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Tom tat

Trong béi cinh mang hién dai, tac nghén luu luong va “bufferbloat” 1a nhiing thich Nhan 15/06/2025
thirc 16n, doi héi cac co ché diéu khién hang doi chi dong (AQM) tai b dinh tuyén  Puge duyét  25/08/2025
dé dam bao chat luong dich vu. P{E (Prgportiogal Integral E{lhanced) 1a mot thqf_it Cong bd 30/10/2025
toan AQM hiéu qua, st dung b diéu khién PI d€ duy tri do trée muc ti€u, gidm thieu

tic nghén va cai thién hi¢u sudt mang. PIE ndi bat nho tinh don gian, 6n dinh va da

duoc trién khai rong rdi trong cac bd dinh tuyén hién dai. Tuy nhién, véi su da dang Tir khoa

ctia lvu lwong mang thé hé méi, PIE truyén thong gip han ché trong viéc tu dong
thich nghi véi cac tai dong. Dé khac phuc, bai bao dé xuat két hop PIE véi Deep Q -
Network (DQN) — mét phuong phap Hoc ting cuong (RL). DQN gilp téi wu hoa
tham s6 PIE (a, 8, target_delay) dua trén dit liéu mang phurc tap, tir d6 ning cao
kha nang phan tng véi cac loai luu luong khac nhau. Két qua thir nghiém cho théy,
DQN-PI giam d¢ tré trung binh va tang thong lwong so voi PIE gbc, dic biét hiéu qua
trong mdi trudng mang khéng dong nhét. Trong tuong lai DQN - Pl tiép tuc cai thién
hiéu sudt AQM, thich g véi nhiéu méi truong mang phtrc tap nhu 5G, IoT, truyén
phat thoi gian thuc hop chuyén dbi s6, nham cung ¢d loi thé canh tranh lau dai cua

Tic nghén mang, AQM,
thuét toan PIE, hiéu suét
mang, hoc sau tang cuong.

dia phuong.
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1. Pit van dé

Trong béi canh ky nguyén s phat trién manh mé&, nhu cau
giao tiép mang va truyén tai dit liu ngay cang ting cao.
Céc mg dung thoi gian thyc, chang han nhu video truc
tuyén, hoi nghi truc tuyén va cac dich vu truyén thong da
phuong tién, dang ngay cang trd nén pho bién [1]. Cac
nghién ctru dua ra cac phuong phap kiém soét tic nghén
va dinh hinh luu lugng khac nhau, tap trung vao ing dung
ctia chung vao cac tinh hudng bang thong cao, thoi gian
thuc [2], cac co ché quan 1y hang doi tich cuc (AQM)
bang cac thudt toan cai tién cuia Phat hién sém ngiu nhién
(RED). Dic biét, cac phuong phap AQM truyén thong [3
-5] ¢6 thé khong con dap tng dugc nhu cau kiém soat luu
lugng mang trong thoi gian thuc, dac biét 1a khi tai mang
bién dong va xuét hién cac yéu cau tdi uu hoa phirc tap.
Tuy nhién, sy gia ting nhanh chéng vé luu lugng mang
dat ra ap lyc 16n 1€n cac hé théng mang va cac thiét bi
dinh tuyén, din dén nguy co tic ngh&n mang va giam hiéu
suit hoat dong, do do, nhiéu cong trinh dua ra nhiéu giai
phap chéng tac nghén, dung hoc may, hoc sau, dam bao
QoS [6-8].

https://doi.org/10.55401/z8e3t339

Bén canh d6, dé ting cuong kha ning du bao va kiém soat
tinh trang hang doi, nhom tac gia ciing két hop thuat toan
Deep Q-Network (DQN), mét phuong phap Deep
Reinforcement Learning nham du doan trang thai hang
doi va tinh toan xéac sudt bo goi tin. DQN giup du doan
thoi diém hang doi co kha nang day va dua ra ty 18 bo goi
tin t&i vu. Khi ap dung vao cac bd dinh tuyén mang, DQN
lién tuc quan sat cac trang thai hang doi va du bao cac
hanh dong t6i wu dé duy tri hang doi trong muc an toan,
giam nguy co tic ngh&n va giir cho luu luong truyén tai
6n dinh [9]. Viéc tich hop RL cho phép cac bd dinh tuyén
tim hiéu cac c4u hinh t6i vu dé quan Iy hang doi dua trén
diéu kién luu lugng thoi gian thuc, cai thién cac chi $6
hiéu suat nhu théng luong va d¢ tré goi thudng.

