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ABSTRACT

With the formal commercial application of the fifth generation of mobile
communication technology, it is expected in the next few years to people's demand for
wireless communication network traffic will times the speed of growth, and the world
will realize ubiquitous wireless connections, but complex network, high hardware cost
and high energy consumption are the important problems to be solved in future
wireless communication. Therefore, it is necessary to seek a high-speed wireless
transmission scheme with low cost and low energy consumption. Among the current
candidate technologies, Reconfigurable Intelligent Surface stands out for it's unique
characteristics of low cost, low energy consumption, programmable and easy
deployment, and is a feasible solution to improve the transmission performance of
communication systems.

With the further expansion of artificial intelligence applications, artificial
intelligence based on deep learning has been widely used in communication fields
such as power distribution, beamforming and channel estimation. This paper studies
the joint beamforming algorithm in RIS-assisted MISO system based on deep learning,
so as to improve the overall communication quality between base station and user.
In this regard, this paper carries out the following analysis and research:

Firstly, the RIS-assisted wireless communication system is modeled and the
optimization problem is determined. Considering the RIS-assisted multi-user MISO
system scenario, the communication quality may be greatly affected due to the
existence of obstacles, so an auxiliary reflection link with high communication quality
can be established between the base station and the user by reasonably deploying RIS
and adjusting its reflection characteristics. In this paper, the design optimization of
base station and RIS combined beamforming in downlink communication system is
studied based on the user's sum rate.

Secondly, the principle of channel estimation based on LMMSE and

beamforming based on BCD algorithm, channel estimation based on deep learning



and beamforming based on BCD algorithm is analyzed, and the process of solving
RIS assisted MISO system based on BCD algorithm is described. Then, the network
structure of the deep learning algorithm is designed. Python environment simulation is
used to build the neural network using TensorFlow framework. After training, testing
and optimization, the joint beamforming algorithm based on deep learning is finally
determined.

Finally, the joint beamforming algorithm of RIS-assisted MISO system based on
deep learning is compared with the comparison algorithm, and the simulation is
carried out in the same scene to explore the relationship between different pilot length,
downlink transmission power, number of users and speed, and the simulation results
are compared and analyzed. The simulation results show that the joint beamforming
algorithm in RIS assisted MISO system based on deep learning is superior to the
traditional comparison algorithm, which improves the system performance, reduces

the complexity, and has certain generalization ability.

Keywords: Reconfigurable Intelligent Surface; Deep Learning; Beamforming;

MISO System
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:qu%
"' (4nR )

Hrr, G, MG, AEEMBU KL, P AP NRIZEMZRIIR, H
(2-2) A BN 2 S BUE L . Rk KSR, BRl N, A
(ARG o (2R (A R v 1 il 1 R R AR . SR S S = A
WP S R 3R O o R KU P R A TR AR I 7K S JRRT A 0 P A 9 5 e K
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PRACTRE: PR, ZOKUERBRAIIFEER R, UL T AKX TE A1
PathLoss= (4/1Ld)2 (2-3)

Horp, MR, d RoRiiE . WL ARIER DU, BRI
P RAE B, SR R A B S IR

(2) G, fEILH AR R s A HEER, HEAS
ARGy, AR, HkP SR, SRR s AR T AP A

(3) BB, WK SHAEEIEEBOELL, SRR REE. ALK
B 2 AR I 2-4) s, EARBAR LIRS, SRR E B AR
2,

PL(dB)=20xlog,,(d)+20xlog,, (/)+92. 45 (2-4)

ML EZ Kk B SR, =R PBUR R T 585 24 . HAME
MIMO 5= KA LS G, v i R 2838 a5 AR o R B R R 48 25 B0 B A AN A2 o
2.2 KR LA

2.2.1 MISO A

MISO HEAR R KIHA Z A KR, MR A — RO gk, X
A R GMIEZ N, B MISO. X7 sty & 5434, FH DABsE 815
JfiE . MISO HiA 28 FITE Wi-Fi STSURIFS 23815 038, RS HEOR A i R
LHEMAH, L% N MIMO. MISO. SIMO. SISO 5. ARG EMH
H R & MISO #2458, JREL KNI 2.1 Fos.

