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o 2 7 LN FH 37 SO B AG I AE . SRR SRR . 28 T8 S AR e A A ST ZI R AR AR
BREACZR G HUTE BAERE O, 6G WM AN A28 BUHIR, 2 B 1A e 28 EL I8 1 2L 315 1Y) 24 A
3, B SE SR R S R U0t IR PR, TP Ry 50 £ I AR B T I S — AP G A [
IFRIRSE T IS RE I EE 22 /). 5 5G MERAHLLER, 6G 1815 MR R IR 55 5t LB TG 2k
L RS E R . LTS S A ), I SEILIEAE BN Rl & 5 B BRI R, HHRET T AE
N, EdE 4 EIEAE . B R T M ESESE, KM 6G BEM% A E KRG AR, Bk
5 AL R DL N Bk S ECE AL PERERRAE 12, 6G JBAS BANE R FH B s A B, oKk 2% 40
B, DASE IS R B30 45 1838 DAY S R R S FH 32 B vh AR IR 5 5K, SR s S B A 5 K 5 2 B S [RL 3R Y
SO B ER™ 5. Dy 7SI Oy X I 2% 47 o, T SR KBRS (base station, BS)-.
ek SIS O, IS R TC 2 A IR 2% ) AN A BE S TH AR R E G 0. BhAb, 6G IH1E M4 K e b
TS TE 0™ . REFBR R Z IR | 50l Mo &M 5551 2 Phik, X Lkl 29 1 AR SEhrds
S A B BAR M REARAE B BRI, W0 AE 6G I 4% HR AR AR 2 R R R BRI, A AR
TAE W24 IR 8 50 8 AR FE DR IR A5 [0 265 1 R e S I 17 55 S8 FH w5 A8 oA FR) O )

RIS ARK 6G IEAE M EAFAE I BA RS, TR HEE BB RER KR, R KPS E
Bt LI BATE 2014 F 15 IR H B BEHEERI (reconfigurable intelligent surface, RIS) FiARFF#HAT T 521056
UIE B~ RIS K& 1) F g B o HRE A 2B R, i 4] F g o e B R TR e, Wnn] AR FRBE A L PIN K
B, SEIN S ST ELRE SR T B R, BRI N B L AL L BR A AN T A ) R LR D, X i R
FRAL T AR T (L e A SRS SR R I Bt R T 1 78 AR B AR R R B A R B A
TE 25T LUA B R N 28 4 B 515 5 2 I H W, BAMCRAS . IRDIHE . 450 fal SRR
O SRR AR O A TR AL (4 7T 44 ) Ty R S B P R I8 PR T A T T o R e R T T3
SIEEL R B BT A ) ) AL, R e R BA BT T — R TE R AN S SRR B & R AT AL D) RS R REEE R
i1, 3z FH A% 2 0t ) FRL P 855 P Sk T e 70, T80 57 o AR Ik B Bl S A E ) R e, SR 3 R R NS
HLTE (1O, AN ) A% 4 1) W 24 1) g s, Dyl G ) i 2 2 1) PR B AR R 4, B B L LB B TE T —Fhd
Ak, G50 %% B AR RI T WG IR BB v dn AR R RGE R T () PR T — R IR I
PR 24 B BB R AT 7 %8 120, bR RIS Hli B J0 423815 0 46 (1 14 B 2EAT BRI 29 A AR 2= 55 50
BRrE (18 141 0] i S A5 AECE IS 5 AR S ™ B ok o BLA BE RS SZ BRIV 1) |, RIS Re HIE A4S
VR B PRI OR A B nT SRR, BRI T I, RIS BORBEWS A AT B A5 a5 M4 1B, 2
RARK 6G IHAF W 2% i IR B8 ) B B T

