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TOM TAT
Can bang tai trén ddm may cin nghién ciru va cai tién, v6i nhiéu thudt toan nhu Max-
Min, Min-Min, Round-Robin, CLBDM, Active Clustering, nhung vi¢c su dung
phuong phap du doan hoc may van con day thach thire. V6i § tudng tir cach tiép can
SWOT (diém manh, diém yéu, co hdi va nguy co), luan an niy phan tich can bang tai
trong moi trudng dam may thong qua hai hudng tiép can: bén trong va bén ngoai.
Hudng tiép can bén trong tap trung vao phan tich thuit toan cin bang tai va cac yéu
t6 bén trong nhu thoi gian phan hdi va thong lugng. Hudng tiép cin bén ngoai xem
xét cac yéu td bén ngoai nhu hanh vi ngudi dung, ciu tric mang va moi trudng dia
1y. Luan an nghién ciru cac phuong phap hoc may va khai pha dir liéu dé cai thién
hiéu ning cén bang tai trong dam may. Luan an dé xuat 4 thuat toan can bang tai
(MCCVA, APRTA, RCBA va ITA) tir hudng tiép can bén trong va 2 thuat toan can
bang tai (PDOA va k-CTPA) tir hudng tiép can bén ngoai. Cac thuat toan dugc trién
khai trén moéi truong moé phong CloudSim va so sanh voi cac thudt toan phd bién
khac. Ludn 4n st dung céc thong s6 khac nhau dé danh gia thuc nghiém nhu thoi gian
dap ung va speedup, va két qua mo phong cho thay hiéu qua cua cac thuit toan du

doan hoc may trong cai thién can bang tai trén ddm may.

ABSTRACT
Cloud load balancing needs research and improvement, with many algorithms like
Max-Min, Min-Min, Round-Robin, CLBDM, Active Clustering, but using predictive
machine learning approach is still challenging. With ideas from the SWOT approach
(strengths, weaknesses, opportunities and threats), this thesis analyzes load balancing
in the cloud environment through two approaches: internal and external. The inside
approach focuses on analyzing the load balancing algorithm and internal factors such
as response time and throughput. The external approach considers external factors
such as user behavior, network structure, and geographic environment. The thesis
researches machine learning and data mining methods to improve load balancing
performance in the cloud. The thesis proposes 4 load balancing algorithms (MCCVA,
APRTA, RCBA and ITA) from the internal approach and 2 load balancing algorithms
(PDOA and k-CTPA) from the external approach. Algorithms are deployed on
CloudSim simulation environment and compared with other popular algorithms. The
thesis uses different parameters for empirical evaluation such as response time and
speedup, and simulation results show the effectiveness of machine learning prediction

algorithms in improving cloud load balancing.
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Tinh cap thiét cua de tai

Véi su nhanh chong phat trién vé& quy mo cling nhu sb luong cua cac Gmg dung
chay trén nén tang cloud, cin bang tai phai ludn ludn duoc cai tién va ning cip cho
pht hop vé6i luong va chét cua sy phat trién d6. Vi thé ma can bang tai 13 mot thach
thirc 16n, ludn dugce sy quan tam cua cac nha khoa hoc, nghién ctru nham dap ung
ngay mot tot hon cho cloud. Pi c6 nhidu cong trinh nghién ciru trong va ngoai nudc
vé viéc nang cao hiéu ning can bang tai trén dién toan ddm may. Tuy nhién viéc nang
cao hiéu ning can bang tai trong dién toan d4m mAay van ludn 1a thach thuc, 13 bai
toan ma can c6 10 gidi tdt hon, hiéu qua hon, dac bi¢t véi sy da dang va phat trién
ngdy cang 16n manh cua cloud (da dang vé dich vy, phan mém, nén tang chay trén
cac may chii / may chi do trén dam mAy) ciing nhu nhu cau sir dung mdi lac mot ting
ctia ngudi dung (vé ca chit luong va sd luong). Trong cac cong trinh nghién ctru vé
can bang tai trén dam may, chiing ta d& dang nhan thiy viéc sir dung cac phuong phap
du doan két hop hoc may va dir liéu chua dugce mo ta rd nét.

Chinh vi nhitng 1y do trén, luin 4n nay phan tich can bang tai trong méi truong
dam may véi y tudng tir cach tiép can SWOT (diém manh, diém yéu, co hoi va nguy
co), tir d6 dua ra danh gia can bang tai v6i hai hudng tiép can: bén trong va bén ngoai.
Hudng tiép can bén trong tap trung vao phan tich thuat toan can bang tai va cac yéu
t6 bén trong nhu thoi gian phan hoi va thong luong. Hudng tiép can bén ngoai xem
xét cac yéu td bén ngoai nhu hanh vi ngudi dung, cdu tric mang va moi trudng dia
1y. Luan an tap trung nghién ciru phuong phap hoc may va khai pha dit liéu dé cai
thién hiéu ning can bang tai trén dam may.

Muc tiéu nghién ctiru

Muc tiéu cta ludn 4n 14 dua trén y tudng hudng tiép can SWOT tir d6 dé xuét
va x4y dung cac phurong phap nang cao hiéu ning can bang tai trong dién toan dam
mAy bang cach tmg dung / phat trién cac thuat toan hoc may véi viée xir Iy va phan
tich dir liéu c4n bang tai.

Phan tich cac van dé lién quan hiéu ning can bang tai trén cloud bang cong cu
SWOT va tir d6 dua ra 2 hudng tiép can. Véi hudng tiép can tir bén trong, dé xut
xdy dung phuong phéap / thuit toan tng dung mét sb thuat toan hoc may (Machine
Learning) vao bd cin bang tai, nhim nang cao hiéu ning can bang tai trén dién toan
dam may. Xay dung cai tién mot s6 thuit toan cin bang tai phd bién hién nay trén
cloud. Cuy thé, dé xuat xay dung bd can bang tai dya trén phuong phap du bao cac
thong s6 theo thoi gian nhu thoi gian dép tng (Response Time), thoi gian xir 1y (Make
span) dé nang cao hiéu nang cin bang tai trén dién toan dam may. Véi hudng tiép cdn

tir bén ngoai, dé xuat xay dung phwong phap du bao deadlock hoidc kha ning xay ra



deadlock trén bo can bang tai, dy ciing 1a yéu t6 anh huéng dén kha ning can bang
tai, tor do xay dung bo can b?mg tai luon tranh dugc deadlock va nang cao hi¢u nang
can bang tai. D& xuat xdy dung thuit toan can bang tai theo gbc dd hanh vi ngudi
dung bao gém do uvu tién xtr 1y céc tac vu (task) / cac yéu cau (request) tuong tng
ctia ngudi dung, tir d6 phan bd héu qua nhat, nang cao hiéu ning can bang tai trén
dién todn ddm may.
Y nghia khoa hoc va déng gép

Véi y tuong phan tich can bang tai bang cong cu SWOT, luan 4n dua ra 2
hudng tiép can 1 tiép can tir bén trong va tiép can tir bén ngoai, dé danh gia va dua
ra giai phap trong viéc nang cao hi¢u ning can bang tai trén dién toan dam may: Dé
xudt xdy dung cdc ky thudt / thudt todn méi trong cdn bang tai trén dién todn dam
mdy nham ndng cao hiéu ndng cdn bang tai. Ngoai ra thong qua mot sd nghién ciru,
van dung hiéu qua & phat trién cac thuat todn hoc may vao can bang tai trén dién toan
dam may. Pé xudt xdy dung cdc bg cdn bang tai méi trén viée xir Iy cac thong sb thoi
gian, chudi thoi gian nhu du bao thoi gian dép mg (response time), thoi gian xir 1y
(makespan) nham nang cao hiéu ning cin bang tai trén dién toan dam may. Pé xudt
nghién ciru can bang tdi théng qua viéc dy bdo Deadlock va khd néing xdy ra deadlock
trén moi truong cloud. Vi viée du bao nay, gitip cho bd can bang tai kiém soat tai
nguyén trén moi trudng cloud tt hon. Dé xudt nghién civu can bang tdi dwdi goc do
nguoi ding trén cloud, khai thac cac tinh chit ngudi dung théng qua hanh vi ngudi
dung, o uvu tién cuia nguoi dung.