Pé xuat DQN-PI nhiam ting cudng quan 1y hang doi tai
cac b dinh tuyén mang truyén thong bang cach tich hop
cac co ché tang cudng bo diéu khién tich hop ty 1¢ (PIE)
v6i Deep Q-Networks (DQN). Céch tiép cén tan dung Al
dé tu dong diéu chinh d¢ sau hang doi va quan ly tic
ngh&n, dam bao Chét lwong dich vu (QoS) tbi uu trong
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cac moi truong mang dang phat trién, dic biét 1a trong
mang 5G va mang 6G trong tuong lai [10].

Trong phén tiép theo, bai bao md ta cac nghién ciru
lién quan, trong d6 nhom tac gia nghién cuu thuat toan
PIE va md hinh tiép can DQN. Tiép theo nghién ctru
phuong phap cai tién dwa ra mo hinh dé xuat két hop PIE
va DQN. Ngoai ra, nghién ctrtu mo6 phong tir cong cu NS-
2 d¢ 1y dir liéu thuc nghiém va thyc nghiém véi mé hinh
PIE, DQN-PIL. Sau d6 14 phan két qua va danh gia so sanh
thuc nghiém giita 2 phuong phap. Cudi cung 1a két luan
va dinh hudéng nghién ctu.

2. Nghién cwu lién quan

2.1. Thuat todn PIE

PIE duoc phat trién boi Rong Pan va cdng sy tai Cisco
Systems va Dai hoc Bang Arizona. PIE la thuat toan
AQM dung bo diéu khién PI (Proportional-Integral) dé
kiém soat do tré hang doi (queueing delay) tai bo dinh
tuyén va giam bufferbloat bang cach diéu chinh xac suét
tha goi (p) duya trén sai s6 do tré [11].

Phwong phap cia PIE:
e Tinh d¢ tré hién tai (deyrrent)
— _glenth
dcurrent " bandwidth (1)

Trong do, glenth la @6 dai hang doi hién tai (bytes hodc
g0i tin); bandwidth 1a Téc d6 truyén dan (bytes/s).
e Sai sb (error)
error = d.yment — target delay 2)
Trong d6, target_delay 1a d6 tré muc tiéu (vd: 20 ms).
e Diéu chinh xac suat tha géi (p )
p=p+a- error + - (error — error ,,q) (3)
Trong d6, a 1 hé s tich phan (vd: 0,125) - diéu chinh sai
sb dai han; B lahe sdtile (vd: 1,25) - phan ung nhanh voi
bién dong; error old 1a sai s6 & chu ky trude.
e Gidgihanp
p= maX(O' min(Pmax, p)) (Pmax = 0,1) “4)
Hoat dong cua PIE:
e Do ludong do tré: PIE tinh d e, dua trén glenth va
bandwidth (1)
e S0 sanh voi @6 tré muc tiéu:
- NéU dyyene > target_delay: tang p dé giam tai.
- NéU dyypene < target_delay: giam p.
e Diéu chinh p bang PI controller (2, 3, 4):
- Thanh phan Proportional ( 8 - error): phan ng tuc
thi vai sai s6 hién tai.
- Thanh phan Integral (a - ¥ error): khir sai s tich lity
theo thoi gian.
e Tha goi ngau nhién:
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Ap dung p @ quyét dinh tha/danh dau géi tin.