AR F, WRDR RIS #E AL JC AR S M rh, wTBLse Bl £ 8 X 5 ah Utk g st —J7
Il RIS WS LB LR At L RS, S oRG &5 5 WEs TP, 9 RE S, mHe s
EAERITERE; 53— J7 1 RIS Aef8 B 2 bG8 (5 38 O HUR 5610, £ '8 TS SALMEER, MM 5 im
SRAMEE . AT, RIS S H & 57t 1 530 {5 B % 75 2 A F T H 3)) [ sz ) RS E
AR BT AT DL 215 B AR o B K, dE T8 B fe R AR B H AR, bty 6G a5 W28 7L bR
Yy i)3E AR 1 T HOPk AR, RIS i R T 1l 5 0T i B B 7 REOHAT AL 2 . AR BB T AR 4t
FIIEEHOR, RIS B 51 AL IEIE MR T RIICAER, BI RIS S #ot R, L 4E S
M R A2 T 3, N 1R A | (BB T A BRI O ME L. B RO RIS S H T &
HOAT RO SR TS0 KA RIS WERERI R PTAE, tRE T BB BRI BOB R, TR 1 mifs 5 1%
B . ELIA B 52 PH S DR 21 MR TGS P 2% 1 RE I T, 0 A2 2 PGS T 30 A i U A O IR E
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The performance optimization of wireless communication networks assisted by RIS
Network architecture and optimization Application scenarios Future outlook
schemes
1. Physical layer security
1. Single-RIS network 2. SWIPT 1. Physical modelling
2. Double-RIS network 3. UAV 2. Performance optimization
3. Multiple-RIS network 4. Millimeter wave 3. Application scenarios
5. Mobile edge computing
6.ISAC

Bl 1 AXEREAE

Figure 1 Overall architecture of this paper

SR RIS BORBE— 5 SEIL H Sk i R B iH 1 B 22406, Rk, RIS i Bh B0 o2l (5 M 2 v Re itk /2
SEHL 6G IHAF X 2% 35 B L AE e RN H 2 45 7 TH] B e R 1 R B IR AR

BEXPAS A N FH 7 55, G045 0 468 0 A Al S RN REAE H) R 1 HAT B35 22 5. B 4™ B Honp i AR B
SRAN 1 R X 248 PRI o RT3 BN RIS, WA YU AR oY AT Ak, 98 i) [ I JR T e B
Pl RIS F=AEMREHE. XF TRl B TR 5%, B RIS 5 R MY 25 A 2 DA 2 M R 2R, PRIk 75 BLAE 18
B2 R A 24> RIS, ML RINHTT 24> RIS BT, WRAEAIARRL, A HE 08 FEAR I 2% fE
M, I RES LI 22 BR A5 S AERUSCE AL BN, AT RIE R THE B 2. that, M (E M 4 AL HE S B A
BE, AT RIS S JC £ 15 M 4%, H e K 2 207 I 7 i (resource allocation, RA) T ENEF K
AT, BT O s AT SR SR B5~2T) SR AR VA R IR A5 4 R (B IR S5 B,
B RE S S B (S B AR IR . SR T RIS A BN 22 FEuli @5 M 2%, 1Tk Boa A - 80 1
W2, FECRC AT SAR R TEIR S BC AR N, R B BRSO T SR, i s v o A BT
MRACTEE 281, 1 F 22 3l WM AR R A% B ALC O 1 sAR PR T B A7 48 6 B 050 2 T P 1) S R B 25 o e
BIAEE. BHUEET I, B AN R ZEA TR RIS 4 Bhid (S I 2% i vERE LA B B . AR E A A H AT
RIS %l Wil 3 W0 28 1) M 28 480, A5 51 RIS AU RIS A2 RIS FBLIEAS W48, Fx0r A B 7L T
VERUAH R )M REARAL T RdEAT 45, B S5/ 41 RIS 4 Bd s R 7 S AR T R B2 1 g M
HBASTNE, B 1 R TASCE BN AR R,

2 MERMEEMRAHEER

oL PP S A VU, SR T I, A TR (5 4 R 8 RIS, NS
TR IR THE B, 36 MRS P2 B AR, J— 0, 73R RIS RIS DAk A2 7
LTk 8, ACHTHERT 3 RIS UL RIS A1 RIS SHB I {3 92 4 Mo RS ME A 0116 7 S8 04T 14
A 4R,
2.1 % RIS HBIABIEMLE

B RIS i B A5 2 X 2% DO T 38 S RIS SR a3kl 55 F P 22 [ (Rd 45 B, @ a1
JUORRERBE AT K 2 BRI AS R) N FR 2% L RIS 4/ B I8 15 W28 AT 50 9 JEUR RIS A YR RIS Al
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2 (a) kiR/BIEE RIS 5%K; (b) STAR-RIS /5%
Figure 2 (a) Passive/active single-RIS scheme; (b) STAR-RIS scheme

STAR-RIS (simultaneously transmitting and reflecting RIS) % Bt (5 M 4%, HHHYE RIS RefE LI
55 MK, STAR-RIS AT LLSEEL 360° HIME 57 &, 7~ E B2 Ak 2(a) 1 (b) .

