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Toém tat

Phan bo tai nguyén dong trong méi trudng dién toan ddm may 1a mot thach thirc 16m, doi
hoi kha ning du doan chinh xac va tdi uu hda hidu qua dé nang cao hiéu suat str dung tai
nguyén va giam chi phi. Cac phuong phép truyén thong thudng khé thich tmg nhanh voi
nhu cau bién dong, din dén lang phi hodc suy giam chat lwvong dich vu. Nghién ctru nay dé
xudt mot phuong phap tich hop mé hinh bo bién ddi dé du bao nhu cau tai nguyén (CPU,
bo nhé, bang thong) véi hai thuat toan: Di truyén va Tdi vu hoa Pan Kién. M6 hinh b bién
dbi giup du doan chinh xac nhu cau twong lai dya trén dit liéu lich sir, cho phép didu chinh
phén bd tai nguyén mot cach chi dong. Thuét toan di truyén va tdi uu hoa dan kién dugc ap
dung sau d6 dé t6i uru viéc phan phdi tai nguyén trén cic may 4o. Thuc nghiém trén dir liéu
thyc té& cho thay phuong phap nay cai thién dang ké do chinh xac du doan, giam do tré trong
phén b va tbi wu hoa viée sir dung tai nguyén t6t hon so véi cac phuong phap truyén thong
nhu LSTM hoic t6i wu hoa dua trén tim kiém. Day 1a giai phap hira hen cho quan 1y tai
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1 bat van dé

Trong cac hé théng dién toan dam may, quan 1y va
phan bd tai nguyén hiéu qua dong vai tro quan trong
trong viéc dam bao hiéu suit va t6i vu héa chi phi.
Tuy nhién, nhu ciu tai nguyén bién dong lién tuc
khién viéc dy doan tré nén thach thie. Cac phuong
phap truyén thong nhu ARIMA, Holt-Winters va
mang no-ron don gian gip kho khin véi chudi thoi
gian phi tuyén va khong 6n dinh, dan dén d6 chinh
xéc thap [1, 4]. Gan diy, mé hinh hoc sdu, dic biét
12 Bo bién d6i (Transformer —TF), di cho thay tiém
nang xir Iy chudi thoi gian dai nho co ché ty chu y,
giup ndm bét mdi quan hé phtrc tap trong dir liéu. B
bién dbi di duoc 4p dung hiéu qua trong du bao dit
liéu vién tham cho hé théng kiém soat moi truong tau
vil try [1] va trong du bao doanh sb tai moi truong
dién toan bién [2]. Trong dién toan dam may, mang
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no-ron tich chap theo thoi gian ciing da duoc stir dung
dé du doan va tdi vu phan bd tai nguyén [3, 4].

Tuy nhién, chi dwa vao du bao dé phan b tai nguyén
c¢6 thé khong du hidu qua. Viéc két hop vai cac thuat
toan t6i wu nhu Thuat toan Di truyén (Genetic
Algorithm — GA) hodc Téi wu hoa Pan Kién (Ant
Colony Optimization — ACO) c6 thé nang cao hiéu qua
phan bo. Cac nghién ctru cho thay tdi wu héa giap cai
thién hiéu suét dich vu web [5] va chét lugng dich vu
(QoS — Quality of Service) [6]. Ngoai ra, cac hudng
nghién ctru nhu tdi wu hoa dya trén QoS hodc quan 1y
tai nguyén trong Kubernetes ciing mang lai két qua tich
cuc [7, 8]. Du bao chinh xac con giup giam lang phi va
nang cao hiéu suat hé thdng [9].

2 Cac nghién curu lién quan

2.1 Du doan tai nguyén trén di¢n toan ddm may
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Du doéan nhu cau tai nguyén 1a mot trong nhitng bai
toan quan trong trong quan ly dién toan dam may. Cac
mo hinh nay gia dinh dit liéu c6 tinh tuyén tinh, khong
phut hop véi cac chudi thoi gian phi tuyén va c6 tinh
bién dong cao, thuong thay trong cac hé théng dam
may [10, 11]. Nhiing nim gan day, cic mé hinh hoc sau
nhu Long Short-Term Memory (LSTM) va Gated
Recurrent Unit (GRU) da dugc ap dung dé cai thién do
chinh xac trong dy doan tai nguyén dién toan ddm may
[12]. LSTM c6 kha ning ghi nhé cac mbi quan hé dai
han trong chudi thoi gian, gitp mé hinh hoa tét hon cac
mAu thay d6i cua tai nguyén hé thong. GRU, véi kién
trac don gian hon LSTM, ciing cho thay hiéu qua cao
trong viéc du doan véi chi phi tinh toan thap hon [13].
Tuy nhién, ca hai mo hinh nay déu gip han ché khi xtr
1y cac chudi thoi gian dai do hién twong suy giam do
dbc ciia ham mat mat va kha niang hoc tap kém khi dir
lidu c6 mbi quan hé phirc tap.

