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LOI CAM POAN

T6i cam doan rang ludn an Tién si: “Hudng tiép cin SWOT cho cin bang tdi
trén dién todn dam mdy” 1a cong trinh nghién ciru cua riéng to6i dudi sy hudng dan
cua théy huéng dan, trir nhitng kién thirc, noi dung tham khdo tir cac tai liéu da duoc
chi 0.

Cac két qua, s6 liéu duoc trinh bay trong luan 4n la trung thyc, mdot phﬁn da
duoc cong bd trén cac Tap chi va Ky yéu Hoi thao khoa hoc chuyén nganh (danh muc
cac cong trinh d3 cong bd cua tac gia duoc trinh bay & cudi Luan 4n), phan con lai

chua timg dugc cong bd trong bat ky cong trinh nao khéc.

Khong c6 san pham/nghién clru nao cua nguoi khac dugc sir dung trong luan

an nay ma khong duoc trich dan theo dung quy dinh.

TP. Ho Chi Minh, ngay 30 thang 06 ndm 2023

Tac gia ludn an
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LOI CAM ON

Trong subt qué trinh hoc tap va nghién ctru thuc hién luan an, ngoai nd luc cua
ban than, t6i d3 nhan duoc sy huéng din nhiét tinh quy bau ctua quy Thay Cd, cing
v6i su dong vién va tng ho cua gia dinh, ban bé va ddng nghiép. Vi long kinh trong
va biét on siu sic, t6i xin giri 101 cam on chan thanh téi:

Thay PGS.TS Tran Cong Hung va Thay TS. Lé Xuan Truong, di tan tim
hudéng dan va chi bao cho toi trén con dudng hoc thuit va nghién ciru, dong thoi quy
Thay ciing tao diéu kién va giup d& dong vién t6i rat nhiéu dé toi c6 thé ting budc
hoan thanh dugc LATS nay.

Ban Giam Ddc, Phong dao tao sau dai hoc va quy Théy C6 d3 tao moi diéu

ki€n thuan loi giup t6i hoan thanh luan an.

T6i xin chan thanh cam on gia dinh, ban bé, ddng nghiép trong co quan da
dong vién, ho tro toi trong lac kho khan dé t6i co thé hoc tap va hoan thanh luan an.
Mic du d3 ¢ nhiéu cb ging, nd lyc, nhung do thoi gian va kinh nghiém nghién ciru
khoa hoc con han ché nén khéng thé tranh khoi nhirng thiéu sot. T6i rat mong nhan
duoc su gbp ¥ cua quy Thay C6 cung ban bé dong nghiép dé kién thirc cua téi ngay

mot hoan thién hon.
Xin chan thanh cam on!

TP. H6 Chi Minh, ngay 30 thang 06 ndm 2023
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TOM TAT

Can bang tai trén ddm may 1a mot thach thirc can nghién ctru va cai tién, véi rat nhidu
thuat toan khong ngung ra doi nhu Max-Min, Min-Min, Round-Robin, CLBDM,
Active Clustering nham cai thién hiéu ning ctia bo cin bang tai. Tuy da co rat nhiéu
cong trinh dat thanh tyu dang ké, nhung viéc str dung phuong phap dy doan két hop
hoc may trén bd dir liéu can bang tai van con nhiéu thach thirc va huéng nghién ctru.
Do d6, luan 4n nay phan tich can bang tai trong moi trudng ddm may véi ¥ tudng tir
cach tiép can SWOT (diém manh, diém yéu, co hdi va nguy co), tir d6 dua ra danh
gi4 can bang tai voi hai hudng tiép can: hudng tiép can bén trong va hudng tiép can
bén ngoai. Vi hudng tiép can bén trong, ludn an tip trung phén tich cac thuit toan
can bang tai c¢6 lién quan dén cac yéu td bén trong cua bd can bang tai nhu thoi gian
phan hoi, thong lugng, cac tham sé khac va cac dac diém bén trong khac. V&i huéng
tiép can bén ngoai, lun an xem xét cac yéu td bén ngoai bo can bang tai, nhu hanh
vi ctia ngudi dung ddm may, cau triic mang va méi trudng dia 1y cta Internet, mirc
d6 wu tién cua cac yéu cau tir phia ngudi dung, v.v. V&i mdi hudng tiép can, ludn an
nghién ciru cac phuong phap hoc may va khai pha dir liéu twong tng dé cai thién hiéu

nang can bang tai trong moi truong dién todn ddm may.

Véi ¥ tudng trén, ludn an da dé xuét dugc 4 thuit toan can bang tai (MCCVA,
APRTA, RCBA va ITA) theo huéng tiép cén tir bén trong, 2 thuit toan can bang tai
(PDOA va k-CTPA) theo huéng tiép cin tir bén ngoai. Céac thuat toan duoc cai dit
trién khai mo phong gia lap trén méi truong méd phong CloudSim va so sanh véi cac
thuat toan can bang tai pho bién hién nay (Round Robin, Max Min, Min Min va
FCFS). Tuong tng véi mdi thut todn, xuit phat tir cac goc d6 phan tich khac nhau
ctiia bd can bang tai, ma luin an sir dung cac thong sé do luong khac nhau dé danh
gia mo phong gia lap (thoi gian dap ng, thoi gian thuc hién, speedup. ..). Két qua tir
viéc mo phong da ching minh tinh vuot trdi va kha nang cdi thién hi¢u suét cua thuat

todn hoc may du doan trong viéc to61 uu hoa b can bang tai trong di€n todn dam may.



ABSTRACT

Cloud load balancing is always a challenge that needs to be researched and improved,
with many algorithms constantly emerging such as Max-Min, Min-Min, Round-
Robin, CLBDM, Active Clustering to improve the performance of the load balancer.
Although there have been many works with remarkable achievements, the use of
predictive methods using machine learning on load balancing datasets still has many
challenges and research directions. Therefore, this thesis analyzes the load balance in
the cloud environment with ideas from the SWOT approach (Strengths, Weaknesses,
Opportunities and Threats), thereby making a load balance assessment with two
directions: internal approach and external approach. With an internal approach, the
thesis focuses on analyzing load balancing algorithms related to the internal factors
of the load balancer such as response time, throughput, other parameters and other
internal characteristics. With an external approach, the thesis considers factors
outside the load balancer, such as the behavior of cloud users, the network structure
and geographical environment of the Internet, the priority of requests from user side,
etc. With each approach, the thesis studies the corresponding machine learning and
data mining methods to improve load balancing performance in the cloud computing

environment.

With the above idea, the thesis has proposed 4 load balancing algorithms
(MCCVA, APRTA, RCBA and ITA) in the direction of internal approach, 2 load
balancing algorithms (PDOA and k-CTPA) in the direction approaching from the
outside. These algorithms are installed and deployed experimentally on the CloudSim
simulation environment and compared with current popular load balancing
algorithms (Round Robin, Max Min, Min Min and FCFS). Corresponding to each
algorithm, derived from different analysis angles of the load balancer, the thesis uses
different measurement parameters for empirical evaluation (response time, execution
time, speedup, etc.). Simulation results show the superiority and efficiency of
machine learning prediction algorithms in improving the performance of load

balancers in the cloud environment.
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PHAN MO DAU

1. Giéi thiéu

bién todn dam may (Cloud computing) [1] [2] [3] [4] ngay nay, da tr¢ thanh
mot phan khong thé thiéu trong co s ha tang cong nghé thong tin, dic biét 1a nho
vao su linh hoat cao va kha ning diéu chinh dich vuy tiry theo nhu ciu ctia nguoi dung.
bién toan ddm may cho phép mé rong hodc thu gon tai nguyén mot cach thuan tién,
ddng thoi cling khong ngimg dbi méi dé khong chi ting cuong hiéu sudt 1am viée ma
con toi wu héa viée sir dung tai nguyén. Diéu ndy dam bao rang cac dich vu khong
chi chit luong cao ma con dugc cung cdp mot cach kip thoi. Trong qué trinh tdi wu
hoéa hiéu nang ciia dién todn dam may, viéc phan phdi tai (Load Balancing) [5] 1a mot
phan thiét yéu, déng vai tro trung tim trong viéc dam bao cac hoat dong trén moi

truong ddm may dugc thyc hién muot ma va an ninh.

Trong linh vuc dién todn dam may, viéc quan ly can béng tai 1a mdt trong
nhiing van dé nan giai nhat. D& dam may hoat dong tron tru, cdn bang tai (Load
Balancing) [6] [7] phai khong ngimg dbi mat va giai quyét cac yéu cau tir nguoi ding
mot cach nhanh chong va hiéu qua. Diéu nay doi hoi co ché can bang tai phai linh
hoat trong viéc phan phéi cac yéu cau dén cac ndt hoat dong trén dam may, sao cho
ludn dam bao tai trong duge chia s¢ déu, tranh gy ra tinh trang qua tai cho bat ky ndt

nao, cling nhu tranh viéc cac tai nguyén khong dugc sir dung hiéu qua.

2. Ly do chon deé tai

Khi cong nghé dién toan dam may tiép tuc md rong ca vé quy mo 1an da dang
céc ing dung, viéc phan phdi tai tré nén quan trong hon bao gio hét, viéc phan phdi
nay phai khong ngimg duoc cai tién dé dap Gmg su gia ting ca vé sd lugng 1an su
phtrc tap cua cac yéu cau do ngudi dung cloud tao ra. Chinh vi vay, viéc can bang tai
tré thanh mot diém nong ddi voi cong dong nghién ciru khoa hoc, v6i nhiéu cong
trinh dang dugc thyc hién trong nude va quéc té nham tdi wu hoa hiéu nang cua can
béng tai trong moi truong dién todn dam may, dé nang cao chit lugng dich vu dam
may. Trudc ddy, cac nghién ciru da bude dau dat nén mong cho cong cude chinh phuc
thach thirc can bang tai nhu cac thuat toan phan bd yéu cau nguoi dung nhu [6]: Max-
Min [8], Min-Min [9], Round-Robin [10] [11], CLBDM [12], Active Clustering ...

Trong thoi gian gan day, cac cong trinh chi yéu mang tinh riéng 1¢ doc 1ap nhung t6
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diém cho buc tranh téng thé Load Balancing ngay mét da dang va phong phu. Theo
tai li¢u [13] thi can béng tai dugc chia thanh 2 nhoém, nhém tinh (Static) va dong
(Dynamic). P6i v6i nhom thuét toan tinh c6 cac thudt toan CLBDM [12] (Central
Load Balancing Decision Model) cai tién tr Round-Robin; thuat toan do Kumar dé
xudt 1a cai tién tr viéc dan kién di qua cac ndt mang cua cloud; thuat toan
MapReduce... Déi v6i nhom thuit toan dong: thuat toan INS (Index Name Server)
giam thiéu trung lip va du thira trén mang; thudt toan WLC [14] (Weight Least
Connection) dua vao s luong két ndi qua cac ndt mang; Ngoai ra cai tién cia WLC
1a ESWLC (Exponential Smooth Forecast based on WLC); dbi v6i dich vu FTP thi
c6 DDFTP (Dual Direction Downloading); thuat toan LBMM (Load Balancing Min-
Min) 14 cai tién tir OLB (Opportunistic Balancing Algorithm). Ngoai ra ¢6 nhiéu dong
g6p cho can bing tai trén ddm mAy, tap trung cai tién cac thuat toan ban dau, chu yéu
tap trung vao viéc 1ap lich cho cac tac vu (Task Scheduling), kiém tra tinh trang cta
cac tai nguyén (& ddy c6 thé 1a host, VM), va diéu phdi dudng di cua cac Request
nham dat duogc hiéu nang cao nhét. Cac nghién ctru da dat duogc nhiéu thanh tuu nhu
: Load Balancing in Cloud Computing using Stochastic Hill Climbing [15]; Enhanced
Load Balancing Approach to Avoid Deadlocks in Cloud [16]; User-Priority Guided
Min-Min Scheduling Algorithm For Load Balancing in Cloud Computing [17];
Honey bee behavior inspired load balancing [18]; nhém thuat todn dua trén SLA
(Service Level Agreement) [19]; thuat toan can bﬁng tai dua trén Response Time [20]
[21]; cai tién MaxMin, MinMin [22]; thudt toan can bang tai dua trén Resource
Scheduling [23]; thuét toan su dung Meta-Heuristic dé phan bd tai nguyén [24];
Dynamic load balancing algorithm for balancing the workload among virtual
machine in cloud computing [25]. Bén canh d6, con c6 mot s6 nghién ciru lién quan
trong viéc nang cao hiéu ning cta dién todn dam may va cac van dé mé rong ctua dam

may [26], [27], [28], [29], [30].

Tuy nhién viéc ning cao hiéu ning cin bang tai trong dién toan ddm may [31]
van ludn 14 thach thirc, 12 bai todn ma can cé 10i giai tt hon, hiéu qua hon, dic biét
v61 su da dang va phat trién ngay cang 16n manh cua cloud (du da dang vé dich vy,
phan mém, nén tang chay trén cic mdy chu / may chu ao trén dam mdy) ciing nhu
nhu cau stir dung mdi luc mot ting cia ngudi ding (vé ca chét luong va sb luong).

Trong cic cong trinh nghién ctru vé can bang tai trén ddm may [32], chung ta d& dang



nhén thay viéc st dung cac phwong phap du doan két hop hoc may va dit liéu chua

duogc mo ta ro nét.

Chinh vi nhiing 1y do trén, luan 4n nay phan tich cin bang tai trong méi trudng
dam may voi ¥ tudng tir cach tiép cdn SWOT (diém manh, diém yéu, co hoi va nguy
co), tir 46 dua ra danh gia can bang tai v6i hai hudng tiép can: hudng tiép can bén
trong va hudng tiép can bén ngoai. Vi hudng tiép can bén trong, luan an tap trung
phan tich cac thuat toan can bang tai c6 lién quan dén cac yéu t6 bén trong ciia bd can
bang tai nhu thoi gian phan hoi, thong luong, cac tham s6 khac va cac dic diém bén
trong khac. Vi hudng tiép can bén ngoai, luan an xem xét cac yéu td bén ngoai bo
can bang tai, nhu hanh vi cia ngudi ding ddm mady, cau tric mang va mdi truong dia
1y cua Internet, mirc d wu tién cta cac yéu cdu tir phia ngudi ding, v.v. V&i mdi
huéng tiép can, ludn an tap trung nghién ctru cac phuong phap / thuét toan lién quan
dén tri tué nhan tao ma dién hinh 14 hoc may (Machine Learning) két hop véi khai
pha dit liéu, tng dung vao cn bang tai, tir 6 cai thién tt hiéu ning cin bang tai trén
moi truong dién toan ddm may. Cu thé, dé tai luan 4n nhu sau:

Tén tiéng Viét 1a: “Huwdng tiép cin SWOT cho cin bang tii trén dién todn

dam may”

Tén tiéng Anh 1a: “The SWOT Approach for Load Balancing in Cloud

Computing.”

3. Muc tiéu nghién ctru

3.1 Muc tiéu tong quat

Muc tiéu cta ludn 4n 14 dua trén y tudng hudng tiép can SWOT tir d6 dé xuét
va xdy dyng cac phuong phap nang cao hiéu ning can bang tai trong dién toan dam
mAy bang cach tmg dung / phat trién cac thuit toan tri tué nhan tao ma cu thé 1a cac
thuat toan hoc may véi viée xir Iy va phan tich dit liéu can bang tai.

3.2 Cac muc tiéu cu thé

Phan tich cac vén dé lién quan hiéu ning can bang tai trén cloud bang cong cu
SWOT va tir d6 dua ra 2 hudng tiép can: tiép can tir bén trong va tiép can tir bén

ngoai, nham dé xuat phat trién cac thuat todn nang cao hi¢u nang can bang tai.
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Véi huéng tiép cdn tir bén trong, dé xut xdy dung phuong phép / thuit toan
mg dung mot sb thuat toan hoc may (Machine Learning) vao bd can bang tai, nham
nang cao hiéu ning cin bang tai trén dién toan dam may. Xay dung cai tién mot s6
thuat toan can béng tai phé bién hién nay trén cloud. Cu thé, dé xuét xay dung b can
bang tai dua trén phuong phap du bio cac thong sb theo thdi gian nhu thoi gian dap
mg (Response Time), thoi gian xtr 1y (Make span) dé nang cao hiéu ning can bang
tai trén dién toan dam may.

Véi hwéng tiép can tir bén ngodi, dé xuit xay dung phuong phap du bao
deadlock hoic kha nang xay ra deadlock trén bo can bang tai, dy ciing 1a yéu t6 anh
hudéng dén kha ning can bang tai, tir d6 xdy dung bo can bang tai luon tranh duoc
deadlock va nang cao hiéu ning can bang tai. D& xuat xay duyng thuat toan can bang
tai theo goc d6 hanh vi nguoi dung bao gdm do wu tién xur 1y cac tac vu (task) / cac
yéu cau (request) tuong (mg cta ngudi dung, tir d6 phan bd héu qua nhat, nang cao
hiéu ning cin bang tai trén dién toan dam maAy.

4. Pbi twgng va pham vi nghién ctru

o Doi twgng nghién ciru:
V&1 muyc ti€u nghién ctru nhu trén, doi tuong nghién ctru cua dé tai nhu sau:

- Céc yeu to va tinh chat cia can bang tai trén dién toan ddam may: Co ché
can bang tai, dac tinh hoa cac tham s6 anh hudng hi€u nang can bang tai
(y€u cau nguoi dung, kich thude yéu cau, thoi gian dap ing, thoi gian tac

nghén, dac tinh cua tai, x4c suat phuc vu cua yéu cau nguoi dung ...)

- Céc ky thuat va phuong phap xu 1y dit liéu: c6 thé duoc ap dung dé tdi vu
hoa qua trinh can bang tai trén dién toan dam mAay. Céac k¥ thuat ndy bao
gdm cac phuong phap dua trén xac sudt, phan tich hdi quy tuyén tinh, cac
phuong phap khac nhau cua hoc may tir gidm sat va khong giam sat dén
hoc sau, cling nhu cac phuong phap khai thac dir 1iéu. Nhitng phuwong phap
nay mang lai tiém ning 16n trong viéc cai thién hiéu suit cua hé théng can

bang tai trong méi trudng cloud.

- Céc yeu t0 tac dong deén can bang tai: nguoi dung cloud va hanh vi nguoi

dung cloud: c4c dich vu va sy da dang cua dich vu cloud, thoi gian sir dung,



noi sir dung truy cép cloud... O ddy cu thé hon 13 cac thong sb cua cac yéu

cau (request) va tac vu (task) dudi goc d6 cloud va tai nguyén cia cloud.

- Céac phuong phap danh gia hiéu niang va kha niang phuc vu cia can bing
tai va cac thudt toan tuong ung, cac phuong phap / thuat toan da dé& xuét
thong qua: phan tich toan hoc (mathematical analysis), mé phdng gia 1ap

moi trudong cloud va cac phuong phap lién quan khéc.
o Pham vi nghién ciru.

Cac k¥ thuat va phuong phap nhim nang cao hiéu ning can bang tai trén moi

truong dién toan ddm may.

Céac thuét toan tri tué nhan tao ma cu thé 1a cac thuat toan hoc may va phan

tich, khai pha dit liéu tir co ban dén ning cao, (mg dung tot vao can bang tai.

Vé s6 quy md ciia ddm may, ludn 4n tap trung nghién ciru méi truong dam
may nho (tir 5 dén 10 may 40) va mé phong dich vu web 1a chii yéu, véi sd lugng
Request khong qua 5000 trong thoi gian 5 phut. Bén canh do, luan an cling nghién

cuu 4o hoa cac may ao khong bao gom do héa mirc container va do héa mirc pooling.

5. Phwong phap nghién ctru

o Phuong phdp ludn: Khao sat két qua nghién ctru lién quan, phan tich cac van
dé quan trong anh huéng dén hiéu ning cin bang tai, dé xuit cac phuong phap
/ thuét toan nham nang cao hiéu ning cin bang tai toan dién.

o  Phantich du trén tié’p can SWOT can bdng tai trén cloud: Thuc hién viéc danh
gi4 va phan tich SWOT cén bang tai trong méi truong dién toan dam may dé
tir d6 phat trién mot mo hinh tiép can c6 kha nang cai thién hiéu suat ciia can
bang tai trén nén tang dam may.

o Phuong phdp danh gid bang cdc phwong phdp todn hoc, mé phéng, gia ldp
thwe nghiém: d& xuét va phat trién thuat toan trén nén tang toan hoc, xay dung
mo hinh mé phong dé danh gia két qua ctia phuong phap / thuat toan da dé

xuat, phan tich két qua mé phong.



6. Nhirng dong gop chinh cta luian an
Phén tich can bang tai bang cong cu SWOT va tir 46 ldy ¥ tuéng nham dua ra
2 hudng tiép can 1a tiép can tir bén trong va tiép can tir bén ngoai, dé phan tich va dua

ra gidi phap trong viéc nang cao hi¢u nang can bang tai trén dién toan ddm may:

o Pé xuat xay dung cac k¥ thuat / thuat toan moi trong can bang tai trén dién toan
dam may nham nang cao hiéu ning cin bang tai. Ngoai ra thong qua mot sd
nghién ctru, van dung hiéu qua & phét trién cac thuat toan hoc may vao can bang
tai trén dién toan dam may. Cuy thé thong qua dé xuét thuat toan MCCVA, thuat
toan APRTA va RCBA, sir dung mét s6 ki thuat hoc may dé nang cao hi¢u ning
can bang tai.

o Dé xuét xay dung cac bo can bang tai mdi trén viée xir Iy cac thong s6 thoi gian,
chudi thoi gian nhu dy bao thoi gian dép g (response time), thoi gian xir 1y
(makespan) nham nang cao hiéu ning can bang tai trén dién toan dam may. Cu
thé 1a thuét toan dé& xuat APRTA sir dung Response time dé ning cao hiéu ning
can bang tai, MCCVA va RCBA str dung Makespan dé nang cao hiéu ning can
bang tai.

o D¢ xuat nghién ctru cin bang tai thong qua viéc du bao Deadlock va kha ning
xay ra deadlock trén mdi trudong cloud. Véi viée du bao nay, gitp cho bd can
bang tai kiém soat tai nguyén trén moi truong cloud tdt hon. Cu thé 13 thut toan
dé xuit PDOA, du bao kha ning xay ra deadlock thong qua tai nguyén cia cac
may 4o trén cloud dé can bang tai. Pay 1a thuat toan can bang tai xuét phat tir
tiép can bén ngoai bd can bang tai.

o Pé xuit nghién ctru can bang tai dudi goc d6 nguoi dung trén cloud, khai thac
cac tinh chat ngudi dung théng qua hanh vi ngudi dung, d6 wu tién cia nguoi
dung. Cu thé 1a thuit toan dé xuat k-CTPA, dé xuat thuat toan lay hanh vi nguoi
dung 1am trung tim cén bang tai, théng qua d6 wu tién du bao cua tac vu tuong
mg. V6i tiép can nay, thuit toan k-CPTA gitip nang cao hiéu ning cin bang tai

tur tiép can bén ngoai.



7. Cau truc cia luian an
Bén canh phan gidi thiéu, muc lyc, phan két luin va phan tai liéu tham khao,

cAu tric chinh ctia luan 4n bao gdm bdn phan chinh dugc t6 chirc thanh bon chuong:

Chuong 1 13 chuong gi6i thiéu khai quat vé dién toan ddm may va van dé can
bﬁng tai trén moi truong cloud. Mot s6 khai niém vé can béng tai, cac thuat toan dién
hinh trong can béng tai. Déng thoi gidi thi¢u mot sb cac thuat toan hoc may va thuat
toan can bﬁng tai phé bién hién nay. Dya trén nén tang do, luan an dé xuét phat trién
cac thuat toan dya trén hoc may va phan tich dir liéu dé cai thién hiéu qua cua qua

trinh can bang tai trong moi truong dién toan ddm may..

Chuong 2, n6i dung dugc phén tich dua trén 1dy ¥ tudong tir phuong phap
SWOT vé viéc tiép cin phan tich can bang tai trong moi truong dién toan dam may,
danh gia hiéu suit ciia can bang tai, cing voi viée khao sat cac nghién ctru dd cong
b lién quan dén dé tai luan an. Dong thoi, chuong nay ciing dé cap dén viée tiép can
nang cao can bang tai tir y twdng ciia SWOT, d6 1a tiép can tir hai hudng khac nhau:

mot 12 hudng tiép can tir bén trong va hai 12 hudng tiép can tir cc yéu té bén ngoai.

Churong 3 trinh bay céac thuat toan dé xuat xay dung bo cin bang tai theo huéng
tiép can tu bén trong, cu thé 1a cac thuat toan cai tién tir cac thuat toan phé bién va
cac thuat toan ing dung hoc may va phan tich dir li€u vao can bﬁng tai, nham dat hiéu
nang cao hon trén moi truong dam may. Voi chuong nay, luan an da dat dugc 4 thuat
toan CBT méi MCCVA, APRTA, RCBA va ITA tuong rng véi cac cong trinh cong
b [CT1], [CT2], [CT7] va [CT3].

Churong 4 trinh bay céc thuat toan dé xuat theo hudng tiép can tir bén ngoai.
Bao gdm x4y dung bd cin bang tai két hop véi viée kiém soat deadlock va du bao
deadlock trén méi truong cloud; giai phap can bang tai dudi goc do hanh vi nguoi
dung bao gdm d6 wu tién cua tac vu (task) / cac yéu cau (request), cu thé 13 phan tich
cac thong s ciia request dudi goc d6 ngudi dung, tir 6 Gmg dung cac thuat toan phan
16p dé dua ra quyét dinh phan bo xir 1y, tir d6 str dung hiéu quéa nhat tai nguyén cta
cloud. Véi tiép can tu bén ngoai, két qua dat dugc 1a 02 thuat toan bao gém PDOA
va k-CTPA tuong ng v6i cong trinh cong bd [CT4 & CT5] va [CT6].



PHAN NOI DUNG
CHUONG 1 — GIOI THIEU VE PE TAI

1.1 TONG QUAN VE PIEN TOAN PAM MAY

Dién toan dam may (cloud computing) [33] [34] [35] [36], con duogc biét dén
dudi tén goi dién toan dya trén may chu o, 1a hé théng tinh toan phuc vu theo yéu
cau va x4y dung trén nén tang mang két ndi toan cau Internet. M6 hinh nay cho phép
viéc chia sé tai nguyén, dir liéu va phadn mém dudi hinh thire dich vu thong qua mot
mang cong cong, thuong 1a Internet, tdi cac may tinh va thiét bi ctia nguoi ding.
Trong md hinh dién todn dam may, nguoi ding khong can phai biét hodc quan tam
dén vi tri cu thé ctia co so dit lidu hay trang web ma ho dang truy cap - moi thir dién
ra mot cach minh bach va khong doi hoi hiéu biét ki thuat tir phia nguoi dung. Nguoi
dung co thé truy nhap vao cac dich vu ndy qua web browser, tmg dung di dong, hoic
may tinh thong thuong. Tinh hiéu qué trong sir dung ctia nguoi dung cudi dugce tang
1én nho viéc str dung phﬁn mém va co s& dit liéu duoc luu trir trén server 4o trong
dién todn ddm may, dat tai cac trung tam dir li¢u. Cac trung tdm dir li¢u 1a nhiing
khoéng gian chtra dung server, hé thong luu trit, cing v6i ngudn dién va cac thiét b
lién quan nhu gia do, day cap, v.v., duoc thiét ké dé dam béo sy sin c6 va én dinh
cao. Chung con dugc danh gia dya trén nhitng yéu t6 nhu kha ning mé rong, tinh linh
hoat, hé théng lam mat, va kha nang hop nhét server cling nhu luu trir dir liéu vé1 mat
do cao.

Trong dién toan dam mdy, c6 ba md hinh trién khai chu yéu: ddm may cong
cong, dam mAy riéng tu va dam mAy lai. M6 hinh ddm may cong cong lién quan dén
viéc cac nha cung cép dich vu dam may cung cp tai nguyén, nén tang hoic tng dung
luu trit dudi dang dich vu mé cho cong ching, c6 thé kém theo chi phi hodc khéng.
Trong khi d6, ddm may riéng tu danh riéng cac dich vu ciia minh cho mét t6 chirc cu
thé, thuong dugc bao vé boi tuwong Itra va danh cho viéc st dung ndi bd. Bam may
lai 14 sy pha tron gitra hai mé hinh trén, cung cép mét s dich vu mé rong va mot s6
danh riéng. Bén canh dé, con c6 mo hinh ddm may cong dong, noi ma nhiéu t6 chuc
cung chia sé tai nguyén dam mady. V& phia cac mé hinh dich vu, ba loai ph bién la

IaaS (Co s6 ha tﬁng nhu mot Dich vu), PaaS (Nén tang nhu mot Dich vu), va SaaS



(Phan mém nhu mot Dich vu), moi loai phuc vu cidc nhu cau khac nhau tir cung cap

tai nguyén may chu dén nén tang phat trién tng dung va phan mém san sang su dung.

Né&n tang R D@ liéu
& rng dung Lwu tr

Router

/}lnh tuyén

Ngu&i dung
cudi

Hinh 1.1:M6 hinh dién todan dam mdy [37]

Trong vai nam tré lai day, dién toan dam may da tré thanh mdt trao luu cong
nghé hang dau thé gidi, ching kién sy ting trudong dot pha vé ca chat luong va quy
mo, cling nhu da dang héa cac dich vu duoc cung cap. Céc tip doan cong nghé hang
dau nhu Google [38], Amazon [39], Microsoft [40], ¢4 din dau trong viéc phat trién
linh vuc nay.

Dién toan dam may cung cip mot md hinh ma céc giai phap cong nghé thong
tin dwgc trién khai nhu 13 dich vu thong qua Internet, giam nhu cdu cua ngudi dung
vé dau tu vao nhan su, cong nghé va co so ha tﬁng cho viéc thiét 1ap hé théng. biéu
nay gitp giam thiéu chi phi va rat ngan thoi gian can thiét cho viée trién khai, cho
phép ngudi sir dung c6 thé chuyén tim vao nhitng hoat dong chinh ctiia minh. Khong
chi mang lai loi ich cho nguoi sir dung, nhung cac nha cung cip dich vu ciing thu
duoc loi ich ttr mo6 hinh dién toan nay.

bién toan dam may (Cloud Computing) [41] [37], [42] dang 1a hudng phat
trién hang dau hién nay, ndi tiép tir cac hé théng mang va may tinh phan tan truyén
théng bang cach tich hop tai nguyén tinh toan, luu trit, nén tang va dich vu da dang

theo yéu cau mot cach linh hoat va nhanh chéng, dong thoi ciing d& dang thu héi tai
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nguyén va giam thiéu su can thiét cho sy twong tac truc tiép véi nha cung cap. Mo
hinh nay chi yéu dya trén viéc cung cap dich vu ngay khi c¢6 yéu cau (ondemand
service); dam bao kha ning truy cap rong rii qua mang tir nhiéu loai thiét bi tir may
tinh dé ban dén di dong (broad network access); chia sé tai nguyén tinh toan mot cach
dong gitra nhiéu khach hang (resource pooling for multi-tenanci), va kha ning m&
rong linh hoat ning lyc tinh toan dé dap Ung nhu cdu thay doi tir thap dén cao
(rapidelasticity).

bién toan ddm may, nho vao cac ky thuat ao hoa [43], st dung cac dich vu
qua mang dé cung cap ngudn luc co ban, cic nén tang tmg dung, phidn mém, va nhiéu
dich vu khac cho nguoi dung. Trong khudn kho cua IaaS (Infrastructure as a Service),
cac nha cung cip tao ra mot moi trudng ing dung phan mém day du bang cach két
hop phin ctng, phan mém, va thiét b lién quan dé tuan theo cam két chit luong dich
vu da thoa thudn voi khach hang. Cong nghé may ao (Virtual Machine) thudng xuyén
duoc trién khai trong cac data center, may cha cum va cho nhiéu tng dung khéac. Diéu
nay tao diéu kién dé nhiéu hé diéu hanh co thé hoat dong dong thoi trén mot may cha
don 1¢, dam bao r'?mg cac dich vu dugc cung cép mot cach doc 1ap va dang tin cay,
cling nhu ting cudong kha nang tai st dung tai nguyén vat ly hién co.

Dién toan dam may [44] dang m& ra mot linh vuc nghién ctru véi nhiéu tiém
nang, htra hen mang lai lgi ich vé mat kinh té cho cac doanh nghiép khép thé gio1. N6
cung cap mot giai phap hiéu qua cho viéc luu trit va xir 1y dir liéu, cho phép céc cong
ty truy cap vao co s ha ting, cic nén tang va dich vu phidn mém theo yéu cau mot
cach linh hoat qua Internet.

Dién toan dam may [45] dai dién cho mdt kiéu cung cap dich vu trong linh
vuc cong nghé thong tin, ndi tiép tir cac hé thong mang trudc day, cho phép ngudi sir
dung truy nhap vao cac ngudn tai nguyén tir viéc luu trit dir liéu dén s dung phan
mém quén 1y va xtr Iy thong tin phirc tap, ddc biét 1a trén cac nén tang 16n nhu Google
hay Facebook. Thay vi quan 1y truc tiép, nguoi dung chi can két ndi véi mot thiét bi
dau cudi dé sir dung cac ngudn tai nguyén nay, trong khi hé thdng dién toan dam may
phu trach viée 1én lich va xir 1y cac yéu cau, tir viée quan 1y thoi gian chd doi dén thoi
gian xu 1y va hoan thanh cac tac vu.

Dién toan dam may [46] dang thay doi ban chat cua nganh cong nghé thong

tin, thiic ddy sy thay d6i trong viéc sir dung va cung cAp phan mém va phan cimg. N6
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cho phép nguoi dung chi tip trung vao san pham cua ho ma khéng can lo ling vé viéc
quan 1y tai nguyén may tinh nhu bang thong, luu trit, hodc tmg dung phan mém. Hop
dong dich vu giita nha cung cap va khach hang xac dinh 16 cac yéu cau vé chat luong
dich vu thong qua céac théa thuan muc dich vu (SLA). Béng viéc tuan thu SLA, nha
cung cap cam két dam bao chit luong dich vu di thoa thuan. St dung may 4o cho
phép t6i wu hoa tai nguyén phan cimg hién c6 ma vin dam bao chat luong dich vu.
Dé tranh giam hiéu suit, cac thuit toan phai c6 kha ning phat hién va phan loai may
chu qué tai va khong str dung. Nhitng thuit toan nay cung cp ké hoach t6i uu cho
viéc di chuyén va phan phdi mdy ao trong thoi gian thuc.

La mdt mo hinh tinh toan méi, [47] Cloud Computing 1a mdt mo hinh tinh
todn hién dai, ra doi sau sy phat trién cua cc cong nghé nhu may tinh phan phéi, dién
toan ludi, luu trlr dr li€éu mang, cong nghé may chu cum va tinh toan song song.
Trong méi truong Cloud Computing, do c6 sy da dang trong ing dung va khong dong
nhat trong cac niit ngudn, c6 mot s may tinh chiu tai ning trong khi nhitng may khac
lai it bi tai khi lvu lugng mang va dit liéu phat trién nhanh chéng. Piéu nay doi hoi
phai c6 nhitng phurong phap cin bang tai hiéu qua dé diéu phdi tai trén cac may chu,
giam chi phi truyén dit liéu va ting cuong kha ning st dung tai nguyén. Tuy nhién,
trong ky nguyén dir liéu 16n va su phat trién khong nging cta Cloud Computing, viéc
xir 1y cac cong viéc lién quan dén dir lidu 16n thong qua may ao trong Cloud gip phai
thach thirc do chi phi truyén thong tang cao khi dir liéu duoc di chuyén va tinh toan
giita cac may chu, diéu nay anh hudng dén hiéu suat va su hiéu qua trong st dung tai
nguyén ciia hé thong.

Cloud Computing [48] danh ddu mdt budc tién ndi bat va 1a mot mo hinh méi
trong linh vuyc tinh toan. Phuong phép can bang tai nay phan phdi tai nguyén va phdi
hop chung voi viée 1ap ké hoach céc cong viée giita cac hé théng phan tan. Can bang
tai trong mo hinh truyén thong gap nhiéu thach thic lién quan dén qua trinh phan b6
tai nguyén trong moi trudng Cloud. N6 anh huong dang ké dén hiéu suat cta hé thong
Cloud ciing nhu gip khé khin trong viéc danh gia hiéu qua do cac bién sb cin bang
tai da dang va dac thu riéng cua Cloud.

Trong thé gidi ngay nay [49], dién toan dam mAay cho phép chung ta luu trit
va truy cdp phan cimg ciing nhu phan mém tir bat ky ddu trén thé giéi. Piéu nay da

tao ra su linh dong 16n hon cho yéu cau vé phan cimg. Nho d6, nguoi dung co thé sir
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dung nhiéu tai nguyén theo nhu cau va chi chi tra cho thoi gian ho sir dung mot lugng
tai nguyén nhét dinh, mé hinh nay duoc biét dén 1a dich vu theo mé hinh pay-per-
use, ddy manh nganh IT huéng téi viée cung cp dich vu Cloud manh mé hon. Tuong
ty nhu mot CPU bi 18i nhiéu 1an, cac doanh nghiép véi nhitng tap hop 16n cia CPU
hodc may tinh vat ly dugc goi 1a "dam may". Nhiing tap hop nay chi c6 mdt khong

gian va dung lugng bo nhéd c6 han.

Code
</> (M3 nguon)

Databases
(Co s& di¥ liéu) Moblle Devices
Cloud (Thiet bi di dong)

(Dam may)

Segerq Computers
(May chu) (May tinh)
Applications
(Ung dung)

Hinh 1. 2 Cung cdp tai nguyén ddm may [44]

Do do, nguoi dung cia dich vu ddm may phai thanh toan theo thoi gian ho st
dung khong gian va dung luong b nhé tir tip hop tai nguyén cu thé dugc cung cip
cho ho. Khi ngudi ding yéu cau tai nguyén nhu bd nhd, khong gian luu trit, va bing
thong, cac nha cung cap cloud thuc hién viéc ndy bang cach phan b méy chi vao ha
tang theo nhu ciu cua khach hang. Qua trinh cung cip tai nguyén trén dam may
thudng bao gdm viée tong hop may tinh vat Iy thanh may a0 (VM) dé tao ra khong
gian luu trir do.

Can bang tai quan 1y tai nguyén theo yéu cau cua khach hang. Cac phuong
phap can bang trudc day d cai thién thoi gian phan hoi va thoi gian phuc vu ciia dam
mAy, nhung chua dam bao chét lugng dich vu (QoS) dung cach. Pé cai thién QoS,
céc thong sb ctia nd duoc tich hop vao qué trinh can bang tai. Bang thong, vi du, dugc
xem xét nhu mot thong sd quan trong, va viéc quan 1y cac van dé nhu suy giam va
hiéu suét giup dinh rd ngudng gia tri chinh xac hon, giup dam bao QoS hiéu qua hon.
Diédu nay gitp giam thicu viéc cAp phét tai nguyén cho cac may vat 1y vuot qua kha

nang cung cip ctia may ao va duy tri tinh 6n dinh trong qua trinh cung cap dich vu.
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Thué bao Ha tang dam may va nha cung cap ng dung dam may
( \ ( TR \ Cac cong cu
e ———— ( Quan ly dich vu ) hé trg '
Yéu cau [ Quan ly yéu cau ngudi dung / Dich vu tw quan ly ) trén nén tang
Wphia web 2.0
Nguwoi dung cudi [ Quan ly vong doi dich vu ]
Quan ly vong doi Quan ly Tinh s&n sang / phuc héi SRR
[ Image I ][ Cung cép ][ hiéu nan [ Luu tri ] TQIet ke
' ' [ Bao mat: Binh danh, Truy cap, toan ven ][ Tinh toan ] Quan ly Trien khai
'.‘ di ligu, c6 Iap, kiém tra & uy tin mrc sir dung gidy phép
_J

Ung dung do héa ) Image
Ung dung & dich vy J[ Néi dung & di liéu ) (lvu triv)

Nén tang web 2.0 ;
Giao dién K (Cai dat image, tich hop bao mat, quan ly workload, tinh san sang) ) Cai dat
mashup .
( Ha tang do hoa )

Tai nguyén ao va tong hop Vong doi
Da_nh e \ Ao héa may chi; \ Ao héa luu trir / \__Ao héa mang h?at_ dong
dich vu = clia image
Tai nguyén hé thong
\\ may chi SMP__ blade May chii lvutre  Lwu tr®  Ha tAng man ))

Hinh 1.3 Kién tric ciia dién toan dam may [47]

I —
- w vién
[

Trong qué trinh sir dung tinh toan tu dong, viéc kiém soat chi phi tong cong 1a
mot thach thire quan trong va dugc giai quyét thong qua viée xac dinh va quan 1y tai
nguyén thong qua cac thuat toan quan 1y quy mo. Pong thoi, can bang tai tai nguyén
12 mot van dé quan trong, ngay ca trong qua trinh phat trién dich vy, va diéu nay dugc

thuc hién thong qua st dung cac thuat toan khac nhau.

1.2 TONG QUAN VE CAN BANG TAI TRONG DPIEN TOAN PAM MAY
1.2.1 Giéi thiéu vé can bang tai

Ngay nay nganh cong nghiép CNTT dang phat trién mdi ngay, nhu cau vé tai
nguyén luu trir va tinh toan cling vay. Mgt lugng 16n dir liéu dugc tao va trao ddi qua
mang, diéu ndy doi hoi thém nhu cau vé tai nguyén may tinh ngay cang nhiéu. Cloud
da giup cac doanh nghiép tdn dung l¢1i ich cua tai nguyén dién toan dugc chia sé trén
moi truong 4o hoa. R4t nhiéu doanh nghi¢p da s dung cac dich vu dua trén ddm may
& dang nay hodc dang khac. Piéu nay dua ching ta dén khai niém can bang tai trong
dién todn ddm may.

Trong thoi dai hién nay, nganh cong nghiép Cong nghé thong tin (CNTT) dang
phat trién rat nhanh, va su ting cuong vé nhu cau sir dung tai nguyén luu trir va tinh
toan khong ngimg. Dir liéu ngay cang 16n duoc tao ra va trao d6i trén mang, dan dén

viéc ngdy cang can dén tai nguyén may tinh. M6 hinh dién toan dam may [50] da giup
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cac doanh nghiép tan dung tai nguyén may tinh duoc chia sé trong moi trudong do hoda.
R4t nhiéu doanh nghi¢p [51] da ng dung céc dich vu ciia minh dya trén cong nghé
dam may, v6i cac hinh thuce khic nhau. biéu nay dat ra khai niém quan trong vé viéc
cén bang tai trong linh vuc dién toan dam may.

Cung véi sy phat trién dang ké cua Internet, cac trang web va tng dung truc
tuyén thu hut mot s6 luong 16n ngudi truy cp. Trong lac cao diém, khi lwong truy
cap dot ngdt ting 1én, thuong xay ra cac van dé lién quan dén kha ning x 1y cia may
chu va ha téng mang tai cac vi tri twong ing cu thé. Vi vay, viéc can béng tai ludn
dong mot vai trd quan trong, giup cic may chi 4o hoat dong mot cach dong bo va
hiéu qua hon, bing cach phan phdi tai nguyén mot cach déu din ma khong gip tinh
trang qua tai tai cac diém cu thé.

Can bang tai 12 mot giai phap tong thé nhdm phan phdi dong déu va hiéu qua
luu lwong truy cip giita hai hodc nhidu may chu co chirc ning twong tu trong cung
mot hé thong. Didu nay giup hé thdng giam thicu ti da tinh trang qua tai va su cb
cua may chu. Khi mdt may cha gip su ¢ hoic bi qué tai, can b?mg tai s€ ty dong
phan phdi cong viéc dén cac may chu khac, dam bao thoi gian hoat dong cua hé thong

ludn 6n dinh va toi wu hoa ning sudt hoat dong tong thé.

: i Phanmén_
@ ' 5+ Céanbangtai . 5

At : :
Vi R el :
o tesssesssesnnssssans : . —

e

i : ] : i Maycho
:  Phancing : chay cac
Cén bang tai : H ng dung

Ngwéi ding cudi
(End users)

Hinh 1.4 M6 hinh Can bang tai trong dién toin dam may theo NGINX [52]
Can bang tai 1a mot trong nhirg van dé quan trong nhét trong méi truong phan
tan. V6i Cloud Computing dugc xem 1a mot trong nhirng nén tang tot nhét cho viée
luu trit dir liéu véi chi phi thap va kha ning truy cdp d& dang qua internet, cAn bang
tai trong moi trudng dién toan ddm may di tré thanh mot linh vuc nghién ciru hp

dan va quan trong. Myc tiéu cua can bang tai 1a dam bao phan phdi tai nguyén mot
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cach hop 1y dé dap ng nhu cau cua ngudi dung va tbi vu hoa sir dung tai nguyén.
Trong moi truong dién toan ddm may hién dai, c6 nhiéu thach thirc nhu van dé bao
mat va kha nang khéc phuc 16, va nhiéu nha nghién ctru da dua ra cac thudt toan va
k¥ thuat dé nang cao hiéu suat can bang tai, nham tim ra cac giai phap tot nhat cho hé
théng Cloud Computing.

Can bang tai [53] 1a viéc phan phéi déu luu lwong truy cp giira hai hodc nhiéu
may chu c6 chtrc ning tuong tu trong cting mot hé thdng. Bang cach nay, muc tiéu la
giam thiéu toi da tinh trang qué tai cia mot may chil va ngin ngirng hoat dong xay
ra. Trong trudng hop may chu gip su ¢b hoidc can bao tri, can bang tai sé tr dong diéu
phéi cong viéc cua may chii d6 cho cac may chi khac, giup ting thoi gian hoat dong
ctia hé thong 1én mirc cao nhit va ning cao hiéu sut hoat dong tong thé.

Phan tan du doan qua tai trong can bang tai [54] da trd thanh mot phuong phap
htra hen gan day. N6 bao gdm viéc theo dbi tinh trang tic nghén trén mdi dudng dan
va phan phdi dong chay truc tiép dén cac dudng din khong tic nghén. Cach tiép can
nay mang nhiéu loi ich thyc té. V& mit phan phdi, n6 c¢6 kha ning md rong tot hon
va xtr Iy luu lwong truy cap nhanh hon so véi phuong phéap tap trung. Vé mit dit liéu,
n6 khong phu thudc vao cau tric mang ciia may chu luu tri va cung cp loi ich ngay
1ap tirc cho tat ca luu luong truy cdp khi trién khai. Kha ning hién thi tic nghén cudi
cung cuia né cling lam cho né manh m& hon ma khéong can phai ciu hinh lai may dicu
khién. Tuy nhién, d¢é thiét ké mot giao thirc cn bang tai tac nghén, chiing ta can thong
tin vé tinh trang tac nghén thoi gian thuc tir tit ca cac duong di gitta nguon dong chay
va diém dén. Mot cach tiép can don gian 1a sir dung thong tin dinh hudng duong di
cudi cung: mot switch ToR duy tri cc chi s6 tic nghén dau cudi cho tit ca cac dudng
dan tir chinh né dén cac thiét bi chuyén mach ToR khéc trong mang. Tuy nhién, khong
thé thu thap thong tin tic nghén thoi gian thuc cho tat ca cac duong din nay, vi sé
khong c6 du dong chay dong thoi xay ra di ciing voi tat ca chiing cung mot lac. Trong
giai doan dau, chi c6 ngudn va thiét bi chuyén mach ToR dich tham gia dé Iya chon
t6t nhat duong dan tir ToR dén ting tong hop. Chuyén ddi ngudn ToR s& gui sb lidu
tdc nghén ctia né dén dich ToR, chung s& két hop voi cac chi s tic nghén dé chon
con duong tot nhat cho 16p tong hop. Trong giai doan thir hai, tap hop da chon sau
d6 chon cong tac 16 tot nhat theo mot cach tuong ty vé tinh trang tac nghén ciia budc

nhay thir hai va th ba. Con duong quyét dinh Iya chon sau d6 dugc duy tri tai ToR
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va tap hop thiét bi chuyén mach. V& co ban, hai giai doan lya chon dudng dan sir
dung thong tin mot phan duong din dé tim duong tot nhat cho dong chay. Bang cach
khai thac cac tinh chat ciu trac cua 3 tﬁng, lga chon duong dan hai giai doan lam
giam dang ké su phirc tap ma khong gay ra viéc sap xép lai géi tin cling nhu khong
gdy bat ky do tré nao.

Can béing tai 14 mot chu dé quan trong dugc nghién ciru mot cach tich cuc
trong linh virc trung tim dir liéu ddm may, v6i muc tiéu dam bao rang tat ca tai nguyén
may tinh cé thé duoc st dung hiéu qua va nhanh chong. Co nhiéu loai thuét toan can
béng tai, bao gém ca thuat toan can béng tai tinh, dong va chién luoc lap ké hoach
can béng tai. Thuat toan can béng tai tinh, vi du nhu round robin, thuong chi str dung
thong tin tinh va khong thé thich tng véi tai thay doi theo thoi gian. Chiing thuong
don gian va d& trién khai, nhung khong phai lic nao ciing hiéu qua trong cac trung
tam dir liéu ddm mAy 16n va da dang vé tai nguyén. Cin bang tai dong, ma dugc sir
dung trong cac hé théng phan phdi may tinh song song, nham myc dich phan phdi tai
mot cach théng minh dé tranh hién twong qua tai va st dung khong dong déu tai
nguyén trén hé théng. Tuy nhién, qua trinh cin bang tai dong c6 thé tao ra chi phi
truyén théng bd sung va can duoc quan Iy dé khong anh huéng dén hiéu suat hé thong.
Mot sb thuat toan can béng tai co thé tdi uu hoa hiéu suit cuc bo, nhung chung khong
phai luc nao ciing thich hop cho tat ca truong hop. Piéu quan trong 1a dam bao can
bang tai va sir dung tai nguyén vat 1y mot cach hiéu qua cho toan bd hé théng dam
may. Tuy nhién, can bang tai chi 1a mot phan cua viéc quan 1y trung tim dir liéu dam
may. Can xem xét toan bo khia canh cua hoat dong trung tam dit liéu ddm may dé
dam bao hiéu qua va ti vu.

