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Tém tit

Su bung né cia cdc thiét bi Internet van vit (IoT) trong ky nguyén 6G dat ra thach thirc
kép vé tiét kiém nang luong va kha nang chéng chiu truée cac cude tan cong gdy nhiéu chi
dong. Ky thudt Truyén thong Tan xg nguoc Moi truong (Ambient Backscatter Communication
- AmB) néi lén nhuw mgt giai phdp hita hen nho kha nang tan dung song vo tuyén c6 san dé
truyén tin véi cong sudt cee thap. Tuy nhién, viéc toi wu héa dong thoi do tin cay va hiéu qua
nang heong trong méi trieong nhiéu la bai todn phike tap. Bai bdo ndy nghién civu bdi todn cdn
bang tai nguyén dong, trong do tin hi¢u gay nhiéu dwoc thu thdp dé cung cap nang hrong vin
hanh hé thong. Chiing t6i dé xudt khung giai phap I4-MADDPG, két hop Hoc tang cuong sdu
da tac tir véi co ché Hoc bt chwde nham khdc phuc van dé héi tu chdm trong khong glan hanh
dong lién tuc. Két qua mo phong cho thdy, thay vi téi da héa thong lwong mot cach mi quang,
phwong phap dé xudt chap nhdn mike tiéu thy nang lwong cao hon dé duy tri sw on dinh cua
hiéu sudt thong lwong trén nang luong trong cac diéu kién khac nghiét.

Tir khéa: Truyén thong tin xa ngueoc moi trwong, Hoc tang cwong sdu da tac tir, Chong nhiéu,
Hiéu qud ndng lwong, mang truyén triec tiép.

Abstract

The deployment of Internet of Things (loT) devices in 6G networks introduces dual
challenges regarding energy efficiency and resilience against active jamming attacks. Ambient
Backscatter Communication (AmB) provides a mechanism to address these constraints by
modulating existing radio frequency (RF) waves for ultra-low-power transmission. However,
the joint optimization of transmission reliability and energy efficiency in non-stationary
jamming environments constitutes a complex resource allocation problem. This paper
investigates a dynamic resource balancing model wherein adversarial jamming signals are
harvested to supply operational energy for the AmB system. We formulate the joint anti-
jamming and energy allocation problem as a partially observable Markov decision process
(POMDP). To solve this, we propose an Imitation-Augmented Multi-Agent Deep Deterministic
Policy Gradient (IA-MADDPG) framework. This architecture integrates multi-agent deep
reinforcement learning (MARL) with an imitation learning mechanism to mitigate the slow
convergence and high exploration overhead inherent to continuous action spaces. Simulation
results indicate that the IA-MADDPG framework strictly avoids unconstrained throughput
maximization, instead, it strategically allocates higher energy consumption to guarantee the
stability of the throughput-to-energy efficiency metric under severe jamming conditions.

Keyword: Ambient Backscatter Communication, Multi-agent deep reinforcement learning,
Anti-Jamming, Energy efficiency, Direct transmission network.
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1. MO PAU

Trong 19 trinh phat trién ctia mang di dong thé hé thi 6 (6G), viéc két ndi hang ty thiét bi
IoT cong suat thdp doi hoi cac giai phap truyén thong mang tinh dot pha vé hiéu qua ning
lugng. Mic du cac cong ngh¢ hién tai da dat dugc nhitng budc tién 16n vé toc do, rao can vé
tudi tho pin va sy khan hiém phé tan van la nhirng nut thét c6 chai [1]. Dac biét, trong cac kich
ban quén su hodc an ninh cao, céc thiét bi IoT thuong xuyén phai déi mét v6i cac cude tin cong
gy nhiu nham 1am gian doan két ndi.