2.2 Ung dung mé hinh TF trong dy bao chudi thoi gian
Gan day, TF da tro thanh mot phuong phép tién tién
trong du doan chudi thoi gian, nho co ché tu chi y
(Self-Attention), giup mé hinh hoc dugc cic mdi quan
hé dai han trong dir li¢u hi€u qua hon so voi LSTM va
GRU [14]. Khac v6i cac mo hinh tudn ty nhu Recurrent
Neural Network (RNN), TF c6 thé xir 1y toan bo chudi
thoi gian ddng thoi, gitip cai thién téc d6 huan luyén va
du bao [15]. Pa ¢ nghién ctru tng dung TF vao du bao
dir liéu vién tham va cho thay hiéu qua vuot trdi so véi
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cac phuong phap truyén thong [10]. Tuong tu, TF ¢o
thé cai thién dang ké d6 chinh xac trong du bao nhu cau
tai nguyén so voi LSTM va GRU khi ap dung vao hé
thdng dién toan bién [11]. Nhiing két qua nay cho thay
TF 12 mdt lua chon tiém nang trong viéc du doan tai
nguyén dién toan dam may.

2.3 Céc phuong phap tdi wu hda phan bd tai nguyén
Dy bao chinh xéc tai nguyén chi 1a mét phan cia bai
toan quan 1y tai nguyén trén dién toan dam may. Tdi wu
hoa phén bo tai nguyén duya trén du dodn 13 budc quan
trong nhim nang cao hiéu suat va giam chi phi van
hanh. Cac thuat toan nhu GA, Tdi wu hoa By Pan
(Particle Swarm Optimization — PSO) da duoc ap dung
rong rai [16, 17]. GA duya trén nguyén 1y chon loc tu
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ACO mo phong hanh vi kién tim dudng, gitp hé thong
thich nghi nhanh [17], con PSO — dya trén hanh vi by
chim — cho phép tim c4u hinh tai nguyén ti wu véi toc
d6 hoi tu cao [18].

Két hop du doan bang TF véi cac thuat toan tdi uu hoa
c6 thé cai thién dang ké hiéu suat hé thong. Nghién ciru
chi ra rang su két hop nay gitp giam chi phi tai nguyén
ma van duy tri hiéu suit [12].

3 Phuong phép dé xuat

3.1 Kién triic hé thong

Hé thong dé xuit bao gdm ba tang chinh: Tang dau

vao, Tang du doan va Tang toi wu hoa (Hinh 1).

Quin Iy Cloud Téi vu

— ¥
|

Tang dw dodn Ting du dodn Téng t6i vu hoa
Tang du vio Téng dau vio Téng déu vio
Giai thuat GA Giai thuat ACO Giai thuat Ant

Hinh 1 Kién tric tong quan cta hé théng
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M6 ta cach tich hop trién khai thuc t& nhu sau:

M0 hinh dugc tich hgp vao Kubernetes thong qua mot
dich vu du bao, st dung TF dé du doan nhu ciu tai
nguyén va truyén két qua qua giao thirc API REST dén
bd diéu phdi tai nguyén (Kubernetes Scheduler). Yéu
cau trién khai bao gdm: phan cing (GPU Gigabyte
RTX4070 TISP, 16GB RAM), phan mém (Kubernetes
v1.25, TensorFlow 2.10), va giao thirc API (gRPC dé
giam do tré). M6 hinh ciing twong thich véi OpenStack
thong qua tién ich mé rong diéu phdi tai nguyén.

3.1.1 Tang déu vao

Téang dau vao chiu trach nhiém thu thap dit liéu thoi
gian thyc tir cac may do (Virtual Machines — VMs),
bao gom:

- Murc st dung CPU (%)

- Muc st dung RAM (GB)

- Luu lugng mang (bang thong — Mbps)

