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Tém tit: Quan Iy dong tai nguyén trong hé thong dién todn bién da truy cdp (Multi-
Access Edge Computing - MEC) phuc vu ting dung thuc té do va thuc té ting cuong (AR/
VR) dat ra nhiéu thach thirc 16n do yéu cau khdt khe vé do tré thap va hiéu qua ndang hrong.
Hoc ting cuong sdau (Deep Reinforcement Learning - DRL) da tro thanh cdch tiép c¢dn phé
bién cho bai todn nay; tuy nhién, hiéu ndng ciia DRL phu thugc nhiéu vao thiét ké ham phdn
thuong. Muc tiéu cia bai bdo la phdn tich va so sanh ba thiét ké ham phan thuong da muc
tiéu cho thudt toan Proximal Policy Optimization (PPO) trong moi truong MEC AR/VR, bao
gom: tong cé trong so6 tuyén tinh (LWS), ham logarit (LOG) va phwong dn phdn tang thich
ing (Adaptive Hierarchical - AH) dwoc nhom tac gia dé xudt. Phwong phdp nghién ciru ld
xdy dung méi truong mé phong MEC AR/VR tity chinh trén Python véi 10 thiét bi nguoi
dung va mot tram géc tich hop mot may chu bién duy nhat, sau dé hudn luyén va danh gid
ba phirong dn trén bon chi so: dé tré trung binh, nang lwong tiéu thu, ty 1é vi pham han va
té¢ dé hoi tu; moi cau hinh duwoc lap lai 5 lan véi 5 hat giéng ngcfu nhién khdac nhau. Bai bdo
ciing bé sung so sanh véi ba baseline don gian (Random, Greedy battery-aware, AllLocal)
va phan tich @6 nhay ciia tham sé trong sé dong k. Két qua cho thdy ham phan thuong AH dé
xudt gidm 19% d¢ tré trung binh, 27% ndng lwong tiéu thu va 27% ty 1é vi pham han so vdi
LWS, d‘éng thoi cho thdy do 6n dinh cao trong dai x rong.

Tir khéa: dién toan bién, hoc ting cuweong sdu, ham phan thuéng da muc tiéu, 1mg dung AR/VR,
dé tré thdp, PPO, quan 1y tai nguyén

I. Pit véan dé

Su phat trién nhanh chong cia cac
g dung doi hoi do tré cuc thap nhu thuc
té ting cudng va thuc té a0 (Augmented
Reality (AR)/Virtual Reality (VR)), xe tu
hanh va Internet van vét cong nghiép da dat

ra yéu cau moi cho ha tang mang thé hé

"' Truong Pai hoc Mo Ha No6i, Ha Noi, Viét Nam

tiép theo. Pi v6i tng dung AR/VR, cac
nghién ctiu chi ra rﬁng do tré can duge
gitt dudi ngudng 30 ms dé duy tri trai
nghiém nguoi dung tu nhién va tranh hién
tuong say chuyén dong (motion sickness)
(Siriwardhana & cong su, 2021). Yéu cau

nay khong thé dap tmg néu moi tac vu
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tinh toan déu duoc day 1én dam may xa do
d6 tré truyén din qua 16n. Pién toan bién da
truy cap da duoc d& xut nhu mot kién trac
kha thi cho phép xtr Iy tac vu tai cac may chu
bién dat gan thiét bi ngudi ding (Mach &
Becvar, 2017; Mao & cong su, 2017).

Bai toan cdt 16i trong MEC 14 quan
ly tai nguyén dong: vdi moi tac vu tdi,
hé thdng phai quyét dinh xtr 1y cuc bo tai
thiét bi nguoi dung hay ddy 1én may cha
bién, ddng thoi phan chia bang thong va
nang luc xu ly hop ly. Bai toan nay thudc
16p bai toan quyét dinh tuan ty dudi sy
bat dinh ctia mdi trudng (kénh vo tuyén,
hang doi, nang lugng pin), thuong duoc
hinh thirc hoa thanh qua trinh quyét dinh
Markov.