Can bang tai [55] c¢6 thé duoc chia thanh 2 thé loai:

° Can b?mg tai cuc bd
o Tai toan cau

Can béng tai co hai loai chinh: can b?mg tai cuc by va can béng tai toan cuc.
Can bang tai cuc bd dugc sir dung dé phan phdi du béo tai trong mot trung tam dir
lidu cu thé. N6 dam bao rang cac yéu cau tir khach hang dugc phan phédi déu din tir
may khach dén may chu dé dap tng nhu cau. Mit khac, cin bang tai toan cuc quan
1y va kiém so4t yéu cau tir khach hang tu dong dén cac may chu qua nhiéu trung tim

dir liéu khac nhau. N6 xtr 1y luu luong trén ca hai huéng cta géi truyén tai. Can bang
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tai toan cuc thudng phirc tap hon, nhung cé ich trong viéc quan 1y viée truyén tai goi
tin trén mang trung tAm dir liéu. N6 ciing dam bao tinh kha dung ctia hé thong, dong

nghia voi viée hé thdng van hoat dong binh thudng trong trudng hop co sy ¢b xay ra.
1.2.2 Muc dich cin bang tai

Cung véi su phat trién cua dién toan dam may, viéc chia s¢ dir li€u va cung
cAp tai nguyén trd nén d& dang hon. Diéu nay cho phép nguoi dung tiép can nhiéu tai
nguyén ma ho can va chi tra tién cho nhitng gi ho sir dung. Tuy nhién, mot thach thirc
quan trong trong moi trudng dam may 13 cAn bang tai, dic biét khi khdi lwong dir lidu
trén nén tang nay ting nhanh. Can bang tai giup phan phdi tai mot cach hidu qua
thong qua cac nut mang, dam bao rang khong c6 nit ndo bi qua tai. Piéu nay giup tdi
uu hda st dung tai nguyén va cai thién hi¢u suét cua hé théng. C6 nhiéu loai tai khac
nhau trén nén tang dam may, chéng han nhu tai CPU, tai b nhé va tai mang. Can
bang tai 14 qua trinh xac dinh cac nit mang qua tai va chuyén tai dén cac nat khac

dang hoat dong it tai hodc khong tai.

Theo tai liéu [56], trén nén tang dién toan dam mAy, cin bang tai la qua trinh
quan trong dé phan phdi cong viéc ciia cac tai cong sut 16n sang cac tai nhe hon,
nham t6i wu hoa hiéu suat lam viéc va tdn dung tai nguyén ctia ddm may mot cach
hiéu qua. Trong moi truong dam may, can bang tai doi hoi viéc phan phdi lai cong
viéc dang hoat dong lién tuc gitra tat ca cac nht mang:

- Can bang tai dong vai tro quan trong trong viéc dam bao rang tai nguyén trong
mai truong dam may dugc phan phéi hidu qua nhat, hd tro tinh linh hoat va
kha ning md rong cao, dong thoi tranh hién tugng ket cimg.

- Can bang tai 1a mot k¥ thuat quan 1y phan phdi tai nguyén trén mang, cho
phép t6i uu hoa ludng dir liéu véi thoi gian phan hoi tdi thiéu. N6 gitp chia
sé thong luong giita cidc may chii ma khong gay tré truyén.

- Trong méi truong ddm may, c6 nhidu thuat toan khac nhau dé quan 1y tai va
phan phdi dir liu. Ching c6 thé duoc chia thanh hai nhém chinh: BMHA
(Batch mode Heuristic Allocation - phan bd theo co ché timg dot) va thuat
toan Heuristic theo ché do truc tuyén. BMHA thuong hoat dong theo cac dot
c¢b dinh dé phdi hop cong viéc khi dir liéu duge giri dén hé théng.
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- Vi du vé céc thuat toan thuoc nhom BMHA bao gém First Come First Served

(FCFS), Round Robin (RR), Min Min va Max Min. Péi véi nhom thuat toan
Online Mode Heuristic, cong viéc xur 1y dit li¢u thuong dugc thyc hién khi dix
liéu dén hé théng. Trong moi truong dam may, hé thong thudng khong dong
nhit va hiéu suit xtr Iy ctia cic may chi thay d6i nhanh chéng va da dang.
Céc thudt toan Online Mode Heuristic thudng pht hop va cho két qua tot hon
trong moi truong dam may.

Du doan va udc tinh tai la yéu tb quan trong, doi hoi so sanh voi tat ca cac tai,
tinh déng déu cta cac hé théng, hiéu suét cua céac hé théng muc tiéu, va tuong
tac gifta cac nit va coéng viée trong qua trinh phat trién thuit toan cin bang
tai. Viéc chon nit phu hop ciing quan trong, bao gdm tai CPU va dung luong
bd nhé téng hop dé dinh lugng tai cta toan bo may.

Mot vi du rd rang cho tAm quan trong ciia cin bang tai 13 trong trudng hop
clia cac trang web. Néu khong co can bang tai, ngudi ding ctia cac trang web
16n ¢6 thé dé dang phét hién cac van dé nhu tai cham, thoi gian dap (mg dai

dong.

1.2.3 Phén loai cin bang tai

Theo [21], cac thudt toan cin bang tai duoc chia thanh 02 nhém chinh 14 :

Cac nhoém thuat toan can béng tai co thé dugc phan loai dya trén trang thai hé
thong, gdm hai nhom chinh 1a can bang tai tinh (Static) va can bang tai dong
(Dynamic).

Cac nhom thuit toan cin bang tai cling ¢ thé duoc phan loai dya trén nguoi
khoi tao qua trinh xir 1y, bao gdm ba nhoém nho: khdi tao boi ngudi giri (Sender
Initiated), khéi tao bdi nguoi nhan (Receiver Initiated), va khoi tao béi ca hai
bén (Symmetric).

Tuy c¢6 nhiéu loai thuat toan can bang tai, nhung chiing cha yéu tap trung vao

trang thai cua hé théng va thudng dugc phan thanh hai nhém chinh, bao gom thuét

toan can bang tai tinh va thuat toan cin bang tai dong:
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- Tiép can tinh (phurong phap tinh): Day 1a khi sy phan phdi cua luu luong dugc
thuc hién trude va luu luong dugc chia thanh cac phin bang nhau gitra cac
may chu.

- Tiép can dong (phuong phap dong): Tap trung vao cac quyét dinh can bang
tai dugc thuc hién khi luu lugng dang dién ra. Hudng tiép can nay thudng phu
hop cho céac hé thong phan tan nhu dam may. Theo hudng nay, ta c6 thé phan
loai nhu sau:

o Tiép can tap trung (Centralized approach): M6 hinh nay chi c6 mot niit
duy nhat chiu trach nhiém quan 1y va phan phdi luu luong cho toan hé
thdng, trong khi cac niit con lai khong tham gia vao qué trinh quan ly
tai.

o Tiép can phan tan (Distributed approach): O day, mdi nut doc 1ap xay
dung mot vector tai (load vector) riéng. Vector nay thu thap thong tin
tir cac nut khac va dung dé dua ra quyét dinh cuc bo. Phuong phap nay

rat pht hop véi méi truong dam may.

(Thuét toan can bang téi}

¥

Phan loai theo trang thai hé théng Phan loai theo nguwdi khéi tao cac process

[csTann | BT aong] [ Ngugigh | (Mysioman |[ oo |

[ Phan tan ][Kh(’)ng Phan tan J

[ Hop tac ] (Khéng Hop té% [Tép trung] [Bén tap trung}

Hinh 1. 5 Phén logi thudt todn cén bang tdi theo hé thong va tai nguyén [21]
Bén canh do6, Dalia Abdulkareem Shafiq va cdng su [32] da phan loai cac thuat toan

cin bang tai theo tinh chit cua thuat toan nhu sau:
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Hinh 1. 6 Phdn logi thudt todn cén bang tdi theo tinh chit thudt todn [32]

1.2.4 Po hrong cin bang tai

Do ludong can bang tai, ¢6 rat nhicu tham so dé do luong hi€u nang can bang tai

trén moi truong di€n toan ddm may. Mot vai tham so co ban bao gom:

- Thong lugng (Throughput) [57] [58]: Pugc str dung dé do ludng sb luong tac
vu di hoan thanh trong hé thong. Mot thong lwong cao déng nghia véi hiéu
suat 1am viéc tot hon ctia hé thong.

- Dung sai 16i (Fault Tolerance) [57] [58]: Pé cip dén kha ning cua hé thong
khoi phuc sau khi xay ra su ¢d. Can bang tai can c¢6 kha nang tinh toan va xir
1y su cd mot cach tot nhat.

- Thoi gian di doi (Migration Time ) [57] [58]: La tong thoi gian can thiét dé di
chuyén tac vu hodc tai nguyén tir mot nut sang nit khac trong hé théng. Dé
t61 wu hoa hiéu sudt, thoi gian di doi can duoc giam thiéu.

- Thoi gian dap ung (Response Time) [57] [58]: La thoi gian trung binh ma
thuat toan can béng tai phan hdi mot tac vu trong hé théng. Pé cai thién hiéu
sudt, thoi gian dap tmg can duoc lam ngan hon.

- Thoi gian thyc hién (Makespan -MS) [57] [58]: Tong thoi gian can thiét dé
hoan thanh mét tip hop cac tac vu va phan bd tai nguyén cho ching trong hé

thong. Day 1a mot yéu td quan trong trong viéc 1ap ké hoach va quan 1y tac vu
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trong moi trudng dam may. Thoi gian thue hién can dat dwge mirc tdi thiéu
dé dam bao hiéu suét tot nhat.

- Khé nang m¢ rong (Scalability) [57] [58]: La kha nang cua thuét todn can
bang tai dé xir Iy d6ng thoi mot lwong 16n cac nit trong hé thong. Dé cai thién

hiéu suat, kha nang mo rong can duogc cai thién.

Bén canh cac tham s trén, cAn bang tai trén moi trudng dam may con rat nhiéu cach
do ludng khac thong qua cac tham s6 khac. Theo [32] , tong hop cac tham sb do luong

hiéu ndng can bang tai nhu sau:

Cloud Load balancing metrics

Load balancing Performance Metrics

|

| Independent Metrics Dependent Metrics

| Scalability l_ _l Response Time
| Fault Tolerance I_ _| Execution Time
| Completion Time I_ _| o e

| Carbon Emission I_ _| "“mm":;’::"‘“ds”
| Overall processing cost l_ _| Number of VM creation

Dependent Metrics

| Throughput I__| Load Variance |
| Migration Time I__| Makespan |
| Power Consumption I__| Energy Consumption I

Turnaround Time I_ _| Degree of Balance
Resource Utilization Data Center
Factor Processing Time

Hinh 1. 7 Cdc tham sé do lwong cin bang tii [32]

1.2.5 Cac chinh sach trong cin bang tai
Co rat nhiéu chinh sach duge sir dung trong cac thuat todn can bé‘mg tai, bao gém:

- Chinh sach thong tin (Information policy): Pinh r5 loai théng tin can thu thap
va thoi gian thu thap.

- Chinh sach kich hoat (Trigger policy): Xéac dinh thoi diém ma cac hanh dong
can bang tai duoc thyuc hién va ghi nhén tai.

- Chinh sach vé loai tai nguyén (Resource type policy): Xac dinh cac loai tai
nguyén nao s& ludn sin sang dé phuc vu trong qua trinh can bang tai.

- Chinh sach vé vi tri (Location policy): St dung két qua tir chinh sach vé loai

tai nguyén dé xac dinh vi tri thich hop cho may cha hodc ngudi nhan.
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Chinh sach lira chon (Selection policy): Xéac dinh tac vu nao s& duoc chuyén

tir nat qua tai sang nit tréng.

1.2.6 Cac muc tiéu chinh ciia thuit toan cin bing tai

Hiéu qua chi phi (Cost effectiveness):

Can bang tai hé thong gitip dam bao hoat dong hiéu suit cao v6i mirc chi phi
thip. Chi phi bao gém chi phi van hanh va chi phi thoi gian cua cloud, vi vay
luan an tap trung vao chi phi thoi gian va chi phi tai nguyén cua cloud dé nang
cao hiéu ning can bang tai.

Kha nang mé rong & tinh linh hoat (Scalability and flexibility): Kich thudc
téng thé cua hé thdng cin bang tai co thé thay dbi theo thdi gian va cac thuat
toan can bang tai s& giup hé théng quan 1y va xir Iy cac bién dbi nay. Chinh vi
vay, thudt toan cling c6 tinh linh hoat va kha nang mo rong. Voi dac diém nay
cua cloud, luan an tap trung vao mo hinh do hoa, 1a can béng tai dong trén cac
may 4o, dé dang dap tng tinh m& rong va tinh linh hoat, hoic mé pool méi
hay can bang tai nhém mday 4o nhu dién toan canh (Edge computing), dién
toan swong mu (Fog Computing).

Tinh vu tién (Priority): Sép xép wu tién cac tac vu hodc cic ngudn tai nguyén
gitip quyét dinh xir 1y nhitng cong viéc quan trong hon trude. Diéu nay dong
nghia vdi viée tac vu ¢6 dod uvu tién cao hon s€ dugc xur 1y trude. Véi tinh vu
tién, ludn an ding dudi goc do hanh vi nguoi dung, phan tich va mo ta tinh

uu tién cla cac tac vy, tor do dua ra ti€u chi can bang tai tuong ung.

1.2.7 Mt s6 thuit toan cin bing tai phd bién

Co6 rat nhiéu thuat toan can bang tai [53], [26] giup giai quyét thong luong t6t va giam

thoi gian dap tng trén moi truong cloud. Mdi thuit toan déu c6 nhirng loi ich riéng:

Thudt toan phan bo tac vu dua trén LB: Thuat todn nay st dung mot co ché
hai mirc d€ phan bo tac vu. Ban dau, n6 anh xa cac tac vu dau tién téi cdc may
40, sau d6 anh xa tat ca cac may ao tdi cac tai nguyén cua hé thong. Thuat

toan nay toi vu hda viéc sir dung tai nguyén va cai thién thoi gian dap tng.
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Thudt todn cdn bang tdi co héi (Opportunistic Load Balancing - OLB): OLB
giir cho cac ndt mang trong trang thai lam viéc va giao tac vu khong co thu tu
dén cac nét hiru ich. N6 don gian nhung ¢ thé dan dén thoi gian hoan thanh
16n.

Thudt todn Round Robin (RR): Thuat toan ndy chia déu tac vu cho cac bd xtr
1y theo thtr ty vong Robin. Tuy nhién, c6 thé din dén tai khong cin bang néu
cac bo xir Iy khac nhau c6 hiéu suat xur Iy khac nhau.

Thudt todn ngdau nhién héa (Randomized): Sir dung xac suit dé chon may tinh
xir 1y tac vu. Hoat dong t6t khi tai ddng déu, nhung khong hiéu qua khi tai
khong déu.

Thudt todn Min-Min va Max-Min: Min-Min bit dau bang viéc tim thoi gian
nhé nhit hoan thanh céc tac vu va sau d6 phan tac vu dua trén thoi gian nhd
nhit ndy. Max-Min twong tu, nhung tim thoi gian t6i da trude. Ca hai thuat
toan nay duogc sir dung dé can bang tai trong moi truong dam may.

Thudt todn hanh vi Tim kiém cia Ong Mdt (Honeybee Foraging Behavior):
Lay ¥ tudng tir hanh vi ty to chirc trong tw nhién, thuit todn nay giup cai thién
hiéu suét hé théng thong qua cac hanh dong cuc bo.

Thudt todn gom cum déng (Active Clustering): Gom nhém cac ndt mang co
cung loai va cho ho 1am viéc cting nhau, gitp t6i uvu hoa sir dung tai nguyén
va cai thién thong thuong.

Thudt todn so sanh va can bang (Compare & Balance): St dung xac suat dé
chon may tinh dé kiém tra va so sanh tai, sau d6 diéu chinh dé can béng tai.
Thuét toan Lock-free: Tranh sir dung cung luc cac ving nhé dé nang cao hiéu
suat lam viéc trong moi trudng dam mAay vai nhiéu ludng chay cung lic.
Thudt todn dan kién (Ant Colony Optimization): Dya trén cach tiép can da tac
nhan dé t6i wu hoa cac van dé trong hé thong.

Thudt todn thoi gian dap g ngdn nhat dau tién (Shortest Response Time
First): Uu tién thuc hién cac tac vu c6 thoi gian dap Gmg ngdn nhat trude.
Thudt todn ldy mau ngdu nhién (Based Random Sampling): Xay dung dd thi
dé mo ta cac tai va tai nguyén ciia cac ndt, sau d6 sir dung xac suat dé phan

bo tac vu.
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- Céc thuit toan nay c6 (mg dung khac nhau va phu hop véi cac tinh hudng cu

thé trong moi truong dam may dé dam bao can bang tai hidu qua.

1.3 MOT SO THUAT TOAN AI UNG DUNG VAO CAN BANG TAI
1.3.1 Téng quan mot so thuat toan AI

C6 mot cach phan nhém cac thuat toan Al dya trén chirc nang, nhu dugc dé cap trong
tai liéu [59], bao gébm: nhom Regression Algorithms bao gém Linear Regression,
Logistic Regression va Stepwise Regression; nhom Classification Algorithms bao
gdm Linear Classifier, Support Vector Machine (SVM), Kernel SVM, Sparse
Representation-based classification (SRC), Instance-based Algorithms nhu k-Nearest
Neighbor (kNN) va Learning Vector Quantization (LVQ); Nhom Regularization
Algorithms gbm Ridge Regression, Least Absolute Shrinkage and Selection Operator
(LASSO) va Least-Angle Regression (LARS). Céc thudt toan Bayesian Algorithms
bao gdbm Naive Bayes va Gaussian Naive Bayes. Nhém Clustering Algorithms bao
gdm k-Means clustering, k-Medians va Expectation Maximization (EM). Nhdom
Artificial Neural Network Algorithms bao gdm Perceptron, Softmax Regression,
Multi-layer Perceptron va Back-Propagation. Nhom Dimensionality Reduction
Algorithms gdm Principal Component Analysis (PCA) va Linear Discriminant
Analysis (LDA). Cubi cung, nhém Ensemble Algorithms bao gdbm Boosting,
AdaBoost va Random Forest.

Tac gia luan 4n da danh gia tiém ning va kha ning phat trién ciia Machine
Learning (ML) va phan tich thong ké dir 1i€u trong nghién ctru trng dung vao bd can
bﬁng tai trén dién toan ddm may. Duya trén phan loai thuat toan duoc dé cap o trén,
tac gia da chon mot sb thuat toan phu hop va tuong thich véi can bang tai trén moi
truong dam may. Thir nhdt, thuat toan xac suat Naive Bayes dugc chon vi kha ning
xir Iy cac bai toan phan loai dya trén xac suat. Thuat toan nay rat hiru ich trong viéc
phan loai cac su kién dya trén dit 1i€u co s&n va md hinh xac suét. Thir hai, thuit toan
SVM (Support Vector Machine) dugc lya chon vi kha nang xtr Iy cac bai toan phan
loai va hdi quy. SVM c6 thé x4y dung cac siéu phing phan cach hiéu qua va lam viéc
t6t trén dir liéu khong tuyén tinh. Thir ba, thuat toan KMeans trong nhém Clustering

Algorithms cling dugc tac gid sir dung. KMeans 1a mot thuat toan phan cum dya trén
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khoang cach, co thé phan nhom cac mau dir liéu dua trén dic trung twong tu. Thit tu,
tac gia cling st dung thuat toan dy bao ARIMA va thuat toan du bao Regression trong
viéc du bao trong tuong lai gin cac thong sb cua yéu ciu (request) trén moi truong
dam may. Ca hai thuét toan nay déu c6 kha ning du bao xu huéng va bién dong trong
dir liéu, giup tac gia hiéu va dua ra du bao vé xu hudng twong lai ciia nguoi ding dam
may. . Cudi cung, thuit toan phan 16p k-NN (k-Nearest Neighbor) ciing dugc lua
chon trong luén an. Thuét toan K-Nearest Neighbors (K-NN) hoat dong bang cach
xac dinh 16p hoac gia tri du doan cho mdt diém dir liéu méi dua trén thong tin tur k
diém dir liéu gén nhét trong tap dir liéu huin luyén. Thuat toan nay dugc sir dung dé

phan loai va phan 16p dir liéu dwa trén cac diém gan nhat.

Vi lya chon trén, dya trén phan loai thudt todn va cac yéu td can nhic, tac gia
da chon céc thuat toan Naive Bayes, SVM, KMeans, ARIMA, Regression va k-NN
trong nghién ctru ing dung vao nang cao hiéu ning can bang tai trén moi truong dién

toan dam may.
1.3.2 Mt s6 thuit toan ML trng dung vao CBT

Thuéat toan Naive Bayes: Naive Bayes [59] 1a mét trong céc ki thudt phan 16p dya trén
dinh ly vé Bayes voi cac yéu t6 du doan duge xem nhu doc 1ap véi nhau. Mot cach téng
quan, trong thuat todn Naive Bayes, viéc xem xét sy xuét hién hodc Véng mat cua mot
dac trung cu thé trong mot 16p khong bi anh huong bdi viéc xuét hién hodc Véng mat
cua cac dac trung khac. Vi du nhu mot loai trai cdy duoc xem la qua tdo s€ co cac thudc
tinh nhu mau dé, hinh tron va c6 dudong kinh khoang 7.6 cm. Cac loai dac trung nay
phu thudc 1an nhau hogc dua trén sy hién dién cta cac dic trung khac, tat ca thudc tinh
nay la ddc 1ap, ching dong gdp cho kha nang mot loai trai cay la qua tdo va do6 dugc goi

1a Naive.

Mo hinh Naive Bayes co thé dé dang xay dung va dac biét hiru ich khi lam viéc
Vi cac tap dir liéu 16n. Pidu déng cha ¥ 1a don gian va manh mé& cta nd, Naive Bayes
da dugc cong nhan vi kha nang vugt trdi so véi cac phuong phép phan loai khac, bao
g0m céa nhitng phuong phap rét phirc tap.

Dinh 1y Bayes cung cip mot cich tinh x4c sudt hiu nghiém (posterior
probability) P(c|x) tir P(c), P(x) va P(x|c). Nhin vao phuong trinh du¢i day (Cong thirc

tinh x4c suat hau nghiém — Posterior posibility)
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P(x]c)P(c)

P(clx) = )

(D)

e P(c|x) 1a x4c suit sau cua 16p (c, muc tiéu) du doan (x, thudc tinh) dd cho
(posterior posibility).

e P(c) 1a xé4c sut trude cua 16p (Class prior probability).

e P(x|c) 1a kha ning xay ra 13 x4c suét cua ngudi du doan cho 16p di cho
(Likelihood).

e P(x) 1a xé4c suit trudc cia yéu td du doan (Predictor prior probability).

Thuat toan SVM: Bai toan phan 16p va du doan la hai bai toan quan trong va duoc
ap dung rong rai trong nhiéu linh vuc, bao gém hoc may, nhan dang, va tri tué¢ nhan
tao. SVM (Support Vector Machine) duoc phat trién boi cac tac gia Vapnik va
Chervonenkis vao nam 1995 va duoc coi 1a mot cong cu manh mé cho viée giai quyét
cac bai toan phan 16p phi tuyén tinh. SVM [60] hoat dong dua trén nguyén 1y Cuc
tiéu héa rii ro c6 cdu tric SRM (Structural Risk Minimization) va duoc coi 12 mot
trong nhitng phwong phap phan 16p giam sat khong tham s tinh vi nhat cho dén nay.
SVM sir dung cac ham kernel da dang d¢é tao khong gian bién d6i, giup xay dung cac

mat phan 16p hiéu qua.

Y twéng cia thuit toan SVM

May hoc SVM (Support Vector Machine) xdy dung mot siéu phang trong
khong gian dir liéu dé phan tach cac diém dir lidu thanh hai 16p riéng biét. SVM sir
dung mot k¥ thuat dic biét dé chuyén ddi tap dit liéu ban ddu vao khong gian c6 nhiéu
chiéu hon. Sau khi anh xa sang khong gian nhiéu chiéu, SVM s& tim va chon siéu
phing phu hop nhét dé phan tach cac diém di liéu.

Déi v6i tap dir liéu huan luyén, mbi diém dir liéu duoc biéu dién trong khong
gian vector, va SVM s& tim mot siéu phang quyét dinh t6t nhat dé chia cac diém nay
thanh hai 16p riéng biét, thuong dugc goi 14 16p + va 16p -. Chét luong cua siéu phang
nay duoc do bang khoang cach tir diém dir liéu gan nhit cua mbi 16p dén siéu phing.
Khoang cach bién 1én hon dong nghia véi viée siéu phang quyét dinh t6t hon va phan
loai chinh xac hon.

Muc dich cua phuong phap SVM la tim dugc khoang cach bién 16n nhat, diéu

nay dugc minh hoa nhu sau:



Hinh 1. 8 Siéu phang phan chia dir li¢u hoc thanh 2 16p + va - véi khoing cach
bién 16m nhat. Cac diém gan nhat la cac Support Vector [60]

Thuit toan K-Means

Phan cum [61] 1a mot k§ thuat quan trong trong viéc khai pha dir li¢u va thudc
vao loai phuong phap Unsupervised Learning trong Machine Learning. K-Means 1a
mot thudt toan quan trong va pho bién dugc sir dung trong phan cum. Y tudng co ban
ctia thuat toan K-Means 1a chia cac d6i twong duoc cung cp thanh K nhom (véi K 1a
mot s nguyén duong di dugce xac dinh trude) sao cho tong binh phuong khoang cach
giita cac ddi tuong va tim ciia cac nhom 1a nho nhét.

Thuat toan K-Means dugc mo ta nhu sau:

Bat dau

Trong tam

< Khoéng cé
doi trong
_ chuyén nhom

Khoang cach
cac doi twong
dén cac trong tam

Hinh 1.9 So dé thudt toan K — means [61]

Cac buéce chinh cua thuit toan
1. Chon ngau nhién K tdm (centroid) cho K cum (cluster). Mdi cum dugc

dai dién bang cac tam cia cum.
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2. Tinh toan khoang cach giira cac objects (di tuwong) dén K tdm (thong
thuong sir dung khoang cach Euclidean).

3. Nhém cac ddi twong vao cum gan nhat.

4.  Xac dinh lai tim méi cho cac cum bang cach ldy trung binh cong toa do
cac diém d3 duge gan vao cum.

5. Lap lai buée 2 cho dén khi khong co6 su thay ddi cum nao cua cac dbi

tuong.

Thuét toan duw bao ARIMA

Theo [62], ARIMA (Auto Regression Integrated Moving Average) 1a mot
thuat toan duva trén théng ké, dugc phat trién tr mo hinh hoi quy ARMA (Auto
Regression Moving Average). N6 1a mot mé hinh dy doan duya trén dit liéu chudi thoi

gian di biét dé dua ra du doan vé dir liéu trong twong lai.
Nhdn dang mé hinh [63]
Mo hinh ARIMA (hay con goi la phuong phap Box-Jenkin)

Dé nhan dang mé hinh trong ARIMA(p.d,q), chung ta can lya chon gia tri p,
d, va q. Trude hét, chung ta phai dam bao rang chudi thoi gian di dirng hodc da duoc
sai phan hoa (véi mic dd sai phan d dugc xac dinh). Sau do, thong qua viéc nghién
ctru ham ty twong quan ACF va ham ty twong quan tirg phan PACF, ching ta c6 thé
xac dinh mo hinh phu hop.

Néu ham ty twong quan ACF giam dot ngot va ham ty twong quan tirng phan
PACF giam manh, chiing ta c6 thé sir dung mo hinh AR (Auto-Regressive). Trong
truong hop ca hai ham déu giam dot ngdt, chung ta c6 thé str dung md hinh ARMA
(Auto-Regressive Moving Average).

Thinh thoang, c¢6 trudng hop ca hai ham déu giam dot ngot dong thoi, va dé
xéac dinh mo hinh pht hop, ching ta can thir nghiém va so sanh mot sé mo hinh khéc
nhau. Sau dé, chiing ta kiém tra mo hinh nao cho két qua tdt nhét.

p: dua vao SPAC

q: dua vao SAC

d: dya vao s6 lan lay sai phan dé lam cho chudi ding

M6 hinh ARIMA(1, 1, 1) :
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V) —y(t-1) = ao + ai(y(t-1) — y(t-2) + e(t) + bie(t-1)) (2.1)
Hoac z(?) = ap + aiz(t-1) + e(t) + bie(t-1),
Vi z(t) = y(t) — y(t-1) & sai phan dau tién : d = 1.
Tuong tu ARIMA(1,2,1) :
h(t) = ao + aiz(t-1) + e(t) + bie(t-1) (2.2)
Véi h(t) = z(t) — z(t-1) & sai phan th hai: d = 2. (d 16n hon 2 rat it duoc sir dung)
Kiém tra chudn dodn mé hinh
Mo hinh ARIMA t6t c6 RMSE nhé va sai s6 1a nhiéu tring: Sai s6 c¢6 phan
phéi chun, va do thi SAC giam nhanh vé 0
Tim kiém mé hinh ARIMA phu hop 12 mot qua trinh thir va sai.

Tinh cac ham ty twong quan
va ty twong quan tirng phan
dé& nhan dang mét mé hinh dy

dinh
y

Lwa chon mé hinh

l

Udc lvong cac gia tri cho
cac tham s6 md hinh

Kiém tra
dé chinh xac
ctla mo hinh

S dung mé hinh dé dw bao

Hinh 1. 10 So' @ md phéng mé hinh Box-Jenkins [63]
Thuit toan Regression
f(x) = wyxg + wyx, + wixg + wy (3.1)
Dang ciia Linear Regression [64]
Trong phuong trinh (3.1), néu ching ta dat w = [wy, wy, w,, ws]T 13 vector
(cot) hé sd can phai téi wu va ¥ = [1, x4, x3, %3] (doc 1a x bar trong tiéng Anh) 1a

vector (hang) dit liéu dau vao mé rong. S6 1 & dau duge thém vao dé phép tinh don
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gian hon va thuén tién cho viéc tinh toan. Khi d6, phuong trinh (3.1) c6 thé duogc viét
lai dudi dang:
yRXw=y (3.2)
Sai sé dw dodn
Ching ta mong mudn rang su sai khac ee giita gia tri thuc y va gia tri dy
doan ¥ (doc 14 y hat trong tiéng Anh) 13 nho nhit. N6i cach khac, chung ta mudn gia
tri sau day cang nho cang tot:
1 1 “ 1 _
sel=-(y =97 =5 —iw)? (3.3)
trong d6 hé s6 ¥ 1a dé thuan tién cho viéc tinh toan (khi tinh dao ham thi
s ¥4 s& bi triét tiéu). Chung ta can e?vie = y —§ co6 thé 1a mot sd am, viéc
n6i ee nho nhat s& khong dang vi khi e =—co 1a rat nho nhung sy sai 1éch 1a rat 16mn.
Ham mit mdt
Diéu tuong tu xay ra véi tat ca cac cap (input, outcome) (x;,y;) voi i =
1,2,...,N va N1a s luong dit liéu quan sat dugc. Piéu chiing ta mudn, tong sai s6 1a

nhé nhat, trong duong voi viéc tim w dé ham so6 sau dat gia tri nho nhat:

LW) =T (v — Fw)? (34)

Ham s L(w) dugc goi 1a ham mat mat (loss function) cua bai toan Linear
Regression. Chung ta luén mong mudn rang sy mat mat (sai s6) 1a nho nhét, diéu d6
dong nghia véi viéc tim vector hé sd w sao cho gié tri cia ham mat mat nay cang nho
cang tdt. Gia tri cua w lam cho ham mat mat dat gia tri nho nhét duogc goi la diém tbi

uu (optimal point), ky hicu:

w* = arg min L(w) (3.5)
w

Trudc khi di tim 161 giai, ching ta don gian héa phép toan trong phuong trinh
ham méat mat (3.4). Pat vy = [y3; ¥, ..; ¥y ] 14 mot vector cot chua tit ca
céc output cua training data; ¥ = [X;; X,; ...; Xy; ] 12 ma tran dir liéu dau vao (mo
rong) ma mdi hang cua nod 12 mot diém dir liéu. Khi d6 ham sb mat mat £L(w) duoc

viét dudi dang ma tran don gian hon:
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Lw) =Ty — #w)? = 5 lly — Xwll3 (3.6)

v6i |||, 12 Euclidean norm (chuan Euclid, hay khoang cach Euclid), néi cach
khac ||z||3 14 téng cta binh phuong mdi phan tir ctia vector z. Toi day, ta dd co mot
dang don gian cia ham mat mat duoc viét nhu phuong trinh (3.6).

Nghiém cho bai todan Linear Regression

Céch phd bién nhét dé tim nghiém cho mdt bai toan toi vu 13 giai phuong trinh
dao ham (gradient) bang 0. T4t nhién d6 14 khi viéc tinh dao ham va viéc giai phuong
trinh dao ham bang 0 khong qua phirc tap. That may mén, voi cac mo hinh tuyén tinh,
hai viéc nay la kha thi.

Pao ham theo w ctia ham mat mat 1a:

YW — XT(Xw - y) (3.7)

aw
Sai s6 du doan phia trén vé viéc tai sao khong dung tri tuyét d6i ma lai dung
binh phuong. Cau tra 161 1a ham binh phuong c6 dao ham tai moi noi, trong khi ham
tri tuyét d6i thi khong (dao ham khong xac dinh tai 0).
Phuong trinh dao ham bang 0 twong dwong vai:
X"Xw=XTy2p (3.8)
Trong d6: ky hiéu X"y £ b nghia 1a dat X7y bang b.
Néu ma tran vuong A 2 XX kha nghich (non-singular hay invertible) thi
phuong trinh (3.8) ¢6 nghiém duy nhat: w = A~'h
Vay néu ma tran A khong kha nghich thi hodc phuong trinh (3.8) v6 nghié¢m,
hodc 1a nd c6 v s6 nghiém. Khi d6, ching ta st dung khai niém gia nghich
dao At (doc 1a A dagger trong tiéng Anh). (Gia nghich déo (pseudo inverse) la
truong hop tong quat cua nghich dao khi ma tran khong kha nghich hodc tham chi
khong vudng)
Vi khai niém gia nghich dao, diém tdi wru ciia bai toan Linear Regression c6

dang:

w=ATy = (XTX)TXTy (3.9)
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Thuat toan K-NN: K-Nearest Neighbor (KNN) 1a mét thudt toan don gian va hiéu
qua trong Machine Learning, thuong duoc sir dung trong cac tinh hudng cu thé. Khi
dugc huan luyén, thuat toan nay khong hoc gi tur dir ligu huan luyén, va thuc hi¢n tinh
toan khi can du doan két qua cho dir liéu moi. KNN c6 thé duoc ap dung cho ca hai
loai bai toan trong Supervised learning, bao gém Classification va Regression. N6

con duoc goi 1a mét thuat toan Instance-based hodc Memory-based learning.

Vi thuat toan K-Nearest Neighbor (KNN) trong bai toan Classification, viéc
xac dinh nhan cho mot diém dit liéu méi (hoac cau hoi trong bai thi) dugc thuc hién
dua trén K diém dir liéu gan nhat trong tap huin luyén. C6 hai cach chinh dé x4c dinh
nhan cho diém dir liéu kiém tra. Mot 1a thong qua bau chon dua trén sb phiéu cia cac
diém gan nhat, va hai 14 dua trén viéc gan trong s6 khac nhau cho mdi diém gan nhat
va suy ra nhan tur do.

Trong bai toan Regression, gi tri dau ra ciia mot diém dir liéu kiém tra c6 thé
dugc tinh toan dya trén mot s6 cach khac nhau. Trong truong hop K=1, gia tri dau ra
cua diém dir liéu méi s& bang gia trj dau ra cia diém dir liéu gan nhat trong tap huin
luyén. Truong hop khéc, n6 cé thé dugce tinh toan dua trén trung binh c6 trong sb ctia
gi tri dau ra cua cac diém gan nhat, hodc thong qua mot mbi quan hé duya trén khoang
cach dén cac diém gan nhat.

N6i mot cach ngan gon, KNN 1a mot phwong phap xac dinh gié tri dau ra cho
mot diém dir liéu méi bang cach dira vao thong tin tir K diém dir liéu gan nhét trong
tap hudn luyén (K-1an c4n), ma khong quan tim dén viéc c6 mot sé diém dit liéu trong

nhiing diém gan nhat nay c6 thé 1a nhiéu hoic ngoai 1¢.
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Hinh 1. 11 Ban d6 ciia INN (Ngudn: Wikipedia)
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Vi du trén dé cap dén mot bai toan Classification véi 3 l6p: Do, Lam, Luc.
M&di diém dit liéu mdi sé duoc gan nhan dya vao mau cua diém ma no gﬁn nhat. Tuy
nhién, trong hinh minh hoa, cé nhitng ving nho trong d6 cac 16p mau chdng 1én nhau.
Vi du, c6 mot diém mau Luc nam gﬁn goc 11 gio, nam gitra hai vung 16n khac voi
nhiéu diém mau D6 va Lam. Diém nay c6 thé 1a nhiéu, va néu diém dir liéu kiém tra
roi vao ving nay, nd c6 thé dugc phan loai sai.

Khoang cach giita hai diém trong khong gian da chiéu c6 thé duoc tinh toan
bang nhiéu cach khac nhau, va cac chuan vector 1a mot ngudn thong tin quan trong
trong Machine Learning. Norms (chuén) cta vector c6 thé cung cép thong tin hitu ich

ve cach do khoang cach gitra cac diem dir liéu trong khong gian nhiéu chiéu.

1.4 KET LUAN CHUONG

Chuong nay trinh bay tong quan vé cong nghé dién toan dam mAy hién dai,
can bang tai va cic dic diém cia tinh toan hiéu ning cao trén can bang tai. Bén canh
do, trinh bay mot s6 thuat toan tri tué nhan tao hién nay phé bién, ma co thé ung dung
vao can bang tai, dic biét 1a nhom thuat toan phan 16p va du bao. Chuong nay ciing
da lua chon ra mot sb thuét toan / ky thuat ML vé du bao, phan 16p, gom cum dé 1am
co s& dua ra giai phap cho cac thuit toan can bang tai twong Gmg. Song song do,
chuong nay ciing trinh biy mot s6 cong trinh nghién ctru lién quan da dugc cong bd

trong giai doan gan day.
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CHUONG 2 — TIEP CAN SWOT CHO CAN BANG TAI TREN
PIEN TOAN PAM MAY

2.1 GIOI THIEU CHUNG

Can bang tai 1a mot van dé mang tinh k¥ thuat va cling mang tinh chét lugng
dich vu trén méi truong dién toan ddm may, chinh vi vay ta cé thé xem xét can béng
tai nhu mot yéu t6 chu chét trong dién toan ddm may. Chinh vi thé, dé hiéu rd hon vé
can bang tai, danh gia tét hon vé can bang tai, ludn 4n nay sir dung cong cu phan tich
SWOT, mét cong cu hiéu qua, don gian va rat dé dang sir dung, dé phan tich yéu t6
can bang tai trén dién toan dam may. Tir d6 thdy duogc cac van dé lién quan dén can
bang tai hién nay, va dua ra cac hudng tiép can dé nang cao hiéu ning can bang tai

trén di¢n toan dam may.

2.2 GIOI THIEU VE CONG CU SWOT

SWOT [65] (Strengths - Thé manh, Weaknesses - Piém yéu, Opportunities -
Co hoi, Threats - Thach thirc) 14 mot cong cu phan tich pho bién trong kinh doanh,
thuong duoc sir dung dé danh gia va cai thién tinh hinh kinh doanh ctia cac t6 chuc.
SWOT gitp x4c dinh cac yéu té bén trong va bén ngoai anh huéng dén doanh nghiép.
Céac yéu t6 "Thé manh" va "Diém yéu" duoc xem xét nhu nhitng yéu td bén trong
doanh nghiép va co thé duoc cai thién hodc thay d6i boi chinh doanh nghiép. Vi du
vé cac yéu to nay co thé bao gdm danh tiéng ctia doanh nghiép, dic diém san pham
hodc vi tri dia 1y. "Co hoi" va "Thach thic" 1a nhitng yéu t6 bén ngoai doanh nghiép,
va chung thuong khong thé kiém soat hoan toan. Vi du vé cac yéu té ndy c6 thé bao
gdm thi trudng khach hang va hanh vi cia ho.

Phan tich SWOT [66] viét tit cua Strengths (DPiém manh), Weaknesses (Diém
yéu), Opportunities (Co hoi), va Threats (Thach thuc), dé cap dén viéc danh gia bdn
yéu td quan trong, bao gém: Piém manh, Diém yéu, Co hdi, va Thach thirc. Thong
qua viéc phan tich 4 yéu td nay, gitip ching ta xac dinh rd hon cac van dé ton tai, tir
d6 dua ra muc tiéu chién luoc, huodng di cho nham cai thién dich vu cho doanh nghiép.

Boi vi dién toan dam may, 1a mdt dich vy ma cac nha cung cép dich vu mang
cung cap cho khach hang, 14 nhitng ngudi st dung cloud, nén viéc nghién ctru va phat

trién dién toan dam may cling gan lién va4i viée nghién ctru va phat trién chién lugce
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ctia cac nha cung cap dich vu, 13 nhitng doanh nghiép cung cap dich vu dién toan dam
may. Vi thé, cong cu SWOT rat phu hop va ¢ thé 4p dung vao phan tich dién toan
dam mdy dé dua ra cac giai phap tot nhat cho dich vu. Tir d6, luan 4n nay sir dung
cong cu SWOT dé tiép can phén tich yéu té can bang tai trén dién toan dam may, st
dung cong cu ndy nhu kim chi nam dé tim ra duong di cho luan an, tim ra cac hudéng

nang cao hiéu ning can bang tai thong qua phan tich SWOT.

Dién toan i
‘ dam may ’

Hinh 2. 1 Phén tich SWOT [66]

Phan tich SWOT bao gdm viéc xem xét bon yéu t6 quan trong. Trong d6, Piém
manh va Diém yéu tap trung vao hién tai hoac qué khu, trong khi Co hoi va Thach
thirc lién quan dén tuong lai. Bang cach thuc hién phan tich SWOT, nghién ctru nay
s& tao mot lién két giira tinh hinh can bang tai hién tai va cac huéng nghién ciru va

thuat toan mai trong tuong lai.

Mbi tridng
Phéan tich Phan tich

bén trong bén ngoai

Diém biém Co Nguy
manh yeéu hoi co

Ma tran
SWOT

Hinh 2. 2 Khung phdn tich SWOT [67]

Dé phan tich SWOT, ta co thé két hop 4 yéu t6 cia SWOT va tao ra ma tran
SWOT hay ma tran TOWS. Tur d6 duara 4 céac tiép can: S-O, W-O, S-T va W-T.
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Bang 2. 1 Ma tran SWOT [67]

Strength Weakness
(Diém manh) (Piém yéu)
Opportunities Tiép can S-O Tiép can W-O
(Co hoi)
Threats Tiép can S-T Tiép can W-T
(Théch thuce)

2.3 PHAN TiCH SWOT HIEU NANG CAN BANG TAI TREN CLOUD
2.3.1 Hiéu ning cin bang tai trén cloud
Khai niém vé hi¢u niing

Hiéu ning ciia mot san pham cho thiy tinh hiéu qué trong qua trinh hoat dong
cua thiét bj d6. N6 bao gdm mirc tiéu thu ning lwong, kha ning t6i wu phan mém,
cong suét 1am viéc, strc manh xur 1y va thoi gian dé hoan tét céc tac vu. Trén mot thiét
bi cong nghé, hi¢u ndng dugc xem la yéu to téng hoa cua cac dic diém ké trén. Ching
ta hoan toan c6 thé danh gia hiéu ning ciia mot chiéc smartphone, thong qua viée
nhan dién cAu hinh nhu chip, RAM, bd nh¢ trong.
Khai niém vé hi¢u niing cin bang tai

Tuong tu nhu mat thiét bi, can béng tai cling co thé xem la mot thiét bi hoat
dong trén moi truong dién toan ddm may, va c6 hiéu ning can bang tai ctia nd. Theo
cac nha phat trién va cung cép dich vu dién toan ddm may l6n nhu IBM, NGINX,...
thi dé do luong hiéu ning cin bang tai [68], [69], [70] co thé sir dung cac yéu t6 chu
yéu nhu sau:

- D¢ tré (Latency)- Luong thoi gian trung binh cAn dé mét yéu cau dén may
chu. Ban mudn gia tri ndy cang thip cang tdt, dic biét 1a khi trang web cua
ban c6 nhiéu nguoi dung. Néu do tré trd nén rat cao, ngudi dung c6 thé gip
phai thoi gian phan hoi chdm hodc tham chi hét thoi gian cho. Gid tri do tré
thip 12 mong mudn, nhung c6 mot sb diéu ban can phai xem xét. Néu ban co
nhiéu may chi trong mot nhom va tit ca ching dang thue hién cac tac vu dong
thoi, ¢6 thé ¢6 nhiéu yéu cau hon cac may chu co sin. Diéu nay c6 thé khién
hang doi yéu cau tang 1én, din dén do tré 1au hon. Ngoai ra, hiy luu ¥ rang

néu trinh can bang tai cia ban sir dung ma hoa SSL vai xéc thuc may khach,
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thoi gian phan hoi c6 thé 1au hon binh thuong do chi phi xi 1y bd sung lién
quan dén SSL.

- Thoi gian phan héi (Response Time) - May chii can dé tra 101 cac yéu cau.
Thoi gian phan hoi 1a rat can thiét, dac biét néu ban dang luu trit cac ing dung
hodc dich vu yéu cau phan hoi nhanh, ching han nhu cac trang web thuong
mai dién tir hoac hé théng tro chuyén truc tiép. Néu ta su dung thong sb nay,
chung ta can do thoi gian phan hoi trén cac thanh phan hodc phién ban riéng
1é ctia bo can bang tai. Thoi gian phan hoi 1a ddu hiéu cho biét ngudi dung
nhan duoc ndi dung nhanh nhu thé nao. Thoi gian phan hdi 1au hon du kién
c6 thé do tic nghén mang, phan giai DNS kém hodc su ¢d co so dit liéu.

- Khd ndng phdn bé tai nguyén (Resource Allocation Capacity) [71]: Nang luc
phan b tai nguyén trong cin bang tai trén dam may dé cap dén luong tai
nguyén co thé dugc phan b6 cho mét dich vu hoac ung dung cu thé trong moi
truong dam may. Day 1a mot khia canh quan trong ctia cn bang tai vi no dam
bao rang cac tai nguyén dugc phan bd hiéu qua va hiéu qua dé dap tng nhu
cdu cua ung dung hodc dich vu. Can bing tai trén dam mAy ti vu hoa dung
lwong tng dung toan cdu ciia ban, mang lai trai nghiém ngudi dung tét hon
va chi phi thip hon so v&i hau hét cac trién khai can bang tai

- Mikc d cong bang trong phan bé tai nguyén (Allocation Fairness) [71][72]:
Phan bo Cong bang trong cin bang tai trén dam may dé cap dén viéc phan
phéi tai nguyén cong bang giita cac dich vu hodc ung dung khac nhau trong
mai truong dam may. Pay 1a mot khia canh quan trong ctia can bang tai vi nd
dam bao rang cac tai nguyén dugc phan b cong bang va hiéu qua dé dap tng
nhu clu cua tat ca cac ung dung hoac dich vu. Co nhiéu ky thuat khac nhau
dé can bang tai trong dién toan dam may nhu ky thuat can bang tai chung, can
bang tai dua trén hién tugng thong thuong, can bang tai hoan chinh dya trén
du 4n va cin bang tai kiéu dya trén tic nhan.

- Khd nang tang toc (Speedups) [30]: Cac tham sb ting tdc trong can bang tai
trén ddm may dé cap dén viéc toi vu hoa cac tham so bi rang budc khac nhau
nhu thoi gian phan hoi, thoi gian thuc thi, d6 6n dinh ciia hé théng, v.v., tir 46
cai thién hiéu suat ciia ddm may. Can bang tai trén dam may cung cip hai loai

can bang tai: Can bang tai img dung va Can bang tai mang. Chung ta s& chon
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bd cén bang tai ung dung khi can bd can bang tai Lop 7 cho luu luong
HTTP(S), SSL(S) hoac TCP/SSL.

- Khd nang dong bé giira cdc tac vu (Tasks Synchronzition) [73]: Dong bd hoa
tac vu trong cn bang tai trén dam may dé cap dén qué trinh dong bo hoa cac
tac vu trén nhiéu may chi dé dam bao rang chung dugc thuc thi theo dung thir
tir va khong c6 xung dot giita chung. Can bang tai 1a mot phwong phap tbi wu
hoa dé phan phdi cong viéc dong déu trén nhiéu may chi, nhdm cai thién hiéu
sudt va dang tin cdy. DAy la mot khia canh quan trong trong linh vuc dién toan
dam may, giap dam bao tai nguyén dugc sit dung mot cach hiéu qua va hi¢u
qua.

- Khd nang chiu 16i (Fault Tolerance) [74]: Kha ning chiu 18i trong cin bang
tai trén dién toan dam may dé cap dén kha ning hé thong tiép tuc hoat dong
ngay ca khi c6 16i. Viéc nay 1a mot thach thirc quan trong ma phai duoc giai
quyét d¢ dam bao rang dién toan dam may ludn dang tin cdy va sin sang hoat
dong. Béng cach can béng hi€u qua tai dén, kha nang chiu 11 6 thé dat duogc
trong ddm may. C6 nhiéu k¥ thuat khac nhau dé dat duoc kha ning chiu 13i
trong dién todn dam may, chéng han nhu tao ké hoach chi tiét cho cong viéc
dang dién ra bat cir khi ndo mot s6 bo phan nging hoat dong hoic khong kha
dung, cung cap dich vy trong truong hop thiét bi twong tmg khong kha dung
vi mot s6 1y do va sir dung cac giai phap can bang tai va chuyén doi du phong
dé dam bao tinh kha dung théng qua du phong va khac phuc thim hoa nhanh
chong.

Thong qua céac yéu t6 trén dé do ludong va kiém soat hiéu ning can bing tai
trén cloud, cu thé héa viéc nang cao hiéu ning can bang tai [75] bang viéc do luong
cac thong sb trén trong cac thuat toan. Ciing theo nghién ciru ndy, thi cac tham sb cu
thé dé do luong hiéu ning can bang tai cia cac thuat todn bao gdm: Thong luong
(Throughput), Overhead, Kha ning chiu 16i (Fault Tolerance), thoi gian di doi
(Migration Time), thoi gian dap tng (Response Time), tdi wu hoa tai nguyén

(Resouce Utilization), kha nang co gian (Scalability), hiéu qua hoat dong (efficiency).

