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ERDQ-LEARNING: MO HINH HOC TANG CUONG TIiCH HOP
HPA PHAN CHIA TY LE POD SERVERLESS
TRONG KUBERNETES
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Tém tit. Trong moi treong dién toan dam may khong may chu (serverless), viéc duy tri hiéu
sudt va chat lwgng dich vu trude sy bién ddng cua luu luong truy cap 1a mot thach thirc quan
trong. Co ché ty dong phéan chia ty 1€ tai nguyén truyén théng - Horizontal Pod Autoscaler
(HPA) van dwoc xem 1a mét co ché co ban va can thiét trong Kubernetes. Tuy nhién, HPA chi
stt dung ngudng CPU c8 dinh d€ diéu chinh s& lwong Pod, diéu nay dan ¢én phan ting cham
hodc diéu phoi kém hiéu qua trong mdi truong ¢6 tai dong. Bai bao nay dé xudt mot mé hinh
hoc tang ceong ERDQ-learning trén co so cai tién thuat toan Q-learning két hop 2 ky thuat
Experience Replay va Double Q-learning (ERDQ-learning) nhim t8i vu héa qua trinh phan
chia ty 1é Pod serverless duoc trién khai mé phong trén nén tang Kubernetes. Muc tiéu ctia
thuat toan ERDQ-learning la nhdm diéu chinh ngudng kich hoat CPU ctia HPA mét cach linh
hoat theo thoi gian thuc, duwa trén cac trang thai hé théng bao gom muc st dung CPU, s&
luong pod hién tai, do tré va ngudng dang 4p dung. Két qua thuc nghiém trén moi truong
mo phong Kubernetes véi luu luong bién d6i cho thady mo hinh ERDQ-learning cai thién dang
ké kha néang thich ting cua hé théng, giam do tré dich vu va téi wu hoa mutc str dung tai
nguyén so v6i co ché€ HPA truyén théng. Phuong phap dé xuat thé hién tinh kha thi va hiéu
qua cao trong viéc diéu phoi tai nguyén ddng cho cac hé thong serverless hién dai.
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ERDQ-learning: Reinforcement learning model integrating HPA
for scaling serverless pods in Kubernetes
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Abstract. In serverless cloud computing environments, maintaining performance and Quality
of Service (QoS) under fluctuating traffic conditions remains a significant challenge. The
traditional Horizontal Pod Autoscaler (HPA) in Kubernetes, while fundamental, relies solely
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on fixed CPU utilization thresholds to scale Pods, often resulting in delayed responses or
inefficient orchestration in dynamic load scenarios. This paper proposes an enhanced
reinforcement learning approach, ERDQ-learning, which integrates Experience Replay and
Double Q-learning to optimize the scaling behavior of serverless Pods. The ERDQ-learning
model dynamically adjusts HPA’s CPU activation threshold in real time, using system state
parameters such as CPU utilization, current Pod count, response latency, and the existing
threshold. Experimental evaluations in a simulated Kubernetes environment with varying
traffic patterns demonstrate that ERDQ-learning significantly enhances system adaptability,
reduces latency, and improves resource efficiency compared to the traditional HPA. These
results highlight the feasibility and effectiveness of the proposed model for intelligent
resource orchestration in modern serverless systems.

Keywords: Serverless Cloud, HPA, Pod, Reinforcement Learning, Double Q-learning
1 Gioi thiéu

Trong nhiing nam gan day, kién tric dién toan dam may khong may chu (serverless
computing) da néi lén nhw mét mo hinh trién khai ting dung linh hoat, cho phép cac nha phat
trién tap trung vao logic chirc nang ma khong can quan ly truc ti€p ha tang may chu. Mo hinh
nay hd tro thuc thi theo su kién (event-driven) va tw dong phan bd tai nguyén dua trén nhu cau
thuce t€, gdp phan t6i wu chi phi van hanh va nang cao kha nang mo rong dich vu [1] [2]. Khéc
v6i cac md hinh dién toan ddm may truyén théng, noi tai nguyén dugc phan bo cd dinh, ddm
may khong mdy chu khai thac kha ndng phan bd tai nguyén dong, cho phép giam thiéu sd lugng
phién ban (instance) hoat ddng khi khéng c6 nhu cau. Kién tric nay thuong duoc hién thuwe hoa
duwdi dang Functions-as-a-Service (FaaS), trong d6 cac chirc ndng tng dung duoc trién khai dwdi
dang cac ham doc lap, van hanh trong mdi truong container hda [3]. Thay vi trién khai toan bd
mot nén tang hodc tng dung phtic tap, FaaS chi can trién khai cac ham don 1é - cac thanh phan
cOt 101 cua ing dung, dugc kich hoat theo yéu cau. Cac ham nay duoc tai ddong vao cac containers,
c6 thé mod rong song song mot cach hiéu qua, va khong yéu cau can thiép ¢ cap hé diéu hanh. Ha
tang thuc thi duoc didu phdi tw dong bdi cac nha cung cap dich vu ddm may nham t3i wu héa
hiéu suét sit dung tai nguyén. Nho dac tinh nay, serverless da tréd thanh mét mo hinh trién khai
tiém nang trong cdc moi truong dién toan bién khong may chu (serverless edge computing). Mo
hinh mang lai nhiéu loi ich cho ca nha phat trién va doanh nghiép, dac biét trong viéc giam chi
phi, tw dong hda quy trinh trién khai, va t6i vu tai nguyén. Mot trong nhitng loi ich quan trong
nhdt la kha ndng tu ddng phan chia ty 1€ (auto-scaling), cho phép ting dung tw dong mo rong hoac
thu hep quy mo6 theo tai thuc t&€ ma khong can cau hinh thu cong, dam bao hiéu nang 6n dinh
ngay ca khi luvu luong tang dot bién [4].

Kubernetes (K8s) 1a mét nén tang ma nguén mé duoc thiét ké' dé€ tu dong hoa viéc trién
khai, quan ly va mo rong cac ting dung container héa. Puoc phét trién boi Google va hién nay
duoc duy tri boi Cloud Native Computing Foundation (CNCF), Kubernetes da tro thanh nén tang

tiéu chuan trong quan ly ha tang container nho vao tinh linh hoat va kha nang van hanh manh mé
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trong moi treong phén tan. Trong hé sinh thai Kubernetes, Pod la don vi trién khai co ban nhat,
chita mot hodc nhiéu container hoat ddng cung nhau va chia sé tai nguyén hé thong. Mbi Pod dai
dién cho mot phién ban ting dung dang chay trong cum, la don vi ma Kubernetes dung dé€ thuc
hién cac chitc nang nhi mé rong, phuc hdi va can bang tai. Mo hinh serverless trién khai trén
Kubernetes ban chat la quad trinh ty dong hoda trién khai va diéu chinh quy mo ctia cac ham chtkc
nang (function), dwgc hién thuwe hoa thong qua kién trac FaaS (Function-as-a-Service), tic la mdi
ham duoc déng goi thanh mot container va trién khai dwédi dang mot Pod doc 1ap trong cum
Kubernetes (chtng toi goi la FaaP (Function-as-a-Pod), két hop véi cac co ché autoscaler va thanh
phan diéu phdi su kién, dinh tuyén [5] [6]. C4ch ti€p can nay tan dung hé sinh thai phong phu
cuia Kubernetes d€ hién thuc hoa tinh néng serverless trong moi truong container hda linh hoat

va kiém sodat duoc.

