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Tém tit: Hiéu qua truyén thong la mot yéu t6 mang tinh quyét dinh trong cdc hé da
tdc tw, dac biét trong moi truong dién toan bién (Mobile Edge Computing - MEC) noi bang
théng bi giGi han. Bai bdo nay dé xudt co ché truyén thong trang thdi thich nghi dira trén mirc
dé quan trong (Adaptive Importance-Weighted State Communication - IWSC), mét co ché
truyén thong théng minh dwoc tich hop véi thudt toan hoc ting cwong da tac tir ( Multi-Agent
Proximal Policy Optimization - MAPPO) nham t6i wu héa quyét dinh chuyén tdi tdc vu tiv
cdc thiét bi dén cdc mdy chii bién. Thay vi truyén toan b trang thdi ciia tdt cd tac tir, mé-dun
IWSC hoc cach lruyén co chon loc chi nhitng chiéu trang thai quan trong dua trén diéu kién
mang thuwc té. Thong qua cdc thi nghiém véi 3 hat giong ngau nhién va 500 tdp hudn luyén,
két qua cho thdy Adaptive IWSC giam 37% chi phi truyén théng, dong thoi duy tri thong
luong tdac vu twong dwong va cdi thién loi ich trung binh thém 3,6% so voi cac duwong co so
Full Communication. Céc phat hién nay khang dinh rang khong phai moi thong tin trang thdi
déu can thiét nhw nhau dé dat ra quyét dinh t6i wu, truyén thong thich iing cé thé mang lai
mikc tiét kiém tai nguyén dang ké ma khéng lam suy giam hiéu ndang.

Tir khéa: dién toan bién, hoc tang cwong da tac tir, truyén thong hiéu qud, gan trong soé theo
murc do quan trong, phan tdi tdac vu

I. Pit van dé truyén tai vé cac trung tim dir liéu tap trung
Su bung nd cua cac thiét bi Internet (Shahryari va cong sy, 2020). Tinh toan
van vat (IoT) va cac tmg dung yéu cau do bién di dong (Mobile Edge Computing-
tré thip di tao ra nhu ciu cip thiét trong MEC) d3 ndi 1én nhu mot giai phap day
viéc xur 1y dir liéu gan ngudn phat, thay vi htra hen, cho phép day kha nang xu 1y tinh
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toan vé phia bién mang, tir d6 giam thiéu
do tré va tiéu thu nang luong (Andriulo va
cong su, 2024)

Trong hoc ting cuong da tac tu
(MARL), cac phuong phap “giao tiép toan
dién” trong d6 mdi tac tir truyén toan bo
thong tin trang thai dén tat ca cac tac tir
khéc thuong dugc coi 1a tiéu chuén dé dat
dugc phdi hop hiéu qua gitra cac tac tir.
Tuy nhién, trong nhiéu bai toan thyc té,
gia dinh kénh giao tiép toan cuc nay dan
to1 chi phi bang thong cao va kho kha thi
khi mo rong (Zhu va cong su, 2024; Wang
va cong su, 2023; Liu va cong su, 2025).

Nghién ctru nay dua trén gia thuyét
rang khong phai tit ca cac thong tin trang
thai déu co gia tri ngang nhau dbi véi cac
quyét dinh phan tai tac vu (offloading).
Mot s chiéu dir liéu (vi du: tai hién tai
ciia may chu, tré mang) quan trong hon
nhiing chiéu khéc (vidu: su bién dong nhd
cua bang thong). Dya trén nhan dinh nay,
chung t6i dé xuat ba dong gop chinh:

1. Module TWSC thich nghi: Mot
co ché truyén thong moi sit dung trong
s6 tdm quan trong dé xac dinh cac chiéu
trang thai ndo can truyén tai dua trén:

Piém s6 tim quan trong dugc tinh
toan tir mot mang noron.

Céac ngudng dong thich nghi voi
diéu kién mang theo thoi gian thyec.