Hoc tang cuong sau da duogc chung
minh c6 kha nang hoc cac chinh sach
phan chia tac vu thong minh ma khoéng
cAn mo hinh toan hoc hoan chinh ctia moi
truong (Nguyen & cong su, 2019). Mot
trong nhirng thuat toan DRL phd bién nhat
hién nay la Proximal Policy Optimization
(PPO), mot phuong phap tdi uwu chinh
sach can ké 6 tinh 6n dinh cao va dé& trién
khai (Schulman & cong su, 2017). Trong
cac nghién ctiu trude day ap dung DRL
cho MEC, ham phan thuong thudng dugc
thiét ké dudi dang tong c6 trong sd tuyén
tinh cua cac muc tiéu thanh phan nhu d6
tré va nang lugng (Chen & cong su, 2021;
Cao & cong su, 2020). T d6 boc 10 ba
khoang tréng nghién ctu: (i) ham phan
thuong thuong duoc ké thira mic dinh
ma chua duge khao sat nhu mot bién sb
nghién ctru doc 1ap, nén anh huong cia nod
td1 hiéu nang chua duoc lugng hoa; (ii)
trong s6 duoc cb dinh trong sudt qua trinh
huén luyén, khong phan anh sy thay ddi
wu tién theo trang thai pin cua thiét bi; (iii)

rang budc thdi han duge xtr Iy nhu mot sd
hang phat cong thém, khién tac tir c6 thé
danh d6i vi pham thoi han 13y tiét kiém
nang lugng, diéu khong chdp nhan duoc
v6i AR/VR.

Bai bdo nay tap trung phan tich va
so sanh ba thiét ké ham phan thuong da
muc tiéu cho thuat toan PPO trong moi
truong MEC AR/VR, gom: (1) tong
c6 trong sb tuyén tinh (LWS), (2) ham
logarit (LOG), va (3) phan ting thich
tmg AH dugc nhém tac gia dé xuit. Pong
g6p chinh cua bai bao gém: (i) xay dung
moi truong moé phong MEC AR/VR tuy
chinh trén Python phan anh cic tham sb
ky thuat cia ung dung AR/VR; (ii) dé
xuat ham phan thuéng phan tang thich
tmg két hop rang budc cing cho thoi han
v6i co ché trong sé dong theo trang thai
pin; (iii) so sanh thuc nghiém ba thiét ké
trén bon chi s6, mdi cau hinh duoc chay
nim lan voi nim hat gidng ngiu nhién
khac nhau; (iv) bd sung so sanh véi ba
baseline don gian tur tai liéu (Random,
Greedy battery-aware, AllLocal) va phan
tich do nhay cua tham sb trong sb dong «
trong AH.

II. Phwong phap, vat li¢u nghién ctru

2.1. M6 hinh hé thong MEC cho
wrng dung AR/VR

Bai bao xem xét mot hé théng MEC
nhu minh hoa trong Hinh 1, bao gom N
thiét bi nguoi dung (UE) chay tng dung
AR/VR, mét tram gbe tich hop mot may
cha bién duy nhat, va mot may chu dam
may tap trung. Mdi UE phét sinh cic tac
vu tinh toan theo chu ky tuong ung véi
viéc xu ly mot khung hinh AR/VR. Tai
mdi budce thoi gian t, mdi UE phai quyét
dinh cach xu ly tac vu theo ba lya chon:
thue hién cuc bo tai UE, day tac vu toi



may chil bién véi murc wu tién thap, hodc
ddy tic vu v6i muc uu tién cao. Mirc
uu tién cao cho phép tac vu duge xu ly
som hon trong hang doi tai mdy chu bién
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nhung c6 thé tén thém ning luong truyén.
May chu ddm may dong vai tro du phong
va khong duoc mé hinh héa chi tiét trong
nghién ctru nay.