Céc phuong phap chdng nhidu truyén thong nhu Trai phd nhay tan (FHSS) hay Trai phd
chudi truc tiép (DSSS) thudng yéu cau cac thiét bi phai tiéu ton mot lugng ning lugng 16n dé
phat tin hiéu manh hon nhiéu hodc lién tuc thay doi tan sb cong tac [2]. Piéu nay di nguoc lai
v6i triét 1y thiét ké sach va bén vimng ctia mang IoT mat d cao. Gan day, k¥ thuat Truyén thong
tan xa nguoc moi truong da dugc dé xuat nhu mot hudng di méi, cho phép céc thiét bi giao tiép
bang cach diéu bién va phan xa lai cic séng vo tuyén cé sin trong moi truong (nhu séong TV,
Wi-Fi, 5G) thay vi tu tao ra sobng mang [3].

Mot hudng tiép can day tiém nang nhung chua duoc khai thac triét dé 1a viéc coi tin hiéu
gy nhiéu khong phai 1a nhiéu, ma 1a mot ngudn ning lugng séng mang cong suét 16n [4]. Trong
kich ban nay, thiét bi Truyén thong tan xa nguoc mdi truong c6 thé tin dung chinh ning luong
tir ké tin cong dé phan xa tin hiéu ciia minh, bién nguy co thanh co hoi. Tuy nhién, viéc hién
thuc hoa ¥ tuéng nay gap phai thach thirc 16n trong viéc quan 1y tai nguyén: Diéu chinh hé sb
phan xa (a) dé can bang giira cuong do tin hidu phat di va niang luong tidu hao cho mach dién
va Luya chon ché do truyén truc tiép hodc truyén qua trung gian dé toi uu hoa ning lugng toan
trinh [5].

Céc phuong phap t6i wu hoa truyén thong thuong dua trén cdac mé hinh tinh hodc tham
lam, vén khong thé ndm bét dugc tinh dong ctia moi trudng nhidu va su twong tac phirc tap giita
cac nguoi dung [6]. Hoc tang cudng sau (Deep Reinforcement Learning - DRL), dac biét 1a mo
hinh da tac tir (Multi-Agent DRL), cung cap mdt cong cu manh mé dé giai quyét cac bai toan
ra quyét dinh trong moi trudng phi tap trung. Tuy nhién, cc thuét toan nén tang nhu MADDPG
thuong gap van dé "khoi dau lanh”, din dén ton kém thoi gian va ning lugng cho qua trinh
tham do [7] [8].

Bai bao nay dé xuét va phan tich mot khung giai phap dya trén thuét toan IA-MADDPG
(Imitation-Augmented MADDPG). BPéng gop chinh cua bai bdo tap trung vao viéc phén tich
sau sic khia canh hi¢u qua ning lwgng, 1am rd co ché ma tai d6 cac tac tir hoc may chap nhan
hy sinh mét phan ning luong tiéu thy dé doi lay sy dam bao vé chat luong dich vu (QoS) va
thong lugng trong diéu kién nhidu khic nghiét.
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2. MO HINH HE THONG VA BAI TOAN TOI UU

2.1. M6 hinh Kich ban Mang
(o))

Backscatier

circuit

Jammer

«——» D2D comm using AmB » Jamming signal
(also acts as RF
<— —» PRelay AmB signal source)

through RES
Hinh 1. M6 hinh Kich ban Mang

Chung t6i xem xét mot mang truyén thong khong day trong ving dién tich 120 x 120 mét,
bao gdm N cip ngudi dung ngudn - dich (Source User - SU, Destination User - DU) va mt
tram chuyén tiép (Relay Base Station - rBS) dét tai trung tam. H¢ théng chiu tdc dong bdi mot
tac nhan gay nhiéu cong suit 16n di chuyén ngiu nhién va phat nhidu lién tyc.

Khac v6i cac hé thdng vo tuyén chit dong, mdi SU; trong md hinh nay dugc trang bi thé
Backscatter thu dong. Thay vi sir dung bd dao dong noi dé tao song mang, SU; thu nhan tin hi¢u
tir tic nhan gy nhiéu va phan xa lai n6 t6i DU; hoic rBS.