CHUONG 1- GIOI THIEU VE PE TAI

1.1 TONG QUAN VE PIEN TOAN PAM MAY

bién todn ddm may la mot hinh thuc tinh toan dya trén mang Internet, trong
do tai nguyén va dich vu dugc chia sé va cung cép dudi dang dich vy trén mot ha téng
mang cong cong. N6 di phat trién manh mé véi sy gia nhap ciia cac nha cung cip 16n
nhu Google, Amazon va Microsoft. Pi¢n toan dam may mang lai nhiéu loi ich vé chi
phi va luu trir dit liéu, dong thoi doi hoi viée can bang tai va sir dung cac thuit toan
phu hop dé quan 1y tai nguyén va hiéu suét.
1.2 TONG QUAN VE CAN BANG TAI TRONG PIEN TOAN PAM MAY
1.2.1 Gi6i thiéu vé cin bing tai
Cloud da gitp cac doanh nghiép tan dung loi ich cua tai nguyén dién toan dugc chia
sé trén moi treong ao hoa. R4t nhiéu doanh nghi¢p da su dung cac dich vu dua trén
dam may & dang nay hoic dang khac. Diéu ndy dua ching ta dén khai niém cn bang
tai trong dién toan ddm may. Trong khi lugng truy cap nay qué 16n trong thoi gian

ngan thuong xay ra cac van de 1a ha tang mang va kha nang xur 1y ctia Server s¢€ bi tac



nghén cuc bd. Vi vdy Cdn Bang Tdi ludn ludn 1a mot trong nhimg tinh ning cong
nghé rit quan trong giup cac may chu 4o hoat dong dong b va hiéu qua hon thong
qua viéc phan phdi ddng déu tai nguyén ma khong bi tic nghén cuc bd. Cdn bang tai
1a giai phap viéc phan bb dong déu va hiéu qua luu luong truy cp giita hai hay nhiéu
cac may chu c6 ciing chirc nang trong ciing mot hé thdng. Bang cach do, s& gitip cho
h¢ thong giam thiéu t6i da tinh trang mot may chu bi qua tai va ngung hoat dong.
Hoic khi mot may cha gip su ¢d, Can Béng Tai s& chi dao phan phdi cong viée cia
may cha d6 cho cac may chu con lai, ddy thoi gian uptime cia hé théng 1én cao nhit

va cai thién ning suét hoat dong tong thé.
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Hinh 1.1 M hinh Cén biing tii trong di¢n toan dam may theo NGINX

Muc dich can bang tai, Trén dién todn ddm may viéc can bang tai duoc sir dung dé
phan phdi cac tai hoat dong 16n sang cac tai hoat dong it hon dé nang cao hi¢u suat
lam viéc va tan dung t61 da tai nguyén cia cloud. Trong moi truong ddm may, can

bang tai doi hoi phan bo lai cc tai dang hoat dong lién tuc giira tat ca cac ndt.
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Hinh 1. 2 Phén logi thudt todn cén bang tii theo hé thong va tai nguyén
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1.2.2 Po hrong cin bang tai

Do luong can bang tai, c6 rat nhiéu tham sé dé do luong hiéu ning cin bang tai trén
moi trudng dién toan dam may. Mot vai tham sd co ban bao gdm: Thong luong
(Throughput), Dung sai 16i (Fault Tolerance) , Thoi gian di doi (Migration Time) ,
Thoi gian dap ing (Response Time), Thoi gian thuc hién (Makespan -MS), Kha nang
m¢ rong (Scalability)

Cloud Load balancing metrics

1
Qualitative Metrics

Dependent Metrics Independent Metrics Dependent Metrics
Predictability | | Scalability l_._.l Response Time I | Throughput Load Variance |
SLA Violation | | Fault Tolerance I__| Execution Time ] | Migration Time Makespan |
Reliabilty | [ compesontime | 1 [ vemzgws | Pt ey PR — I
Accuracy | | Carbon Emission I__| R of e | | Tumaround Time Degree of Balance I
| I__| Number of VM creation | Resource Utilization Dm C |
Factorr |© | Processing Time

Hinh 1. 4 Cdc tham sé do lwong cin bang tdi
1.2.3 Mt s6 thuit toan cin bang tai pho bién
C6 rat nhiu thuat toan cAn bang tai giup giai quyét thong lugng tot va giam thoi gian
dap g trén moi trudng cloud. Mi thudt toan déu co nhirng loi ich riéng: Thudt todn
phdn b6 tac vu diwa trén LB (Task Scheduling based on LB), Thudt todn cdn bang tdi
co hoi (Opportunistic Load Balancing — OLB), Thudt toan Round Robin (RR), Thudt
todn ngau nhién héa (Randomized), Thudt todn Min-Min, Thudt toin Max-Min,
Thudt todn hanh vi Tim kiém cia Ong Mdt (Honeybee Foraging Behavior), Thudt
toan gom cum dong (Active Clustering), Thudt todn so sanh va cin bang (Compare
& Balance), Thudt toan Lock-free (Lock-free multiprocessing solution for LB), Thudt
toan dan kién (Ant Colony Optimization), Thudt todn thoi gian déap vmg ngdn nhat
dau tién (Shortest Response Time First), Thudt todn ldy mdu ngdu nhién (Based
Random Sampling).
1.3 MOT SO THUAT TOAN AI UNG DUNG VAO CAN BANG TAI
Véi viée nghién ciru ing dung va kha nang phat trién ctia ML va phén tich thong ké
dir liéu, tac gia luan an nhan thdy mot s thuat todn kha phu hop va tuong thich véi
can bang tai trén moi trudng dam may bao gdm: thuat toan xac sudt Naive Bayes,
thuat toan SVM, thuat toan KMeans, thuat toan du bao ARIMA, thuat toan du bao
Regression, thuat toan phan 16p k-NN.
Thuit toan Naive Bayes, 1a mot trong cac ki thuat phan 16p dua trén dinh 1y vé Bayes

voi cac yeu to du doan dugc xem nhu doc 1ap véi nhau. Noi mot cach don gian, trong



thuat toan Naive Bayes, su hién dién cia mot dac trung cu thé trong mot 16p khong
lién quan dén su hién dién cta cac dic trung khac. Cac loai dic trung nay phu thudc
1an nhau hodc dua trén su hién dién cia cac dic trung khac, tat ca thudc tinh nay la
doc lap.

Thuéat toan SVM, phuong phap SVM dugc coi la cong cu manh cho nhirng bai toan
phan 16p phi tuyén tinh dugc céac tac gia Vapnik va Chervonenkis phat trién manh mé
nam 1995. Phuong phap nay thuc hién phan 16p dya trén nguyén Iy Cuc tiéu hoa rui
ro ¢6 ciu traic SRM (Structural Risk Minimization), dugc xem 13 mot trong céc
phuong phap phan 16p giam sat khong tham sb tinh vi nhat cho dén nay. Cac ham
cong cu da dang ctia SVM cho phép tao khong gian chuyén doi dé xdy dyng mat
phang phan 16p.

Thuit toan K-Means, Phan cum 14 k§y thuat rdt quan trong trong khai pha dir liéu,
n6 thudc 16p cac phuong phap Unsupervised Learning trong Machine Learning. K-
Means 1a thuét toan rat quan trong va duogc sir dung phd bién trong k¥ thuét phan
cum. Tu tudng chinh cia thut toan K-Means 13 tim cach phan nhom céac dbi tuong
(objects) di cho vao K cum (K 14 s6 cac cum duoc xéac dinh trude, K nguyén duong)
sao cho tong binh phuong khoang cach giita cac ddi twong dén tim nhom (centroid)
1a nhé nht.

Thuéat toan du bao ARIMA, ARIMA 14 thuat toan dya trén théng ké, 1a thuat toan
tu hoi quy tich hop trung binh truot (Auto Regression Integrated Moving Average),
duoc phat trién tir mé hinh hdi quy ARMA (Auto Regression Moving Avera). Day 1a
mo hinh phat trién trén sb liéu chudi thoi gian da biét va du bao sb liéu trong tuong
lai gan.

Thuit toan Regression, Linear Regression 1a mot phuwong phap thdng ké dé hdi quy
dir liéu véi bién phu thude co gié tri lién tuc trong khi céc bién doc lap co thé co mot
trong hai gia tri lién tuc hodc 14 gié tri phan loai. N6i cach khac "Hoi quy tuyén tinh"
la mot phuong phap dé du doan bién phu thudc (Y) dya trén gia tri cia bién doc lap
(X). N6 ¢6 thé duoc sir dung cho cac trudng hop ching ta muén du doan mét sb lwong
lién tuc.