Cloud Server

-‘@atff entralized)

Base Station (BS)

MEC Server (10 GHz)

AR/VR UE
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N = 10 thiét bi nguéi ding (UE) chay Ung dung AR/VR

Hinh 1. M6 hinh hé thong MEC cho iing dung AR/VR
(1 tram goc tich hop 1 MEC + 1 Cloud)

Tham s hé théng duoc thiét lap
theo cac gia tri tham chiéu phd bién trong
cac nghién ctru MEC: bang thong kénh
truyén 20 MHz, cong sudt phat cua UE
100 mW, tin s6 CPU UE 1 GHz, tan s
CPU may chu bién 10 GHz, kich thuédce
tdc vu AR/VR tir 50 KB dén 200 KB, s6
chu ky CPU can thiét tir 30 triéu dén 150
triéu, va thoi han 30 ms cho mdi khung
hinh. S6 UE duoc giit & mtc N = 10 nhdm
tap trung vao phan tich so sanh ba thiét
ké ham phéan thudng trong diéu kién tai
nguyén c6 gidi han ro rét.

2.2. Hinh thirc hoa bai todn dwdi
dang MDP

Bai toan quan ly tai nguyén dugc
hinh thitc héa thanh qua trinh quyét dinh
Markov (MDP) véi bd ngii <S, A, P, R,
v>, trong do:

Khong gian trang thai S gdm 5
chiéu: (1) do loi kénh chuédn hoa, (2) mirc
pin con lai, (3) tai hang doi tai may chu
bién, (4) kich thudc tac vu chuén hoa, (5)
s6 chu ky CPU can xur 1y chudn hoéa.

Khong gian hanh dong A c6 ba lya
chon ro1 rac: a = 0 thuc hién cuc bd; a=1
day tac vu v6i uu tién thap; a = 2 day tac
vu vO1 uu tién cao.

Ham chuyén trang thai P dugc sinh
tryc tiép tir moé hinh mé phong (kénh
Rayleigh, m6 hinh Shannon-Hartley, mo
hinh tiéu thu ning luong dong). Hé sb
chiét khau y = 0.99. Ham phan thuéng R
1a bién s6 chinh duoc nghién ctru trong
bai bao nay va duoc chi tiét hoa trong tiéu
muc 2.3.



68

2.3. Ba thiét ké ham phén thuéng
dwoc so sanh

Dit Lt 1a d6 tré chuan héa (latency
ms/THOI HAN), Et 1a ning lugng chuan
hoéa (energy J/0.05), mt 1a chi thi nhi phan
vi pham thoi han (mt= 1 néu latency >
thoi han, 0 néu nguoc lai). Ba ham phan
thuong dugce dinh nghia nhu sau:

Phuong an 1 (LWS, Linear Weighted
Sum): Rt = -a-Lt- B-Et - y_miss'm_t, voi
a=0.5,=0.3,y miss=1.0. Day la dang
thiét ké co ban duoc s dung phd bién
trong cac nghién ciru DRL cho MEC.

Phuong an 2 (LOG, Logarithmic):
Rt = -a-log(1 + L t) - B-log(1 + Et) - y_
miss-m_t. Ham logarit dugc ky vong lam
giam do nhay cua tin hiéu phan thudng
véi cac gia tri cuc doan cua Ltva Et.

Phuong an 3 (AH, Adaptive
Hierarchical) do tac gia dé xuét: ham phan
thudng phan ting voi rang budce cling cho
thoi han va trong sb thich tng theo pin.
Cu thé: néu mt= 1, Rt = -2.0 - 0.5-(Lt- 1)
(tang 1: phat cting); néu mt= 0, Rt = -a-Lt-
Ber-Et + slack_bonus (tdng 2), trong d6 Perr
=B+ k(1 - battery) 1a trong s6 ning luong
dong phu thudc trang thai pin (x = 0.4 mac
dinh, dugc phan tich 6 nhay ¢ Muc 3.4),
va slack bonus = 0.5-max(0, 1 - L_t) khi
Lt< 0.5 nham khuyén khich cac hanh dong
hoan thanh sém.

Su khac biét c¢dt 161 cia AH so véi
LWS va LOG Ila: thay vi xur Iy mt nhu
mot thanh phan cong thém véi trong sb ¢
dinh, AH coi mt 1a rang budc ctiing va ap
dung tin hiéu phan thuéng riéng biét cho
hai ché d6: tranh vi pham va t6i vu mém.