2. Tich hop MAPPO: Ching minh
rang IWSC tich hop lién mach vao thuét
toan MAPPO ma khong lam anh huodng
dén tinh doc 1ap trong chién luoc cua tac ti.

3.Bing chung thuc nghiém toan
dién: Chung minh rang co ché Adaptive
IWSC dat duoc:

Giam 37% luu luong truyén thong
ma khong lam suy giam thong lugng
(throughput).

Cai thién 3,6% loi nhuan (return) so
v6i phuong thire Giao tiép toan dién.

Tinh 6n dinh (robustness) trén 3 hat
giéng ngau nhién (random seeds) khac nhau.

Nghién ctu ndy giai quyét mot
16 hong quan trong trong cac tai liéu vé
MARL bang cach mé hinh héa tim quan
trong cla trang thai va thich nghi v6i diéu
kién mang, chung t6i dat dugc su tiét kiém
tai nguyén dang ké ma khong lam giam
hiéu nang.

IL. Co sé 1y thuyét

2.1. Tinh toan bién di dong va phan
tdi tac vu (Task Offloading)

MEC da ching minh dugc hi¢u qua
ddi véi cac ung dung nhay cam véi do
tré. Jin va cac cong sy da dé xuidt mot
mo hinh phan tai tdc vy mdt phﬁn hé tro
can bang tai gitta nhiéu may chu bién,
gitip giam dang ké do tré (Jin va cong
su, 2024). Tuong tu, Tang va cac cOng sy
dd phat trién chién lwgce phan tai tac vu
dua trén DRL (Tang va cong su, 2022).
Hau hét cac nghién ctru trudc day chi tap
trung vao cac quyét dinh phan tai tac vu
ma bo qua chi phi truyén thong giita cac
tac tir. MOt s6 nghién ciru dd xem xét bai
todn phan tai tac vu tiét kiém nang lugng
trong mang UAV-assisted MEC; cac
phuong phap nay chu yéu tap trung vao
t6i vu hoa ning luong va do tré ma chua
xem xét co ché loc trang thai thong minh
nham giam chi phi truyén thong. (Yan va
cong su, 2025).

2.2. Hoc tang cuwong da tdc twr va
truyén thong

Thuit toan MAPPO di ndi 1én nhu
mot phuong phép tién tién cho cac hé
thong da tc tir hop tac nho tinh 6n dinh
va kha ning mé& rong vuot troi trén nhiéu
bd chuén danh gia khac nhau (Yu va cong



su, 2022). MAPPO van hanh theo moé
hinh huin luyén tap trung - thuc thi phi
tap trung trong d6 mdt bd quan 1i tap trung
duoc sir dung trong qué trinh huin luyén
dé ude lugng gia tri toan cuc, trong khi
cac tac tir thuc thi chinh sach ctia minh
mot cach doc 1ap dua trén quan sat cuc bo
(Lowe va cong sy, 2017). Co ché nay cho
phép moi tac tir hoc chién luoc ti vu cuc
bd dudi sy din dit cua thong tin gia tri
toan cuc, tir d6 cai thién hi¢u qua phéi hop
trong moi truong hop tac.

Céac bién thé mo rong nhu PRD-
MAPPO tiép tuc ning cao hiéu ning bang
cach tich hop co ché cht ¥ nham xac dinh
muc do lién quan gilra cac tac tir va cai
thién qué trinh phan bo dong gép. Thong
qua viéc tach thuéng ting phan phuong
phép nay gitp giam nhiéu trong qua trinh
hoc va tang tinh chinh xac khi danh gia
dong gop clia ting tac tir vao phan thuong
chung (Zhou va cong su, 2020).
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2.3. Téi wu héa truyén théng trong
mang ludi

Téi wu héa bang thong co lich s
lau doi trong linh vuc hoc may. (Zhang
va cong su, 2022) da dé xuit mot thuat
toan hoc ting cuong sau hd trg Federated
Learning dé quan 1y dir liéu trong hé IoT
cong nghi¢p, st dung DRL dé lya chon céc
thiét bi tham gia phi hop, qua dé ting hiéu
qua hdi tu va giam chi phi truyén thong.