Auto-scaling 1a mot ky thuét trong dién toan dam may va quan ly tai nguyén, dugc hiéu la
qua trinh tu dong phan chia ti 1¢ tai nguyén (nhu may chu, container hodc Pod) ctia hé thong dé€
dap ting nhu cau thuc t&€ ctia tng dung hodc dich vu. Muc tiéu chinh ctia auto-scaling la dam bao
hé thong dap tng t6t véi cac thay ddi vé tai va t8i wu héa viéc stt dung tai nguyén nham giam
chi phi van hanh. Auto-scaling la mot thanh phan quan trong trong cac kién trac hién dai nhw
microservices, containerization va serverless computing. Kubernetes Autoscaler la mét thanh
phan quan trong trong hé sinh thai Kubernetes, giup tu dong phan chia ti 1¢ hodc thu nho cac tai
nguyén nhu pod, node d€ t6i wu hda hiéu suat va chi phi van hanh. Day la mot co ché cot 16i dé
dam bao réng cac tng dung container hoéa trong Kubernetes c6 thé dap tng tai bién dong ma

khong can can thiép thu cong.

Horizontal Pod Autoscaler (HPA) la mot co ché€ phan chia ti 1€ ngang trong Kubernetes, cho
phép tu déng diéu chinh s6 lwgng Pod ctia mot workload (vi du: Deployment, ReplicaSet, hodc
StatefulSet) dwa trén cac chi s6 quan sat dwgc (observed metrics), nhu dwoc chi ra trong Hinh 1
[8]. Thuat toan HPA hoat dong nhu mot vong lap diéu khién (control loop), nham duy tri hiéu
sudt ing dung 6n dinh trudc su thay doi cta tai hé thdng, dong thoi t6i wu hda viée sit dung tai
nguyén [7]. Dua trén cdc chi s6 quan sat dugc tir hé thdng, co ché chia ty 1€ sé tinh toan s6 luong
Pod mong mudn dgesireq (t) b?ing cach ap dung giai thuat HPA theo phwong trinh [7-8]:
p(®) ]

Prarget

dgesired (t) = [don(t) 1)
Trong mdi vong 1p diéu khién, HPA st dung dit liéu dau vao bao gom mttc stt dung CPU
trung binh p(t), s6 Pod hién tai d,, (t) cing voi ngudng muc tiéu pyarger, d€ xac dinh gia tri
dgesireda (t). Sau do, thuat toan ap dung ham rang budc d€ gidi han s Pod trong khoang tit M (s6
Pod duoc dat truede tdi thiéu) dén L (s6 Pod toi da ctia hé thong), két qua thu dwoc s6 lugng Pod
mong mudn duogc khoi tao. Gid tri dgesireq (t) s€ dugc so sanh voéi trang thai hién tai d€ quyét dinh

viéc phan chia ti 1¢ (scale out/scale in) s6 lwgng Pod. Mdc dinh, vong diéu khién nay thuec thi moi
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15 gidy; tuy nhién, khoang thoi gian nay c6 thé duoc diéu chinh linh hoat thong qua tham s6 ©

trong thuat toan nhim phu hop véi dédc thu tai va muc tiéu van hanh ctia hé thong serverless.
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Hinh 1. Minh hoa co ché HPA hoat dng trong Kubernetes [7]

Thuat toan 1 - Diéu chinh s6 Pod bing HPA mic dinh [7-8]

Dau ra: dgesireq (t)

DAt va0: prarger, M (S8 Pod t8i thi€u), L (S8 Pod t6i da), T( thoi gian md phong), T (chu ky 18y mau)

Y tuong:
1.t<0
2. While (t < T) do
{
p(t) « Metrics.Get(CPU_average)

4. d_on(t) « Metrics.Count(Pod)
p(t)
ptarget

i

dgesired(t) < [don(t) X
dgesired (t) < min(max( dgesirea(t), M), L)
Controller.Scale(d_desired(t))

Wait(t)

te—t+t

o »® N
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Khéc véi cach tiép can thay thé hoan toan co ché diéu phoi tai nguyén, nghién ctu nay dé
xudt mot md hinh phdi hop gitta hoc tang cuong va HPA. Cu thé, tac t& hoc tang cuong (RL
agent) khong truec ti€p quyét dinh s6 lwong Pod, ma diéu chinh ddng ngudng st dung CPU muc
tiéu (threshold) cua HPA. Viéc diéu chinh nay tac dong dén quyét dinh phén chia ti 16 sd luong
Pod ctia HPA, ttc la diéu chinh s6 luong Pod duoc khoi tao hay két thic. Trong mo hinh dé xuat
& bai bao nay, HPA van giit vai tro thuc thi diéu phdi quy mo tai nguyén, dam bao an toan va 6n
dinh, trong khi RL d6ng vai tro chién lwgc, hoc tir dir liéu quan sat dwgc d€ tdi wu chinh sach
phan chia ti 1 theo thoi gian thuc. Cach tiép can nay tan dung uwu di€ém cta ca hai co ché: su 6n
dinh caa HPA va kha nang thich nghi linh hoat ctia RL trong mdi trueong serverless ¢ tai bién
dong.

Trong bai bao nay, chiing t6i m6 hinh hda bai toan phan chia ti 1& cadc Pod serverless trong
Kubernetes thong qua tich hop thuat todn hoc ting cuong, nham t&i wu hda viéc diéu chinh
ngudng HPA theo thoi gian thuc mot cach linh hoat va thich nghi véi tai ddong. M6 hinh dé xuat
duoc trinh bay chi tiét trong phan III ctia bai bao.

Nhitng dong gdp chinh ctia bai bdo gom:

(1). Dé xuat md hinh tich hop hoc tang cuong vao HPA K8s trén co s¢ thudt toan ERDQ-
learning (dwoc cai tién tir thuat toan Q-learning truyén thdng) nhdm tw dong phan chia ti 1& cac
Pod serverless dya trén Kubernetes, cho phép diéu khién dong cac ngudng c6 dinh trong HPA.
M5 hinh cho phép tac tit hoc thich nghi véi cac dédc trung thay doi cta hé thong nhu: kich thudc
workload, quy mo trién khai, tc d6 phan hoi, d6 phtic tap dich vu va cac ngudng st dung tai
nguyén hién hanh, tir 46 dénh gia va dua ra quyét dinh diéu phdi tai nguyén nham t8i wu hiéu

suat va dam bao QoS.

(2). Thye nghiém mo6 phong trong mdi treong cd luu luwong bién dong phic tap duoc sinh
bang cong cu Locust, nham kiém chitng hiéu qua ctia md hinh dé xuét so véi HPA truyén théng
va HPA két hop Q-learning. Két qua dugc phan tich va trinh bay trong phéan IV, cho thdy mo
hinh ERDQ-learning dat dwoc su can bﬁng tot gitra d6 tré, tai nguyén st dung va tinh én dinh
chinh sach.