2.4. Ciu hinh mé phong va dinh gid

Mo phéng duge trién khai trén ngon
ngit Python véi thu vién PyTorch cho

phan mang neural va NumPy cho phéan
moéi truong MEC. Thuat toan PPO st
dung kién trac Actor-Critic véi hai 16p an
64 don vi va ham kich hoat Tanh, learning
rate 3-104, Kepochs = 4 cho mdi lan cap
nhat, hé sd cit ratio £ = 0.2, hé sb gia tri
0.5 va hé sb entropy 0.01. Mdi episode dai
50 budc thoi gian. Mdi cau hinh ham phan
thuong duoc hudn luyén 200 episode va
lap lai 5 1an véi 5 hat gibng ngdu nhién
khac nhau (42, 7, 123, 2024, 88) d tinh
gi4 tri trung binh va d6 léch chuén.

Bén chi sé danh gia duoc sir dung:
(1) d6 tré trung binh tinh bang mili-gidy,
(2) niang luong tiéu thu tinh bang mili-
joule, (3) ty 1& vi pham han tinh bang
phan trim, va (4) toc do hoi tu tinh bang
s6 episode can thiét d& dat 90% mirc phan
thuong cudi.

Dé danh gia khach quan déng gop
cta thuit toan DRL so v&i cdc chién
luge don gian tir tai liéu, bai bao bd
sung ba chinh sach baseline khong hoc:
(i) Random: Chon ngau nhién mot trong
ba hanh dong tai mdi budc; (ii) Greedy
battery-aware: Heuristic ¢6 dién trudc
thoi DRL: néu pin > 0.5 thi xir 1y cuc bd,
nguoc lai day véi uu tién cao (Mach &
Becvar, 2017); (iii) AllLocal: Ludn xu
Iy cuc b tai UE, dong vai tro can dudi
khi khong c6 MEC. Ba baseline nay dugc
chay voi cing nam hat giéng ngdu nhién
dé bao dam so sanh cong bang.

Vé o phuc tap tinh todn, mang
Actor-Critic véi hai 16p an 64 don vi can
khoang 4.6 nghin phép nhan cong cho mdi
lan ra quyét dinh va du6i 5 nghin tham s6,
khong dang ké so v6i ngan sach do tré 30
ms ctia mot khung hinh AR/VR. Ba thiét
ké ham phan thuéng ding chung kién trac
mang va sb vong 13p huin luyén nén cé



chi phi tinh toan twong duwong; khac biét
gitra chung chi 1a vai phép toan vo hudng
khi tinh gié tri phan thuong.

I11. Két qua va thao luin

3.1. Duong cong hji tu

Hinh 2 mé ta dudng cong phin
thuong tich Iily cua ba phuong an theo
s6 episode huan luyén. Do thang do phan
thuéng khac nhau gitta ba phuong an,
ta chi so sanh hinh dang va xu hudng
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cua duong cong. Puong cong AH cé xu
huéng ting déu va on dinh trong toan b
qua trinh hun luyén, cho thiy tac tir tiép
tuc cai thién chinh sach. Trong khi do,
duong cong LWS dao dong quanh mot
mirc cb dinh ngay tir giai doan dau, goi y
rang tac tir di roi vao nghiém tbi wu cuc
bd. Buong cong LOG c¢6 hanh vi tuong tu
nhung v6i d6 dao dong nhd hon do tinh
chat nén thang do cua ham logarit.

~104

Phan thudng tich Idy trung binh

—50 4

= LWS (Linear Weighted Sum)
—— LOG (Logarithmic)
= AH (Adaptive Hierarchical) - dé xudt
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Hinh 2. Duong cong héi tu ciia ba thiét ké ham phan thuéng
(trung binh + dg léch chudn trén 5 hat giong)

3.2. Hiéu ning theo bén chi sé dinh gid
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Hinh 3 trinh bay dién bién cta ba chi
s6 chinh gdm db tré, nang luong va ty 18 vi
pham han theo thoi gian huén luyén. Quan
sat hinh 3(a), AH duy tri d6 tré trung binh
thip hon o rét va giam dan xudng dudi
nguong thoi han 30 ms, trong khi LWS va
LOG dao dong quanh chinh ngudng nay.
Tuong tu, hinh 3(b) cho thiy AH lién tuc
giam nang luong ti€u thy trong qua trinh

huan luyén, trong khi LWS va LOG gan
nhu ding yén. Hinh 3(c) cho thiy ty 1& vi
pham han ctia AH céi thién lién tuc, con hai
phuong an kia khong cai thién dang ké.
Bang 1 tong hop gia trj trung binh
ctia cac chi sb trén 50 episode cudi (sau
khi d3 hoi tu) cing voi do 1éch chuan tinh

trén 5 hat gidng ngiu nhién.

