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an, ©=I[o", P e RVIE 1 Ri(w) =logo(1+Tk(®)) oy (@) = Ye(wh, e’?, p)

oz, Ve(wh,0,p) = pphi! (0) B (0, p)hi(0)

SIS
K
B(0,p) = oI + Z pihi (0) R (0)
w3l I=k+1 o 4 9t}
) (5904 619 2A4e 4839 (o1 51el o8 BaE BAE, okl (o0 713 2] A% wr
of gk A3} A= ¥vAE = dy
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JDax f(x)

st. 0<z<2m leN
0 < Ti4N < ]_-,)lmax? le }C,

A71A, A7) [4Ea 7]9 2 geHoR EEes Wl o R [-PRGS-B LaEl=e #Hes 4 9},

i, L-BRGS-B dadEs A&srl fs, okl [A]3 #2 f(x)9  gradient (e,

T
_ |of(=) Of(=) . . _Of(=)
vﬂ:f(w) - [ Ox, ' Oxza ° ? BIN+K:| y7F 28k 2= 9t}

Vef(x) = c(x)J" (z)a(z)

@) =1/ [m2 55 (4@ 7] | ap@) = 4 Tu@) O g 4 g,

s = T A

o714,

weh, J@ = (k) DA 927F 9 9l Rmu|ek(Jacobian) AHolm | of) [4:21]S wHEE & 9o},

O — Ok — —9p. S{e? byl B}, (a1 — Qu By ")}

for € N and
0, l<k
Ol Oy _
aib’f:f:z - de? = thBklhka =k

H -1 2
_'pklhl Bk hk| " >k
. K H
4714, @k Arel Al Aol 2R 5 o, wa, O T 2imen Pi%ithy g gxg 4 gy

)

A7) (584 719 S8 LBIGSB dueES ol gt wxe (P g Agae 7

o
N
a2
Lot
)
4
>
oz
e
o=

=

e Wh=Bl PO g yo) yepy 4 gy

@, Aalelol wheh, 47] L-BRGSB 2ielFe

o oE AARNE FAT 5 A,

& 5o, 471 IRS WAHAl= WAL (g ) o] Alojgol mel HAskd 4 glu.

B

=

i)

g A7 $ A™E VIee® A7) RS ‘A

-

wap spbe @ = 0002 O8N 2 Gra 5 g wapass wa gan 0= Pune 92 5
slet.

oo} o], A% WA WAm UF A4 AAUS LBRGSB dielFol A8W WG HAs /N ol8ato]
A WEY, RS WAAE, R FA A0S AASFPORA, Ak dolE AEES AYF F U

tlo
il

ml

N

ol

o

=
>

>

oo

: b 2 (300) 7 4(elZH, K=4)e]aL, Gty 71A4=(100) 9] telv =7k 1 &=
=1, 2) =, IRS WhAREAF (7], N7)ol we Hd A doly dFEo] =AIH
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T 3004 ®BEo], IRS WhALAAL F7F Fohghel uwhel, A0 dxEls 2 L-BRGS-B duElES H83 A9-(A0-
SDRCIRS/PA) 2 L-BFGS-B(IRS/PA)) Hit FHA dlolg AE&LS, B (L-BFGS-B(IRS), 2 No-IRS(PA)) 74$-
r] =2 4 dolE AEES vehd 5 3l

T 4% gFetEY Z1A5(100) 2] otElL ol wE FH A dolH HAEES Jelye ZHot),

T 4 BzEE, AFERF WZ(300) b M(aAW, k=2 w, chEorelu 71X 5H(100) 2] SHELF S(elAT, M
Mol me FHd Hx dolg ALE(a) © Hi A2 A5 (b)o] =AE] 9l

T 404 ®Eo], <tHY Frt FhEe] wEl, A0 g3Eld 9 L-BFGS-B dnEES AH8s AH9-(A0-
SDRCIRS/PA) 2 L-BFGS-B(IRS/PA)) He HA dolH AEES, wula*(L-BFGS-B(IRS), = No-IRS(PA)) 73

E 5t 19 3% 93 vAm bF 4% Axge $A4e Uehls eARelt

%1% 58 Fxshd, B owde] Ha vl A5E 42 A9 A5 ae Kl 48R BE(300) 247}
of %41 deol 7lzate] FAO] hEE A1A=(100)] AHeA A AEE Beaks BA(S100), 471 A}
84 A% AE7H RS WAl T)zeke] 47] A%E Wb EW(2000) wbslel 47] hEerHL 7145
(100) 2.2 AFHE B7(5200), 2 A7) SHEAEL 71A5(10000] &3k 74 A7) Aol wer, 47] Abg
A4 AF AE £A WELS 4Gl ) A AE NBE AEHE BAS00E EFE 5 3