No6i dung tiép theo ctia bai bdo bao gom: Phan II trinh bay tong quan cac nghién ctru lién
quan vé phan chia ti 1é tai nguyén trong moi treong serverless va cac hudng ti€p can hoc tang
cuong. Mo ta chi tiét thiét ké€ mé hinh va ERDQ-learning va phéan tich bai toan phéan chia ti 1 pod
dua ngudng duoc trinh bay trong Phan III; Phan IV trinh bay qua trinh thuc nghiém va phan tich
két qua nham d4nh gid hiéu qua ctia mo6 hinh dé xuét. Cudi cung 1a phan két ludn va hudng phat

trién ctia bai bao.
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2 Cdc cong trinh nghién citu lién quan

Nghién cttu ciia Zhang va cong su [9] da trién khai thudt toan Q-learning két hop ca phan
chia ti 1é theo chiéu ngang (Horizontal Scaling) va phén chia ti 1é theo chiéu doc (Vertical Scaling).
Th nghiém trén mot tng dung thwong mai dién tir cho thdy phuong phap nay giam chi phi tai
nguyén ma van duy tri chat lwong dich vu (QoS). Dac biét, viéc két hop hai loai phan chia ti 1&
nay gitp hé thong dat dwoc sy can bang gitta hiéu suat va chi phi van hanh. Tuong tu, Qiu va
cong su [10] st dung thuat toan Proximal Policy Optimization (PPO) d€ phéan chia ti 1¢ tai nguyén.
Nghién cttu cua ho thuc hién trén ca dit liéu tong hop va thuc t€ nhan manh vao thoi gian hoi tu
va d§ chinh xac trong viéc du doan tai. Két qua cho thdy PPO vuot troi hon cac thuat toan truyén

thong nho kha nang thich nghi nhanh chéng véi cac bién dong 16n trong tai.

Nghién cttu cua Benedetti va cong su [3] dé xuat mot tac tir dua trén Q-learning dé diéu
chinh ngudng CPU trong Horizontal Pod Autoscaler (HPA) ctua Kubernetes va tién hanh mot
loat cac thir nghiém tai trén hé thdng véi cac ngudn CPU c6 dinh khac nhau. Ho so sanh bd tw
dong diéu chinh Q-learning va HPA dua trén trén tai nguyén véi ngudng c§ dinh trong do tré
ctia cac tng dung. K&t qua thuc nghiém chi ra rang RL c6 thé cai thién dang k& muc st dung tai
nguyén trong khi van duy tri d6 tré gan véi diéu kién ly twdng. Nghién ctru ctia Rossi va cong su
[11] trién khai mot mang Deep Q-Network (DQN) dé€ ty dong diéu chinh tai nguyén, bao gom
mtc st dung CPU, bo nhé ctia co so ha tang va thoi gian phan ho ctia tng dung. Két qua cho
thay rang DQN c6 thé can béang tt gitta hiéu suét va chi phi, mic du can thém nghién ctu dé

giam do tré trong cac hé thong cé tai 16n.

Nguwoc lai véi cong trinh ctia Rossi va cong si, Khaleq va cong sw [12] chi tap trung vao cac
giai phap dua trén hoc tang ceong (Reinforcement Learning - RL) va thuec hién mot so sanh chi
tiét gitta cac loai thuat toan RL khac nhau, duwoc trién khai nham thay di nguong stv dung tai
nguyén ctia HPA trong moi trieong Kubeless. Cac thi nghiém dwgc thiee hién véi ca cac tng dung
tiéu ton by nhé (Memory-intensive) va tiéu ton CPU (CPU-intensive) d€ lam r6 sy khéc biét gitra
cac thuat toan RL trong cac loai ting dung khac nhau. Két qua ctia nghién cttu cho thay hé thong
tw dong phéan chia ti 1¢ thong minh duoc dé xuat cd thé cai thién thoi gian phan hoi cta cac
microservices 1én dén 20% so voi cac phuwong phap tu dong phan chia ti 1€ truyén thong. Hé thong
cting duy tri chat lwong dich vu (QoS) va dap ting cac yéu cau ctia tng dung thoi gian thuc, trong
khi giam thiéu sy can thiép ctia nguodi diing. Diéu nay chtng minh rang viéc stt dung RL c6 thé
t6i wu hoa viéc diéu chinh quy md tai nguyén trong cac ting dung thoi gian thuc trén nén tang
dam may.

Hoc tang cuong dang ndi 1én nhu mot trong nhitng phuwong phap day hita hen trong viéc
giai quyét cac bai todn t6i wu hda tai nguyén co tinh dong cao, ddc biét trong moi treong dién
todn dam may serverless — noi hiéu nang, kha nang thich ting va chi phi van hanh la nhiing yéu

t0 then chot. Trong bdi canh d6, cac co ché quan ly tai nguyén truyén thong nhu HPA cua
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Kubernetes van con ton tai nhiéu han ché. Cu thé, HPA thuong dwra vao ngudng cd dinh (vi du:
muc st dung CPU) d€ diéu chinh s6 luong Pod, diéu nay khién hé thong phan tng cham trudc
nhitng bién dong bat thuong cua tai cong viéc. Khi tai tang dot ngot hodc thay doi khong déu
theo thoi gian, viéc duy tri mét chinh sach ¢ dinh dé din dén hai hé qua tiéu cyc: thira tai nguyén
gay lang phi, hodc thiéu tai nguyén dan dén suy giam chat luong dich vu (QoS), dic biét 1a do tré
phan hoi. Nhiing thach thitc trén cang trd nén rd nét hon trong hé thdng serverless, noi cac ham
chttc nang (functions) duoc kich hoat theo yéu cau va doi hoi hé thong phan ting trong thoi gian
gan nhu tic thoi, cac co ché quan ly tai nguyén trong serverless vi vay khong chi phai chinh xac
ma con phai linh hoat, thich nghi nhanh véi cac thay d6i ctia tai va moi truong thuc thi. Nghién
cttu cua Lizhong trong [13] da dé xudt mot co ché phéan bé tai nguyén trong dién toan dam may
khong may chu dwa trén thuat toan chia ty 1¢ theo ngudng dé€ quan ly tai nguyén mot cach hop
ly. Y tuong phan chia ti 1¢ theo ngudng trong [13] cling sé duoc chiing t6i 4p dung vao md hinh

trong bai bao nay.

3 Mo hinh hoc taing ceong ERDQ-learning phan chia ti 1¢ Pod serverless
dwa tréen HPA Kubernetes

3.1 Mo hinh hda hé théng phén chia ti 1¢ Pod serverless dua trén nguéng

Mo hinh tich hop hoc ting cuong cho bai toan phan chia ti 1€ Pod trong moi truong

Serverless duoc chi ra trong Hinh 2.