BT B

T iiE1 X v h
AP ]
Bl 2.1 MISO AR

Figure 2.1 MISO block diagram.
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B 2.2 1 x NRIEES, n NINPEREFS L, HOMGTERFE, WK 2.2 gk
SRS 5 A AR

y=Hx+n (2-5)
n
i.\ y, | #%
it I

& 2.2 MISO J5 HAE ]

Figure 2.2 MISO block diagram.
2.2.2 Massive MIMO £ R

Massive MIMO, #2fE5 TG (5G) HIgmMEZE . H KL,
REBEIIZOEAR, ZEARW U E R AL B, DUX R &%
AR,

£ Massive MIMO FEF1 T, BERE TS = BE B4R Hh s 2 I R HER R X 2 H
FU WA RREE BN, 55 SRR AR B R RE RS HERA 7 5 F T, BROK I BRI 4T
AL X TP, B LKHARE MIMO SIS A o B 78 B R AT DA E] 2.3 FLB B
MES, B 232 MEH RSB R B RGN — B = U R& R
Massive MIMO &35 (113 REIRE, o )\AN A B A P m] BUAE B\ R . ]
FRIDAE H, AR I IXSRTa R A, B LA P B 0 5 5 30t ) DA v
X 7 ok
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10} ‘
; | i
g

n T
“ a

-30

B 2.3 Massive MIMO 335 (138 5 I b
Figure 2.3 Beam pattern of massive MIMO Base Stations.

L4 MIMO FARHEAT HLEL, Massive MIMO H A AT LUSRFHE SR &, & 7]
PABEAR/INX 2 TR B F- P42, SIBIN /0N DX 30 5 B 0 78 s 2 0 05

WF TR IR RS MIMO HNZE K 3 45 & REBAHR I O ASUR M), KA MIMO
HIBORBOERE ), RTt T E B, MR T ZKBALA TR I . KR RS
A FPAIE L, HRZ RS R AR B Il AR /N, Fir LLAT DAAR B AR 0K
W ZR G T AN 2R B R ORI 2 1] o ZE A PR P 72 [ A AT C A8 KRR 1 R 2R 51 DA
A RS R R A 8, M2 ZE K A TE RO ™ B ) AR AR DA K T il 55
KRR ZE A IR

2.3 BERBEEA

PR BUEH AR RALE 5 Lh—Fh g B &R A F € 7] 7 URIE 45 BRI R,
REAS Lt Kl B S 5 i, (a5 DA A . SRS I8 o R R ik R 2R
GO IR ARG, BT R, EBORE T T AR, BORBUBLE A b
B AR NTE T AN 7 ) PRI R o Y SR FSTT JH 0 S8 SRS e % Bl G AT 2 MR I AN
AR YR TSR, SBBOR Y, P IR B T AT o AR, AT A
B R TR Al VR AR o — AR SO 38 1T LUK 2 181 5805 O 145 5 A W S, - 7 41
| HAB T BL S T o LAY SIERRE ], X A5 2l i R O A o, 2 A =X
(2-6) 7~ -
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x (1)=s(t)e™

_ ot _j27”dsin0
x2(t)is(t)e e 06
. jz—”(N—l)dsinH
xy(t)=s(t)e’e *
G HEFEE AN :
- - i 1 ]
XI (t) '2—ﬂdsin9
x, (¢ . e’
X(t)=| ") |=s(t)e” : =s (¢ )a (0) 2-7)
| Xy (l‘)_ ejZT”(N—l)dsine