Vé mdt han ché:

PIE phu thudc vao a, 8; B0 phtic tap cao hon thuit toan
RED, khoéng du doan dugc luu luong bing nd (burst
traffic).

2.2. Tiép can mo hinh DQN

Trong cac md hinh hoc sau, DQN 1a mot bién thé cua Q-
Learning sit dung mang no-ron sau dé x4p xi ham Q.
Trong DQN, ham Q dugc xép X1 bﬁng mdt mang no-ron
sau voi tham sb 6, duge goi la Q-Network. Ngoai ra,
DQN cho phép hoc chinh sach hanh dong hi€u qua trong
cac moi truong phirc tap, noi khong thé ap dung truc tiép
cac phuwong phap Q-Learning truyén thong do khong gian
trang thai 1on [12-14].

Dé tinh todn xac suit bo goi tin dua trén dy bao hang doi,
c¢6 thé st dung phuong phap DQN nhim dy doan trang
thai hang doi va diéu chinh xac sudt bo goi tin mot cach
t6i wu. Cach tiép cén nay két hop DQN véi md hinh dir
béo hang doi, gitp cai thién hiéu suat cia quan Iy hang
doi tich cuc (AQM) va giam thiéu tinh trang qua tai hang
doi. Phuong phap tiép cén:

e Thiét lap mo hinh hang doi va cac yéu to AQM trong
mdi trudng DQN dé agent c6 thé hoc cach diéu chinh xac
suit bo g6i nham duy tri d6 dai hang doi & muc ti uu.

e DON s& sir dung mang no-ron sau dé xap xi ham Q-
value Q(s, a; 6), trong do: s la trang théai cua hé thng
(céc yéu t6 hang doi); a 1a hanh dong (x&c suat bo goi); 6
13 tham s6 ctua mang no-ron (dugc téi wu hoa trong quéa
trinh hoc).

e Mangno-ron DQN cép nhét tham sb 6 bang cach giam
thiéu ham mat mat:

L(®) = E(sars) [(r +ymaxQ(s',a’;07) -

2
Q(s,6)) | )
Trong do, r 1a phﬁn thudng nhan dugce sau khi thyc hién
hanh dong a & trang thai s; s’ 1a trang thai méi sau hanh
dong a; y la hé s6 chiét khau, gilp can béng gitra phﬁn
thuong ngin han va dai han. 8~ 1a tham sb ctia mang Q-
Target, dugc sao chép tlr 8 sau mdi budc.
e Du b4o xéc suit bo goi tin dya trén trang thai hang doi:
Sau khi huan luyén, DQN s& dy doan hanh dong téi wu
(xac suét bo goi) dua trén trang thai hang doi. Khi hang
doi sap dat dén ngudng ddy, Xac suat bo goi tin s& tang
dan nhiam giam tai hang doi va ngan tinh trang qua tai.
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3. Pé xuat md hinh DQN- PI
3.1. Y twéng dé xuat mo hinh P1-DQN
Dau tién 1a giai doan thu thap dir liéu, bd dinh tuyén do
doyrrent » lenth, bandwidth mdi khoang thoi gian T. Sau
do6, DQN dua ra hanh dong dya trén state s;, DQN chon
action a, dé tinh chinh a, 8. Tiép theo, 4p dung tham s
méi vao PIE dé tinh toan p mdi va thuc hién tha goi
(drop/mark). Cubi cuing, cap nhat DQN dé tinh reward r,
va cdp nhat Q-network bang kinh nghiém phat lai
(experience replay).
M&6 hinh DON diéu chinh tham s6 PIE:
Pau vao (State s, ):
- D6 tré hién tai dgypyen » qlenth.
- Tbc d6 thay ddi d0 tré Ad = dypyent — doyd -
- Luu lugng mang (TCP/UDP ratio, throughput).
Dau ra (Action a; ):
- Diéu chinh a, 8 hoic target_delay.
Phan thuong (Reward 13 ):
e = _,(dcurrerrlt - target—delaY)z —Ap (6)
- A :Hé so phat néu xac suat tha géi p qua cao.
Cdp nhdt tham s6 PIE bang DON
a;, B¢, target_delay = DQN(s;) (7)
Sau d6 4p dung vao cong thirc PIE gbc:
p=p+a;- error + ;- (error — error ,q) (8)
3.2.  So dd mo hinh