Kubernetes Cluster
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Hinh 2. M6 hinh tich hop hoc tang cweong cho bai toan phan chia ti 1€ Pod trong méi treong Serverless
Cloud
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Trong mo hinh dwoc xay dung, cac ham chitc nang serverless duoc dong goi thanh cac Pod
trong Kubernetes duéi dang Deployment, nhu firewall-deployment trong kién trc hé thong.
Mbi Pod dam nhéan viéc xt ly mét don vi chitc ndng serverless, phan hoi cac yéu cau duoc guri
dén tir nguoi dung thong qua API Gateway. HPA sé gidm sat cac chi s6 nhw mtce sit dung CPU
cua Pod d€ quyét dinh viéc phan chia ti 1é (scale-out/scale-in) s6 lwgng Pod theo thoi gian thuc.
Trong hé théng duoc trién khai, HPA duoc tich hop véi thuat toan hoc ting cwong ERDQ-
learning nham diéu chinh ngudng kich hoat phan chia ti 16 mot cach cht dong, thay vi st dung
gia tri ngudng cd dinh nhw HPA truyén thong. M6i treong hudn luyén duoc xay dung dua trén
nén tang OpenAl Gym, mét thu vién ma nguén mo tiéu chuan cho phét trién va danh gia cac
thuat toan hoc tang cuong [14]. Trong md hinh nay, Gym duoc mé réng dé€ tuong tac truc tiép
v6i cum Kubernetes, thong qua cac thanh phan nhue Metrics Server (thu thap chi s6 CPU, s6 luong
Pod) va hé théng do dd tré dich vu. Dua trén trang thai hé thong hién tai, tac tit thuc hién hanh
dong (diéu chinh ngudong HPA) va nhéan vé phan thuong (reward) danh gia hiéu qua hanh dong
d6, véi muc tiéu dat duoc si can bang ti wu gitta hai yéu t&: giam thiéu lang phi tai nguyén va
duy tri chat lwong dich vu (QoS).

Cdu truc tong thé cua mo hinh bao gom bdn thanh phéan chinh: khong gian hanh dong
(Action Space), khong gian trang thai (State Space), ham phan thuong (Reward Function) va tac
t hoc tang cuong (Reinforcement Learning Agent). Trong d6, ba thanh phan dau dong vai tro
xac dinh moi trreong va quy tic hoc tap cho tac t, con tac ti chiu trach nhiém hoc va ra quyét
dinh dwa trén kinh nghiém tich ldy. M6 hinh st dung thuét toan Q-learning két hop vodi hai ky
thuat ting cwong 1a Experience Replay [15] va Double Q-learning [16] nham cai thién hiéu suat
hoi tu va do tin cdy cta chinh sach hoc duoc. So @6 huédn luyén hoc tang cuong theo thuét toan
ERDQ-learning trong md hinh phan chia ti 1&¢ Pod serverless bang HPA trong Kubernetes dugc
biéu dién trong Hinh 3. Chi tiét co ché hoat dong cia md hinh trong Hinh 3 sé& dugc chiing toi

trinh bay ¢ cac phan tiép theo cua bai bao nay.

ERDQ-learning

A 4

Hanh dong:
0- Chamdirt Pod
Phan thuéng 1 - Khéng thyc hién hanh déng
Trang thai 2 —Trién khai Pod

Mirc str dung CPU trung binh,
S6 lwgng Pod hién tai,
Ty lé dd tré,
Nguwdng HPA hién tai.

Hinh 3. So d6 huan luyén ERDQ-learning trong md hinh phan chia ti 1¢ Pod serverless bang HPA trong

Kurbernetes
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3.2 M0 hinh hoa bai toan duéi dang Markov Decision Process (MDP)

Bai toan tich hop hoc ting cuong nham diéu chinh nguwdng HPA trong hé thdng serverless
c6 thé duoc md hinh hda duwéi dang qua trinh quyét dinh Markov (Markov Decision Process —
MDP), bao gobm mot bo 5 thanh phéan chinh < S, 4, P, 7,y > dwgc dinh nghia nhu sau:

- $:Khong gian trang thai (State Space). Phan anh tinh trang hién tai cua hé thdng, cung

cap thong tin can thiét cho tac tir dua ra quyét dinh. Gom bon tham sé chinh:

o CPU utilization: Do mtc st dung CPU cua firewall-deployment, roi rac thanh 6
muc: 0%-30%, 30%-60%, 60%-90%, 90%-120%, 120%-150%, >150%. Gia tri t6i da >150% phan 4nh
kha ndng vuot qua gidi han CPU trong truong hop tai cao.

. SO luong Pod: tir 1 dén 10 (gidi han boi HPA), dwgc roi rac thanh 5 mic: 1-2, 3-4, 5-
6, 7-8, 9-10.

. Ty 1€ latency/SLA: Ty 1é gitta d0 tré thuc t& (latency) va ngudng dd tré t6i da chap
nhan duroc theo thoa thuan mirc d6 dich vu SLA (1 giay), roi rac thanh 6 mttc: 0%-30%, 30%-60%,
60%-90%, 90%-120%, 120%-150%, >150%.

J Ngudng HPA hién tai: Gia tri ngudng CPU target ctia HPA, roi rac thanh 5 mtec:
20%-40%, 40%-60%, 60%-80%, 80%-100%.

Tong sO trang thai cd thé la 6x5x6x5=900 duoc lvu trir trong hai bang Q-Table. Thiét ké nay
dam bao rang tac tir c6 cai nhin toan dién vé tai nguyén (CPU, s pod) va QoS (latency), tir d6
dwa ra hanh dong phu hop.

- A: Khong gian hanh dong (Action Space). Khong gian hanh dong dinh nghia tap hop
cac hanh vi ma tac t& c6 thé lyra chon tai mdi budc twong tac véi moi treong. Trong mo hinh dé
xudt, khong gian nay dugc roi rac hda thanh ba hanh dong ma tac tt ¢ thé quyét dinh, bao gom:

. (0) Scale-in: Cham ditt Pod serverless.

U (1) Do nothing: Khong thuc hién hanh ddng nao.

o (2) Scale-out: Trién khai Pod serverless.

- P: Ham chuyén ddi trang thai (Transition Function). La mot ham xdc sudt mo ta cach
thirc moi truong chuyén tir trang théi s sang trang thai ké tiép s’ khi tac ttr thuc hién hanh dong
a. Ham nay dwoc dinh nghia la P(s' | s, a), biéu thi xac sudt dat dén trang théi s’ khi o trang thai

s va thuc hién hanh dong a.

- y: Hé s6 chiét khau (Discount Factor). Ky hiéu la y, 1a mot gia tri nam trong khoang
[0,1]. N6 xac dinh tdm quan trong twong d6i ctia cdc phan thuong trong tuong lai so véi phan
thuong tirc thi:

. Néu y = 0 tac tir chi quan tam dén phan thuong trede mat (short-term rewards).

151



bang Thanh Chwong va CS. Tép 134, S6 24, 2025

. Néu y = 1 tac t&¢ quan tam dén tdng phan thwong dai han (long-term rewards),

khong chiét khadu gid tri cua cac phan thudng tuong lai.