Cac nghién ciu tong quan trudc
day da khdo sat vai tro cia tri tué¢ nhan
tao trong quan ly bang thong va luu lugng
mang, bao gém du bao luu lugng, can béng
tai va phan phdi tai nguyén (Alhilali &
Montazerolghaem, 2023). Tuy nhién, hiu
hét cac nghién ctru trong survey ndy tip
trung vao toi wu hod & cap do kién trac mang
va lap trinh diéu khién luu luong tong theé,
thay vi tap trung vao qua trinh ra quyét dinh
o cép do tac tr trong cac h¢ MARL, diéuma
bai bao hién tai ciia ching t6i huéng dén.

Bang 1. So sanh cac cong trinh lién quan voi nghién curu nay

Noi dung MADRL | Chuyén tii tac vu Nghién ciru nay
Giao tiép da tac tir v X v Thich tmg
Chuyén tai thc vu trong MEC X v v
Loc theo chiéu trang thi X X v Theo d9 quan trong
Ngudng dong X X v Nhan biét theo ngir canh
Ti vu Pareto X X v

I11. Phwong phap nghién ciru

Bai bao st dung cach tiép can dé
xuat md hinh va danh gia trong méi trudng
mo phong.

3.1. Mé hinh bai todn va gid thiét
hé thong

Mé hinh hé théng MEC bao gom:

N thiét bi (D1, D2,..., DN) tao ra cac
tac vu tinh toan

M may chu bién (E1, E2,..., EM) voi
cac tai nguyén tinh toan va luu trir han
ché

Céc diéu kién mang thay ddi theo
thoi gian (bang thong, do tre)

M&i thiét bi duy tri:

Trang thai cuc bo: si = [qi, cpui, €i,
b;, di]T € R®

Do dai hang doi: qi € [0, 5] (sb tac
vu dang cho)

Mitic su dung CPU: cpu; € [20, 60]%

Nang lugng pin: ¢; € [50, 100]%

Béng thong: b; € [20, 50] Mbps

Do tré mang: d; € [30, 100] ms
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Ngit canh toan cuc: c=[p, y]T € R?:

p = Z(Ly) / Z(Cy) 1a ty I¢ tai trung
binh cua may chu

y = mean(b;)/50 - mean(d;)/200 la
chat lugng kénh truyén

Khong gian hanh dong: a; € {0} U
[1, M]:

a; = 0: thuc thi cuc b trén thiét bj i

a; € [1, M]: phan tai (offload) sang
may chu bién i

2) Ham phan thuong:

1 = 0.6(sb tac vu hoan thanh) - 0.15
(nang lugng tiéu thy) - 0.15 (do tre / 100) (1)

Diéu nay khuyén khich:

1. Hoan thanh tac vu cao (muc tiéu
chinh)

2.Tiéu hao ning luong thip (tinh
bén viing cua thiét bi)

3. D06 tré thap (yéu cau vé chat luong
dich vu - QoS)

3.2. Thiét ké co ché IWSC thich nghi

Cai tién quan trong trong nghién
ciru nay la viéc phan tach quyét dinh
truyén thong thanh hai thanh phan da qua
hoc tap:

1) Mang tinh toan tdm quan trong
(Importance Network): Mang nay tinh
toan diém sO tam quan trong tuong doi
cho tung chiéu cua trang thai:

w=0(W2 - ReLUW: - [si;¢])) (2)

Trong do:

Pau vao: Trang thai va ngir canh
dugc két hop [si; ¢] € R7 (5 + 2 chiéu).

Wi Ma tran trong sd tir 16p dau vao
dén 16p an (32 x 7).