~  Hanh ding
A Action
. DN ———
By \dcurrent, Tie
| ——— nhin

inh ¢
\ b | glenth | (ygent)  Adelay

A0 b Tinh (030D #y0) i g i
Chonbit G gl ——————
Tham s PIE i i)
A, A, Ll

L fugng mang

\\k//' _ ‘
‘ Phan hoi Reward Ry

Hinh 1. So d6 mé hinh d& xu4t DQN-PI
Mo hinh PI-DQN hoat dong theo co ché vong lip khép
kin thé hién ¢ hinh 1. B9 dinh tuyén lién tuc do luong cac
thong s mang bao gdm d6 tré hién tai (dgyrrent) va d0
dai hang doi (qlenth). Dit lidu nay duoc chuyén dén tac
nhan DQN (DQN Agent) — mt mang no-ron dugc huan
luyén dé phan tich trang thai mang va dua ra quyét dinh
t6i vu. DQN Agent s& tinh toan va cdp nhat cac tham sb
PIE (bao gém a, f va target_delay) nham diéu chinh
xé4c sudt danh diu hodc huy géi tin (mark/drop packet)
dua trén tinh trang luu lugng mang hién tai (6, 7, 8). Sau
mdi hanh dong, hé théng nhan dugc phan hoi (reward r¢)
danh gia hiéu qua cua quyét dinh, dva trén d6 1éch do tré
s0 v6i muc tiéu va xac sudt tha goi. Phan hodi nay duoc str

dung dé lién tuc cai thién chét lugng dy doan cia DQN
thong qua co ché hoc ting cudng, tao thanh mot hé thng
thich nghi dong c6 kha ning t6i wu hiéu suat mang trong
cac diéu kién luu luong da dang.

3.3. Thuét toan:

Thuit toan 1: thuat toan dé xuat DQN-PI

Khéi tao

DQN = NeuralNetwork()

memory =[]

Trong khi_True:

1. Quan sat trang thai mang

s=[measure_delay(), calculate Adelay(),

measure_throughput()]

2. DQN diéu chinh cac tham so PIE

Aa, AB, Adelay = DQN.predict(s)

9 o, p, target delay = update params (a, f3,
target delay, Aa, AP, Adelay)

10 3. Tinh toan ti 1€ rét gai tin

11 p=p+a*(current_delay - target_delay) +
p*Adelay

12 if random() < p: drop_packet()

13 4. Kinh nghiém thu thap dwoc

14 r=-(current_delay - target_delay) **2 - 0.1*p

15 memory.append ((s, [Aa, AB, Adelay], r,
new_state))

16 5. Huan luyén DQN dinh ky

17 if len(memory) > batch_size: train_ DQN(DQN,
memory)

18 Pinh nghia ham_train_DQN (DQN,
memory):

19 batch = sample(memory)

20 fors, a, r, s_new in batch:

21  target =r + 0.95* max(DQN.predict(s_new))

22  DOQN.update(s, a, target)

o Ok, WN -

oo

4. Thuc nghiém

4.1. M0 phéng

Mo phéng mang v&i phan mém md phong NS-2 ¢6 cdu
hinh RAM 16GB, CPU Core (TM) 17, hé diéu hanh Linux
CenOS cai dat NS-2 phién ban NS-2.35. M6 phong voi
cac bo dinh tuyén duoc két ndi voi nhau theo dang tap
trung, 6 bo dinh tuyén, trong d6 ¢6 2 duong chinh, tir S1
— D1 qua 4 router trung gian, duong ngan hon S2 — D2
qua thét c¢6 chai (bottleneck) R5 — R6, 2 dudng chinh ndi
v6i nhau qua R3 — R5. Cac két ndi thuong 1 10 M bps,
delay 10 ms, két ndi bottleneck R5 — R6 (2 M bps, delay
100 ms). Ludng dit liéu TCP S1 — D1 — FTP, TCP S2 —
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D2 - FTP; UDP R2 — D3 — CBR, UDP ngugc D3 — R2
— CBR. Hang doi tai bottleneck dugc gidi han 100 goi tin,
thoi gian md phong 14 60 gidy, thé hién ¢ Hinh 2.