2.3.2 Phén tich SWOT cin béng tai
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SWOT [76] 1a cong cu hitu ich trong viéc phan tich cac van dé ky thuat va
cong nghé ciling nhu tng dung cua cac cong nghé ky thuat ndy trén thi trudong. Pac
biét trong cong nghé théng tin SWOT [77] hd trg phan tich rd nét cac van dé dang
ton tai ciing nhu thach thirc va co hoi. SWOT 1a cong cu phén tich hé thong thong
qua viéc liét ké ra cac yéu to tot va xau dé danh gia. Pa c6 nhiéu nghién ctru vé dién
toan dam may s dung SWOT dé phan tich, va danh gid. Nam 2015, Sonal Dubey va
cac cong su [67] da st dung SWOT va phan tich ddnh gid moéi trudong dién toan dam
mAy, tim ra cac van dé ton tai, dua ra cac giai phap ciing nhu huéng phat trién can co
cho méi truong cloud. Nam 217, Sugandhi Midha [78] ciing sitr dung SWOT dé phan
tich sau hon cac van dé cua cloud. Nam 2020, Ify Evangel va cong su [66], ciing sir
dung SWOT d¢ phén tich cong nghé dién toan dam may dbi véi dich vu thu vién tai
truong dai hoc Nigeria Nsukka.

Trong dién toan dam may, can bé“mg tai 1a mot bd phan khong thé tach roi, va
dong vai tro quan trong ddi v6i moi trudng dién toan dam may. Chinh vi thé, luin an
nay st dung céng cu SWOT dung dé phan tich yéu t6 can bang tai trén cloud, tir d6
dua ra huéng tiép can dé nang cao hidu ning cin bang tai trén moi truong dién toan
dam may.

Theo cong cu SWOT, ta can phai xac dinh muc tiéu can dat duoc, do 1a nang
cao hiéu nang can béng tai. Tir 46, 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 hodi va thach
thirc / kho khin), tir d6 dua ra cac giai phap twong tmg voi nd, dé dap tmg duoc muc

tiéu la nang cao hi€u nang can bang tai.

Phan tich
SWOT
Cac yéu td bén trong Cac yéu t6 bén ngoai
Biém manh Co hoi
diém yéu Nguy co

Hinh 2. 3 Tiép cin phén tich SWOT [67)
Nhu vy, cac yéu td bén trong can bang tai ciia méi truong ddm may chinh 1a
céc thudc tinh, tinh chit ma chung ta co6 thé do luong duogc, cu thé hon 1a céac thudc

tinh dic trung tai [21] cta can bang tai: thong luong (Throughput), dung sai 1i (Fault
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Tolerance), Thoi gian di doi (Migration Time), Thoi gian dap ung (Response Time),
kha ning mé rong (Scalability). Ngoai ra, yéu td bén trong ctia can bang tai con bao
gdm chinh sach can bang tai, cach hoat dong cua cn bang tai hay cu thé hon 1a cac
thuat toan can bang tai.

Ciing theo tai liéu [21], cac yéu t6 bén ngoai can bang tai chinh 1a chét lugng
dich vy, moi truong kinh doanh, mdi truong mang internet, ngudi dung cloud va cac
muc tiéu ma nha cung cap cloud hudng téi: Hidu qua chi phi (Cost effectiveness),
Tinh wu tién (Priority), Kha nang m¢ rong & tinh linh hoat (Scalability and
flexibility).

Phan tich SWOT
can bang tai trén moi

tredng cloud
v

Tiép can tir bén trong Tiép can tir bén ngoai

- Chét lwong dich vu
- Céc dac trung clia can QoS
bang tai c6 thé do lwong - Méi trwdng mang
duwoc internet / kinh doanh
- Cac chinh sach can - Ngw&i dung cloud
bang tai - Hiéu qua chi phi
- Cac thuat toan / ky - Kha nang van hanh
thuat can bang tai - Tinh wu tién

Hinh 2. 4 Dé xuit 2 huéng tiép cin ning cao hiéu ning cin bang tai

Nhu vay, dé nang cao hiéu nang can béng tai, theo tiép can SWOT, luan an
nay dé xuit 2 hudng tiép can nghién ctru cAn bang tai trén cloud, d6 13 hudng tiép can
tir bén ngoai va hudng tiép can tir bén trong.

Cu thé ddi voi hudng tiép can tir bén trong, chiing ta nghién ctru cac dic trung
clia cAn bang tai, cac thong sb c6 thé do luong duge, tir d6 cai tién, ing dung céac
thudt toan m&i vao, vi du nhu thoi gian dap Gng. Bén canh cac thong sb cta can bang
tai, chung ta ciing ¢ thé bét dau tir cac chinh sach can bang tai, hodc co ché can bang
tai, ma cu thé hon 1a cac thuat toan can bang tai hién co, tir d6 cai tién hodc ning cap
cho phu hop, nang cao hiéu ning 1am viéc ciia cin bang tai.

Déi voi hudng tiép can tir bén ngoai, chinh 14 viéc nghién ciru méi trudng xung

quanh cta cn bang tai trén moi trudng dam may. Cu thé d6 1a yéu ciu chét luong
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dich vu, 1a mot yéu tb tiéu chudn chat luong dua ra do ngudi dung va nha cung cip
dich vu dua ra. Ngoai ra, yéu t6 méi trudng mang, mang internet ciing 1a cac van dé
nam ngoai can bang tai. Nguoi dung cloud, va hanh vi nguoi ding cloud, ciing nhu
d6 uvu tién cta nhitng ngudi dung nay v/v. Tat ca déu ndm bén ngoai bo can bang tai,
nhung nd quyét dinh dén kha ning van hanh tot hay hiéu ning lam viéc ciia can bang
tai trén cloud. Chinh vi thé, chung ta c6 thé bit dau tir cac yéu tb nay, nghién ciru dé

xuat cai tién cac thuat toan nang cao hi€u nang can bang tai.

2.4 CAC CONG TRINH LIEN QUAN
2.4.1 CONG TRINH LIEN QUAN CLOUD VA XU HUONG PHAT TRIEN
CBT TREN MOI TRUONG PAM MAY

Trong bai nghién ctru téng hop ciia Atharva Agashe va cong su [79], cac tac
gia da thao luan vé cic mo hinh dich vu khéac nhau (TaaS, PaaS, SaaS) cling nhu cac
mo hinh trién khai (Cong cong, Riéng tu, Hybrid) cia dam may trong nhiing nghién
clru gan day. Cac tac gia ciing da cling phan tich cac giai doan di chuyén (migration)
dé chuyén tng dung hién c6 1én ddm may. Tt ca cac giai doan nay déng vai tro quan
trong trong qua trinh di chuyén va can dugce thuc hién mot cach can than va can trong.
6 chién luoc chinh (Rehosting, Replatforming, repurchasing, refactoring, retaining,
retiring) trong qué trinh di chuyén dua ra mot cai nhin tong quan vé cach di chuyén
thuc té s& dién ra va nhiing thay doi can thiét. Nhom tac gia ciing phén tich cac ky
thuat ma cac nha cung cap dich vu ddm may (CSPs) nhu AWS, Azure va GCP cung
cap.

Mot bai nghién ctiru dudi goc d6 ki thudt vé an toan va tinh riéng tu cia cloud,
nhom tic gia Yunas Simpa [80] d tong hop nhiing tai liéu va xu hudng cia cac cong
ngh¢ maoi ndi, thach thire trong cac hé théng cloud phé bién, dién hinh la co s& ha
tang v6i kha nang ty bao vé ctia hé thong lién quan dén an toan thong tin va tinh riéng
tu. Cac ky thuat thich ing an toan dugc sir dung phd bién va c6 thé duoc ap dung &
bat ky giai doan nao trong bat ky céng nghé co ban nao cua cloud, tir phin climg va
phan mém dén co so ha tang tinh toan ¢t 13i. Sy thich tng an toan duogc hiéu rang
hé théng c6 thé tu bao vé trong qua trinh chéng lai nhiéu cudc tin cong hodc mat
nguoi dung khong than thién kham phé ra cac 16 hong. Dién toan ddm may van s& dé

bi ton thwong vé mat an toan thong tin va riéng tu néu khong ap dung cac co ché thich
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mg dé cai thién trai nghiém cta khach hang va ngudi dung. Bén canh do, bai danh
gi4 nay cling 1am ndi bat nhiing 16 hong anh huong dén cac thanh phan khac nhau cua
dam may tinh théng qua phan tich STRIDE. Nghién ctru cung cép cac han ché cua
céc cong trinh khac nhau trong tai liéu, bao gdm phan loai cac van d¢ an ninh va riéng
tu dua trén khic phuc cudc tin cong. Danh gia ciing cung cAp mot phuong phéap k¥
thuat va miéu ta nhu cau vé cac k¥ thudt thich tng tot hon dé dap tmg cac mbi de doa
va 16 hong lién quan dén cloud. Qua téng hop cac nghién ctru va cac cong, khong co
su nhat quan trong viéc thiét ké va trién khai cic bién phap bao mat dam may hiéu
qua, diéu nay c6 nghia 1a viéc trién khai an toan va riéng tu chua that sy ddy du. Hon
nita, cac mo hinh dam may cho bao vé quyén riéng tu khong tip trung vao ngudi
dung, khong tao ra tinh linh hoat va quan 1y kiém soat d6i vdi cac giao thirc an toan
mang hodc riéng tu trén mang, duy tri dir li€u nhay cam cua nguoi dung.

Mot nghién ciru tong hop khac ciia nhom tac gia Belen Bermejo [81], da tom
tat cac nghién ctru vé su bén vimng cua ha ting ddm mady, canh (edge), swong mu (fog)
va [oT su dung tri tué nhan tao. Nghién clru xac dinh rﬁng hoc may va hoc sdu la cac
k¥ thut phd bién nhit trong cac tng dung sir dung ddm may (cloud) /canh (edge)
/ToT, tap trung vao tiéu thu ning luong va hiéu suit. Tuy nhién, cac giai phap cai
thién su bén viing chua téng quat va c6 su thiéu can bang giira tinh toan ven, trach
nhiém va quyén riéng tu. Bai viét c6 thé giup cac nha nghién ciru tao ra kién thirc méi
va cung cap can clr cho nghién ciru tiép theo trong linh vuc Al va su bén viing trong
dam may (cloud) /canh (edge)/IoT. Cong viéc twong lai c6 thé tap trung vao viéc ap
dung tri tu€ nhan tao dé cai thién sy bén viing cua moi truong ddm may (cloud) /canh
(edge)/ToT. Can tiép tuc danh gia cac ky vong va tién bd cia tri tué nhan tao trong
viéc nghién ctru sy bén vitng cua cac hé sinh thai nay.

Gan day, tac gia Hazzaa N. Alshareef [82] d3 cong bd nghién ctru khao sat vé
su phat trién hién tai, thach thirc va xu hudng twong lai trong dién todn dam may. Bai
bao cho rang dién toan dam may 1a mot cong nghé phat trién cuc ky nhanh chong
trong linh vuc dién toan. C6 mot s6 loi ich khi ap dung dién toan dam may, chfmg
han nhu kha nang truy cap moi lic moi noi, pham vi dia Iy hiéu qua hon, hiéu qua vé
thoi gian cao hon va giam chi phi co s& ha ting. Tuy nhién, ciing c6 nhiing tré ngai
khi p dung dién toan ¢dam may, chang han nhu thiéu chuyén mén va tai nguyén, quan

1y dich vu dam may, quyén riéng tu, va nhu cau bao mat dir liéu. Phan 16n cac dich
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vu lién quan dén co s& ha ting cua dam may luu trir, bao gdm tai nguyén luu trit va
dién toan, t6n tai trong cc trung tam dir liéu. Viéc luu trir cac ing dung trong dam
mAy clia mot nha cung cap duy nhat dugc coi la don gian va mang lai nhiéu loi ich
khac nhau. Tuy nhién, c6 vo sb rui ro va thach thire lién quan dén dién toan dam may.
Quyén riéng tu, bao mat thong tin va tinh toan ven dit liéu nim trong sb nay. Cac xu
hudéng va két qua tir tai liéu cho thiy rang dién toan ddm may van dang ndi 1én va cac
cong nghé lién quan méi dang duoc phat trién dé ddi pho véi nhiing thach thic hién
c6. Viéc sir dung Al trong dién toan ddm may c6 thé giam thiéu mét sb rui ro va cung
cAp giai phap cho cac van dé chua duogc giai quyét trude day.

Qua dich bénh COVID-19, moi ngudi phu thudc vao cac rng dung dién toan
dam may va cong nghé khac. Do do, trong nghién ctru ciia Shajunyi Zhaova cong su
[83], d4 nghién ctru vai tro cia tra tién khi st dung (pay-as-go) va dién toan dam may
tai thoi diém xay ra dai dich. Nhom tac gia da thu thap, tom tit va danh gia bai bao
khoa hoc vé dién toan ddm may trong sudt dot bung phét bung phat tir nim 2020 dén
thang 4 nam 2022. Nhom tac gia cling da sir dung mot phuong phép danh gia dugc
xéc dinh trudc dé kiém tra cac bo dir liéu dién tir thuong dugc biét dén. Cac tir khoa
da dugce str dung dé tim kiém tt ca cac n phdm duoc két ndi voi chu dé nay. 18 bai
bao da dugc chon cho bai khao sat nay sau khi tuan thi nghi€ém ngat phuong phap
liya chon nghién ctru. Bai bao danh gia niy cung cap cac két qua va phuong phap luan
hién dai nhat vé dién toan dam may trong subt thoi ky dich bénh, vach ra céac 16 héng
nghién ctru va dua ra phuong hudng cho cac nghién ciru trong tuong lai. Két qua cho
thiy dién toan dam may dong mot vai tro quan trong trong viée giai quyét va lam

giam cac tac dung phu trong céc tinh hudng quan trong nhu dich coronavirus.

Dién toan dam may xanh (Green Cloud Computing)

Dién toan dam may 1a mot linh vuc dang phét trién nhanh chéng véi nhidu tmg
dung khac nhau cung cap kha ning mo rong, do tin cay va hiéu suit cao véi chi phi
thip. N6 c6 kha ning gop phan bao vé mdi trudng bang cach cai thién hiéu qua sir
dung ning luong, giam lugng khi thai carbon va giam thiéu chét thai dién tir, do d6
chuyén d6i n6 thanh dién toan ddm may xanh. Khao sat vao 2017 ciia Laura-Diana
Radu [84] cung cép cai nhin tong quan vé dién todn dam mdy, néu bat nhing tién bo

tinh dén 2017, gidi quyét cac van dé vé moi truong va dua ra cac hudng nghién ctru
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trong tuwong lai, dong vai tro 1a tai liéu tham khao hién tai cho nghién ctru dién toan
dam may xanh. Dé giai quyét cac tac dong tiéu cuc cua dién toan dam may dbi véi
moi truong, cac nha cung cip dich vy dang kham pha cac cong nghé nhu quan 1y
nang luong, 4o hoa va dién toan hiéu nang cao dé gidm muc tiéu thy dién va nudc,
yéu cau phan ctng vat Iy va luong khi thai carbon. Bio cdo phan tich ciia Archarna
Patil va cong su [85] vao 2019, dd cung cip mot cai nhin téng quan chi tiét vé& dién
toan d4am may xanh, bao gdm nhirng thanh tiru trong qué khir, xu hudng hién tai va
nhirng thach thirc nghién ciru trong twong lai, dong vai tro 1a ngudn tai nguyén quy
gia cho cac nha nghién ciru quan tdm dén viéc hiéu va giai quyét cac khia canh moi
truong cua dién todn dam may.

Nam 2022, theo két qua nghién ctru ctia nhom tac gia Nesma Abd El-Mawla
va cOng su [86] dd xac dinh dugc cac yéu td sau ddy ma cac nha cung cap dich vu
dam may va ngudi tiéu ding nén xem xét néu dién toan dam may co tac dong tich
cuc dén moi trudng. Mot bai viét cia J Sylvia Gracel va G Meeragandhi [87] da thao
luan vé hoat dong cua cac cong ty CNTT xanh hon, than thién véi méi truong va
giam lugng khi thai carbon & chi phi van chuyén. Pién toan dam may xanh nham
muc dich giam tac dong méi trudng ciia may tinh bang cach giam chit gay 6 nhiém
trong khi quyén, nude va dit. Phan ndy ciing xem xét lugng khi thai carbon ctia mot
nguoi cling nhu tadc dong carbon cua trung tdm dién todn ddm may.

Trong bai bao khao sat cua Avita Katal [88] va cong su vao 2023 , viéc st
dung niang luong ngdy cang ting cua cac trung tim dit liéu do nhirng tién bo trong
cong nghé may chi va nhu cau ngay cang ting vé sitc manh xir Iy doi hoi phai phat
trién cac giai phap phan mém dé giam muc tiéu thy dién ning. Bai bao ndy xem xét
cac phuong phap khac nhau, bao gdbm a0 hoa phan mém, 40 héa hé diéu hanh, phuong
phap luan va cac yéu té méi truong dé giam thiéu mirc tiéu thy dién ning cia trung
tam dir liéu. TAm quan trong ciia container hoa trong viéc giam mirc sir dung ning
luong duroc nhan manh va céac thach thirc nghién ctru trong twong lai, chang han nhur
k¥ thuat di chuyén va sip xép container hiéu qua, duoc xac dinh dé xay dung trung
tam dit liéu bén vimg. Tt ¥ tudng do, Jason M. Pittman va Shaho Alaee [89] da dé
xuét thuat toan lap lich xanh cho honeynet trén moi truong dam may. Cac doanh
nghi¢p hién dai tdn dung kién triic dam may dé dat duge cac dich vu cong nghé linh

hoat va tiét kiém chi phi. Lam nhu vay phai tra gia bing méi truong mic du cac cong
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nghé dam may ti€éu thu mét lwong 16n nang lwong. Ti€u thu nang luong dam may cé
lién quan dén xu hudng khi hdu toan cau va trit lugng nhién li¢u hoa thach dang can
kiét. Do d6, ngudi ta ngdy cang chu ¥ dén dién toan ddm may xanh va bén viing,
nham tim cach tdi vu héa viéc phan bo tai nguyén mdy tinh va sir dung cac hé thong
va dich vu 4o hoa. Pong thoi, tién trinh huéng t6i cong nghé ddm may xanh va bén
vitng bi can trd vi cang nhiéu doanh nghiép trién khai dich vu vao kién tric dam may,
cac mdi de doa an ninh mang theo sau. That khong may, cac cong nghé an ninh mang
duoc tdi wu hoa dé phuc vu tdi da Overwatch ma khong quan tim dén tai nguyén may
tinh va ning lugng. Diéu nay phi nhén viée giam ning luong dat duoc nhig tién bo
cong nghé bén virng gan diy. Nhom tac gia di dé xuit mot thudt toan 1ap lich trinh
honeynet an ninh mang téng quat dwgc dé xuét, trong d6 chi phi ning luong, CPU va
mang dugc van hanh dé tang tinh bén virng trong khi can bang cac co ché phong thu.

Nghién ctru dugc mo ta ca dudi dang toan hoc cho thuat toan va ma gia.

Dién todan canh (Edge) va dién toan swong mu (Fog)

Bai bao cua Jorge Pérez va cong su [90] Iam r6 y nghia cua "tinh toan canh"
bang cach phat trién mot 1y thuyét toan dién dya trén nghién ctru dinh tinh va phong
van cac chuyén gia trong nganh. Ly thuyét xac dinh cac cau trac va dé xuat chinh xac
dinh céac khia canh trung tim ctia dién toan bién, phii hop v6i nganh va tiéu chuan
ISO/IEC TR 30164. Nghién ctru néu bat nhitng loi ich mong do¢i cua dién todn bién,
chfmg han nhu gidm murc tiéu thu tai nguyén, cai thién bao mat va hi¢u suét, nhu cling
nhu nhiing thach thirc chung, bao gém xay dyng h¢ théng phtrc tap, do tin cay, hiéu
sut tinh toan va cac van dé luu trit trong méi trudng IoT.

Trong bai nghién ctru khdo sat cua Gustavo Caiza va cong su [91], sy gia tdng
ctia cac thiét bi dugc két ndi véi IoT tao ra mot lugng 16n dir licu, déng nghia véi mot
thach thire d6i v6i co sé ha ting hién tai va cac ing dung cong nghiép vi chiing khong
thé xtr Iy dir liéu mot cach hiéu qua. Pé giai quyét nhitng van dé nay, mot cong nghé
méi c6 tén Fog Computing (FC) xudt hién, nhur mot phan mo rong cua dién toan dam
may dé cung cAp cac nén tang nho tai cac nat swong mu, theo cach nay dan dén cac
tai nguyén tinh toan va tmg dung gan hon véi nguoi ding cudi. FC 1a mot linh vuc
mo cho su phat trién cta cac nghién ciru va Gmg dung & cap do cong nghiép dé cai

thién va giai quyét cac van dé hién tai. Mot dé xuat cho cac nghién ctru trong tuong



46

lai 1a su phat trién ciia FC theo IEC- 61499 s& cung cap cac dic diém vé tinh di dong,
kha ning tuong tac va ciu hinh lai cac tng dung danh riéng cho tiéu chuén.

Theo Mohammed Al Masarweh va cong su [92], v&i su phat trién nhanh chong
cua céc tng dung 10T va nhiing thach thtrc lién quan cua ching, dién todn suong mu
d4 ndi 1én nhu mot giai phap bang cach xir Iy va luu trit dit lidu cuc b giira cac thiét
bi IoT. Tuy nhién, khi dit liéu nhay cam yéu ciu thdi gian phan hoi nhanh tir dam
mAy, bai bao dé xuit mot hé théng co tén DCMB dép tng cac yéu cau SLA cua IoT,
dat duoc thoi gian xir 1y ngén hon so voi cac hé théng dam may truyén thong va giam
cac cong viéc bi tir chdi, mic du tha nghiém thém voi $6 lugng cong viéc 16n hon 1a
can thiét dé danh gia kha ning st dung va hiéu suat cia nd. Mot nghién ctru cia
Deok-Kee Choi vé& FC [93], cho riang cac hé théng san xuat thong minh dua trén dién
toan ddm may phai d6i mit véi nhing thach thirc nhu do tré cao va muc st dung bing
thong do lwong 16n dit lidu do cac thiét bi IoT tao ra. Dé giai quyét nhirng thach thirc
nay, tac gia da dé xuat mot phuong phéap dién toan suong mu sir dung thuat toan hoc
may dé tao ra mo hinh vat 1y khong gian mang ciia hé thong quat, dat dugc kha ning
giam sat chinh xac trang thai cua quat theo thoi gian thuc voi do chinh xac khoang
98% bang thuat toan BOSSVS. Quy trinh cong viéc nay c6 kha ning duoc ap dung
cho céc thiét bi IoT khac nhau trong cac hé thong san xuat thong minh. Theo Sukhpal
Singh Gill [94], viéc sur dung cac ing dung [oT dang ting 1€n ting ngay va tao ra
nhiéu dir liéu trong vai gidy. Nén tang dam may hiéu qua trong viéc quan 1y dit liéu
mot cach linh hoat nhung cac ing dung IoT méi nhét can xir 1y dit lidu voi do tré va
thoi gian phan hoi téi thiéu. Trong chuong ndy, mot ban tuyén ngon cho cac hé thong
dién toan bién va swong mu hién dai dugc trinh bay dé danh gia nghién cru dang dién
ra trong linh vyc nay. Ngoai ra, loai kién tric va ung dung cho dién toan bién va
swong mu dugc trinh bay. Cubi ciing, cac co hdi nghién ciru va hudng di day hia hen
trong tuong lai duoc nhan manh.

Mot nghién ctru khdo sat cia nhém tac gia Sundas Iftikhar [95] vao 2023, da
tap trung vao viéc sir dung hoc may va tri tué nhan tao (AI) dé giai quyét cac thach
thirc vé quan 1y tai nguyén trong moi trudng dién toan canh (Edge) va dién toan suong
mu (Fog). Nghién ctru néu bat xu hudng ngay cang tang ctia viéc st dung cac phuong
phép dua trén Al dé khic phuc nhitng han ché ctia phuong phap tiép can phong doan

truyén thong, dwa ra cac quyét dinh quan 1y tai nguyén chinh xac véi chi phi thoi gian
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thép hon va chit lugng dich vu dugc cai thién. Cac tinh huéng va ung dung khac
nhau, tir cham séc strc khoe dén giao thong thong minh, da duoc huong loi tir cac k§
thuat t6i ru héa dua trén Al va c6 tiém nang t6i wu hoa hon nira bang cach str dung
cac vi dich vu va kién trac khong c6 may cha. Tuy nhién, déanh gia ciing x4c dinh sy
can thiét cia mot khung t6i wu hoa toan dién dya trén AI dé bao quat toan bd quy
trinh quan ly tai nguyén trong dién toan canh va dién toan swong mu.

Mot nghién ctru ciia Pankaj Sharma [96], da trinh bay mot thuét toan thong
qua so dd hiéu qua dé tdi wu hoa dudng dan chi phi tbt nhat bang cach str dung phuong
phap Vi tri nit goc dén cung véi t6i wu hoa ong hat méi va ciing xtr Iy Kha ning chiu
16i (fault Tolerance) ciia may chu truc tiép bang cach sao chép cac hoat dong cia may
chu va kiém tra tré khi dong bo héa noé voi may chu proxy. Luge dd duge dé xuit
giam thiéu mirc str dung mang 14 618.020 dé giam chi phi thuc hién dam may swong
mu 81.900 d6 la. Ngoai ra, cac thiét bi cho thay thong lugng cao nhat 1a 93% cho
Devive ID 3 véi thoi gian phan hdi 62%, hidu sudt 94%, tinh kha dung 97% va do
tin cay 85% . Voi két qua thuc nghiém, cac so dd duogc dé xuat cung cép hiéu suét tt
hon so v&i khung lai CRBM. Trong tuong lai, cac vi tri dich vu swong mu c6 thé dugc
nghién ciru dé nang cao viée sir dung tai nguyén va hiéu qua ning luong cua céc thiét
bj cam bién swong mu va ciing s& dugc danh gia dira trén quan diém bao mat va quyén
riéng tu.

Mobile Edge Computing - MEC

Theo nhém tac gia Gwanggil Jeon [97], su phét trién nhanh chong ctia Internet
van vat (IoT) va khdi lugng dir liéu ngdy cang ting do cac thiét bj IoT tao ra di tao
ra nhirng thach thic d6i véi cac giai phap IoT dwa trén dam mAy, dic biét 1a vé kha
nang cung cap dich vu theo thoi gian thuc, quyén riéng tu va hiéu suat. Dé giai quyét
nhing thach thirc nay, khai niém dién toan canh (edge) da xuét hién, cho phép xir ly
va luu trir dir liéu duogce thuc hién gﬁn hon véi céc thiét bi cia nguoi dung cudi, giam
thiéu céac han ché vé bang thong mang va cac van dé vé d6 tré. Bién toan canh di dong
(mobile edge computing - MEC) 1a mét kién triic mang mang kha ning dién toan dam
mAy dén bién mang di dong, cho phép hiéu suat ing dung tét hon va giam tic nghén
mang. MEC duoc coi 1a mot chii dé nghién ctru quan trong dé xu 1y cac van dé dir

lidu 16n phtc tap, vi nd cung cap cac giai phap hiéu qua cho cac thach thirc luu trit va
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xtr Iy dit liéu quy mé 16n do cac cong nghé nhu IoT, phuong tién truyén thong x3 hoi
va giao tiép giita may voi may dit ra.

Theo Kai Peng va cong su [98], thanh phd thong minh d3 thu hut duoc sy quan
tdm ngay cang ting tlr ca gidi hoc thuat va nganh cong nghiép c6 tiém nang cai thién
murc sdng ciia con ngudi. Mot thanh phd thong minh bao gdm mét sé lwong 16n cac
thiét bi thong minh dang tao ra mot lugng 16n dit li€u va cac ing dung mdi ndi moi
lac. Tuy nhién, kha ning tinh toan cta cac thiét bj thong minh con han ché. May mén
thay, su xuat hién cia MEC c6 thé giai quyét van dé trén. Tuy nhién, tai nguyén cia
cac may chu bién trong MEC bi han ché va kha ning ctia cac may chu bién khong
ddng nhat. Diéu quan trong 13 phai cai thién mirc st dung tai nguyén trung binh cia
tat ca cac may chu canh va duy tri dong thoi cin bang tai cia cum may chu bién. Mit
khéc, kha nhiéu tmg dung nhay cam véi do tré, can phai dam bao tinh bao mat ctua
cac ung dung nay. Nhom tac gia xem xét viée tdi wu hoa chung thiét bi di dong va
may chu bién trong thanh phé thong minh hd trg MEC, cai thién hiéu suét tong thé
ctia hé thong. Vé mat k¥ thuat, mot phuong phap giam tai tinh toan da muc tiéu méi
duoc trién khai dé giam muc tiéu thu thoi gian, tiéu thu ning lwong va duy tri can
bang tai cia cac may chi bién, ciing nhu ting muc sir dung tai nguyén trung binh cua
cac may chu bién trong khi dap (mg han ché vé thoi han cua cac tng dung nhay cam
v6i d6 tré. Pu cac thi nghiém da duoc tién hanh dé chimg minh tinh hi¢u qua va tinh
vu viét ctia phuong phap dé xuit ctia ching t6i trong cac tinh hudng khac nhau. Mot
nghién ctru cua nhém tac gia Tarik Taleb [99], gidi thi¢u mdt so dd tan dung dién
toan canh di dong (MEC) dé nang cao Chat luong dich vu (QoS) va trai nghiém nguoi
dung trong truyén phat video, dic biét 1a trong bdi canh thanh phd thong minh.
Phuong phap dugc dé xuét, duge goi 1a "Follow-me-Edge", cho phép cac tng dung
va dich vu tu dong thich tng véi tinh di dong ctia ngudi ding, dam bao Chat luong
trai nghiém (QoE) ti wu va giam do6 tré. Bang cach 4p dung so do nay, bai bao nhan
manh tiém nang ctia kién tric MEC thong minh dé giam dang ké Iuu lugng mang 13i

va dat dugc do tré cuc ngin, giai quyét cic yéu cau cia hé thong di dong 5G sip toi.

Function as a Service - Faa$
Theo bai viét cia Marcello Cinque [100], cac cong nghé 4o hoa, thudng duoc st dung

trong cai dit dam may, dang duoc 4p dung trong cac tinh hudng cong nghiép dé hop
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nhat nhiéu Gng dung trén ciing mot phan cimg, giam kich thude (Size), trong lugng
(Weight), cong suit (Power) va chi phi (Cost), hay con goi 1a SWAP-C, va cho phép
céc hé thdng quan trong hdn hop khac. Ngoai ra, ngay cang c6 nhiéu mdi quan tam
dén viéc ap dung cac giai phap gdc trén dam may, chang han nhu container héa va
dién toan khong co6 may chi, trong méi truong cong nghiép, véi tiém ning cho cac
ung dung Chirc nang dudi dang dich vu (FaaS) theo thoi gian thuc, méac du c6 mét $6
thach thirc can duogc giai quyét dé bién didu nay thanh hién thuc.

Bai viét cia Yasmina Bouizem va cong sy [101], dd d& xudt tich hop phwong
phap tiép can kha ning chiu 18i sao chép chi dong (RR) vao cc nén tang Chirc ning
duéi dang dich vu (FaaS) va so sanh né vé6i sao chép thu dong (AS) va cac co ché thir
lai co ban. Két qua cho thiy phuong phap thir lai khong du dé c6 tinh sén sang cao,
trong khi AS giam thoi gian khoi phuc bang cach cung cip dich vu khi ban sao du
phong phat hién 16i. RR dam bao tinh kha dung cta dich vu mién 1a c6 it nhat mot
ban sao tiép tuc phan hdi ma khong can thay thé ban sao bi 16i. Mé ra huéng nghién
clru trong tuong lai bao gdm kham pha cac phuong phéap tiép can kha ning chiu 16i
khac nhu diém kiém tra va thiét ké hé thong chiu 16i cho FaaS hd trg nhiéu co ché
dua trén loai ung dung va diéu kién hoat dong trong khi dap tng cac yéu cau cua
nguoi dung.

Bai viét ctia Urmil Bhart va cong su [102], gidi thi¢u ReactiveFnJ, mot mo
hinh vii dao cho quy trinh cong viéc Fork-Join trong kién trac khong c6 may chii. M6
hinh nay hudng dén su kién, ST-Safe va tan dung cac tinh niang vé kha ning mé rong
cling nhu kha nang chiu 18i ciia mdi truong khong c6 may chu, giai quyét cac thach
thirc vé gidi han tai nguyén, quan 1y trang thai va kha ning két hop. Nghién ctru ching
minh tinh kha thi ctia viéc sir dung thiét ké khong c6 may chi cho cac quy trinh cong
viéc song song bung nd phirc tap ma khong can dua vao cac dich vu diéu phdi bén
ngoai hodc bd nhd ding chung, cung cip giai phap nén tang doc 1ap véi cac ing dung

tiém nang trong dién toan phan tan quy mé 16n.

2.4.2 CONG TRINH LIEN QUAN CBT THEO HUONG TIEP CAN BEN
TRONG
“Study the effect of parameters to load balancing in cloud computing.” [103]
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Céc tac gia da tién hanh nghién ctru va dé xuét cc giai phap nhim ting cudng
hiéu suét trong linh vuc dién todn dam may, dac biét 1a vé can bﬁng tai va thoi gian
dap ung. Nam 2016, ho da cong bd mot nghién ciru vé cac tham sé anh hudng dén
hiéu qua ctia qua trinh cén bang tai trong moi trudng dién todn dam may (STUDY
THE EFFECT OF PARAMETERS TO LOAD BALANCING IN CLOUD
COMPUTING). Nghién ctru nay diém qua nhiéu phuong phéap cin bang tai khac
nhau, bao gém: (i) cAn bang tai sau khi may chii qué tai; (ii) can bang tai va du doan
tai twong lai dé phan bd tai nguyén; (iii) cai thién cac tham s anh huéng dén can
bang tai trén ddm may. Ngoai ra, nghién ctru cling dé xuit mot sé phwong phap dé tdi

uu hda can bang tai va nang cao hi€u suat hoat dong cua h¢ thong dam may.

“A Load Balancing Game Approach for VM Provision Cloud Computing
Based on Ant Colony Optimization” [104]

Mot nghién ctru khac duoc thuc hién boi tac gia Tran Coéng Hung va ddng
nghiép vao ndm 2017 [104], tap trung vao van dé can bang tai cho cac may 4o trén
moi truong dam may, st dung thuat toan t6i wu hoa dya trén 1y thuyét tro choi va ky
thuat tdi wu hoa dua trén qué trinh tim kiém cua kién (Ant Colony Optimization).
Trong nghién ciru ndy, tic gia dé xuat mot giai phap nhim dam bao can bang cac muc
tiéu quan trong ma cac bén lién quan can, bao gdm ca nha cung cap dich vu va khach
hang ctia ho, dua trén 1y thuyét tro choi. Y tuéng chinh 14 4p dung thuét toan t6i uu
hoa dua trén qua trinh tim kiém cua kién (Ant Colony Optimization - ACO) trong
ngit canh trang thai can bang Nash. Trong qua trinh thyc nghiém, tac gia d sir dung
céc bién thé cia thuat toan ACO, bao gdm Ant System, Ma-Min Ant System, va Ant
Colony System, dé giai quyét bai toan tdi uvu hoa dya trén 1y thuyét tro choi. Két qua
thuc nghiém cho thiy rang viéc sir dung hé sb twong quan giita cac bén lién quan co

thé gitp dat duoc can bang tai trong viéc cung cip may 4o.

“Minimum makespan task scheduling algorithm in cloud computing” [105]
Nam 2016, N. Sasikaladevi thudc truong dai hoc SASTRA cua An Do d3
nghién curu thuat todn lap lich tac vu ti thiéu trong dién todn dam may. Ong chi ra
rang, dién todn dam may cung cap moéi truong kinh doanh manh mé va theo yéu cau.
N6 duoc xay dung trén dinh cua cac trung tdm dit liéu 40 héa. Ao hoa cung cip co s6

ha tﬁng linh hoat cho ddm may. Bai viét nay dé xuit mét co ché 1ap lich tac vu voi
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thoi gian xtr 1y tdi thiéu (Makepan) c6 tén MMSF va thuat toan 1ap lich cac tac vu
makepan t6i thiéu co6 tén 1a MMA. Thuat toan nay dugc phat trién v6i hai muc tidu:
giam thiéu téng sb makepan va tdi da hoa viée st dung may ao. Vin dé 1ap lich tac
vu duoc coi la van dé tdi wu hoa da muc tiéu. N6 duoc giai quyét bﬁng cach su dung
cac ky thuat t6i wu hoa. Két qua thuc nghiém cho théy MMA vuot troi hon cac thuat
toan 1ap lich tac vu truyén théng dua trén tong makespan va tong muc sir dung may
ao0.

Makespan 1 tong thdi gian danh cho céc tai nguyén dé hoan thanh viéc thuc
hién tt ca cac nhiém vu. Viéc st dung VM duoc dinh nghia 1a mc do st dung tai
nguyén trong ddm may. Thong thudng, Makespan 1a dé xuat nguoc véi ty 16 sir dung.
Thuét toan 1ap lich hi€u qua s& 1én lich cac tac vu theo cach lam cho makespan dat
mure tdi thiéu va muc sir dung VM 1a tdi da.

MJbi VM chi c6 thé xir Iy mot nhiém vu tai mot thoi diém. Khong c6 hai VM
xur ly cung mQt nhiém vy tai mot thoi diém. Nhiém vu duoc coi la tién gia. TAt ca cac
nhiém vu déu c6 tim quan trong nhu nhau. Muyc dich 1a dé giam thiéu makepan va
tang ty 1€ st dung may ao.

Trong bai bao ndy, tdc gia dua ra khung lap lich Makespan t6i thiéu —
Minimum Makespan Scheduling Framework (MMSF) va thuét toan 14p lich t6i thiéu
— Minimum Makespan Scheduling Algorithm (MMA).

Vién dé chinh trong dién toan dam may 1a st dung it tai nguyén. Do d6, toi da
hoa viée sir dung tai nguyén dong thoi giam t6i thiéu Makespan 13 nhiém vu day thach
thire. Khung 1ap lich téi thiéu trong bai viét nay dugc dé xuat va né dugc hién thi

trong hinh.
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Hinh 2. 5 Khung Igp lich Makespan t6i thiéu — Minimum Makespan Scheduling
Framework (MMSF) [105]

Khi nhén céac tac vu tir nguoi dung khac nhau, cac tac vu dugc gilr trong hang
doi tac vu. Cac nhiém vu dugc coi 1a mot nhiém vu doc 1ap va uu tién nhu nhau. S6
lugng tac vu la n, ) luong may 4o 1a m. Cac nhiém vu cua n dugc 1én lich trén céac
may 40 v6i toe do téi thiéu va tée do st dung tai nguyén tbi thicu.

May 4o c6 san dugc phan bd véi cac nhiém vu cho don vi thoi gian. Mot thuat
toan MMA duoc st dung dé s dung tat ca cac VM mot cach hiéu qua. Tat ca cac
VM dang hoat dong va cac tac vu duoc thuc thi boi m VM song song. Thuat toan nay
lam giam tong s makepan bang cach phan bd hiéu qua cac tac vu cho tat ca cac VM.
Do phurc tap thoi gian cia thuat toan MMA 1a (log (n)).

Véi cac két qua kha quan ma bai bao dem lai, bai bao giup cho luan an nay
dinh huéng tot va mé ra nhiéu trién vong trong viéc nang cao hiéu ning va tinh chinh
xac cua thudt toan ldy Makespan 1am yéu t xir 1y. Con rat nhiéu hudng di va cach xir

ly dé nang cao chat luong cin bang tai trén cloud véi yéu tb Makespan.

“Time Efficient Dynamic Threshold-based load balancing technique for
cloud computing” [106]

Niam 2017, nhom tac gia da chi ra rang, dién toan dam may hd tro cac may ao
(VM) dé luu trit nhiéu tng dung cung mdt lic. Viée can bang sé lugng 16n cac ting
dung trong mdi trudng ddm may khong dong nhat trd nén khé khan khi 1ap lich trinh
40 hoa diéu khién tit ca cac may 4o. Khi bd 1ap lich phan bd céc tac vu cho cac VM

bi qua tai, hi€u nang cua hé thong ddm may s€ gidm. Trong bai bao nay, nhém tac gia
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trinh bay mot cach tiép cn can bang tai méi dé td chirc cac tai nguyén 4o hoa cua
trung tam dir liéu mot cach hiéu qua. Theo cach tiép can nay, tai cho VM ting 1én va
giam theo kha ning tai nguyén cia VM. Dé 4n dé xuét giam thicu téi da hoa hé thong,
t6i da hoa viéc str dung tai nguyén va giam murc tiéu thu ning lugng chung. Céch tiép
can nay di giam thoi gian chd doi so véi cac phuong phap hién c6 va t6i wu hoa
makespan cua tai nguyén dam may.

Trén dién toan dam may thong thuong s& bao gdm mdot s trung tim dir lidu
va moi trung tAm dit liéu ndy s& co s lwong may chi khac nhau. Nguoi ding trén
cloud s€ gui cac yéu cAu thyuc hién cac tac vu cta ho cho nha cung cép dich vu dam
mAay (CSP). Trung tdm dit liéu (13 tai nguyén dam may) va yéu cdu cua ngudi ding
thuong sé khong dong nhit v6i nhau. CSP phan b cac yéu cau ngudi dung da gui
cho mot s luong hiru han cac VM. K¥ thuét nay trinh bay mot khia canh 4o hoéa ctua
tai nguyén vat 1y duoc ap dung dé khai tao cac may 4o. Viée phan phdi cac tai khong
ddng déu cho cac may ao khong hop 1y s& lam giam hi¢u nang cua hé théng dam may.
Nhom téc gia da dua ra gi6i han trong ty 1é sir dung bang cach sir dung céac so dd can
bang tai cho cac tai nguyén trong hé théng dam mAay. Gi6i han ty 1& nay chinh 1a
ngudng cho phép (trén hodc dudi) cia may dé thue hién mot tac vu hodc tip hop céac
tac vu. Trong moi trudng dam mady, cac tinh ning cin bang tai khac nhau dang ké;
muc tiéu chinh 13 phan phdi tat ca cac yéu cau dich vu ngudi dung (tac vu) trong mot
tap hop hiru han cic may chu hodc tai nguyén dam méy. Muyc dich cudi ciing ctia can
bang tai 1a tang tc do thuc thi cac tmg dung trong khi khéi lugng cong viée thay doi
linh hoat.

Trong bai bao nay, muc tiéu chinh 1a giam thiéu makepan. Makespan 1a thoi
gian can thiét dé hoan thanh viéc thyc hién tat ca cac tac vu dau vao cia hé thong.
Trong qué trinh thyc thi tc vy, thudt toan dé xuat cua nhom tac gia chuyén mot sd
tac vu chon loc cua VM bi qua tai sang cac VM dugc tai dudi muc thich hop. Tét ca
cac VM dang chay song song va mdi VM chay trén cac tai nguyén riéng ctia no.

Trong thuat toAn DLBA, nhém tac gid uu tién cao hon cho tac vu c6 d6 dai
cao hon vai thoi han thép hon, vi vay, tdc vu dugc luu trit trong hang doi Max-Heap
dugc ky hi¢u la T. TAt ca cac VM hoat dong dang chay trong mdt trung tam dir liéu
cling dugc luu trir trong hang doi Max-Heap dugc ky hi¢u 1a V. Cac budc cua thuat

toan:
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- Budc 1: phan bd nhiém vu ban dau cho VM phu hop c6 sin, & ddy muc dich
chinh 14 c4n bang tai. Trong budc nay, cic tic gia tinh tong tai trong mot trung tim
dir liéu, tinh téng cong suét cia mot trung tam dir liu.

- Budc 2: sir dung dé can bang tai, muc dich 1a phan bo tai nguyén cho nhiém
vu theo cach ma khong c6 VM nao bi qua tdi. Trude khi giao nhiém vu cho VM,
chung t6i dam bao do tac vu ndy, VM nay khong thé bi qué tai. Tinh tong sb tac vu
c6 san trong hang doi tac vu cho cac dich vu. Ngudng () ctia mdi VM duogc tinh mot
cach linh hoat. Néu VM thtr j c¢6 kha ning phu hop nhit dé thyc hién nhiém vu dé thi
DLBA s& giao nhiém vu d6 cho VM d6 véi su tro gitp cia chién lugc pht hop nhét.
Diéu nay lap di lip lai cho dén khi nhiém vy dé s& khong tim thdy VM phu hop. Gia
str mot s6 tac vu khong thé tim thiy dé phu hop vé6i bt ky VM thich hop nao cho dén
thoi diém d6, nd s& nim trong hang doi tac vu. Trong qua trinh thyc thi tac vu, thuat
toan DLBA c6 thé di chuyén mdt sb tac vu chon loc dé cung cép dich vu cho tac vu
uu tién cao.

- Budce 3: sir dung dé di chuyén tac vu khi tdc vy uu tién cao méi dang cho
thuc thi. Sau do, thuat toan DLBA sé di chuyén muc uu tién thép cua tac vu tur hang
doi VM tuong g sang T va tao co hdi cho nhiém vu uu tién cao. Trong thuat toan
nay, nhom tac gia thuc hién di chuyén tac vu thay vi di chuyén VM. Vi viy, no s&
giam thoi gian cho trung binh (Average WTT).

Sau khi thyc nghiém va két qué thuc nghiém cua bai bdo da cho thuat toan
DLBA dé xuét 14 phuong phap can bang tai dong tu nhién, xem xét t6i cac dap tng
hién thoi va cac bién cta nd dé quyét dinh phan bd cac yéu cau mai. Thuat toan da
han ché va loai bo dugc nhimg phan thong tin khong can thiét giita cin bang tai va
céc may 4o, bang cach khong kiém soat ngudng clia cac ngudn tai nguyén. Tuy nhién,
thuat toan s€ khong hi¢u qua khi cac ngudng khong chinh xac hoac khong phu hop.
bé nang cao chét lugng thuat toan, thi viéc phat trién cac cach tinh toan ngudng phu
hop va co ché thay d6i ngudng sao cho hop 1y, md ra nhidu thach thirc va hudng di

mai dé nghién ciru. Pay 1a nén tdng vitng chac dé luan an nay hudng toi va phat trién.

“An Efficient Load Balancing Scheme for Cloud Computing” [107]
Nam 2017, Atyaf Dhari va Khaldun I.Arif ctia An Do di dé xudt thuét toan
quyét dinh can bang tai Load Balancing Decision Algorithm (LBDA) dé quéan 1y va



55

can bang tai giita cac mdy 4o trong trung tdm dir lidu cling véi viée giam thoi gian
hoan thanh (Makespan) va thoi gian dap tng.

Trong mdi trudng dién toan dam may c6 nhiéu trung tam dir liéu bao gém céc
tai nguyén khong dong nhat 1a cac may chi va may 4o (VM). Cac may chu va VM
c6 thé c¢6 cac ciu hinh khac nhau nhu kich thude bd nhé, bang théng, dung luong luu
trlr va kha nang xu 1y.

Nhom téc gia da thiét 1ap cac may o 1a VM {VM,, VMz, VM;, ..., VMn}.
M3di VM c¢6 cac tham sb khac nhau nhu trang thai VM va tdc do tinh bﬁng tri€u 1énh
mdi gidy (MIPS). Tét ca cac may 4o khong bi gian doan, khong phong ngira va doc
lap. Céc tac vu 1a doc 1ap {T1, T2, Ts, ..., Tn}. Mdi tic vu c6 cac thudc tinh khac nhau
nhu id, d6 dai, thoi gian bat ddu va thoi gian két thic.

Céc tac vu duogc giri cho nha moéi gidgi, nha moi gidi xac dinh VM phu hop dua
trén mot s6 nhiém vu duoc glri nhu minh hoa trong hinh va mdi VM thay dobi qua cac

trang thai: Dudi tai, Can bang, Can bang cao, Qua tai.

BROKER

Ngwei dung Kiém tra VM Trang thai VM

A

"' v -

Tac vu I
[con g oo
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Hinh 2. 6 So' dé dé xuit LBDA [107]

Trinh 1ap lich: Nguodi dung s€ gui Cloudlet List, danh sach doc 1ap cua
Cloudlet lam du vao cho bé 1ap lich nhap yéu cau dé can bang. Can bang: N6 gan
nhiém vu cho VM phu hgp dugc xéc dinh tir d6 gan nhiém vu cho VM duya trén thong
tin duoc thu thdp. VMCheck: Kiém tra trang thai VM bang cach so sanh dung luong
ciia VM véi tai VM bang ba loai ngudng: ngudng trén, ngudng cin bang va ngudng
dudi.

Dung luong cua VM (Cym) duoc tinh toan dya trén cong thire:
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Cvm = Penum * Pemips
Trong d6, Penumis dugc dinh nghia 13 mot s6 phan tir xtr Iy duoc phan bod
trong VM. Pemips 14 s6 luong triéu hudng din mdi gidy. Tai VM (VMiead) ma no s&

>L,
j=1

dugc tinh toan dua trén cong thirc: VM, =+

n

Trong d6, TL dé cap dén d6 dai nhiém vu. Ba ngudng dugc chon dua trén quy
trinh trude d6, TUL gidi han trén ngudng dau tién, d6 13 = 0.9, ngudng thir hai cho
Fair Limited (TFL), d6 la = 0.8 va nguong thir ba cho Lower Limited (TLL), d6 1a =

0.2, nhu dugc minh hoa trong hinh

Kiém tra May Ao

AAAA

A 4

L 2 S B e T PP PP ET

s § Y.
Quyét dinh May Ao

--X

May ao tai dwdi mirc cb

A 4

May o tai can bang

May 4o tai can bang cao

A 4

May 4o qua tai

Hinh 2. 7 Trang thai may do [107]
Giai doan 1. VMioadi <= Cvmi * TLL sau do trang thai VM duoc gén nhan la
Dudéi tai.
Giai doan 2. VMiadi > Cvmi * TLL va VMieadgi <= Cvmi * TFL sau d6 trang

thai VM duoc gin nhén 1a trang thai Can bang.