W2: Ma tran trong sd tir 16p an dén
16p dau ra (5 x 32).

o(+): Ham kich hoat sigmoid, dau ra
w € [0, 1]°.

Mang hoc cch gan tim quan trong
cao hon cho cac chiéu dit liéu c6 su tuong
quan véi cac quyét dinh chién luoc t6t hon.

2) Mang ngudng thich nghi: Mang
ngudng hoc cach diéu chinh viéc truyén
thong mot cach quyét liét dua trén cac
diéu kién mang:

0(c) =o(V2 - ReLU(V: - ¢)) 3)

Trong do:

Pau vao: Chi bao gdm ngit canh ¢
€ R~

Vi: Ma trén trong s6 tir ngir canh
dén 16p an (32 x 2).

V2: Ma tran trong s6 tur 16p 4n dén
gia tri vo hudng dau ra (1 x 32).

Pau ra: Ngudng thich nghi 0 € [0, 1].

Logic thich nghi:

Mang tét: Tin hiéu ngit canh cao —
o(cao) ~ 0.3 — truyén tai nhiéu hon.

Mang kém: Tin hiéu ngir canh thap
— o(thdp) ~ 0.7 — truyén tai it hon.

biéu nay tao ra co ché tu dong thich
nghi bing théng: cic tic tir truyén tai
thong tin chi tiét khi c6 sin bang thong,
va truyén tai thong tin thua thét khi bang
thong khan hiém.

3) Quyét dinh loc trang thai: Mit
na truyén thong duoc tinh toan theo timg
phan tir:

m; = 1(w > 6(c)) (4)
Si=si O m; (%)

Trong d6 O ky hiéu phép nhan tirng
phan tir. Chi nhing chiéu dit liéu c6 w;> 0
méi duoc truyén tai.

3.3. Tich hop véi MAPPO

1) Kién tric Actor-Critic sira doi:
Kién traic MAPPO tiéu chuén dugc mé
rong nhu sau:

mi(ai | si, aggi) = Actor([s;; aggi])  (6)



Trong d6 thong tin tong hop 1a:

aggi =X (5)/ E#mi+e)  (7)

Qua trinh tong hop nay chi bao gdm
thong tin tir cac chiéu dit liéu duoc truyén
tai, tu dong xir 1y cac thong tin bi thiéu.

Thuat toan 1: MAPPO véi Adaptive
IWSC

MGJi tap (episode) e = 1 dén E: s;, ¢
«— environment.reset()

M&i bude (step) t =1 dén T

MBOi tac tir i thuc hién song song: wi,
0; «— IWSC(Si, C) m; «— ]l(Wl > 91) S «— s
© m; agg; — aggregate({s;: j # i}, {m;: ]
#1}) obs; «— [si; aggi] ai ~ m(-|obs;) 13, 7 «—

environment.step(a;)

Thu thép (obs, ai, 1;, obs™;) vao quy

dao T;

Cap nhat budc song song voi ¢ «—

environment.context()

Ky hoc chién luge (policy epoch) =

1 dén Kepoch
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Tinh toan loi thé: A; =r; + yV(obs")
- V(obs;)
Tinh toanloinhuan: Gi=r;+yV(obs")
V&1 moi mini-batch trong quy dao:
Tinh toan mét mat actor:
Lucior = -E[min(ry(0m)A,, clip(r(0n),

1-¢,1+¢)A)] (8)
Tinh toan mat mat critic:
Laiic = E[(V(s) - G)?] 9)

Tong mat mat (hudn luyén lién két):
L = Luctor+ 0Larisic - BE[H(7)] (10)
Cap nhat tat ca tham sb (mang Actor,
Critic, INSC): 0x, Ov, Owsc «— optimizer(VL)
2) Thuat toan huan luyén lién két :
Cac mang IWSC duoc huan luyén dong thoi
v&1 mang actor va critic thong qua qua trinh
lan truyén ngugc dau-cudi. Cac mang nay s
tu dong hoc dugc nhiing chiéu dir liéu nao
¢6 ¥ nghia quan trong di véi gradient chién
luoc va thoi diém nio can truyén tai ching
dua trén chat luong kénh truyén.