e,

unp

10Mbps
P 0ms | D,
i ,_| % ;‘
[—"’ 10Mbps .IOMhp\%thm% 10Mbps 10Mbps I=’p
10ms 10ms Lms 10ms 10ms
10Mbps
S 10ms
2
ree 10Mbps 10ms
5 10Mbps 10ms I~ r znn-mmum ps 10ms —l
jj= & — =
=

Hinh 2. So d6 m6 phong mang

Trong hinh 2, bo dinh tuyén RS va R6 két ndi v6i bang
thong nho hon va do tré 16n, day 1a két ndi thit cd chai va
s& 1am cho viéc tic nghén mang c6 thé xay ra, qua trinh
b6 goi ciing s& xay ra tai ddy. Su két ndi trong mé phong
nay nham muc dich dem lai dir liéu khong dong déu, phirc
tap va thiy duoc thoi gian tré ctia cac goi tin duoc 13 rang.
Trong mo6 phong, goi tin dugc sinh ra cé 12 trudng, bao
gdm cac truong cia IP-header. Tir tip bam vét trong md
phong, sau khi phan tich va xt 1y dir 1iéu, tinh toan d6 tré,
do dai hang doi, ti 1€ rot goi, md phdng dua ra dir lidu dé
thyc nghiém. Hinh 3 thé hién c6 téng cong 1,912,226 gbi
tin truyén trén mang va di liéu c6 22 thude tinh sau khi
xu 1y.

Dataset Overview: Rows = 1912226, Columns = 22, Memory Usage = 623714.47 KB
Column Dtype Null Count Unique Count Top Freq

] event_type object 2] 4 637485
1 time floate4 =] 668194 53
2 src_node intea ] 10 354368
3 dst_node intea %] 11 333984
4 packet_type object ] 3 946325
5 packet_size floats4 ] 3 946301
6 flags object =] 2 1912894
7 fid floatesd a 3 1669368
8 src_ip floated -] 5 834753
9 dst_ip floate4 -] 5 834753
10 seq_num floated e 55514 2670
11 packet_id floatea =] 142965 15
12 d_processing floate4 -] 551 1244833
13 d_queue floated ] 3 946301
14 d_transmission floatesd ] 3 946301
15 d_propagation floaté4 -] 1 1912226
16 total_delay floate4 -] 115@ 6408829
17 average_delay floatéd =] 1024 640829
18 queue_size floated =] 1892908 3
19 queue_utilization floatea ] 18929880 3
20 packet_loss_rate floated -] 3 1669368
21 flow_duration floated ] 3 1669368

Hinh 3. Dit liéu mang sau khi xu 1y

4.2. Thuc nghiém

Mo hinh dugc tap huan trén GPU cta Google voi goi
Colab Pro Plus. Trong thuc nghiém mé hinh DQN-PI,
nghién ctru sir dung bg dit liéu mang moé phdéng véi cac
thong s6: d0 tré xur ly, do tré hang doi, do tré truyén dan,
d6 tré lan truyén, téng do tré, kich thudc hang doi va ty 1¢
mét goi. Dir liéu duoc thu thap tir moi truong mang mo
phong vai cac kich ban tai khac nhau. Cac tham sb chinh
cua mo hinh:
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- Mang DQN c6 2 tang an (24 nat mdi tang), ham kich
hoat ReLU, toc @ hoc 0,001