- r: Ham phian thuéng (Reward Function). Ham phan thuong duwoc thiét ké nham dinh
hudng tac t hoc tang cuong ra quyét dinh phut hop véi hai muc tiéu chinh trong moi treong
serverless: tiét kiém tai nguyén (giam chi phi) va duy tri chat luong dich vu (giam do tré). Cu thé,

phan thwong tai mdi budc hudn luyén duoc tinh tir ba thanh phan sau:

o Phan thuong hidu sudt st dung tai nguyén (rpe,s res): Phan thuong nay nham khuyén
khich st dung it Pod hon nhung van dam bao QoS, tir d6 tiét kiém tai nguyén hé théng. Cong
thirc dwoc dinh nghia nhu sau [10]:

10 — s6 pod

(rperf_res) = ﬁ x 10 2)

Gia tri t6i da ctia phan thudng tai nguyén 1a 10 (khi s& Pod = 1) va t6i thiéu la 0 (khi s6 Pod
- 10).

e Phan thudng dd tré (1arency): Phan thudng nay phan &nh mic dd thoa man yéu cau vé
do tré (latency) cua dich vu. Cong thitc duge dinh nghia dya trén ham mi suy giam [10]:

latency

—sia x 10 3)

(rlatency) = e_pXWlatX

trong do:
. p =0.1: hé s diéu chinh t6c d6 suy giam

" Wiqe 12 hé s8 phat do tré, xac dinh nhu sau: wy,, = 0.3 néu latency < SLA (dich vu
tot), wige = 10 néu latency > SLA (dich vu vi pham QoS).

. SLA = 1 (giay): ngudng do tré t&i da chap nhan duwoc
e Hinh phat du Pod (Penalty): Mot hinh phat b sung duoc ap dung nham tranh hé thong
stt dung s0 luong Pod vugt qua muc can thiét, duoc bat khi ma hé thong da dam bao hiéu nang

tot (latency_ratio < 90%). Khi d6, néu so luong Pod vuot qua gia tri ly tuong ideal_pod = 6, hinh
phat dwoc tinh nhw sau:

tanh s6pod — 6\ at y 00
penalty = anh ( ———— |, néu latency_ratio < 90% W

0, nguoc lai
Ham tanh (hyperbolic tangent) lam muot mutc phat, gitup thay d6i dot ngot khi s6 Pod chi
chénh 1éch nho so v6i muc ly tuwong. Viéc bo sung thanh phan penalty duoc xem la mét cai tién
ctia ham phan thuong truyén thdng, nham giam thiéu s6 luong Pod rdi khong can thiét, tir d6

khuyén khich tac ti hoc chinh sach tiét kiém tai nguyén hon. Céch tiép can nay tuén theo nguyén

152



jos.hueuni.edu.vn Tép 134, S6 24, 2025

tac reward shaping (dinh hinh phan thwong) trong hoc tang cuong, nham dan dat tac ti hoc
chinh sach hiéu qua va 6n dinh hon [17].

e Tdong phan thuéng: Trong cac nghién ctru vé hoc ting cuong, dic biét trong bdi canh
bai toan da tac t&t, Grunitzki [16] da dé xudt mot phuwong phap linh hoat dé€ thiét ké ham phan
thuong theo hudng da muc tiéu (multi-objective reward design), trong d6 nhiéu tiéu chi danh gia
nhu mtc st dung tai nguyén va dd tré phan hoi ¢é thé duoc két hgp thanh mét ham muc tiéu
duy nhét thong qua céc trong s6 phu hgp. Dua trén hudng tiép can nay, luan van xay dung ham

phan thudng tong tai mdi budc theo cong thukc:
Tall = & * Tperf_res + B * Tiatency — penalty (5)

Hai tham s6 @ va f duoc sit dung d€ diéu chinh mutc d6 quan trong tuong d6i cta hai yéu
t8 trong ham phan thuong: hiéu sudt st dung tai nguyén va do tré dich vu. Téng ctia hai hé s&
nay duoc ¢6 dinh ¢ mitc @ 4+ f = 2.5 pht hop v6i dinh hudng thiét ké dugce dé xudt boi Grunitzki
[16], nham gi6i han gid tri phan thudng trong mot pham vi 6n dinh. Thiét 1ap nay gitp kiém soat
bién d6 dao dong ctia phan thuong, tir 6 hd tro tac tir hoc tang cuong hoi tu nhanh hon va 6n
dinh hon trong qua trinh hudn luyén. Trong bai bao nay, hai trong s6 duoc lya chonlaa = =
1.25, v6i muc tiéu dam bao su can bang gitta hai muc tiéu: tiét kiém tai nguyén hé thong va duy
tri chat lwong dich vu 6 mitc chdp nhan duoc. Vi phan thudng tong co gia tri t6i da vé ly thuyét
la: 1.25 x 10 + 1.25 x 10 = 25. Day la mot thiét ké hop ly trong cdc bai todn t6i wu da muc tiéu,
gitp tac ttr diéu huéng hanh vi theo huéng can bang gitta chi phi trién khai va chat lugng phuc
vu.

Trong qua trinh quyét dinh Markov, tac tit hoc cach tdi wu hoéa chinh sach n(s) dé€ t6i da
héa tong phan thudng ky vong. Tuy nhién, trong qua trinh hoc, tac te phai can béng giita:

- Khai thac (Exploitation): Chon hanh déng tot nhat dua trén kién thic hién co.

- Kham pha (Exploration): Thtt nghiém cac hanh dong méi dé tim chién lugc t6i wu hon.

Van dé dit ra néu tac tir chi khai thac, n6 c6 thé bi mic ket trong mot chinh sach kém toi
uu, néu chi kham ph4, né c6 thé ton qua nhiéu thoi gian d€ tim chinh sach t6i wu. D€ giai quyét
vén dé nay, mot chién lugc phd bién dwoc 4p dung 1a & — greedy. Theo d9, tai mdi budc, tac te sé
chon hanh dong c6 gia tri Q cao nhat (khai thac) voi xac sudt 1 — € va voi xac sudt ¢, tac tie sé chon
ngéu nhién mot hanh dong bat ky (khdm pha). Cu thé, tai mobi trang thai s, tac ttt chon hanh dong
a theo quy tac:
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(6)

{ argmax,, Q (s, a;) véi xac sudt (1 — €)
t =

chon hanh dong ngau nhién véi xac suite
trong do:

* ¢laty1é kham ph4, thuong nam trong khoang. Néu ¢ cao, tac tir sé kham pha nhiéu

hon.
e Neéu ¢ thdp, tac tit sé vu tién khai thac.

Ban dau, € duoc khoi tao voi gid tri cao d€ tang cuong kha nang kham pha trong giai doan
dau khi tac t&e chwa ¢é nhiéu kinh nghiém vé moi truong. Sau d6, € dugce diéu chinh giam dan

sau mdi episode theo cong thirc ham mii (exponential decay):
&« maX(Sminr & * gdecay) (7)

Trong d6, €gecqy (0 < £gecay < 1) 1a hé s& diéu chinh tdc do suy giam, con &,,;, 1a ngudng t6i
thiéu nhdm duy tri mot mirc d6 khdm pha nhat dinh. Viéc giam ¢ theo thoi gian gitp tac ti ting
budc chuyén dich tir giai doan khdm phd sang khai thac, tap trung vao viéc t6i wu hoa chinh sach
hanh dong dwa trén nhitng gi da hoc duoc. Pong thoi, viéc két hgp str dung bo nhd kinh nghiém
(replay buffer) va huan luyén trén minibatch gitp tdng tinh 6n dinh va kha nang tong quét cua
chinh sach hoc duoec.