Bang 2. Moi truong mé phong

Tham so

CAu hinh

S6 lugng thiét bi (Devices)

10

May chu bién (Edge servers)

3 may chu véi dung luong xtr 1y twong ung 80, 100, 120

S6 bude moi tap (Steps per episode)

100

S6 chiéu trang thai (State dimensions)

5 (hang doi, CPU, nang luong, bing thong, do tré)

S6 chiéu ngit canh (Context dimensions)

2 (tai méay chu, chét lvong kénh)

Khong gian hanh dong (Action space)

Roi rac: 0,1,2,3 (twong ung xu 1y cuc bd hodc offload dén

3 may chu)

Ham phan thuong (Reward function)

Phuong trinh (1): thong lugng - nang luong - do tré

Bdng 3. Cau hinh siéu tham sé ciia MAPPO va IWSC

Thanh phén Tham sb Gia tri
Kich thudc 16p an 64 (Actor/Critic), 32 (IWSC)
Mang (Networks) b6 sdu mang 2 16p
Ham kich hoat RelLU
Tdc d6 hoc 10+
Huén luyén (Training) HE 50 CI}iét ! 099
| Tham s6 GAE A 0.95
Ngudng cit PPO € 0.20
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Thanh phén Tham sb Gia tri
Sb epoch mdi 1an cap nhat 5
Ti uu hoa (Optimization) | Kich thudc batch 64
Heé sb entropy p 0.01

3.4. Thiét Igp mé phong va tham sé
thuc nghiém

A. Céu hinh mdi truong

B. Siéu tham sé cua thuit toan

C. Céc phuong phép so sanh

Pé danh gia hiéu qua cua phuong
phap IWSC, nam chién lugc truyén thong
dugc so sanh trong cung mot mdi truong
thuc nghiém, bao gdm:

1. Adaptive TWSC (dé xuét): Ap
dung co ché trong s6 mic d6 quan trong
dong két hop véi ngudng thich nghi.

2. Full Communication: T4t ca cac
tac to tmyén toan bo trang thai hé théng
tai moi budce thoi gian.

3. No Communication: Cac tac tu ra
quyét dinh hoan toan dya trén trang théi
cuc bg, khong co6 trao doi thong tin.

4. Fixed Threshold (nghién ctru tri¢t
tiéu - ablation): Sir dung ngudng tinh vdi
gia tri 6=0.5.

5.Random Drop (nghién ctu triét
tiéu - ablation): Thuc hién che ngau nhién
50% thong tin trang thai.

IV. Két qua va thao luin

Thiét 1ap nay cho phép phan tich va
tach biét dong gop cua tung thanh phan
trong mo hinh, cu thé:

Co ché gan trong s6 mirc do quan trong,

Co ché ngudng thich nghi.

Huén luyén phdi hop gitta cac tac tu.

D. Quy trinh thyc nghiém

Cac thi nghjém duoc tién hanh theo
quy trinh sau nham fiém bao tint} khéach
quan va dg tin cdy thong ké cua két qua:

Hat gidng ngiu nhiénv (random
seegis): [0,1,2], duoc,sfr dung dé danh gia
do On dinh va tinh nhat quan cta thut toan.

S6 tap huén luyén cho mdi seed: 500
episode nham dam bdo qua trinh hoi tu.

Nén tang tinh toan: Thuc thi trén
CPU, st dyng thu vién PyTorch 2.0.

Céc chi s6 danh gia (metrics) bao gdm:

Téng phan thudng tich lity theo moi
episode.

Thong luong tac vu.

Chi phi truyén thong.

Hiéu qua sir dung tai nguyén truyén
thong.

Do 6n dinh cta thuat toan.