Qué trinh truyén tin c6 thé dién ra theo hai ché do (m;):

o Ché d truyén true tiép: Truyén tryc tiép tir SU; dén DU; thong qua phan xa tin hiéu tac
nhan giy nhidu. Ché do nay tiét kiém ning luong truyén din nhung dé bi anh hudng néu
khoang cach xa hodc nhiéu tai may thu qua lén.

o Ché do truyén qua trung gian: Tin hiéu dugc phan xa tir SU; dén BS, sau d6 rBS gidi ma
va chuyén tiép dén DU i Ché do nay tang do tin cay nho lgi ich phan tap khong gian nhung
c6 thé gay do tré va tiéu ton tai nguyén hé thong.

2.2. M6 hinh Tin hi¢u va Tiéu thu Nang lugng

bay la phén trong tam dé phan tich hi€u qua nang lugng. Qua trinh backscatter dugc thyc hién

bang cach thay ddi tro khang anten dé hap thu hodc phan xa tin hiéu t6i. Goi a; € [0,1] 1a hé

) phan xa cua SU;.
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Tin hiéu thu dugc tai dich dén D; trong ché do truyén truc tiép duoc biéu dién:
yDi(t) = vV P]g],SigSi,DiaixSi (t) + nDi(t)i (1)
Trong do, P; la cong sut phat ctia tac nhan gay nhiéu, g 4, 12 d0 loi kénh gilra nlit A va

B, vanp, la tap am nhiét.

Mic du Truyén théng tan xa ngugc moi trudng khong tiéu tén nang luong dé tao song
mang, nhung n6 van tiéu thy nang lugng cho viéc chuyén mach tré khang va hoat dong cua vi
mach diéu khién. Tong ning luong tiéu thu E; cho mot 1an truyén tin cta nguoi dung i dugc
md hinh héa nhu sau:

— 2
Ei - Ecircuit + nlail ’ (2)

Trong do:
o Eircuit = Cswitch + Csense 12 nang lugng ¢ dinh cho viéc chuyén mach va cam bién méi
truong.
 7lo;|? 1 thanh phan ning lugng dong, phu thudc binh phuong vao hé sé phan xa a;.

Tur phuong trinh trén, viéc ting a; s€ lam tang cuong dd tin hi¢u phan xa (tdng SINR),
nhung dong thoi 1am ting chi phi nang luong theo ham bac hai. Pay chinh 14 trong tim cua su
danh d6i (trade-off) ma bai bao nay phén tich.

2.3. Thiét 1ap Bai toan Tdi vu Pa muc tiéu
Muc tiéu ctia hé thong 1a t6i da hoa thong lwong dong thoi kiém soat murc tiéu thu ning

luong. Ty s6 tin hiéu trén nhiéu cong tap Am (SINR) tai may thu phu thudc vao ché do truyén
dan:

o SINR ché do truyén truc tiép (SINRP?P) i 1¢ thuan véi o P;.

« SINR ché d¢ truyén qua trung gian (SIN Rf elay ) 14 gia tri nho nhat cia SINR hai chiang
(SU-rBS va rBS-DU).

Bai todn dugc mo hinh hoa dudi dang Qua trinh Quyét dinh Markov Quan sat Mot phén
(POMDP), trong d6 mdi tac tir SU; quan sat trang thai kénh cuc bd va dua ra hanh dong a; =
[air mi] :

Ham phan thuéng (Reward Function) r; cho mdi tac tir dugc thiét ké dé can bang giita
thong luong va nang lugng tiéu thu:
1; = wy log, (1 + SINR;) + w, tanh(SINR; — ') — wsa?, (3)