Giai doan 3. VMiadi > Cvmi * TFL va VMieadi< = Cymi * TUL sau do6 trang

thai VM duogc gan nhan 1a Can bang cao.
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Giai doan 4. VMloadi > CVMi * TUL sau d6 trang thdi VM duoc gan nhan
1a trang thai Qua tai.

VM Quyét dinh: Viéc lya chon VM phu hop sé& dugc quyét dinh va céc tac gia
tinh dén loi ich cia nguoi dung va nha cung cap, trong d6 viée ting mirc st dung tai

nguyén, can bang tai va thoi gian hoan thanh it hon.

Mot tap hop cac tham sb dang xem x¢ét khi xay dung thudt toan 1ap lich tac vy.
Céc tham sb nay dong vai trd quan trong dé tiang hi¢u suat ddm may tong thé.
Makespan: La téng thoi gian hoan thanh cta tit ca cac nhiém vu hang doi VM. Mot
thuat toan 1ap lich t6t ludn cb ging giam makepan xudng murc thap nhét. Thoi gian
dap tmg (RT): cho biét thoi gian ciia qua trinh tim kiém, trong d6 c6 thoi gian dé thuc

hién tac vu trong hé théng dién toan ddm may.

Nhom tac gia da so sanh thuat toan dé xuét véi cac thuat toan Round Robin,
Max-Min va SJF trong ciing mdt moi trudng cau hinh. Két qua mo phong cho thay
thuét toan duogc dé xuit da vuot troi hon tat ca cac truong hop so véi thuat todn Max-
Min, SJF va Round Robin bang cach giam gia tri trung binh, thoi gian phan hdi trung

binh va tong thoi gian thuc hién trong tat ca cic VM.

“A Modern Approach for Load Balancing Using Forest Optimization
Algorithm” [108]

Nam 2018, nhom tac gia da trinh bay mdt cach tiép can hién dai dé can béng
tai bang thuat toan tdi uvu hoa rimg cay.

Theo nhém tac gia, tai trong can bang dong vai tro ning dong trong viée giir
nhip d6 ciia khung Dién toan dam mdy. Bai viét nghién ctru nay dé xuat mot thuat
toan t6i wu hoa rimg dé cin bang tai trong cAu trac dién toan phan tan. Diéu nay phu
thudc vao hanh vi ciia cac cdy trong rimg va sir dung cac chién lugc phat tan hat gidng
dé hop 1y héa makespan (khoang thoi gian dung dé thuc hién du an), gitp cai thién
thoi gian phan hdi trung binh va téng thoi gian thuc hién. Cac két qua mo phong
chtng minh rang thuit toan duogc dé xuét cho két qua tét hon so vé6i cac thuit toan
can bang tai ddi tac cua né.

Phan tan hat giéng 1a cbt 16i cua thuét toan toi wu hoa nay. Mot vai hat roi
xubng gin cdy me va phat trién. Didu ndy dwgc dit tén 14 phan tan hat gidng dia

phuong. Tuy nhién, phan 16n cac hat & rang dugc chuyén hudéng xa hon tir cdy me
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bdi mot sb toan tir dic trung. Theo cach nay, cay phat trién & cac khu vuc khic nhau

A n

cua rung. K¥ thuat nay dugc dat tén 1a " Gieo hat toan cu ".

Nhom tac gia da thuc hién phan tich so sanh cac thuat toan tién hoa nhu GA
va PSO véi thuat toan tdi vu héa Forest (FOA) dé can bang tai. Cac k¥ thuat duoc sir
dung bai cac loai ciy va cay duoc st dung dé tim kiém tdi vu toan cau va dja phuong

ctia ham chure ndng.

—— | Khdi tao mau véi cac Cay co
tudi = 0

Thue hién tao cac phan tt trén
céc Cay ¢ tudi = 0

Khi tao téng thé voi gidi han

dat dwoc de dwa vao chon Iya

Thuc hién tao cac phan tl trén cac
cay duwoc chon, trong tong thé trén

Cap nhat giai phap t6t nhat
trong nhém céc gidi phap cung loai

Dat dén
dieu kién
dirng?

Két thuc
Hinh 2. 8 So dé ciia thudt toan FOA [108]

Két qua mo phong chimg minh rang chwong trinh thuét todan FOA duoc dé
xuit danh bai GA va PSO bang cach giam thiéu thoi gian phan hoi trung binh va tong
thoi gian thuc hién duéi tai trong dang ké. Trong moi truong hop, cac tham s ¢ thé
duoc thay d6i dé hoat dong tt hon trong cac tai thip hon. Trong twong lai, ¢6 thé tim
kiém céc udc tinh phu hop cua cac tham s khung nay dé thuc hién diéu chinh duéi

tai trong 16n, nhe va vira phai.

“Proposed Load Balancing Algorithm To Reduce Response Time And
Processing Time On Cloud Computing” [109]
Niam 2018, nhom tac gia da dé xudt thuat toan Throttled Modified Algorithm
nham t4i vu hoa thoi gian dép ung trén cic may 4o trong dién toan dam may va tbi
uu héa Makespan cua trung tam dir li€éu ddm may.

Trinh ty thuc hién cua thuat toan:
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- Budc 1: Trinh can bang tai Throttled cai tién thyc hién can bing tai bang viéc
cap nhat, duy tri hai bang chi muc:

e Mot bang chira thong tin cac may cha a0 (VM) & trang thai san sang ‘0.
(Available Index).

e Mot bang chira thong tin cdc may chii 4o (VM) & trang thai khong sin sang
‘1’. (Busy Index).

Tai thoi diém bt dau, tat ca cac may chu do (VM) déu duogc cap nhat trong bang
“Available Index” va bang “Busy Index” 1a rong.

- Budce 2: Bo diéu khién trung tam (Data Center Controller) nhan dugc mot
request moi.

- Budc 3: BO diéu khién trung tam (Data Center Controller) truy van dén trinh
can bang tai Throttled cai tién cho phan bo tiép theo.

- Buéc 4: Trinh cin bang tai Throttled cai tién do va giri ID may chu a0 (VM)
tir trén xudng trong bang “Available Index” vé bd diéu khién trung tdm (Data Center
Controller):

e BO diéu khién trung tdm (Data Center Controller) s& guri yéu cau tdi may
chu ao xac dinh boi ID do.

e B diéu khién trung tim (Data Center Controller) thong béo t6i trinh cin
bang tai mot phan bd moi.

e Trinh cin bang tai Throttled cai tién s& cap nhat ID may chu ao (VM) vira
duoc gui d6 vao bang “Busy Index” va chd yéu ciu méi tir Bo diéu khién
trung tam (Data Center Controller).

Truong hop, néu bang “Available Index” réng (tat ca cac VM dang & trang thai
khong san sang).

e Trinh can bang tai Throttled cai tién s& tra gia tri vé 1a -1 cho B diéu khién
trung tam (Data Center Controller).

e B0 diéu khién trung tam (Data Center Controller) sap xép request.

- Budc 5: V& phia may chu a0 (VM) sau khi xtr 1y xong yéu cu va bo diéu
khién trung tam (Data Center Controller) nhan duoc cloudlet phan hdi, n6 s& thong
bao cho trinh can bang tai Throttled cai tién dé trinh cAn bang tai cap nhat lai bang

“Available Index”.
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- Budc 6: Néu c6 nhiéu yéu cAu, bo diéu khién trung tam lap lai Budc 3 va tién
trinh dugc 1ap lai cho dén khi bang “Available Index” rSng.

Vi thuat toan dé xuét trén s& giup viée do tim mdy chu 4o dang sin sang ‘0’
v6i kich thudc bang “Available Index” thay d6i linh dong hon so véi thuat toan
Throttled. Diéu nay giup ting hiéu suat xir Iy cho hé thong.

“MMSIA: Improved Max-Min Scheduling Algorithm for Load Balancing on
Cloud Computing”

Nam 2019, nhom tac gia bai bao nay da dé xuat thuat toan MMSIA nhim cai
tién thuit toan Max-Min ndi tiéng, ning cao hiéu ning cin bang tai trén dam may.
Bai viét nay dé xuit mot thuat toan MMSIA dé cai thién thuét toan lap lich Max-Min,
gitip cai thién thoi gian hoan thanh cac yéu cau bang cach st dung hoc may "da hoc",
bang cach phan nhom céac yéu cau va phan nhém st dung cac may 4o. Sau do, thuat
toan chi dinh cac yéu cau cum 16n nhit cho may ao voi phan tram sir dung it nhét,
diéu nay duogc lap lai khi danh sach yéu cau tréng. Dic biét, thuat toan MMSIA da
cai thién thoi gian hoan thanh. Két qua mo phong cho thiy thuat toan MMSIA dé
xuét di cai thién thoi gian hoan thanh so véi 3 thuat toan: Max-Min, Min-Min va
Roud Robin.

“Look-ahead energy efficient VM allocation approach for data centers” [110]

Nam 2022, Liksen va cong sy dd cong bd nghién ctru vé van dé ning luong
cho cac may 4o. Bai bao tap trung vé hiéu qua nang luong, 1a mot van dé quan trong
dé giam phat thai va lang phi méi trudng. Cung cap tai nguyén hidu qua niang luong
trong moi truong dam may 1a mot van dé day thach thirc vi ban chat ning dong cua
né va céc dic diém khoi lugng cong viéc ung dung da dang. Trong tai li¢u, viéc di
chuyén tryuc tiép cac may ao (VM) giita cac may chu thuong duoc dé xuat dé giam
ti€u thu nang lugng va tdi wu hoa viée sir dung tai nguyén, mac du né di kém véi
nhirng nhuoc diém co ban, chiang han nhu chi phi di chuyén va giam hiéu suat. Viéc
cung cip nang luong hiéu qua dugce dé cap o cip do trung tam dir liéu trong nghién
clru ndy. Bai bao nay dé xuit mot thuat toan quan 1y tai nguyén hiéu qua méi cho céac
trung tAm dit liéu 40 héa nham tdi vu héa sé lwong may chi dé dap tng cac yéu cau
ctia khdi lwong cong viéc dong ma khong can di chuyén. Cach tiép can dugc dé xuit,
duoc dat tén 1a Phan bé VM Hiéu qua Nang lugng Nhin truée (LAA), chira mo-dun

du doan dua trén Holt Winters. Hiéu suét va hiéu suét nang lugng ty 1¢ nghich. Viéc
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danh dbi hiéu suat nang lugng dua trén viéc so sanh dinh ky $6 luong may chu dugc
du doan va dang hoat dong. Dé danh gia thuat toan duoc dé xuat, nhom tac gia thir
nghiém véi cac khdi lugng cong viéc trong thé gidi thuc tir Google Cluster. LAA
duogc so sanh véi cach tiép can tot nhat do CloudSim cung cip dua trén viée di chuyén
may a0 dugc goi 1a Thoi gian di chuyén hdi quy cuc bo-tdi thiéu (LR-MMT). Két qua
thir nghiém cho thiy thuat toan dugc dé xuat gitip giam murc tiéu thu 1én dén 45% dé

hoan thanh mét khéi lugng cong viéc so véi LR-MMT.

2.4.3 CONG TRINH LIEN QUAN CBT THEO HUONG TIEP CAN BEN
NGOAI
“Enhanced Load Balancing Approach to Avoid Deadlocks in Cloud” [111]

Vao nam 2013, tac gia Rashmi K.S. tir An D6 di dé xuat mot giai phap dé cai
thién can bang tai va ngin chin tinh trang deadlock trén cac méi truong dam may
thong qua nghién ciru mang tén "Enhanced Load Balancing Approach to Avoid
Deadlocks in Cloud". V1 tinh phan tan va 4o héa cua moi truong ddm may, c6 kha
ning xdy ra tinh trang deadlock. Tac gia dd phat trién mot thudt toan dé tranh
deadlock. Khi nguoi dung giri yéu cau t6i ddm may, thudt toan nay duogc kich hoat dé
quan 1y va xir 1y tudn tu cac may 4o (VMs). Didu nay dugc thue hién bing cach ting
cuong $6 lugng nhiém vu xur 1y trén dam may dé cai thién hiéu suét va ngan chan tinh

trang deadlock.
Bai bao da dé xuit thuat toan méi dua trén thuit toan co sin:

- Budc 1: bd phan xir Iy cAn bang tai sé tao va duy tri mot bang chi muc
(index) ctia cac may 4o va sb luong yéu cau (request) dang duoc chuyén t6i cac may
40. Ban dau, cac may 4o déu c6 0 yéu cau.

- Budc 2: Khi ¢6 mdt yéu cau méi can dugc phan bo tdi may 4o tir trung
tam diéu khién (Data Center Control), s& doc va phan tich bang chi muc va tim ra
may nao dang it tai nhat. Néu tim ra nhiéu hon 1 mdy thi s& iy may dau tién.

- Budc 3: BO xtr 1y can bang tai s& tra ra ID ctia mac ao cho trung tim
diéu khién biét.

- Budc 4: Trung tAm diéu khién s& giri yéu cau t6i may ao di dugc tim &

trén theo ID
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- Budc 5: Trung tim diéu khién s& théng bao cho bd xtr 1y can bang tai
vé phan b6 nay.

- Budc 6: Bo xur Iy can bang tai s& cap nhat vao bang chi myc cac may
40 va tang chi s6 1én cua may ao.

- Buégc 7: Khi may 4o da két thuc thuc thi xir Iy yéu cau, va trung tim
diéu khién s& nhin dugc thong tin nay tir cloudlet, né s& thong bao cho bd can bang
tai vé viéc chdm dut phan bd téi may 4o.

- Budc 8: BO can béng tai s€ cap nhat lai vao bang chi muyc va giam thu
tu cho may 4o xudng 1 don vi.

- Budc 9: 1ap lai tir budc 2

Nhén thiy viéc thong tin gitra Bo phan can bang tai va trung tim diéu khién
trong viéc cap nhat vao bang chi muyc s& dan téi nhiéu ton kém va chi phi. Vi thé, s&
dan t6i sy cham tré trong viéc phan hdi va xir Iy cac yéu cau. Tuir d6, bai bao nay da

dé xuat ra thuat toan nang cao, sir dung hé thong quan 1y cloud hiéu qua:

- Budc 1: khdi tao cac mdy 4o voi trang thai 0, 1 san sang. Bd quan 1y
cloud (Cloud Manager) ¢ trung tam dir li€u s& thu thap va luu trir maot cAu trac dit liéu
bao gém Job ID, VM ID va trang thai ciia VM.

- Budc 2: Khi c6 hang doi cac yéu cau, bd quan 1y cloud s& phan tich cau
trac dit liéu ciia phan bd dé xac dinh may 4o nao it str dung nhat. Néu s may 1a nhiéu,
thi may a0 nao c6 thoi gian chuyén (hop time) it nhét s& dugc chon.

- Buéc 3: Bo quan 1y cloud s& cap nhat ciu tric dit liéu tu dong ngay sau
khi phan b6 céc request.

- Budce 4: Bo quan 1y cloud s€ giam sat trang thai cia cdc may do dang
c6 tai mot cach tuan tw, néu tim ra may do nao dang qua tai, thi s& chuyén tai cua may
d6 sang may khong tai.

- Bude 5: Ra quyét dinh chon luc may 4o ma it tai dya vao thoi gian
chuyén. May 4o nao c6 thoi gian chuyén nhé nhat s& duoc chon.

- Budc 6: Bo quan 1y cloud sé& cap nhét cau trac dit liéu bang cach diéu
chinh toan bd theo thr tu thoi gian.

- Budc 7: Lap lai tir budce 2.
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Trong thuit toan dugc dé xuat thi Bo quan Iy Cloud phén tich kha ning va tinh
san sang cua cac mdy o trong cung mot thoi diém cac tac vu dua vé, va cap nhat vao

cau tric dir liéu nham gidm céc lang phi so vai thuat todn co san.

“Deadlock Avoidance through Efficient Load Balancing to Control Disaster

in Cloud Environment” [112]

Su tang truong nhanh chong trong linh vuc ddm may dién toan da ting cuong
quan 1y tai nguyén nghiém trong mdi quan tdm. Quan 1y tai nguyén van khéng ddi
van dé trong cac hé théng may tinh. Tai nguyén khong hiéu qua quan 1y s& din dén
Dead Lock va tir d6 tr¢ di dan dén tham hoa. M6t nghién ctru gan day chi ra rang hiéu
qua kinh doanh thap do thiéu tham hoa quan 1y trong mé hinh dién toan. Bai viét nay
trinh bay mot k¥ thuat can béng tai hiéu qua dé kiém soat Tham hoa. Thuat toan diéu
chinh duoc 4p dung dé cn bang tai trong d6 viéc so sanh hiéu ning hé thdng duoc
thuc hién v6i va khong c6 bd can bang tai. Thuét toan diéu chinh 1 duoc trién khai
bang cach st dung cong cu Cloud Analyst. Cac két qua mo phong thu duge mé ta
mot ngudn lyc tot hon chia sé va quan 1y v6i phan (mg tong thé t6i thiéu thoi gian,

thoi gian xtr 1y va thong luong tét hon.

Deadlock Detection for Resource Allocation in Heterogeneous Distributed

Platforms [113]

Trong bai bao nay, chiing t6i nghién ciru phan b tai nguyén & cp co so ha
tang, thay vi nghién ctru cach anh xa tai nguyén vt 1y sang tai nguyén ao dé sir dung
tai nguyén tot hon trong moi truong dién toan dam may. Ching toi dé xuat mot thuat
toan moi dé phan bd tai nguyén cho co sé ha ting, phan bo dong cac mdy o trong s6
cac ung dung dién todn ddm may dua trén phat hién khoa chét thuat toan tiép can va
c6 thé st dung phuong phap ngudng dé tdi vu hoa quyét dinh phan b lai tai nguyén.
Chung t61 da trién khai va thyuc hién thuét toan cua minh dugc dé xuat b?mg cach su
dung trinh gia 1ap CloudSim. Két qua thir nghiém cho thay thuét toan ciia chung toi
c6 thé nhanh chong phat hién ra bé tic va sau d6 giai quyét tinh hudng xap xi cac don

dit hang cudng do trong cac truong hop thyc té.

Detection and Avoidance Deadlock for Resource Allocation in

Heterogeneous Distributed Platforms [114]
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Trong mot nén tang phan tan khong ddng nhét, vin d& 16n duoc phan phdi
giita cac bo xir 1y (chang han nhu giita cic mdy tinh ctia hé théng may tinh phan tan
hodc gita cic may tinh ciia hé théng méy tinh song song, v.v.) dé lam cho no hi¢u
qua va t6n it thoi gian hon thay vi hé thong méy tinh c6 bd xtr Iy don . C6 nhiéu loai
van d& phan bd tai nguyén chung hon nhitng van dé chiing t6i xem xét ¢ day. Trong
bai bao nay, ching t6i trinh bay mdt cach tiép can dé cai thién thuat toan phat hién va
tranh, dé 1én lich cho cac chinh sach cung cép tai nguyén dé phan bd tai nguyén khong
ddng nhat. Ching t6i dé xuat mot thudt toan dé phan bd nhidu tai nguyén cho cac dich

vu canh tranh dang chay trong nén tang may 4o.

Avoid Deadlock Resource Allocation (ADRA) Model V VM-out-of-N PM
[115]

Bai viét nay trinh bay mot phan bd tai nguyén bé tic (ADRA) cho m6 hinh V
VMout-of-N PM vi dién toan ddm may la mot mo hinh dién todn mdi bao gé)m cac
khai niém dién todn, di€n toan phan tan va cac khai niém ti¢n ich. Dién toan dam may
trinh bay mot mo hinh phan bo tai nguyén khac véi luéi hodc hé théng phan tan. Cac
nha cung cip dich vu dam may tu dong mé rong quy mé tai nguyén may tinh do hoa
nhu mét dich vu qua internet. Do s6 luong ngudi dung thay d6i va tai nguyén han
ché, ddm may d& bi bé tic & quy mé rat 1on. Phan bd ngudn lyc va tranh sy bé tic lién
quan la van dé bat nguén tir thiét ké va viéc thuc hién dién toan phan tan, dién toan
ludi. Trong bai bao ndy, mot khai niém méi vé dam may khong gian trong duoc dé
xudt dé tranh bé tic bang cach thu thap tai nguyén mién phi cé sin tir tit ca nguoi
dung dugc phan bb. Cac thuat toan mai duoc phat trién dé phan bo nhiéu tai nguyén
cho cac dich vu canh tranh chay trong cdc may 4o trén nén tang phan tan khong dong
nhat. Mot thir nghiém duoc thir nghiém trong CloudSim. Hiéu suét cia trinh quan ly
nhom tai nguyén dugc danh gia bang cach st dung CloudSim va sir dung tai nguyén
va cho biét két qua tot.

“User-Priority Guided Min-Min Scheduling Algorithm for Load Balancing
in Cloud Computing” [17]

Vao nam 2013, tc gia Huankai Chen va dong nghiép da giéi thiéu mot su cai
tién cho thuat toan "Min-Min Scheduling" véi sy tap trung vao uu tién ciia nguoi

dung dé can bang tai trén moi truong ddm may. Nghién ctru nay tap trung vao van dé
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quan trong cua d4m may - tai khong can bang. Tac gia da gi6i thiéu thuét toan Min-
Min dé giam thiéu khoang tréng va ting kha ning sir dung tai nguyén (goi la
LBIMM), cling véi phién ban cai tién ctia né dya trén uu tién ctia nguoi dung, duoc
goi 1a thuat toan PA-LBIMM. Nghién ctru nay di duoc trién khai va kiém tra trén
moi truong gia 1ap MathLab, va két qua thir nghiém da cho thiy su cai thién dang ké,
v6i sy tang hiéu sudt 1én dén 20% d6i v6i nguoi dung dic biét (VIP) va tao ra sy ting

cuong ro rét trong lam viéc trén moi truong ddm may.

Trong bai bdo nay, dé cap téi thuat toan Min-Min truyén théng: 1a mot trong
nhing thuat toan co ban trong viéc phan b ngudn tai nguyén trén dam may. No6 bat
dau b?mg mot tap S bao gém cac tac vy chua dugc anh xa. Tt d6 tim ra tai nguyén R
ma ton it thoi gian nhat dé thuc hién tit ca cac tac vu trén. Sau do, tic vu T méi kich
thudc nho nhét s& duoc chon ra va dugc phan bo theo ngudn tai nguyén R. Cubi cing,
tac vu T s& bi x0a khoi tap cac tac vu S, va sé lap di lap lai cho dén khi hét tac vu. So

dd ma gia cua thuat toan Min-Min dugc thé hién & hinh sau:

For all submitted tasks in the set; Ti
For all resources; Rj

Ctij=Etij+rtj; End For; End For;

Do while tasks set is not empty

Find task Tk that cost minimum execution time.

L S

Assign Tk to the resource Rj which gives
minimum expected complete time

7. Remove Tk from the tasks set

8. Update ready time rtj for select Rj
9. Update Cij for all Ti

10. End Do

Hinh 2. 9 So' @6 mi gia thuit toan Min-Min [17]

Nghién ciru chi ra rang, tir két qua thuc nghiém thi thuat toan Min-Min phai
d61 mit voi nhidu thach thire, va khong dat duoc hiéu qua khi sir dung t6i da ngudn
tai nguyén, va din toi viée can bang tai khong tét. Do khong c6 d6 wu tién trong
qua trinh phan bo, nén mét s6 nguoi dung dic biét (VIP users) s& khong duoc dam
bao cung cap dich vu tot hon, dan t&i nguoi dung dic biét s& cam thay khong thoai
mai. Thuat toan LBIMM duoc dé xuit véi muc tiéu tdi wu hoa can béng tai cua
Min-Min, nham ting kha ning str dung ngudn tai nguyén hiéu qua, véi cic ngudn

tai nguyén co tai nhe hay trang thai cho thi chia sé ra va giai phong cac ngudn lic
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c6 tai ning. Song song d6, dd uu tién cua ngudi dung ciing dugc dé xuit trong
thuat toan PA-LBIMM nham theo ddi va dam bao cho cac khach hang quan trong
c¢6 thé st dung dich vu tt hon nguoi ding thong thuong. Thuat toan LBIMM
(Load Balance Improved Min-Min) dya trén tinh cht cua thudt toan Min-Min. Do
diém yéu nhit ciia Min-Min 1a khong quan tdm t6i cac tai cia cac tai nguyén. Do
vay, s€ c6 mot s tai nguyén luén ban va mot s6 ludn ranh. LBIMM sé& cai tién viée
can bang tai ciia Min-Min va giam thoi gian thyc thi ¢ cac tai nguyén. Bét dau
giéng nhu Min-Min, nhung & budc thtr 2, thudt toan nay s& chon nhiing tac vu co
kich thudc nhé nhat trong nhom tai nguyén c6 tai 16n nhét va tinh toan ra thoi gian
hoan tit cac tac vu d6. Va thoi gian hoan tat nho nhat s& duoc so sanh véi tinh toan
& thuat toan Min-Min. Néu nhd hon Min-Min, thi tac vu s& duoc giao lai cho nguén
tai nguyén ma no sinh ra, va thoi gian san sang cho céac tai nguyén s& dugc cap
nhat. Qu4 trinh s& dugc lip lai cho dén khi khong con tai nguyén nao ma co thoi

gian thyc hién nho nhat ma tai nguyén do co6 tai 1on. So do ma gia nhu sau:

1. For all submitted tasks in the set; Ti

2. For all resources; RJ

3. Ctij=Etij+rt]j; End For; End For;

4. Do while tasks set is not empty

5. Find task Tk that cost minimum execution time.

6. Assign Tk to the resource Rj which gives minimum expected
complete time

7. Remove Tk from the tasks set

8. Update ready time rj for select Rj

9. Update Cij for all Ti

10. End Do

11. //Rescheduling to balance the load

12. Do while the most heavy load resource is considered
no need for rescheduling

13. Find task Ti that cost minimum execution time on
the heavy load resource Rj

14. Find the minimum completion time of Ti produced by
resource Rk

15. If such minimum completion time < makespan

16. Reassign Task Ti to Resource Rk

17. Update the ready time of both Rj and Rk

18. End If

19. End Do

20. //where Makespan represents maximumcompletion time of all
tasks which equals to the completion time of the most
heavy load resource

Hinh 2. 10 So' @0 ma gia thuit toan LBMin-Min [17]
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“Generic SDE and GA-based workload modeling for cloud systems” [116]

Nam 2021, nhém tac gia St-Onge dua ra nghién ciru theo hudng tiép can bén
ngoai. Cac mé hinh khéi lvgng cong viéce thudong duoc xay dung dua trén hanh vi cia
ngudi dung va timg dung trong hé théng, gi¢i han ching trong cac mién cu thé. Khong
nghi ngd gi nita, cach lam nhu véy tao ra tinh thé tién thoai ludng nan trong moi
truong dién toan dam may (dam may), noi mot loat cac ing dung khong dong nhat
dang chay va nhiéu nguoi ding co quyén truy cip vao cac tai nguyén nay. Mo hinh
khéi luong cong viéc trong mot co s ha tang nhu vay phai thich Gmg v6i su phat
trién cta cac tham sb ciu hinh hé théng, chéng han nhu sy dao dong tai cong viéc.
Muc dich ctua cong viéc nay la dé xuét mot cach tiép can tao ra cac md hinh khoi
luong cong viéc chung (1) doc 1ap véi hanh vi ciia nguoi dung va cac ing dung dang
chay trong hé thong, dong thoi c6 thé phui hop véi bat ky mién va loai khéi luong
cong viée ndo, (2) cac bién thé khdi lugng cong viée 16 rang c6 nhicu kha nang xuét
hién trong moéi truong ddm may va (3) voi mie do trung thue cao ddi véi dir lidu
duoc quan sat, trong thoi gian thuce thi ngén. Cac tac gia dé xut hai cach tiép can dé
udc tinh khéi luong cong viée, cach thir nhét 1a su két hop Hull-White va Giai thuat
di truyén (GA), trong khi cach thir hai 1a sy két hop HS tro Vector hoi quy (SVR) va
Kalman-filter. Cac thi nghiém k¥ ludng duogc tién hanh trén CPU thuc va bo dit liéu
thong lugng tir Hé théng con da phuong tién IP (IMS), Web va moi truong dam may
duoc 40 hoa dé nghién ciru hiéu qua cua ca hai dé xuit. Két qua cho thay do chinh
xac cao hon d6i v6i phuong phap Hull-White-GA vé6i chi phi bién trén két hop
SVRKalman-Filter.

“Predicting Workflow Task Execution Time in the Cloud Using A Two-
Stage Machine Learning Approach” [117]

Nhiéu k¥ thut nhu 14p lich va cung cip tai nguyén dwa vao du doan hiéu suit
cua cac tac vu quy trinh 1am viéc cho céac dir li¢u dau vao khac nhau. Tuy nhién,
nhiing wdc tinh nhu vay rat kho tao ra trén dam may. Bai bao nay gidi thiéu mot
phuong phap hoc may hai giai doan méi dé du doan thoi gian thyc hién nhiém vu
quy trinh 1am viéc cho cac dit liéu dau vao khac nhau trong dam may. Dé dat dugc
cac du doan c6 do chinh xac cao, cach tiép can cua nhom tac gia dya vao cac tham

s6 phan 4nh thong tin thoi gian chay va hai giai doan du doan. Két qua thuc nghiém
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cho bén tmg dung quy trinh lam viéc trong thé gi6i thuc va mot s nha cung cip dam
may thuong mai chimg minh rang phwong phép tiép can clia nhom tac gia vuot troi
hon cac phuong phdp du doan hién co6. Trong cac thir nghi€ém ctuia nhom tac gia,
phuong phap lan luot dat dugc sai so wdc tinh trong truong hop tot nhat va truong
hop x4u nhit 1a 1,6 va 12,2 phan trim, trong khi cac phuong phap hién c6 dat duoc
16i vuot qua 20 phan trim (d6i v6i mot sb trudong hop tham chi hon 50 phin trim)
trong hon 75 phan trdim quy trinh cong viéc dugc danh gia cac nhiém vu. Ngoai ra,
cac tac gia cho thiy rang cac mé hinh duoc dy doan béi phwong phap tiép can cia ho
cho mot dam may cu thé c6 thé duoc chuyén véi nd luc thip sang cac ddm may moi

v6i sai sO thap bang cach chi yéu cau mét so luong nho thye thi.

2.4.4 CLOUDSIM — CONG CU MO PHONG PAM MAY

V40 2009, theo nghién ctru tai phong lab vé Grid Computing ctia dai hoc Melbourne,
Uc, nhém tac gia Rodrigo N. Calheiros va cong su [118], ho dé cong bd vé CloudSim
nhu 12 mot khung mo phong tong quét va cé thé mé rong méi cho phép lap mé hinh,
mo phong va thtr nghiém lién mach cac dich vu quan ly va co sé ha tﬁng dién toan
dam may. Khung mo phong c6 cac tinh ning mai sau: (i) hd trg moé hinh héa va khoi
tao co sO ha tng dién toan dam may quy mo 16n, bao gdm céc trung tam dir liéu trén
mot nut dién toan vat Iy duy nhit va may ao; (i) mot nén tang khép kin dé 1ap mé
hinh trung tdm dir li€éu, moi gidi dich vu, 1ap lich trinh va chinh sach phan bo; (111)
tinh kha dung ctia cong cu 4o hoa, hd tro tao va quan ly nhiéu dich vu 4o hoa doc 1ap
va dong luu trir trén mot nit trung tAm dit liéu; va (iv) tinh linh hoat dé chuyén doi
giita phan bo chia sé khong gian va chia sé thoi gian ciia cac 161 xir 1y sang 4o hoa
dich vu.

Ciing theo cong bd cua Rodrigo N. Calheiros va cong sy nam 2011 [119], thi
CloudSim dugc xem 13 mot bo cong cu md phong co thé md rong cho phép lap mo
hinh va mé phong cac hé thdng dién toan ddm may va méi truong cung cip tmg dung.
Bo cong cu CloudSim hd trg ca hé théng va mo hinh hoéa hanh vi cia cac thanh phén
Hé théng dam may nhu trung tim dir liéu, may a0 (VM) va cac chinh sach cung cap
tai nguyén. Hién tai, n6 ho trg mé hinh héa va md phong moi truong dién toan BDam
may bao gom ca dam may don va lién mang (lién két cic ddm may). Hon nita, n6

hién thi cac giao dién tuy chinh dé trién khai cac chinh sach va k¥ thuat cung cap dé
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phan b6 may 4o trong céc kich ban Pién toan dam may lién mang. Mot s6 nha nghién
clru tir cac to chire, chang han nhu HP Labs ¢ Hoa Ky, dang st dung CloudSim trong
cudc didu tra ctia ho vé viée cung cap tai nguyén Dam may va quan ly hiéu qua nang
lugng d6i voi tai nguyén trung tim dit liéu. Tinh hitu ich ciia CloudSim dugc ching
minh bang mot nghién ciru dién hinh lién quan dén viéc cung cap dong cac dich vu
mg dung trong moi trudng dam may lién két lai. Két qua cua nghién ctru dién hinh
nay chirmg minh ring mé hinh Dién toan ddm may lién két cai thién dang ké cac yéu
cau vé QoS cua tng dung trong diéu kién cac mau nhu cau dich vu va tai nguyén ludn

bién dong.

Theo Pravesh Humane va cong sy nam 2015 [120], cong cu CloudSim 1a mot
du 4n ngudn md, cung cap cac 16p va tinh ning chung co thé duoc st dung rong rai
va nguoi ding co thé phat trién hanh vi cu thé theo ting trudng hop theo nhu ciu cua
riéng ho. Cloudim c6 nhiéu 16p cung cép triru tugng khac nhau nhu: chinh sach phan
bd may 4o, trinh cung cap bing thong, trinh 14p lich may ao (vm), trinh lap lich cac
request (Cloudlet), Chinh sach phan bd Power cho may 4o, trinh cung cip bd nho,
v.v. Céc chinh sach nay dugc 'mé rong' va sau do chién lugc cai tién mai 6 thé duoc
thue hién; sau d6 tich hop né vao gbi ngudn thecloudsim. Do d6, diéu nay s& Gmg bién
cong nghé mod phong dam may va phuc vu nhiéu ngudi dung lam viéc trong mién
trung tdm dir liéu. Vi vy, pham vi turong lai bao gdm stra ddi cac chinh sach mic
dinh triru trong; didu nay chic chin s& din dén viéc bd sung cac tinh ning méi cho

du an cloudim ma nguéon mé nay.

Trong mot nghién ctru khao sat ciia Saydul Akbar Murad [121] va cOng su
nam 2022, danh gia ky thuat 1ap lich cong viéc trong dién toan ddam may va khung
thong minh dya trén quy tic uu tién. Nhém tac gia di tong hop hon 150 cong trinh
nghién clru ciia cac tac gia trén thé gidi tir 2014 dén 2021. Két qua cho thiy hon 130
bai nghién ctru vé can bang tai trén dién toan dam may sir dung cloudSim nhu mot
cong cy mo phong dang tin cay cho nha nghién ctru. Bén canh do, co rat it bai bao st
dung MatLab, hay Anaconda dé mé phong. Chu yéu str dung cloudSim va bién thé
ctia CloudSim nhu CloudAnalyst, WorkflowSim hay ty diéu chinh mi ngudn mé nay.
Ngoai ra, nghién ctru ndy cung cdp mot danh gia toan dién vé cac thuat toan lap lich

tac vu va cung cap tai nguyén trong dién toan dam may, bao gom cac khai niém, uu
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diém va phan loai cia cac phuong phap tiép cin khac nhau. N6 xac dinh nhu cau xem
xét cac yéu td, gidi han va vi pham SLA quan trong vé chét lugng dich vu (QoS)
trong céac thuat toan hién c6 va dé xuét k¥ thuat 1ap lich cong viéc dya trén muc do
vu tién cho dién toan dam may dé cai thién hiéu sut va tinh cong bang. Nghién ciru
nham muc dich 1am nén tang cho viéc diéu tra thém vé 1ap lich tac vu hiéu qua trong
dién toan ddm may.

Mot nghién ctru khao sat khic vé “Ldp lich quy trinh cong viéc trong mai
trwong dam mady — Thdch thire, cong cu, han ché & phwong phdp ludn: Pdanh gid”
v6i 50 cong trinh cong b tir 2014 dén 2021 [122], ciing cho thdy hon 20 cong trinh
str dung cloudSim va cac cong cu bién thé tir cloudsim. Bén canh dé, véi phén tich
ctia nhom tac gia M. Menaka, s& mé duong cho viéc két hop cac phuong phap hoc
may dé tao ra quy trinh cong viéc cho doanh nghiép, cham séc sirc khoe, nhan dang
giong noi, nhan dang van ban; phat hién budn ngu, phat hién bién bao giao thong,
nhan dang bd phan kim loai, v.v. Phan tich dugc thuc hién trong bai bao nay dan dén
nhiéu thach thirc va van dé khac nhau duoc tim thay trong cac phuong phap 1ap lich
trinh cong viéc. Bai bao khao sat duoc tom tit v6i phan gidi thiéu trong chuong 1,
sau d6 14 két ludn so sanh cua céc tai liéu nghién ciru khac nhau va két thuc bang phan
tom téit cac phat hién dua trén cudc khao sat. Cong viéc khdo sat nay co thé dugec mo
rong xem xét tirng nhiém vy trong quy trinh cong viéc va cac loai & van dé di chuyén
dir liéu phat sinh ngén sach, cic van dé phap 1y & chinh sach va phwong phép k¥ thuat
dé tim giai phap kha thi cho tw dong hoa nhiém vu.

2.5 KET LUAN CHUONG

Chuong 2 di str dung cong cu SWOT dé phan tich va tiép can hiéu ning cin
bang tai trén cloud, tir d6 dua ra cach tiép can dé nang cao hiéu ning cin bang tai trén
cloud bao gdm huéng tiép can tir bén trong va hudng tiép cin tir bén ngoai. Dua vao
02 hudng tiép can d& xuat, chuong nay ciing trinh bay mot s6 cong trinh nghién ciru
lién quan c6 su phan loai theo cac tiép can tir bén trong hay tir bén ngoai ciia can bang
tai. Cac cong trinh nghién ctru gan day trong nude va qudc té, cac nghién ctru vé cac
k¥ thudt cin bang tai trén moi truong dién toan dam maAy, gitp hiéu rd hon vé cac

hudng tiép can nang cao hi€u nang can bang tai trén moi truong di€n toan dam may.
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Hiéu dugc nhitng wu nhugc di€m cua cac thuat toan hién nay, va dua ra cac thuét toan
cai tién véi 02 hudng tiép can, muc dich 1a nang cao hi¢u suat can bang tai, tir nhitng
de xuat do6 gitp lam co s& cho viée dé xuat thém k¥ thudt méi, ing dung hoc may va

phan tich dif liéu trong cn bang tai.
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CHUONG 3 — CAN BANG TAI THEO HUONG TIEP CAN BEN

TRONG

3.1 GIOI THIEU CHUNG

Chuong nay tip trung vao viéc phat trién cac thuit toan toi vu cin bang tai trong moi

truong dién toan dam may, nam bt sy phat trién manh mé ciia hoc may (ML) va phan

tich dir liéu dé gilp can béng tai dat hi¢u qua cao hon. Cu thé, luan 4n dua ra mot loat

cac giai phap sang tao, trong d6 bao gdm ca viéc tin dung cac thuit toan phan 16p,

phan cum va dy bao. Bo tham sb duoc dé xuit dé danh gia can bang tai bao gdm Thoi

gian dap ung (Response Time) va Thoi gian thuc thi (Makespan), nham dinh luong

hi€u qua cua viéc phan phéi tai trén hé théng. Cu thé, c6 bdn thuét toan duoc dé xuit

nhu sau:

Thuat toan MCCVA [CT1]: Thuat toan nay 1a mot sy két hop tinh té giita
SVM (Support Vector Machine), mdt phuong phap phan 16p manh mé, va
k-Means, mot k¥ thuat phan cym thong dung. Su hop nhat cia SVM va k-
Means cho phép thuat toan nay phan tich dir liéu mot cach linh hoat va
phan phdi tai dya trén tinh ning cta dit liéu, nham dén viéc giam Thoi gian
dap ung va Makespan.

Thuét toan APRTA [CT2]: Thuat toan nay tan dung strc manh cia ARIMA,
mot md hinh du bao théng ké, dé du doan Thoi gian dap tmg. K thuat nay
gitip cai thién viéc can bang tai bang cach du doan nhu ciu tai nguyén va
phan phéi tai trude khi co su gia ting dot bién, tir d6 tdi vu hoa Thoi gian
xur ly va Makespan.

Thuat todan RCBA [CT7]: Su két hop cua Naive Bayes, mdt phuong phap
phan 16p xéc sudt, va k-Means trong thuét toan nay dem dén kha ning phan
loai va phan cum dir li€u hi€u qua. No nham dén viéc phan phéi tai trén
cac niit mang mot cach can dbi, giam thiéu Thoi gian dap tng va Makespan
thong qua viéc tan dung loi thé cta viée phan tich dir liéu phan loai.

Thuat toan ITA [CT3]: Thuit toan ndy 1a mot budc cai tién tir Throttle
Algorithm, mot thudt toan cn bang tai ndi tiéng. ITA tap trung vao viéc

hiéu chinh viéc phan phdi tai dwa trén Thoi gian dap Gmg va Makespan,
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gitip dat duoc hiéu qua cao hon so véi phién ban gc bang cach ap dung
cac k¥ thuat tién tién tir hoc may.

Su lién két gifra c4c thuat toan nay khong chi nam & viéc chia sé bo tham sb
can bang tai ma con trong viéc chung hd tro 13n nhau thong qua viée 4p dung céc
phuong phép tiép can dit liéu da dang phong phu. V& cai dit mé phong cac thuit toan,
luan 4n gia 14p méi trudng cloud bang cach str dung b cong cu CloudSim [123] va
1ap trinh trén ngdn nglt JAVA [124].

MBoi treong thue nghiém mé phong duoc tao ra bang cach st dung tir 5 dén 15
mAy 4o trong mdi trudng gia 1ap ddm may, va cac yéu cau ngiu nhién duoc tao ra va
giri dén cac dich vy trén dam mAay. Diu nay bao gém cac dich vu cung cip may ao
va dich vu phuc vu ngudi dung cua CloudSim dé thuc hién cac thir nghiém.

Céac thuat toan dugce dé xuit da dugce trién khai béng ngdn ngit Java va duoc
thir nghiém va hién thi két qua théng qua giao dién dong 1énh st dung IDE APACHE
NETBEAN [125]. Mbi trudng gia 1ap duoc xay dung bang viée sir dung thu vién ma
ngudn md CloudSim 4.0, dugc cung cap tai dia chi http://www.cloudbus.org/.

Bén canh do, cac thuat toan SVM, K-Means, Naive Bayes, Linear Regression,
ARIMA duoc cai dat tir bg thu vién Weka [126] va Tensorflow Java [127], két hop
v6i md ngudén mé CloudSim (méi trudng mod phong) dé cai dit cac thuat toan dé xut.
Tuy nhién, vi thuat toan ITA thi cAu hinh va cai dat trén CloudAnalyst tool [128], 1a

mot phién ban ctia CloudSim nhung c6 day da GUI.

3.2 THUAT TOAN MCCVA
Dua vao yéu td thoi gian xtr Iy (Makespans) cua cac request va mot so thudc tinh
khac, ta sir dung thuat toan SVM dé phan 16p cac request ndy, tir d6 ta biét cach phan
bd tai nguyén cho cic request ndy. Song song, cac tai nguyén (may ao/ host) duoc
phan cum theo murc d6 sir dung. Bang viéc két hop danh gid sb 1an sai va sai sd, ching
ta nang cao hiéu sudt cuia thuat toan théng qua viéc ap dung hoc may. Tuy nhién, viéc
str dung hoc may s& han ché do c6 mét mirc sai sé cho phép.

Duya vio cac cong trinh nghién ctru vé Makespan, xin dé xudt thuat toan gom
3 nhom module chinh:

(1) Module phdn 16p cdc request bang thudt todn SVM:
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Trong module nay, thuit toan SVM sé& dua vao céac thude tinh ctia request ma
tinh toén ra thoi gian xur 1y cua request do, tir 6 phan 16p request nay. Cac thude tinh
bao gom: size, Response length, Max Length, ...

Nhom Thot Gian xu 1y : MKyew = SVM(X1, Xo, ..., Xn) (5.1

Trong d6 X; 1a cac thudc tinh ciia Request khi guri 1én cloud.

O day co thé chia thanh nhiéu nhom (tir 4 ~10 nhém) hodc hon nita dua vao
d6 bién thién cua Request.

(2) Module phan cum cdc may do / host / tai nguyén:

Trong module nay, s€ &p dung thudt toan phan cum K-Means voi gia tri k=3
dé nhom cac may 4o lai v6i nhau dua trén hoat dong va st dung tai nguyén cua chung,
bao gdm cac nhdm cao, trung binh va thap. Qua trinh phan cum nay s& dua trén thong
s6 hién tai cta cac may 4o:

Cluster; = KMeans(cpu usage, ram, ...) (5.2)
Trong d6:  i= 1 1a nhom thap

1= 2 la nhoém trung binh

1= 3 la nhom cao

(3) Module phdn bé cdc dich vu (chon mdy do)

Module nay thuc hi¢n nhiém vu phan chia cac yéu cu dén cac may ao dua
trén loai yéu cAu va cum may 4o thich hgp. Cho du mot yéu cau duogc gui, no s€ dugc
xtr 1y bang Module 1 va sau d6 cac may 4o, ké ca nhitng may ao khong tai, s& duoc
phan loai bang Module 2. Sau d6 thuat toan sé& tinh toan ra request nao phu hop véi
may 40 nao nhat thong qua thong s6 tra vé cta 2 ham SVM va K-Means ¢ trén. Néu
thoi gian xtr 1y tinh toan ciia Request dang xét (dwogc tinh toan tir module 1) nhé nhit
thi yéu cau nay s& dugc xir Iy trén VM véi mire do xa means nhat (tirc 1a thudc nhom
1, va c6 muc d6 sir dung thap nhat). Pbi véi cac request khong nho khong 16n ta co
thé dung cac phuong phap tinh toan nhu loai suy hay sai phan dé tinh toan viéc phan
bo.
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M5 dun 1 Ll
SRR Mnew VM
=SVM(Request) =KMean(VMs)

TG thwce hién
dw bao

May ao

dwoc chon

M6 dun 3

Phan bd yéu cau (Request)
vao may ao dwoc chon

( Kétthuc )

Hinh 3. 1 So dé thudt todn MCCV A

So d6 ma gia thuat toan MCCVA

Thuat toan MCCVA
Input:  Tap requests

Output: Phan bd may 4o cho céc request trong tdp Request
1. For each Request in CloudRequests

2. isLocated = true;
3. MakeSpan Classnew = SVM(T1,T2....); // Module 1
4, VM Cluster = kMeans (situation); //situation: Trang th&i cua
cdc VM Module 2
5. For each VM in VMList
6. If isFitSituation(Request.MakeSpan Class ,
VM.VM Cluster)
7. AllocateRequestToVM (VM, Request); // Module 3
8. isLocated = true;
9. break;
10. End If
11. End For
12. If (!isLocated)
13. VM = VMList.getMinFromMean(); // Module 2
14. AllocateRequestToVM(VM, Request);
15. End If

16. End For

Theo thuét toan dé& xudt MCCVA, dau ra cta phén 16p request duoc tinh toan
chinh 1a thoi gian xur 1y, va khong biét duoc gia tri max hay gia tri min, nén c6 thé
luu lai 1 sb lugng nhét dinh thoi gian xur ly cua céc request trudc nham thyc hién tinh
toan va phan bd. Do d0, thuat todn nay ap dung phuong phap Newton-Raphson dé
xac dinh vi tri can dbi can thiét, nhung véi viéc diéu chinh cac bién d6i nhat dinh
hodc tich hgp thém cac h¢ s6 va bién s6 khac, dua trén dit liéu thu duoc tir md phong
thyc nghiém.

CAI PAT THUAT TOAN MCCVA
Céc tham s6 ciia mé hinh mang mé phéng cai dit chung:

- MBoi truong mé phong gia 1ap gdm céc thong s sau:
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- 01 Datacenter v6i thong s6 nhu bang 3.1
Biang 3. 1 Thong s6 ciu hinh Datacenter thuit toan MCCVA

Thong tin Datacenter Thong tin Host trong Datacenter
- S6 lwong may (host) trong datacenter: 5 MBoi host trong Datacenter c6 cAu hinh
- Khong sir dung Storage (cac 6 SAN) nhu sau:
- Kién tric(arch): x86 - CPU c¢6 4 nhan, mdi nhan c6 toc do
- Hé diéu hanh (OS): Linux xur 1y 1a 1000 (mips)
- Xu ly (VMM): Xen - Ram: 16384 (MB)
- TimeZone: +7 GMT - Storage: 1000000 Mb
- Cost: 3.0 - Bandwidth: 10000 Kbps
- Cost per Memory: 0.05
- Cost per Storage: 0.1
- Cost per Bandwidth: 0.1

- Céhc may 40 khi duoc tao ra dya trén thong tin tir bang 3.2, tit ca cac may 4o
déu c6 cdu hinh twong ty nhau nhu sau:

Bang 3. 2 CAu hinh may 4o thuit toan MCCVA

Kich thwéce Ram Mips | Bandwidth S6 lugng cpu VMM
(size) (Kbps) (pes no.)
10000 MB 512 MB 250 1000 1 Xen

- Trong md phong bang cloudSim, cac yéu cu (request) chay trén web dugc
mo phéng dudi dang Cloudlet, va kich thude cua chung dugc xac dinh mot
cach ngﬁu nhién st dyng ham random cua JAVA. S4 Cloudlet duge tao ra co
s6 lwong tir 20 cho dén 1000.