Hrra(0) A7 ARES SR E, PORBE EERE X S MRS S vt
AR AN o

WA I HARAN T Bk (4 S D5 T DL 6] 2.4 fal S ELAR MR . dnl&l 2.4 P
RN RE RS, FEXPHNRERG KM MR ETSME, E-ah, R
RG] UL =8+ A 2 (] R AT RURGEE S, WERANRE M, A
(K = AN P B B ) e B R AR [, (IR 83 Rk 3 P I e B VR 2t 1
FEE b 1, PR BRI RS 7 S R e D BO LA T TR, (A58 [ (R ST RE B
BRI AR o> SR A, BT A R, XA AR
Jill. Z2REMBIT, BORBIBSA TL@E MK 7 RPAER AR, JTHAZK
BB VAL R (B, € [ A& S e B A AT AR KBRS

| |
(a) @
L (b) 1 (b)
J
Eecircy E Ewctrcal ;.;
=) (¢ ) (c)
(a) IEHRRSAAR S T A (b) WK BRI HRS 7

B 2.4 BRI S 5 TR L

Figure 2.4 Beamforming radiation direction comparison diagram.
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4G RGP REHER D, Frel@F &SR T BORRIY, REaimE
K 2.5 R, RERCORZCHERICA — ML S PR R, 1K BHE = i AAE 7
BEAT SO E IR, (B PBERS A LLB B B, LU B e s, BT SCRER,
HAREH R . WERAEZKR BB IR RR LI — DI PBER 3, =f
AR IE N A IIRE, X R A ERIIBER . BIBCR SO A fil
gy, (B SCRp AL, Bt DURME S E0RoR BOE RO BEHEAT HLB . AR
W T Massive MIMO (148 H, 2250 i BALR A [ S B2 a0 S e i 1) 40
R BT BRI 73 PN ER 53> 53 99) FRARRZE (14 K0 b R B AT v 24 (R AR R
JRAERSCHL, 3 Ik B el > S P R AR Y 1Y, XA R S ORI

TR AR BRI AT 3L A SE R A o 1 TR A S 7R R ) S g EsI0eel, - i o i
%, Ja B IREBORBUE S A LT B BORSOY, ek i Ko A xS
b, [FRATRLZ AR . RS BORIY RGN 2.6 .

Y

— wam | & [T A Y
| Fa _ | RF |

N, P N = PiFw i N,

] Lt g Y

(a) BFHHRBIE (b) AL R B

B 2.5 B A SOT AR T 2 G4 HIHE

Figure 2.5 Structure diagram of digital beamforming and analog beamforming systems.

T HE R
——H_Dj

4 A
_ — _ Y
] s — —| wm = .
FRAT :MF?; . — dawm | N g, N
Na| ¥ Ni| o Y v
_ : _ N
»—,@‘—D—v

(a) FLERIGEH (b) BT RS S5

B 2.6 i 5 IR ST PR LA SR A AE P
Figure 2.6 Block diagram of two typical structures of mixed beamforming.
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BRI 5 KB HAR G ML ST, 22K e 8 0 (5 SR dm Pt
SERIRIH B8 o 110 3 A U AT A A R F il AL, i 5G 3l AE S msm k. T
Z BNREAE DL K S AR, A5 SG AT R RO BT e R AR TR TR A D
HBIEAEH T S BT DA SCIE T 1 23 -T2 2T 1) RIS 4B MISO A4t FP IR OR
RIS %

2.4 FEe RS HEA R

[P 24 57 25 P85 1oy« AR AR RSO AR 7 5% LA B G2 386 ke 114 o ¥ P A SR SR TC R A 7 LA
PP CE A . R, A BT SRAG AR REFE 1 I AR R v s &= 1E
5G FrH AR RE S, Bt E T (Reconfigurable Intelligent Surface,RIS) Hi
THEERGWE AR UL BRI 2845 52 25 0 AT Y, A5 O3 il A5
RGUEIPERERITTAT AR R TT 22, b S FRL D 24 1 e i s 1 38 /SR shid {5
(Sixth Generation, 6G)TCZRIEEH A, 1 HIEET RIS M ML LLIEE RS A HiE
AR LB AR M R et . T I IR RIS [RRE A 254 J B FH 3 55 DA &%
RIS Fi L85 RS SR,