Chién lugc € — greedy vi vay gilt vai tro quan trong trong viéc ngan tac ti hoi tu sém vao
cac chinh sach hanh déng cuc bd chua t6i uu, tir d6 gdp phan dam bao qua trinh hoéi tu 6n dinh
cua thuéat toan ERDQ-learning trong diéu chinh nguong HPA moét cach thich nghi va hiéu qua,
phtt hop véi tinh bién dong theo thoi gian thuc cia moi treong Kubernetes

3.3 Thuat toan hoc tang cwong ERDQ-learning phan chia ti 1¢ Pod dua trén nguong

M6 hinh dé xudt sit dung thuéat toan ERDQ-learning véi viéc tich hop thém hai ky thuét
nang cao cua hoc tang cuong la Experience Replay va Double Q-learning vao Q-learning truyén
thong (dwoc mo ta trong Hinh 4), nham khac phuc cac han ché ctia Q-learning truyén théng nhuw
cham hoi ty, sai léch trong danh gia gia tri hanh dong va hiéu qua kham phd kém. Cu thé:

Experience Replay [15]: Ky thuat nay sit dung mot bo nhé dém (buffer) d€ luu trix cac kinh
nghiém (state, action, reward, next_state) trong qua trinh tac t& twong tac véi moi treong. Tai
mdi buéc huan luyén, mét minibatch gom cac mau duwoc chon ngéu nhién ttr bd dém sé dwoc st
dung d€ cap nhat bang Q. Diéu nay khong chi gitp giam phuwong sai trong qua trinh hoc ma con

cho phép téi sit dung dix liéu, tir d6 cai thién tinh n dinh va hiéu qua hoi tu cua thuét toan.

Double Q-learning [16]: Nhdm khac phuc sai 1éch danh gia qué mtc gia tri hanh dong
(overestimation bias) thuong gép trong Q-learning truyén thong, phwong phap nay duy tri dong
thoi hai bang Q: Q; va Q,, tai mdi bude cap nhat, thuat toan sé€ chon ngéu nhién mot bang Q; €
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{Q1,Q, } d€ cap nhat, bang con lai 1a Q; (véii # j) dwoc st dung dé€ wéc luong gia tri hanh dong
tot nhat tai trang théi tiép theo. Cong thirc cap nhat dwoc thuwee hién nhu sau:

Qi(s,a) « Qi(s,a) + ax[r+y*Q;(s',argmax,Qi(s',a')) —
Qi(sl a)]

()
Trong do:

- s: trang thai hién tai

- a: hanh dong da thuc hién

- a (learning rate): tdc d6 hoc.

- r (reward): phan thudong nhan duoc sau mdi hanh dong.

- vy (discount factor): hé s6 chiét khau phan thuong twong lai.

- argmax, Q;(s’,a"): hanh dong t6t nhat ¢ trang thai tiép theo theo bang Q;

Chon hanh déng t6t nhat

(2)

Trang
i - thai
Moi trreong ™ ?;)s Q2-Table
Phin |3) Danh Cip nhit
thuong r gia ngau nhién
\ 4
Trang thai
ti€p theo s’
Leu trit  |(g) |
kinhaighigu] Minibatch :
B6 dém (s,ars’) ‘
(s,a,1,s") ®)

Q2-Table
Hinh 4. Tich hop hai ky thuat Experience Replay va Double Q-learning trong mé hinh dé xuét

Hinh 4 minh hoa co ché€ hoat ddng cta tac tit trong mo hinh dé xuat, khi két hgp dong thoi
hai ky thuat Experience Replay va Double Q-learning nhdm nang cao d6 6n dinh va hiéu qua
trong qua trinh huadn luyén. Quy trinh nay bao gom cac budc chinh sau:

(1) Tac t& nhan trang thai hién tai s ttt moi trueong.

(2) Tac tir chon hanh dong a theo chinh sach e-greedy: sit dung mét trong hai bang Q (Q1
hodc Q2) dé chon hanh ddng co gid tri tdi wu tai trang thai hién tai, trong khi bang con lai duoc
dé danh gia gid tri hanh dong do.
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(3) Tac tit thue hién hanh dong a trong moi treong, dong thoi nhan vé phan thuwong r va

trang thai ti€p theo s’.

(4) Kinh nghiém (s, a,7,s") duoc luu vao by dém kinh nghiém dé€ st dung trong qud trinh

huén luyén.

(5) Khi b dém du 16n, mdt minibatch ngéu nhién tir dwoc 1dy tir bd dém kinh nghiém dé

cap nhat gia tri.

(6) Mot trong hai bang Q (Q1 hodc Q2) dwgc chon ngfiu nhién d€ cp nhat theo cong thire
8), bang con lai duoc st dung dé danh gid gid tri hanh dong tai trang thai ké tiép.
g g glag g g P

(7) Cap nhat trang thai hién tai s « s’, 1ap lai chu trinh t&t Budc (1).

Qua trinh thyce thi ERDQ-learning dwgc mo ta trong Thuat toan 2 dudi day:

Thuat toan 2 — Thuat toan ERDQ-learning

Input: Trang thai S = {s1,s5,....,5,},

Hanh dong A = {scale_in, scale_out,no_change},
Hai bang gid tri Q; (s, a) va Q,(s,a).

Tham sG: ,V, €, Emin, Edecay, batch_size.

Output: Hai bang Q1 (s, a) va Q2 (s, a) da cap nhat.

Khoi tao Q;(s,a) « 0 va Q,(s,a) « 0. Khoi tao bd nhé kinh nghiém D « @.
Lap (cho tirng episode):

Quan sat trang thai hién tai s tit mdi treong.

Lap (cho mbi budc ctia episode):

Chon hanh ddng a; tir trang thai s theo e-greedy

Thuc hién a; - nhanr, s’

Luu (s,as,7,s") vao D.

Neéu |D| = batch_size

Lay minibatch B gdm cac mau ngau nhién tir D

Véimbi (s,a,r,s") € B:

Chon ngau nhiéni € {1,2}; j =3 —i

Qi(s,a) « Qi(s,a) + a*[r +y=*Q;(s', argmaxy Q;(s',a")) — Q;(s,a)]
Capnhat:s « s', & « max(Emin, € * Egecay)

Lap mdi episode dén khi hi tu.

4  Phan tich két qua

Trong phan nay, chung toi tién hanh danh gia hiéu qua huédn luyén ciia mo hinh hoc tang
cuong va so sanh véi co ché Horizontal Pod Autoscaler (HPA) truyén thong trong Kubernetes.

Muc tiéu la lam rd kha nang ciia mé hinh ERDQ-learning (dwoc dé xuat trong bai bao) trong viéc
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can bang gifta chat luong dich vu (QoS) va hiéu qua st dung tai nguyén trong méi truong
serverless c6 tai bién thién. Md hinh dwoc hudn luyén trong tong cong 159 episode, mdi episode
gom 25 budc (twong dwong 260 gidy). Thoi gian huan luyén thuc t€ dat 41.340 giay (~11,48 gio).
Cac tham sd ky thuat cia m6 hinh dwoc trinh bay trong Bang 1.