Bdng 1. So sdnh hiéu ndng cudi ciia ba thiét ké ham phan thuong (trung binh + std, 5 seeds)

Phwong an P tré (ms) Ning lrong (mJ) Ty 1€ vi pham (%)
LWS 30.13+£2.70 23.92+£291 27.29+2.82
LOG 30.73 £2.64 2459 +£2.84 27.74+£2.70

AH (dé xuat) 24.35+2.88 17.56 +3.18 20.07 £ 3.64

Két qua tir Bang 1 cho thay AH cai
thién o rét ca ba chi sb so véi LWS va
LOG, twong tmg 19.2% vé do tré, 26.6%
vé nang luong tiéu thy va 26.5% vé ty 18
vi pham han. Kiém dinh t Welch hai phia
trén 5 hat giéng xac nhan toan bo sau cdp
so sanh gitra AH v61 LWS va AH voi LOG
déu ¢ y nghia théng ké (p < 0.05), v6i hé
s6 quy mé hiéu tng Cohen’s d tir 2.07 dén
2.39, tuong tmg muc hiéu tng rat 1n.

(a) B§ tré trung binh

(b) Nang lugng tiéu thuy

3.3. So sanh voi baseline tham
chiéu tir tai ligu

Pé dinh vi hiéu ning cua céc
phuong an DRL trong béi canh rong hon,
bai bao so sanh ba thiét ké ham phéan
thuong voi ba baseline don gian da gidi
thiéu & Muc 2.4. Hinh 4 trinh bay so sanh
hiéu ning cudi giita ba phuong an PPO
va ba baseline.

(c) Ty |1& vi pham han
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Bang 2 trinh bay s liéu chi tiét cuia cac baseline.

Hinh 4. So sanh hiéu ndng trung binh tai trang thai da hoi tu
cia ba thiét ké ham phdn thuéng va ba baseline

Badng 2. Hiéu ndng cua ba baseline don gian (trung binh + std, 5 seeds)

Baseline Logic P tré (ms) Vi pham (%)
Random Chon ngau nhién mot trong ba hanh dong 35.72+£0.75 33.29£0.77
Greedy Pin > 0.5 — cuc bg; ngugc lai — uu tién cao 9.49+0.03 2.00 £ 0.00
AllLocal Ludn xur 1y cuc bd (khong c6 MEC) 89.93 +0.23 100.00 + 0.00




Quan sat Bang 2 va Hinh 4, AH
vuot trdi rd rét so voi AllLocal (vi pham
han 100% do tai nguyén cuc bo khong du
cho tac vu AR/VR) va Random (35.72 ms
/ 33.29% vi pham). Pang chu y, baseline
Greedy battery-aware cho hiéu ning rat
t6t (9.49 ms / 2.00% vi pham), tham chi
t6t hon AH & cac chi sb tuyét ddi. Nguyén
nhan 1a trong moi truong moé phong don
gian, mot heuristic tha céng ndm rd céu
tric bai toan c6 thé dat hiéu nang cao,
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con loi thé cua DRL chi boc 16 trong moi
truong phtrc tap hon véi nhiéu tac ti,
nhiéu TRAM GOC va tai dong (Nguyen
& cong su, 2019).

Bang 3 trinh bay so sanh tham chiéu
v6i hai nghién ctru DRL gin day ap dung
cho MEC. Do c4u hinh hé thong cia mdi
nghién ctru khac nhau, cac con sé dudi
day chi nham dinh vi hiéu nang cua AH,
khong phai so sanh truc tiép.