A7 HAH3 dae]lFS A0(Alternating Optimization) aLgl
Fletcher-Goldfarb-Shanno Bounded) ¥i@]lE F A= sUZ o

g N
.
M
O,

woagel Az dold A%E BA4S AT A4S e A48 uelE
A%, @ 52 AYS AH5%F v, Az doly AFEL FINA F 9
Ao A A%

& H
FANA e, ey WA 29(200)0] EIHE WAL AAF FFS ES
=3

B

]
&

oiuk, olel disiAE e vp Jornz, o gid FEEE AWe AR i,
ool Al AuE FAE =gl FAH8A, AXEe] P8 A, H/EE =Y FHLA B AXESY
TR 2PoR AR F At oE 5], AMdSelA APE FX B FHLxE, 8 S0, L2A)

A, ZEZ7, AlU(arithmetic logic unit), TXE A& Z =& A4 (digital signal processor), wlo|aZEZF
B], FPA(field programmable array), PLU(programmable logic unit), FFOJIRZIZAMA, == wHH
(instruction)& A&stir SHET F e T oAwd A9k Fol, st oo ®E HFH E&
AFEE ol&ste FdE F Uk, AHE ' 9 AADS) E A7l 9 AA A FHEHE o)
o] AZES o] o Eg A AS FATT 7 ). ES, HE AT AZEo]Y Hed §HEte], utolEE A
&+, A, 2%, A 2 APE 2 k. oY HYE fete, AY FA = vt AHSHE eE AY
H ASE AR, dF vlERokl A B4 AAS 7 A=, AHE A7 55 MY AHE &4 (processing
element) W/HEE B §8o AE 84E XY F Ues ¢ F Advh. dF 5], A A= 5F A9
ZEAAM EE she] ZEAM R oshie FEEYE Y Ack. me, WH Z2AA(parallel

e
e
processor )9} #2, tt& 8] T4 (processing configuration)® 7}s3tct.

H

I
_izi

T
T

o 1
o

T

ok

o)g3t ol AAdlEol W% B4R wwlel ofa] HPuYot, AY sERoklr B A4 AR A
4719 AAZTE TEd 54 D wHe] Abselth. dE ol, 49HE &Ee] AYE WWH BE A=
FAEAY, L/EE AR ALY, TE, 4R, 92 Bl FHaiEel 49 Pun ve Fuz AY =
= EGEAY, Be THes Bt #E5E ostel HANAY AgHdeE 448 At ada 5 ook,

aeBE, B FAE, GE AAdE 3 EHPTHAST #ER ASE FEste SHYTUe Welel £
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Algorithm 1 AO algorithm for the max-min rate optimization

i: Initialize [ = 0, 8°) = 79" p(0) = p™3* and W) =

Wmmse (9(0) ? p(O) )'

repeat
l+—1+1

gL EER

or the value of the objective function in (7) converges.

9: Output 0™ =

oW, p* =pW, and W* = w®,

Solve (15) with p = p@~ 1) and W = W1 for X1,
Obtain 8% through Gaussian randomization with X L
Solve (17) with @ = 0" and W = w1V o get p(l).
Compute w® = Wmmse(ﬂ(”,p(l)) as (12).
until The maximum number [, of iterations is reached
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Average Minimum Rate (bps/Hz)
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B

¥ L T T T
—E— L-BFGS-B (IRS/PA)
— % — AO-SDR (IRS/PA)
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.......... No-IRS (PA)
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8 16 32
Number of IRS elements N
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4. 1
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*
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S, ¥ = === X
40 N, 1
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Number of BS antennas M
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~]
o

60

w = w
o o o

Average Minimun Throughput (bps/Hz)
n
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—E— L-BFGS-B (IRS/PA)
— 3 — AO-SDR (IRS/PA)

|| ==A-~ L-BFGS-B (IRS)
.......... NO'IRS (PA)

b =20

2 <

8

Number of BS antennas M
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! 5100
OHel AL B2 24240] £ 12{0f 7| 2810] SA/0f
T3 QHEILE 7120 AR 1S M 23
! 5200

EHO| HEALE|O] CHSQHE|LE 7| A 52 2 S

AEAF & 22 7HIRS FEAA| 0| 7| 23810] Al 2HAL

|

3300
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