Bang 1. Céc gia trj tham s& trong m6 phong

Tham s& Ky hiéu Gia tri
S6 luong nut master 1
S6 lwong nut worker 1
S6 Pod t6i thiéu duoc khai tao trude M 1
S6 Pod t6i da ctia hé thong L 10
Hiéu sudt CPU muc tiéu (%) Ptarget 59
Chu ky 1dy mau (giay) T 10
Do tré SLA (giay) Lspa 1
Thoi gian hudn luyén (episode) T 159
Tdc d6 hoc a 0.3
Hé s6 chiét khau 14 0.9
Xéc suat chon hanh dong ngau nhién € 1.0
Gia tri € t6i thiéu Emin 0.05
Toc d6 giam € sau mdi episode Edecay 0.995
Kich thude bd nhé kinh nghiém Npusfer 3000
S6 lwong mau Npatcn 64

Trong sudt qua trinh thye nghiém, co ché HPA méc dinh ctia Kubernetes van duoc duy tri
hoat dong song song. Tac tit hoc tang cong thuc hién diéu chinh ngudng muc tiéu st dung CPU
cua HPA theo thoi gian thuc, dua trén trang thai hé thong quan sat duoc. Cach tiép can nay cho
phép HPA ti€p tuc van hanh nhue mét co ché diéu phéi on dinh 6 16p ha tang, trong khi RL déng
vai trd chién luoce — hoc va diéu chinh chinh séch chia ti 1é mot cach linh hoat nham thich nghi
hiéu qua hon v6i cac bién dong cua tai cong viéc. Cu thé, khi tac tr RL chon hanh dong “tang”,
“giam” hodc “gitt nguyén” ngudong HPA, cac diéu chinh nay sé anh hudng truc ti€p dén quyét
dinh phan chia ti 1¢ s6 luong Pod trong cac vong diéu khién tiép theo cia HPA. Thiét ké nay bao
dam maoi quan hé phéi hop gitta RL va HPA: tac tit RL khong hoan toan thay thé HPA ma t6i wu
héa qua trinh hoat dong ctia n6 béng cach diéu chinh tham s§ dau vao quan trong nhat. Cach tiép
can nay vira duy tri duwoc d0 tin cdy va tinh on dinh von ¢6 cuia HPA, vira khai thac dugc kha

nang hoc thich nghi theo thoi gian cia RL trong mdi trirong serverless ¢é tai dong.
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D€ danh gia hiéu qua diéu phdi tai nguyén gitra ba co ché : HPA truyén thong, HPA két
hop véi Q-learning va HPA két hgp v6i ERDQ-learning, chiing toi thuc hién cac theee nghiém mo
phong trong cung diéu kién tai va thoi gian tuwong ting voi qud trinh hudn luyén cia ERDQ-
learning. Két qua thuc nghiém dwgc tdng hop va trinh bay qua céc biéu d6 va bang so sanh, bao
gom:

- Biéu d0 so sanh phan thudng trung binh theo tirng chu ky (episode) gitta Q-learning
truyén thong va ERDQ-learning,

- Biéu d6 danh gid do tré trung binh va s& lwong Pod trung binh giita ba co ché: HPA,
HPA + Q-learning va HPA + ERDQ-learning.

- Bang so sdnh s& Pod trung binh duwgc trién khai va dd tré trung binh gitta cic co ché.

Biéu d6 trong Hinh 5 thé hién su thay d6i phan thudng trung binh theo titng episode trong

quad trinh huén luyén ctia hai m6 hinh: ERDQ-learning (cai tién) va Q-learning truyén thong.

600 -
500
ey
=
o
g
S 400
=4
=
o
S
5
£ 300
=
«©
£
o
200
=~ Q-learning truyén théng
100 1 — ERDQ-Learning (cai tién)
0 20 40 60 80 100 120 140
Episode

Hinh 5. Biéu d6 phéan thuéng trung binh theo episode

Trong giai doan dau, ca hai déu c6 phan thuong dao ddong manh do chinh sach chua 6n
dinh. Tuy nhién, Q-learning cho thdy su bat on r0 rét, dac biét o cac episode 58-60, phan anh viéc
tac tie gap kho khan trong viéc tim ra chién lugc diéu phoi hiéu qua, dan dén tinh trang thira hoac
thiéu Pod. Trong khi d6, ERDQ-learning thé hién xu hudéng hoi tu nhanh hon va 6n dinh hon
dang ké. Ttr episode 70 tro di, phan thuwong cia ERDQ-learning duy tri 6n dinh quanh mttc 590
600 ma khong c6 hién tuong suy giam dot ngot nhu Q-learning. Két qua nay cho thay viéc két
hop Experience Replay va Double Q-learning trong ERDQ-learning giup tang toc d6 hoi tu va 6n
dinh chinh sach hoc duoc, gép phan nang cao hiéu qua diéu phéi tai nguyén, giam do tré va dam

bao QoS trong moi truong serverless co tai bién thién.
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Hinh 6 minh hoa su thay d6i ctia s lwgng Pod trung binh theo ting episode déi véi ba co
ché diéu phoi: HPA truyén thong, HPA két hop voi Q-learning, va HPA két hop véi ERDQ-
learning. Trong d6, HPA truyén thdng (duwong mau do) duy tri sd luong Pod khé 6n dinh, dao
déng quanh muic 5-6 Pod trong sudt qua trinh, phan dnh moét chién lwge diéu phdi mang tinh
than trong, it thich nghi véi bién dong tai va dé dan dén kha nang du thira tai nguyén khi khong
can thiét. Ngwoc lai, co ché sit dung Q-learning (mau cam) thé hién sy dao dong manh vé s6
luwong Pod, 1én xudng lién tuc tir 1 dén 6 Pod, déc biét ro rét trong giai doan gitra ctia huan luyén
(ttr episode 40 dén 140). Diéu nay cho thay tac tr Q-learning truyén thong van chua hoc duoc
chinh séch can bang hiéu qua gitta do tré dich vu va chi phi tai nguyén, dan ¢én phan ting khong
on dinh véi tai thay d6i. Trong khi d6, ERDQ-learning (duwong mau xanh 14) thé hién kha nang
diéu phdi hiéu qua hon khi duy tri s6 luong Pod dao dong 6n dinh trong khoang 2-3 Pod. M6
hinh nay cho thay tac t da hoc dwoc chinh sach phu hop, tiét kiém tai nguyén nhung van dam
bao chat luwong dich vu. Tong thé, ERDQ-learning vuot troi hon ca vé hiéu qua st dung tai nguyén

va tinh 6n dinh trong sudt qua trinh hudn luyén.