Thuat toan K-NN, K-nearest neighbor 12 mot trong nhirng thuat toan supervised-
learning don gian nhat (ma hiéu qua trong mot vai truong hop) trong Machine
Learning. Khi training, thuat toan nay khong hoc mot diéu gi tir dit liéu training (day
cling 14 1y do thuat toan nay dugc xép vao loai lazy learning), moi tinh toan duoc thuc
hién khi n can dy doan két qua cua dir liéu mdi. K-nearest neighbor c6 thé ap dung

duoc vao ca hai loai cuia bai toan Supervised learning 1a Classification va Regression.
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CHUONG 2 — TIEP CAN SWOT CHO CAN BANG TAI TREN
DPIEN TOAN PAM MAY
Can bang tai duoc coi 1a mot yéu té quan trong trong dién toan ddm may, anh huéng

dén chét luong dich vu. Lun an nay sir dung phan tich SWOT dé nghién ctru cac van
dé lién quan dén can bang tai va dé xuat cac hudng tiép can dé cai thién hiéu ning
can bang tai trong mdi truong ddm may.
2.1 GIOI THIEU VE CONG CU SWOT
SWOT la viét tit ciia 4 tir tiéng Anh, Strengths (thé manh), Weaknesses (diém yéu),
Opportunities (co hoi) va Threats (thach thirc), 1a cong cu phan tich phd bién va dé
dang st dung, thuong dugc dung trong cac doanh nghiép. Phan tich SWOT tuc 1a
phan tich 4 yéu t6, thong qua viéc phén tich 4 yéu té nay, gitip chung ta xac dinh rd
hon céac van dé ton tai, tir 36 dua ra muc tiéu chién luoc, hudng di cho nham cai thién
dich vu cho doanh nghiép. Béng cach thuc hién phan tich SWOT, luan an nay s€ c6
thé x4y dung cau ndi giita nhirng gi can bang tai di dat dugc cho dén thoi diém hién
nay va cac thudt toan va hudng nghién ctru méi s& dugc nhin thiy rd hon.
2.2 PHAN TiCH SWOT HIEU NANG CAN BANG TAI TREN CLOUD
2.2.1 Hiéu ning cin bing tai trén cloud
Khai niém vé hi¢u niing: Hiéu ning ctia mot san pham cho thay tinh hiéu qua trong
qua trinh hoat dong cua thiét bi d6. N6 bao gdm murc tiéu thu ning lwong, kha ning
t6i uu phﬁn mém, cong suat 1am viéc, strc manh xur 1y va thoi gian dé hoan tat cac tac
vu. Trén mot thiét bi cong nghé, hi¢u nang dugc xem la yéu to téng hoa cua cac dac
diém ké trén. Chung ta hoan toan co thé danh gia hiéu nang ctia mot chiéc smartphone,
thong qua viéc nhan dién c4u hinh nhu chip, RAM, b nh¢ trong.
Khai ni¢m vé hi¢u niing cin bing tai: Twong tu nhu mot thiét bi, cin bang tai cling
c6 thé xem 1a mot thiét bi hoat dong trén moi treong dién toan dam may, va cé hi¢u
ning cin bang tai ciia nd. Theo cac nha phat trién va cung cap dich vu dién toan dam
mAy 16n nhu IBM, NGINX v/v thi dé do luong hiéu ning can bang tai c6 thé st dung
cac yéu t chu yéu nhu sau: Yéu cau méi gidy (Requests per second - RPS), D¢ tré
(Latency), gian phan hdi (Response Time), Khd néing phdn bé tai nguyén (Resource
Allocation Capacity), Mirc dé céng bang trong phdn bé tai nguyén (Allocation
Fairness), Kha ndng ting toc (Speedups), Kha nang dong bé giiva cdc tac vu (Tasks
Synchronzition), Kha nang chiu 16i (Fault Tolerance).

Thong qua céac yéu t6 trén dé do ludong va kiém soat hiéu ning can bing tai
trén cloud, cu thé hoa viéc ning cao hiéu ning can bang tai bang viéc do ludng cac
thong sb trén trong cac thuat toan. Ciing theo nghién ciru ndy, thi cac tham sb dé do

ludng hiéu ning cin bang tai cta cac thuit toan bao gdm : Thong luong (Throughput),
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Overhead, Dung sai 16i (Fault Tolerance), thoi gian di doi (Migration Time), thoi gian
dap tmg (Response Time), tdi vu hoa tai nguyén (Resouce Utilization), kha ning co
gian (Scalability), hiéu qua hoat dong (efficiency).

2.2.2 Phéan tich SWOT cén bang tai

Ludn 4n ndy ldy ¥ tuéng tir cach tiép can cua cong cu SWOT dung dé tiép can nghién
clru can bang tai trén cloud tir d6 dua ra hudng tiép can dé nang cao hiéu ning cin
bang tai trén moi truong dién toan dam may. Theo cong cu SWOT, ta cin phai xac
dinh muc tiéu can dat duoc, d6 1a nang cao hi¢u nang can béng tai. Tur do, dua ra cac
muc tiéu cu thé, phan tich theo hudng tiép can bén trong (diém manh va diém yéu)
va tiép can bén ngoai (co hdi va thach thirc / kho khin), tir d6 dua ra cc giai phap

tuong tng voi no, dé dap g duoc muc tiéu la nang cao hi€u nang can bang tai.

Phan tich
SWOT

Dién toan

s l
dam may l l

Céc yéu tb bén trong Céc yéu té bén ngoai
Diém manh Co héi
diém yéu Nguy co

Hinh 2. 1 Tiép cin phin tich SWOT

Nhu vay, cdc yéu to bén trong can bang tdi cuia moi truong ddm may chinh la

céc thudc tinh, tinh chat ma ching ta co6 thé do luong duoc, cu thé hon 1a céac thudc
tinh ddc trung tai cua can bang tai: thong luong (Throughput), dung sai 16i (Fault
Tolerance), Thoi gian di doi (Migration Time), Thoi gian dap ung (Response Time),
kha ning mé rong (Scalability). Ngoai ra, yéu td bén trong ciia cin bang tai chinh 1a
chinh sach can bé“mg tai, cach hoat dong cua can béng tai hay cu thé hon la cac thuat
toan can bang tai. Cdc yéu t6 bén ngodi cin bdang tai chinh 1a chat lugng dich vu, moi
truong kinh doanh, mdi trudng mang internet, nguoi dung cloud va cac muc tiéu ma
nha cung cap cloud hudng t6i: Hiéu qua chi phi (Cost effectiveness), Tinh vu tién
(Priority), Kha nang mé rong & tinh linh hoat (Scalability and flexibility).

Phan tich SWOT
can bang tai trén moi
trrdng cloud

Tiép can tir bén trong

Tiép can tir bén ngoai

- Cac dac trwng cla can
bang tai c6 thé do lwdng
duoc

- Céac chinh sach céan
bang tai

- Cac thuat toan ky
thuat can bang tai

Hinh 2. 2 Dé xuit 2 huéng tiép cin ning cao hi¢u ning cin bang tai

- Chét luong dich vu
QoS

- Méi trwdng mang
internet / kinh doanh
- Nguoi dung cloud

- Hiéu qua chi phi

- Kha nang van hanh
- Tinh wu tién
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Pé nang cao hiéu niang can bang tai, theo tiép can SWOT, luan 4n ndy dé xuit
2 huéng tiép can nghién ctru can bang tai trén cloud, d6 1a hudng tiép can tir bén
ngoai va hudng tiép can tir bén trong. Cu thé doi véi hudng tiép cdn tir bén trong,
chung ta nghién ctru cac dic trung cta cin bang tai, cac thong sd co thé do ludng
duoc, tir d6 cai tién, ung dung cac thuét toan mai vao, vi du nhu thoi gian dép Ung.
Bén canh céac thong sb cia can bang tai, ching ta ciing c6 thé bat dau tir cac chinh
sach can béng tai, hodc co ché can béng tai, ma cu thé hon 1a céc thuat toan can béng
tai hién co, tir d6 cai tién hodc ning cip cho phu hop, nang cao hiéu ning lam viéc
ctia can bang tai. Poi vdi huedng tiép cdn tir bén ngoai, chinh 1 viéc nghién ctru méi
truong xung quanh cua can bang tai trén moi truong dam may. Cu thé do6 1a yéu cau
chit luong dich vy, 1a mot yéu t tiéu chuan chat lugng dua ra do nguoi dung va nha
cung cip dich vu dua ra. Ngoai ra, yéu t6 moi truong mang, mang internet ciing 13
cac van dé nam ngoai can bang tai. Ngudi dung cloud, va hanh vi ngudi dung cloud,
cling nhu d6 wu tién cta nhitng ngudi ding nay... Tat ca déu nim bén ngoai bd cin
bang tai, nhung n6 quyét dinh dén kha niang van hanh tot hay hiéu ning lam viéc cua
can bang tai trén cloud. Chinh vi thé, chiing ta c6 thé bat dau tir cac yéu t6 nay, nghién
clru d& xudt cai tién cac thut toan ning cao hiéu ning can bang tai.