- Thong tin tai ciia ung dung dang chay

Dit lidu dau vao duoc thu thap theo thoi gian thyc tir cac
VMs trong hé thng dién toan dam may, bao gdm: mirc
st dung CPU (%), RAM (GB), luu lugng mang (Mbps)
va tai cong viéc ing dung. Céc chi s6 nay phan anh tinh
trang tiéu thu tai nguyén tai mdi thoi diém va duogc luu
trong co so dit liéu giam sat tai nguyén. Trudc khi dua vao
mé hinh TF dé du doan nhu cau, dit liéu trai qua qué trinh
tién xir Iy nham nang cao chét lugng va tinh dong nhat.
Cuthé, hé théng thyc hién ba budc: (i) loai bo diém ngoai
lai @ loai trir gia tri bat thudng gdy sai léch mé hinh; (ii)
xtr 1y dit liéu thiéu bang cach ndi suy hogc loai bo ban ghi
khong day dii nham dam béo tinh toan ven; (iii) chuén hoa
dir liéu vé cing mot pham vi gié tri, gitip can bang anh
huong gitra cac dic trung c6 don vi do khac nhau. Tang
dau vao déng vai trd nén tang, dam bao dit lidu day du,
chinh x4c va nhat quan, tir &6 nang cao hiéu qua du doan
nhu cu tai nguyén trong mi trudng dién toan dam may.
3.1.2 Tang du doan

Trong hé thdng dy bao nhu ciu tai nguyén, ting nay sir
dung mo hinh TF d& phén tich dit liéu lich st va du
doan nhu cdu trong tuong lai. So véi cac md hinh
truyén théng nhu LSTM, TF duoc lya chon nhd kha
ning hoc hiéu qua cac quan hé dai han trong chudi thoi
gian va xir 1y song song nhanh chéng, gitip ting toc do
huén luyén va cai thién d6 chinh xac. Co ché ty chi y

cho phép mé hinh tap trung vao cac mdc thoi gian quan
trong, thay vi phu thuc vao trang thai an tudn ty nhu
LSTM, tir &6 ndm bit tot hon cac xu hudng phrc tap va
bién dong manh trong nhu ciu tai nguyén.

bé danh gia hiéu qua, mo hinh TF dugc so sanh vai
LSTM qua ba chi s6:

- Sai sb tuyét ddi trung binh (Mean Absolute Error —
MAE): do sai s6 trung binh tuyét ddi giita du doan va
thuc té, phan anh do chinh xéac tong thé.

- Can bac hai cua sai s6 binh phuong trung binh (Root
Mean Square Error — RMSE): nhin manh cac sai sd
16n, phu hop véi dit ligu bién dong manh.

- Sai s6 phan tram tuyét di trung binh (Mean Absolute
Percentage Error — MAPE): Biéu dién sai s6 dudi dang
phan trim, thudn tién dé so sanh trén cac thang do khac
nhau.

Céac chi sb nay giup xac dinh liéu TF c6 thuc su vuot
trdi trong dy bao tai nguyén cho moi truong di€n toan
dam may.

3.1.3 Tang ti uu hoa

Dua trén két qua du doan nhu cau tai nguyén, hé thong
s€ ap dung thuat toan t6i wu hoa dé dua ra chién lugc
phan bb tai nguyén hop 1y, dam bao hiéu suit hoat dong
cua hé théng dién toan dam may. Hai thuat toan duoc
sir dung trong qua trinh nay 1a GA va ACO, mdi thuat
toan c6 cach tiép can riéng dé tim ra giai phap toi wu.
GA 1a mot thuat toan tdi wu hoéa dya trén nguyén Iy
chon loc tu nhién. Hé théng khai tao mot tép hop nhiéu
phuong 4n phan bd tai nguyén, sau d6 danh gia ting
phuong an dya trén ham muc tiéu. Nhitng phuong an
tdt hon s& duoc lai ghép va dot bién dé tao ra thé hé
moi, gitp cai thién dan chat luong giai phap theo thoi
gian. Qua nhiéu vong lap, GA s& hoi tu dén phuong dn
t6i wru nhat, giup hé thong phan bo tai nguyén hiéu qua
ma van dam bao giam thiéu d¢ tré va tdi uu chi phi.
ACO mé phong cach loai kién tim kiém thire n trong
ty nhién. Trong hé théng phan bo tai nguyén, mdi

2

“kién” dai dién cho mot phuong an diéu hudng tai
nguyén tr may chu vat Iy dén may ao. Mdi lan diéu
huéng, “kién” dé lai mot lugng chat din duong

,
A0

(pheromone) gitip cac “kién” sau uu tién di theo cac 16
trinh hiéu qua hon. Nho d6, hé théng c6 thé xac dinh
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c4c may 4o c6 nhu cau tai nguyén cao nhat va wu tién
phan b tai nguyén vao nhiing noi thyc sy can thiét.
Ca hai thuat toan t&i uu hoa nay déu huéng dén viec
t6i wu hoa ham muc tiéu, bao gém:

- Giam thiéu d6 tré cua hé théng bang cach dam bao
may 4o ¢ du tai nguyén dé xur Iy khdi luong cong viée.
- T6i wu hoa chi phi tai nguyén, giam thiéu viéc cp
phat du thira ddn dén lang phi tai nguyén.