Badng 4. Tém tit két qud so sanh adaptive IWSC va Full Communication (trén 3 seed)

Chi b Adaptive IWSC | Full Communication | Mikc cdi thién

Gié tri phan thudng tich [y (u £ 6) |2082.66 + 255.35 |2010.28 + 167.16 +3.60%

Luu lwong truyén mdi episode (MB) |9.09 +1.20

144540 -37.0%

S6 bit trén mdi tac vu 1795.2

28514 -37.0%

Thong lugng (s6 tic vu hoan thanh) | 5066.01 £ 12.52

5066.01 + 12.52 0% (twong duong)

4.1. Pdnh gid tong thé

Quan sat cho thidy Adaptive
IWSC dat return tvong duong hoac cao
hon Full Communication trong phan

16n qua trinh huan luyén, cho thiy viéc
loc chon chiéu trang thai truyén thong
khong 1am suy giam chat luong quyét
dinh (hinh 1).
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Hinh 2. So sanh thong lwong tac vu theo
tdp (trung binh 3 seed)

B. Phan tich hi¢u nang theo tirng seed

1) Seed 0: Mirc nén truyén thong t6i da

Phan thuong tich Iiy: 1939.83 so
v6i 1920.08 = +1.03%

Luu luong truyén thong: 7.63 triéu
bit so v&i 14.45 tri¢u bit = -47.2% (gidm
6.82 tri¢u bit)

Hiéu qua truyén thoéng: 1500.1 so
v&i 2841.4 bit/tac vu = cai thién 47.1%

Seed 0 cho thay kha ning hoc duoc
chién luge gan trong s6 muc do quan
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trong c6 tinh chon loc cao nhit, din dén
mirc giam truyén thong 1on nhat.

2) Seed 1: Chién lugc bao toan
thong tin 6n dinh

Phan thuong tich liy: 1866.84 so voi
1866.14 = +0.04% (gan nhu twong duong)

Luu lugng truyén thong: 10.58 triéu
bit so v&i 14.45 triéu bit = -26.8%

Hiéu qua truyén thong: 2091.5 so
véi 2856.3 bit/tac vu = cai thién 26.8%

Mic du gia tri phan thuong gan nhu
tuong duong, Adaptive IWSC van dat murc
giam truyén thong dang ké, cho thy tinh
6n dinh va do tin cdy cua phuong phap.

3) Seed 2: Cai thién vuot trdi vé
phan thuong

Phan thuong tich liy: 2441.32 so
v6i 2244.63 tang +8.76%

Luu luong truyén thong: 9.08 triéu
bit so v&i 14.45 tri¢u bit giam -37.1%

Hiéu qua truyén thong: 1795.4 so
v6i 2856.3 bit/tac vu = cai thién 37.0%

Seed 2 cho thay truyén thong chon
loc khong chi giam chi phi truyén tai ma
con cai thién chat lugng ra quyét dinh.
Miic ting 8.76% vé phan thuong tich liy
cho théy mang trong s6 da loai bo hiéu qua
nhidu tir cic thanh phan trang thai khong
lién quan, qua d6 nang cao hiéu ning diéu
khién. Két qua ndy cung cip bang ching
thuc nghiém manh mé ing ho gia thuyét
cdt 18i ctia nghién ctru.

C. Kiém dinh y nghia thong ké

Khung gia thuyét

Ho: Adaptive IWSC va Full
Communication ¢ gia tri phan thuong
tich Ity twong duong.

Hi: Adaptive IWSC vuot troi so
v6i Full Communication vé phan thuong
tich Iay.
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Két qua thyc nghiém
Chénh léch phan thuong giira hai
phuong phap qua ba seed:
A=[+1.03%,+0.04%,+8.76%]
Gié tri trung binh chénh 1éch:
A=3.60%,5,=3.70%
Ty 1¢ s6 1an Adaptive IWSC dat két
qua tot hon:
P(wins)=3/3=100%

Két qua cung cap bang chimg thuc
nghiém manh ung ho gia thuyét Hi. Ca
ba seed déu cho thdy Adaptive IWSC dat
phan thuéng cao hon, cho thidy mirc cai
thién mang tinh 6n dinh va khong phai do
bién dong ngau nhién.