2.4.1 RIS 445 ¥

RIS & — R K —4E N AR, 385 R B TC R U T3 L AR
ANFEZ 25 I REERAL i, RIS SEAESS R AN 2.7 P, REE & moott. B
JRATAT R TE AL, HEATRERAE, RpeAS, R SR . B e S T ) A5
T BT M RES B B TR R oA, BB SR AME L RSE L T R AT
RENSIE 2 S N SAE 5 (15 (B BEARAL, B i 28 e (M5 S o 3 s A
PIN R, RO A LA S, MEMS JFRAET0, A4 FRLE B e I P B AR 1
KeAE RIS FRSFRrE, SEBLBR. B MRALSEM BRI, ik 2Izh & 1 %
UL IR F
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TR 45 il 4

* R4
Tt 3
EEE
(9) HEEEEN
it R T
AP/MBE
—_—

B 2.7 RIS T {445 74 1]

Figure 2.7 RIS hardware structure diagram.
2.4.2 RIS B BB R G5 A

F 8 B S THITBCE AR FE AT P o), RIS B BYREAS SN TG R AR BE IS X A5
B MU AR AL S R SR, SRR AT UM YR RE SR I, A S G R
b RAE IG5 o A ST FUAE RS I BH A 137 5, I8 A5 iU T RE = 32 BRI
i RIS Hli By AT I {5 o B e (0 SO B, AT Y P RE RS AR B IR 4 AL 21
B HE S, WOBCH B 5 P B B AR RIS O, ARG .
AEAT 0 DNIEPRTFTCH RIS 415, T3 AME e Bk ot A0 7 A A Bl AT FLR 46,
RIS GBI L3815 R G5 S BRI 2.8 s,

B i S 1
| EEEEN

T

K 2.8 RIS Hlilh o Lkid (5 R 415 5 A
Figure 2.8 Signal model of RIS-assisted wireless communication system.

20 TR 3 BN RO IR 2 PR A RRAE T, A — A m DM RATR
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KIRIS, Ot REH v Fon. BEMpRS. MBHER, f:

v=L¢!’ (2-8)

Hepe[o,1], 0€[0,2n), SiEN(Q2-8)F13 v KIFTATEA: |vI<L,
MR diag ork, W RIS KAHAHEEHE RO AT 7R A
O=diagv=diag(B,e’*,***, B_e') (2-9)
H P B BIMES y M-
y=h"0Gx+n (2-10)

Horbt, G R I RIS HUREA S5, hY 05N RIS BIFL P (34
SN, x FRNRIEE D, n B AR

2.5 FE/NG

AT EES G T RIS HBIAEE RGP R EOR MR, HENH T =
KABIRF 5 DA T 2R BEBAE 0 S8R, LR 4 1 R R Ze B,
VeI =K AT R I 3 5 KRS MIMO A& &, ARG/ 4 1 ORI HOR AR
RIGHE, R T AT A AR B UL AE P AR S BRI s e
BB RESUN T, RIS IREIF 45 b A B IC 4B (5 R aiME S M. ik
FORAEASCH RIS BB MISO RGBS B MIZAT T 1 BB AL
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3T REFIIELELM

TR 5 21 AE 2006 4 1 Hinton SR 70N 1 E Jed ORI, = N TR RESIE
RIBIHT . B R o 2] SR RO FERIZ W S, N LR BEHORAE R B . H AR
B H A HESEGURIS TR .

AR, U AR N L BE N T Il AE R G T A AL 28 1K
JE R, YO N TE AR AR K TCLIBE RGN OIIEE, RRIEE R R
NEREAE RGN, Fral A N R RE P IRITR 5 5 o) SR T R O FE M A s,
I T T LBME RSt A L E IR A S BB ARG, B AR AT
B WOEREUZ . IRFERIG AR W 2% DL A SCHE RIS il B 1) 22 K R AR
MISO £ 45 FH I i R HH BT A P ) Pl e 4 R 48 5

