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Input: reflection beamforming codebook

Initialize: » < (0.1] and

weights w, (r=1)=1for n=1,....N

Phase I: Lecarning phase

1 For s = 1 to S do (span over S channel coherent
blocks)
B RIS receives two pilots to estimate h(s)
3 For¢=1 to T do (go over T iterations)
4 Compute the probability of the n-th codebook
w (7 '
p()=(1-r)el)__, ¥
2. w() N
5 Draw n, randomly according to the probabilities
plt).ps(t).-o-opy (2) and RIS uses W,
6 RIS receives R, (s)
7 Compute the reward » € [O.I]
8 For ¢ = 1 to N do (update the weights)
9 (r(t)/p (1) ife=n
,‘.(lr'l)__.{A(),*l.() ¢ -I
L0 otherwise
10 w, (1+1)=w, (r)e""""
11 Store the new entry in the learning data set
Y« (h(s).p(s)) where
p(s) =[P (7).P:(T)..p (T)]
12 Train the DL model using the learning dataset Y

Phase 11: Prediction phase

13 While Truc do (for every channel coherent block s7)

14 RIS receives two pilots to estimate h(s’)

15 Predict the probability vector p(s’)

16 RIS uses W . where n" = arg max|[p(s') ],
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X2

Input: reflection beamforming codebook
Initialize: » real value

Rewards # (¢ =1)=0for n=1..... N

Phase I: Learning phase
1 For s = 1 to S do (span over S channel coherent
blocks)

RIS receives two pilots to estimate h{s)

12

3 Forr= | to T do (go over T iterations)
4 Generate a random noise from an exponential
distribution for each armn :z_(1) ~exp(y)
S Draw an arm n, where » = arg max| 7 (1) + =, (1)]
RIS uses
6 RIS receives R ()
7 Compute the instantancous reward r, ¢ I()_ | | based
on R (5)
8 Forc=11toN do {update the rewards)
9 I )+ (t) ife=n
Fle+1)= )
. ] otherwise
10 Store the new entry in the learning data set

¥« (h(s).F(s)) where

F(8) = A7) AT )i (T)]
11 Train the DL model using the learning dataset 1
Phase 11: Prediction phase
12 While True do (for every channel coherent block ")

13 RIS receives two pilots to estimate h(s’)

14 Predict the probability vector ©(s')

15 RIS uses W . where n" = arg max[F(s')]

2 oage o £ Al2"S XYshr] Y8 A58 ATFA FHlY(Reconfigurable Intelligent Surfaces,
AE EAHES 4] 9% Ao, g3 9 g 93 x|
A

& & 2l (adversarial bandit based on exponential weight
lgorithm for exploration and exploitation, EXP3)S #|&3dtil, dAAr B3x=Z WAst7] Y& FPL(Follow
the Perturbed Leader) W2AS A|F& 4 U},

2 e IR BHE 94F FFdA FFse dial o 7beAdo] w2 HAY WS MEEe was Ay
3h adversarial bandit ¥Adll 7|dket g WAS Agtetan, Ad R Fulo v|etEd Ald Edo] AL
Hrh. AQkE WHH(EXP3 B FPL) ¥ @A ALe® AH-dF AS AW Rde 0 FAS vy g Ay

(PL)3 22 HAl 71&S 283,

Bodgol il S AL fo 5F a4F BAw ot WEE RISE 2AE AW Au4d A% 27e 9
Sk Wosiths A SO @tk B wwyel B3 1w wAe DL Al W @4 A& vad w49
He dolBE BRE shu, ANGE PL SIFS AEHA BHAE} He e weSEAE Gy b
% 0 uA EEY FRNA © de A%E =58 5 Ao

ol wrve] Aol vstel AATA AHSGA B Bye] Ael WAL ol FAHE AL o
GBS ATAAA BARL S & WIS 1 AYE IBT FUAS A3 AF R AT 99 =w 2
wee] Aol Sk glolth.
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[0111] 100: FAl A]2~E
110: &217]
120: RIS

130: 42171

=3y
EH]
RIS controller X
" A\'|'
RIS control lin! :3
PR :
' i
|
|
. Incident /* multipath component
' =" With azimuth and elevation angle
”0 | of arrival of 8 , ¢
. h
\\ : 7 b,

((( ))) RIS with interaction matrix . /

Transmitter
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R1300
v

I Building I l Building I

BS#4

R1000

130

Achievable Rate (bps/Hz)

Genie-Aided Reflection Beamforming

04 == DL Reflection Beamforming [12]
-8 Proposed Adversarial Bandit-EXP3
0 [ 1 1 1 1
0 5 10 15 20

Thousands of training samples
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k1
N2

Achievable Rate (bps/Hz)

1.8

1.6

14

1.2

0.8

0.6

- Genie-Aided Reflection Beamforming

-8 Proposed Adversarial Bandit-EXP3
=@ DL Reflection Beamforming [12]

1 1 1 ! 1 1

8 10 12 14 16 18
M
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