Trong do6, thanh phan thir nhat khuyén khich ting thong luong, thanh phan thir hai dam
bao SINR vuot ngudng an toan I, va thanh phan tht ba (—wsa?) phat ning cho viéc tiéu ton
ning lugng qua mirc. Viée diéu chinh cac trong sé w s& quyét dinh chién lugc ciia mang: thién
vé hiéu ning (Performance-centric) hay thién vé tiét kiém ning luong (Energy-centric).
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3. THUAT TOAN PE XUAT: IA-MADDPG

Dé giai quyét bai toan t6i uu da muc tiéu trong moéi truong nhidu dong nhu da mé ta,
chung t6i dé xuat khung giai phap IA-MADDPG. Khung giai phap nay duoc xay dung dua trén
nén tang cta thuat toan MADDPG [7], nhung tich hop cac co ché tién tién dé khic phuc nhugc
diém hoi tu cham va kém 6n dinh ("khoi dau lanh") cia cac phuong phap Hoc ting cuong (RL)
truyén thong.

3.1. Hoc Bit chuéc (Imitation Learning) dé Ting toc Hoi tu

Trong giai doan dau cua qua trinh huan luyén, viéc dé cac tac tir kham pha ngau nhién
khong gian hanh dong lién tuc 1a cuc ky lang phi nang luong va thoi gian. D¢ giai quyét van dé
nay, chung toi gidi thi¢u mot chinh sach chuyén gia phan tich pg(0;). Chuyén gia nay str dung
chién lugc tham lam (Greedy) dya trén thong tin kénh truyén tic thoi dé tdi vu hoa SINR [8].

Co ché thu thap dit liéu tir chién lugce tham lam: Cu thé, tai mdi budc thoi gian cia giai
doan khoi dong, chinh sach chuyén gia quan sat trang thai kénh cuc bo o; (bao gdm h; sy,
hsy py, va mirc nhiu) dé tinh toan c4u hinh hanh dong a; = {a;, m;} nham cuc dai hoa gia tri
ham phéan thudng r; tai phuong trinh (3). Qua trinh ra quyét dinh nay mang tinh thién can, chi
tap trung vao t61 wu hoa loi ich tirc thoi ma khong cap nhat ham gia tri dai han. Cac bo dit li¢u
chuyén d6i trang thai (s, a,r,s") sinh ra tir chién lugc nay duoc thu thap va day lién tuc vao b
dém kinh nghiém D cho dén khi dat ngudng dung luong.

Qua trinh hoc dugc tang toc thong qua hai co ché:

e Khéi dong chuyén gia (Expert Warm-up): Trudc khi bat dau qué trinh huén luyén RL,
bd dém kinh nghiém D duoc 1ap ddy mot phan boi cac mau chuyén doi trang thai (s, a, 7, s")
sinh ra tir chién lugc tham lam (Greedy). Diéu nay dam bao rang ngay tir cac budc cap nhat
gradient dau tién, mang no-ron da dugc hoc tur cac dir ligu chét lugng cao thay vi dir liéu
ngau nhién .

e Sao chép hanh vi (Behavior Cloning - BC): Him mét mat ctia mang Actor duoc stra doi
dé bao gém thanh phan sai sd bat chudc. Diéu nay khuyén khich tac tir mo phong hanh vi
clia chuyén gia trong giai doan dau, déng thoi van giir kha nang kham pha dé tim ra chién
lugc tot hon vé sau. Him mat mat tong hop duoc dinh nghia:

L8 = Lg + M | [0 — me(0)I|*], (4
Trong d6, Lpg la mat mat theo Policy Gradient tiéu chuan, p 1a chinh sach chuyén gia,
va Ay, 1a hé so0 trong so giam dan theo thoi gian.
Co ché suy giam cta hé s6 A;,: Dé dam bao tinh tai 14p ctia qua trinh huan luyén, co ché

giam dan cta hé sb A;, duge mo hinh héa theo ham suy gidm mi. Cu thé, tai tap huén luyén
th e, trong sd nay duoc cip nhat theo cong thirc: A;,(e) = A;,(0) - (y;.)¢
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Trong d6, A;,(0) 1 gia tri trong sé khai tao ban dau va y;, € (0,1) 1a hang s6 tbc do suy
giam. Viéc sir dung ham mii ép budc mo hinh bam sat nhin cua chuyén gia ¢ cac tap dau tién
dé 6n dinh khong gian trong sb mang no-ron. Sau do, A;; suy giam tiém can vé 0 ¢ cac tip sau
dé triét tiéu do chéch cua chién lugc tham lam, m& rong khong gian kham pha dé thuét toan
MARL tu hoi tu vé& diém can bang tdi vu hon.

