS TR B, FFRE TR THES A EAE L AT AT
ZAEALA B S 69 1A,
18. ARABARAIZRK 17 AN EKE, LBFAEET, PRI SRR T:
ﬁ%%:ﬁm%&%ﬁ%&ﬁ%i%i&ﬁo
5 . A A K, AAAEET, i
ﬁ%w,m%ﬁ%ﬁ H AT $hATHE 4
B, R Ti5 R PR AR, FRATAT R AT AT A, vAEkAT
ARBERAIZK 1| £ 9 PAFE—IRAATEE F kP g 3RA4E.
20. —RTHHEE, EAFIEET, @i
10 RIEAAZR 10 £ 18 FAE—IRATAMANE P LD 5G9 K E
21. — M THHhiEE, LHFEET, 0
ARIE A B R 19 TR et EALA %
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