- B6 nh¢ phat lai (replay memory): Kich thudc 2000

- Thuét toan t6i wu: Adam voi y = 0,95

- Tham s6 kham pha: & ban dau = 1,0, £ tbi thiéu = 0,01,
hé s6 phan ra = 0,995

- Tham s PI: a khoi tao = 0,1, B khoi tao = 0,2

- Do tré muc tiéu: 20 ms (c6 thé didu chinh tu dong tir
10 — 50 ms)

Qua trinh huin luyén gom 100 episode. M6 hinh duoc
danh gia qua cac chi s6: d6 tré trung binh, ty 1& mat goi,
thong lugng va hiéu qua st dung hang doi. Két qua duoc
so sanh v&i bo diéu khién PI truyén thong dé danh gia
hiéu qua cai tién.

5. Két qua, danh gia va thao luan

5.1. Gia tri trung binh

Khi chay thuc nghiém, két qua cua mo6 hinh DQN-PI c6
céc chi sd trung binh nhu sau:

4 tré trung binh theo Episode (DQN-PI) Ty I mét gdi tin trung binh theo Episode (DQN-PI)

06 tré (ms)

5 k] L] & -] » 0 5 k) s 60 -] €0
Episode Episode

Hinh 4. D¢ tré trung binh va ty 18 mat goi trung binh cta
DQN-PI

Do tré trung binh ciia md hinh DQN-PI (hinh 4) luén duy
tri & mirc thap, dao dong quanh mirc dudi 2 ms, thip hon
rat nhidu so v6i ngudng muc tiéu ( ~ 20 ms). Sau khoang
10 — 15 episode dau, do tré 6n dinh hon va bién dong rat
nho. Piéu nay cho thidy mé hinh DQN-PI hoat dong hiéu
qua trong viéc duy tri do tré thap va 6n dinh. Ty 1& mat
g6i (Hinh 4) bat dau kha cao ( ~ 0.0225), nhung giam
manh ngay trong cac episode dau tién. Sau do, ty 18 mat
g06i dao dong nhe trong khoang 0,005 dén 0,01, cho th?iy
mirc mat mat goi thip va 6n dinh. Du c¢6 mot vai bién
dong nhd theo chu ky, nhung nhin chung, xu hudng la
giam va on dinh.
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Tham s6 PI trung binh theo Episode (DQN-PI)

Phan thuding trung binh theo Episode (DQN-PI)

5 x L) 60 B 2 1 T s
Episode Episode

Hinh 5. Tham s6 PI trung binh va phan thuong trung
binh cua DQN-PI

Tham s6 Alpha (a) dao dong manh tir ~ 0,002 dén hon
0,020 (hinh 5), thé hién su thay ddi linh hoat theo tung
episode. Mirc bién dong nay cho thiy mo hinh dang diéu
chinh chinh sach kha tich cyc dé tim chién luoc tdi wu.
Beta () 6n dinh hon (hinh 5), dao dong chi yéu quanh
muc 0,002 dén 0,004, cho théy vai tro cua S 1a can b?mg
hodc hd trg nhe nhang hon trong co ché cai thién chinh
sach. Tham s a thay di linh hoat dé thich g, con 8 6n
dinh, cho thdy mé hinh t6i wu hoa chinh sach mot cach
can bang va hop 1y. Ngoai ra, Phin thuong (hinh 5 bén
phai) ban dau ting nhanh chéng va 6n dinh cao tir khoang
Episode 10 tré di. Dao dong phan 16n trong khoang 9,875
dén gén 9,975, cho théy mo hinh DQN-PI da dat duoc
hi¢u suat rat t6t va 6n dinh.