Bang 3. 3 CAu hinh théng s6 cac Request thuit toan MCCVA

Chiéu dai Kich thudre file Kich thuéc file S6 CPU xir Iy
(Length) (File Size) Xuit ra (PEs)
Kb Kb (Output Size)
3000 ~ 1700 5000 ~ 45000 450 ~ 750 1

Thuat toan MCCVASchedulingAlgorithm duoc phét trién bang cach mé rong
16p BaseSchedulingAlgorithm, bd sung thém cac phuong thirc va thudc tinh mai cho
predictRequestSVM, va chinh sira cac ham c6 sin dé chung twong thich voi thuat toan
duoc dé xuat:

@Override

public void run() // Module 3

public CondorVM getMostFreeVM(String vimClass)
// Module 2

public String predictRequestSVM(Cloudlet req)

// Module 1
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Trong mot moi truong mo phong sir dung CloudSim, thi nghiém da dugc thuc
hién trén 5 may 4o ciu hinh sin dé xur 1y cac Request. Cac Request nay duoc tao mot
cach ngiu nhién véi kich thude va chidu dai khac nhau, voi sb luong dao dong tir 20
dén 50. Két qua sau do dugc so sanh véi hiéu suét cua cac thut toan Round Robin,
MaxMin, MinMin va FCFS, dya trén thoi gian hoan thanh cong viéc (Makespan).

Bang 3. 4 So sanh thoi gian thue hién cac thuit toan véi thuat toan MCCVA &
trweomg hgp 50 Request

Solan | Round- |\ nen | MinMin | FCFS | MCCVA

request Robin
20 73.48 | 112,81 166,77 | 127,95 74,70
25 86,50 | 129,10 186,93 | 148,70 90,67
30 112,73 | 145,79 217,82 | 16441| 130,82
35 12081 170,22 24426 | 18948 | 147,89
40 150,10 | 198,91 28234 | 23053 | 172,85
45 175,15 | 212,54 300,53 | 256,17 | 189,16
50 231,83 | 229,80 33434 | 31647 | 213,57

400
350
300
250
20

15
10
o il il |
0
20 25 30 35 40 45 50

S6 luvgng Request

o O o o

B Round-Robin W MaxMin MinMin ®FCFS m MCCVA

Hinh 3. 2 Biéu d6 so sanh thoi gian thwe hién cac thuit toan véi thuit toan
MCCVA ¢ truong hgp 50 Request

Véi két qua thuc nghiém véi 50 Request trd lai, Round-Robin: Thoi gian thuc
hién cua thuat toan nay ting dan theo sb lan request. Tuy nhién, thoi gian thuc hién
cua nd thudong nhanh hon so véi cac thuat toan khac. MaxMin: Thoi gian thyc hién
ctia thuat toan ndy ciing ting dan theo s 1an request. Tuy nhién, thoi gian thuc hién

cua nd thuong 16n hon so vo1 Round-Robin. MinMin: Thoi gian thyc hién cta thuat
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toan nay ciing ting dan theo sb 1an request va 16n hon ca MaxMin. Day c6 thé 1a mot
diém yéu cua thuit toan trong viéc can bang tai. FCFS (First-Come, First-Served):
Thoi gian thyc hién cta thuat toan nay ciing ting dan theo sé 1an request va 1én hon
c4 MinMin. Thuat toan nay c6 thé gap khé khin trong viée xtr 1y cac request theo thir
tu dén trude. MCCVA: Thoi gian thuc hién cia thuit toan nay ciing ting dan theo sb
14n request, nhung thoi gian thue hién cta né thudng nhanh hon so vé6i cac thuét toan
khéc, ké ca Round-Robin. Nhin chung, Round-Robin va MCCVA c6 thoi gian thuc
hién tdt hon so v&i MaxMin, MinMin va FCFS trong vi¢c can béng tai. Bén canh do,
thuat toan Round-Robin chiém wu thé va xir Iy nhanh, thut todan MaxMin ciing kha
on dinh. Thuat toan FCFS thi chua c6 thé manh. Tuy nhién thuat toan dé xuét
MCCVA ciing kha 6n dinh, va chimg t6 dan 6n dinh va t6t hon khi xtr Iy nhiéu request
hon.

Trong thuc nghiém st dung CloudSim, 5 may 4o duoc thiét lap tur trudc phuc
VU cac yéu cau, ma cac yéu ciu nay dugc sinh ra ngau nhién vé chiéu dai va dung
lugng. S6 lwong Request duoc tao ra c¢6 sy bién dong tir 100 dén 1000:

14000

6000

12000
10000
8000
4000
" skt
" vababdbdbab ik
100 200 300 400 500 600 700 800 900

1000

Thoi gian x& ly (ms)

S6 lugng request

W Round-Robin  ® MaxMin MinMin ®FCFS m MCCVA

Hinh 3. 3 Biéu d6 so sanh thoi gian thwe hién cdc thuit toin véi thuit toan
MCCVA ¢ truwong hgp 1000 Request

Bang 3. 5 So sanh thoi gian thyc hién cac thuit toan voi thuat toan MCCVA &
truong hgp 1000 Request
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Solan | Round- |\, np | MinMin | FCFS | MCCVA
request Robin

100 280,46 | 52901 | 56425| 915,94 359,47
200 68599 | 99576| 92320 | 1.746,95 693,87
300 936,88 | 1.402,47 | 1.276,19 | 2.450,61 972,44
400 1.175,86 | 1.806,76 | 1.625.49 | 3.148,05 1.253,25
500 1.419,01 | 2.205,04 | 1.978.60 | 3.856,57 1.531,72
600 1.659,67 | 2.605,43 | 2.323.70 | 4.565,09 1.810,83
700 1.898,65 | 3.004,55 | 2.673.20 | 5.258.63 1.444,51
800 2.848,74 | 3.400,15 | 3.18427 | 5.967,59 227232
900 3.097.55 | 3.978.18 | 3.521,57 | 8.930,12 2.801,84
1000 411458 | 4.579.85 | 3.899.78 | 12.682.62 3.282,37

Véi s6 lugng Request 1an lugt 1a 100 d&én 1000, Round-Robin: Thoi gian thuc
hién ctia thuat toan ting dan theo sé 1an request. Tuy nhién, thoi gian thyc hién cia
n6 thuong nhanh hon so véi cac thuat todn khéc, dac biét khi s6 1an request 1on.
MaxMin: Thoi gian thuc hién cta thuat toan ndy ciing ting dan theo sb lan request.
N6 c¢6 thoi gian thuc hién 16n hon so v4i Round-Robin, va khoang céch nay c6 xu
hudng tang khi s6 14n request ting. MinMin: Thoi gian thuc hién cua thuit toan nay
cling ting dan theo s6 1an request va 16n hon ca MaxMin. Khoang cach giita thoi gian
thuc hién cia MinMin va MaxMin tang khi sé 1an request ting. FCFES (First-Come,
First-Served): Thoi gian thuc hién ciia thut toan nay ciing ting dan theo s lan
request va 16n hon ca MinMin. Khoang céach gitra thoi gian thyc hién cia FCFS va
MinMin ting khi sé 1an request ting. MCCVA: Thoi gian thue hién cua thudt toan
nay ting dan theo sb lan request. N6 thudng nhanh hon so véi cac thuat toan khac,
nhung thoi gian thyuc hién cia no ciing ting khi sd 1an request ting. Nhu vy, c6 thé
théy thuat toan MCCVA vuot troi hon hin so véi 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 uu thé tuyét ddi so vé6i cac thuat toan
con lai. RG rang FCFS thé hién su thiéu thong minh va tinh ty nhién cta giai thuat.

Thong qua 02 biéu dd so sanh thoi gian xir Iy cua cac thudt toan véi didu kién
nhu nhau ta c6 thé thay sy phan bd kha 6n dinh va hop 1y cua thuit toan dé xudt
MCCVA, thoi gian xtr 1y ciia cdc may 4o khd quan so véi thoi gian xtr ly cta cac
thuat toan khac trén cloud (& truong hop it va nhidu request).

Khi s luong request cang 16n, MCCVA c¢6 lgi thé hon vi khi véi s6 luong
request 10n, SVM c6 thé x4y duyng mot md hinh phan 16p chinh x4c hon. SVM c6 kha

nang hoc tur dir li¢u va tim ra cac dic trung quan trong d€ phan loai cac request vao
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cac nhom tai nguyén phu hop. Diéu nay giap MCCVA hiéu 16 hon vé yéu ciu va
phan bb tai nguyén cho ting request. Ngoai ra s6 luong request 16n ciing ddng nghia
v6i viée c6 nhiéu tai nguyén (mdy 4o/ host) trong hé théng. Khi ap dung phuwong phap
phan cym kMeans, MCCVA c6 thé tao ra cac nhom tai nguyén co sy da dang va dai
dién cho cac murc d6 sir dung khac nhau. Diéu nay giap MCCVA phan b tai nguyén
mot cach hidu qua va can bang tai tot hon khi ¢ sd lugng 16n cac request can duoc
xu ly.

Té6m lai, khi sb luong request cang 16n, MCCVA c6 thé hoc tir dit liéu va phan
bd tai nguyén duwa trén SVM va phan cum kMeans mdt cach chinh x4c va hiéu qua
hon. Biéu nay gitp MCCVA dap (mg yéu ciu cin bang tai trong hé thong dam may

mot cach tt nhat khi c6 s luong 16n cac request.

3.3 THUAT TOAN APRTA

Tir dir lidu chudi thoi gian hién c6 lién quan dén thoi gian dap ung, ludn 4n
nay gidi thiéu viéc ap dung thuat toan ARIMA cho viéc dy doéan thoi gian dap ung
ctia request tiép theo, gitip viéc phan bd ngudn luc cho request tiép theo duogc tdi wu
hoa. Thuat toan nay dugc dit tén 1 APRTA (Arima Prediction Response Time
Algorithm). Dé ting cudong hiéu qua ciia APRTA, luan 4n ciing xem xét viéc sir dung
machine learning dua trén ) luong 1an du doan sai va do 1éch sai s, mic du su ap
dung nay chi dién ra khi sai s6 ndm trong ngudng cho phép. Dya trén thong tin tir tai
li¢u [7], APRTA duoc cAu tric thanh ba module chinh:

(1) Module tinh todn ngueéng bang thudt todn ARIMA:

Trong module nay, ngudng chinh 1a thoi gian dap img dy bao cua Cloud, sé€
duoc tinh toan bang thdi gian dap ung du bao bang thuit toan ARIMA, va sé& ting
hoic giam tiy theo thoi gian dap ing theo dit liéu chudi thoi gian. Ngudng méi chinh
1a thoi gian dap ung du doan xét trong tap cac VM dang xét trong vong 100 request
gan nhit.

Ngudng mai : Tvew = ARIMA(RT:, RT>, ..., RT100) (6.1)

Trong d6 RT; 1a chudi thoi gian dap tng ghi lai duoc cua cloud (chi xét trong

vong 100 Request gan nhat)

(2) Module di bdo thoi gian dép vrng tiép theo cho ting may do:
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Module nay ap dung thuat toan ARIMA dé¢ du doan thoi gian phan hoi tiép
theo cho tirng may 4o, st dung dit liéu tir 50 yéu cau (Request) gan nhét duoc xtr Iy
boi may do do, thuc hién thong qua ham getPredictedRT(). NO cling tinh toan va cung
cap gia tri du doan chinh xac nhat cho méi may 4o dya trén mot ngudng xéac dinh,
qua ham AllocateRequestToVM(VM, Request);

PRT; = Prediected Response Time = Thoi gian dap ing du doan cua may 4o 1.

(3) Module phén bé cdc dich vu (chon mdy do)

Nhiém vu ciia module nay 1a giao cic yéu cdu t6i may 40 ma thoi gian dap
mg dy kién ndm trong gi6i han da dua ra. Khi c6 yéu cau méi dén va may 4o duoc
chon khong qué tai, yéu cau d6 sé ngay 1ap tirc duge chuyén cho may ao nay xir 1y,
dong thoi thu thap duoc thoi gian dap ung thue té tuong Gng va luu vao bo dir lidu.
Néu may 40 ndy c6 thoi gian dap ing du bao (tinh todn boi module 2) it hon so véi
thoi gian dap tmg tiép theo clia toan bd hé thdng cloud (x4c dinh bai module 1), thi
may 4o s& duoc lua chon dé xir Iy yéu cau. Trong trudong hop khong c6 may 4o nio
dap tmg duoc ngudng thoi gian dap tng, yéu cau s& duoc chuyén t6i may ao véi du
bao thoi gian dap ung gan véi ngudng nhat.

Viéc khoi tao ngudng: ban dau do chua c6 dit liéu thoi gian, nén ta 1dy ngudng
bang thoi gian dép tng cua request dau tién.

khoi tao ngudng: Tinital = RT;

M6 dun 1 M6 dun 2

T

Z Y new il Tim may &o c6 khoang
Bat dau =ARIMA(Cloud) \/M.getPredictedRT( Mg C4ch gan nhét so voi

(Dw bao Tnew véi ARIMA) T,

new

Phan bé Request méi Phan b Request méi
vao may do tim thay vao may ao tim thay
[Found VM] [Found VM]

M6 dun 3

Két thic

Hinh 3. 4 So dé thugt toin APRTA
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So dd mi gia thuat toan APRTA

Thuat toan APRTA
Input:  Tap requests
Output: Phan bd may 4o cho céc request trong tap Request

1. For each Request in CloudRequests

2. Tnew = ARIMA (RTi); // Module 1

3. isLocated = false;

4. For each VM in VMList

5. If VM.getPredictedRT () < Tnew

6. AllocateRequestToVM (VM, Request); // Module 3
7. isLocated true;

8. break;

9. End If

10. End For

11. If (!isLocated)

12. VM = VMList.getMinDistance (Tnew); // Module 2
13. AllocateRequestToVM (VM, Request);

14. End If

15. End For

CAI PAT THUAT TOAN APRTA
Thuat toan duoc d& xuit phat trién thong qua viéc thiét ké 16p
ArimaDatacenterBroker, dua trén co s& ké thira tir 16p DatacenterBroker. Trong qua
trinh nay, 16p méi duge bd sung thém cac phuong thic va thudc tinh lién quan dén
PredictedResponseTime, ciing nhu diéu chinh nhirng phuong thirc hién c6 dé chung
pht hop hon véi thuat toan dé xuat:
processResourceCharacteristics(SimEvent ev)
createVmsInDatacenter(int datacenterld)
processVmCreate(SimEvent ev)

processCloudletReturn(SimEvent ev)

Tiéu chi danh gia:

Trong khuon khd ctia mot thyc nghiém mé phong mai trudng cloud dua trén
cac thong s d3 duge xac dinh, luan 4n tién hanh mo phdéng thuat toan can bz:ing tai
tich hop sin trong CloudSim. Dong thoi, ciing trién khai va van hanh mé phong thuat
toan APRTA dé xuét. Cac thuat toan nay déu duoc chay véi cung mot bo dit liéu dau
vao dé co thé tién hanh so sanh chinh x4c va cong bang giira cac két qua dau ra ca
chung, dic biét quan tim dén thong s thoi gian dap ing (Response Time). Chu trong

dén viéc danh gia va so sanh thoi gian dap img du doan cua tirng may 4o ciing nhu
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cua toan by hé théng cloud, c6 nghia 1a murc dd chinh x4c cang cao, tuc 1a sai ) cang
thap, thi ching t6 hiéu qua cia thuat toan cang duoc cai thién. Két qua nay sé gitp
chung ta hiéu rd hon vé mirc 46 hiéu qua cua thuat toan APRTA so voi phuong phap
can bang tai mic dinh ctia CloudSim trong viéc mé phong quan 1y va phan phdi cac

tai nguyén computing.
Thue nghié¢m va két qua thwe nghiém

Trong mot thu nghiém thyc hién trén CloudSim, véi 3 may do da duoc cai dat
trudc san sang xir Iy cac yéu cau. Cac yéu cau ndy duoc sinh ra mot cach ngau nhién
vé do dai va dung luong, véi tong so Request duge tao ra mdi 1an thuc nghiém ting

din tr 100 dén 900:

Bang 3. 6 So sanh thoi gian dap ung du bao cua 3 may 40 va nguwong thuit

toan APRTA
S6 lan
request VMO0 VM1 VM2 Threshold
100 3.491 3.162 3.268 3.492
200 6.736 6.899 6.451 6.890
300 10.082 9.752 9.925 10.084
400 13.550 13.213 13.327 13.547
500 16.574 17.094 16.505 17.095
600 20.049 20.239 19.784 20.241
700 23.712 23.719 23.078 23.712
800 26.531 26.994 26.484 26.992
900 29.491 30.649 30.055 30.649

Predicted Response Time of 3 VMs

35000

30000
25000
.E 20000
Y]
E 15000
=
10000
5000 |
0
= VMO 3491 6736 | 10082 | 13550 | 16574 | 20049 | 23712 | 26531 | 29491
u VM1 3162 6899 9752 | 13213 | 17094 | 20239 | 23719 | 26994 | 30649
VM2 3268 6451 9925 | 13327 | 16505 | 19784 | 23078 | 26484 | 30055
M Threshold 3492 6890 10084 13547 17095 20241 23712 26992 30649
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Hinh 3. 5 Biéu d so sanh thoi gian dap &ng du bao ciia 3 may 40 va nguong
thuat tosn APRTA

35000
30000 | "”””’,,f
25000

20000 - 4”’/”””

15000 - =—=Threshold

10000 - /
5000 -

~

Time (ms)

100 200 300 400 500 600 700 800 900
Number of Request

Hinh 3. 6 Biéu d ngudng thoi gian dap wng dw bao trong trudng hop 3 may do
thuat toan APRTA

Dua trén bang 3.6 vé thoi gian dap Gmg du bao (predicted response time) ctia thuat
toan APRTA véi cac may a0 VMO, VM1, VM2 va ngudng Threshold, ta ¢6 cac nhan

xét sau vé bd can béng tai voi thuat toan APRTA:

o Thoi gian dap ung dw bao.: Thoi gian dap ung du béo cuia cac may ao (VMO,
VMI, VM2) thay ddi theo s 1an request. Thuét toan APRTA st dung thuét
toan ARIMA dé du bao thoi gian dap tng tiép theo. Cac gia tri du bao nay
cung cap thong tin vé thoi gian dap tng dugc ky vong va duoc sit dung dé
phan bé request.

e Threshold: Ngudng Threshold duoc st dung dé xac dinh viéc phan bo request
cho cac may 4ao. Néu thoi gian dap tng du béo ciia may ao nho hon ngudng
Threshold, request s& dugc giri dén may ao d6. Ngudng Threshold co vai trd
quan trong trong viéc can bang tai va dam bao rang cac may ao khong bi qua
tai.

O truong hop 3 may 4o, thuat toan APRTA sir dung thuat toan ARIMA dé du
bao thoi gian dap ing va phan bo request dua trén ngudng Threshold. Thoi gian dap

ung du bao cho cac may do cung cap thong tin vé hi€u suat du kién va giup quyét



85
dinh viéc phan bd tai nguyén. Piéu nay giup cin bang tai va dam bao rang cic may
a0 khong bi qua tai.
Trong mdt loat thi nghiém mé phong trén CloudSim, véi 04 may 4o da duoc thiét 1ap
tir trude dé xir 1y cac yéu cau. Nhirng yéu cdu ndy dugc tao ra mot cach ngau nhién
v6i cac dac diém nhu kich thudce va chidu dai khac nhau, va sb lugng Request duoc
phat sinh mdi 1an 1a 100, tiép theo 1 200, va tiép tuc nhu vay cho dén 900:

Bang 3. 7 So sanh thoi gian dap ing du bao cua 4 may 40 va nguwong thuit

toan APRTA
S6 1an request VMO| VM1| VM2| VM3 | Threshold
100 2.635| 2443 | 2.534| 2.353 2.628
200 5194 | 4.986| 5.069| 4.928 5.192
300 7.654 | 7700 | 7.584| 7.291 7.701
400 10.047 | 10.251 | 9.846 | 10.110 10.258
500 12.324 | 12.564 | 12.582 | 12.328 12.582
600 15291 | 14.984 | 14.964 | 14.685 15.291
700 17.650 | 17.411 | 17.151 | 17.704 17.702
800 20.066 | 19.700 | 19.653 | 20.149 20.153
900 22941 | 22.334 | 22.469 | 22.468 22.941

Predicted Response Time of 4 VMs

25000

20000
= 15000
E
£
£ 10000

5000

. I
100 200 300 400 500 600 700 800 900

VMO 2635 5194 7654 10047 | 12324 | 15291 | 17650 | 20066 | 22941
mVM1 2443 4986 7700 10251 | 12564 | 14984 | 17411 @ 19700 | 22334
VM2 2534 5069 7584 9846 | 12582 | 14964 | 17151 | 19653 | 22469
mVM3 2353 4928 7291 10110 | 12328 | 14685 | 17704 | 20149 | 22468
m Threshold | 2628 5192 7701 10258 | 12582 | 15291 | 17702 | 20153 | 22941

Hinh 3. 7 Biéu dd so sanh thoi gian dap wng dw bio ciia 4 may 4o va ngudng
thuat toan APRTA
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Threshold of balancer (4VMs)
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Hinh 3. 8 Biéu dé ngudng thoi gian dap wng du bao trong trudng hop 4 may do

thuat toan APRTA

Dua trén bang 3.7 vé thoi gian dap Gmg du bao (predicted response time) cua thut

toan APRTA v6i 4 may a0 VMO, VM1, VM2, VM3 va ngudng Threshold, ta c6 céac

nhan xét sau vé bd can bang tai v4i thuat toan APRTA:

Thoi gian dap vwng du bdo cua mdy do: Thoi gian dap img du bdo cua cac may
a0 (VMO, VM1, VM2, VM3) thay d6i theo s 1an request. Khi sb 1an request
tang, thoi gian dap ung dy bao ciia cic may ao ciing ting. Didu nay cho thiy
su phan 4nh cta viéc ting tai cong viéc 1én hiéu sudt cua cic may 4o. Tuy
nhién, ty 18 ting khong dong déu gitta cic may 4o, c6 sy khac biét trong thoi
gian dap tng du bdo cua tirng may 4o.

Ngudng Threshold: Ngudng Threshold dugc st dung dé xac dinh viéc phan
b request cho cac may 4o0. Néu thoi gian dap ing du bao clia may 40 nho hon
ngudng Threshold, request s& duoc gui dén may 4o d6. Ngudng Threshold
dong vai trd quan trong trong viéc can bang tai va dam bao ring cac may ao
khong bi qua tai.

Mike d¢ tang so véi sé lan request tang: Thoi gian dap tng du bdo cua cac
may 40 ting theo s 1an request ting, nhung mirc d6 ting khong tuyén tinh.

C6 thé quan sat rang khi sd 1an request ting gip d6i (tir 100 dén 200), thoi gian
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dap tmg du bao ting mot khoang dang ké. Tuy nhién, khi sb 1an request tiép

tuc tang, mirc do ting cua thoi gian dap tng du bao giam dan.

O trudong hop 4 may 4o, thuat toan APRTA dy béo thoi gian dép tng tiép theo
va phan bd request dua trén ngudng Threshold. Thoi gian dap Gng du béo cia céc
may 4o cung cap thong tin vé hiéu suat du kién va giup quyét dinh viéc phan bo tai
nguyén. Mirc do tang thoi gian dap ung du bao cia cac may ao khong tuyén tinh khi
sO 1an request tang, c6 thé phy thudc véo tinh chit cong viéc va kha ning mé rong
ctia hé thong dam may.

Trong cac phién mo phong thyc hién tiép theo trén CloudSim, voi 05 may 4o di sin
sang dé giai quyét cac yéu cau dit ra. Nhitng yéu cau ny duogc tao ra voi cac thude
tinh nhu chidu dai va kich thudc duoc xac dinh mot cach ngiu nhién, véi sé luong

Request duoc phan phdi theo ting loat 1an lugt ting tir 100 dén 900:

Bang 3. 8 So sanh thai gian dap ing du bdo cia 5 may 40 va nguwéng thuit

toan APRTA
S6 1an request VMO |VM1 |VM2 |VM3 |VM4 | Threshold
100 1.878 | 1904 | 2.042| 1.828| 2.114 2.133
200 4.020 | 3.922| 4.097| 3913| 3.975 4.028
300 6.087 | 6.031| 5874 5987 | 5.724 6.089
400 7896 | 7913 | 8.045| 7.820| 7.760 8.048
500 9.889 | 9.752| 10.019 | 9.934 | 10.033 10.033
600 12.223 | 11.875 | 12.080 | 12.311 | 12.311 12.315
700 13.771 | 14.346 | 13.852 | 13.939 | 14.279 14.347
800 15.629 | 16.117 | 16.300 | 15.929 | 16.270 16.299
900 18.144 | 17.819 | 17.967 | 18.336 | 18.174 18.338

Predicted Response Time of 5 VMs

20000

18000
16000
14000
g 12000
o 10000
E  s000
6000
4000
2000
0
100 200 300 400 500 600 700 800 900
= VMO 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
VM4 2114 3975 5724 7760 10033 | 12311 | 14279 | 16270 | 18174
m Threshold| 2133 4028 6089 8048 10033 | 12315 | 14347 | 16299 | 18338
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Hinh 3. 9 Biéu d so sanh thoi gian dap &ng du bao ciia 5 may 40 va nguong
thuat tosn APRTA

Threshold of Balancer (5VMs)
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Hinh 3. 10 Biéu dd ngudng thoi gian dap @ng dw bao trong trudng hop 5 may
a0 thuat toan APRTA

Dua vao bang 3.8 vé thoi gian dap Gmg du bao (predicted response time) ctia
thuat toan APRTA véi 5 may 40 VMO, VMI, VM2, VM3, VM4 va ngudng

Threshold, ta c¢6 cac nhéan xét sau vé bd can bﬁng tai voi thuat toan APRTA:

o Thoi gian dap wng du bdo cua cac may do: Thoi gian dap ing du bao ctia cac
may a0 (VMO, VM1, VM2, VM3, VM4) thay ddi theo sb 1an request. Khi s6
14n request ting, thoi gian dap tng du bao cua cac may 4o cling ting. Diéu nay
cho thiy sy phan anh cua viéc ting tai cong viéc 1én hiéu suit cta cic may ao.
Murc d6 tang thoi gian dap g du bao c6 su khac biét gitra cac may 4o.

o Mirc dj tang so vdi sé lan request tang: Thoi gian dap tng du bao cia cac
may 4o ting theo sb lan request ting, nhung mirc d6 ting khong tuyén tinh.
C6 thé quan sat rang khi s6 1an request ting gap déi (tir 100 dén 200), thoi gian
dap ung du bao ting mot khoang dang ké. Tuy nhién, khi s6 1an request tiép

tuc tang, mirc do ting cua thoi gian dap tng du bao giam dan.

O truong hop 5 may 4o, thuit toan APRTA du béo thoi gian dap tng tiép theo
va phan bo request duwa trén ngudng Threshold. Thoi gian dap tng du bao cua céac
may 4o cung cip thong tin vé hiéu suit dy kién va gitp quyét dinh viéc phan bd tai

nguyén. Mirc d6 tang thoi gian dap ing du bao ciia cac may 4o khong tuyén tinh khi
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s0 lan request tang, c6 thé phu thudc vao tinh chat cong viéc va kha nang md rong

ctia hé théng dam may.

Qua 3 truong hop (3 may do, 4 may 4o va 5 may ao) trong thuat toan APRTA
vé bo can bang tai dwa trén thoi gian dap tng du bao va ngudng Threshold, chung ta
c6 thé nhan thiy vé s6 lugng may 4o, trong trudng hop 3 may 40, 4 may 4o va 5 may
40, s6 luong may ao duoc sir dung dé phan bd tai nguyén va xtr 1y cac request ting
dan. Khi ¢6 nhiéu may 4o hon, co thé phan chia cong vi¢éc mdt cach hiéu qua hon,
giam tai cong viéc trén mdi may 4o va tang kha niang mo rong cua hé théng. Thoi
gian dap tmg dy bao ciia cac may ao c6 xu hudng ting khi s luong may ao ting.
Diéu nay c6 thé cho thiy su phan anh cta viéc ting cudng tai nguyén may ao dé xir
1y cac request. Su khac biét vé thoi gian dép ing du béo gitta cac may 4o ¢ thé phu
thudc vao kha nang xir Iy va hiéu suit ctia tng may 4o. Nhin chung, s6 luong may
4o trong thuat toan APRTA anh hudng dén cach phan bo tai nguyén va hiéu suét ciia
hé thdng. Viéc ting sé lwong may 4o c6 thé giup ting kha ning mo rong va giam tai
cong viéc trén mdi may ao, tuy nhién, can xem xét can than viéc can bﬁng tai va kha

nang xu ly cua tirng may 4o dé ddm bao hi¢u suat cao nhat cua hé thong.

Qua ba dd thi biéu dién so sanh, mé ta thoi gian dap ung du kién cia tirng may
40 s0 voi ngudng thoi gian da duoc tinh toan trude (ddi v6i cac kich ban véi 3, 4 va
5 may 40), chiing ta c¢6 thé quan sat rd rang rang thuat toan da thuc hién viéc phan bo
cong viéc mot cach 6n dinh va logic. Thoi gian ddp ing ma thuat toan ARIMA dy
bao cho timg may ao khong cé su chénh léch dang ké so véi thoi gian dap tng du
bao chung cta hé théng cloud (nghia 14 ngudng thoi gian dap tng). Sy chinh xac cao
trong du bao cua thuit toan ARIMA trong dy bao chudi thdi gian ngin, véi sai s6
thap, chirmg minh rang thuat toan nay rat hiéu qua trong viéc phan phdi cac yéu cau
dén cac may 4o, toi wu hoa qué trinh xir 1y va cai thién hiéu suét tong thé ciia moi

truong mo phong cloud.

3.4 THUAT TOAN RCBA
Tuong ty nhu thudt toAn MCCVA, st dung céac dir li¢u co san lién quan dén chudi
thoi gian cua thoi gian dap tng (Response time) tir cic yéu cau (Request) cua khach

hang, cting nhu phan tich cac dac diém khac, luan an nay dua ra dé xuat thém vé
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stt dung Machine Learning, ap dung mot phuong phap phdi hop gitta thuat toan
Naive Bayes va K-means. Muc dich ctia sy két hop nay 1a dé du doan thoi gian dap
g cho cac yéu ciu sip tdi mot cach chinh xac hon. Bang cach nay, ching ta c6
thé hiéu ro hon vé cach thirc phan bo cac nguén lyc mot cach hi¢u qua cho nhirng
yéu cAu s& duge dua ra sau nay, dua trén két qua du bdo ctia mo6 hinh. Thuat toan
d8é xut gdm 3 mé dun (module) chinh:

(1) Module 1 : Phén I6p cdc yéu cau bang thudt todn Naive Bayes

Trong Mo-dun nay, thuat toan Naive Bayes s€ dua vao cac thudc tinh ctua
cac yéu cau tir khach hang(client) dé tinh ra thoi gian dap tng cta cac yéu cau do,
Naive Bayes s& phan 16p cac yéu cdu nay. Cac thudc tinh bao gém: Response

length, Max length, Size, ...

Nhom thoi gian dap ung: RTnew = NB(X1, X2.X3,,, Xn) (7.1)

;;;;;;

Trong d6 Xi 14 cac thudc tinh cta cac yéu cau khi gai 1én dam may(cloud)
O gbc d6 nay ta co thé chia ra thanh nhiéu nhom (3 dén 8 nhém) hodc nhiéu

hon tiy vao d6 bién thién cua cac yéu cau.

(2) Module 2 phan cum cdc may do/ cac may chu / tai nguyén

Tuong ty MCCVA, trong m6 dun nay s& sir dung thuit toan phan cum K-
Means (v6i k=3) dé phan cum cac may 4o dua vao muc d0 hoat dong, su dung tai

nguyeén cua cac may 4o, bao gdm cac cum nhu: thap, trung binh, cao.

Cluster; = KMeans(ram, usage, cpu, ...) (7.2)
Trong d6: i = 1 1a nhom thap
1= 2 la nhém trung binh
1= 3 la nhém cao
(3) Module 3 phdn bé cdc dich vu mdy do
Mo dun nay c¢6 nhiém vu phan b cac yéu cau dén cac may ao thong qua loai
yéu ciu va cum mdy 4o phu hop. Néu mot yéu cau duoc giri ti thi yéu cau nay
duoc phan loai boi mé dun 1, va cac may cha do dang xét ké ca may chi 4o nay
khong tai cling dugc phan cum theo mo dun 2. Sau d6 thuat toan s¢€ tinh toan ra yéu
cau(request) nao pht hop voi may 4o nao nhat thong qua thong sb tra vé ctia 2 ham
Naive Bayes va K-Means ¢ trén. Néu thoi gian dap tmg ctia yéu cau (request) dang

xét (duoc tinh toan tir module 1) nhé nhét thi yéu cau nay s& duoc xir 1y trén cac
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chu 4o voi mic d6 xa means nhat (tirc 1a thudc nhom 1, va c6 murc d6 sir dung thép
nhit). Dbi v6i cac yéu cau(request) khong nho khong 16n ta ¢ thé dung cac phuong
phap tinh toan nhu loai suy hay sai phan dé tinh toan viéc phan bé.

M6 dun phan bo cac may 4o dugc hién thi nhu sau:

< A RT VM =
=NB(Request) Kmeans(VMs)

(Phéan Iop theo Naive Bayes) (Phén cum KMeans)
Thoi gian dap trng May ao
dw doan dwoc chon

Phan bd yéu cau (Request)
Va0 méy 4o duroc chon

Hinh 3. 11 So dé ciia thudt todn RCBA
So d6 ma gia thuat toan RCBA

Thuat toan RCBA
Input:  Tap requests
Output: Phéan bd may 4o cho céac request trong tap Request

For each Request in CloudRequests

isLocated = true;

RT new = NB(RT1l, RT2....); // Module 1

VM Cluster = kMeans(situation); // situation: Trang thai
cua cac VM Module 2
5. For each VM in VMList
6. If isFitSituation(Request.RT new , VM.VM Cluster)
-
8

DSw N

AllocateRequestToVM(VM, Request); // Module 3
. isLocated = true;
9. break;

10. End If

11. End For

12. If (!isLocated)

13. VM = VMList.getMinFromMean (); // Module 2
14. AllocateRequestToVM(VM, Request);

15. End If

16. End For
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CAI PAT THUAT TOAN RCBA

Trong khudn kho ciia mét thye nghiém mo phong dugc thuc hién trén nén tang

ma nguén mé CloudSim, véi 05 may 4o da dugce cau hinh trude dé xur Iy cac yéu cau.

Nhirng yéu cau nay, véi chiéu dai va kich thude duge xac dinh mot cach ngau nhién,

dugc tao ra voi sd luong khéac nhau, bt dau tir 25, sau d6 tang lén 50, tiép theo 1a 100

va cuoi cung la 1000. Bé danh gia hi€u qua cua viéc xu ly cac yéu cau nay, thoi gian

dap tmg (Response Time) duoc chon 1am chi sé chinh. Céc két qua thu dugce tir thuc

nghiém sau d6 dugc so sanh voi hi¢u suat cua cac thudt toan can bang tai khac nhu

Round-Robin, MaxMin, MinMin va FCFS d xac dinh phwong phap nao cung cap

thoi gian dap tng toi vu nhét trong méi truong moé phong dam may.

Bang 3. 9 So sanh thoi gian dap ing cua cac thuat toan voi thuit toan RCBA

140
120
100
80
60
40

20

o truong hop 25 Request

" . So lan request
Thuat toan 5 10 15 1 20 25
%‘;‘I‘)‘;j 17,42 17,64 2,89 31,90 1,81
MaxMin 11,71 16,76 0,79 22,39 0,49
MinMin 11,37 20,54 0,75 114,60 0,48
FCFS 14,27 15,06 0,99 27,41 0,62
RCBA 16,04 | 1223 0,83 12,72 0,53

1

2 3 4 5

e Round Robin e MaxMin MinMin e FCFS RCBA

Hinh 3. 12 Biéu do so sanh thoi gian dap @ng ciia cac thuit toan véi thuit toan

RCBA ¢ truwong hop 25 Request

Dua vao bang 3.9 va hinh 3.12 vé thdi gian dap tng (Response Time) ciia cac thudt

toan (Round-Robin, MaxMin, MinMin, FCFS va RCBA) véi s 1an request twong
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, 10, 15, 20, 25) trong trueong hop 25 request, ta co thé nhan xét va so sanh hiéu

nang cua cac thuat toan nhu sau:

Round-Robin: Thoi gian dap tng ciia Round-Robin ting dan theo sb lan
request ting. Tuy nhién, thuit todn nay khong cin nhic hiéu sudt hoic tai cong
vi€c cuia cac may 4o, ma don gidn 1a phan chia cong viéc mot cach tun tu cho
tirng may 4o0. Do d6, Round-Robin c6 thdi gian dap Gng twong ddi cao va
khéng cai thién hiéu ning cn bang tai.

MaxMin: Thoi gian dap ing cia MaxMin giam theo sd 1an request ting. Thuat
toan ndy sir dung phuong phap tim kiém may 4o c6 thdi gian hoan thanh t6t
nhat va phan bd cong viéc cho may do d6. MaxMin c6 hiéu ning can bang tai
tot hon Round-Robin nhung van con mét s su chénh 1éch gilra cac may 4o.
MinMin: Thoi gian dap Gmg ctia MinMin c6 sy bién ddi 16n khi sb 1an request
tang. Thuat todn nay tim kiém may ao c6 thoi gian hoan thanh nho nhat va
phan bd cong viéc cho may 4o d6. MinMin c6 thoi gian dap ung tot hon
MaxMin, nhung can phai danh d6i véi do phirc tap tinh toan cao hon.

FCFS: Thoi gian dap tmg cia FCFS ting dan khi sb 1an request ting. Thuat
toan nay don gian 1a xir Iy cong viéc theo thir ty dén dau tién dén dich. Tuy
nhién, FCFS khong dam bao can bang tai va co thoi gian dap tmg cao khi tai
cong viée khong duoc phan chia ddng déu.

RCBA: Thoi gian dap tmg cia RCBA ¢6 sy bién d6i nho va thuong 13 thip
nhat trong cac thuit toan. RCBA két hop giita viéc dy bao thoi gian dap tng
va cin nhic tai cong viée ciia cac may 4o. Didu ndy cho phép RCBA phén bd
cong viéc mot cach thong minh va can bang tai hiéu qua.

O truong hop 25 request, RCBA c¢6 hiéu ning tot nhat trong cac thuit toan

duoc so sanh, véi thoi gian dap Gmg thap va kha ning cn bang tai tbt hon. MaxMin

va MinMin ciing c¢6 hiéu ning tdt, nhung MinMin c6 d6 phirc tap tinh toan cao hon.

Round

-Robin va FCFS c¢6 hiéu ning thip hon va khong can bang tai tét.

Bang 3. 10 So sanh thoi gian dap @ng cia cac thuit toan véi thuat toan

RCBA ¢ truong hgp 50 Request

Thuit S6 1an request
todn 5 10 15 20 25 30 35 40 45 50
Round

Robin

23,13 | 18,39 | 18,04 | 18,09 | 18,17 | 1833 | 18,17 1835 | 18,14 | 2,10
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MaxMin 14,84 | 73,43 | 14,10 | 14,75 | 13,84 | 40,79 | 39,76 14,96 | 57,43 1,60
MinMin 16,64 | 50,82 | 21,53 | 11,02 | 22,29 | 10,91 | 34,69 16,35 | 39,75 1,26
FCFES 20,55 | 28,14 129,04 | 1091 | 11,05| 10,92 | 28,63 16,22 | 32,50 | 14,16
RCBA 1786 | 12,441 1091 | 14,10 | 12,06 | 14,07 | 20,47 10,68 | 20,08 | 8,01
80
70
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50
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10

@ Round Robin
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e RCBA

—— ;)?AA
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MinMin

Hinh 3. 13 Biéu d0 so sanh thoi gian dap wng ciia cic thuit toan véi thuit toan

RCBA ¢ truong hgp 50 Request

Dua vao bang 3.10 va hinh 3.13 vé thoi gian dap tng (Response Time) ctia cac thuat

toan (Round-Robin, MaxMin, MinMin, FCFS va RCBA) véi s 1an request twong
ung (5, 10, 15, 20, 25, 30, 35, 40, 45, 50) trong truong hop 50 request, ta co thé nhan

x€t va so sanh hi¢u nang cua cac thuat toan nhu sau:

e Round-Robin: Thoi gian dap ing ctia Round-Robin dao dong va khong c6 xu

hudng ting hay giam rd rét khi s 1an request ting. Tuy nhién, thudt toan nay

khong can nhac hi€u suat hay tai cong viéc ciia cdc may 4o, ma don gian la

phan chia cong viéc theo thit tw tudn ty cho tirng may 4o. Do d6, Round-Robin

khong cai thién hi¢u ndng can bang tai va co thoi gian dap ting tuong doi cao.

e  MaxMin: Thoi gian dap iing cua MaxMin c¢6 su bién doi 16n khi so0 1an request

tang. Thudt toan nay sir dung phuong phap tim kiém may a0 c6 thoi gian hoan

thanh t6t nhat va phan bd coéng viéc cho mdy 4o d6. Tuy nhién, MaxMin ¢

thoi gian dap tmg dao dong cao va khong on dinh, dac biét khi s6 1an request

tang lén.

e MinMin: Thoi gian dap ing cia MinMin cling c6 su bién doi 16n khi so 1an

request ting. Thuat toan nay tim kiém may 4o c6 thoi gian hoan thanh nho

nhat va phan bo cong viéc cho may 4o d6. MinMin c6 thoi gian dap (mg tot
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hon MaxMin va 6n dinh hon, nhung can phai danh ddi v6i do phire tap tinh

toan cao hon.

e FCFS: Thoi gian dap tng ctua FCFS c6 sy bién di 16n khi s6 1an request ting.
Thuat toan nay xt Iy cong viée theo thtr ty dén dau tién dén dich. Tuy nhién,
FCFS khong dam bao can bang tai va co thdi gian dap tmg cao khi tai cong
viéc khong duogc phan chia dong déu.

e RCBA: Thoi gian dap tng cia RCBA c6 su bién d6i nho va thuong 1a thap
nhat trong cac thuit toan. RCBA két hop giita viéc du bao thoi gian dap tng
va cin nhic tai cong viée ciia cac may 4o. Didu ndy cho phép RCBA phén bd
cong viéc mot cach thong minh va can bang tai hiéu qua.

O truong hop 50 request, RCBA c¢6 hiéu ning t6t nhét trong cac thuat toan
duogc so sanh, voi thoi gian dap ing thap va kha ning can bang tai tot hon. MinMin
cling c6 hiéu ning tot, voi thoi gian dap tng 6n dinh va thip. MaxMin c6 hiéu ning
thap hon, trong khi Round-Robin va FCFS c6 hi¢u ning thip nhat va khong can bang
tai tot. Vi két qué thuc nghiém véi 50 Request tré lai, ta théy thuat toan Round-
Robin chiém wu thé va xu 1y nhanh, thuét toan MaxMin cling kha 6n dinh. Thuét toan
FCFS thi chua c6 thé manh. Tuy nhién thuat toan dé xuat RCBA cling kha on dinh,
va ching to dan 6n dinh va tt hon khi xtr 1y nhiéu request hon.

Bang 3. 11 So sanh thoi gian dap @ng cua cac thuat toan véi thuit toan RCBA

& truong hop 100 Request

Thuat S6 14n request
toan 10 20 30 40 50 60 70 90 90 100
Round

. 14,36 | 35,49 13,84 | 16,04 14,69 15,90 | 37,21 | 18,70 11,69 | 2,91
Robin

MaxMin | 50,07 | 39,25 38,80 | 38,59 | 38,56 38,99 | 38,88 | 19,51 | 39,68 | 3,03

MinMin | 14,53 | 14,76 14,62 | 12,67 15,28 16,79 | 11,15 12,75 | 50,02 | 14,85

FCFS 17,50 | 33,10 13,46 | 32,85 | 29,76 13,83 | 40,57 | 886 | 13,73 | 1,37

RCBA | 14,40 | 11,58 11,42 | 26,60 14,50 11,30 | 11,22 | 5,68 | 11,51 | 0,88
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Hinh 3. 14 Biéu do So sanh thoi gian dap wng clia cac thuit toan véi thuit toan
RCBA ¢ truwong hop 100 Request

Dua vao bang 3.11 va hinh 3.14 vé thoi gian dap tng (Response Time) cta cac thuat

toan (Round-Robin, MaxMin, MinMin, FCFS va RCBA) véi s6 1an request twong

ung (10, 20, 30, 40, 50, 60, 70, 80, 90, 100) trong truong hgop 100 request, ta co thé

nhan xét va so sanh hi¢u nang cua cac thuat toan nhu sau:

e Round-Robin: Thoi gian dap ung ciia Round-Robin c6 bién dong kha 16n khi
s6 1an request ting. Thuat toan nay don gian phan chia céng viéc theo thir tu
tun tu cho tirng may 4o, khong can nhic hiéu suat hay tai cong viéc cua cac
may 40. Do d6, Round-Robin c6 thdi gian dap tmg kha cao va khéng can bang
tai t6t.

e MaxMin: Thoi gian dap tng cia MaxMin dao dong twong ddi 6n dinh khi sd
1an request ting. Thuat toan ndy tim kiém may ao c6 thoi gian hoan thanh tét
nhat va phan bd cong viéc cho may 4o d6. Tuy nhién, MaxMin c6 thoi gian
dap Gmg cao va khong can bang tai tot.

e MinMin: Thoi gian ddp tng ctia MinMin c6 bién dong kha 16n khi sb lan
request ting. Thuat toan nay tim kiém may 4o c6 thoi gian hoan thanh nho
nhat va phan bd cong viéc cho may 4o d6. MinMin c6 thoi gian dap tng thap
hon MaxMin, nhung khong 6n dinh va khong can bang tai tot.

e FCFS: Thoi gian dap ung ctia FCFS c6 bién dong kha 16n khi sé 1an request

tang. Thuit toan nay xt Iy cong viéc theo thtr ty dén dau tién dén dich. FCFS
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khong dam bao can bang tai va c6 thoi gian dap ung cao khi tai cong viéc

khong dugc phan chia dong déu.

e RCBA: Thoi gian dap Gmg cia RCBA c6 bién dong twong dbi 6n dinh va
thudng 1a thip nhét trong cac thuit toan. RCBA két hop giita viéc du bao thoi
gian dap mg va can nhic tai cong viéc cua cac may 4o. Diéu nay cho phép
RCBA phén bb cong viéc mdt cach thong minh va cn bang tai hidu qua.

O trudng hop 100 request, RCBA ¢6 hiéu ning t6t nhit trong cac thuét toan
duoc so sanh, voi thoi gian dap ung thip va kha ning can bang tai tot hon. MinMin
¢6 hiéu ning tot nhung khong 6n dinh va khong can bang tai tbt. MaxMin, FCES va
Round-Robin c6 hiéu ning thap hon va khéng can bang tai tot. Tir request thir 100
trér di, thuat toan RCBA vuot troi hon hin so véi MaxMin, MinMin. Tuy nhién van
chua thdy vu thé so voi RoundRobin. Nhung véi s6 lugng request cang 1on thi RCBA
cang loi thé hon. Va dan dan chiém uu thé tuyét ddi so véi cac thuat toan con lai. RS
rang FCFS thé hién sy thiéu thong minh va tinh ty nhién cta giai thuat.

Bang 3. 12 So sanh thoi gian dap ng cta cac thuit toan véi thuat toan

RCBA 6 truwong hgp 1000 Request

Thuat S6 14n request
toin 100 200 300 400 500 600 700 800 900 1000
Round

. 14,53 14,76 14,62 12,67 | 1528 | 16,79 | 11,15 12,75 | 50,02 14,85
Robin

MaxMin 24,25 16,41 19,17 16,19 | 13,38 | 18,94 | 13,27 | 13,16 | 13,63 3,18

MinMin 247,38 | 194,12 | 195,41 27,11 | 27,08 | 2721 | 27,49 | 11,10 | 11,17 2,63

FCFS 31,07 11,10 11,10 38,57 | 24,57 2832 | 28,09 | 28,03 | 40,34 6,77
RCBA 48,96 39,05 38,18 38,84 | 38,15 ] 38,62 | 3891 | 39,09 | 40,44 9,16
300
250
200
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100
50 —
f —
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Hinh 3. 15 Biéu do so sanh thoi gian dap &ng ciia cac thuit toan véi thuit toan

RCBA ¢ truong hgp 1000 Request

Dua vao bang 3.12 va hinh 3.15 vé thoi gian dap tng (Response Time) cua cac thuat
toan (Round-Robin, MaxMin, MinMin, FCFS va RCBA) véi s 1an request twong
ung (100, 200, 300, 400, 500, 600, 700, 800, 900, 1000) trong truong hgp 1000

request, ta c6 thé nhan xét va so sanh hi€u nang cua cac thuat toan nhu sau:

Round-Robin: Thoi gian dap tng ciia Round-Robin duy tri 6n dinh va khong
c6 bién dong dang ké khi sd 1an request ting. Tuy nhién, Round-Robin khong
can nhic tai cong viéc ctia cic may ao va c6 thoi gian dap ung cao.

MaxMin: Thoi gian dap tng cuia MaxMin c6 su bién dong dang ké khi s6 1an
request ting. MaxMin tim kiém may 4o c6 thoi gian hoan thanh tot nhat va
phan bd cong viée cho may 4o d6. Tuy nhién, MaxMin khong cin bang tai t6t
va c6 thoi gian dap ung cao.

MinMin: Thoi gian dap tng cia MinMin c¢6 sy bién dong dang ké khi s 1an
request ting. MinMin tim kiém may 4o c6 thoi gian hoan thanh nhé nhit va
phan bd cong viéc cho may o d6. MinMin cé thdi gian dap tng thip hon
MaxMin, nhung khong cén bang tai tot.

FCFS: Thoi gian dap tmg ciia FCFS ¢6 sy bién dong dang ké khi s6 1an request
tang. FCFS xtr 1y cong viéc theo thir ty dén dau tién dén dich. FCFS khéng
dam bao can bang tai va c6 thoi gian dap tng cao khi tai cong viéc khong duge
phan chia dong déu.

RCBA: Thoi gian dap tmg ciia RCBA duy tri 6n dinh va khong c6 bién dong
dang keé khi sd 1an request taing. RCBA két hop giita viéc du bao thoi gian dap
g va can nhéc tai cong viéc clia cac may 0. Piéu nay cho phép RCBA phan
b6 cong viéc mot cach thong minh va can bang tai hi¢u qua.