- Pam béo can bang tai gitta cac may ao, tranh tinh
trang mot s6 may bi qué tai trong khi cac may khac lai
nhan roi.

Nho vao su két hop giita md hinh TF dé du doan nhu
cAu tai nguyén va thuat toan t6i wu héa GA/ACO dé
phan bd tai nguyén hop 1y, hé thdng co thé cai thién
dang ké hiéu sut hoat dong cta dién toan dam may,
gitip t6i wu hoa ca vé chi phi va hiéu suat.

3.2 M6 hinh TF

TF 1a m6 hinh hoc sau hién dai, c6 kha nang hoc cac
moi quan hé dai han gitra cac diém dir liéu trong chudi
thoi gian théng qua co ché tu cha y. TF st dung tu cha
¥ dé tinh trong s6 giira cac thoi diém trong chudi thoi
gian. Cong thirc tinh Co ché chi ¥ véi tich v6 hudng
duoc chia ti 1é:

JV Q)

A ion(Q,K,V) /i s
ttention K, = softm ax

"
Trong do:

-Q (Query), K (Key), V (Value) 14 cic ma trin dau vao.
- dy 14 kich thudc cua vécto khoa (dé tranh gia tri 16n
gdy mét On dinh).
Ma gia cho TF:
Input: chudi dir liéu tai nguyén (CPU, RAM, Bing
thong) tur t-1, t-2, ..., t-n
Output: dy doan tai nguyén & thoi diém t+1
1. Chudn héa dit liéu dau vao
2. Anh xa di liéu vao 16p biéu dién vécto
3. Tao md héa vi tri cho chudi dau vio
4. Duyét qua nhiéu 16p ma héa

a. Tinh Self-Attention theo cong thicc Attention(Q, K,
na ‘

b. Chudn hoa bang Layer Normalization

¢. Dua qua Feed Forward Network
5. Tao dau ra bang Linear Layer
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6. Trd vé gid tri dir dodn tai nguyén tai t+1

Céu trtic TF trong dy bao chudi thoi gian gdm hai thanh
phan chinh: bé ma hoa va bo giai ma. Bo ma hoa co
nhiéu 16p tich hop co ché ty chu ¥, gitip trich xuat thong
tin tir chudi dix liéu lich sir (CPU, RAM, bang thong, tai
mg dung) va phat hién cdc mdi quan hé quan trong
giita cac thoi diém. Bo giai ma sir dung co ché ty cha ¥
c6 mit na dé dam bao chi khai thac thong tin qué khu
trong qua trinh du doan, dong thoi két hop chi v giita
dau ra va dau vao nham nang cao kha ning du bao gia
tri tai nguyén tuong lai. TF vuot tréi hon cdc mo hinh
truyén thong nhu LSTM va GRU nho kha nang hoc céc
quan h¢ dai han ma khong bi lang quén thong tin, xir ly
song song giup ting toc huan luyén, va co ché tu chu y
cho phép tip trung vao cac thoi diém quan trong trong
chudi dit liéu. Nho @6, TF trd thanh lua chon hiéu qua
trong dy bdo nhu cau tai nguyén, hd trg hé théng phan
bd tai nguyén chinh xéac va kip thoi.

3.3 Tich hgp voi GA/ACO

Mo hinh TF duoc huan luyén trén dit lidu lich sir sir
dung tai nguyén clia cac may 4o nham du bao nhu cau
tuong lai. Mot s siéu tham sé quan trong gdm: batch
size = 64 (can bang toc do va do on dinh), s epoch =
100 (du thoi gian hoc), optimizer Adam (hdi tu nhanh),
va ham 161 MSE (danh gia do chinh xac du bao).

Sau huan luyén, mo hinh duoc tinh chinh qua early
stopping (dimg som néu khong cai thién d6 15i trén tap
kiém tra) va cho cac tham sb nhu learning rate (ty 18
hoc), s6 16p va s6 dong. Nho d6, mé hinh dat hiéu qua
cao trong du bao va hd trg phan bo tai nguyén chinh
xac hon.