3.2. Néng cao Tinh On dinh véi PER va TD3

Dé tang cudng do on dinh trong moi truong da tac tir bién doi nhanh, chung toi tich hop hai ki
thuat:

e Ut tién Hoi twong Kinh nghiém (Prioritized Experience Replay - PER): Thay vi lay
mAu ngau nhién déng déu, thuit toan vu tién ldy mau cac chuyén ddi c6 sai s6 du bao (TD-
error) 16n. Piéu nay gitip mang no-ron tap trung hoc cac tinh hudng "kho" hodc bat ngd (vi
du: khi tac nhan giy nhiéu thay d6i vi tri dot ngot) [9].

e Lam muot Chinh sach Muc tiéu (Target Policy Smoothing): Lay cam himg tir thuét
toan TD3, chung t6i thém nhiéu duoc cit (clipped noise) vao hanh dong muc tiéu khi cap
nhat mang Critic. K¥ thuat nay gitp giam thiéu hién twong uéc luong qué cao gia tri Q (Q-
value overestimation), mot van dé thuong gip trong DDPG .

3.3. Quy trinh Thuit toan Chi tiét

Quy trinh huan luyén day da cia IA-MADDPG dugc trinh bay chi tiét trong Thut toén 1.
Thuat toan 1: Imitation-Augmented MADDPG (IA-MADDPG)

Piu vao: Cic siéu tham s mang, Méi truong truyén thong, Chuyén gia pf.

Piu ra: Chinh sach t6i wu cho céc tac tir SU;.

1. Khéi tao:
e Khai tao mang Actor p;(0;]0;) va Critic Q;(s, a|d;) v6i trong s6 ngau nhién.
e Khoi tao cac mang muc tiéu (Target networks) w; va Q; vai trong s6 tuong tng.
e Khdi tao B dém uu tién (Prioritized Replay Buffer) D.
2. Giai doan Khéi dong (Warm-up Phase):
e Fork = 1toKygrmuyp do:
o Quan sat trang thai s; Chon hanh dong tir chuyén gia a = pf(s).
o Thuc thi hanh dong, nhan phén thuong r va trang thai mai s'.
o Luu bo chuyén d6i (s,a,7,s’) vao D.
e End For
3. Giai doan Huin luyén (Training Phase):
e Forepisode = 1to M do:
o Khoi tao lai moéi trudong, nhan trang thai ban dau s.
o Khoi tao nhiéu ngau nhién IV cho viéc kham pha.
o Fort = 1toT (sb budc mdi tap) do:
* MOoi tac tir i chon hanh dong a; = p;(0;) + M.
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» Thuyec thi hanh dong két hop a = (ay, ..., ay), nhan phan thudéng r va trang
thai mai s'.
* Luu(s,a,7,5s") vao D véi do uu tién cao nhét.
» Liy mau ngdu nhién mot minibatch B tir D dwa trén trong sd wu tién PER.
=  Cap nhat tham sé (cho mdi tac tir i):
0 Tinh muyc ti€u y; st dung Target Policy Smoothing (TD3).
0 Cap nhat Critic bang cach ti thiéu héa ham mat mat Bellman c6
trong s PER.
0 Cap nhat Actor bang cach tdi thiéu hoa ham mat mat tong hop.
¢ Céap nhat do uu tién trong D dua trén TD-error moi.
= Cap nhat mang muc tiéu:
0 0 «10; +(1—-1)6;
0 ¢« 1d;+(1—-1;
" ses'
=  End For (Time step)
e End For (Episode)