30 NTHEMZ
3.1.1 Moy

TRFE 2 2T R TR T N TARZ M 4 . Warren McCulloch Al Walter Pitts 7£
T HERZ AN FMA TR R, T M5 & AR M-P #f
ZoTCMR, ZAARLE I B A G AR JU RS B . SR AR 22 ST S R
Bl 3.1 fiiose AL £ (x)=h(g(x)), FHrg(x)=D] x , HRITRI H E
A g O MMETERI, WE 32 i, #g (x>0, MHHA1; # gx)
<0, W4H N 0. M-P & oM i T8 = 2250 RE 0, R AU Skeatk A7 ] 5 32
R 1) T

B 3.1 sl T as

Figure 3.1 Typical biological neuron structure.
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Xy .\
y € {0,1}

e gh |

X
*e{o1

& 3.2 M-P # £ oAy
Figure 3.2 M-P neuron model.
PPN 45 R R AL R 22 6. 1957 4, Frank Rosenblatt $#2Hi 7 —ANMAg#S
H 3% SR R 22 oY, AR SO T AR il — AN R AL, o
BRI 3.3 Fom. AFZTTHRMA X=[x,x,,x,,...,x, | #ETHER, FZITH
WIEERE AN W, Wy, Wy, w, n=0,1..n, WMESHMbFR, FELERIEK
B £ 3oR, y Mg R AI1HE 3.3 s TR A EE O R 4 O -

y=/ (W, X, +W,x, + W, x;+...+ W, x, +b) (3-1)

XG-DR IR EIER, AR 0] LU :
y=f (W'X+b) (3-2)

B 3.3 Mz e A
Figure 3.3 Mathematical model of neurons.

3.1.2 BE AL

FERP L T I B 2R HrT IO 2R R 5] A ARZe M o s AR il 1 AR 2tk
AR, BR BICRT DU VR 2 1 22 WY 2% (YRR RE T SE TN oK . e I 0 e B0H
Sigmoid PA%L. tanh BR%(. Relu PR =FF.

(1) Sigmoid %
Sigmoid BREUE YTV A8 F (40 48 X 28 05 BR B — o 1R BORE A\ L 3]
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X1E] (0,1) BUHiH, XFhirH SMER AT E[0,11324, ] DAFE Sy H 4% 46 Rl ik
R, BEHATRREAA . REERIEA N
fSigmoid (x) = 1

1+e™

(3-3)

He B G ans 3.4,

Sigmoid Function

10

0.8 1

0.6 1

0.4 1

0.2 7

0.0

T T T T T T T T T
-10.0 -7.5 =50 =25 0.0 2.5 5.0 7.5 10.0
X

& 3.4 Sigmoid %L
Figure 3.4 Sigmoid Function.

MIE 3.4 AT LA, Sigmoid BEOXSFR, BRI LA §, S
NERGH R BSET B x e RIEIANESE ] x € (0,D X[H], AR ik
YD % R B A VAT, X2 B T R B N S BT 0, i 2 A AT A T AT,
Hp

lim /" (x)=0 (3-4)

BRI TE, (A3 22 I 28 FEEAT IR IRV AR 3R I 25 5 P HE B RE T 2%, ANRR S
TERIRIZ N EE 2R, ORBHPSIRBE S 2] KB — MR R
(2) tanh PR
tanh PRAEL, 200 HH IE V) R B IFR . AT Sigmoid BR BUAS [F] 2 AL 1E T4 HAE )
B, R T (-1,1), KA PHEEE M Sigmoid £id T #Ah 5 i 15
Flo tanh XM R R IE N
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e’ -e”

(x)=
»ftanh X €x+

=2f igmoiat 2X) — 1 (3-5)

Heg g gk 3.5 Fioso.

tanh Function
1.0

0:5

T T T T
-10 =5 5 10

—1.04

B 3.5 tanh %
Figure 3.5 tanh Function.

& 3.5 1) tanh BRECR —NEREL ERTEEDNCL 1), HREAEX sigmoid
BRECR BB S K — e BN RS, o G RO RS,
AR EH %R BT AR B D IS I A 43R B PR Aefs P 1 2R v R

(3) ReLU %

H M 2012 4 AlexNet £ H N T ReLU B%Z )5, ReLU BRI K 1k

J"¥Z . ReLU BR¥5E SUN:

Sy (P)=max (0, x) (3-6)
CIFCNERCESF
d 1 x>0
&f ReLU(x>:{O +<0 (3-7)

ReLU &t 3.6 fions.
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Relu Function
3.0

Farr

2:0+

A E

1.6+

0:5+

& 3.6 ReLU %L
Figure 3.6 ReLU Function.