3.3.1 Thuat toan GA trong phan b tai nguyén

GA 1a mot thuat toan tién hoa mo phong co ché chon loc
bd tai nguyén trong hé théng dién toan dam may. Cac
budc chinh trong GA gdém: (1) Khoi tao quéan thé: hé
théng tao mot tap hop cau hinh phan bd tai nguyén ngiu
nhién, mdi c4 thé dai dién cho mét cach phan bd CPU,
RAM va bing thong giita cac may 4o. (2) Panh gia c4 thé:
mdi ca thé dugc danh gia dya trén ham muc tiéu, gém do
tré hé thong (cang thap cang tt), chi phi tai nguyén (giam
lang phi), va can bang tai giita cAc may 4o dé tranh qua
tai. (3) Chon loc va lai ghép: cac ca thé hidu suit cao duoc
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gitt lai va lai ghép dé tao thé hé méi, két hop dic diém tot
ctia thé hé trudc. (4) Bot bién: mot s6 ca thé dugc thay doi
ngau nhién nham ting da dang va m¢ rong pham vi tim
kiém, tranh roi vao cuc trj cuc bo. (5) Lap lai qua trinh:
cac budc danh gia — chon loc — lai ghép — dot bién duoc
1ap lai cho dén khi thuét toan hoi ty, tim ra cau hinh phan
bd tai nguyén tdi wu.
Cong thurc todan hoc:
GA tim kiém 10i giai toi uu thong qua tién hoa. Ham
muc tiéu:

F(X)=Y _ (wU,+w,C -wD) (2)

Trong do:

- Ui 1a mure st dung tai nguyén tai VM i.

- Ci 1a chi phi van hanh.

-D;ladd tré.

- Wi, W2, W3 la trong s6 diéu chinh.

Ma gia cho GA:

Input: danh sach VM va nhu cau tai nguyén du doan
Output: chién lugc phan bd tai nguyén téi uu

1. Khoi tao quan thé ngdu nhién (cdc cdch phan bé tai
nguyén)

2. Pdnh gid tirng cd thé bang ham muc tiéu F(X) (2)

3. Chon loc cd thé tét nhat

4. Lai ghép (crossover) giita cdc cd thé dé tao thé hé
maoi

5. Dot bién (mutation) dé tao tinh da dang

6. Lap lai tir bude 2 dén khi dat diéu kién dimg

7. Tra vé cau hinh phdn bé tai nguyén tot nhat

GA gitp tdi uru hoa phan b tai nguyén bang cach tim
kiém hiéu qua trong khong gian giai phap 16n ma khong
can duyét qua tit ca cac kha ning. Phuong phap nay
thich nghi tdt v6i su thay ddi cua hé théng, chéng han
nhu nhu cau tai nguyén bién dong theo thoi gian. GA
ciing cai thién higu suat h¢ thong thong qua tdi wu hoa
cén bang tai va chi phi tai nguyén, gitip giam thiéu tinh
trang qua tai may ao hoac lang phi tai nguyén. Nho
nhiing uu diém nay, GA 1a mét phuong phap manh mé
hd tro quyét dinh phan bo tai nguyén trong hé thong
dién toan dam may, nang cao tinh linh hoat va hiéu qua
ctia hé thong.

3.3.2 Ung dung ACO trong diéu hudng tai nguyén
ACO 1a mot thuat toan 1dy cam hing tir hanh vi tim
dudng cua dan kién, trong d6 cac ca thé (kién) cong tac

thong qua chat dan duong dé tim ra tuyén duong téi wu.
Trong bdi canh dién toan dam may, thuat toan ACO c6
thé dugc str dung dé didu hudng tai nguyén dén cac
may 4o c6 nhu cAu cao nht, giup hé théng dat hiéu suét
t6t nhat. ACO md phong cach kién tim duong tdi wu
bang chat din duong. Xac suit chon tai nguyén cho
VM i tai thoi diém t:

T. ..
P‘,(t)=+

Trong do:
- 7; 12 lugng chat din duong trén duong di.
-mi la heuristic (ngugc véi muc tai hién tai cia VM).
- a, B 1a tham s6 diéu chinh.
Ma gia cho ACO:
Input: danh sach VM va nhu cu tai nguyén du doan
Output: 16 trinh t6i wu dé diéu hudng tai nguyén
1. Khoi tao tap hop kién, méi kién la mot chién luoc
phdn bé tai nguyén
2. Tinh xdc sudt P_i(t) dwa trén céng thirc chdt dan
duong
3. Kién chon VM c6 chdt dan dwong cao nhdt dé diéu
huong tai nguyén
4. Cdp nhdt heong chat dan dwong:

a. Néu phan bo hiéu qua, ting chat dan dwong

b. Néu phan bo kém, giam chat dan dwong (bay hoi)
5. Lap lai qud trinh cho dén khi tim dwoc phdn bé téi
uu
Céc bude chinh ctia ACO trong diéu hudng tai nguyén
gom: (i) Khai tao tap hop kién: mdi kién dai dién cho
mot giai phap phan bo tai nguyén. Hé thong tao ra mot
sb luong kién nhit dinh, mdi con thir nghiém mot
phuong 4n diéu phdi tai nguyén khac nhau giira cac
VM. (i) Tinh toan chét dan duong: m&i VM cé mirc
chat dan duong khac nhau, phan anh nhu cau tai nguyén
(CPU, RAM, bing thong). Cac VM thiéu tai nguyén s&
phat ra nhiéu chat din duong hon, thu hat nhiéu kién
hon. (iii) Chon dudng di ti wu: mdi kién s& chon VM
dé cap phat tai nguyén theo xac suét ti 1¢ thuan voi muc
chat din duong; VM c6 chat dan dudng cao s& co xac
sudt dugc chon cao hon. (iv) Cp nhét chat dan duong:
néu giai phap hiéu qua, luong chit din duong trén
duong di d6 s& tang, gitp cac kién thé hé sau uu tién
chon lya; néu khong higu qua (gdy mat can bang hoic
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lang phi), chat ddn duong s& giam, lam giam kha ning
dugc chon trong céc vong sau. (v) Lap lai qua trinh: cac
budc trén dugc 1ap lai qua nhiéu vong, dan cai thién
chién luge phan bo va hoi tu vé phuong an toi wu, dam
bdo tai nguyén dugc su dung hop ly.

ACO thich nghi nhanh véi méi truong dong, c6 kha
ning diéu chinh chién lugc phan bd khi nhu cau thay
ddi theo thoi gian thuc. Co ché cap nhat chit din duong
gitip can bang tai hiéu qua, tranh qua tai tai mot sd VM
va dam bao phan bé dong déu. Ngoai ra, ACO t6i uu
hoa qua trinh tim kiém ma khong cin duyét toan bo
khong gian giai phap, gitip gidm chi phi tinh toan so véi
cac phuong phéap truyén thdng. Nho nhitng dic tinh
nay, ACO la mdt thuét todAn manh mé trong viéc nang
cao hiéu suit hé théng dién toan dam may, dac biét
trong moi truong cé tai dong va yéu cu didu phdi tai
nguyén theo thoi gian thuc.

4 Thuc nghiém va danh gia

4.1 B9 dir liéu

Nghién ctru nay st dung b dit li€u tir cac hé théng dam
may thuc té dé huan luyén va danh gia mé hinh. Mot s6
b dit lidu phd bién bao gom:

- Tap dir liéu thyc té duge Google cong bd (Google
Cluster Data): chira dit liéu vé muc sir dung tai nguyén
clia cac may 4o (VMs) trong hé théng dién toan dam
may dugc cung cap boi Google, bao gdom CPU, RAM,
bang thong mang va trang thai tng dung theo thoi gian.
- Tap dir lidu thuc t& duoc Alibaba cong bd (Alibaba
Cluster Trace): bao gdm cac khdi luong cong viée theo 16
(workload batch) va tap hop céac cong viéc da dang (mixed
workload) 1a b dir liéu ghi lai hoat dong cta hé théng
dién toan cum tai Alibaba. Phién ban 2017 theo doi 1313
méy trong 24 gio, gdm dir liéu cau hinh, tai nguyén st
dung va khdi luong cong viée chay dai 14n theo 16. Phién
ban 2018 md rong 1én khoang 4000 may trong 8 ngay, bo
sung thong tin cho cac tac vu hang loat. Dit liéu hd trg
nghién ctru t6i wu hé thong, 1p lich va phan b tai nguyén.
Trudce khi dua vao mé hinh TF, dir liéu dugc tién xur 1y
dé dam bao chit lwong: (i) Loc dit liéu thiéu thong tin
bang cach dién gia tri thiéu (vi du: trung binh truot). (ii)
Loai b6 cac diém ngoai 1¢ sir dung z-score hoac IQR.
(iii) Chuan hoa dir liéu vé cing pham vi [0,1] bang
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Min-Max Scaling dé ddng nhit cac dic trung. (iv)
Chuyén d6i dir liéu thanh chudi thoi gian voi mdi diém
dir li€u dai dién cho mot khoang thoi gian nhat dinh. (v)
Chia dir lidu thanh cac tap huan luyén (70 %), kiém tra
(20 %) va kiém dinh (10 %). Sau khi tién xir Iy, dir liéu
san sang cho mo hinh TF dy doan nhu cau tai nguyén
trong tuong lai.

4.2 Két qua va thao luan

Thi nghi€ém so sanh mo6 hinh TF, LSTM va ARIMA
duoc thyc hién trén cung mét tap dir liéu lich su, st
dung tai nguyén cta hé thong dam may. Két qua duoc
danh gia dua trén MAE, RMSE va MAPE nhu sau:
Bang 1 So sanh mo hinh TF, LSTM va ARIMA

Mb hinh| MAE | RMSE | [MAPE |
ARIMA| 842 [ 12,15 | 9.1
LSTM | 587 | 8,63 6,4
TF | 421 | 6,95 4,8

So sanh cac mé hinh theo dg tré, tai nguyén va bang théng
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Transformer

ARI’M LSTM
Hinh 2 So sanh sai s6 du doan gitia cdc m6 hinh MAE,

RMSE, MAPE

- ARIMA: ¢6 hiéu suat kém nhét do chi xir 1y tot cac xu
huéng tuyén tinh, trong khi nhu ciu tai nguyén c6 su
thay d6i phi tuyén theo thoi gian.