CHUONG 3 — CAN BANG TAI THEO HUONG TIEP CAN BEN
TRONG

Trong chuong nay, luin 4n dua vao hudng tiép can tir bén trong, dé xuit xdy dung
cac thuat toan nghién ctru tng dung ML va phan tich dit liéu vao cn bang tai trén
dién toan ddm may, dac biét 1a nhém thuat todn phan 16p, phan cum va du bao. Véi
nghién ctru dat duoc, tac gia xin dé xuét 03 thuat toan vdi cach tiép can cac thong $6
ctia cin bang tai 1a thoi gian dap tng, thoi gian xir Iy két hop voi cac thuat toan hoc
may nhu sau: Thudt toan MCCVA [CT1]: sit dung SVM va k-Means phéi hop trong
can bang tai; Thudt todn APRTA [CT2]: st dung thuit toan du bao ARIMA d du
bao thoi gian dap tmg tir 36 nang cao hiéu ning can bang tai. Thudt todn RCBA [CT7]:
st dung Naive Bayes va k-Means phdi hop trong can bang tai. Song song véi tiép can
cac thong sb can bang tai, tiép can bén trong cling chinh 14 viéc cai tién hiéu qua cua
céc thuat toan hién c6. Luan an da dong gop mot thuat toan cai tién tir thuat toan
Throttle : Thudt todn ITA [CT3], 1a thuat toan cai tién tir thuat toan can bang tai ndi
tiéng 1a Throttle Algorithm.

V& cai diat md phong cac thuat toan, luan 4n gia 14p moi trudng cloud bang cach
st dung bo cong cu CloudSim (dugc cung cip boi http://www.cloudbus.org/) va lap
trinh trén ngdn nglr JAVA. Moéi trudng gia 1ap cloud 1a tir 5 dén 15 may 4o, va tao

moi trudong request ngﬁu nhién td1 cac dich vu trén cloud nay. Bao gom dich vu cung
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cip may 4o, dich vu cung cip va dap tng nguoi ding cia cloudSim dé thir nghiém.
Thuc nghiém mé phong cac thudt toan dé xuat dugc cai dit trén ngdn ngit JAVA va
str dung APACHE NETBEAN IDE dé chay thir va hién thi két qua du6i dang console.
Bén canh d6, cac thuat toan SVM, K-Means, Naive Bayes, Linear Regression,
ARIMA duogc cai dit tir bd thu vién Weka va Tensorflow Java, két hop véi CloudSim
trén moi trudong mo phong, cai dat thuat toan dé xuét. Tuy nhién, véi thuat toan ITA
thi c4u hinh va cai dat trén CloudAnalyst, 13 mot phién ban cua CloudSim nhung c6
day du GUL

3.1 THUAT TOAN MCCVA

Mé dun 1 Mé dun 2

R Mnew VM
—_—
Bat dau =SVM(Request) =KMean(VMs)

TG thwe hién
dw bao

May ao

dwoc chon

M6 dun 3

Phan bé yéu cau (Request)
vao may ao duwoc chon

( Kétthuc )
Hinh 3. 1 So dé ciia thudt toain MCCVA

Theo thuét toan dé xuat, dau ra cia phan 16p request dugc tinh toan chinh 13

thot gian xur 1y xét, va khong biét duoc gia tri max hay gia tri min, nén co thé luu lai
1 s6 lwong nhét dinh thoi gian xtr 1y cta cac request trude nham thuc hién tinh toan
va phan bd. Chinh vi thé, luan vin nay xin dugc st dung lai phuong phap loai suy
hodc newton dé tinh toan ra vi tri phan bd phu hop, tuy nhién s€ hi¢u chinh mdt )
thay ddi, hodc dua vao cac hé sb va tham sb, tuy thudc vao két qua thuyc nghiém.
CAI PAT THUAT TOAN MCCVA

Két qua chay thuc nghiém mé phong trén CloudSim véi 5 may ao dugc dung
san dé dap ung cac yéu cau, cac yéu cau dugc khoi tao v6i chiéu dai va kich thude
ngau nhién, sé lugng Request tir 20-50 va so sanh voi cac thuat toan Round-Robin,
MaxMin, MinMin va FCFS, thoi gian thuc hién la:

400
300 B Round-Robin

200 W MaxMin
MinMin

100

i i |

0

20 25 30 35 40 45 50 B MCCVA

S6 luvgng Request
Hinh 3. 2 Biéu db so sanh thuit toan MCCVA véi 50 Request
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Vi két qua thuc nghiém vo6i 50 Request tro lai, ta th'fly thuat toan Round-
Robin chiém wu thé va xir Iy nhanh, thuat toan MaxMin cling kha on dinh. Thuét toan
FCFS thi chua c6 thé manh. Tuy nhién thuat toan dé xuit MCCVA cling kha on dinh,
va chimg to dan 6n dinh va tt hon khi xt Iy nhiéu request hon.

Két qua chay thuc nghiém mé phong trén CloudSim véi 5 may do dugc dung
san dé dap ung cac yéu cau, cac yéu cau duge khoi tao v6i chibu dai va kich thude

ngau nhién, sb lvong Request 1an lugt 1a 100 d&én 1000:

15000

g H Round-Robin
E 10000 B MaxMin

?é 5000 L MinMin

® 0 _--_-l-ﬂL‘II.II.L'II'II' 'l W FCFS

?ED 100 200 300 400 500 600 700 800 900 1000 = MCCVA

S6 lwgng request
Hinh 3. 3 Biéu d6 so sanh thuat toan MCCVA véi 1000 Request

Tir request thir 100 trd di, thuat toan MCCVA vuot trdi hon han so voi
MaxMin, MinMin. Tuy nhién van chua thdy uu thé so véi RoundRobin. Nhung véi
s6 luong request cang 16n thi MCCVA cang loi thé hon. Va dan dan chiém wu thé
tuyét ddi so voi cac thuat toan con lai. R rang FCFS thé hién sy thiéu thong minh va
tinh ty nhién cta gidi thuat.

Thong qua 02 biéu dd so sanh thoi gian xir 1y ctia cac thuat toan véi didu kién
nhu nhau ta c6 thé thiy su phan bd kha 6n dinh va hop 1y cta thuit toan dé xudt
MCCVA, thoi gian xt ly cua cac may ao kha quan so véi thoi gian xur 1y cta cac
thudt toan khac trén cloud (& treong hop it va nhiéu request).

3.3 THUAT TOAN APRTA
Mb6 dun 1 M6 dun 2

z X Ve Moo Tim may &o c6 khoang
Bat dau =ARIMA(Cloud) V/M.getPredictedRT() Mg c4ch gan nhét so voi

(D béo Tnew véi ARIMA) s

Phan b Request moi Phan bé Request moi
vao may &o tim thay vao may &o tim thay
[Found VM] [Found VM]

M6 dun 3

Két thuc

Hinh 3. 4 So do thudt toin APRTA

Thue nghiém va két qua thue nghiém
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Két qua chay thuc nghiém mé phong trén CloudSim véi 3 mdy do dugc dung

san dé dap tmg cac yé€u cau, cac yéu cau dugc khoi tao vai chiéu dai va kich thudce

ngau nhién, s lugng Request 1an luot 14 100, 200, ... dén 900:

Predicted Response Time of 3 VMs

35000
30000
25000
E 20000
]
£ 15000
[
10000
5000
0
100 200 300 400 500 600 700 800 900
= VMO 3491 | 6736 | 10082 | 13550 | 16574 | 20049 | 23712 | 26531 | 29491
mVML 3162 | 6899 | 9752 | 13213 | 17094 | 20239 | 23719 | 26994 | 30649
= VM2 3268 | 6451 | 9925 | 13327 | 16505 | 19784 | 23078 | 26484 | 30055
mThreshold| 3492 | 6890 | 10084 | 13547 | 17095 | 20241 | 23712 | 26992 | 30649