O truong hop 1000 request, RCBA c6 hi¢u nang twong d6i tot trong cac thuat

toan duoc so sanh, véi thoi gian dap tmg 6n dinh va kha ning cin bang tai tot. MinMin

c6 thoi gian dap tng tot hon MaxMin nhung khong 6n dinh va khong cén bang tai

t6t. FCFS va Round-Robin c6 hidu ning thip hon va khong can bang tai tét.
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Qua viéc phan tich 04 biéu dd so sanh, trong cung mot diéu kién dugc ap dung
cho tat ca céac thuat toan, ta co thé nhan théy réng thuat toan duoc dé Xuét, RCBA, da
thé hién kha ning phan bo tai nguyén mot cach on dinh va hop ly. Didu nay duoc
ching minh qua thoi gian dap ing twong ddi tét cua cac may ao khi so sanh véi cac
thuat toan khac dugce trién khai trong moi trudong cloud, dac biét 1a trong cac truong
hop c6 s6 luong request it hodc nhiéu.

Ngoai ra, thue nghiém mé phong da dugc tién hanh trén mot nhom may éo cb
dinh va khong tinh dén kha ning mé rong nhém may o nay (VM pool) dé giai quyét
van dé tai 16n khi can thiét. Gia thiét duoc dit ra 1a nhom may 4o hién tai c6 kha ning
xtr Iy mot lwong tdi da cac request nhat dinh va chi khi nao sb luong request vuot qua
ngudng nay, viéc md rong VM pool méi duge xem xét. Tuy nhién, khi tién hanh thi
nghiém mé phong véi mot luong 16n request, vuot qua 1000, s& doi hoi cdu hinh may
tinh manh m& hon va bd vi xtr Iy hiéu quéa hon, diéu nay lam ndi bat mot han ché cu

thé ctia thi nghiém mo phong nay.

3.5 THUAT TOAN ITA
Tt nghién ctru va phan tich mot s6 ddc diém thuat toan Throttled, mot thuat toan dién
hinh va ni tiéng ciia bo cin bang tai trén méi trudng dam mAy, luan an dé xuit mot

thuat toan cai tién tir thuét toan Throttled, 1a Improved Throttled Algorithm (ITA).
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- X6a yéu cau da phan bd

Bung

Hinh 3. 16 Hinh So’ dd thuit toan Throttled cai tién (ITA)

Cac budc cua thuit toan ITA
Budre 1. Trinh can bang tai Improved Throttled Algorithm (ITA) thyc hién
can bang tai bang viéc duy tri va c4p nhat lién tuc bang chi muc cta danh sach Usage
May do
Bang chi muc chira thong tin cac may ao (VM) va mitc Usage clia mdi may
0.
Tai thoi diém khoi tao, tAt ca céc may do (VM) trong danh sach
“ymUsageList” c6 murc sir dung (Usage) bang 0.

Buéc 2. Bo diéu khién trung tim (DCC) nhan dugc mot nhiém vu can xur li

Buéc 3: Bo diéu khién trung tdm (DCC) gui thong tin truy van dén bo can
bang tai ITA dé hoi vé viéc phan bo tiép theo cho may nao.
Buéc 4: BO can bang tai ITA sé tim ra ID may ao (VM) tuong tng theo thir

tu tir trén xudng trong danh sach dugc so sanh theo mirc d6 sir dung (Usage) My do
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va tim ra may 4o c6 Usage nho nhdt , sau d6 tra vé ID may do tim duoc cho bd dicu

khién trung tam (DCC).

- B0 diéu khién trung tam (DCC) s& gui Request d6 t6i may 4o (VM, thong
qua ID) dé may 4o d6 xir 1y va théng bao cho bd can bang tai ITA vé viée
phan b6 vira thyc hién. B can bang tai ITA s& cap nhat ID may ao (VM)
vira dugc gtri d6 va chd Request mai tir Bo diéu khién trung tam (DCC).

- Trudng hop, néu danh sach “vmUsagelist” rdng (chwa c6 may 4o ndo dugc
khoi tao), thi bo can bé“mg tai ITA s€ trd gia tri vé 1a -1 cho Bo6 diéu khién
trung tam (DCC).

- B0 diéu khién trung tim (DCC) xép Request d6 vao hang doi cho cho lan
phan b tiép theo.

Buéc 5: Vé phia may a0 (VM) sau khi xtr Iy xong Request dong thoi b diéu
khién trung tim (DCC) ciing nhin duoc phan hoi, s& c6 1 thong bao dwogc giri t6i cho
bo cén bang tai ITA dé cap nhat lai danh sach “vmUsageList” va cling liics cap nhat
lai danh sach Usage.

Bude 6: Néu co nhiéu yéu clu, bo diéu khién trung tam (DCC) 1ap lai Budc 3

va tién trinh duge 1ap lai cho dén khi hét yéu cau can xur ly.

Danh gia thuat toan ITA

Céc két qua thu dugc tir thuat toan dé xuét da dap ung cac muc tiéu, chang han
nhu gi6i han sé lugng yéu cau xép hang dé phan phdi, cai thién thoi gian xir Iy va
thoi gian phan héi cia dam may trung tAm so v6i bon thudt toan phd bién. Pidu nay
cling c6 nghia 1a véi thuat toan duogc dé xuét, hiéu suit cia dién toan dam may duogc
cai thién so v6i bon thuét toan Equally Spread Current Execution Load, Round Robin,
Throttled va Throttled Modified Algorithm (TMA) Thuét toan dé xuat da cho thay
hiéu quéa khi may 4o c6 s lugng cao 1én thi ITA dam bao thoi gian phan hoi va thoi
gian xtr 1y t6t, giam chi phi ciia cac trung tim dir liéu dam may.

Tuy nhién thut toan van con 1 s6 nhuoc diém nhu:

- Néu s6 lugng may 4o nhiéu thi viéc tim ra may c6 Usage nho nhit 1a kho

khén hon

- Chua sap xép cac may 4o theo danh sach ting dan.
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CAI PAT THUAT TOAN ITA

Duya vao thuat toan Throttled da c6, ta su dung VMUsage dé chon ra may 4o
c6 murc st dung thap nhat, tir d6 ta biét cach phan bd tai nguyén cho cai request tiép
theo. Sau mdi 1an giai quyét xong 1 request ta lai cap nhat thong tin Usage cho may
do tuong Ung trong danh sach ma thuat toan quan ly.

Trong nghién ctru gia 1ap thuat toan ITA, moi truong cloud dugc mo phong
thong qua viéc sir dung bo thu vién mi ngudn mé Cloud Analyst (phat trién tir
CloudSim), va viét ma bang ngdn ngit lap trinh J4VA4. M6 hinh méi trudng gia 1ap
cloud duogc ciu hinh 12 mot Datacenter chira 5 méy 4o trong truong hop ciia mot
Datacenter don 1¢; va dugc mé rong ra 50 may 4o tai Datacenterl va 5 may ao tai
Datacenter2, &t & cac khu vuc dia Iy khac nhau. Trong méi trudng nay, cac yéu ciu
dugc tao ra ngau nhién tir cac UserBase c6 dic diém dia ly da dang, hudng téi viéce
mo phong sir dung céac dich vu cloud mdt cach tu nhién hon.

Thuat toan ITA da dugc trién khai trong méi trudng mo phong nay dé thu thap
két qua va danh gia hiéu ning. Tuong ty, thuat toan dugc phat trién ciing duoc cai
dat va chay thr nghiém, sau do cac két qua thu dugc tr thuat toan nay s€ duoc so
sanh mot cach cin than voi két qua cua bon thuat toan khac da dugc biét dén, bao
¢6m Equally Spread Current Execution Load, Round Robin, Throttled, va TMA,
dé xac dinh xem thuét toan nao mang lai hi¢u suét tot nhat trong vi¢c phan phéi va
xur 1y tai trong moi truong mo phong cloud.

MGoéi trwong mo phéng:

Thyc nghiém mé phong thuat toan Improved Throttled Algorithm dugc cai
dit trén ngon ngit JAVA v6i Cloud Analyst va st dung ECLIPSE IDE [129] dé chay
thir va hién thi két qua theo tiéu chuén ciia Cloud Anlalyst. Méi trudng gia lap véi bo

thu vién ma ngudén mé CloudSim 4.0 (duoc cung cap bdi http://www.cloudbus.org/).

Thuat toan dé xudt dugc x4y dung biang cach tao ra 16p
ThrottledVmITALoadBalancer, ké thira tir dbi tuong VmLoadBalancer, cap nhat thém
mot sb phuong thirc va thudc tinh lién quan téi getNumber dé tinh ra Usage clia may

40, va diéu chinh cac ham dung sin dé phu hop voi thuat toan dé xuat:

@Override
public int getNextAvailableVm() {
int vmld = -1;

double min = 0;
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if (vmUsagelList.size() > 0)

{
int temp;
inti=0;
for (Iterator<Integer> itr = vmUsageList.keySet().iterator(), itr.hasNext();)
{
temp = itr.next();
Double[] state = vmUsagelList.get(temp);
//System.out.println(temp + " state is " + state + " total vms " + vmStatesList.size());
double x = getNumber(state);
if(i==0)
{
min = Xx;
vmld = temp;
/
else {
if (min > x){
min = x;
vmld = temp;
/
i++;
allocatedVm(vmld),
return vmld;
/
return i;
/
return -1;

public double getNumber(Double[] nums)
{

double res =0;
int i=0;
Sfor(i=0; i < nums.length, i++)

{

res = res + nums[i];

/

res = res/i;

return res;
!

i
public void cloudSimEventFired(CloudSimEvent e)

Tiéu chi danh gia:

Trong khudn kho cuia thi nghiém mo phong méi truong dam may sir dung cac
thong s6 da néu, cai dit cac thuat toan cn bang tai ma Cloud Analyst cung cip sin,
bao gom Round Robin, Throttled va Equally Spread Current Execution Load. Ngoai
ra, thuat toan TMA [109] cua tac gia Nguyén Xuan Phi va cac cong su ciing di duoc
tich hop vao thuc nghiém so sanh. Cac thudt todn va thuat todn ITA duoc dé xuét
cling da dugc phat trién va danh gia dua trén cung mot bd dir ligu dau vao. Su so sanh
gilta cac két qua thu dugc chu trong vao hai chi sb chinh 14 thoi gian dap ung

(Response Time) va chi phi danh cho Datacenter (Costing). Mot thuat toan cé thoi
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gian dap tng du doan gan véi thuc té hon va chi phi thdp hon s& duoc coi 1a ¢6 hiéu
sut toi uvu hon trong viéc quan 1y tai nguyén dam may.

Dé thyc hién thuc nghiém thuat todn ITA, luan an thtr nghiém véi 04 truong
hop véi twong tng cu thé cu hinh khac nhau: Trudng hop 1 (01 datacenter va 20
may 4o va 1 userbase), Truong hop 2 (01 Datacenter véi 5 may 4o 3 userbase),
Truong hop 3 (01 Datacenter véi 5 may do 4 userbase), Truong hop 4 (02 Datacenter,
trong d6 datacenter 1 gdm 50 may o va Datacenter 2 gdm 5 may 4o, 5 userbase).

Thuwe nghiém va két qua dat dwec thuit toan ITA

Trwong hgp 1: 01 Datacenter véi 20 may 4o va 1UB
Cac thong sb gia lap datacenter, may 4o, chi tiét cdu hinh host, cac users base
d6 tré mang 1ay tir tai liéu [109]

Moi truong md phong gia 1ap gom cac thong s6 sau thong sb nhu sau:

Data Center #WMs Image Size BW

10000

Memory
1024

DCA 20 1000

Hinh 3. 17 Théng s6 cAu hinh Datacenter va may o thuét toan ITA & trudng

hop 1
Mame Region Arch 03 WM Cost per Memory Storage Data Physical
VM S/Hr Cost §is Cost s | Transfer HwW
Cost $iGb Units |
DCA 0[xB6 Linux Xen 0.1 0.05 0.1 0.1 3

Hinh 3. 18 Céu hinh va chi phi Datacenter thuit toan ITA & truong hop 1

Physical Hardware Details of Data Center : DC1

Id Memory Storage Available Mumber of Processor WM
(Mb) (Mb) BW Processors Speed Policy
0 2048 100000 10000 4 100|TIME_SHARED
1 20480 100000 10000 4 100|TIME_SHARED
2 10240 100000 10000 4 100|TIME_SHARED

Hinh 3. 19 Chi tiét cau hinh vit Iy host ciia Datacenter thuit toan ITA &

truong hop 1

Mame Region Requests per| Data Size Peak Hours | Peak Hours Avg Peak | Avg Off-Peak
User per Reguest | Start (GMT) End (GMT}) Users Users
per Hr (Dytes)

UB1 0 g0 100 13 15 400000 40000
UB2 L G0 100 15 i 100000 10000
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Hinh 3. 20 Théng s6 cAu hinh Co sé nguoi ding (2UB) thuit toan ITA &
truong hop 1

Bang 3. 13 Két qua thwe nghiém truwong hop 1 thuit toan ITA

Overall response time Data Center processing time DC Request Servicing Times Data Center Cost
JHA Data Transfer
Avg(ms) |Min(ms) |Max(ms) | [Avg(ms) |Min(ms)} |Max (ms) Avg (ms) |Min (ms) |Max (ms) VM Cost ($) cost Total ($)
Equally Load 2118880 | 363719 39.062,12 21.056119 | 346610 | 39.001,62 2106119 | 346610 39.001,62 0,50 2861 | 2911
Round Robin | 2118902 | 363719 | 39.062,12 21.0561.41 | 346610 | 39.001,62 21.06141| 346610 39.001,62 0,50 2861 | 2911
Throttled 977471 289.48 | 27.750,66 9.668,98 250,02 | 27.696,11 9.668.98 250,02 21.696,11 0,50 2883 | 2933
TMA 977477 289,48 | 27.750,66 9.668.98 250,02 | 27.696,11 9.668.98 250,02 27.696,11 0,50 2883 | 2933
ITA 9.562,11 169,12 396,42 9.463,10 | 1.728/10 | 562.324,34 946310 | 172910 562 324,34 - 2268 | 2268
TRUOGNG HOP 1
25.000,00
21.198,80 21.051,19 21.198,02 21.051,41
20.000,00
15.000,00
10.000,00 977477 5.668,98 977477 5.668,98 956211 8.463,10
5.000,00
29,11 2911 29,33 29,33 22,68
EQUALLY LOAD ROUND ROBIN THROTTLED ™A ITA

BAvg response time  MAVE processingtime [ Total ($)
{ms) (ms}

Hinh 3. 21 Biéu d6 so sanh ITA véi cac thuit toan khac ¢ trwdong hop 1
Dua vao két qua thuc nghiém vé thoi gian dap Gmg cia cac thudt toan trong
truong hop 1 (1 datacenter, 20 may 4o va 1 userbase), ta c6 nhan xét va phan tich hi¢u
nang cua cac thuat toan nhu sau:

e FEqually Load: Thoi gian dap tng trung binh (Avg) cua thuit toan Equally
Load 13 21,198.80 ms. Thoi gian dap tng toi thiéu (Min) va t6i da (Max) cla
thuat toan nay cling tuong tng 1a 3,637.19 ms va 39,052.12 ms. Equally Load
c6 kha ning phan bd tai ddng déu cho cac may 4o, dan dén thoi gian dap Gmg
6n dinh nhung khong tbi uu.

e Round Robin: Thoi gian dap ing trung binh cia thuét toan Round Robin cling
1a 21,199.02 ms. Round Robin c6 céac gia tri Min va Max tuong tu Equally
Load. Thuét toan niy phan bo tai theo co ché tun ty, dam bao cong bang

nhung khong t6i wu vé thoi gian dap tng.
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o Throttled: Thoi gian dap ing trung binh cia thuat toan Throttled 1a 9,774.77
ms. Thoi gian dap tng toi thiéu va tdi da cling co gid tri trong Gng 1a 289.48
ms va 27,750.66 ms. Throttled tap trung vao viéc gidi han sb lwong request,
gitip cai thién thoi gian dap tng nhung co thé gay ra thiéu cong bang trong
phén bb tai.

e TMA: Thoi gian dap trng trung binh cta thuat toan TMA ciing 1a 9,774.77 ms.
Cac gia tri Min va Max cia TMA tuong tu Throttled. TMA st dung ngudng
(Threshold) va téi thiéu (Minimum) dé giéi han tai nguyén, dam bao tinh sén
c6 nhung c6 thé gay ra thiéu cong bang.

e [TA:Thoi gian dap ing trung binh cua thuat toan ITA 13 9,562.11 ms. ITA c6
gia tri Min 1a 159.12 ms va Max 1a 38,642.87 ms. ITA st dung ky thuat diéu
chinh ngudng theo qua trinh lip dé cin bang tai va giam thoi gian dap ung.

O truong hop 1, thuat toan ITA cho thay hiéu nang tot nhat trong truong hop

nay véi thoi gian dap tng trung binh thap nhat. Equally Load va Round Robin dam

bao cong bang trong phan bo tai nhung cé thoi gian dap ing cao hon. Throttled va

TMA sir dung ngudng dé han ché tai nhung c6 thé gay ra thiéu cong bang.

M Equally Load
Thoi gian dap &ng trung binh

Thoi gian phuc vu yéu cau trung binh cua _
Datacenter

I A
- uTMA

Thoi gian x{ Iy trung binh cda Datacenter _ & Throttled
I = Round Robin
—
I

5,000.00 10,000.00 15,000.00 20,000.00 25,000.00

Hinh 3. 22 Biéu do so sanh 3 thong s6 ciia ITA véi cic thuit toan khac &

truong hop 1

Dua vao hinh 3.22, thuét toan Throttled, TMA va ITA déu c6 hiéu suat tdt hon so véi

Equally Load va Round Robin. Trong s6 d6, ITA cho thay hiéu sut tot nhat voi thoi

gian dap ung trung binh thap nhét va kha ning can bang tai tot hon. Tuy nhién, can

luu ¥ rang hi€u suat cia cac thudt toan c6 thé phu thudc vao cau hinh cu thé cia hé

thong va yéu cau su dung.
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Trwong hop 2: 01 Datacenter v4i 5 may do 3UB

Diata Center #VMs Image Size Memaoary BW
DC1 10000 512 1000
Mame Region Arch 05 VM Costper | Memory Storage Data Physical
VM &/Hr | Cost®/s | Cost®is | Transfer HW
Cost $/Gb Units
DC1 0{x86 | w |Linux Xen 0.1 0.05 01 01 2
Physical Hardware Details of Data Center : DC1
Id Memary Storage Available Mumber of Processor Vi
(Mb) (Mb) BW Processors Speed Policy
0 204800 100000000 1000000 4 10000|TIME_SHARED
1 204800 100000000 1000000 4 10000[TIME_SHARED
MName Region Requests per| Data Size Peak Hours | Peak Hours Avg Peak | Avg Off-Peak
User per Reguest | Start (GMT) | End (GMT) Users Users
perHr (bytes)
UB1 2 100 1000 5 11 1500 200
UB2 1 70 150 ] 1500 100
UB3 2 1110 1500 1 19 2000 500
Hinh 3. 23 Thong so cau hinh trwomg hgp 2 thuit toan ITA
Bang 3. 14 Két qua thwe nghiém truwong hop 2 thuit toan ITA
Overall response time Data Center processing time DC Request Servicing Times Data Center Cost
TH2 Data Transfer
Avg (ms) |Min(ms) |Max (ms) | |Avg (ms) |Min (ms) Max (ms)| |Avg (ms) |Min (ms) [Max (ms)| [VM Cost ($) ool Total (§)
Equally Load 299,96 157,13 397,45 0,56 0,02 1,10 0,56 0,02 1,10 0,50 8966 | 9016
Round Robin | 299,96 15713 | 39745 0,56 0,02 1,10 0,56 0,02 1,10 0,50 8966 | 9016
Throttled 300,21 15743 397.90 0,57 0,02 1,10 057 0,02 1,10 0,50 118,80 | 119,30
TMA 299,96 157,13 | 39745 0,56 0,02 1,10 0,56 0,02 1,10 0,50 89,66 | 90,16
ITA 299,96 157,13 | 39745 0,56 0,02 1,10 0,56 0,02 1,10 - 89,66 | 89,66
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TRUONG HOP 2

350,00

299,96 299,96 300,31 299,96 299,96
300,00 —— " —_ N _
250,00

200,00

150,00
119,30

100,00 90,16 90,16 90,16 89,66

50,00
0,56 0,56 0,57 0,56 0,56

EQUALLY LOAD ROUND ROBIN THROTTLED TMA ITA

D Avg response time B Avg processing time (ms) O Total (S)

Hinh 3. 24 Biéu d6 so sanh ITA véi cic thuit toan khac ¢ trwong hop 2

Duya vao két qua thuc nghiém vé thoi gian dép tng cua cac thuat toan trong

truong hop 2 (01 Datacenter véi 5 may do 3 userbase), ta c6 nhan xét va phéan tich

hi€u ndng cua céc thuat toan nhu sau:

Equally Load: Thoi gian dép tng trung binh (Avg) cua thuit toan Equally
Load 14 299.96 ms. Thoi gian dap Gng téi thiéu (Min) va téi da (Max) cta thuat
todn nay cling tuong tng la 157.13 ms va 397.45 ms. Equally Load c6 kha
ning phan bd tai dong déu cho cac may 4o va userbase, ddn dén thoi gian dap
{rmg 6n dinh nhung khong tbi wu.

Round Robin: Thoi gian dap ing trung binh cua thuat todin Round Robin cling
12 299.96 ms. Round Robin c6 cac gia tri Min va Max tuong tu Equally Load.
Thuét toan nay phan bo tai theo co ché tuan tu, dam bao cong bang nhung
khong t6i wu vé thoi gian dap tng.

Throttled: Thoi gian dap ing trung binh cua thudt toan Throttled 1a 300.31
ms.Thoi gian dap Gmg tdi thiéu va tbi da cling c6 gid tri twong tng 13 157.13
ms va 397.90 ms. Throttled tap trung vao viéc giéi han sd lwong request, gitip
cai thién thoi gian dap img nhung c6 thé gy ra thiéu cong bang trong phan b
tai.

TMA: Thot gian ddp Ung trung binh cua thuat toan TMA ciing 1a 299.96
ms.Cac gid tri Min va Max cua TMA tuong tu Equally Load va Round Robin.
ITA: Thoi gian dap ting trung binh cua thuat toan ITA cling 1a 299.96 ms. ITA

c6 gia tri Min va Max tuong tu cac thuat toan khac.
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O trudng hop 2, tit ca cac thudt toan déu c6 thoi gian dép tng trung binh twong

duong va khong c6 sy khac bi¢t dang ké. Cac thuat toan Equally Load, Round Robin,

TMA va ITA déu dam bao cong bang trong phan bd tai, trong khi Throttled tap trung

vao viéc gidi han so lugng request. Tuy nhién, vi s6 lugng may 4o va userbase trong

truong hop nay khong 16n, nén hiéu nang cua cac thuat toan khong c¢é su chénh 1éch

dang ké.

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

Diata Center #VMs Image Size Memaoary BW
DC1 10000 512 1000
Mame Region Arch 05 VM Costper | Memory Storage Data Physical
VM &/Hr | Cost®/s | Cost®is | Transfer HW
Cost B/Gb Units
DC1 0{xa |+ |Linux Xen 0.1 0.05 01 01 2
Physical Hardware Details of Data Center : DC1
Id Memaory Storage Awvailable Mumber of Processor WM
(Mb) (Mb) BwW Processors Speed Policy
0 204800 100000000 1000000 4 10000(TIME_SHARED
1 204800 100000000 1000000 4 10000(TIME_SHARED
Mame Region Requests per| Data Size Peak Hours | Peak Hours Avg Peak | Avg Off-Peak
User per Request | Start (GMT) | End (GMT) Users Users
per Hr (oytes)
UB1 2 100 1000 5 11 1500 200
UB2 1 70 150 3 ] 1500 100
UB3 2 1110 1500 1 19 2000 500
UB4 2 200 155 7 22 3000 335
Hinh 3. 25 Thong so0 cau hinh trudng hgp 3 thuit toan ITA
Bang 3. 15 Két qua sau khi mo phong trudng hgp 3 thuit toan ITA
Overall response fime Data Center processing time DC Request Servicing Times Data Center Cost
TH3 Data Transfer|
Avg (ms) |Min (ms) [Max (ms) Avg (ms) |Min (ms) |Max (ms)| |Avg (ms) |Min (ms) |Max (ms)| |VM Cost ($) cos Total (§)
Equally Load 299 97 164,13 395,74 0,50 0,01 1,10 0,50 0,01 1,10 0,50 9399 | 9449
Round Robin 209,97 164,13 385,74 0,50 0,01 1,10 0,50 0,01 1,10 0,50 93,09 94 49
Throttled 299,97 164,13 395,74 0,50 0,01 1,10 0,50 0,01 1,10 0,50 93,99 94 49
TMA 299 97 164,13 395,74 0,50 0,01 1,10 0,50 0,01 1,10 0,50 9399 | 9449
ITA 299 97 157,12 385,74 0,50 0,01 1,10 0,50 0,01 1,10 - 93,99 93,99
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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
100,00

50,00
0,50 0,50 0,50 0,50 0,50

EQUALLY LOAD ROUND ROBIN THROTTLED TMA ITA

D Avg response time M Avg processing time (ms)  OTotal ($)

Hinh 3. 26 Biéu do so sanh ITA véi cac thuit toan khac truwong hop 3

Dua vao két qua thuc nghiém vé thoi gian dap tng cua cac thuit toan trong

truong hop 3 (01 Datacenter voi 5 may ao 4 userbase), ta c6 nhan xét va phan tich

hi€u ndng cua céc thuat toan nhu sau:

Equally Load: Thoi gian dép Ung trung binh (Avg) cua thudt toan Equally
Load 14 299.97 ms.Thoi gian dap tng t6i thiéu (Min) va tdi da (Max) cta thuat
toan nay tuong tng 13 164.13 ms va 395.74 ms.Equally Load tién hanh phan
b tai mot cach dong déu cho cac mdy 4o va userbase, gitip dam bao cong bang
trong viéc sir dung tai nguyén.

Round Robin: Thoi gian dap ing trung binh cua thuat toAn Round Robin cling
la 299.97 ms.Round Robin c6 cac gia tri Min va Max tuong tu Equally
Load.Thuat toan nay str dung co ché phan bo tai tuan ty, giap dam bao cong
bang nhung khong tdi wru vé thoi gian dap tng.

Throttled: Thoi gian dap ung trung binh cua thuat toan Throttled 1a 299.97
ms.Thoi gian dap Gmg tdi thiéu va tbi da cling c6 gid tri twong tng 13 164.13
ms va 395.74 ms.Throttled tip trung vao viéc gidi han sb lugng request dé cai
thién hiéu suat hé thong, nhung co thé gy ra sy thiéu cong bing trong phin
b tai.

TMA: Thoi gian dap ing trung binh cua thuat toAn TMA ciing 14 299.97 ms.
Céc gia tr1 Min va Max cia TMA tuong tu Equally Load va Round Robin.
ITA: Thoi gian dap ting trung binh cua thuat toan ITA cling 1a 299.97 ms. ITA

c6 gid tri Min va Max tuong ty cac thuat toan khac.
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O truong hop 3, tit ca cac thudt toan c6 thoi gian dap tng trung binh nhu nhau

va khong c6 su chénh 1éch déng ké. Equally Load, Round Robin, Throttled, TMA va

ITA déu dam bao cong bang trong phan bo tai va c6 thoi gian dap tng 6n dinh. Tuy

nhién, hi€u ndng cta cac thuat todn c6 thé bi anh hudng bdi s6 lugng may do va

userbase, do do, viéc di€u chinh ngudng va st dung cac ky thuat toi wu khac co thé

can thiét dé cai thién hiéu suit hé thong.

Truong hop 4: 02 Datacenter 1 gdm 50 may 4o va Datacenter 2 gdm 5 may 4o

Data Center #WMs Image Size Memoary BW
DCA 50 10000 512 1000
DCz 5 10000 512 1000

Hinh 3. 27 Théng s ciu hinh 2 Datacenter va cic may 4o thuét toan ITA &

truong hop 4
Mame Region Arch 05 WM Costper | Memory Storage Data Physical
VM BHr | Cost®ls | Cost®is | Transfer HW
Cost 5/Gb Units
B0y 0[x86 Linux Hen 01 0.05 0.1 01 2
DC2 2(x86 Linux Hen 01 0.05 0.1 0.1 1

Hinh 3. 28 Cau hinh va chi phi ciia cic Datacenter thuit toin ITA ¢ truong

hop 4

Physical Hardware Details of Data Center : DC1

Id Memory Storage Available Mumber of Processar il
(Mb) (Mb) BW Processors Speed Policy
0 204800 100000000 1000000 4 10000(TIME_SHARED
1 204800 100000000 1000000 4 10000(TIME_SHARED

Hinh 3. 29 Chi tiét cAu hinh vat Iy host ciia Datacenter 1 thuit toan ITA &

truong hop 4

Physical Hardware Details of Data Center: DC2

Id Memaory Storage Available MNumber of Processor WM
(Mb) (Mb) W Processors Speed Palicy
0 102400 10000000 100000 4 10000/ TIME_SHARED

Hinh 3. 30 Chi tiét cAu hinh vit ly host ciia Datacenter 2 thuit toan ITA &

truong hop 4
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Mame Region Requests per| Data Size Peak Hours | Peak Hours Avg Peak | Avg Off-Peak
User per Request | Start (GMT) | End (GMT) Users Users
per Hr (bytes)

UB1 2 60 100 3 9 1000 100
uB2 0 160 10000 2 19 1000 100
UB3 2 260 100 3 9 1000 100
UB4 0 30 10000 13 iy | 1000 100
UB5 0 G0 2000 13 19 1000 100

Hinh 3. 31 Théng s6 ciu hinh Co s¢ ngudi dung (5 UB) thuit toan ITA &

truong hop 4

Bang 3. 16 Két qua thwe nghiém trudng hop 4 thuit toan ITA

Overall response time Data Center processing time DC Request Servicing Times Data Center Cost
TH4 Data Transfer|
Avg (ms) |Min (ms) |Max (ms) Avg (ms) |Min (ms) [Max (ms)| |Avg (ms) [Min (ms) |Max (ms) | [VM Cost ($) cot Total ($)
Equally Load 50,60 38,94 85,13 0,75 0,02 1,62 1,57 1,00 251 5,50 2203 27,54
Round Robin 50,60 38,94 65,13 0,75 0,02 1,62 1,67 0.10 2,50 5,50 2203 27,54
Throttled 50.60 38,94 66,13 0.78 0.02 1.62 1.67 0.10 2,50 5,50 2203 | 2754
TMA 50,60 38,94 65,13 0,75 0,02 1,62 1,57 0.10 2,50 5,50 2203 27,54
ITA 50,60 38,94 65,13 0,75 0,02 1,62 1,67 0,10 2,50 0.05 22,03 22,08
UONG HOP 4
60,00
50,60 50,60 50,60 50,60 50,60

50,00 ] — — S

40,00

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 TMA ITA
D Avg response time M Avg processing time (ms) O Total ($)

Hinh 3. 32 Biéu dé so sanh ITA véi cdc thuit todn khéc ¢ truong hep 4
Duya vao két qua thuc nghiém vé thoi gian dép tng cua cac thuat toan trong
truong hop 4 ( 02 Datacenter: Datacenter 1 v&i 50 may 4o va Datacenter 2 véi 5 may

40, va 5 userbase), ta ¢6 nhan xét va phan tich hi¢u nang cac thuat toan nhu sau:
o

Equally Load:Thoi gian dap ung trung binh (Avg) cta thuat toan Equally Load
13 50.60 ms. Thoi gian dap ung t6i thiéu (Min) va t6i da (Max) cua thudt toan
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nay tuong ng 1a 38.94 ms va 65.13 ms. Equally Load phan b tai mot cach

ddng déu gifta cac may 4o va userbase trong ca hai datacenter.

e Round Robin: Thoi gian dap tng trung binh cua thuat todan Round Robin ciing
la 50.60 ms. Round Robin c6 cac gia tri Min va Max tuong tu Equally Load.
Thuét toan nay tuan ty phan bo tai dén tirng may 4o trong cé hai datacenter.

e Throttled: Thoi gian dap tng trung binh cta thuat toan Throttled 1a 50.60 ms.
Thoi gian dép tmg t6i thidu va tdi da cling co gia tri twong tu Equally Load va
Round Robin. Throttled tap trung vao gidi han sé luong request dé kiém soat
tai nguyén trong ca hai datacenter.

e TMA: Thoi gian dap ung trung binh cua thuat toan TMA cling 1a 50.60 ms.
Céc gia tr1 Min va Max cua TMA tuong tu Equally Load va Round Robin.

e ITA : Thoi gian dap ing trung binh ctia thuat toan ITA cling 1a 50.60 ms. ITA
c6 gia tri Min va Max tuong tu cac thuat toan khac.

O trudng hop 4, tat ca cac thuat toan c6 thoi gian dap ing trung binh nhu nhau
va khong c6 su chénh léch dang ké. Equally Load, Round Robin, Throttled, TMA va
ITA déu cb ging dam bao cong bang trong phan bd tai va co thoi gian dap tng 6n
dinh. Tuy nhién, do su khac biét vé 86 luong may 4o va userbase gitra hai datacenter,
hiéu ning cua cac thuit toan c6 thé khong dugce t6i wu. Viée diéu chinh ngudng va sir
dung céc ky thuat tdi wu khac c6 thé can thiét dé cai thién hiéu suét hé théng. Co thé
noi, thuat toan ITA ¢ két qua tt hon Throttled & mot s6 truong hop data dau vao,
va khong hé thua kém céc thuat toan co san vé cac mat nhu thoi gian dap ing vé phan
chi phi datacenter thi ludn it hon cac k¥ thuat khac.

140
120

100 -

7~ \\

80

60

40

20

0

Trwdng hop 1 Trwdng hop 2 Trwdng hop 3 Trwong hop 4
e Fqually Load esss=Round Robin Throttled es===TNMA ITA

Hinh 3. 33 Biéu do so sanh tong chi phi (Total Data Center Cost) ciia cac thuit

toan véi thuat toan IT & 4 trweong hop
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Dua vao hinh 3.33 biéu dd duong vé tdng chi phi cua datacenter cho 4 trudng
hop (Equally Load, Round Robin, Throttled, TMA va ITA), ta c6 cac nhan xét sau:
Equally Load va Round Robin: Ca Equally Load va Round Robin cé tong chi phi
datacenter nhu nhau trong tat ca cac truong hop. Didu nay cho thdy cach phan bé tai
va xtr Iy cua hai thuat toan nay khong anh huéng dén tong chi phi cua datacenter.
Throttled: Throttled c6 tong chi phi datacenter cao hon so v&i Equally Load va Round
Robin trong trudng hop 2 va truong hop 3. Tuy nhién, trong truong hop 1 va truong
hop 4, téng chi phi datacenter ctia Throttled khong khac biét so véi hai thuét toan
khac. TMA: TMA c6 tong chi phi datacenter cao hon so véi Equally Load va Round
Robin trong truong hop 2. Tuy nhién, trong truong hop 1, trudng hop 3 va truong
hop 4, téng chi phi datacenter cia TMA khong khac biét so v6i hai thuit toan khac.
ITA: ITA c6 tong chi phi datacenter thdp hon so v6i Equally Load, Round Robin,
Throttled va TMA trong tit ca cc trudng hop. Diéu nay cho thdy ITA c6 kha ning
tdi wu hoa chi phi cua datacenter tdt hon céc thuat toan khac. Nhu vay, ITA c6 xu
huéng co tong chi phi datacenter thip hon so véi cac thuat toan khac, trong khi
Throttled co thé co tong chi phi datacenter cao hon trong mdt sb trudng hop cu thé.
Equally Load, Round Robin vda TMA c¢6 tong chi phi datacenter twong duong va
khéng ¢ su khac biét dang ké.

3.6 TONG KET CHUONG

Trong chuong 3, da dé xuat duoc 4 thuét toan, trong do su lién két gitra bon thuat
toan MCCVA [CT1], APRTA [CT2], RCBA [CT7], va ITA [CT3] dugc xay dung
dua trén mot sd nguyén tac cbt 16 trong viéc xur Iy va phan tich dir li€u, nhdm muc
tiéu toi vu hoa can bang tai trong dién todn ddm may. Dudi day 14 cac diém lién két
chinh:

o Kha nang Hoc va Dy bao: APRTA [CT2] va MCCVA [CT1] chia sé kha
nang hoc tir dir lidu lich sir dé cai thién quyét dinh trong tuong lai. APRTA
str dung ARIMA dé dy béo thoi gian dap tng, trong khi MCCVA sit dung
SVM dé phan 16p va k-Means dé phan cum, ca hai déu hoc tir dir lidu va
dé xuét cach phan phdi tai.

e Phdn logi va Phdn cum: MCCVA [CT1] va RCBA [CT7] cé hai déu s
dung k¥ thuat phan cum k-Means nhung v&1 muc ti€u khadc nhau. MCCVA
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dung n6 dé phan chia tai 1am hai trong khi RCBA két hop né vé6i Naive
Bayes dé cai thién do chinh xac cla qué trinh phan loai. Ca hai déu tan
dung thong tin tir phan cum dé t6i wu hoa viéc phan bb tai nguyén.

o Toi uu héa Thoi gian ddp iing va Makespan: Tét ca bon thuit toan déu
hudng dén viéc cai thién hai tham sd chinh 1a Thoi gian dap tng va
Makespan. Chung dugc thiét ké dé 1am giam thoi gian dép Gmg thong qua
du bao va phan tich, cling nhu t6i wu hoa Makespan bang cach cAn nhic
dén tai téng thé cua hé thong.

e Cdi tién tir thudt todn Throttle: TTA [CT3] 1a thuét toan cai tién tir Throttle
Algorithm, mdgt thuat toan can béng tai hién hanh. Sy cai tién nay mang
lai cach nhin méi vé viée xir Iy tai nguyén dam mdy, cung cip mot budc
tién so voi cac thuat toan truyén théng bang cach tich hop cic phuong

phap tién tién cua hoc may.

Mic du mdi thuat toan co tiép can riéng, nhung khi két hop lai, chung tao ra
mot hé théng toan dién c6 kha nang hoc tir dit li¢u (phan loai, phan cum, du bao),
dap ung nhanh chong nhu cau tai nguyén va phin bd tai mot cach thong minh. Sy
lién két gitra chung tao nén mot ciu trac da 16p, noi mdi thuét toan déng gdp vao kha
ning chung cua hé théng dé quan 1y va diéu phdi tai nguyén mot cach hiéu qua. Nhin
chung, su lién két giita cac thuat toan khong chi qua viéc chia sé mot sé thanh phan
c¢bt 161 nhu phuong phap ML va bo tham sb danh gia, ma con théng qua muc tiéu
chung la cai thién tinh linh hoat va hi¢u suét cua hé théng dién toan dam may trong
viéc can bang tai.

Trong chuong nay thong qua viéc nghién ciru theo hudng tiép can tir bén
trong, da thiy duoc cac hudng di dé nang cao hiéu ning cin bing tai biang cach tng
dung cac thuat toan tri tu¢ nhan tao dién hinh 14 hoc may va cac thuat toan dua va
sac sudt thong ké. Theo tiép can cac tham s cua can bang tai dé xuat dugc 3 thuat
toan. Theo tiép can tinh hi¢u qua cua cac thuat toan dé xuét dugc 1 thuat toan. Nhu
vay, luan an da dé xuit va x4y dung dugc 04 thuat toan véi cach tiép céan bén trong,
nghién ctru cac dic tinh cua can bang tai két hop véi ML. Tuy nhién, cin bang tai
trén cloud cling cin quan tim t&i cac yéu td bén ngoai chir khong chi dic tinh bén

trong cua can bang tai, do d6 luan an ti€p tuc nghién ctru cac tac dong bén ngoai cia
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can bang tai 1a deadlock va hanh vi ngudi dung trén cloud. Cac nghién ciru tiép theo

s& duogc gidi thi¢u trong chuong 4.
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CHUONG 4 — CAN BANG TAI THEO HUONG TIEP CAN BEN
NGOAI

4.1 GIOI THIEU CHUNG

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

Déi voi yéu té mang internet, viéc bi timeout va hanging 1a dé dang xay ra néu
can bang tai khong tot. Deadlock dai dién cho yéu t6 nguy co ma trén mang thuong
xay ra. Vi muc y tuéng tiép can can bang tai tir deadlock, luan 4n nay dé xuét nghién
ctru vé deadlock va deadlock trén cloud, tir d6 xay dung thudt toan PDOA [CT4]
[CT5] nham nang cao kha ning cin bang tai thong qua du bao kha ning xay ra
deadlock cua cloud.

Déi voi yéu t6 ngudi dung cloud va hanh vi nguoi dung cloud, luan an nay tap
trung vao tinh vu tién cta nguodi dung ma dién hinh 1a d6 wu tién cta tac vu. Trong
moi trudng cloud, ta phan biét ngudi dung thong qua tinh chit cua cc request, tir 46
dua vao cac thong ) request ma ta tinh toan ra d¢ uu ti€n cia tac vu. Tu do, luan an
dé xuat mot thuat toan can bang tai k-CTPA [CT6] , dua vao do uvu tién tac vu dé

phéan bo céc request, gidi quyét van dé can bang tai theo tiép can nguoi dung.

4.2 DEADLOCK VA THUAT TOAN PDOA

4.2.1 Khai niém Deadlock

Deadlock [130] 1a tinh trang xay ra dong thoi l4p trinh khi mét tap hop cac quy trinh
di vao diéu kién chd vo han. Mot qué trinh hodc mot giao dich cé thé ton tai ¢ hai
trang thai:

- Trang thai dang hoat dong: tat ca céc tai nguyén hodc cac muc dir licu dugc
yéu cau boi mot tién trinh da dwoc phan bo cho tién trinh d6 va tién trinh
d6 dang duoc thyc thi hodc san sang thyc thi.

- Trang théi bi chdn mdt tién trinh phai cho céc tai nguyén dugc yéu cau vi

mat s6 tién trinh khac dang giir tai nguyén do.
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Vi vdy, trong mot hé théng khi mot tap hop céac tién trinh bi chan két thuc viéc
thue thi ciia chung cho nhau giai phong tai nguyén thi hé théng duoc cho 1 da di vao
trang thai deadlock.

Deadlock 12 mot van dé pho bién trong mai truong da chuong, tinh toan song
song, dién toan phan tan, noi ma khoa phan cimg va phan mém duoc sir dung phan
chia ngudn tai nguyén va dong bd héa quy trinh. Trong hé thong thong tin lién lac,
Deadlock thuong xay ra do tin hiéu bi mat hay bi hong thay vi tranh chap ngudn tai

nguyén.

Hinh 4. 1 Vén dé Deadlock trong vi du qua ciu [130]

C6 4 diéu kién Deadlock xdy ra:
- Diéu kién logi trir lan nhau: Mot tai nguyén khong thé duoc st dung
béi nhiéu tién trinh tai cing mot thoi diém.
- Diéu kién giit va cho: Cac tién trinh vira giit tai nguyén va chd tai
nguyén mdi.
- Diéu kién khéng thé chiém: Céc tai nguyén khong thé bi doi lai, ching
chi c6 thé dugc giai phong bai chinh tién trinh chiém giir chiing.
- Diéu kién chu trinh cho: Céc tién trinh giir tai nguyén va chd cac tai
nguyén bi gilr boi tién trinh khac, tao thanh mét chu trinh.
Hau hét cac hé diéu hanh hién nay khong thé ngin can deadlock. Khi deadlock

dién ra, nhiing hé diéu hanh s& c6 nhiing phan mg khac nhau, khong c6 sy nhat quéan.

o]

—®

Hinh 4. 2 Piéu kién xay ra Deadlock [130]
4.2.2 Deadlock trén cloud

Céc nha cung cap dich vu di¢n toan ddm may s€ cung cap tai nguyén may tinh

a0 hoa mdt cach linh dong va da dang dudi dang dich vu thong qua mang Internet.
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Do sb luong nguoi dung thay ddi va tai nguyén han ché, dam may dé bj deadlock &
quy mo rat 1on.

Deadlock trong dam may 13 mot tinh hudng khi mot cong viée trong hé théng
da c6 duge mot sd tai nguyén va cho doi dé biét thém tai nguyén dugc mua bdi mot
s6 ngudi khac cong viée dang cho doi cac tai nguyén ¢ duoc boi cong viée nay. Do

d6 khong co cong viéc nao trong hé thong c6 thé tién hanh thém [111].

Pang

st dung Yéu céu

Pang
str dung

Pang
st dung

Yéu cau

Pang
st dung

Hinh 4. 3 Deadlock trong méi truwomg dam may [16]

Mot hé théng duogc coi la ¢ trong trang thai an toan néu no co kha nang phan
phéi tai nguyén cho mdi qua trinh theo mot trat tu nhat dinh ma khong roi vao tinh
trang deadlock. Diéu nay c6 nghia la, cé sy tdn tai cta it nhAt mot thir tw an toan cho
cac qua trinh. Mot trat ty an toan cua cac qua trinh <P;, P», ..., P,> cho mot trang
thai cap phat nhat dinh c6 nghia 13, cho mdi qua trinh P;, yéu ciu vé tai nguyén ctia
no6 c6 thé dugc thoa man bang tai nguyén hién cé cing véi nhitng tai nguyén duoc
phong thich béi cac qua trinh P; ¢6 j<i. Trong truong hop céc tai nguyén can thiét
cho P; khong ngay lap tic kha dung, P; c6 thé doi cho dén khi tat ca cac qué trinh P;
hoan thanh, tha ra tai nguyén cua ho. Sau do, P; c6 thé st dung céc tai nguyén nay dé
hoan thanh nhiém vu ctia minh, gidi phong cac tai nguyén ma noé gilr va sau cung la
két thuc. Khi P; hoan thanh, qua trinh tiép theo Pi+1 c6 thé tiép tuc quy trinh nay.
Néu khong c6 bat ky thtr ty an toan nao ton tai, hé théng dugc xem la ¢ trong trang
thai khong an toan.

MOt trang thai an toan khong dong nghia véi viée khong c6 deadlock. Piéu

nay c6 nghia 13, trong khi moi trang thai deadlock chéc chin 1a khong an toan, khong
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phai moi trang thai khong an toan déu din dén deadlock. Tuy nhién, mot trang thai
khong an toan c6 kha nang bién thanh deadlock. Néu hé thdng duy tri duwoc trang thai
an toan, hé diéu hanh c6 kha ning phong tranh dugc trang thai khong an toan va do
do6 la tranh dugc deadlock. Trong mot trang thai khong an toan, hé diéu hanh c6 thé
thuc hién cac bién phap dé ngan chin cac qua trinh tiép can vai tai nguyén ma ching
dang yéu cau néu viéc cip phat d6 c6 thé dan dén deadlock, vi cac hanh dong cua cac

qué trinh ndy c6 thé tao ra cac trang thai khong an toan.

Vung khéqg
deadlock an toan

M
an toan

Hinh 4. 4 Khéng gian trang thai an toan, khong an toan, deadlock

Vi duy, xét mot hé théng bao gém 126 bang tir va ba qua trinh dugc goi 1a PO,
P1 va P2. Qua trinh PO dang yéu cau st dung 10 6 bang tir, P1 ¢o thé yéu cau dén 4
d, va P2 ¢6 nhu ciu st dung Ién dén9 6 bang tu. Tai mot thoi diém cu thé, t0, ching
ta nhan thiy rang PO dang chiém giit 5 6 bang tir, P1 dang giir 2 6, va P2 ciing dang
sir dung 2 6 bang tir. Didu nay dé lai 3 6 biang tir khong dugc st dung trong hé thong.

Nhu ciu téi da | Nhu cAu hién tai

PO 10 5
P1 4 2
P2 9 2

O thoi diém t0, hé théng dang nam trong mot trang thai an toan. C6 mot thir
tu an toan c6 thé duoc ap dung la <P1, PO, P2>, theo d6 P1 c6 kha nang duoc cép
phat ngay 1ap tirc toan bd 6 bang tir ma néd yéu cau va sau khi str dung xong s& giai
phong ching, khién hé théng co 5 6 bang tir trong. Tiép theo, PO c6 thé dugc cip phat
tat ca cac 6 bang tir ma no can va sau d6 giai phong chung, dé lai 10 6 bang tir tréng
cho hé théng. Cubdi cung, P2 co thé nhan toan bd & bang tr ma nd can va cling tra lai
sau khi sir dung, khién hé thong trd lai véi tong s6 12 6 bang tir khong bi chiém dung.

Mot hé théng co thé chuyén tir mot trang thai an toan sang trang thai khong an

toan. Vi dy, tai mot thoi diém khac, t1, néu P2 yéu cAu va nhan thém mét 6 bang tur,
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hé théng s& mat trang thai an toan cua minh. O thoi diém nay, chico P11aco thé nhan
da 6 bang tir ma né can va sau khi hoan tat, n6 giai phong chung, khién hé thong chi
con 4 6 bang tir kha dung. Do PO can 5 6 bang tir va c6 thé yéu cau tdi 10, n6 s& khong
thé tiép tuc cho t6i khi c6 dii tai nguyén, nén phai doi. P2 ciing trong tinh trang twong
tu, can thém 6 6 va s& khong thé tiép tuc néu khong du tai nguyén, c6 nguy co dan
dén tinh trang deadlock.

Su ¢b xay ra khi chung ta cdp thém mot 6 bang tir cho qua trinh P2. Chung ta
c6 thé ngan chin tinh trang deadlock bang cach yéu cau P2 doi cho dén khi cac qua
trinh con lai hoan thanh va tra lai tai nguyén ban dau.

Véi khai niém trang thai an toan dam bao kha ning dap tmg tbt cho cloud,
chung ta c6 thé dé xuit va ap dung cac giai thuat du bao deadlock va kha ning xay ra
deadlock nham tranh deadlock. Y tuwéng don gian 1a dam bao hé thong s& luén con
trong trang thai an toan. Khoi ddu, hé thong & trong trang thai an toan. BAt cir khi nao
mot qua trinh yéu cau mot tai nguyén hién c6, hé thdng phai quyét dinh tai nguyén co
thé dugc cap phat tirc thi hodc qua trinh phai chd. Yéu cau dugc gan chi néu viée cap
phat dé hé thdng trong trang thai an toan.