4. PANH GIA HIEU SUAT VA PHAN TIiCH

4.1. Thiét 1ap Mo phéng va Kich ban danh gia

He¢ thong dugc trién khai trén nén tang PyTorch voi cac tham s6 mo phong bam sat thyuc té moi
truong nhidu dong. Cu thé, cong suét tac nhan gay nhiéu dugc thiét lap P, =1.0 W, tao ra ap
luc nhidu 16n 1én mang ludi. Cac tac tir (Agent) sit dung mang no-ron sau véi cau trac Actor
[256, 256, 128] va Critic [512, 256, 128, 64] dé hoc chién lugc dbi pho.

Dé lam ndi bat kha nang thich nghi ctia thuat toan dé xuat (IA-MADDPG), ching toi so sanh
v6i ba chién luoc co sé dai dién cho tu duy thiét ké tinh:

e Truyén dan tryc tiép (Direct Transmission - DT) & Tham lam (Greedy): St dung hé s6
phan xa ¢6 dinh & muc thip (o = 0.2). Pay 1a chién lugc "an toan" nham tdi uvu hoa chi
s tiét kiém nang luong 1y thuyét.

e Nhay tan ngiu nhién (Frequency Hopping - FH): Chién lugc nhay tan ngiu nhién, dai
dién cho phwong phép tranh nhiéu thy dong.

4.2. Phan tich Hiéu qua Niang luwgng (Energy Efficiency Analysis)

Thay vi chi danh gia mirc tiéu thy nang lugng mot cach co hoc, phan nay di sdu phan tich
hanh vi théng minh ciia hé thong théng qua chi sé Hiéu qua Nang luong (Energy Efficiency).
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Energy Efficiency Over Time
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Hinh 2: Hiéu qua Nang luong theo thoi gian (Energy Efficiency Over Time)

O Hinh 2, duong biéu dién cia IA-MADDPG (mau xanh 14) hoi tu vé& muc thip hon (~9)
s0 v6i cac duong co so (~23). Trong cac nghién ctru truyén thong, diéu nay thuong bi hiéu
nham 1a kém hiéu qua. Tuy nhién, trong bdi canh chong nhidu, day chinh 1a bang ching cho
kha nang thich nghi vuot troi cia hé thdng dé xuit. Cac phuong phap DT, Greedy va FH duy
tri hiéu qua ning luong cao gia bang cach giit ¢b dinh hé s6 phan xa & muc thip (a = 0.2).
Chién luge nay gidng nhu viéc mot chiée xe chay cham dé tiét kiém xang bat chap viéc khong
thé leo qua dbc cao. Trong moi truong nhiéu manh (P, = 1.0 W), mtrc nang lugng thip nay
khong du dé tao ra ty s6 tin hiéu trén nhidu (SINR) can thiét dé giai ma goi tin. Do d6, su hiéu
qua ctia cac phuong phap nay thuc cht 1a sy bat luc trong viée duy tri két ndi. Phuong phap
nay tiét kiém nang lugng, nhung danh méat muc tiéu duge wu tién hang dau 1a truyén tin tin cay.
Nguoc lai, su sut gidm hiéu qua nang luong ciia IA-MADDPG phan anh hanh dong phan khang
tich cuc. Tac tir hoc dugc rang dé duy tri két ndi dudi tic dong ciia nhidu, n6 budc phai day hé
s6 phan xa o 1én mirc cao (gan 1.0). Mic du diéu nay 1am ting chi phi ning luong tirc thoi (theo
ham bac hai na?), nhung nd dam bdo tin hiéu vuot qua ngudng gidi ma. Nhu vay, murc hiéu
qua niang lugng thap hon ciia IA-MADDPG khong phai 14 1ang phi, ma 1a chi phi bao hiém can
thiét dé dam bao do tin cay cua dich vu (QoS), diéu ma céc chién luoc tiét kiém nang lugong cuc
doan khong thé déap tmg.
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4.3. Phan tich Hiéu suit Thong lwong trén Ning lwong (Throughput Efficiency)

Dé minh ching rd hon tri thong minh ciia hé thong, chiing ta xem xét chi sé Hiéu suat Thong
lwong (Throughput Efficiency - bits/Joule) trong Hinh 3. Pay 1a thudc do cho thdy mdi don vi
ning lugng bo ra mang lai bao nhiéu gia tri thong tin thyc té.