£ 15000

35000

Threshold of Balancer (3 VMs)

30000

25000

20000

10000

——Threshold

5000

200 300 400 500 600

Number of Request

700 800 900

Hinh 3. 5 Biéu d6 so sanh thuat toan APRTA ciia 3 may 4o

Két qua chay thuc nghiém mé phong trén CloudSim véi 4 may ao duoc dyng

san dé dap tmg cac yéu cau, cac yéu cau dugc khoi tao vai chiéu dai va kich thudce

ngau nhién, sb lugng Request 1an luot 14 100, 200. .. dén 900:

Predicted Response Time of 4 VMs

——Threshold

25000 Threshold of balancer (4VMs)
25000
20000
— 20000
2 15000
&
P
£
= 10000 B = 15000
E
o
5000 - E
¥ 10000
100 200 300 400 500 600 700 800 900
= VMO 2635 5194 7654 | 10047 | 12324 | 15291 | 17650 | 20066 | 22941 5000
VM1 2443 | 4986 7700 | 10251 | 12564 | 14984 | 17411 | 19700 | 22334
= VM2 2534 5069 7584 9846 | 12582 | 14964 | 17151 | 19653 | 22469 5
=vm3 2353 | 4928 7201 | 10110 | 12328 | 14685 | 17704 | 20149 | 22468 100 200 300 400 500 600 700 800 900
= Threshold| 2628 5192 7701 | 10258 | 12582 | 15201 | 17702 | 20153 | 22941 Number of Request

Hinh 3. 6 Biéu dd so sanh thuit toan APRTA véi 4 may do

Két qua chay thuc nghiém mé phong trén CloudSim véi 5 may ao duoc dyng

san dé dap g cac yé€u cau, cac yéu cau dugc khoi tao vaoi chiéu dai va kich thudce

ngau nhién, sb lugng Request lan luot 12 100, 200... dén 900:

Predicted Response Time of 5 VMs

20000

18000

16000

14000
12000
10000

8000
6000

Time (ms)

4000
2000 -
o ] [
100 200 300 400 500 600 700 800 900

mVMO 1878 4020 6087 7896 9889 | 12223 | 13771 | 15629 | 18144
mVM1 1904 3922 6031 7913 9752 | 11875 | 14346 | 16117 | 17819
VM2 2042 4097 5874 8045 | 10019 | 12080 | 13852 | 16300 | 17967
VM3 1828 3913 5987 7820 9934 12311 13939 15929 18336
mVM4 2114 3975 5724 7760 | 10033 | 12311 | 14279 | 16270 | 18174
u Threshold| 2133 4028 6089 8048 | 10033 | 12315 = 14347 | 16299 | 18338

20000
18000
16000
14000
- 12000

2 10000

6000
4000

2000

Threshold of Balancer (5VMs)

=

~

—

~—4—Threshold

/

/

/

100 200

300 400 500 600

Number of Request

700 800 900

Hinh 3. 7 Biéu d6 so sanh thuat toan APRTA ciia 5 may 4o

Thong qua 03 biéu dd so sanh thoi gian dap ung du bao cua cac may ao voi

ngudng tinh toan (g voi trudng hop 3 may a0, 4 may 40 va 5 may 40) ta c6 thé thiy

su phan bd kha 6n dinh va hop 1y cua thuét toan, thoi gian dap tng du bao cia cac

may do khong qué khac biét so vdi thoi gian du bdo cua cloud (tic 1a ngudng). Ta céd
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thé thay sai s6 du bao thip cua thuat toan ARIMA, giup cho viéc phan bd cac request
tuong ng toi cac may 4o mot cach hidu qua nhat.
3.4 THUAT TOAN RCBA

Duya vao dit liéu d3 c6 vé chudi thoi gian cua thoi gian dap tng (Response time)
clia cac yéu cau (request) tir phia khach hang (client) va mot s thudc tinh khéac, chung
t61 sir dung thuat toan Naive Bayes két hop v6i K-means nham du bao thoi gian dap

g tiép theo, tir d6 biét cach phan bo tai nguyén cho cac yéu cau tiép theo.

P 0y RT VM =
\Bat dau) > =NB(Request) Kmeans(VMs)
(Phén Iop theo Naive Bayes) (Phén cum KMeans)
Thoi gian dap trng May ao
dw doan dwoc chon
. Phan bd yéu cau (Request)
( Két thuc a vao may do dwoc chon

Hinh 3. 8 So dé ciia thudt toin RCBA
CAI PAT THUAT TOAN RCBA
Két qua chay thuc nghiém mé phong trén CloudSim véi 5 may ao duoc dung
san dé dap ung cac yéu cau, cac yéu cau duge khoi tao v6i chibu dai va kich thuée
ngau nhién, ) luong Request tir 20-50 va so sanh véi cac thuat toan Round-Robin,
MaxMin, MinMin va FCFS, thoi gian thuc hién la:

150 @ Round Robin
100 e [\aXMin
50 MinMin
—~ N A e FCFS
0
e RCBA

1 2 3 4 5

Hinh 3. 9 Biéu do so sdnh thoi gian ddp ikng ciia 5 thudt todn véi 50 Request
80
@ Round Robin

60
e \axMin

40 MG
A MinMin
20 _— e CFS

0 e RCBA
5 10 15 20 25 30 35 40 45 50

Hinh 3. 10 Biéu d6 so sanh thuit toan RCBA véi 50 Request
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60 e Round Robin
40 \ e \axMin
MinMin
20
e FCFS
0 RCBA
10 20 30 40 50 60 70 90 90 100

Hinh 3. 11 Biéu dd so sanh thuat toan RCBA v0i 100 Request

Vi két qua thuc nghiém vaéi 50 Request trd lai, ta thay thuat todin Round-Robin
chiém uu thé va xir 1y nhanh, thuat toan MaxMin cling kha 6n dinh. Thuat toan FCFS
thi chua c6 thé manh. Tuy nhién thuat toan dé xuat RCBA ciing kha on dinh, va chimg
t6 dan on dinh va t6t hon khi xir 1y nhiéu request hon.

Két qua chay thuc nghiém mé phong trén CloudSim véi 5 may ao duoc dyng
san dé dap ung cac yéu cau, cac yéu cau dugc khoi tao v6i chiéu dai va kich thude
ngiu nhién, s lugng Request 1an luot 1a 100 dén 1000:

300
@ Round Robin

200 .
e [\laXxMin

100 R
MinMin
0 e
100 200 300 400 500 600 700 800 900 1000

Hinh 3. 12 Biéu do so sanh thuit toain RCBA véi 1000 Request

e FCFS

Tt request tht 100 tré di, thuat toan RCBA vuot trdi hon hin so v&i MaxMin,
MinMin. Tuy nhién van chua thiy wu thé so v6i RoundRobin. Nhung véi sé lwong
request cang 16n thi RCBA cang loi thé hon. Va dan dan chiém uu thé tuyét dbi so
v6i cac thuat toan con lai. RS rang FCFS thé hién sy thiéu thong minh va tinh tu nhién
cua giai thuat. Thong qua 02 biéu dd so sanh thoi gian dap tng cia cc thut toan véi
diéu kién nhu nhau ta c6 thé thay sy phan bd kha 6n dinh va hop 1y ctia thuat toan dé
xuat RCBA, thoi gian dép (mg ctia cac may 4o kha quan so véi thoi gian dép tmg cta
céc thuat toan khac trén cloud (& truong hop it va nhiéu request).