Trong kich ban nay, c6 kha ning mot qué trinh yéu cau tai nguyén hién hitu
van phai doi. Piéu nay 1am cham viéc sir dung tai nguyén vi thiéu mot phuong phap
tién doan va ngan chin tinh trang deadlock. Do d6, phat trién mot thuat toan co kha
nang dy doadn va tinh todn kha nang xdy ra cua deadlock trong moi truong ddm may
s& gitip dam may tranh dugc deadlock, qua do cai thién chit lugng dich vu cung cép
cho nguoi dung.

Theo nghién ctru cia Deep Shikha va Lalit Kumar [131], deadlock trén moi
truong dam may xay ra khi mdt sb lugng 16n cac hudng di cua dir li€u bi chan do
cach moi phuong phap déu co loi thé va cb ging gianh 14y loi thé khac ma mot sé hé
théng khac c6 duoc. Deadlock 1a khi mét sb lugng 16n cac chién luge bi can tré do
cach moi phuong phép ndm giit tai nguyén va cd gang gianh lay loi ich khac do mot
phuong phap khac nim 1iy. Mot k¥ thuat trong hé théng lam viéc sir dung nhiéu tai
nguyén khac nhau va sir dung tai nguyén mot cach dong bo. Co ba cach tiép can dé
quan 1y tinh trang tic nghén. (1) Hoat dong can bang deadlock hodc tranh: Ly do 1a
khong cip cho ciu triic quyén truy cap vao trang thai deadlock. Chiing ta chi c6 thé

phong to tirg 16p; Viéce ngan chian dugc hoan thanh bang cach v6 hiéu hoa mot trong
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$6 ching ké tir cac diéu kién dic biét duoc tham chiéu mudn cho tinh trang tac nghén.
(2) Né tranh 14 mot kiéu di dau trong ty nhién: Bang cach sir dung "Tranh né", chiing
ta can dua ra mot gia dinh. Chiing ta phai dam bao rang tat ca dir liéu vé cac tai nguyén
ma hé théng s€ yéu clu déu duoc ching to1 biét trude khi thuc hién céac chién luoc.
Chung ta c6 thé sir dung s6 dém cta Banker (D6 1a mot loi thé c6 duoc tir Dijkstra)
dé duy tri khoang cach chién luoc khoi tinh trang tic nghén. (3) Khu vuc deadlock
va phuc hoi: Dé xay ra diém ding, sau d6 phan b6 dé quan 1y khi xay ra. (4) Bo qua
deadlock hoan toan: Néu tinh trang tic nghén 1a cuc ky dac biét, thi hay khéi dong
lai hé thong. Day 1a cach tiép cAn ma hai hé diéu hanh Windows va UNIX sir dung 1a
thudt todn xir Iy deadlock 3.2.3. Dé xtr Iy deadlock, chiing ta c6 thé sir dung cac thuat
toan khac nhau. Vi vy, chung ta c6 thé sir dung thuét toan bét nat (bully algorithm)

dé xir Iy deadlock trén may chi dam may.

4.2.3 Thuit toan dé xuit PDOA

Gidi thiéu thuat toan PDOA

Phuong phap phan phdi tai nguyén hién tai khong thich hop cho cac hé thong
phan phdi nhiéu phién ban ctia mdi loai tai nguyén. Tuy nhién, thuat toan ngan chin
deadlock ma chung ta s& trinh bay sau day c6 thé dugc trién khai hiéu qua trong méi
truong dam may. Giai thuat nay la giai thuat voi muc ti€u du bao deadlock va kha
nang xay ra deadlock, ttr 46 nhan biét duge khu vuc ban va hoat dong manh thi phan
bd dén cac tai nguyén khac ranh rdi hon. Vi thé, giai thuit nay tam goi la PDOA
(Predicting Deadlock Occurrence Algorithm). Tén dugc chon vi giai thuat nay co
thé st dung cac ing dung ctia machine learning va k¥ thuat du bao, dy bao ra kha
ning xdy ra deadlock, tir d6 biét cach cip phat tai nguyén dang c6 cia nd khi no
khéng thé thoa man cac yéu cau cla tit ca request.

Trong mé hinh nghién ctru cloud & day, dwa vao tinh chét cia Deadlock, thi
Deadlock xay ra theo cac diéu kién sau:

o Khi cic tac vu / request ¢ thoi gian chd qua 1au (timeout) va ngat két ndi.

« Hoic céc tai nguyén cua cloud bi xung dot, cing lac c6 nhiéu request / tac

vu cung truy cdp tao ra mot chu trinh lp vo tan va dan dén treo may. o)

dau, tai nguyén dé bi deadlock 1a RAM, CPU, va STORAGE.



123

Khi mét request / yéu cau méi dua vao cloud, thi request d6 mang theo céc
thong sb6 nhu d6 16m, sb file, do 1on file, kiéu tra vé... va tuong trng véi cac tinh chét
d6 s& can c6 mot lwong tai nguyén twong Gmg dé xir Iy va phuc vu nhu cau nay. S6
luong tai nguyén yéu cau phai khong vuot qua sb luong tai nguyén tong cd ciia hé
théng dam may, trong d6 bao gdm tai nguyén tir cac may ao. Khi c¢6 yéu ciu tir nguoi
ding d6i v6i nhoém tai nguyén nio d6, hé thong can phai danh gia xem viéc cap phat
nhiing tai nguyén d6 c6 dé hé thong & trong trang thai an toan hay khong. Néu viéc
cAp phat dam bao rang hé thdng van & trong trang thai an toan, thi tai nguyén s& duogc
cip phat. Néu khong, qua trinh yéu cau tai nguyén sé phai doi cho dén khi cac qua
trinh khac hoan tat va giai phong tai nguyén can thiét, hodc cho dén khi hé thong cap
phat thém tai nguyén tir cdc may 4o mdi dugce thém vao.

Nham duy tri trang thai an toan, bai toan nay tiép can bang cach dy bao deadlock
va tinh toan kha ning xay ra deadlock thong qua dau vao 1a cac request, va tinh toan
ra mirc d6 sir dung cia tai nguyén can c6: RAM, CPU & STORAGE. Néu céac thong
s6 tinh toan ra, s& phan bd vao cic may 4o c6 mirc d6 st dung tai nguyén thip sao

cho tong tai nguyén str dung du doén 1a it hon ngudng cho phép tuwong tng.

p—— .
at dau =Predict(Request) =FindVM(VMs)

y
Tai nguyén dw doan May ao

cho Request dwoc chon

= A =
Dieu kién Sai
tai nguyén ;
Diéu kién v& RAM théa man = =
_ Diéu kién vé CPU thda man thoa man
Pidu kién v& STORAGE thoa man

lDUng

Phan bd Request moi
vio may 4o 0a chon

Hinh 4. 5 So do nguyén Iy hoat dong ciia thudt todn PDOA
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Cac buéce cia thuat toan
Budc 1. Thuat toan Predicting Deadlock Occurence Algorithm (PDOA) sé
thuc hién can béng tai b?mg viéc duy tri va cdp nhat lién tuc bang chi muc cia danh
sach Usage Mdy do tai bat ky thoi diém nao do.
- Bang chi myc chtra thong tin cac may a0 (VM) va mic Usage ciia moi may
do0. Usage cia may ao duoc tinh riéng ré cho RAM, CPU & STORAGE,
tat ca déu duogc tinh trén phan trim st dung.

Usage = {RAM, CPU, STORAGE} (8.1)

- Tai thoi diém bat dau, tat ca cac may do (VM) déu nim trong danh sach
“vmUsageList” v6i mirc d6 sir dung Usage bang 0.

Usage = {0, 0, 0} (8.2)

Bude 2: Bo diéu khién trung tam (DCC) nhan dugc mdt nhiém vu / request
can xtr li moi. O day, s& du doan ra duoc tai nguyén twong Gmg can dung cho Request
hién tai. Tai day, thuat toan st dung ky thuat Regression trén data cac Request trudc
dé du bao ra tai nguyén tuong tng.

Buéc 3: Bo didu khién trung tim (DCC) s& giri truy van yéu cau dén bo can
bang tai PDOA cho phan b6 tiép theo. Vi viée biét dugce tai nguyén tuong tng can
dung cho Request hién tai, tir 6 s& phan bd vao VM sao cho thoa dong thoi 3 diéu
kién sau:

o RAM: Predicted Usagerequest + Usageyyu < Thresholdram ~[90% - 95%] (8.3)
o CPU: Predicted Usagereques: + Usageyy < Thresholdcru ~[97% - 98%] (8.4)
o STORAGE: Predicted Usagerequess + Usageyy < Thresholdsrorice ~ [96% -

99%] (8.5)

Budrc 4: BO can bang tai PDOA sé& tim ra va guri ID may ao (VM, tim tir trén
xubng trong bang Usage Mdy do ) va vé6i diéu kién may ao co Usage nhé nhit va
dong thoi tra vé gia tri 1a ID mdy a0 vé cho bo diéu khién trung tam (DCC).

- B0 diéu khién trung tam (DCC) s& giri yéu cau do téi may do (VM, xéac

dinh boi ID d6) dé xir 1y va thong bao téi bd can bang tai PDOA vé phan
bd d6. Bo can bang tai PDOA s& cap nhat ID may ao (VM) vira duoc gui

dén va chod yéu cau méi tir B diéu khién trung tim (DCC).
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- Trudng hop, néu bang “vmUsagelist” rdng (chua c6 may a0 nao duoc khoi
tao). BO can bang tai PDOA s& tra gia tri vé 1a -1 cho Bo diéu khién trung
tam (DCC).

- B0 diéu khién trung tam (DCC) xép yéu cau d6 vao hang doi cho cho lan
phan bd tiép theo.

Buéc 5: V& phia may ao (VM) sau khi xir 1y xong yéu cau va bd diéu khién
trung tim (DCC) nhan duoc phan hoi, né sé théng bao cho bo can bang tai PDOA dé
bd can béng tai cap nhat lai bang “vmUsageList” dé)ng thoi cap nhat lai danh sach
Usage cua cac VM.

Buée 6: Néu c6 nhiéu yéu cau, b diéu khién trung tam 1ap lai Budc 3 va tién
trinh dugc 14p lai cho dén khi hét yéu cau xur 1y.

So d6 mi gia thuat toan PDOA

Thuat toan PDOA
Input: Tap Requests
Output: Phan bo may 4o cho céc request trong tdp Requests

1. For each Request in CloudRequests

2. isLocated = false;

3. PredictedUsage - {RAM, CPU, STORAGE} redicied =
Predict(Request);

4. VM =FindVM(VMList);

5. If isSatisfied(PredictedUsage, VM)

6. AllocateRequestToVM(VM, Request);
7. isLocated = true;

8. End If

9. If(lisLocated)

10. VM = VMList.getSelected VM();

11. AllocateRequestToVM(VM, Request);
12. EndIf

13. End For

Panh gia thuat toan PDOA

Két qua dat dugc tur thuat todn maéi da thuc hién thanh cong cac muc tiéu dat
ra, bao gom viéc han ché s6 lugng yéu cau cho doi xir 1y, toi wu hoa thoi gian xur 1y
va cai thién dang ké thoi gian phan hoi khi so sanh véi bdn thuat toan pho bién dién
hinh trong can bang tai. Didu nay ciing c6 nghia la voi thuat toan duge dé xuét, hiéu
suét cua dién toan dam may dugc cai thién so véi bon thuét toan MaxMin, Round

Robin, MinMin va FCFS. Thuat toan dé xuat di cho thy hiéu qua khi mdy o c6 s6
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lwong cao 1én thi PDOA dam bao thoi gian phan hoi va thoi gian xir 1y tot, giam chi
phi cua céc trung tam dir liéu dam may.
Tuy nhién thuat toan van con 1 s6 nhuoc diém nhu:
- Néu sd lugng may ao nhiéu thi viéc tim ra may c6 Usage nho nhat 1a khé khan
hon, nén c6 thé tim mot may co Usage phu hop 1a dat.
- Chua sdp xép cac may 4o theo danh sach ting dan.
- Thuat toan du bao cang chinh x4c thi phan bd cang hiéu qua.
- Tinh toan va xir Iy cac ngudng dong, tirc 1a cac ngudng nay thay doi theo VM,
theo request hodc theo dic diém cloud.
CAI PAT THUAT TOAN PDOA
MGéi trwong mo phéng:

Dé Phat trién thuit toan méi PDOA, luan an  dd thiét ké 1op
PDOASchedulingAlgorithm dua trén ké thira 16p co sé BaseSchedulingAlgorithm, bd
sung thém céac phuong thitc méi va thudc tinh mdi, dac biét 1a phuong thirc
getVMUsage nham tinh toan mirc st dung cta cic may 4o, va diéu chinh lai cac ham
¢ sdn dé chung phu hop véi cic yéu cau cua thut toan méi duge dé xuit. Ham
predictRequestUsage nham du doan kha ning st dung tai nguyén ciia Request. Bén
canh d6, ham getMostSuitableVM dung dé 1ay ra VM phu hop thoa 3 ngudng dé
phan bé request.

@Override

public void run()

public CondorVM getMostSuitableVM(double usagePercentage)

public double getVMUsage(CondorVM vm, int type)
public double predictRequestUsage(Cloudlet req, int type)

Tiéu chi danh gia:

M0 phong gia lap cloud véi cac tham sé nhu trén, va chay thuat toan can bang
tai cua CloudSim c6 san: Round Robin, MaxMin, MinMin va FCFS, cai dit cac
thuat todn cing dau vao, so sanh két qua dau ra, dac biét 1a thong s thoi gian dap
ung (Response Time), thoi gian thuc hién (Makespan). Thoi gian dap ung dy doan
clia cac may ao ciing nhu thoi gian dap ing dy doan cia cloud véi sai sd cang it di
thi hiéu qua cua thuat toan dugc danh gia s& cang tot, chi phi cing cang thip thi k¥

thuat do ciing hiéu 1a tét hon.
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Cac Request duoc dai dién béi Cloudlet trong cloudSim va kich thudc ctia cac
Cloudlet dugc xdy dung sin theo dataset ciia CloudSim. S6 lwong Cloudlet 1an lugt
1a Epigenomics 24, Epigenomics 100 va Epigenomics 997.

Biang 4. 1 Cau hinh théng s ciac Request thuit toan PDOA

Chiéu dai Kich thuéc file Kich thwéc file ddu | S6 CPU xir
(Length) (File Size) ra ly
Kb Kb (Output Size in Kb) (PEs)
100 ~ 1700 5000 ~ 45000 450 ~ 750 1

Két qua mé phéng gia lap
Trwong hop 1 (Epigenomics_24): md phong gia 1ap v6i data 24 request c6 san cua
CloudSim, va két qua nhu sau:

Bang 4. 2 So sanh thoi gian dap ing cac thuit toan véi thuat toan PDOA &

truong hop 1
Thoi gian dap 1tng
TH1 (Overall response time)
Avg (ms) Min (ms) Max (ms)
FCFS 1.993,83 0,18 20.363,49
MaxMin 1.632,78 0,11 12.825,62
Round Robin 1.474,61 0,10 9.487,84
MinMin 930,43 0,10 6.027,47
PDOA 915,34 0,11 4.582,72
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Hinh 4. 6 Biéu d so sanh thoi gian dap &ng cac thuit toin véi thuit toan

PDOA & truong hop 1

Theo hinh 4.6, biéu d6 cot vé thoi gian dap tmg trung binh (Avg) va thoi gian
dap Gng 16n nhit trong truong hop 1 cia cac thuit toan trong mod phong trén moi
truong dam may, ta c6 thé thdy trong cac thuat toan dugc thir nghiém, PDOA va
MinMin ¢6 thoi gian d4p Gmg trung binh thap nhat, cho thay hiéu ning t6t hon so véi
cac thuat toan khac trong viéc xtr ly cac request. Cac thuat todn MaxMin va Round
Robin ciing co thoi gian dap (mg trung binh kha tuong dong va khong chénh léch quéa
nhiéu. Tuy nhién, chiing c6 hiéu ning thip hon so v6i PDOA va MinMin. FCFS ¢6
thoi gian dap tng trung binh cao nhét, tirc 14 thuat toan nay c6 hiéu ning thip hon so
vOi cac thuat toan khac trong viée xtr 1y cac request.

O trudong hop 1, trong cac thuat toan duoc thir nghiém, PDOA c6 thoi gian dap
{ng t6i thiéu (min) va t6i da (max) thip nhat, cho thiy kha ning can bang tai t6t nhat
trong viéc phan phéi céng viéc. MinMin ciing c6 thoi gian dap tng tdi thiéu va tbi da
kha thip, cho thay kha ning can bang tai tot. Cac thut toan MaxMin va Round Robin
cling c6 kha ning can bang tai kha tot, nhung chénh léch thoi gian dap tng ti da
gitra cac request 16n hon so vé1 PDOA va MinMin. FCFS khong c6 kha nang can
bang tai tot, vi thoi gian dép tmg t6i da ctia cac request chénh 1éch rat 16m.

Nhu vay, ¢ truong hop mé phong gia 1ap nay, thuat toan PDOA va MinMin
c6 hiéu ning tot nhat va kha ning cin bang tai cao hon so véi cac thuit toan khac.
Céc thuit toan MaxMin va Round Robin ciing cho thiy kha ning can bang tai tdt,
nhung hiéu ning cua ching khong tt bing PDOA va MinMin. FCFS 1a thuat toan

¢6 hiéu nang thap nht va khong c6 kha ning can bang tai tdt.

Trwong hop 2 (Epigenomics 100): md phong gia 1ap véi data 100 request co san

ctia CloudSim, va két qua nhu sau:

Bang 4. 3 So sanh thoi gian dap ing cac thuit toan véi thuat toan PDOA &

truong hop 2
Thoi gian dap vng
TH 2 (Overall response time)
Avg (ms) Min (ms) Max (ms)
FCFS 6.352,15 0,11 139.362,03
MaxMin 7.312,98 0,10 76.327,82
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Round Robin 9.766,91 0,25 99.698,84
MinMin 10.158,29 0,11 407.527,17
PDOA 6.659,82 0,12 76.659,82
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Hinh 4. 7 Biéu db so sanh thoi gian dap @ng cac thuit toan véi thuit toan

PDOA ¢ truong hop 2

Duya trén hinh 4.7 va bang 4.3 vé thoi gian dap ung trung binh (ms) va thoi
gian dap ung t6i thiéu (min) va tdi da (max) cua cac thuat toan trong mo phong gia
lap trén moi trudng dam may, chung ta c6 thé thdy rang trong trudng hop 2, thuat
toan PDOA c6 thoi gian dép (mg trung binh thap nhét, cho thay hiéu ning tt hon so
v&i céc thuat todn khac trong viée xur 1y cac request. FCFS ciing c6 thoi gian dép ung
trung binh khé thap, tuy nhién, MaxMin, Round Robin va MinMin c¢ thoi gian dap
{rmg trung binh cao hon, cho thiy hiéu ning thip hon so voi FCES va PDOA.

V& kha ning can bang tai, thi PDOA va FCFS c6 thoi gian dép tng tdi thiéu
va tdi da kha thip, cho thay kha ning cin bang tai t6t hon so vdi cac thuat toan khac.
MinMin ¢6 thoi gian dép tng ti da rat cao, cho thay su khong can bang trong viéc
phan phdi cong viéc. Cac thuat toan MaxMin va Round Robin ciing c¢6 kha nang can
bang tai twong dbi tot, nhung chénh 1éch thoi gian dap ung ti da giita cac request 16n

hon so v6i PDOA va FCFS.
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O trudng hop 2 véi 100 request, thuat toan PDOA va FCFS c6 hiéu ning t6t
nhat va kha ning cin bang tai cao hon so véi cac thuét toan khac. Cac thuat toan
MaxMin va Round Robin ciing cho thiy kha ning can bang tai tot, nhung hiéu ning
ctia chiing khong tét bang PDOA va FCFS. MinMin c6 hiéu ning thap va kha ning

can bang tai khong tot do chénh 1éch thdi gian dap tng t6i da qua cao.

Trwong hop 3 (Epigenomics 997): md phong gia 1ap v6i data 997 request co san

ctiia CloudSim, va két qua nhu sau:

Bang 4. 4 So sanh thoi gian dap ung cac thuit toan véi thuat toan PDOA &

truong hop 3
Thoi gian dap 1ng
TH 3 (Overall response time)
Avg (ms) Min (ms) | Max (ms)
FCFS 12.927,32 0,13 380.441,42
MaxMin 6.087,25 0,10 74.719,00
Round Robin 6.476,19 0,10 200.066,70
MinMin 6.455,54 0,11 204.196,72
PDOA 5.940,80 0,11 57.559,75
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Hinh 4. 8 Biéu d6 so sanh thoi gian dap ung cic thuit toan véi thuit toan

PDOA ¢ truong hop 3
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Trong trudng hop 3, qua bang 4.4 va hinh 4.8 , ta thdy thuét toan PDOA vuot
troi vé thoi gian xir 1y trung binh, va ca thoi gian xir Iy Max 14 thdp nhét. Vi luong
request tang nhiéu, thdy duoc tinh wu viét cia dy bao va kha ning xir Iy cta thuat
toan du bao. Thuat toan FCFS thé hién sy tu nhién, nén viéc thoi gian xu 1y luon 1a
cao nhit. Trong truong hop nay, thut toan PDOA c6 thoi gian dap tng trung binh
thip nhit, cho thay hiéu ning t5t hon so véi cac thuit toan khac trong viée xir 1y cac
request. MaxMin, Round Robin, va MinMin c6 thoi gian dap ung trung binh kha
tuong dong va thap hon so véi FCFS, nhung van cao hon so véi PDOA. FCFS c6
thoi gian dép Gmg trung binh cao nhét, tirc 13 thuat toan nay c6 hiéu ning thap hon so
v6i cac thuat toan khac trong viéce xir 1y céc request.

V& kha ning can bang tai, ta thdy PDOA c6 thoi gian dap Gmg tdi thiéu va tdi
da thip nhét, cho thiy kha ning can bang tai tot hon so v6i cac thuat toan khac. Cac
thuat toan MaxMin, Round Robin, va MinMin ciing c6 kha ning can bang tai tuong
dbi tbt, voi chénh 1éch thoi gian dap ing tdi da khong qua 1on. FCFS ¢6 kha nang can
bang tai thip hon, vi thoi gian dép (mg t6i da ciia cac request chénh 1éch rat 16n. Nhu
viy, trong mod phong gia lap & truong hop 3, thuat toan PDOA c6 hiéu ning tot nhit
va kha nang can béng tai cao hon so voi cac thuat toan khac. Cac thuat toan MaxMin,
Round Robin, va MinMin ciing cho thiy kha ning can bang tai tot, nhung hiéu ning
ctia chung khong tét bang PDOA. FCFS c6 hi¢u ning thap nhit va kha ning cin bang

tai khong t6t do chénh 1éch thoi gian dép ung tdi da qué cao.

Bang 4. 5 So sanh thoi gian thyc hién cac thuat toan voi thuat toan PDOA 6 3
truong hop

Thoi gian thuc hién
(Makespan - ms)

24 100 997
FCFS 23.155 146.129 | 2.719.720
MaxMin 14.546 170.876 | 1.236.725
Round Robin 11.055 157.786 692.308
MinMin 7.593 414381 | 1.303.421
PDOA 6.297 152.507 | 1.206.652
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Hinh 4. 9 Biéu d6 so sanh thoi gian thwe hién cc thuit toan véi thuit toan

PDOA ¢ 3 truong hop

Dua vao s liéu trong bang 4.5 so sanh thoi gian thuc hién (makespan) cua cac thuat
todn véi thuat toan PDOA ¢ 3 truong hop, ching ta co thé c6 mot vai nhan xét nhu
sau:

o Truong hop 24 Request: PDOA c6 thoi gian thuc hién (makespan) thap nhét
12 6.297 ms, cho thiy kha ning cn bang tai tot trong viéc phan phéi cong viéc.
MinMin va Round Robin ciing ¢6 thoi gian thyc hién kha thép, lan luot 1a
7.593 ms va 11.055 ms, cho thay kha nang cn bang tai tvong di t6t. MaxMin
va FCFS ¢6 thoi gian thyc hién cao hon, lan Iuwot 1a 14.546 ms va 23.155 ms,
cho thdy kha ning can bang tai kém hon so v6i PDOA, MinMin va Round
Robin.

o Truong hop 100 Request: PDOA van cé thoi gian thyc hién thap nhat 1a
152.507 ms, cho thay kha ning can bang tai tot trong viéc phan phdi cong viéc.
MaxMin va Round Robin c6 thoi gian thuc hién tuong dbi thép, lan luot 1a
170.876 ms va 157.786 ms, cho thdy kha ning can bang tai twong dbi tdt.
MinMin c¢6 thoi gian thyc hién cao hon, 1a 414.381 ms, cho théy kha nang can
bang tai khong t6t baing PDOA, MaxMin va Round Robin. FCFS c¢6 thoi gian
thuc hién cao nhét, 13 146.129 ms, cho théy kha nang can béng tai kém hon so
vo1 cac thuat toan khac.

o Truong hop 997 Request: PDOA van tiép tuc ¢ thoi gian thuc hién thip nhét
1 1.206.652 ms, cho thdy kha ning can bang tai tot trong viéc phan phdi cong

viéc. Round Robin va MaxMin cé thoi gian thyc hién twong ddi thap, lan lugt
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12 692.308 ms va 1.236.725 ms, cho thdy kha ning cin bang tai trong dbi tot.
MinMin c¢6 thoi gian thyc hién cao hon, 1a 1.303.421 ms, cho th?iy kha nang
can bang tai khong tot bang PDOA, Round Robin va MaxMin. FCFS ¢6 thoi
gian thyc hién cao nhét, 12 2.719.720 ms, cho théy khéa nang can b?mg tai kém

hon so v&i cac thuat toan khac.

Panh gia chung

PDOA thuong ¢6 hiéu nang can béng tai tdt hon so véi cac thuét toan khac, nhu duoc
thé hién qua thoi gian thuc hién (makespan) thap hon trong cac truong hop thir
nghiém. Céc thuat toAn MaxMin va Round Robin ciing cho thay kha ning can bang
tai tot, trong khi MinMin c6 kha ning can bang tai kém hon. FCFS thudng c6 hiéu
ning can bang tai kém nhét trong cac truong hop duoc dé cap. Thuit toan PDOA ¢
két qua nhinh hon so v&i cac thudt toan dién hinh & mot s6 trudng hop data dau vao,
va khong hé thua kém cac thudt todn c6 san vé cac mat nhu thoi gian dap Gmg vé tong

thot gian xtr 1y thi ludn it hon cac k¥ thuét khéc.
Panh gia M6 hinh hdi quy tuyén tinh trong PDOA

Bang 4. 6 So sainh RAE cia PDOA trong ca 3 trwong hop mo phéng gia lap

Sai s6 RAE
Trwong hop 1 Trwong 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 hdi quy tuyén tinh sit dung trong PDOA,
chung t6i sir dung sai s6 tuyét déi trong déi (RAE) dé xem xét mirc d6 chinh xac cho
bd can bang tai sit dung PDOA. Bang 4.6 cho thiy, RAE x4u nhét va tot nhat trong
du bao mirc do sir dung CPU déu x4y ra & trudng hop 1. Chung ta c6 thé thiy rang,
RAE c6 thé chap nhan dbi v6i mo phong gia lap nay, nhung trong cac truong hop
nhin chung chua t6t do su bién thién cua cac request. Ching ta ¢ thé cap nhat va
thay d6i bo dit liéu lich st cho phu hop, dé du béo chinh xac hon.
o Truong hop 24 Request: Muc dd st dung CPU c6 sai s6 RAE 14 0,565217;
muirc d6 sir dung BO NHO (RAM) ¢6 sai s6 RAE 13 0,148717; va muc d6 st
dung BO LUU TRU (STORAGE) ¢6 sai s6 RAE 13 0,002531. Sai s6 RAE
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thip cho thdy Regression trong PDOA c6 kha ning du doan chinh xac murc do
sir dung CPU va BO NHO (RAM), va kha niang dy doan rat chinh xac mirc d6
sir dung BO LUU TRU (STORAGE).

o Truong hop 100 Request: Mirc d6 st dung CPU c6 sai s6 RAE 1a 0,489868;
mure d6 sir dung BO NHO (RAM) ¢6 sai s6 RAE 13 0,286780; va muc do st
dung BO LUU TRU (STORAGE) c¢6 sai s6 RAE 1a 0,006759. Regression
trong PDOA c¢6 kha ning dy doan chinh xac mirc d6 st dung CPU va BO
NHO (RAM) véi sai s6 RAE kha thap. Tuy nhién, kha ning du doan muc do
sit dung BO LUU TRU (STORAGE) ¢6 sai s6 RAE thép nhit, cho thdy kha
ning dy doan rat chinh x4c.

o Truong hop 997 Request: Muc d6 st dung CPU c6 sai s6 RAE 1a 0,324261;
muirc d6 sir dung BO NHO (RAM) ¢6 sai s6 RAE 13 0,310741; va muc do st
dung BO LUU TRU (STORAGE) c¢6 sai s6 RAE 1a 0,495361. Regression
trong PDOA c6 kha nang du doan chinh xdc muc d6 st dung CPU va BO
NHO (RAM) véi sai s6 RAE kha thip. Tuy nhién, kha ning dy doan mirc do
stt dung BO LUU TRU (STORAGE) c¢6 sai s6 RAE cao nhit, cho thay kha
nang du doan khong chinh xac nhu truong hop trude.

Nhu viy, Regression trong PDOA c¢6 kha ndng du doan chinh xac mtrc d6 s dung
CPU va BO NHO (RAM) tdt trong cac truong hop mé phong gia 1ap. Tuy nhién, kha
ning du doan mirc d6 sir dung BO LUU TRU (STORAGE) c6 thé khong chinh xéc
trong mot sb truong hop, nhu truong hop 997 Request.
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Hinh 4. 10 Sai s6 Regression ciia thuit toan PDOA trong 3 trwdong hop md
phéng gia lap (bao gom CPU, RAM, Storage)

Véi cau hinh twong tu, ta mo phong gia 1ap véi 10 mdy do, va ting sb request 1én 1an
luot 13 2000, 3000, 4000 va 5000, ta thu duoc cac két qua kha kha quan. Bén canh
do, véi sb lugng request 16n, luan 4n bd sung tham s speedups dé tinh toan va danh
gia.
Truong hop 2000 Request (Epigenomics 2000) voi két qua nhu sau:
Bang 4. 7 So sanh thoi gian dap ung cac thuit toan vi thuat toan PDOA &
truong hgp 2000 request

. Thoi gian dap wng
Truong hop (Overall response time)
2000 Request
Avg (ms) Max (ms)
FCFS 428.274,37 970.917,64
MaxMin 428.107,28 1.604.589,61
Round Robin 437.059,82 826.906,57
MinMin 361.671,47 850.168,74
PDOA 302.741,18 2.604.299,18
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Hinh 4. 11 Biéu d0 so sanh thoi gian dap wng cac thuit toan véi thuit toin

PDOA ¢ truong hop 2000 request

Dua trén dit liéu trén biéu d6 cot vé thoi gian dap tmg trung binh (ms) va thoi
gian dap Gmg t6i da (max) ctia cac thuit toan trong trudng hop 2000 Request
(Epigenomics_2000), chiing ta c6 thé thdy PDOA c6 thoi gian dap Gng trung binh
thép nhét, chi 12 302,741.18 ms, cho théy hiéu nang tdt hon so véi cac thuét toan khéc
trong viéc xtr Iy cac request. MinMin c6 thoi gian dap ing trung binh thip hon so véi
cac thuat toan FCFS, MaxMin va Round Robin, nhung van cao hon so véi PDOA.
FCFS, MaxMin va Round Robin c6 thoi gian dap tng trung binh cao hon nhiéu so
v6i PDOA va MinMin, cho thay hiéu niang thap hon trong viéc xir Iy cac request.

V& kha ning cin bang tai, ta thdy PDOA c6 thoi gian dap tng t6i da cao nhat
13 2,604,299.18 ms, cho thdy kha ning cn bang tai tét trong viéc phan phdi cong
viéc. MinMin va Round Robin ciing c6 thoi gian dap tng t6i da khéng qua cao, nhung
van cao hon so voi PDOA, cho thay kha ning cin bang tai tot hon so véi FCFS va
MaxMin. FCFS va MaxMin c6 thoi gian dép tng t6i da rat cao, cho thay kha ning
can bang tai kém hon so v6i PDOA, MinMin va Round Robin.

Nhin chung trong truong hgp 2000 Request (Epigenomics 2000), PDOA co6
hiéu ning t6t nhit va kha ning can biang tai cao hon so véi cac thudt toan khac.
MinMin va Round Robin ciing cho thy kha ning can bang tai tot, trong khi FCFS va

MaxMin c6 hi€u nang thap hon va kha ndng can bang tai kém.

Truong hop 3000 Request (Epigenomics 3000) véi két qua nhu sau:
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Bang 4. 8 So sanh thoi gian dap ung cac thuit toan vi thuat toan PDOA &

truong hop 3000 request
Truimg hop (Overail reoponne e
3000 Request
Avg (ms) Max (ms)
FCFS 583.853,17 4.305.517,51
MaxMin 556.379,84 1.909.108,88
Round Robin 611.704,79 940.533,31
MinMin 595.498,99 1.614.385,78
PDOA 489.072,31 3.163.941,97
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Hinh 4. 12 Biéu d0 so sanh thoi gian dap wng cac thuit toan véi thuit toin
PDOA ¢ truwong hop 3000 request

Theo bang 4.8 va hinh 4.12 vé thoi gian dap tmg trung binh (ms) va thoi gian
dap ung téi da (max) cua cac thudt toan trong truong hop 3000 Request
(Epigenomics_3000), chiing ta c6 thé thdy ring PDOA c6 thoi gian dap Gng trung
binh thép nhét 1a 489,072.31 ms, cho théy hiéu nang tdt hon so véi cac thuét toan
khéc trong viéc xur ly cac request. MinMin, MaxMin va FCFS c¢6 thoi gian dap ung
trung binh twong dbi gan nhau, nhung déu cao hon so vdi PDOA. Round Robin ¢6
thoi gian dap ing trung binh cao nhat, 1a 611,704.79 ms, cho thdy hiéu ning thap hon
so voi cac thuat toan khac.

Vé kha ning can bang tai thi PDOA c6 thoi gian dap ung t6i da cao nhét 1a
3,163,941.97 ms, cho thay kha ning can bang tai tot trong viéc phan phdi cong viéc.
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MinMin va MaxMin ciing c¢6 thoi gian dap ung toi da khong qué cao, nhung van cao
hon so v&i PDOA, cho thiy kha ning can bang tai tét hon so véi Round Robin va
FCFS. Round Robin c¢6 thoi gian dap tmg tdi da cao hon so véi cac thuat toan khac,
cho thay kha ning can bang tai kém hon.

O trudng hop 3000 Request (Epigenomics_3000), PDOA c6 hiéu ning tot nhét
va kha niang can bang tai cao hon so vdi cac thuat toan khac. MinMin va MaxMin
ciing cho thiy kha ning can bang tai tot hon, trong khi Round Robin va FCFS c¢6 hiéu
ning thap hon va kha ning can bang tai kém hon. Biéu d6 cot trén thé hién sy khéc
biét vé hiéu ning va kha ning cin bang tai ciia cac thuat toan trong viée xir Iy cac

request trén moi truong ddm may.

Truong hop 4000 Request (Epigenomics 4000) véi két qua nhu sau:
Bang 4. 9 So sanh thoi gian dap ing cac thuit toan véi thuat toan PDOA &

truong hop 4000 request
Thoi vian din i
Truong hop ( 0veroall<lg;ZZpocil£ew Z’ie)
4000 Request
Avg (ms) Max (ms)
FCFS 754.196,95 1.020.849,06
MaxMin 439.485,10 756.334,06
Round Robin 570.041,72 779.839,31
MinMin 574.321,37 881.864,81
PDOA 527.492,89 1.471.354,87
1,600,000.00
1,400,000.00
1,200,000.00
1,000,000.00

800,000.00 M Avg (ms)
600,000.00 | Max (ms)
400,000.00
200,000.00

FCFS MaxMin Round MinMin PDOA
Robin
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Hinh 4. 13 Biéu do so sanh thoi gian dap Gng cc thuit toin véi thuit toan

PDOA ¢ truong hop 4000 request

Bang 4.9 va hinh 4.13 vé thoi gian dap tng trung binh (ms) va thdi gian dap
tmg t6i da (max) cia cdc thuit toan trong truong hop 4000 Request
(Epigenomics_4000), chung ta thdy rang PDOA c6 thoi gian dap ung trung binh thap
nhét 13 527,492.89 ms, cho théy hiéu nang tdt hon so voi cac thuat toan khac trong
viée xir 1y cac request. MaxMin ciing c¢6 thoi gian dap (mg trung binh twong d6i thap,
12 439,485.10 ms, cho thay hiéu ning kha tt. Round Robin, MinMin va FCFS ¢6
thoi gian dap tmg trung binh cao hon, v6i FCFS c6 hi¢u nang thap nhat trong s6 céc
thuat toan dugc danh gia.

Vé kha ning can bang tai thi PDOA c6 thoi gian dap ung t6i da cao nhat 1a
1,471,354.87 ms, cho thay kha ning can bang tai tét trong viéc phan phdi cong viéc.
MaxMin, Round Robin va MinMin ciing c6 thdi gian dap Gng t6i da khong qué cao,
cho thiy kha ning can bang tai t6t hon so v&i FCFS. FCFS ¢6 thoi gian dap tng tdi
da cao nhét, 1a 1,020,849.06 ms, cho théy kha nang can bﬁng tai kém hon so véi cac
thuat toan khac.

Nhu vay, trong truong hop 4000 Request (Epigenomics_4000), PDOA c6 hi¢u
nang tot nhat va kha ning cn bang tai cao hon so véi cac thuat toan khac. MaxMin
cling cho thay hiéu ning tot va kha ning can bang tai tot. Round Robin, MinMin va
FCFS c¢6 hiéu ning thip hon va kha ning can bang tai kém hon. Biéu do cot trén thé
hién su khéc biét vé hiéu nang va kha nang can bﬁng tai cua cac thuat toan trong viéc

xur 1y cac request trén moi truong dam may.

Truong hop 5000 Request (Epigenomics 5000) véi két qua nhu sau:
Bang 4. 10 So sanh thoi gian dap ng cac thuit toan voi thuit toan PDOA &
truong hop 5000 request

Thoi gian dap ung

533?}2%(?&2‘[ (Overall response time)
Avg (ms) Max (ms)
FCFS 596.140,40 772.364,58
MaxMin 542.803,93 703.800,06
Round Robin 624.502,55 1.178.137,87
MinMin 860.489,68 1.784.249,58
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PDOA 526.067,73 879.050,88

1,800,000.00
1,600,000.00

1,400,000.00

1,200,000.00
1,000,000.00
W Avg (ms)
800,000.00 B Max (ms)
600,000.00
400,000.00
200,000.00

FCFS MaxMin Round MinMin PDOA
Robin

Hinh 4. 14 Biéu d0 so sanh thoi gian dap wng cac thuit toan véi thuit toin

PDOA ¢ truong hop 5000 request

Theo hinh 4.14 va bang 4.10 vé thoi gian dép Gmg trung binh (ms) va thoi gian
dap ung téi da (max) cua cac thudt toan trong truong hop 5000 Request
(Epigenomics_5000), chiing ta c6 thé thdy PDOA c6 thoi gian dap Gng trung binh
thép nhét 1a 526,067.73 ms, cho théy hiéu nang tdt hon so véi cac thuat toan khéc
trong viéc xur ly cac request. MaxMin va FCFS ciing c6 thoi gian dap tng trung binh
tuong ddi thap, tuy nhién van cao hon so voi PDOA. Round Robin va MinMin ¢
thoi gian dap mg trung binh cao hon, véi MinMin ¢é hiéu ning thap nhét trong s6
cac thuat toan dugc danh gia.

V& kha ning can bang tai thi PDOA c6 thoi gian dép tng t6i da thip nhit 1a
879,050.88 ms, cho thiy kha ning can bang tai tbt trong viéc phan phdi cong viéc.
MaxMin, FCFS va Round Robin ciing c¢6 thoi gian dap Gmg t6i da khong qué cao, tuy
nhién van cao hon so véi PDOA, cho thiy kha ning cin bang tai tot hon so véi
MinMin. MinMin ¢6 thoi gian dép (mg t6i da cao nhat, 1a 1,784,249.58 ms, cho thiy
kha ning can bang tai kém hon so v&i cac thuat toan khac.

Trong trudng hop 5000 Request (Epigenomics_5000), PDOA c6 hiéu ning tot
nhat va kha nang can bang tai cao hon so véi cac thudt toan khac. MaxMin va FCFS

cling cho thiy hiéu ning tot va kha niang can bang tai t6t. Round Robin ¢6 hiéu ning



141

tuong doi va kha nang can bang tai tot. Tuy nhién, MinMin ¢6 hi¢u nang thap va kha
nang can bang tai kém hon. Biéu d6 ¢t trén thé hién sy khac bi¢t vé hi€u nang va
kha nang can bang tai cua cac thuit todn trong viéc xur ly cac request trén moi truong

dam may.

Bang 4. 11 So sanh Speedups cac thuat toan véi thuat toan PDOA 6 4 trueong

hop tir 2000 dén 5000 request

Speedu Trwong hgp | Truong hop Trwong hgp | Truwdng hop
p P 2000 Request | 3000 Request | 4000 Request | S000 Request
FCFS 1,4146552 1,1937972 1,4297765 1,1332009
MaxMin 1,4141032 1,1376229 0,8331583 1,0318138
Round
Robin 1,4436748 1,2507451 1,0806624 1,1871143
MinMin 1,1946557 1,2176093 1,0887756 1,6357013
1.8000000
1.6000000
1.4000000
1.2000000
]
1.0000000 O=FCFS
e=@=\axMin
0.8000000
Round Robin
0.6000000
e=@=\inMin
0.4000000
0.2000000
0.0000000
Trwong hop Trwong hop Trwdng hop Trwdng hop

2000 Request 3000 Request 4000 Request 5000 Request

Hinh 4. 15 Biéu do so sanh Speedups cac thuét toan véi thuit toan PDOA & 4
trueong hop tir 2000 dén 5000 request

Theo bang 4.11 va hinh 4.15 vé s liéu so sanh kha ning ting toc (speedup,
tinh bang thoi gian dap tng trung binh) cta thuat toan PDOA so véi cac thudt toan
phd bién khac (FCFS, MaxMin, MinMin, Round Robin) trong 4 truong hop, ta c6 thé
nhan xét nhu sau:

o Truong hop 2000 Request: PDOA c6 kha ning ting tdc 16n nhét so v6i Round

Robin, véi ty 1¢ speedup 1a 1,4436748. PDOA c6 kha ning tang toc cao tiép

theo so v&i FCFS va MaxMin, véi ty 1€ speedup lan luot 1a 1,4146552 va
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1,4141032. PDOA c6 kha ning ting toc thap hon nhit khi so véi MinMin, voi
ty 1¢ speedup 1a 1,1946557.

e Truong hop 3000 Request: PDOA c6 kha ning ting tc 10n nhat v6i MinMin,
v6i ty 16 speedup 1a 1,2176093. PDOA c6 kha ning ting tdc cao tiép theo 1a
so véi FCFS va MaxMin, voi ty 1€ speedup lan lwot 1a 1,1937972 va
1,1376229. PDOA c6 kha ning ting tdc thip nhat khi so v6i Round Robin,
voi ty 1€ speedup 1a 1,2507451.

o Truong hop 4000 Request: PDOA c6 kha ning ting tdc 1on nhét 1a so voi
Round Robin, véi ty 18 speedup 1a 1,0806624. PDOA c6 kha ning ting toc cao
tiép theo 1a so véi FCFS, véi ty 18 speedup lan luot 14 1,4297765. Tuy nhién
trong truong hop nay, PDOA so vép MaxMin khong ting toc ma 1a giam di
tuong Gmg voi ty 18 Speedup 13 0,8331583. PDOA c6 kha nang ting toc thap
nhét 13 so v6i MinMin, vdi ty 16 speedup 1a 1,0887756.

o Truong hop 5000 Request: PDOA c6 kha ning ting toc 16n nhét 1a so voi
Round Robin, véi ty 1¢ speedup 14 1,1871143. PDOA c6 kha ning ting tdc cao
tiép theo 1a so véi FCFS va MaxMin, véi ty 1€ speedup lan luot 13 1,1332009
va 1,0318138. PDOA c6 kha ning ting tdc thip nhat so véi MinMin, nhung
van c6 ty 1& speedup cao hon 1a 1,6357013.

Téng quat, dua trén kha ning ting tc ciia PDOA so véi cac thuat toan khac, PDOA
thé hién kha ning can bang tai t6t va c6 kha ning ting téc twong ddi so voi FCFS,
MaxMin va Round Robin trong cac truong hop 2000, 3000 va 5000 Request. Tuy
nhién, PDOA c6 kha ning ting tc thdp hon so voi MinMin trong mét sb truong hop.

4.3 HANH VI NGUOI DUNG CLOUD VA THUAT TOAN K-CTPA
4.3.1 Hanh vi nguoi dung cloud véi d wu tién tac vu
Hanh vi ngudi dung cloud dd duge chii y va nghién ctru, dién hinh nhu Oracle [132]
cling d4 nghién ctru v& ngudi dung cloud va hanh vi ciia ngudi dung cloud. Trong bai
bao ciia Maryam Alruwaythi [133] va nghién ctru cua Chen [134] thi hanh vi nguoi
dung cloud s& dan dén nhirng long tin trén dam may, tir d6 tao ra d6 vu tién cia ngudi
dung trén ddm may.

Tac vu (task) [135] 1a mdt tién trinh hodc nhiéu tién trinh s& duoc thuc thi trén

mot nut tinh todn hién hitu bdi mot may ao trong dién toan dam may.
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Do uu tién cla cac tac vu 13 viée xac dinh mirc do uvu tién cta tac vu can thuc
hién trong lap lich tac vy, vi ching c6 anh hudng lon dén chét lugng dich vy ma nha
cung cap dich vu cam két. P9 uu tién cua cac tac vu (priority task) phu thudc vao
nhiéu yéu td nhu: kha ning sir dung CPU, RAM, bang 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 hudng rit 16n dén van dé 1ap lich/can bang tai trong moi trudng
dién toan ddm may mot cach tdi wu.

Trong nghién ctru hanh vi nguoi dung cloud cta luan an nay, muc dich 1a ap
dung thuat toan kNN (k Nearest Neighbours) dé phan loai cac cong viéc duwa trén murc
d6 wu tién cua chiing, twong tng vdi cac yéu cau nhan duogc. Cac yéu t6 xac dinh mirc
d6 uu tién bao gdm lugng ning luong tidu thu cua cong viéc (Power consumed), muc
do st dung CPU (CPU Usages), mic do sut dung RAM (RAM Usages) va chi phi
(Costing) dé thuc hién cong viéc d6 trong méi truong cloud. Khi da xac dinh dugc
d6 u tién cua cac jobs/tasks, co ché can bang tai s& phan phdi cac yéu cau chua cac
task uu tién cao dén nhitng may ao/hosts c6 kha niang xir Iy manh mé hon, tirc 1a c6
kha ning nhan rdi cao hon. Pdng thoi, nhitng request yéu cau xu 1y ning s& duoc
chuyén t&i may ao/hosts co tai hoat dong thap nhat. Bing cach tiép cin nay, thuat
toan dugc dé xuat mong mudn tbi wu héa qua trinh xir Iy va can bang tai trén cloud,
gitip Gmg dung c6 thé hoat dong hiéu qua trong mdi truong cloud thuc té. Trong luan
an nay, tac gia tam dat tén thudt toan 1a k-CTPA (k-NN Classification of Task-Priority
Algorithm).

4.3.2 Thuat toan k-CTPA

Vé muc tiéu:

- Giam thiéu rui ro cho hé thong may chu.

- Giam thiéu thoi gian dap ing cho cac yéu cau trong mdi truong dién toan dam
may.

- Han ché t6i da sy mit caAn bang tai giita cc may 4o, ngin chin mit cAn bang
tai.

- Giup giai quyét cac yéu cau nhanh hon, phan loai duoc céc tac vu (Task) voi
cac do wu tién khac nhau trong Gng voi cac yéu cau (Request), stt dung hiéu

qua hon nguon tai nguyén trén cloud, dap ung tét nhat cho ngudi ding.
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- Phén 16p duge cac yéu cau (Coming Request) tiép theo tuwong (mg véi d6 wu
tién da dugc phan 16p & trén, tir d6 co ké hoach dua cac yéu cdu ndy sang
nhitng may 4o / host c6 kha nang xu ly tai twong ing.

- Séap xép cac may ao / host / tai nguyén theo mirc do sir dung tir cao dén thap

dé phan bo task cho hop 1y.

Gid dinh:

- Co ché can bang tai 1a s& luén nim duoc théng tin vé cac dich vu dang hoat
dong trén tirmg may 4o tai moi thoi diém.

- Kich ban mé phong nay tap trung vao mo phdng dich vu Web, vi cac server
web c6 kha ning xac dinh truéc duoc thdi gian xir Iy cho mdi dich vu web
dang chay trén mdi may 4o.

- Khi hai may 40 ¢ cung cau hinh vé RAM, bo vi xir 1y, va 1/0, thi thoi gian dé
thuc thi cac dich vu c6 dic diém tuong déng nhau s€ gﬁn nhu khong c6 su

chénh 1&ch.

Mo hinh nghién ciru:

- Trong md hinh nghién ciru trude gio thi bd can bang tai s& chay theo so do

nhu sau:
Yéu cau
nguwoi dung
(Request)
i CAN BANG TAI
SU DUNG THUAT TOAN k-CTPA
(k-NN Classification Task-Priority Based Algorithm)
Phan bd Cac tac vu
t6i cac VM (Task)
MAY | | MAY MAY | | MAY | | MAY
AO AO AO AO AO

Hinh 4. 16 So' d6 mé hinh nghién ciru trén Cloud thuit toan k-CTPA
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- Thuat toan dé xuat 13 noi xir Iy cac yéu cau va dua vao cac may ao phu hop dé
cén bang tai.