2.1.1 Fif RIS

TEUR RIS TAERT o AAME AL iR, PR B8 0% 2 35 PR AIKIE (5 I 2% REFE. B A% RIS B Lkt
PERRAEFIAR RS R 8L, HE 5 0T LA HAh R R M5 5 A B 0, DAR SIS 5 03, B fE AR T
MBS AL AT B AR N, CARI 4R R4 0 (5 B %2 4. JEUR RIS Sl B (5 9 2% 1) ME Re AR Ak 2 24 11
WEFE A, O KEF AR, SCHk [15] 5 T 5 RIS SN ICLIEE ML, BA N ARG
RIS S ZBUIEFE A LKA N © = diag(B161,. .., Buel®n ... Byei®N), Hith 8, € [0,1] F1 6, € [0,2n)
I3 ARER SRS n AU B IT IR RECHAERSE REL, j BB, RUEESE A P K 18] (5 18 R A0A]
VBN by = R, OG + Rl b G, B, Bl 2 RIRE S RIS [, RIS SRS kA, 2k
R kT EEE R B kBRI PG SRR N

K
Yk = hy, quSq + Gk, (1)
=1
EC, sy 1wy 2 RIFRIR NI g A EEEAE S A IRBOR, ¢ RaRFER T k ImPe B i e A (5
7. WAL, B SISO & i B JC S 2N IR BT, DIFETT I RES Sl N2 (R TERE G A5 IRA,
RIS el 8 i G 026 W 25 (115 B e 4 PR (10~200 FnRg sk 27 Horb) SCiik [16) WL 81T (S L
EVAETE S SR 0 2% 3 55, IR FH AE B LA T V200 TR 0] RO il D9 A U RORT RIS AR EIAL - il
SR JE R~ E 8 TR A D7 1R AT SR, 45 R W@ AT RIS REBRWIRTHE B bl 2. gk —2
M, SCHER [17,23) SIANNCRRAS TG0, DARARGI I & A Bl B RE Bk 3. 8 1 f mil (= 2% R
e, SCHR [24~26] 383 F) A S8 @ TR TE AL AT BEATARAK, A5 e AWLEEIE S,
(IS 5 30T 6, AN ORAEAS S22 4. STk [27] WFFT RIS A BII@ {5 9 2% o 1 g B R BORAL ) B,
] Dinkelbach HEMIESE T FEEAAL RIS M# 28, HALGHIG IR 4RAHEL, BERESEIL 300% HREE:
RCRFRTE. SCHR (28] £1%F RIS 4 Bl i) A o St A5 M 4%, e th 1 A b s0M 0 A sU B I 20 i 7 6, WS
B P RS DhZA RIS BB FEREAT B G AL, 45 SRR W B b 2N BT U5 20 L 77 22 RENS I BE v 1Y)
WA 28 Rt i, T 23 A SR 3 L7 58 B T iR th 2 5 BRI AAK, RERE A R 4 A B YR 4 BO IS B]. b 4b,
X RIS A7 BHEATIAL, BEMEE— D IRTHE B fd 2 29, 3% 1 0P8 b 2R 73 A X B 40 i 7 56
AT Bt
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Table 1 Comparisons between centralized and distributed RA schemes

Centralized RA schemes Distributed RA schemes
Implementation of schemes Central node Multiple BSs
Applicable scenarios RIS-aided single-BS network RIS-aided multi-BS network
Advantages of schemes Improve the transmission rate Reduce the burden of central nodes