- LSTM: cai thién dang ké so v6i ARIMA nhung van
bi gi6i han béi co ché nhé ngén han, 1am suy giam hiéu
qua khi dy doan céac chudi dai.

- TF: ¢6 két qua tot nhét nho kha nang hoc quan hé dai
han thong qua co ché tu chu y, gitip du doan chinh xéac
hon.
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Mo hinh TF yéu cdu thoi gian huin luyén trung binh
khoang (10-10,8) gio trén GPU Gigabyte GeForce RTX
4070 Ti SUPER (16GB), so voi (8,1-8,6) gio cia LSTM
va (6,3-6,7) gio cia GRU. Yéu cau bd nhé cua TF 1a
khoang 13 GB, cao hon so v6i 9,5 GB cua LSTM va 7,5
GB cta GRU. Tuy nhién, d¢ chinh xac vuot trdi cia TF
(MAE: 4,21; RMSE: 6,95) so v6i LSTM (MAE: 5,87,
RMSE: 8,63) va GRU (MAE: 5,45; RMSE: 8,12), chting
minh hiéu qua ctia mo hinh trong bdi canh tai nguyén
tinh toan dugc t6i uu hoa bang cac k¥ thut nhu pruning
(giam 15 % tham sb) va quantization (giam 10 % thoi
gian suy ludn).

Pé danh gia hiéu qua cta thuat toan tdi vu héa, nhom
nghién ctu da so sanh GA va ACO véi cac phuong
phap t6i wu hoa truyén théng nhu Round Robin (RR)
va First Fit (FF) dua trén ba ti€u chi chinh: st dung tai
nguyén, do tré hé théng va chi phi van hanh.

Bang 2 So sanh cac phuong phap GA va ACO voi cac
phuong phép téi uu hoa truyén thong nhu Round
Robin (RR) va First Fit (FF).

Phuong Sirdung tai | P§ tré | Chi phi
phap nguyén (%) 1 | (ms) | |[van hanh |
RR (R
(Round 743 125 Cao
Robin)
FF (First
(Firs 79,1 110 | Trung binh
Fit)
GA 88,5 82 Théap
ACO 91,2 76 | Théap nhét

- GA va ACO déu t6i vu tai nguyén tot hon RR va FF,
gitip giam lang phi tai nguyén va cai thién hiéu suat hé
théng.

- ACO vuot trdi so voi GA nho kha nang thich ung véi
nhu cau tai nguyén thay d6i nhanh chong, giup phan bd
tai nguyén linh hoat hon.

- Chi phi van hanh thip hon khi sir dung GA/ACO do
tai nguyén duoc phan bd hop 1y, han ché tinh trang
thiéu hut hodc du thira tai nguyén.

Phan tich d¢ phuc tap cua 2 thuat toan: (i) B9 phuc tap
ciia GA 12O (G x P x E), (G: s6 thé hé, P: kich thudc quan
thé, E: chi phi danh gia ham muc tiéu), v6i G = 100, P =
50, va E phy thudc vao sé VM. (ii) ACO c6 do phtc tap
ONxMxI),(N: s6 kién, M: s6 VM, I: s& vong lap), voi

N=150,M =100, va I =200. Thyc nghi¢m trén cum 100
VM cho thay thoi gian chay trung binh ciia GA 1a 120 ms,
(us) trong khi ACO 1a 90 ms. Bé dap tmg yéu cau thoi
gian thuc, nghién ciru dé xuat sir dung song song hoa trén
GPU, giam thoi gian chay ciia ACO xudng con 65 ms.
Két qua duoc truc quan héa qua biéu do thé hién mirc
su dung tai nguyén trudc va sau khi 4p dung phuong
phap dé xuét (Hinh 3):

Dy doan tai nguyén cla Transformer so véi thyc té

~a- Thy té (Actual)
== Dy dodn (Predicted) e
%01

Murc sir dung tai nguyén (%)

Hinh 3 So sanh duong dy bao (Predicted) voi dir ligu
thuce té (Actual).