7 —— HPA

HPA + Q-learning
—— HPA + ERDQ-learning
6 v-/v—\/\r\/\—'\rv

v

S6 pod trung binh
=

w

0 20 40 60 80 100 120 140 160
Episode

Hinh 6. Biéu d6 minh hoa sy thay ddi cua s luong Pod trung binh qua tting episode

Hinh 7 thé hién do tré trung binh cta dich vu theo ting episode d6i véi ba co ché digu
phoi: HPA truyén thong, HPA két hgp Q-learning va HPA két hgp ERDQ-learning. Theo d6,
HPA truyén thdng (dwong mau do) duy tri do tré trung binh &n dinh trong khoang 0.43-0.46
giay, tuy it bién dong nhung khong c6 dau hiéu cai thién ro rét trong sudt qua trinh huan luyén,
cho thay kha ndng phan trng con han ché trudc cac thay doi caa tai. Co ché Q-learning (mau cam)
gitip cai thién do tré xudng khoang 0.36-0.37 gidy, cho thay hiéu qua cao hon so véi HPA thong
thuong. Tuy nhién, van xuat hién cac pha dao dong nhe vé dd tré, phan anh chinh sach diéu phoi
chua hoan toan dn dinh. Trong khi d6, ERDQ-learning (duwong mau xanh 14) dat dwoc do tré thap
nhdt, dao ddng on dinh quanh mttc 0.33-0.35 gidy va duy tri tinh on dinh d6 xuyén sudt qua trinh

hudn luyén. Nhu vay ERDQ-learning khong chi tiét kiém tai nguyén ma con dam bao chét luong
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dich vu t6t hon, nho kha nang diéu phdi linh hoat va thich ting véi moi treong tai bién thién. Két
qua thye nghiém duoc trinh bay trong Bang 2 tiép tuc cung cd két luan nay khi thé hién rd rang
rang md hinh k&t hop ERDQ-learning mang lai hiéu qua vuot trdi trong viéc t&i wu hoa tai nguyén

va giam do tré dich vu so véi ca hai co ché con lai 1a HPA truyén thong va HPA két hop Q-

learning.
— HPA
1.24 HPA + Q-learning
—— HPA + ERDQ-learning
= 101
2081
@ 061
\l
0.44 e
0 20 40 60 80 100 120 140 160
Episode
Hinh 7. Biéu d6 minh hoa d6 tré trung binh qua ting episode
Bang 2. Két qua so sanh s6 Pod, d0 tré va phan thudng gita cac co ché
S6 Pod trung binh Do tré trung binh (s) Phén thuong hoi tu
HPA 5.64 0.4352 Khong ap dung
HPA v6i Q-learning 3.28 0.3692 Dao dong, khoéng on dinh
HPA v6i ERDQ-learning 238 0.3460 On dinh, hoi tu sém

Trong Bang 2, s6 luong Pod trung binh ma HPA truyén thong trién khai 1a 5.64 Pod, trong
khi HPA két hop voi Q-learning truyén thong giup giam xudng con 3.28 Pod (giam 41.8%). Tuy
nhién, mo6 hinh HPA két hop ERDQ-learning ti€p tuc cai thién hon ntta khi chi st dung trung
binh 2.38 Pod, twong ting véi muc tiét kiém khoang 57.8% so voi HPA, va 27.4% so voi Q-learning
truyén thong.

Vé do tré trung binh, HPA duy tri & mtrc 0.4352 gidy, trong khi Q-learning gitip cai thién
xudng con 0.3692 gidy. Md hinh ERDQ-learning tiép tuc nang cao hiéu qua nay véi do tré trung
binh 0.3460 giay, twong tng voi mic cai thién khoang 20.45% so véi HPA, va 6.29% so vdi
Q-learning.

béng cha y, trong khi Q-learning truyén thong c¢6 phan thuwong dao dong va khong 6n
dinh, thi ERDQ-learning cho thdy phan thudng hoi tu sém va duy tri on dinh qua cac episode.
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biéu nay phan dnh kha nang hoc chinh sach hiéu qua hon ctia ERDQ-learning, gitip tac tr dua
ra quyét dinh diéu phdi tai nguyén tot hon theo thoi gian

Sw cai thién ro rét nay cd thé dugc ly giai boi kha nang hoc hoi va thich tng linh hoat cta
mo hinh ERDQ-learning. Khac v6i HPA truyén thong von chi dya trén mét nguwong CPU ¢6 dinh
va khong c6 kha nang diéu chinh theo thoi gian thuc, cling nhu Q-learning truyén théng thuwong
gdp phai hién twong sai 1éch danh gia qua mutc gia tri hanh dong (overestimation bias) do st
dung mot bang Q duy nhat va khdng cé co ché lwu trit kinh nghiém, ERDQ-learning da khac
phuc dong thoi ca hai diém yéu nay nho két hop hai ki thuat: Experience Replay gitp luu trit va
téi st dung kinh nghiém tuong tac véi mdi truong nham ting tinh 6n dinh va da dang dit liéu
hudn luyén va Double Q-learning str dung hai bang Q doc lap dé€ tach biét qua trinh lwa chon va

danh gia hanh dong, tir d6 giam thiéu sai 1éch trong qua trinh cap nhat gia tri.

Trong nghién cttu nay, tai hé thdng dugc tao ra boéi cong cu Locust, bao gom nhiéu dac
diém bién thién theo thoi gian thuc nhu: xu huéng dai han, dao dong ngan han, cac pha burst
ngau nhién va xu huéng ting dan theo thoi gian. Viéc danh gid mo hinh trong mot moi truong
c6 tinh bién dong cao nhu vay cang khang dinh kha nang thich nghi va hiéu qua diéu phédi cta
ERDQ-learning trong diéu kién van hanh thuc t&€. Do d6, ERDQ-learning duoc xem 1a mét hudng
tiép can kha thi va hiéu qua cho viéc diéu chinh ngudng HPA trong cac hé thong serverless hién
dai.

5 Kétluan

Két qua thuc nghiém cho thdy mo hinh hoc tang cwong véi thuat toan ERDQ-learning vueot
trdi so v6i phuong phdp HPA truyén thng, giam 47.81% s8 pod duoc trién khai, dam bao do tré
thap va 6n dinh, cai thién QoS vdi latency trung binh 0.3460 gidy (thap hon 10.22% so véi 0.3854
giay ctia HPA c¢d dinh). Kha ndng thich nghi ciia m6 hinh duwoc thé hién qua viéc diéu chinh linh
hoat ngudng HPA (tir 20% dén 100%), gitip hé thong phan tng hiéu qua véi tai cong viéc bién
dong, dong thoi duy tri s8 pod & mkc t6i wu. Tir cac két qua trén, c6 thé khang dinh réng ERDQ-
learning 1a mot budc cai tién rd rét so véi Q-learning truyén thong trong bai toan diéu phoi tai
nguyén cho méi trueong serverless. M6 hinh khoéng chi gitp tac tir hoc nhanh va 6n dinh hon, ma
con hinh thanh chinh sach diéu phoi hiéu qua, giam thiéu dang ké do tré dich vu va sd lwong pod
dao dong. Nho d6, ERDQ-learning dat duoc su can bang tdt gitta hiéu qua tai nguyén va chat
lwong dich vu (QoS) trong diéu kién tai bién thién. M6 hinh c6 thé dwgc mo rdng voi viéc xem
xét da muc tiéu véi ham thudng ciing nhu 4p dung cac thuat toan hoc ting cuong sau nham tdi

wu hon hiéu nang cta hé thong.
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