2.1.2 AR RIS

T RIS BEBRAFAE XL IRR I JF HZER RSP ANRE R, HIGUR RIS kX3 470K, S
JGUR RIS % Bl (3815 X 45 TR 22 A0 78 75 1t Re 2 B ERLtL, B e B A 198 A TR RIS MR JT &, Hodt it ot
PR N IRARIE, BEE X B B M5 5 AT HOR AL EE 30~35] YR RIS (1 5 REUE B REBE KR N
® = diag(a1e/,... a6l ... anyed®), HH a, € [0,an max)s @Gnmax = 1. XTI RIS, @ max = 1,
BITCUE RIS ARECKIE T, Bk, MR IAA EE H, J0IE RIS AU S /EH IR RIS B — el
ANFETF T RIS, T AR RIS BABCKINAE, KA IE RIS 51 NI RS ASa] 20, SCik [30] 7T T
FHIE RIS HiBhH) A B P RS, X RIS [AF REUE PR IO R #HAT B S 0L, B e M E
MRA T X0 T I AT 53 ik, 85 A8 B S @ S BORKT RIS St BB AT KM, 45 RRWIAH L TC IR
RIS, A& RIS Refiy B 18 515 BAAME . STk [33] BEA YR RIS HBIMNE B2t A g, FH
SERARACTNE | 2 15 T AR AN e /MR KA R0 il i SR TR L RIS RO To A TBOR RECFIAERE R4,
Tt 75 B A w3, geht, SCHR [34) 45 REWEE M A I RIS, Rews AR Bl St B 2%
AT 55 76 U SE.

2.1.3 STAR-RIS

EALSE RIS flBhIIELBAE MLk, BT RIS EA R ThRE, &5 AU 4 26 T RIS
[N, DR o S 00T 2 25 ) (0 4 B S AT 85 (361 R A1) RIS F58 AN F G R4, O T A ki A e 8, ]
&3NS T RIS (STAR-RIS) HIME& g3 H 3738 STAR-RIS AE % [F] i S S A4 N S 5, SE3l
A% [E) 360° S5 E i, HEEA 3 F TIE X, 25 NEERE T & (energy splitting, ES) 730 £
4t (mode switching, MS) 5 XA (B34 (time switching, TS) 773, 44 RIS {7 EA I &R
$, SR STAR-RIS 75 2[RI 06 A A s 22 B0R0 S S 3R 85, B 4% T Jon R 3G b % i) s S35 DX R 3 X 17 i
YL, 4 2 P AR X I, STAR-RIS 43 L5 2 1 e R BIMERIX, ARSI T2 Fk & @
S STAR-RIS H45 m NIRtEHIERRECA FL, = /Bl el%, R RECN Fr, = /Brelfn, 1T %51
TEREESFIEER, B gt + 87 = 1. X T LAELE TS 701 STAR-RIS, B [A] 24 o 75 EL 4 2, R
A X =1, o AY R A A3 RIZRIR STAR-RIS #EAT A4 S ST IR 1] A7) SCHR [36] 2 8 B4
BEMZFEEPIFGR, £ STAR-RIS 4B RIS, - SO P — AR P 4, S —Fh
TIESTHIEARRIEAAL LB A STAR-RIS H%%, 45 AR Il E K2/ STAR-RIS Joff, HLL
FEGA SR RIS, STAR-RIS Be8 SEIL A Th 2V AE. SCHR [39~41] B7T T STAR-RIS 4B AEIESS
Z U (non-orthogonal multiple access, NOMA) Z24t, SCIM “FETA51E &1 NOMA” #| “FET
{EIER R NOMA” B, AR Reig it & a7y a. Sk — D, SOk [42) did 5| Nl &,
FREIE N R BTN SR AL, X STAR-RIS A7 B HEATH04L, SEIL STAR-RIS WAL, STk [43]
BINNT MR BAE R KA (5 B 22 AL Hd R . Sk [44) BFF0 T STAR-RIS #iBh) MEC 4%
(1) fe B e /M i) R R SRk — LSR8 4 7750 STAR-RIS R EHATIAL.
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Figure 3 (a) Single-reflection double-RIS scheme; (b) double-reflection double-RIS scheme

2.2 X RIS HENRVIBIEMLE

FEF P s SR B B Y A B 3088 b B RIS #5287 X 28 M RE$R T R RS 2145 TRAE
ME AR AR FH P 32U B S 5B, — DT, X Tk 45 ARG X3, 5 RIS 7 R A5 S A& 2 4
ai A PRI, FTRETCVENE R FH P RSk, 9 — 0T, KT R RS B B s X IR EE = A AR A AL
BT ENAMIE SRS, B RIS WRELAE S INGE S E X AZEEEEH,. A TR
R, ARG T ST A6 9 RIS 4B 5, DA m A R385 5 230, W RIS 4fiBhiE
15 P 2% 38 3E T P 3 AR BB B AT A A 22 /NN 4. X0 RIS 4l Bh I8 {5 8 ZEALHE 5L R S AU
SR RIS 77 %, AR B &l 3(a) F1 (b) Fios.