D. Céc chi sb hiéu qua st dung tai
nguyén
Hinh 3 cho théy Full Cgmmunic‘ation ,duy
tri murc truyén thong gan nhu hang so va
cao, trong khi Adaptiv‘e IWSC qu)n thap
hon 10 rét do chi truyén céac chi€u trang
thai quan trong theo ngudng thich nghi.
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Hinh 3. So sanh luu hrong truyén thong
(bits/tap) giita Adaptive IWSC va Full
Communication theo tung tdp

Dé danh gia hiéu qua sir dung tai
nguyén truyén thong, chiing t6i phan tich
dong thoi (i) chi phi truyén thong theo timg
tap huan luyén va (ii) mdi quan hé danh d6i

giita thong lugng va chi phi truyén thong
¢ giai doan hoi ty. Trudc hét Hinh 3 cho
thay Adaptive IWSC duy tri chi phi truyén
thong thip hon Full Communication trong
sudt qua trinh huan luyén, trong khi Hinh
4 thé hién truc quan mbi quan h¢ danh doi
giita thong luong va chi phi truyén thong.

Tiép theo, dé tong hop trade-off &
trang thai on dinh, Hinh 4 biéu dién diém
Pareto gitra thong luong va chi phi truyén
thong, trong d6 mdi diém duoc tinh bang
trung binh cta 100 tap cudi.

Hinh 4 cho thdy Adaptive IWSC
dat thong lugng tuong duong (hodc nhinh
hon) so véi Full Communication nhung
v6i chi phi truyén thong thap hon, xac
nhan ring co ché loc chon thong tin gitip
cai thién hiéu qua bang thong ma khong
lam suy giam hi€u nang tac vu.

Pareto: Throughput vs Communication
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Hinh 4. Biéu do Pareto giita thong lwong

téc vu va chi phi truyén théng (trung binh

100 tdp cudi, trung binh 3 seed): Adaptive
IWSC so voi Full Communication

Dua trén thong luong va tong sb bit
truyén, chung toi tinh thém chi s ‘sd tac
vu hoan thanh trén mdi don vi bit truyén’
dé dinh luong mirc ‘gi tri thong tin’ ctia
mdi bit truyén trong hé théng.

1) Thong lugng trén mdi don vi bit
truyén



Mot chi sé quan trong dénh gia hiéu
qua truyén thong 1a sé lugng tac vu hoan
thanh trén mdi don vi dir liéu truyén:

S tac vu hoan thanh

Efficiency Ratio = — 5
S6 bit truyén

Két qua:

e Adaptive ITWSC: 0.557 tac vu/
Megabit

e Full Communication: 0.351 tac
vu/Megabit

e Mtrc cai thién: +58.7%

Chi s6 nay cho thdy Adaptive IWSC
khong chi giam téng luu lugng truyén ma
con nang cao gia tri thong tin cia moi bit
duoc truyén, ttre 12 toi wu hoa hiéu qua st
dung bang thong.

2) Mirc tiét kiém truyén thong
tuyét ddi 6 quy mé 16m

Gia sir muc tiét kiém trung binh 13
5.35 Mbit/episode, khi van hanh:

Tiét kiém nim=5.35 Mbit/episodex
3600 episode/giox24 gid/ngayx 365 ngay

Suy rong theo quy mo h¢ théng:

« 100 thiét bi: ~1.686 Tbit/nim

« 1000 thiét bi: ~16.86 Pbit/nam

Muc tiét kiém nay twong duong
v6i viée loai bo dang ké cac diém nghén
truyén thong trong hé théng phan tan quy
mo 16n (udc tinh twong duong 30-50 nut
¢ chai truyén thong trong diéu kién tai
cao), qua do nang cao kha nang mo rong
va tinh bén viing cua h¢ théng.