5.2. So sanh higu ning mang caa Pl tiéu chuan va
DQN-PI

D tré theo Episode

10.0 —— DQN-PI
== PI Tiéu chudn

D0 tré (ms)

0.0

0 15 30 45 60 7S 90
Episode

Hinh 6. D9 tré trung binh ctia mo hinh PI va DQN-PI
Hinh 6 mo ta do tré trung binh cua DQN-PI giit do tré
trung binh 6n dinh xung quanh mirc ~ 0,5 ms sudt 100
episode. Bién dong rAt nho, thé hién su 6n dinh va hiéu
qua cao trong viéc giam do tré. Trong khi d6 PI tiéu chuan
¢6 d6 tré trung binh cao hon rat nhidu ( ~ 17,5 ms) va gan

nhu khong thay ddi theo thoi gian. Diéu nay cho thiy
phuong phéap nay kém tdi wu hon trong viée xir 1y do tré.
Ty |&€ mat goi tin theo Episode

=== DQN-PI

== P Tiéu chuan

Tylé

Episode
Hinh 7. Ty 1¢ mét goi ctia md hinh PI va DQN-PI
Ty 18 mét goi trong hinh 7 ctia md hinh DQN-PI dao dong
trong khoang 0,05 dén 0,35, nhung nhin chung c6 xu
hudng 6n dinh hon. Ty 1¢ mat goi mé hinh PI bién dong
manh hon nhiéu so véi DQN-PI, v6i cac dinh cao 1én dén
trén 0,35, khong co dau hiéu o rang vé su 6n dinh hay cai
thién theo thoi gian. Méc du c6 dao dong, DQN-PI duy
tri ty 1& mat goi 6n dinh hon so vai PI tiéu chuan, ddc biét
& cac episode tir 40 — 70. Piéu nay phan anh kha ning
thich (mg ctia mo hinh trong méi truong thay doi.
Théng luong theo Episode

14 —=— PI-DQN
== PI Tiéu chudn
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Thong lugng

0.6

0 15 30 45 60 ] 20
Episode

Hinh 8. Thong lugng ciia m6 hinh PI va DQN-PI
Biéu dd hinh 8 mé ta théng lugng trung binh md hinh
DQN-PI dao ddng quanh murc 1,0 dén 1,2, 6n dinh hon so
véi PL. T khoang episode 50 tro di, thong luong cia
DQN-PI thudng xuyén vuot troi so voi PI tidu chuan, cho
thdy DQN-PI ¢6 kha ning toi wu truyén tai dir liéu hiéu
qud hon theo thoi gian. Thong luong md hinh PI dao dong
manh, ¢6 nhiéu diém roi xuéng muc thap (0,4 — 0,6). Biéu
hién thiéu 6n dinh va d& bi anh huéng béi bién dong moéi
truong mang.

Thuc nghiém cho thdy DQN-PI thich tmg tét hon véi bién
dong tai mang, giam 20 — 30 % do tré va 15— 25 % ty 1é
mét goi so véi PI truyén thong trong cting diéu kién tai.

‘ |
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5.3. Panh gia hi¢u niang mang
Biéu d6 hinh 9 thé hién sy so sanh hiéu sut gitta hai mo
hinh diéu khién DQN-PI va PI tiéu chuan dua trén ba chi
sO chinh 1a d6 tré, ty 1¢ mét goi va théng luong.

So sanh DQN-PI va PI Tiéu chudn

18.0001 - DON-P
175 PI Tiéu chufin

Gid tri

o545 0.9842 07940

I 2 0.0261

00 0.009 0.0260

o tré 1y |& mat gai Théng lugng
Chi 56 higéu suat

Hinh 9. Hiéu suét mang md hinh PI va DQN-PI
Do tré mo hinh DQN-PI 1a 0,5459 ms, PI Tiéu chuén:
18,0001 ms. M6 hinh DQN-PI giam d6 tr& hon 33 14n so
v6i PI Tiéu chuan, cho thdy hé thong xir Iy va phan hoi
nhanh hon rat nhiéu. Day 14 loi thé 16n cho cac tmg dung
yéu cau thoi gian thyc nhu diéu khién mang, [oT, hoac
truyén video.
Ty 1¢ méit goi md hinh DQN-PI: 0,0092, PI tiéu chuan:
0,0260. M6 hinh DQN-PI gitp giam dang ké ty 18 mat
g0i, tirc 1a tang kha ning truyén dit liéu thanh cong, dam
QoS. Ty 18 mat goi thap rat quan trong v6i cac dich vu
yéu cau do tin cay cao nhu VoIP, video conferencing hoac
dit liéu diéu khién.
Thong lugng mo hinh DQN-PIL: 0,9842, PI tiéu chuan:
0,7940, m6 hinh DQN-PI dat thong lugng cao hon, phan
anh kha ning tan dung tai nguyén mang t6t hon, xu ly
nhiéu géi tin hon trong ciing mot khoang thoi gian.