3.5 THUAT TOAN ITA
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Tim may do phu hop
tlr danh sach
VMList

Mtrc str dung

Bét dau clia may do

théa man

Gri yéu cau May ao
(Request) dwoc chon

Phan bd yéu cu vao
may do dugc chon

Sai

D trong Datacenter véi

16i vao Hang doi
an bd

.
Hinh 3. 13 Hinh So do6 thuat toan Throttled cdi tien (ITA)

Trwong hop 1: 01 Datacenter v4i 20 may 4o

TRUONG HQP 1

w00
2119950 2105113 2110902 2105141
1200000
. 5777 sssnss s ssss asen1 sasaio
=n By . i . =5 e
P souno koo s m

Bt B time  mTotsl(5)
el a1

Hinh 3. 14 Biéu d0 so sanh ITA véi cic thuit toan khac truwong hop 1
Trwong hop 2: 01 Datacenter voi 5 may do 3UB

TRUONG HOP 2

350,00

299,96 299,96 300,31 299,96 299,96
300,00
250,00

200,00

150,00
119,30

100,00 90,16 90,16 90,16 89,66
50,
0,56} 0,56} 0,57| 0,56/ 0,56

EQUALLY LOAD ROUND ROBIN THROTTLED T™A ITA

8

D Avg responsetime B Avg processing time (ms) O Total ($)

Hinh 3. 15 Biéu do so sanh ITA véi cac thuat toan khac truwong hop 2

Trwong hop 3: 01 Datacenter voi 5 may a0 4UB

TRUONG HOP 3

350,00
299,97 299,97 299,97 299,97 299,97

300,00

250,00

200,00

150,00

94,49 94,49 94,49 94,49 93,99

0,50 0,50| 0,50| 0,50 0,50|

EQUALLY LOAD ROUND ROBIN THROTTLED TMA ITA

100,00

8
8

D Avg response time  EIAvg processing time (ms) O Total ($)

Hinh 3. 16 Biéu do so sainh ITA véi cac thuit toan khac truwdong hop 3
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Truwdng hop 4: 02 Datacenter Datacenter 1 gdm 50 may 4o va Datacenter 2 gém 5
may 4o
TRUONG HOP 4

50,60 50,60 50,60 50,60 50,60

0,00 [ i | ] 1 ]

30,00 27,54 27,54 27,54 27,54

22,08

20,00
10,00
0,75| 0,75} 0,75) 0,75, 0,75,

EQUALLY LOAD ROUND ROBIN THROTTLED T™MA ITA

DAvg response time  BAvg processing time (ms) O Total ($)

Hinh 3. 17 Biéu d6 so sanh ITA véi cac thuit toan khac trwong hop 4

Nhin xét: Thuat toan ITA c6 két qua tét hon Throttled & mot s6 truong hop data dau
vao, va khong hé thua kém cac thudt toan c6 san vé cac mat nhu thoi gian dap tng vé

phan chi phi datacenter thi ludn it hon cac k§ thuat khac.

CHUONG 4 — CAN BANG TAI THEO HUONG TIEP CAN BEN
NGOAI

Dé nang cao hiéu ning cn bang tai trén cloud tir huéng tiép can bén ngoai, ta
can xem xét cic yéu tb mang tinh thach thirc va co hgi ma cac nha cung cép dich vu
cloud khong thé kiém soat hay tac dong téi. Trong luan 4n nay, hudng tiép can tir bén
ngoai s& chon ra 02 yéu td: yéu té duong truyén mang hay mang internet, va yéu to
nguodi dung cloud hay hanh vi ngudi dung cloud.

Déi véi yéu tb mang internet, vi¢c bi timeout va hanging la dé dang xay ra néu
can bang tai khong t6t. Deadlock dai dién cho yéu td nguy co ma trén mang thuong
xay ra. Voi muc y tudng tiép can can bang tai tir deadlock, ludin 4n nay dé xuit nghién
ctru vé deadlock va deadlock trén cloud, tir d6 xay dung thut toan PDOA [CT4 &
CT6] nhim ning cao kha ning cin bing tai thong qua du bao kha ning xay ra
deadlock cua cloud. Ddi véi yéu t6 ngudi dung cloud va hanh vi ngudi dung cloud,
ludn 4n nay tap trung vao tinh vu tién cta ngudi dung ma dién hinh 1a d6 wu tién cia
tac vu. Trong mdi trudng cloud, ta phan biét ngudi ding thong qua tinh chat cua cac
request, tir 6 dua vao cac thong sd request ma ta tinh toan ra do wu tién cua tac vu.
Tir d6, luan 4n d& xuat mot thuat toan can bang tai k-CTPA [CT5], dya vao do vu tién
tac vu dé phin bd cac request, giai quyét vin dé can bang tai theo tiép can ngudi
dung.

4.1 DEADLOCK VA THUAT TOAN PDOA
4.1.1 Deadlock trén cloud

Mot trang thai 14 an toan néu hé théng co thé cap phat cac tai nguyén t6i mdi

qué trinh trong mot vai thir ty va van tranh deadlock. Hay no6i cach khéac, mot hé théng

O trong trang thai an toan chi néu & do ton tai mot thi ty an toan.
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Mot trang thai an toan khong 1a trang thai deadlock. Do do, trang thai deadlock
1a trang thai khong an toan. Tuy nhién, khong phai tat ca trang thai khong an toan 1a
deadlock. Mot trang thai khong an toan c6 thé dan dén deadlock. Vi diéu kién trang
thai 14 an toan, hé diéu hanh co6 thé tranh trang thai khong an toan (va deadlock).
Trong mdt trang thai khong an toan, hé didu hanh c6 thé ngin chin cac qua trinh tir
nhitng tai nguyén dang yéu ciu ma deadlock xay ra: hanh vi ciia cic qua trinh nay

diéu khién cac trang thai khong an toan.

Vung khéng
deadlock an toan

M
an toan

Hinh 4. 1 Khong gian trang thai an toan, khong an toan, deadlock

V6i khai niém trang thai an toan dam bao kha ning dap ung t6t cho cloud,
chung ta co thé dé xuit va ap dung cac giai thuat du bao deadlock va kha ning xay ra
deadlock nhim tranh deadlock. Y tuéng don gian 1a dam bao hé thong s& luén con
trong trang thai an toan. Khéi dau, hé thdng & trong trang thai an toan. Bit ctr khi nao
mot qué trinh yéu cdu mot tai nguyén hién co, hé thong phai quyét dinh tai nguyén
c6 thé duoc cip phat tirc thi hodc qua trinh phai chd. Yéu cdu dugc gan chi néu viée
cap phat dé hé thong trong trang thai an toan. Trong mé hinh nay, néu qua trinh yéu
ciu tai nguyén dang co, n6 co thé van phai chd. Do d6, viée st dung tai nguyén co
thé chdm hon ma khéng c6 giai thuat dé biét true va tranh deadlock. Nhu vay, viéc
dé xuat ra thuat toan du bao deadlock va tinh toan kha ning xay ra deadlock trén

cloud s& giup cho cloud tranh duoc deadlock, cung cip dich vu tot hon cho ngudi

dung.
4.1.2 Thuit toan dé xuit PDOA
P UsageR VM
Bat dau =Predict(Request) j =FindVM(VMs) iy
Tai nguyén dw doan May ao

cho Request dwoc chon

= A = a
Dieu kién
tai nguyén
Diéu kién v& RAM thda man A F
~ Diéu kién vé& CPU théa man thoa man
Dieu kién vé STORAGE théa man

lDL’mg

Phan bd Request moi
Vo méy 0 da chon
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Hinh 4. 2 So do nguyén Iy hoat dong ciia thudt todn PDOA
Thuc nghiém N
Trwong hop 1 (Epigenomics 24): thuc nghiém voi data 24 request c6 san cua
CloudSim, va két qua nhu sau:

30000
(]
€
= 20000
v o HAvg (ms)
wv
c €
= 10000 I . m Max (ms)
4

FCCS MaxMin  RoundRobin  MinMin PDOA
Hinh 4. 3 Biéu dd so sanh thuit toain PDOA truong hop 1

Nhan xét: Trong trudng hop 1, ta thiy thuit toan PDOA c6 vé nhinh hon, va
c6 thoi gian xir 1y trung binh that nhat, tuy nhién do lugng request khong 16n, nén su
chénh 1€éch gitra cac thuat toan 1a khong nhiéu. Thuat toan FCFS thé hién sy tu nhién,
nén viéc thoi gian xir 1y ludn 1a cao nhat.
Truong hop 2 (Epigenomics 100): thuc nghiém véi data 100 request co san cua
CloudSim, va két qua nhu sau:

150000
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W Avg (ms)
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FCCS MaxMin Round Robin MInMin PDOA

Hinh 4. 4 Biéu dd so sanh thuit toain PDOA truong hop 2
Nhan xét: Trong trudng hop 2, ta thdy thuat toan PDOA vuot troi vé thoi gian

Response Time
(ms)

xir Iy trung binh, nhung MaxMin lai ¢6 thoi gian xir Iy Max 1a thap nhat. Tuy nhién
do luwong request khong 16n, nén sy chénh 1éch giita cac thudt toan 1a khong nhiéu.
Thuét toan FCFS thé hién sy tu nhién, nén viéc thoi gian xu 1y luén 1a cao nhat.