2.2.1 HBRHW RIS # R

XTI EES . RE RS SR A X, A& A RIS HE— DI nas
LOBE AR SEE TN, WA CHR A SN R R, BRI R LM Mfehmitre. W
3(a) 7w, BRI RIS 4Bl 2kl A K455 20 38 P> RIS At 20 H AR 7 L BLseal %
PRI A AR, v 7 HERR IR 2O R, SCHR [45] R 2wt 5 H 7 R OS82 AN

2
H=h+Y_ Hyydiag(0g.:)hg.u, (2)
q=1

Horr p 2 P 5 ARG ) ) B S ERERE, hy RHT S RIS ¢ [MBMEIERER, H,, 25 RIS ¢ [A]
FEEHERS, 0, /& RIS ¢ MR REL. STHR [45] R A B R AN BERLHERE T 05 5P RIS 1R
S RE, MRS EMATHRE R/, T RAIEIERZ Z U T EAL R4S, SCHR [46) R RIS M5k
uli 5 AN EAE S Re AL R, i A AL T8 43 BO A0 RIS AHAS S8 SIBIL 1 19 2% 4% i 14 e I
KAk

2.2.2 WRHW RIS 5 F

B RIS A5 M2 W] BEIE A7 AR o 25T X33, A B AR 2 IG5 T I TE S S &, Bl
HLRIS SN TCVAE s im s B . O T ORIESE il AR R A5 5 0] DU e 8RR, SCRR [47) B IRGR
T X RIS XU AR BIIEE J7 %, Wil 3(b) Fron, XU RIS XU S5 U5 ALl A - 2 18] 8
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P RIS, ot RS HME SRR A RIS S BIF B UASEEUE S B SANE IO H AR, M5 T3
AL 18] 4538 T AR

h=rd,SPt, (3)

Hrbot, S p 23 5RFEEF] RIS 1, RIS 1 3 RIS 2 BLJ% RIS 2 B STEM S, &, A1 &, 7051
72 RIS 1 Ml RIS 2 it RECFERE. 5T — ANkt R P R I 237 5¢, SCRiR (48] X BUZ RIS J7 AT
T RIS AL T AN TEIR I A BT, 7525 FE ISR TT A5 RN T8 5 115 22 11 [ B S B 50 A% i 5 1 ek
. SCHR [49] K Rk B P S seHE T B T 25N 2 5 S, R AT S R RRE, $RH T
—FRIERT RIS JOAH3 H HIAR S 4 5 SE SRR AT i R ST W J7 220 R AN T Y 8 AR RE R, (1 I 2 2%
ik B K.

B, fESERR T, B E ML HAUZE RIS {57 £ 2 —A RIS #EE =S, 55— RIS
HELEE N, AT 58 RO ARk 2 % 3 P @ SRS, XT RIS RN EBE 7 %= N 5 = /M 4244,
SCHR [50] HERH R SL T E TR LU R pT T A TS AR . RE R AR AVE S TR

2.3 % RIS HERIBEMLE

FEARSK I KA P2 b, 2 RS0 H 28 39 DA 45 9 28 P 855 a5 2% 58 81 /XL RIS A R
TovE R N P T R B TR w5 MBS s B R RS R TN B S5 8 24> RIS
etk — R T H 2 IR HONIE S5 AN E R RE ), DU EE W] DUORIE RS G 26— AN F P IR S5 B . AR X
RIS 77 R HHET, 2 RIS 4l Blid 5 W 4 38 5 d H T F P 25 B2 B BEAS AR 22 1 RS 10X 245 .

TEHE G 5 P A AE B AR B BRAG DA B2 T, R ubml DL 24> RIS B R HIME 5 2 0 3
AP, ZRZEE 5 177 AL Sed 73 B a4 1 8] I 7] DA ZOR A RIS 18] f8) lh [R]  oRTE
B AR, SCER [51] ZE2 S RIS HUk A& RIS SRE S ERu AT P 1A) ) 22 B R IC A5 T8 RE 2%, AT AT A
AR P S RIS 5 DR, Dtk SR [52) FRARAK T R il AL AT VR R 5] B RIS A TG U B R ) B
FHMH B T RIS W MBOREE BT 58, WTI3RAS T S R RIRAEIE D). Oy TSI
F P e /NS 5 D Z B R Ak, STHR [52] v P i i L) RIS ORI B8 42, LR UG
A UE B AR A BT RIS R TC YR R ) B, CEAT OB 1 RE AN S5 S R FE RO AT R, S th 1 — Bl 25 i
IR AP IR E R )