Bdng 3. Tham chiéu két qua tir mot s6 nghién ciru DRL/MADRL gan day cho MEC

Nghién ciru Ciu hinh P tré Nang lwong
Chen va cong su (2021), 2 . 25-40 ms
DRL-DQN 5 UE, I server, MEC tong quat (tly task) -
Cao va cong su (2020), 6 UE, multi-channel + Internet van vat ) giam 30-40%
MADRL-DQN cong nghiép ) so heuristic
AH (d¢ xuat) 10 UE, 1 TRAM GOC + 1 MEC, AR/VR | 24.35ms 17.56 mJ

Bang 3 cho thdy d6 tré trung binh
ciia AH (24.35 ms) ndm & can dudi dai
ma Chen va cong sy (2021) bao céo (25-
40 ms), con muc giam nang lugng so véi
LWS (26.6%) tiém can murc d0 lgi ma Cao
va cong su (2020) cong bd cho MADRL-
DQN. Nhu viay AH cho hiéu ning nim
trong dai canh tranh cua cac phuong phap
DRL gin day.

3.4. Phan tich d¢ nhay ciia tham sé
trong sé dpng K

(a) B tré vs. K

{b) Nang lugng vs. K
7

Phuong 4n AH chira tham s6 « trong
cong thie Berr = B + (1 - battery), diéu
khién muc d6 phu thudc cia trong )
ning luong vao trang thai pin. Dé danh
gia anh huong cua x dén hiéu ning tong
thé, bai bao thuc hién phén tich do nhay
bang cach quét k trong tap {0.0, 0.2, 0.4,
0.6, 0.8}. Mdi gia tri x dugc chay véi 5
hat gidng ngau nhién doc lap, trong d6 hat
gidng duoc dich chuyén theo « (sdefr = sd
+ [1000-x]) dé bao dam mdi gia tri k co 5
quy dao moi trudng ngiu nhién riéng biét.

(c) Miss rate vs. K
]
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Bang 4 tong hop s6 liéu phan tich d6 nhay.
Bdng 4. Hiéu nang AH theo cdc gid tri tham s6 k (trung binh + std, 5 hat giong)

K Pj tré (ms) Néng lwong (mJ) Vi pham (%)
0.0 2279 +2.25 15.81 £2.50 18.30 +2.83
0.2 23.38 +1.39 16.43 +1.51 18.36 + 1.35
0.4 (mdc dinh) 2435+2.88 17.56 £3.18 20.07 + 3.64
0.6 26.78 £2.54 20.20 +£2.78 22.69+2.74
0.8 22.34+2.00 1527 +2.27 17.32+2.71

Hinh 5 va Bang 4 c6 hai nhan xét:

- Hiéu ning cua AH bién dong trong
mot dai hep vdi moi x € [0, 0.8], va moi
gia tri « déu vuot troi LWS voi muc cai
thién do tré ti thiéu 11% ngay ¢ trudng
hop x4u nhét « = 0.6. Piéu nay ching to
AH 6n dinh cao ddi véi viéc lua chon k,
mot vu diém thuc tién vi giam ganh ning
tinh chinh tham s6 khi trién khai.

- Su khac biét gilra cac gia tri k la cd
¥ nghia thong ké: khoang tin cay 95% cua
k= 0.6 ([24.55, 29.01] ms) khong chdng
lan véi khoang ctia k = 0 va « = 0.8, cho
théy « = 0.6 thuc su kém hon hai dau mut
cua dai khao sat.

Cau hinh mic dinh k = 0.4 duoc
chon lam thoa hiép gitra dd nhay theo pin
ctia Peff va sy 6n dinh cua tin hiéu phan
thuong; viéc tinh chinh « theo tirng kich
ban tai 1a hudng c6 thé khai thac thém.

3.5. Phdn tich nguyén nhdn va
danh doi

Phuong an LWS hoi tu rat nhanh
nhung dat nghiém chat luong kém.
Ly do la tin hiéu phan thuong cé cdu
tric tuyén tinh khién tac tir dé roi vao
nghiém tbi wru cuc bd wu tién giam ning
lugong nhung khong tranh dugc vi pham
thoi han. Phuong an LOG c¢6 cung dac
diém hoi tu nhanh nhung nghiém tham
chi hoi t¢ hon LWS, do ham logarit nén
thang do dan dén tin hiéu phan thuong

qué yéu dé dinh huéng cip nhat chinh
sach hiéu qua.