Trwong hop 3 (Epigenomics 997): thuc nghiém véi data 997 request c6 san cua

CloudSim, va két qua nhu sau:

, 400000
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FCCS MaxMin Round Robin MInMin PDOA
Hinh 4. 5 Biéu d6 so sanh thuat toan PDOA trwong hop 3
Nhan xét: Trong trudng hop 3, ta thdy thuat toan PDOA vuot troi vé thoi gian

xir Iy trung binh, va ca thoi gian xir Iy Max 1a thap nhat. Vi lugng request tang nhiéu,
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théy dugc tinh wu viét ciia du bdo va kha nang xtr 1y cua thuat toan dy bao. Thuat

toan FCFS thé hién su tu nhién, nén viéc thoi gian xur 1y luon 1a cao nhéat.
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= é’ 2,000,000

o £ e MaxMin
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- i= 1,000,000 Round Robin
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o :

= - . e M INMin
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Hinh 4. 6 Biéu d so sanh tong thoi gian xir Iy ciia cac thuit toan véi PDOA

Thuét toan PDOA c6 két qua nhinh hon so véi cac thuat toan dién hinh & mot s6
truong hop data dau vao, va khong hé thua kém céac thuat toan cé san vé cac mat nhu
thoi gian dap ung vé tong thoi gian xir Iy thi ludn it hon cac ki thuat khéc.
Panh gia M6 hinh hdi quy tuyén tinh trong PDOA

Bang 4.1 So sanh RAE ctia PDOA trong ca 3 truong hop

Sai s6 RAE
Truwong hop 1 Truwong hop 2 Truwong hop 3
(24 request) (100 request) (997 request)
CPU 0.565217 0.489868 0.324261
BO NHO (RAM) 0.148717 0.286780 0.310741
BO LUU TRU 0.002531 0.006759 0.495361

Dé danh gia do chinh xac ciia M6 hinh hoi quy tuyén tinh sit dung trong PDOA,
chung t6i sir dung sai s6 tuyét ddi trong ddi (RAE) dé xem xét mirc d6 chinh xéac cho
bd can bang tai sit dung PDOA. Bang 4.6 cho thiy, RAE x4u nhit va tot nhat trong
du bao mirc do sir dung CPU déu x4y ra & trudng hop 1. Chung ta co thé thiy rang,
RAE c6 thé chap nhan dbi v6i thuc nghiém nay, nhung trong cac truong hgp nhin
chung chua tt do sy bién thién cua cac request. Chiing ta c6 thé cap nhat va thay doi

bd dit liéu lich str cho phu hop, dé du bao chinh xéac hon.
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Hinh 4. 7 Sai s6 ciia Regression trong 3 truwong hop
(bao gom CPU, RAM, Storage)

Vi cau hinh tuong tu, ta thwe nghi¢m véi 10 mdy do, va ting sd request 1én 1an luot
12 2000, 3000, 4000 va 5000, ta thu duoc cac két qua kha kha quan. Bén canh do, voi
s6 lwong request 16, ludn 4n bo sung tham s speedups dé tinh toan va danh gia.
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Round Robin
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Hinh 4. 8 Biéu d so sanh Speedups cac thujt toan v6i thuit toin PDOA & 4
truong hop tir 2000 dén 5000 request
Dua trén kha nang tang tdc cua PDOA so véi cac thuat toan khac, PDOA thé hién
kha ning cin bang tai tot va c6 kha ning ting tdc twong ddi so véi FCES, MaxMin
va Round Robin trong cac truong hop 2000, 3000 va 5000 Request. Tuy nhién,
PDOA c6 kha ning tang tc thap hon so véi MinMin trong mét sb truong hop.

4.2 HANH VI NGUOI DUNG CLOUD VA THUAT TOAN K-CTPA
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4.2.1 Hanh vi nguoi dung cloud véi do wu tién tac vu

Hanh vi ngudi dung cloud da duoc chii y va nghién ctru, dién hinh nhu Oracle
cling dd nghién ctru vé ngudi dung cloud va hanh vi cia ngudi dung cloud. Hanh vi
ngudi dung cloud s& dan dén nhiing 1ong tin trén dam may, tir d6 tao ra do vu tién
ctia ngudi dung trén ddm may. Tdc vu (task) 1a mot tién trinh hodc nhiéu tién trinh s&
dugc thyc thi trén mot nut tinh todn hién hiru bo1 mot may 4o trong dién toan dam
may. P9 uu tién cua cdc tdc vu 1a viéc xac dinh mirc d uvu tién cua tac vu can thuc
hién trong lap lich tac vy, vi ching cé anh hudng lon dén chét lugng dich vy ma nha
cung cap dich vu cam két. P9 uu tién clia cic tac vu (priority task) phu thudc vao
nhiéu yéu t6 nhu: kha ning str dung CPU, RAM, bing thong, chiéu dai va kich thudc
ctia mdi tac vu, thoi gian hoan thanh cua mdi tac vu...viée xac dinh mirc d6 wu tién
cua tac vu c6 anh huéng rit 16n dén van dé 1ap lich/can bang tai trong mdi trudng
dién toan dam may mot cach tdi uu.

Mo hinh nghién ciru nham muyc dich str dung thuét toan phan 16p kNN (k
Nearest Neighbours) dé phén loai céac task (tac vu) twong Ung véi cac Request dua
trén do uu tién xur 1y task do. O day, do uu tién dugc tinh toan dya trén kha nang tiéu
thu nang luong cua task (Power consumed), muc d6 st dung CPU (CPU Usages),
muc do st dung RAM (RAM Usages) va chi phi (Costing) thuc hién task d6 cua
cloud. Sau khi phan loai cac jobs/tasks theo d6 wu tién, bd can bang tai s& phan bd
cac request co task véi d§ uu tién cao hon vao nhitng may 4o / host ¢6 nang luc xur
1y tt hon, tirc 1a murc do ranh task cao. Ttr d6, phan bo request c6 nhu cu xir Iy nhiéu
vao may ao / host co6 mirc d§ hoat dong thép nhét. Vi cach tiép can nay, thuat toan
dé xuét s& cai thién thoi gian xir Iy can bang tai trén cloud, va tmg dung trén moi
truong cloud theo thoi gian thyc. Thuat toan dé xuat 1a k-CTPA (k-NN Classification
of Task-Priority Algorithm).

4.2.2 Thuat toan k-CTPA
Do wu tién cua tac vu / Task , PJ vu tién ¢ day la dai lugng dugc nghién cuu 3
chiéu, tong hop tir Power (Power Consume), CPU va RAM

Priority = {Po, CPU, RAM }
Phéan l6p tac vu / task duwa theo d§ wu tién, Dya vao bd dir liéu trong qué khir khi
xtr Iy nhirng task / job ddu tién, ta sir dung k-NN dé phan 16p d6 uu tién cho cac task
tiép theo. Tuong tmg véi mdi yéu cau (Request) s& c6 mot task / job ma may tinh can
phai thuc hién dé phuc vu nguoi dung. Chinh vi thé, bat ky mot request dugc gui dén
cloud dé c6 thé duoc phan 16p dua trén task twong tng cta no.
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(Yéu cau ) Tac vu / Cong viéc

May ao xtr ly tac vu:

- Power (ndng lvong)
- CPU (vi xtr ly)

- RAM (b6 nhé)

Hinh 4. 9 Tinh toan d¢ wu tién cia cac request Cloud

Do wu tién )

2t 43 Prioritymis uu ten) Dw doan tai nguyén
(@—’ =Reg(Request) —> (%o, CPU, R%\I)\!/I}

l

M6 hinh phan
16p v&i kNN

(Regression)

Tap dir liéu
dé str dung

phan I&p voi
kNN Nhéan sau phan I6p
(1~5)

Luu va bd sung vao
tap di liéu dwoc chon

= Cac thong s6 thwe _ Phan bd Request méi
C Két thic {Po, CPU, RAM} < vao may a0

Hinh 4. 10 So' d6 thuit toan dé xuit k-CTPA

CAI PAT THUAT TOAN k-CTPA

Két qua chay thuc nghiém mé phong trén CloudSim véi 5 may ao dugc dung
san dé dap ung cac yéu cau, cac yéu cau dugc khoi tao v6i chibu dai va kich thude
ngau nhién, sé lugng Request 1an luot 1a 30, 60, 100 va 1000. Sau d6 két qua nay
duoc so sanh véi cac thuit toan Round-Robin, MaxMin, MinMin va FCFS. Dau tién

ta xét truong hop vaoi 30 Requets, ta co6 thot gian thyce hién nhu hinh 4.10.