V. Két luén

Nghién ctu dd d& xuit co ché
Adaptive Importance-Weighted State
Communication (IWSC) cho bai toan
offloading da tidc tir trong moi truong
Mobile Edge Computing két qua cho thiy
r0 rang ré“mg:
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Adaptive IWSC gitp giam 37%
luong truyén thong trong khi van duy tri
throughput hoan thanh tac vu (5066 tasks),
khong giy suy giam hiéu ning hé thong.

Téng return ting trung binh 3.6%
cung cip bang chung rang truyén thong
chon loc gitip giam nhidu quyét dinh va
cai thién chét lugng hoc chinh séch.

Hiéu qua tai nguyén tang 37% theo
chi sd bit trén mdi tac vy, cho théy mdi bit
truyén di mang gié tri quyét dinh cao hon.

Két qua on dinh trén ca 3/3 seed,
xé4c nhan tinh tin cdy théng ké ctia phuong
phap dé xuét.

Nhirng phat hién nay xac thuc gia
thuyét: khong phai toan bo thong tin trang
thai déu can thiét cho quyét dinh ti uu.
Thong qua viéc hoc trong s6 muc do quan
trong va diéu chinh ngudng truyén thong
theo diéu kién mang, tic tor co thé dat
dugc muc tiét kiém tai nguyén dang ké
trong khi van duy tri, tham chi cai thién,
chat luong quyét dinh.

Vé mit thuc tién, Adaptive IWSC
giai quyét truc tiép bai toan dénh doi gitra
truy cdp thong tin toan cuc va gidi han
bang thong. Khung phuong phap c6 thé
ap dung cho cac kich ban nhu mang IoT
quy mo 16n, trién khai 5G/6G, thiét bi di
dong gidi han ning luong, va hoc lién két
trong mang bién, noi chi phi truyén thong
chiém uu thé trong tong thoi gian xir 1y.

Trong twong lai, nghién curu s€ tap
trung vao viéc xdy dung bao dam 1y thuyét
cho d4nh doi hiéu nang-truyén thong, trién
khai trén phﬁn cung thyc dé do dac do tré
va ti€u thy nang lugng thuc té, cling nhu
mé rong tmg dung sang cac mién MARL
khac. Nhitng budc tiép theo nay nham
chuyén hoa cac két qua mo phong day hira
hen thanh cac hé théng trién khai thuc té
phuc vu quy mo 16n.
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AN ADAPTIVE IMPORTANCE-WEIGHTED STATE
COMMUNICATION MECHANISM FOR MULTI-AGENT
TASK OFFLOADING IN MOBILE EDGE COMPUTING

Hoang Trong Nghia'

Abstract: Communication efficiency is a critical factor in multi-agent systems,
particularly in mobile edge computing (MEC) environments where bandwidth resources
are inherently constrained. This paper proposes an adaptive importance-weighted state
communication (IWSC) mechanism integrated with multi-agent proximal policy optimization
(MAPPO) to optimize task offloading decisions from user devices to edge servers. Instead of
transmitting the complete state information of all agents, the proposed IWSC module learns
to selectively communicate only the most informative state dimensions based on real-time
network conditions. By dynamically adjusting communication according to state importance,
the framework reduces unnecessary transmission overhead while preserving decision quality.
Extensive experiments conducted with three random seeds over 500 training episodes
demonstrate that the adaptive IWSC mechanism reduces communication cost by 37%, while
maintaining comparable task throughput and improving average cumulative reward by 3.6%
comparedto full communication baselines. These findings indicate that not all state information
contributes equally to optimal decision-making, adaptive communication strategies can

significantly reduce resource consumption without degrading system performance.

Keywords: mobile edge computing, multi-agent reinforcement learning, communication
efficiency, importance weighting, task offloading
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