MK 3.6 AT CALLELE ML T 2] ReLU BREUA 7 BLZME R %L, 11 RE A,
RSS2 iR TibT b IS o (=R 1K | s ety A e ey R S R0 e b i S o = | Bt
FH 28 R ML), ] ReLU pRECF] LAS| & EMiBT . ReLU A EL T HoAh
TR i, FE T B R ERRIERE D), JF HAE ReLU pREUH IE X [A] 1) 32
e NEEL TS AR R, LR RS SO B AR — N AR E BRAS .

3.1.3 IREEFNEE X 2%

TR JEE e £ I 4t i BB O RAT AR 22 BRBUR IR I 2% o SCR Y A 22 S
2L, WA ZIRANL (MLP) o PR FEMZE W 25 [ H A4\ 2 8] % 2] 3]
—ANELRMESC R, JFIRAFIG-2) Mk A5 R . TR BER A M 2% 1 BUEUZ AT AR IR 2
JZ, R LA R R RIARE I A B, JRRO S, RO, TR
WX WA LI Z A, R A MR RE ) 2 N T 2K e, FEYE, R
RAE I o

IREERZN R NN Z < BOBUE A 2 =38, Wil 3.7 fos, — ok
B RNMANE, PRONEEZ, &5 2Nz,
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Bl 3.7 IRE A N 25 A5 7Y
Figure 3.7 Deep neural network model.

K 3.7 RIREAERENMEMLEE, E—BEREMME 51T —BEIEE
—METOAE . R TA Z T EE R AR, Wtk T RBEZ B E
S BRI ZE I T AR EOE AL BRI ZSE, B s A
AN SEUE, et S AR RS I, R DRI s S Y AN R AR G
—, P DA O B EE S 2O H 2 BT (B AT A BT A5 H a4
AT DA A 22 I 265 (1 T 1 £ 4

3.1.4 #ipREL

M A A AR SR A S R AR AR, (B B E AN BRaE RA—HE, AT E
FATHIESR, 1R s BT 2 PN 5 FOS B 20, Ul BRI, £35S
WREZ A, BRAES R FERREER S S, RS E S TIME N ZE, €
AL T I SHE, PRS2 I 00 A o 88 8 S & Bk s B, Al el
IRAFBF VEBE O o & L (0 45 5K bR K50 3(3-8) Hh A2 SR 451 2K bR AR 3K (3-9)
R T R ZE AR SR PR B A8 SRR R R R A 1 S T ER A R 2 ] X AR AL
JE o AR SCAR T AR (48 B R SRS SO 5 5% R A

L(Y|f<x))=—ZYilogf(xi) (3-8)
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L& 2 (3-9)
LY |fO)===2 (Y, = f(x))

n '

3.1.5 RIAEIEE L

I (Back Propagation,BP) %+ R T 1A B FIEE B M 45 S 44
IEFAERE AT DAL B — R R, M L~ ERRERF RGN R R E, @
AR SR T7VE « WG ) TR OB HESRAF AN 2 (0757 s S B0 4525 bR ) I 2
FEET FRECH AR SH . NSRBI ZAUE R E 2, s R sE i
P25 SR>

SR AL 3 B A AR O IR A

toy N AR (Xm’ y<1)),(x<2), y(2>),"', ™, y<m>) , Ko xD e R, BT
No(x), A1, 1=0,1,2,....L. 1EMALRREMZ o H 4R AN