FER PR XA, 24 RIS  [A)H0 B PR s A iy, H - m AR BRSOk | 24 RIS {5 5. 72N
AR, SCHR [53]) FIHFAE I HE (Lagrange method) F1222 (Riemann) i JEILH0RRFE LB AL
A FEE R [ AT RIS HIMRS &, 1-TF 1 A LS A - ISR AE 2. STk [54] FIFH )7 2256 1
T RLE AL HEE 3 AL T BN F P BRAE M LU 22 P s AR AN BE TR A% 2] U7V, SCHR [55] 7R
KA 2 et B PR [RI I, of o0 28 A8 RN T ST A EAT 1 70 M T 5L 7SR ) REFE AL AL AR AL,

AHEE T B BL Sl () /N AU B8 A, 22 i ) DROR RS 15 [0 2% 2R 4 B R G ROR IRAE i 55t BB B
AL R A] BEAFE R AR IGO0, SCHER [56] A A B A4 A Y IS R S T v, 1R T AR S S
507 ERIETF LS I A RE R ACR. Bl 5, STk [57] TESCHR [56] IR 1, R R iR AR
STAR-RIS, B H-T; | 20 53 1845 I 2% (1) A% 1 R B 3%

N T BRSBTS DA B A R, 3R 2 ST M ER SRR R R AL R R AR Ak A S AL
TR ANTTHRE 7 ERTAE. IR 2 i, HATHEFLR RIS 4 B (5 9 2% 32 29 UG UR RIS, XU
JoUE RIS, £ U RIS B35 RIS A1 STAR-RIS #0545, KL MM MERedE b7 1 24 b 7E
BRI ERCR . BRAR I 3R /W 2% 7 kB AR KA MR L, W 2% rp R I 2 1 B U5 B 5 i
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Table 2 Problem comparisons in RIS-assisted communication networks in terms of performance optimization

Performance

Variable

Algorithm

Energy efficiency

Transmission rate

Active beamforming

Passive beamforming

Artificial noise beamforming

Successive convex approximation
Dinkelbach algorithm

Alternating optimization

Signal-to-noise ratio

Secure outage probability Transmitting beamforming

Energy efficiency

Active RIS beamforming

Receiving beamforming

Fractional programming
Block coordinate descend
Majorization-minimization

Semi-definite relaxation

Effective capacity
Energy efficiency
Throughput

Active beamforming
Passive beamforming
Decoding order
Power allocation factor
Location of STAR-RIS

Penalty method
Successive convex approximation
Successive constraint relaxation

Alternating optimization

Fractional programming

Channel estimation error

Throughput

Transmission matrix

Time allocation factor

Alternating optimization

Projected gradient descent

Channel estimation
Throughput
Spectral efficiency
Outage probability

Active beamforming
Passive beamforming

Routing path

Alternating optimization

Convex optimization

Received power

Active beamforming
Passive beamforming

Routing path

Graph theory

Alternating optimization

References Architecture
[15~29]  Single passive RIS
[30~35]  Single active RIS
[36~44] STAR-RIS
(45, 46] Single-reflection

double RISs
Double-reflection
[47~50]
double RISs
Multi-reflection
[51,52]
multiple RISs
Single-reflection
[63~57]

multiple RISs

Signal-to-noise ratio
Throughput
Spectral efficiency

Active beamforming

Passive beamforming

Lagrange method
Evolutionary method
Federated learning
Alternating optimization

Convex-concave procedure
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Table 3 A summary of performance optimization schemes in RIS-aided communication networks

Algorithm Idea Problem Advantage Limitation
Solve the minimum along Heavy
Gradient descent the direction of Convex Global optimality computational
gradient descent burden
Alternating direction Decompose the complex Slow
. Handle large-scale
method of problem into several Large-scale convex . . convergence
Lo equality constraints
multipliers tractable sub-problems rate

Optimize a set of .
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Alternating optimization variables in each Semi-convex o Local optimality
. . application
iteration
. Transform the non- . Find an
Successive convex L Deal with non-convex .
. . convex function into Non-convex . appropriate
approximation constraints .
a convex one convex function
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: . L . . Fast convergence g
Dinkelbach algorithm function into a Fractional programming X computational
rate
subtraction-form one burden
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