Phuong an AH can nhiéu episode
hon dé hoi tu, nhung day 1a danh d6i xing
dang. Rang budc cung tai tang 1 budc tc
tor vu tién tranh vi pham thoi han trude,
sau d6 méi can bang do tré va nang luong
tai tang 2. Co ché trong sd thich tmg theo
pin (Ber ting khi pin giam) gitp tac tur tiét
kiém nang luong khi pin yéu, con co ché
thuong hoan thanh sém khuyén khich
hoan thanh sém thay vi chi vira da kip thoi
han. Ba co ché nay tao nén tin hiéu phén
thuong giau thong tin hon, dan huéng tim
kiém chinh sach t6i nghiém c6 chét lugng
cao hon.

Tuy nhién ty 1€ vi pham han cia AH
(20.07%) van cao hon mic mong mudn
cho tng dung AR/VR thuc té. Pidu nay
cho thay giéi han vén c6 cua hé thong
trong c4u hinh tai nguyén da chon: voi 10
UE chia s¢ mgt may chu bién 10 GHz va
bing thong 20 MHz, mot sb tac vu van
khong thé dap tmg thoi han 30 ms trong
diéu kién kénh x4u. M& rong sang kién
tric da tac tir voi nhiéu TRAM GOC, két
hop co ché du doan kénh, 13 hudng cai
thién quan trong trong tuong lai.

IV. Két luan

Bai bao dd dé xuat va danh gia thiét
ké ham phan thuéng phan tang thich tmg
cho thuat toan PPO trong mdi truong dién



toan bién ho tro tmg dung AR/VR. Ham
phan thudng dé xuat t6 chire tin hiéu thuong
phat thanh hai ting: rang budc cimg cho
thoi han va t6i wu mém véi trong s6 thich
ung theo trang thai pin. Trén mdi trudong
mo phdong 10 UE va mot may chua bién, AH
giam 19% do tré, 27% ning luong va 27%
ty 1¢ vi pham han so v6i ham phan thuong
tuyén tinh, khac biét dugc xac nhan béng
kiém dinh t Welch (p < 0.05).

So sanh voi ba baseline don
gian (Random, Greedy battery-aware,
AllLocal) cho thdy AH thing 13 rét
Random va AllLocal, nhung heuristic
Greedy don gian van cho hiéu ning tbt
hon & chi s6 tuyét ddi. Didu nay goi ¥ ring
gia tri thuc su cua cac khung DRL nim &
tinh tong quat va kha ning mé rong sang
cac kich ban phtrc tap hon noi heuristic
thu cong kho ap dung. Phan tich d6 nhay
v6i tham sb trong s6 dong k cho thay AH
¢6 tinh 6n dinh cao trong dai « rong, véi
moi gia tri k € [0, 0.8] déu vuot troi LWS
it nhat 11% vé d¢ tré.

bong gdp khoa hoc ctia nghién ctru
1a bang chimg thue nghiém c6 co s6 thong
ké vé vai tro cua thiét ké ham phan thuong
trong DRL cho MEC, kém mot mau ham
phan thuéng co thé tai sir dung. Vé thyc
tién, ky thuat dé xuat ap dung duoc cho
cac hé théng MEC hd tro AR/VR va céc
tmg dung truyén théng do tré thap siéu tin
cay nhu xe tu hanh hay Internet van vét
cong nghiép.

Hudéng nghién ctru tiép theo bao gom:
(1) mo rdng sang moi trudong da tac tir véi
nhiéu UE va nhiéu TRAM GOC hop tic
hodc canh tranh (huéng ma nhom tac gia da
budc dau khai thac trong Hoang (2026));
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(ii) tich hop co ché cha ¥ dé xir Iy s6 lugng

tac tur thay d6i dong; (iii) danh gia trén moi

truong mod phong tiéu chuin nganh nhu

ns-3 hodc thir nghiém trén thiét bi thuc

USRP; (iv) nghién ctru co ché tinh chinh

« thich nghi theo loai tai dé khai thac triét

dé dai hiéu ning tot nhat caa AH.