L0 Z D0 L p
a¥ = (z") (3-10)
(1) 1FEHERE:
V=V ., e(0)ec'(z") (3-11)
(2) RBIRIAEREIRE:
5(1):((W(l+l))T5(l+l)) GUV(Z(I)) (3_12)
(3) MHE. WE. FIE5HH w. by oo, B RE B8
oC(0)
WE-Q - W;llc) -a PO
s (3-13)
b = 0 — o SO
J J abﬁl)
(B _ D (1) ()
Wy =wy, —aa; 5
R { be” =]b_§.”—a 5;,)’ (3-14)

3.2 EE L%

PR 2% (Graph Neural Networks,GNN) 7E 2005 4 Gori 28 N\ H 56 H
(51, 38 3 50) o 20 P 2 AU ) — S8 i SR EAT T I U3, FRH T —MraT DOk B 45 4
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KRB AT AL BRI I 25 AR, 2 AR S AE 2009 fEAE Scarselli 55 ANEAT 1 VFEAH I
W RATJLE, KM S2 2R 2 25 I R TT . X2t T B AL 45 m]
CAARERARIR L A H R, 8 LG R R L AR B B AT A, X RAL S
PP W28 AN BE IR 2R A RO R P IE AN B R o e ] B0 PRI Ao 22 X 2 A R G ] 3.8 i

No

o« »*
P o
B 3.8 ] FL (1 1] o £ o] 5 A A
Figure 3.8 A simple graph neural network model.
[Fl A2 f 2 Th R SR (R 28 S5 40 AR /2 (MLP) ML, Mm%k |
AN RRIEFE RS o P AR B 3 DI AR, i P 2 A 20 ] 2% AR Ao 2 I 2% 1

AR IR GB-15)F3-16) 7R .
H=0o(XW) (3-15)

H=oc(AXW) (3-16)

HIER(3-16) P R, BRI 2% () T S R mT DL BT 5 & B4R R i A
Rz mUA BT UK Embedding $RECE]—MERE 24, FRRZ Y SR S AR
BT A NE SRR A, R B 17 m 5 B B3 B A B AR R A A 1
BN, WA —LINECE PR, XA, S R RIR
RVGHRERE T, FREEHZAT mo FATA ST T RIS GBI A R e 8 /&
5 P B 2 0 245 1) R 5 SR AR DR SE T AT 9 RO BET, IRAS B (M P i

3.3 BIRME ML

BRMZMNLE (CNN) £ MEA SR MaTshe Mg, HA)z.
AT DERRMMAE . EERR K 2, SRR RSB ER, B
& T AUE KR DR B2 B, T DALE 28 A By it I BLAE I 0L& XU
FEAR o
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EBRETHZAN AN ERE, L RERRBBNES I 55 K it
TERERE, TESRIERZE LIS § Souim o) T 508
al=fb,+> a " *K)) (3-17)
AT L. B K DK s AT 2GR iR A 508
I-K
+

S

N = 1 (3-18)

WRAEH =4 B2 3T 1 T LLan P 3.9 Fios, BAAZ K3 FH 75 10 1)
WRKHATIES . BRI A TURE B I RANZ 77, W2 =4, BN A
3*3, W K=3, $KA 18 s=1, HA(B-18)nI45% i) K/ N=5, {HAH 4.

0)/1]1111010104
olo|1[1[1]0]0]| - __-411373]4]|1
olofo[1]1[1]0 1101 1(2+4]3]3
ojojof1|1|ofo] 1o = |1]2|3[4]1
olo[1{1]|o]o|0| ~.|1]OfL|.-" |1[3|3|1]1
ol1|1|0]|0]0]|0 3[3|1]1]0
1|1]{olojololo

I K IxK

B 3.9 GG
Figure 3.9 Example of a convolution operation.
GG SRS, BB ER, — XN & H B
o IoRIBAL s S N T BEATLIBAL S R 2. P S R A an 1] 3.10
PR, AR, R R ORI . A ER A T UE B AR A
R ARE IG5 . BARGRIMZ R ER )i 0 B AE & R s, (E/ERE &K
H I S5 = BRIV HUR LR P 28 ATS SR A2 — > 5 2 ST T A e 11 )

13114 | 15 16‘

B 3.10 TEjib i AR AL

Figure 3.10 Average pooling and maximum pooling.
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