Tai ligu tham khao
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6. Két luan va hwéng phat trién

DQN-PI di chimg minh hiéu qué trong viéc téi wu hoa
thuat toan diéu khién hang doi PIE bang cach két hop hoc
tang cuong, ty dong diéu chinh cac tham sb a va § dé dat
dugc d6 tré myc tiéu dong thoi giam ti 16 mat goi va tdi
uu thong luong mang. Phuong phap nay mang lai nhiéu
uu diém vuot trdi so véi PIE truyén thong, bao gom kha
nang thich tmg linh hoat véi sy thay ddi luu luong mang,
giam d¢ tré trung binh, on dinh hang doi va can bang hiéu
qua giita thong luong va do tré. Cac két qua thir nghiém
cho thdy DQN-PI khong chi cai thién hiéu sudt mang ma
con co kha nang ty hoc dé t6i uu hoa cac tham sb diéu
khién trong méi trudng mang phirc tap.

DQN-PI mé ra nhiéu trién vong trong viéc ing dung Al
vao quan ly tic nghén mang, dic biét trong cac hé thong
hién dai nhu IoT, mang 5G va Trung tdm di li€u (data
center). Co thé tiép tuc phat trién va ning cao hiéu qua
ctia DQN-PI, nhu trién khai trén mang SDN (Software-
Defined Networking) dé dénh gia hiéu qua trong cac tinh
hudng thyc té voi nhiéu node mang khac nhau; két hop
v6i ECN (Explicit Congestion Notification) dé giam mat
g6i ma khong can loai bé géi tin. Vi nhiing cai tién lién
tuc, phuong phap nay hira hen s& tré thanh giai phap tdi
wu cho bai toan didu khién hang doi trong tuong lai, gop
phﬁn nang cao hi€u suét va do 6n dinh cua cac hé théng
mang phure tap.

Loi cdm on

Xin cam on Khoa Cong ngh¢ thong tin, Phong Khoa hoc
Cong nghé va Trung tdm Thu vién Truong DPai hoc
Nguyén Tat Thanh d3 hd tro vé thoi gian va tai liéu cho
nghién clru nay.
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Abstract In modern networking environments, traffic congestion and bufferbloat remain significant challenges,
requiring proactive Active Queue Management (AQM) mechanisms in routers to ensure quality of service. PIE
(Proportional Integral Enhanced) is an effective AQM algorithm that employs a PI controller to maintain target delay,
mitigate congestion, and improve network performance. PIE stands out for its simplicity, stability, and widespread
deployment in modern routers. However, with the diversity of next-generation network traffic, traditional PIE faces
limitations in dynamically adapting to varying loads. To address these challenges, this paper proposes integrating PIE
with Deep Q-Network (DQN), a Reinforcement Learning (RL) method. DQN optimizes PIE parameters (a, 8,
target_delay) based on complex network data, thereby enhancing its responsiveness to different traffic types.
Experimental results demonstrate that PI-DQN reduces average latency and increases throughput compared to the
original PIE, particularly excelling in heterogeneous network environments. In the future, PI-DQN continues to improve
AQM performance, adapting to complex network environments such as 5G, 10T, and real-time streaming, thereby
contributing to digital transformation and strengthening the long-term competitive advantage of local network systems.
Keywords Network congestion, AQM, PIE algorithm, network performance, deep reinforcement learning.
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