Tai liéu tham khao

Cao, Z., Zhou, P., Li, R., Huang, S., & Wu, D.
(2020). Multiagent Deep Reinforcement
Learning for Joint Multichannel Access
and Task Offloading of Mobile-Edge
Computing in Industry 4.0. /EEE
Internet of Things Journal, 7(7),

6201-6213.  https://doi.org/10.1109/
JIOT.2020.2968951

Chen, J., Xing, H., Xiao, Z., Xu, L., & Tao,
T. (2021). A DRL Agent for Jointly
Optimizing Computation Offloading
and Resource Allocation in MEC.
IEEFE Internet of Things Journal, 8(24),
17508-17524. https://doi.org/10.1109/
JIOT.2021.3081694

Hoang, T. N. (2026). Pé xuét co ché truyén
thong trang thai thich nghi dua trén mirc
dd quan trong cho bai toan phan tai tac
vudatac tur trong dién toan bién di dong.
Tap chi Khoa hoc Truong Dai hoc Mo
Ha Ngi, s6 ddc biét 104, 25-35. https:/
doi.org/10.59266/hou;js.2026.1151

Mach, P., & Becvar, Z. (2017). Mobile edge
computing: A Survey on Architecture
and Computation Offloading. /EEE
Communications Surveys & Tutorials,
19(3), 1628-1656. https://doi.
org/10.1109/COMST.2017.2682318

Mao, Y., You, C., Zhang, J., Huang, K.,
& Letaief, K. B. (2017). A Survey
on Mobile Edge Computing: The
Communication Perspective. [EEE
Communications Surveys & Tutorials,
19(4), 2322-2358. https://doi.
org/10.1109/COMST.2017.2745201

Nguyen, C. L., Dinh, T. H., Gong, S,
Niyato, D., Wang, P, Liang, Y.-C.,
& Kim, D. 1. (2019). Applications
of deep reinforcement learning in



74

communications and  networking: Siriwardhana, Y., Porambage, P., Liyanage,
A survey. [EEE Communications M., & Ylianttila, M. (2021). A Survey
i‘;‘; eys & Ti “}i‘)” zal/s/,d 2 1 (4/)10 ?i i?) ; ; on Mobile Augmented Reality With 5G
. ttps://do1.org/10. . . .
COMST 20192916583 Mobile Edge Computing: Architectures,

Applications, and Technical Aspects.

Schulman,J.,Wo!ski,F.,Dhariwal,P.,Radford, [EEE Communications Surveys &
A., & Klimov, O. (2017). Proximal

. L . Tutorials, 23(2), 1160-1192. https://doi.
policy optimization algorithms.
arXiv. https://doi.org/10.48550/ org/10.1109/COMST.2021.3061981

arXiv.1707.06347

DESIGNING A MULTI-OBJECTIVE REWARD FUNCTION
FOR REINFORCEMENT LEARNING IN EDGE
COMPUTING SUPPORTING AR/VR APPLICATIONS

Hoang Trong Nghia!

Abstract: Dynamic resource management in Multi-Access Edge Computing (MEC) for
Augmented and Virtual Reality (AR/VR) applications poses sutram goctantial challenges due
to strict requirements on low latency and energy efficiency. Deep Reinforcement Learning
(DRL) has become a popular approach for this problem; however, its performance heavily
depends on reward function design. This paper analyzes and compares three multi-objective
reward function designs for the Proximal Policy Optimization (PPO) algorithm in an MEC
AR/VR environment: linear weighted sum (LWS), logarithmic (LOG), and the proposed
adaptive hierarchical formulation (AH). The research method involves constructing a custom
Python simulation environment with ten user devices and one base station integrated with a
single edge server, then training and evaluating the three designs over four metrics, namely
average latency, energy consumption, thoi han miss rate, and convergence speed, with each
configuration run using five different random seeds. The paper additionally compares ad¢
loist three simple baselines from the literature (Random, Greedy battery-aware, AllLocal)
and conducts a sensitivity analysis of the dynamic weight parameter k. The results show
that the proposed AH reward function reduces average latency by 19%, energy consumption
by 27%, and thoi han miss rate by 27% compared to LWS (Welch t-test, p < 0.05), while
maintaining high stability across a wide k range.

Keywords: edge computing, deep reinforcement learning, multi-objective reward function, AR/
VR applications, low latency, PPO, resource management
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