Throughput per Energy Over Time

A ———
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Throughput Efficiency (bits/])
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Hinh 3: Hiéu suat Thong luong trén Ning luong theo thoi gian

Su khéc biét gitta duong IA-MADDPG (dao dong manh) va cac duong co s¢ (di ngang) cho
thiy hai triét 1y van hanh hoan toan trai ngugc.

e Sy clmg nhéc ctia cic phuong phap tinh: Cac duong nét dirt ndm ngang thé hién sy cimg
nhic. Du méi trudong nhiu thay d6i nhu thé nao, cac phuwong phap ndy van ap dung mot
ciu hinh duy nhat. Diéu ndy dan dén rui ro "Outage" (mat két ndi) cuc cao khi nhidu
bién dong vuot qua kha niang chiu dung ciia ciu hinh a = 0.2.

e Duong dao dong ciia IA-MADDPG (mau nau do) 1a minh chiing cho qua trinh do tim
va thich nghi lién tuc. Cac dinh thé hién nhitng khoanh khic tac tir phat hién nhidu giam
va thong minh ha thap cong suat dé tiét kiém niang luong. Cac day thé hién nhing thoi
diém tac tir phat hién nhiu ting cao va quyét dinh hy sinh hiéu suit bits/Joule dé don
toan luc duy tri két ndi. Hanh vi ndy twong tu nhu co ché diéu tiét sinh hoc: hé thong tu
dong can bang giira trang thai tiét kiém va tiéu hao tuy thudc vao muic do de doa cua
may gy nhiéu.
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Két qua mo phong khang dinh su vu viét cia IA-MADDPG khéng ndm & con s tiét kiém
nang lwong thd, ma ndm & kha ning quan trj rui ro. Trong khi cac phuong phéap co s& chip
nhan rii ro mét tin dé bao toan ning luong, IA-MADDPG sir dung niang luong nhu mot
chién lugc dé dam bao tinh lién tuc cua dich vu. bay la dac tinh tién quyét cho cac mang
IoT quan sy hodc cac tmg dung y t&, an ninh quan trong, noi sy gian doan thong tin 1a khong
thé chap nhan duoc.

5. KET LUAN

Bai bao d trinh bay mot phén tich toan dién vé sy danh dbi giira hiéu ning va ning lugng
trong mang Truyén thong tan xa nguoc méi trudng dudi tic dong ciia nhidu chi dong. Thong
qua viéc ap dung thuat toan IA-MADDPG, chiing t6i d3 chirng minh rang viéc sir dung cac
chién lugc ¢d dinh tuy tiét kiém niang luong nhung khong dam bao do tin cdy trong méi trudng
thu dich. Nguoc lai, viéc cho phép cac tac tir hoc may tu chii diéu chinh hé s6 phan xa va ché
d6 truyén dan - mic du tiéu ton ning luong hon - 1 mot sy dau tu chién luoc can thiét. Giai
phap dé xuat cho phép duy tri két ndi on dinh bang cach bién d6i linh hoat cdu hinh hé thong,
pht hop véi cac Gmg dung yéu cau chat luong dich vu (QoS) cao trong ky nguyén 6G. Cac
huéng phat trién tiép theo s& tap trung vao viéc tich hop cac rang budc ning lugng cimg vao
khong gian hanh dong dé tim ra diém cén bang Pareto t6i wu hon nira.
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