15,000.00
10,000.00
BAVG
5,000.00 I m MAX
A l m n —

FCFS kCTPA MaxMin MinMin Round Robin

Hinh 4. 11 Biéu d6 so sanh thoi gian thye hién ciia 5 thuit toan véi 30 Request

Vi két qua thuc nghiém véi 30 Request trd lai, ta thdy thudt toan Round-
Robin chiém wu thé va xu 1y nhanh, thuat toan MaxMin cling kha 6n dinh. Thuét toan
FCFS thi chua c6 thé manh. Tuy nhién thuat toan dé xuit k-CTPA cting kha on dinh,

va chimg to dan 6n dinh va tot hon khi xir Iy nhiéu request hon.
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Hinh 4. 12 Biéu d0 so sanh thuit toan k-CTPA véi 60 Request
T request thit 100 tré di, thuat toan k-CTPA vuot trdi hon han so véi
MaxMin, MinMin. Tuy nhién van chua thdy vu thé so véi RoundRobin. Nhung véi
s6 lwong request cang 16n thi k-CTPA cang loi thé hon hian. Va dan dan chiém wu thé
tuyét ddi so véi cac thuét toan con lai. RS rang FCFS thé hién su thiéu thong minh va

tinh ty nhién cua giai thuat.
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20,000.00
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10,000.00 . . B MAX

FCFS kCTPA MaxMin MinMin Round Robin
Hinh 4. 13 Biéu d0 so sanh thuit toan k-CTPA véi 100 Request
Thtr nghiém véi 30 dén 100 request, chiing ta théy thuat toan k-CTPA vuot
trdi hon han so v6i MaxMin, MinMin. Nhung véi s6 lugng request cang 16n thi k-
CTPA cang lgi thé hon han. Va dan dan chiém wu thé tuyét ddi so v6i cac thuat toan
con lai. RO rang FCFS thé hién su thiéu thong minh va tinh ty nhién cta giai thuat.
Chinh vi thé ta ting 1én 1000 request:

25,000.00
20,000.00
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) - . - i
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Hinh 4. 14 Biéu do so sanh thuit toan k-CTPA véi 1000 Request
O truong hop 1000 Request ta thay k-CTPA vuot trdi hon han so voi cac thuat

toan khac, bd xa cac thuat toan khac.
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Hinh 4. 15 Thdi gian thwe hién trung binh cia S thuét toan tir 30-1000 Request
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Hinh 4. 16 Thoi gian thwe hién 16n nhét cia 5 thuét toan tir 30-1000 Request

Thong qua 04 truong hop 1a 30, 60, 100 va 1000 so sanh thoi gian xwr ly cua
cac thuit toan véi diéu kién nhu nhau ta c6 thé thdy su phan bo kha 6n dinh va hop
1y cua thuat toan dé xuat k-CTPA, thoi gian xtr 1y cta cac may ao khong quéa khac
biét so v6i thoi gian xtr 1y cta céc thuat toan khac trén cloud (& trudng hop it va nhiéu
request). Hinh 4.17 va hinh 4.18 cho thiy k-CTPA ludn thap nhat, ké ca gia tri trung
binh 1an gia tri max.
Panh gia mo6 hinh Regression trong thuat toan k-CTPA

Dé danh gia d6 chinh xac ciia M6 hinh hdi quy tuyén tinh str dung trong k-
CTPA, luén an st dung s6 sai s6 RAE dé danh gia mo hinh chay nhu thé nao va dua
ra gia tri du doan chinh x4c cho bd can bang tai. Bang 4.11 cho thiy RAE tdi té nhit
xay ra trong dy doan sir dung RAM trong trudng hop 1 va tot nhit 13 trong truong
hop 3 nhung d6 14 du dodn M tiéu thu ngudn. Chung ta c6 thé thiy rang, RAE co6
thé chap nhan duoc cho thir nghiém nay nhung né khong tot & moi trudng hop do
bién thién cua cac request.

Bang 4. 2 Sai s6 RAE trong 4 trudng hop

RAE
Truong hop 1 Truong hop 2 Truong hop 3 Truong hop 4
(30 requests) (60 requests) (100 requests) (1000 requests)

0.085039 0.095735 0.075476 0.084136

Power
Consume

CPU Usage 0.295400 0.284387 0.236654 0.248776
RAM Usage 0.326888 0.292676 0.295666 0.300793
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Hinh 4. 17 Biéu db boxplot sai s6 dw do4n trong 4 trudong hop

Bén canh sai s6 REA, chiing ta c6 thé sir dung 16i du doan ctua Hoi quy tuyén
tinh dé hiéu sdu hon vé d6 chinh x4c cua céc tai nguyén dugc du doan. Hinh 4.19 cho
thdy cac hop 16i ctia 4 trudng hop. Trong truong hop 1 va truong hop 2, sai s6 van
con cao mot chut, nhung trong trudng hop 3 va trudng hop 4, sai s6 ¢6 vé 6n dinh va
giam Xuéng. Con lai, cho théy céc sai sb co thé chép nhan dugc trong vi¢e dy doan
cac tai nguyén nay cua ddm may.
Véi ciu hinh tuong tu, ta thwe nghiém véi 10 mdy do, va ting s6 request 1én lan luot
1a 1800, 2700, 3600 va 4500, ta thu duogc cac két qué khé kha quan. Bén canh d6, voi

s6 lwong request 16n, ludn an bo sung tham sé speedups dé tinh toan va danh gia.
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Hinh 4. 18 Biéu do so sanh Speedups céc thudt toan vai thuit toan kCTPA 6 4
truong hop tir 1800 dén 4500 request
Nhin chung, kKCTPA thé hién kha ning tang tc va hiéu ning can bang tai t6t hon so
v6i1 FCFS va Round Robin trong céc truong hgp thuc nghiém. N6 ciing c6 hi€u nang
can bang tai cao nhat trong trudng hop 2700 Request va cin bang tai twong dwong
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v6i cac thuat toan khac trong cac truong hop khac. Didu nay cho thiy kCTPA c6 tiém
nang dé cai thién hiéu suat va can bang tai trong moi trudng dam may.

' PHAN KET LUAN
1. Cac két qua da dat dugc
Viéc nghién ciru ndng cao hiéu ndng can bdng tdi trén dién todn dam mdy da va dang
duoc nhiéu nha nghién ctru dic biét quan tim trong thoi gian gan ddy. Muc tiéu cla
cac cong trinh nghién ciru nham t6i vu va ning cao hiéu ning can bang tai trén cloud
v6i nén tang cong ngh¢ hién dai. Cung vai viéc phat trién manh mé& cua tri tué nhan
tao, tac gia luan an da tap trung nghién ctru mg dung va phat trién cac thuat toan can
bang tai str dung t6t cac vu diém cua tri tué nhan tao dién hinh 13 ML va phan tich dit
li¢u trén dién toan ddm may. Qua qua trinh hoc tap, nghién ctru thyc hién luan an,
thong qua phan tich SWOT cén bang tai, dua ra hudng tiép can can bang tai trén moi
truong dién toan dam may, dat dugc nhirng két qua chinh sau day:

Pé xuat xay dung nhom thuat toan cin bang tai theo hudéng tiép can tir bén
trong, bao gdm d¢ xuat xay dyng va phat trién bo can bang tai két hop cac tham sd
ctia n6 vai cac thudt toan ML va cai tién thuét toan CBT hién c6. Céc thuét toan bao
gdm: MCCVA, APRTA, RCBA va ITA.

Dé xuat xay dung nhom thuat toan cin bang tai theo huéng tiép can tir bén
ngoai, bao gdm céc thuit toan lién quan dén Deadlock va hanh vi ngudi dung cloud,
dai dién 1a d0 uu tién tac vu (Task priority). Cac thuat toan bao gém PDOA va k-
CTPA.

2. Huwéng phat trién cia dé tai ludn an
Vén dé kién nghi va hudng di tiép theo cua nghién ciru:

- Tiép tuc cai tién va phat trién cac thuat toan theo 2 hudng tiép can, ting do
chinh x4c va hiéu ning 1én cao hon nira trong méi truong cloud bién thién 16m
hon. Két hop phat trién cac thuat toan hodc t6 hop thuét toan theo ca 02 huéng
tiép can.

- Tiép tuc nghién ctru va phat trién theo hudng co hoi va thach thirc, nghién ciru
cac yéu t& bén ngoai nhung tac ddng manh mé dén can bang tai va hiéu ning

hoat dong cta no.
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