Phén tich sai s6 theo thoi gian cho thidy TF duy tri
MAPE dudi 5 % trong cac khung thoi gian 1 gio, 6 gio
va 24 gio, so voi LSTM (MAPE (7-9) %) va ARIMA
(MAPE (10-12) %). Trong cac tinh hudng bét thuong,
TF gidi han ting sai s6 & muc (8-10) %, vuot trdi so
voi LSTM (15-20) %) va ARIMA (25-30) %), ching
minh kha ning thich ing voi bién dong dot ngot.

Hiéu Suat Phan BG Tai Nguyén Trudc va Sau Khi Ap Dung Phuong Phap Dé Xuat
120 ms

90 % 92 %

2Z2 Truix To1 Uu Hoa
(S Sau T6i Uu Hoa

o) \ )

o o (9 o 10
o v otV ey
Ne'

cost o "
Hinh 4 Biéu d6 dy doan tai nguyén cua TF so vai
thue té

Biéu d0 so sanh hiéu qua str dung tai nguyén cua
GA/ACO véi phuong phap truyén thong

@ Dai hoc Nguyén T4t Thanh

P ——



m Tap chi Khoa hoc & Cong nghé Vol 8, No 3

Hiéu qua sl dyng tai nguyén clia GA/ACO so vdi truyén théng Két qUé. ChO théy’ ViéC két hop TF vé1 GA/ACO glﬁp

90%

88%

EXR RAM 85%

du doan chinh xac hon va t6i uu tai nguyén hi¢u qua
80

hon so véi cac phuong phép truyén thong.

@
3

5 Két luan va hudéng phat trién

Mire sir dung (%)

Két qua thuc nghiém cho thay mé hinh TF dat hiéu qua
vuot trdi so véi ARIMA va LSTM trong bai toan du
doan nhu cau tai nguyén. Cuy thé, TF dat gia trif MAE la
4,21, RMSE 14 6,95, va MAPE 14 4,8 %, thap hon dang

T et o < késovoi LSTM (MAE: 5,87, RMSE: 8,63, MAPE: 6,4
Hinh 5 Mic sir dung CPU/RAM/Bang thong ting  o5) v ARIMA (MAE: 8,42, RMSE: 12,15, MAPE: 9,1
khi ap dung GA/ACO %). Diéu nay ching t6 rang co ché tw chi y ciia TF gitp

mo hinh ndm bt t6t hon cac mdi quan hé phuc tap,

Biéu d6 d¢ tre h¢ thong theo timg phuong phap ddng thoi thich tmg linh hoat véi su thay ddi cia tai

Do tré hé théng theo timg phudng phap

o — nguyén trong moi trudong dién toan dam qméy. Thuat

110 ms ez i toan GA V;‘i ACQ cai thién hi€u qua phan bo téi nguyérrl,

100 { o giam d6 tré va toi uu f:hi phi, voi ACO dat ket q?é tot

85 ms hon nho kha nang di€u chinh nhanh theo nhu cau tai

= nguyén thoi gian thuc. Tuy nhién, nghién ctru con mét

é c0 | 60 ms s6 han ché: can kiém tra trén nhiéu loai tai cong viéc

& khac nhau, chi phi tinh toan cua TF cao hon so voi

“7 LSTM, va viéc thich nghi nhanh v&i nhu cau tai nguyén
thay d6i van 1a thach thic can cdi thién.

Loi cdm on
0 - > . o Nghién ciru dugce tai trg boi Truong Pai hoc Nguyén
Hinh 6 ACO gitip giam do tré 13 rét so voi GA, RR ~ Tét Thanh, Thanh ph H6 Chi Minh trong khuén kho
va FF de tai ma s0 2025.01.130/HD-KHCN.
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Dynamic Resource Optimization in Cloud Computing

Nguyen Thi Phong Dung”, Do Hoang Nam
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Abstract Dynamic resource allocation in cloud computing environments is a major challenge that requires accurate
prediction and effective optimization to improve resource utilization and reduce costs. Traditional methods often
have difficulty in adapting quickly to fluctuating demand, leading to waste or service quality degradation. This
study proposed an integrated method for forecasting resource demand (CPU, memory, bandwidth), using two
optimization algorithms: Genetic Algorithm and Ant Colony Optimization. A Transformer model helped accurately
predict future demand based on historical data and allowed proactive adjustment of resource allocation. Genetic
Algorithm and Ant Colony Optimization were then applied to optimize resource allocation across virtual machines.
Experiments on real data showed that this method significantly improved prediction accuracy, reduced allocation
delay, and optimized resource utilization better than traditional methods such as LSTM or search-based
optimization. This finding has offered a promising solution for dynamic resource management in cloud computing.

Keywords Cloud resource optimization, Transformer, time series forecasting, Genetic algorithm, Ant colony
optimization, dynamic resource allocation.
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