- Trong mé hinh nay sir dung Regression (dua véao cac tinh chat cia request) dé
phan loai cac request ddu vao, du bao cac thong sb cloud can dé xir 1y task ma
request ndy dem toi (Power, CPU Usage, RAM Usage). Dé phan 16p véi ky
thuat Regression nay, thuat toan st dung bd data trong lich st cloud duoc luu
lai (st dung dit liéu gan nhat).

- Sau d6 voi sd lidu (Power, CPU Usage, RAM Usage) ma cloud cén c6 dé xir
1y job / task twong tg, dd dwogc tinh toan & trén, thudt toan str dung tiép theo
1a k-NN dé phan 16p tac vu (task /job) trong d6 b dit liéu 13 dit liéu thuc da
luu lai két hop véi dir liéu du doan méi tinh toan ra & trén, phan 16p cac céac
vu dya vao d6 wu tién, tir d6 phan bd vao cic may 4o tuong Gng.

- M6 hinh nay m6 phong thuat toan mot cach hi¢u qua, d@)ng thoi lap ké hoach
cho céac yéu cau sip téi dé dam béo tai trén hé thong duogc can dbi. Thong qua
viéc ap dung thult toan nay, kha ning giam thiéu tai truyén thong giita cac
may 40 va ngudn tai nguyén sin c6 dugc nang cao, tir d6 giam bing thong

khéng can thiét va ting cuong kha ning phuc vu cac yéu cau tir ngudi dung.

Thudt toan k-NN va wng dung vao phdn lop task theo do wu tién
D9 wu tién cua tac vu (Task)

Trong may tinh, mot task / job dugc thuc hién s& tiéu hao ngudn ning luong
nhét dinh, kém theo d6 la méc do st dung CPU ctia may tinh, mic d0 st dung bo
nhé tam thoi RAM, v/v. va tit ca déu duge tinh toan ra chi phi thuc hién cong viéc
d6 theo thoi gian hoic MIPS. Chinh vi thé, luan an nay dua vao cac dic diém dé dé
tinh todn ra d§ uvu ti€n cua task / job ma may tinh phuc vu. Task c6 muc ti€u hao nang
lugng cao (Power consumed), mirc 4o st dung CPU (CPU Usage) 16n, cling nhu mirc
d6 str dung RAM nhiéu (RAM Usage), hodc c6 chi phi cao (Cost) thi s& c6 do vu tién
cao va nguoc lai.

Do uu tién trong bai luan 4n nay 1a dai luvong duoc nghién ciru 3 chiéu, tong

hop tr Power (Power Consume), CPU va RAM
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Priority = { Po, CPU, RAM } (9.1)
Phan 16p tac vu / task dua theo d§ wu tién

Duya vao b dit liéu trong qua khtr khi xtr Iy nhiing task / job dau tién, ta st
dung k-NN dé phan 16p d6 uu tién cho cac task tiép theo. Tuong tmg voi mdi yéu cau
(Request) s& c6 mot task / job ma mdy tinh can phai thyc hién dé phuc vu nguoi ding.
Chinh vi thé, bit ky mot request dugc guri dén cloud dé c6 thé duogc phan 16p dua trén

task tuong rng cua no.

Yéu cau Tac vu / Cong viéc

May do xt ly tac vu:
- Power (nang Ivgng)
- CPU (vi xtr ly)

- RAM (b6 nh¢)

Hinh 4. 17 Tinh toan dd wu tién cia cac Request

Thuét toan dé xuét k-CTPA (kNN Classification Task Priority Algorithm), dua
vao yéu td do vu tién cua tac vu (Task Priority duge mo ta & trén) tuong ung véi cac
request, kém theo do 1a mot s6 thudc tinh khac, ta st dung thuat todn k-NN dé phan
16p cac request nay, tir d6 ta biét cach phan bd tai nguyén cho cac request niy mot
cach toi wu nhat. Song song, cic tai nguyén (may ao/ host) dugc sap xép theo mirc do
str dung ting dan. Két hop v6i danh gid sb 14n sai, va sai sd, ta cai thién thuét toan
bang cach p dung hoc may, tuy nhién, viéc ap dung nay s& it dién ra vi ¢ sai s cho
phép.

Duya vao tham khdo céc cong trinh lién quan, luan an nay xin dé xuét thuat
toan gdbm 3 nhoém module chinh:

(1) Module tinh todn ra cdc théng sé ciia request bang thudt todn Regression.:

Trong module nay, thuat toan Regression s€ dua vao cac thudc tinh ciia request
va cac yéu té ma tinh toan ra cac thong sb sir dung tai nguyén cua Task/job tuong

g vé6i request d6. Cac thudc tinh bao gdbm: Size, Response Length, Max Length, ...

Ponew = Regression(Request, Power) (9.2)
CPUNew = Regression(Request, CPU) (9.3)
RAMNew = Regression(Request, RAM) 9.4)

Trong d6 X; = 1a cac thudc tinh cia Request khi giri 1€n cloud.

Request = { X1, Xo,..., Xn }, v6i Xj 1a cac thude tinh ciia Request
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Ponew : Power du doan Power new: Power ghi nhan dugc trong qua khu
CPUnew : CPUdy doan CPU new: CPU ghi nhéan dugc trong qua khtr
RAMNew : RAM du dodn RAM new: RAM ghi nhéan dugc trong qué khir

O day co thé sir dung nhém 3 yéu té {Po, CPU, RAM} dé tong hop tinh toan,
hoac tinh toan riéng biét ting dai lugng.

(2) Module phan lop tdac vu theo do wu tién:

Trong module nay sé& st dung thuét toan phan 16p k-NN (voi k=3~5) dé phan
16p request dang xét, dwa vao tinh chét cia d wu tién cac tac vu. Viée phan 16p nay
s& thong qua viéc xay dung mo hinh phan 16p k-NN cua cac Request da dugc xur ly
trong qua khtr, va danh nhan tuong ung tir 1 t6i 5, 1a twong ung véi mirc d uvu tién
tir 1 to1 5. Mac 1 1a @6 vu tién thép nhét, mac 5 12 6 wu tién cao nhat. Dya vao md
hinh nay, ta phan 16p duoc Request dang can xt 1y, xac dinh duoc label twong tng
(tir 1 dén 5). Sau d6 ta chon ra may 4o c6 thir ty trong ing 1 dén 5. Thir ty ndy duoc
sap xép dua trén mirc do ranh hay it tai cia may, tirc 1a muc 1 1a may tai nhidu nhat,
va muc 5 1a may tai it nhat, ranh nhat.

VMseiec: = k-NN(Po, CPU, RAM) (9.5)

Trong do:

VMgeleet 1a may 4o duoc chon ra
k-NN Ia ham phan 16p tir m6 hinh KNN da dugc xay dung dua trén
bd dit liéu qua khir cua cac request
Po : 1a Power du doan tinh toan tir Module 1
CPU: 1a muac str dung CPU du doan tinh toan tor Module 1
RAM: 1a muc sit dung RAM du doan tinh toan ttr Module 1

(3) Module phin bé cdc dich vu (chon mady do)

Module nay c¢6 nhiém vu phan b cac yéu cau dén cac may 4o thong qua loai
request va may 4o phu hop. Néu mot yéu cau dugc gui t6i thi yéu cau ndy duoc phan
loai bai module 1, va cac VM dang xét ké ca VM khong tai ciing dugc phan cym theo
module 2. O day, Module 3 c¢6 nhiém vy phan bd Request dang xét vao may ao da
tim thay tir Module 2, va tir d6 xir Iy cho request do, va tra vé két qua cua request,
luu vao lich str bd nhd cac request gan nhat di xir 1y, 1am dit liéu du vao cho qua

trinh xay dung mo hinh KNN & Module 2.



148

2 Prioritymic vu tién) P A
-—w _ Dw doan tai nguyén
~Reg(Requesl) —> {po, CPU, RAM}
Tép dir |iéu M6 hinh phan

I&p véi kNN

dé st dung

phan I&p v&i

kNN Nhén sau phan I6p
(1~5)

Lwu va bb sung vao May ao
tap di liéu dwoc chon

| l

Cac théng sé thwe  Phan bd Request méi
{Po, CPU, RAM} vao may ao

Hinh 4. 18 So' d6 thuét toan dé xuit k-CTPA
So dd ma gia thuat toan k-CTPA

Thuat toan k-CTPA

Input:  Tap Requests

Output: Phén bd may 4o cho céc request trong tdp Requests
14. For each Request in CloudRequests

15. isLocated = false;

16. Priority - {Po, CPU, RAM}new = Regression(Ti,T.... Tn); // Module 1
17. Request.PriorClass = k-NN(Priority); //k-NN la mé hinh phdn 1dp tdc vu
18. For each VM in VMList

19. If isFitSituation (Request.PriorClass, VM)

20. AllocateRequestToVM (VM, Request); // Module 3

21. isLocated = true;

22. End If

23. End For

24. If(!isLocated)

25. VM = VMList.getSelectedVM(); // Module 2

26. AllocateRequestToVM(VM, Request);

27. End If

28. End For

Trong doan ma gia trén cua thuat toan k-CTPA, thuat toan s€ st dung mot
vong lap dé ling nghe tat ca cac Request c6 trong danh sach hang doi cac Request
duoc gui 1én bo can bang tai (6 day 13 CloudRequests). Khi nao hét danh sach nay
thi s& khong phan bd nita. Trong d6, thuat toan st dung bién isLocated (kiéu lun 1Y)

dé 1am co danh diu rang Request dang xét da duoc phan bd hay chwa. Méi vao vong
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lap, bién isLocated dugc tao gia tri mac dinh 1a false. Sau do, thuat toan tinh toan ra
vector Priority véi 3 chiéu 1a PowerConsume, CUP Usage va RAM Usage (Priority
={Po, CPU, RAM}) can diung d¢ thyc hién Request dang xét. Viéc tinh todn nay dua
trén lich str s6 liéu ctia cac Request trudc d6 Ty, T»,... T, , trong d6 n 14 sé request da
duoc luu. 7; 1a cac dai luong ctia Request thir i duoc luu lai, 7:bao gém cac dai lugng
dau vao: MaxLength, FileSize, OutputSize...; va cic dai luong xir Iy do Cloud d3 thyc
hién dé xir Iy Request tht i bao gdm PowerConsume, CPU Usage va RAM Usage.
Dit liéu n Request trong lich st ndy s& xay dung nén ham Regression (hdi quy tuyén
tinh) dé dy bao va tinh toan ra cac dai luong Priority cho Request dang xét. Sau do,
dung dit liéu Priority nay dé chay k-NN phan 16p cho Request dang xét. Va 16p nay
duoc gan vao thudc tinh PriorClass ciia Request. Sau khi chay ra thong sb Priority
cho Request, thi thudt toan duyét vong lip dé duyét qua cic may 4o dang co trén
cloud. Tuong rng véi tirng may, thudt toan xem xét may do d6 cé phu hop véi d6 vu
tien cua  Request dang xét  hay  khong, thong qua  ham
isFitSituation(Request. PriorClass, VM). Néu thoa thi s& phan bd request dang xét
vao may 4o d6 AllocateRequestToVM(VM, Request), va ddng thoi gan gia tri bién
isLoacated = true. Néu trudong hop khong tim ra may 4o nao phu hop, thi s& két thic
vong lip. Luc nay, chay hét vong 1ip va bién isLocated van mang gia tri false, va luc
nay Request chua dugc phan bd. Vi vdy, thuat toan phan bd Request ndy vao may 4o
dau tién ciia danh sach may ao thong qua doan 1énh VM = VMList.getSelected VM().
Viéc phan bo nay dam bao néu c6 request nao duoc du bao khong nam trong dir liéu
ctia thuat toan, van duoc phan bd va xtr Iy phuc vu ngudi ding.

Theo thuit toan d& xuét, dau ra cua phan 16p request duoc tinh toan chinh 1a
thot gian xtr 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 cla cac request trude nham thuc hién tinh toan
va phan bd, s6 lwong nay chinh 1a n duge nhic dén trén so d6 ma gia trén. Chinh vi
thé, luan an nay xin dugc s dung lai phuong phap loai suy hodc newton dé tinh toan
ra cac may ao dang thudc 16p ndo. Cu thé, 13 ldy max min cua thdi gian xt Iy cia n
Request trong qua khir tung Gng véi cic may ao xir 1y, tir 6 chia thanh k phan bang
nhau (tuong ung véi k 16p ctia k-NN), va phan 16p cho may 4o tuong tng tur 1 t61 k.
Tir d6, phan b Request dugc phan 16p boi k-NN vao dung may 4o cd phan 16p k
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(phan 16p nay 1a loai suy newton) phan bd phu hop. Tuy nhién s& hiéu chinh mot sé

thay d6i, hodc dua vao cac hé s va tham sd, tily thudc vao két qua mo phong gia lap.

Panh gia thuat toan k-CTPA

Két qua thu duogc tir thuat toan k-CTPA da thanh cong trong viéc dat dugc cac
dinh hudéng da dé ra, bao gé)m viéc han ché sb luong yéu cau doi xir 1y, nang cao hi¢u
sudt thoi gian xir 1y va giam thoi gian phan hdi khi so sanh v6i bon thuat toan truyén
théng khéc. Piéu nay cling cé nghia Ia véi thuat toan duoc dé xuit, hiéu suét cua dién
todn dam may duogc cai thién so voi bon thuat toan MaxMin, Round Robin, MinMin
va FCFS. Thuét toan dé xuét da cho thdy hiéu qua khi may ao c6 sb luong cao 1én
thi k-CTPA dam bao thoi gian phan hdi va thoi gian xir 1y tot, giam chi phi cia cac

trung tdm dir liéu ddm may.

CAI PAT THUAT TOAN k-CTPA

Két qua chay mo phong gia 1ap trén CloudSim véi 5 may ao duoc dyung sin dé dap
g cac yéu ciu, cac yéu cau dugc khdi tao voi chidu dai va kich thuéc ngiu nhién,
$6 luong Request 1an luot 1a 30, 60, 100 va 1000. Sau do két qua nay dugc so sanh
véi cac thuat toan Round-Robin, MaxMin, MinMin va FCFS. Pau tién ta xét truong

hop véi 30 Requets, ta co6 thoi gian thuc hién nhu bang 4.4.

Bang 4. 12 So sanh thoi gian thye hién cua cac thuat toan voi KCTPA 6 truong

hop 30 request
Thoi gian thye | popg KCTPA | MaxMin | MinMin | Reund
hién (ms) Robin
AVG 306,69 203,39 246,42 810,12 340,91
MAX 5.009,65 | 2.69431| 271320 13.719.94| 6.659,64
MIN 0,24 0,11 0,12 0,15 0,11
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Hinh 4. 19 Biéu dd so sanh thoi gian thwe hién ciia cac thuit toan véi KCTPA

& trweong hop 30 request

Dua trén bang 4.12 va hinh 4.19 vé thoi gian thuc hién (ms) ctia cac thuat toan
(FCFS, MaxMin, MinMin, Round Robin) so v&i thuat toan kCTPA trong trudng hop
30 request, chiing ta c6 thé thdy kCTPA c6 thoi gian thuc hién trung binh thap nhét,
chi 1a 203,39 ms, cho théy hi€u nang tdt hon so vai cac thuat toan khac trong vi¢c xur
1y cac request. FCFS va MaxMin ciing c6 thoi gian thyc hién trung binh twong dbi
thap, 1an luot 13 306,69 ms va 246,42 ms. Round Robin c6 thoi gian thuc hién trung
binh cao hon, 12 340,91 ms. MinMin cé thoi gian thuc hién trung binh cao nhat, 1a
810,12 ms, cho thiy hiéu ning thip nhét trong s6 cac thuit toan dugc danh gia.

Vé kha ning can bang tai thi kCTPA c¢6 thoi gian thyc hién t6i da thap nhat,
chi 14 2.694,31 ms, cho thay kha ning can bang tai tot trong viéc phan phdi cong viéc.
FCFS, MaxMin va Round Robin ciing c6 thoi gian thuc hién t6i da khong qua cao,
tuy nhién van cao hon so véi kCTPA, cho thay kha ning can bang tai tét hon so véi
MinMin. MinMin c¢6 thoi gian thyc hién tdi da cao nhat, 1a 13.719,94 ms, cho théy
kha ning cin bang tai kém hon so vé6i cac thudt toan khac. Tém lai, trong truong hop
30 request, kKCTPA c6 hiéu ning tot nhat va kha ning can bang tai cao hon so véi cac
thuat toan khac. FCFS va MaxMin ciing cho thay hiéu ning tot va kha ning can bang
tai tot. Round Robin c6 hiéu ning twong dbi va kha ning cin bang tai tot. Tuy nhién,
MinMin c6 hiéu ning thip va kha ning can bang tai kém hon. Biéu dd cot trén thé
hién su khéc biét vé hiéu nang va kha nang can béng tai cua cac thuat toan trong viéc

xur ly cac request trén moi truong dam may.



152

Véi két qua méd phong gia lap v6i 30 Request trd lai, ta thiy thuét toan Round-

Robin chiém uu thé va xir 1y nhanh, thuét toAn MaxMin cling kha 6n dinh. Thuat toan

FCFS thi chua c6 thé manh. Tuy nhién thuat toan dé xuat k-CTPA cling kha on dinh,

va chimg to dan 6n dinh va tot hon khi xir 1y nhiéu request hon.

Bang 4. 13 So sanh thoi gian thuc hién cia cac thuat toan véi KCTPA ¢ truong

hop 60 request
Thoigian thye | popg | K CTPA | MaxMin | MinMin | R0und
hién (ms) Robin
AVG 268,58 249,45 364,92 986,94 369,41
MAX 3.599,42 | 7.311,10 3.491,21 | 14.318,26 10.084,81
MIN 0,19 0,35 0,13 0,15 0,16
16,000.00
14,000.00
12,000.00
10,000.00
8,000.00 BAVG
B MAX
6,000.00
4,000.00
2,000.00 I I
— — | | - | |
FCFS kCTPA MaxMin MinMin Round Robin

Hinh 4. 20 Biéu d0 so sanh thoi gian thue hién ciia cic thuit toan véi KCTPA &

trwomg hgp 60 request

Theo bang 4.12 va hinh 4.20 vé thoi gian thyc hién (ms) cua cac thuit toan
(FCFS, MaxMin, MinMin, Round Robin) so véi thuat todn kCTPA trong truong hop
60 request, ta thiy kCTPA c6 thoi gian thyc hién trung binh gan nhét véi FCFS, chi
14 249,45 ms, cho thay hiéu ning twong duong so vdi cac thudt toan khac trong viéc
xu 1y cac request. MaxMin va Round Robin ¢6 thoi gian thyc hién trung binh cao
hon, 1an luot 12 364,92 ms va 369,41 ms. MinMin c6 thoi gian thuc hién trung binh
cao nhat, 12 986,94 ms, cho thdy hiéu ning thip nhat trong sb cac thuat toan duoc

danh gia. V& kha nang can bang tai thi kCTPA c6 thoi gian thyc hién t6i da thap nhat,
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chila 7.311,10 ms, cho thay kha ning can bang tai tot trong viéc phan phdi cong viéc.
FCFS, MaxMin va Round Robin ciing ¢6 thoi gian thuc hién t6i da khong qua cao,
tuy nhién van cao hon so véi kCTPA, cho thay kha ning can bang tai t6t hon so véi
MinMin. MinMin c¢6 thoi gian thyc hién t6i da cao nhat, 1a 14.318,26 ms, cho thay
kha ning can bang tai kém hon so véi cac thuat toan khéc.

O truong hop 60 request, KCTPA c6 hiéu ning twong duong voi FCES va kha
ning can bang tai tét. MaxMin va Round Robin ¢6 hiéu ning twong ddi va kha ning
can bang tai tét. MinMin c6 hiéu ning thap va kha ning cn bang tai kém hon. Biéu
dd cot trén thé hién su khac biét vé hiéu nang va kha nang can béng tai cua cac thuat

todn trong viéc xu ly cac request trén moi truong ddm may.

Tt request thir 100 tr¢ di, thuét toan k-CTPA vuot trdi hon han so véi MaxMin,
MinMin. Tuy nhién van chua thiy wu thé so véi RoundRobin. Nhung véi sb luong
request cang 16n thi k-CTPA cang loi thé hon han. Va dan dan chiém vu thé tuyét doi
so v&i cac thuat toan con lai. R6 rang FCFS thé hién su thiéu thong minh va tinh tu
nhién cua giai thuat.

Bang 4. 14 So sanh thoi gian thye hién cua cac thuat toan voi KCTPA & truong

hop 100 request

Thoi gian thwe | popg | yOTPA | MaxMin | MinMin | Reund

hién (ms) Robin
AVG 474.86 | 346,66 351,66 | 386.87 424.85
MAX 25252.80 | 547533 | 8.01048 | 8522.92| 9.462,06
MIN 0.11 0.20 0.13 0.15 0.17
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Hinh 4. 21 Biéu dd so sanh thoi gian thwe hién cia cac thuit toan véi KCTPA &

truong hgp 100 request

Theo bang 4.13 va hinh 4.21 vé thoi gian thyc hién (ms) cua cac thuit toan
(FCFS, MaxMin, MinMin, Round Robin) so véi thuat todn kCTPA trong truong hop
100 request, thi KCTPA c¢6 thoi gian thuc hién trung binh thap nhat, chi 14 346,66 ms,
cho thay hiéu ning tot hon so voi cac thuat toan khac trong viée xir Iy cac request.
MaxMin, MinMin va Round Robin ciing c6 thoi gian thyc hién trung binh tuong ddi
thap, 1an luot 13 351,66 ms, 386,87 ms va 424,85 ms. FCFS c6 thoi gian thuc hién
trung binh cao nhat, 1a 474,86 ms, cho thiy hiéu ning thip nhét trong sb cac thuat
toan duoc danh gia.

Vé kha ning can bang tai, KCTPA c6 thoi gian thuc hién tdi da thap nhat, chi
13 5.475,33 ms, cho thdy kha ning can bang tai tot trong viéc phan phdi cong viéc.
FCFS, MaxMin va Round Robin ciing ¢6 thoi gian thuc hién t6i da khong qua cao,
tuy nhién van cao hon so v6i kCTPA, cho thdy kha ning can bang tai tbt hon so véi
MinMin. MinMin c¢6 thoi gian thuc hién t6i da cao nhat, 1a 8.522,92 ms, cho théy kha
ning cin bang tai kém hon so véi cac thuat toan khac. Nhu vy & truong hop 100
request, KCTPA c6 hiéu ning tot nhat va kha ning can bang tai cao hon so vdi cac

thuat toan khac. MaxMin, MinMin va Round Robin ciing cho thdy hiéu ning tot va
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kha ning can bang tai tbt. FCFS c6 hiéu ning thdp nhat va kha ning can bang tai kém
hon. Biéu do cot trén thé hién su khac biét vé hiéu niang va kha ning cin bang tai ciia

cac thuat todn trong viéc xtr 1y céc request trén moi truong ddm may.

Bang 4. 15 So sanh thoi gian thye hién cua cac thuat toan voi KCTPA 6 truong

hop 1000 request

Thoigian thye | popg | eTPA | MaxMin | MinMin | Round
hién (ms) Robin
AVG 360,43 192,82 391,75 230,98 378,06
MAX 9.829,39 | 3.755,07 | 17.94742 | 9.433,95 20.515,09
MIN 0,12 0,11 0,15 0,10 0,12
25,000.00
20,000.00
15,000.00
mAVG
10,000.00 m MAX
5,000.00
FCFS kCTPA MaxMin MinMin Round Robin

Hinh 4. 22 Biéu dd so sanh thoi gian thwe hién cia cac thuit toan véi KCTPA &

truong hgp 1000 request

Theo bang 4.13 va hinh 4.21 vé thoi gian thyc hién (ms) cua cac thuit toan
(FCFS, MaxMin, MinMin, Round Robin) so v6i thudt toan KCTPA trong truong hop
1000 request, thi KCTPA c6 thoi gian thuc hién trung binh thép nhat, chi 1a 192,82
ms, cho thay hiéu ning tSt hon so véi cac thuat toan khéac trong viée xir Iy cac request.
FCFS, MaxMin va Round Robin c6 thoi gian thuc hién trung binh cao hon, lan luogt
1a 360,43 ms, 391,75 ms va 378,06 ms. MinMin c¢6 thoi gian thuc hién trung binh
thép hon so véi cac thuat toan khac, 1a 230,98 ms, nhung van thép hon kCTPA. Vé
kha nang can bé“mg tai, KCTPA c6 thoi gian thyuc hién ti da thép nhét, chi 14 3.755,07
ms, cho thdy kha nang can bang tai tot trong viéc phan phdi cong viée. FCFS, MaxMin

va Round Robin ciing c6 thoi gian thuc hién t6i da khong qua cao, tuy nhién van cao
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hon so v6i kCTPA, cho thay kha ning can bang tai tot hon so v6i MinMin. MinMin
c6 thoi gian thuc hién t6i da cao nhét, 14 9.433,95 ms, cho thay kha ning can bang tai
kém hon so véi cac thuat toan khac.

Nhu vay trong truong hop 1000 request, kKCTPA c¢6 hiéu ning t6t nhat va kha
ning can bang tai cao hon so véi cac thudt toan khac. FCFS, MaxMin va Round Robin
cling cho thy hiéu ning tot va kha ning cin bang tai tbt. MinMin c6 hiéu ning tdt
nhung kha ning cin bang tai kém hon. Biéu do cot trén thé hién su khac biét vé hiéu
ning va kha ning can bang tai cua cac thuit toan trong viéc xur 1y cdc request trén
moi truong dam may. O trudong hop 1000 Request ta thdy k-CTPA vuot trdi hon hin

so voi cac thuat toan khac, bd xa cac thuat toan khac.
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Hinh 4. 23 Biéu do so sanh thoi gian thwe hién trung binh ciia cic thuét toan

voi KCTPA trong cac trwomg hop tir 30-1000 Request
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Hinh 4. 24 Bi¢u d6 so sanh thoi gian thyc hién 16n nhit ciia cic thuit toan voi

kCTPA trong cac truong hgp tir 30-1000 Request

Thong qua 04 truong hop 1a 30, 60, 100 va 1000 so sanh thoi gian xtr ly cua

céc thuat toan véi didu kién nhu nhau ta c6 thé théy su phan b6 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 xr 1y cta céc thuat todn khac trén cloud (& trudng hop it va nhiéu

request). Hinh 4.23 va hinh 4.24 cho thiy k-CTPA ludn thap nhat, ké ca gia tri trung

binh 1an gia tri max.

Thuét toan dé xuét da cho thay hiéu qua khi may ao c¢6 sb lwong cao 1én thi k-

CTPA dam bao thoi gian phan hoi va thoi gian xir 1y tdt, giam chi phi cta cac trung

tam di liéu ddm may. Tuy nhién thuat todn van con 1 s6 nhugce diém nhu:

Néu sb lvgng may 4o nhiéu thi viéc tim ra may c6 Usage nho nhét 1a kho khian
hon, nén c6 thé tim mot may c6 Usage phu hop 1a dat.

Chua sap xép cac may 4o theo danh sach ting dan.

Thuat toan dy bao cang chinh xac thi phan bd cang hiéu qua.

Tinh toan va xr Iy cac ngudng dong, tic 1a cic ngudng nay thay doi theo VM,

theo request hodc theo dac diém cloud.

DPanh gia mo6 hinh Regression trong thuat toan k-CTPA

Dé danh gia do chinh xac cia M6 hinh hdi quy tuyén tinh sir dung trong k-CTPA,

luan an str dung so0 sai sO RAE dé danh gid mo hinh chay nhu thé nao va dua ra gia
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tri du doan chinh xac cho bd cin bang tai. Bang 4.16 cho thay RAE tdi té nhit xay ra
trong dy doan sir dung RAM trong trudng hop 1 va tot nhét 13 trong trudong hop 3
nhung d6 13 du doan Murc tiéu thy ngudn. Ching ta c6 thé thdy rang, RAE c6 thé
chap nhan dugc cho thir nghiém nay nhung n6 khong t6t & moi trudng hop do bién
thién cia cac request.

Biang 4. 16 Sai s6 RAE trong 4 trudong hop mé phéng gia lap thuit toan
kCTPA

RAE
Trudong Trudong Trudong Truong

hop 1 hop 2 hop 3 hop 4

(30 (60 (100 (1000

requests) requests) requests) requests)
Power

0,085039 0,095735 0,075476 0,084136
Consume

CPU Usage  0,295400 0,284387 0,236654 0,248776
RAM Usage 0,326888 0,292676 0,295666 0,300793

Dua trén bang 4.16 vé sai s6 RAE cua Regression st dung trong thuit toan
KCTPA trong 4 truong hop mé phong gia 14p, chiing ta c6 thé nhan xét nhu sau:

- Muc st dung ning luong (Power Consume): Sai s6 RAE trong cac trudng hop
tr 0,075476 dén 0,095735, cho théy sai s6 kha nho va chép nhan duge. Piéu
nay cho thiy Regression c6 kha ning du doan kha chinh xac mirc st dung
nang luong trong thuat toan kKCTPA.

- Muc do str dung CPU: Sai s6 RAE trong cac trudng hop tir 0,236654 dén
0,295400, ciing cho thay sai sé kha nhé va kha ning du doan chinh xac cia
Regression trong viéc duy doan mirc d su dung CPU trong kCTPA.

- Muc d6 st dung BO NHO (RAM): Sai s6 RAE trong cac truong hop tir
0,292676 dén 0,326888, cho thiy sai sb ciing kha nho va Regression c6 kha
ning dy doan chinh xac muc do st dung BO NHO (RAM) trong thuat toan
kCTPA.

Duya trén sai s6 RAE, Regression trong kCTPA cho thiy kha ning dy doan
chinh xdc trong viéc udc lugng mirc sir dung nang luong, mirc 46 st dung CPU va
murc do sir dung BO NHO (RAM). Tuy nhién, can luu ¥ rang cac sai s van ton tai,
cho thiy Regression khong hoan toan chinh xac. Do d6, can tiép tuc nghién ciru va
cai thién mo hinh Regression dé dat dugc do chinh x4c cao hon trong dy dodn céc

thong s lién quan dén kCTPA. Nhu vy, Regression trong kCTPA cho thay kha nang
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dy doan chinh xé4c va sai s6 RAE & mtc chép nhan dugc trong viéc ude luong cac
thong sb lién quan dén nang lugng, CPU va BO NHO (RAM). Tuy nhién, can tiép

tuc nghién ctru d€ nang cao dJ chinh x4c cua md hinh.
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Hinh 4. 25 Biéu dd boxplot sai s6 du dodn cAc tai nguyén sir dung trong 4

truong hgp mo phong gia lap thuat toan k-CTPA

Bén canh sai s6 REA, ching ta c6 thé st dung 16i dy doan ctia Hoi quy tuyén
tinh dé hiéu sdu hon vé d6 chinh x4c cia céc tai nguyén dugc du doan. Hinh 4.25 cho
thiy cac hop 16i cta 4 truong hop. Trong truong hop 1 va truong hop 2, sai s6 van
con cao mot chut, nhung trong trudng hop 3 va treong hop 4, sai s6 ¢6 vé on dinh va
giam xuéng. Con lai, cho théy cac sai s6 co thé chép nhan duogc trong viéc du doan

cac tai nguyén nay cua dam may.

Véi cAu hinh twong ty, ta mo phong gia 1ap véi 10 mdy do, va ting sb request 1én lan
luot 1a 1800, 2700, 3600 va 4500, ta thu dugc cac két qua kha kha quan. Bén canh
d6, voi s luong request 16n, luan an bo sung tham sé speedups dé tinh toan va danh

(4

gia.
Truong hop 1800 request nhu sau:

Bang 4. 17 So sanh thoi gian thuc hién cia cac thuat toan véi KCTPA ¢ truong

hop 1800 request
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Thoi gian thye | pepg KCTPA | MaxMin | MinMin | Round
hién (ms) Robin
AVG 21.199,96 12.984,27 | 30.661,48 37.416,05 | 20.111,42
MAX 41.215,69 46.300,03 | 36.598,23 | 108.743,24 | 48.302,83
120,000.00
100,000.00
80,000.00
60,000.00
40,000.00
20,000.00 -
FCFS kCTPA MaxMin MinMin Round
Robin
EAVG EMAX

Hinh 4. 26 Biéu dd so sanh thoi gian thuwc hién ciia cac thuit toan véi kKCTPA

& trweong hop 1800 request

Theo bang 4.17 va hinh 4.26 vé thoi gian thyc hién (ms) cua céc thudt toan
(FCFS, MaxMin, MinMin, Round Robin) so v6i thuat toan kKCTPA trong trudong hop
1800 request, ta thdy kCTPA co thoi gian thyc hién trung binh thap nhat, chi 14
12.984,27 ms, cho thay hiéu ning tt hon so v&i cac thuat toan khac trong viée xur ly
cac request. FCFS va Round Robin ciing c¢6 thoi gian thyc hién trung binh kha thép,
1an luot 12 21.199,96 ms va 20.111,42 ms. MaxMin va MinMin c6 thoi gian thyuc hién
trung binh cao hon, lan luot 12 30.661,48 ms va 37.416,05 ms.

Vé kha ning can bang tai, kCTPA c6 thoi gian thyc hién t6i da thip nhét, chi
13 46.300,03 ms, cho thay kha ning can bang tai tt trong viéc phan phdi cong viéc.
FCFS va Round Robin ciing ¢6 thoi gian thyc hién t6i da khong qué cao, tuy nhién
van cao hon so v6i kKCTPA, cho thiy kha ning can bang tai tt hon so v6i MaxMin
va MinMin. MaxMin c¢6 thoi gian thuc hién tdi da cao nhat, 1a 108.743,24 ms, cho
thiy kha ning cin bang tai kém hon so véi cac thuét toan khac.

O truong hop 1800 request, kCTPA c¢6 hiéu ning tot nhat va kha ning cén
bang tai cao hon so voi cac thuat toan khac. FCFS va Round Robin ciing cho thay
hiéu ning t6t va kha ning can bang tai tét. MaxMin va MinMin c6 hiéu ning thip

hon va kha nang can bang tai kém hon. Bi€u d6 cot trén thé hién sy khac biét vé hi¢u
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nang va kha ndng can bang tai cua céac thuat toan trong viéc xtr Iy cac request trén

moi truong dam may.

Truong hop 2700 request nhu sau:

Béang 4. 18 So sanh thoi gian thye hién cua cac thuat toan voi KCTPA & trwong

hop 2700 request

Thoi gian thue | pepg KCTPA | MaxMin | MinMin Round
hién (ms) Robin

AVG 22,371.68 | 10,688.25 | 31,499.81 | 78,016.46 | 30,493.80
MAX 41,100.68 | 59,889.57 | 38,261.72 | 223,336.56 | 68,378.88

250,000.00
200,000.00
150,000.00
100,000.00
~alalld
_ FCFS kCTPA MaxMin MinMin  Round Robin
EAVG mMAX

Hinh 4. 27 Biéu db so sanh thoi gian thwe hi¢n ciia cac thuit toan véi KCTPA

& truwong hop 2700 request

Theo bang 4.18 va hinh 4.27 vé thoi gian thyuc hién (ms) cua cac thuit toan
(FCFS, MaxMin, MinMin, Round Robin) so v6i thuat toan kKCTPA trong trudong hop
2700 request, thi kKCTPA ¢6 thoi gian thuc hién trung binh thap nhét, chi 13 10,688.25
ms, cho thiy hiéu ning tot hon so v&i cic thuit toan khac trong viée xtr Iy cac request.
FCFS, MaxMin va Round Robin ¢6 thoi gian thue hién trung binh khé trong dong,
lan luot 14 22,371.68 ms, 31,499.81 ms va 30,493.80 ms. MinMin c6 thoi gian thuc
hién trung binh cao nhét, 1én dén 78,016.46 ms.

V& kha nang can bang tai, kCTPA c6 thoi gian thuc hién ti da thip nhat, chi
14 59,889.57 ms, cho thiy kha ning can bang tai tdt trong viéc phan phdi cong viéc.
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FCFS, MaxMin va Round Robin ciing c¢6 thoi gian thuc hién téi da khong qua cao,
tuy nhién van cao hon so voi kCTPA, cho thdy kha ning cn bang tai tét hon so véi
MinMin. MinMin c6 thoi gian thyc hién tdi da cao nhat, 1én dén 223,336.56 ms, cho
thay kha ning can bang tai kém hon so véi cac thuat toan khac.

Nhu vay, trong truong hop 2700 request, kKCTPA c¢6 hiéu ning tot nhat va kha
nang can bang tai cao hon so véi cac thuat toan khac. FCFS, MaxMin va Round Robin
cling cho thay hiéu ning t6t va kha ning can bang tai t6t. MinMin ¢ hiéu nang thap
hon va kha ning can bang tai kém hon. Biéu dd cot trén thé hién sy khac biét vé hiéu
ning va kha ning cin bang tai cua cac thudt toan trong viéc xir 1y cc request trén

moi truong ddm may.

Truong hop 3600 request nhu sau:

Bang 4. 19 So sanh thoi gian thye hién cua cac thuat toan véi KCTPA & trwong

hop 3600 request
Thoi gian thye | popg KCTPA | MaxMin MinMin Round
hién (ms) Robin
AVG 66,533.26 | 28,782.21 | 75,358.77| 67,741.85| 63,940.76
MAX 149,229.80 | 60,790.54 | 371,356.46 | 89,354.45 | 107,700.03
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Hinh 4. 28 Biéu d so sanh thoi gian thwe hi¢n ciia cac thuit toan véi KCTPA

& truwong hop 3600 request

Theo bang 4.19 va hinh 4.28 vé thoi gian thuc hién (ms) cua cac thuit toan

(FCFS, MaxMin, MinMin, Round Robin) so v6i thuat toan kKCTPA trong trudong hop



163

3600 request, KCTPA c6 thoi gian thyc hié€n trung binh thép nhét, chi 1a 28,782.21
ms, cho thay hiéu ning tSt hon so véi cac thuat toan khéac trong viée xir Iy cac request.
FCFS, MaxMin va Round Robin c¢6 thoi gian thyc hién trung binh tuong ddi gan
nhau, 1an lugt 14 66,533.26 ms, 75,358.77 ms va 63,940.76 ms. MinMin c¢6 thoi gian
thuc hién trung binh cao nhét, 1én dén 67,741.85 ms. Vé kha nang can bﬁng tai,
KCTPA c6 thoi gian thuc hién t6i da thap nhat, chi 13 60,790.54 ms, cho thdy kha
ning can bang tai tot trong viéc phan phdi céng viéc. FCFS, MaxMin va Round Robin
cling c6 thoi gian thyc hién t6i da khéng qua cao, tuy nhién van cao hon so véi
kCTPA, cho thdy kha ning can bang tai t6t hon so véi MinMin. MinMin ¢6 thoi gian
thuc hién tdi da cao nhat, 1én dén 89,354.45 ms, cho théy kha nang can bﬁng tai kém
hon so v&i cac thuat toan khac.

Véi trudong hop 3600 request, KCTPA c6 hiéu ning tot nhat va kha ning can
bang tai cao hon so véi cac thuat toan khac. FCFS, MaxMin va Round Robin ciing
cho thdy hiéu ning tot va kha nang can bang tai tot. MinMin c6 hiéu nang thip hon
va kha nang can bﬁng tai kém hon. Biéu d6 cot trén thé hién su khac biét vé hiéu nang
va kha ning can bang tai cia cac thuit toan trong viéc xir 1y cac request trén moi
truong dam may.

Truong hop 4500 request nhu sau:

Bang 4. 20 So sanh thoi gian thuc hién cia cac thuat toan véi KCTPA ¢ truong

hop 4500 request
Thoi gian thye | pepg kCTPA | MaxMin | MinMin Round
hién (ms) Robin
AVG 68,166.80 | 32.471.17 | 44,629.60 | 77,437.24 | 62,437.37
MAX 105,650.00 | 76,499.60 | 185,148.60 | 245,442.89 | 130,797.97
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Hinh 4. 29 Biéu dd so sanh thoi gian thuwc hién ciia cac thuit toan véi KCTPA

& truwong hop 4500 request

Theo bang 4.20 va hinh 4.29 vé thoi gian thyc hién (ms) cua cac thuit toan
(FCFS, MaxMin, MinMin, Round Robin) so v6i thuat toan kKCTPA trong trudong hop
4500 request, KCTPA c6 thoi gian thuc hién trung binh thap nhat, chi 1a 32,471.17
ms, cho thiy hiéu ning tot hon so vdi cac thudt toan khac trong viée xir Iy céc request.
FCFS, MaxMin va Round Robin c¢6 thoi gian thyc hién trung binh tuong ddi gan
nhau, 1an luot 13 68,166.80 ms, 44,629.60 ms va 62,437.37 ms. MinMin c¢6 thoi gian
thyc hién trung binh cao nhat, 1én dén 77,437.24 ms.

Vé kha ning can bang tai, kCTPA c6 thoi gian thyc hién t6i da thip nhét, chi
14 76,499.60 ms, cho thay kha ning can bang tai tt trong viéc phan phdi cong viéc.
FCFS, MaxMin va Round Robin ciing c¢6 thoi gian thuc hién téi da khong qua cao,
tuy nhién van cao hon so véi kCTPA, cho thay kha ning can bang tai tét hon so véi
MinMin. MinMin c6 thoi gian thyc hién tdi da cao nhat, 1én dén 245,442.89 ms, cho
thiy kha ning cin bang tai kém hon so véi cac thudt toan khac.

Tém lai, trong trudng hop 4500 request, KCTPA c6 hiéu nang tot nhat va kha
nang can bang tai cao hon so véi cac thuat toan khac. FCFS, MaxMin va Round Robin
cling cho thay hiéu ning t6t va kha ning can bang tai t6t. MinMin c6 hiéu ning thap
hon va kha ning can bang tai kém hon. Biéu dd cot trén thé hién sy khac biét vé hiéu
ning va kha ning can bang tai cua cac thuit toan trong viéc xtr 1y cac request trén

moi truong dam may.
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Bang 4. 21 So sanh Speedups cac thuat toan vgi thuat toan kCTPA & 4 truong
hop tir 1800 dén 4500 request

Round
Robin
Truong hop 1800 Request 1,6327418 2,3614328 | 2,8816448 | 1,5489068
Truong hop 2700 Request 2,0931096 2,9471444 | 7,2992743 | 2,8530213
Truong hop 3600 Request 2,3116106 2,6182413 | 2,3536015 | 2,2215375
Truong hop 4500 Request 2,0993024 1,3744379 | 2,3848002 | 1,9228558

Speedups FCFS MaxMin MinMin
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7.0000000
6.0000000
5.0000000 FCES
4.0000000 =@==MaxMin

MinMin
3.0000000

A ==@=Round Robin

2.0000000
1.0000000
0.0000000

FCFS MaxMin MinMin Round Robin

Hinh 4. 30 Biéu do so sanh Speedups céc thuét toan véi thuit toan KCTPA & 4
truong hop tir 1800 dén 4500 request

Theo bang 4.21 va hinh 4.30 vé& sd liéu so sanh kha ning ting téc (speedup) cua thuat
toan kCTPA so vdi cac thuat toan phé bién (FCFS, MaxMin, MinMin, Round Robin)
& 4 truong hop, ta 6 thé nhin xét va danh gia hiéu ning can bang tai cia kCTPA nhur
sau:
- Truong hop 1800 Request: kKCTPA c6 kha ning ting téc (speedup) so voi
FCFS 1a 1,6327418; MaxMin la 2,3614328; MinMin la 2,8816448 va Round
Robin 1a 1,5489068. kCTPA dat hiéu ning cin bang tai tot hon so véi FCFS,
MaxMin va Round Robin, va tuong duong vdi MinMin.
- Truong hop 2700 Request: kKCTPA c6 kha ning ting téc (speedup) so voi
FCFS 1a 2,0931096; MaxMin la 2,9471444; MinMin la 7,2992743 va Round
Robin 1 2,8530213. kCTPA dat hi¢u ning can bang tai t6t hon rd rét so véi
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FCFS va Round Robin, va c6 hiéu ning can bang tai cao nhit trong sb cac
thuat toan.
- Truong hop 3600 Request: kKCTPA c6 kha ning ting téc (speedup) so voi
FCFS 1a 2,3116106; MaxMin 1a 2,6182413; MinMin la 2,3536015 va Round
Robin 14 2,2215375. kCTPA dat hiéu ning cin bang tai twong duwong véi
MaxMin va MinMin, va cao hon so v&i FCFES va Round Robin.
- Truong hop 4500 Request: kKCTPA c6 kha ning ting téc (speedup) so voi
FCFS 1a 2,0993024; MaxMin la 1,3744379; MinMin la 2,3848002 va Round
Robin 1a 1,9228558. kCTPA dat hiéu ning cin bang tai twong duwong véi
MinMin va cao hon so véi FCFS va Round Robin, nhung thip hon so véi
MaxMin.
Nhin chung, kCTPA thé hién kha ning ting toc va hiéu ning can bang tai tot hon so
v6i1 FCFS va Round Robin trong céac truong hop moé phdng gia 1ap. N6 cling ¢6 hiéu
ning cin bang tai cao nhat trong truong hop 2700 Request va cén bang tai tuong
duong véi cac thuat toan khac trong cac truong hop khac. Diéu nay cho thay kCTPA

co tiém nang de€ cai thién hi€u suat va can bang tai trong moi truong dam may.

4.4 KET LUAN CHUONG

Véi y tudng tiép can tir bén ngoai bd can bang tai tir phan tich SWOT, chuong nay
trinh bay cach tiép can va quan sat cac yéu té bén ngoai b can bang tai trén moi
truong dam may, tor do trinh bay 1y do tai sao sao tac gid lai chon viéc dy bao
Deadlock dé phuc vu thuét toan can bang tai cling nhu 1y do tai sao chon phén 16p d6
wu tién céac tac vu dé can béng tai. Vo1 muc ti€u nang cao hi¢u nang can béng tai, luan
an két hop cac thuat toan hoc may va phan tich dit liéu dé xay dung hai thuat toan can
bang tai 1a PDOA va k-CTPA. Céc thuat toan duoc cai dit va mo phong gia lap, va
két qué cho théy sur noi trQi cua tri tu¢ nhan tao, dac bi¢t 1a hoc may va phan tich dir
li¢u, trong viéc can béng tai trén moi truong ddm may.

Véi viée cai dat va mo phong gia 1ap cac thudt toan dé xuit, cac két qua cho
théy su ndi troi ciia AI ma dai dién 1a ML va phan tich dit liu, tiém nang cua Al trong
bo can bang tai trén dién toan dam may Tuy nhién, khi 4p dung céac thut todn nay
cho dir liéu 16n, sy manh mé cua thudt toan can bang tai va kha nang xir 1y thoi gian

thuc 14 nhing thach thirc dang ké. Pong thoi, viée taing do chinh x4c cua cac thuat
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toan phan 16p, gom cum va du béo ciing 14 nhirng vin dé quan trong can duoc giai
quyét.

Nhin chung, viéc két hop tri tu¢ nhan tao, hoc may va phan tich dit li¢u mang
lai tiém nang dang ké trong viéc cAn bang tai trén moi truong dam may. Tuy nhién,
can tiép tuc nghién ctru va phat trién dé vuot qua cac thach thure hién tai va dat duogc

hiéu ning cin bang tai tot nhat trong cac tinh hudng thuc té.
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PHAN KET LUAN

1. Cac két qua da dat dwoc

Viéc nghién ciru ning cao hiéu niang véi y tuong “TIEP CAN SWOT CHO
CAN BANG TAI TREN DIEN TOAN DAM MAY” di mé ra mét cach nhin méi va
toan dién vé can bang tai trén dién toan ddm may, mo ra cac hudng nghién ctru sdu
rong dudi cac goc do khac nhau dang duoc nhiéu nha nghién ctru dic bi¢t quan tam
trong thoi gian gan ddy. Muc tiéu ctia cac cong trinh nghién ctru nham t6i wu va nang
cao hi¢u nang can béng tai trén cloud v&i nén tang cong ngh¢ hién dai, dac biét 1a ca
k¥ thuat hoc may. Trong bdi canh tri tué nhan tao (AI) phat trién khong ngimg, tac
gia clia luan 4n nay di chu trong vao viéc khdm pha va phat trién cac thuat toan can
bﬁng tai hiéu qua, tan dung nhirng loi thé cua AL dic biét 1a hoc may (ML) va phan
tich dir li¢u (big data analytics) trong moi truong di€n toan ddm may. Qua qua trinh
hoc tap va nghién ctru dé hoan thanh luan an, tac gia da thu dugc mot sb két qua dang
chu y duéi day:
1.1 Tir § twéng phén tich SWOT dwa ra hwéng tiép cén phén tich cin bang tdi,

nhdam ndng cao hiéu ndng cdn bang tdi trén moi truong dién toan dam mady

- Nghién ctru tong quan CBT trén dam mdy. Cac k¥ thuit can bang tai duoc
dung trong mdi truong dién toan dam may, cac dic tinh ciia cin bang tai trén
moi truong ddm may, tir d6 dua ra phan tich SWOT cho CBT trén moi truong
dam may.

- Théng qua phéan tich SWOT, dua ra 02 hudng tiép can chinh 1a tiép can tir bén
trong va tiép cén tir bén ngoai dé nang cao hiéu ning can bang tai. Phan tich
tr bén trong bao gém cac yéu t6 noi tai cua CBT, cai tién cac van dé hién co
ciia CBT v/v. Phén tich cic yéu t§ bén ngoai nhu méi nguy co, de doa hoic
thach thirc ma nha phat trién CBT khong thé kiém soat dugc, cu thé 1a moi
truong mang va nguoi dung cloud.

1.2 Pé xuit xdy dung nhém thudt todn cin bang tdi theo hwong tiép cén tiv bén
trong, bao gom dé xudt xdy dwng va phdt trién bj cén bang tdi két hop cdc tham

$0 cuia no voi cdc thudt toan ML va cdi tién thudt toan CBT hién co.
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Cai tién thuat toan Throttle thong qua thuat toan ITA, cho théy tinh wu viét ciia
thuat toan cai tién.

Két hop du bao chudi thoi gian ARIMA thong qua thut toan APRTA

Két hop cac thudt toan phan 16p nhu SVM, phan cum k-Means dé xay dung
thuat toan MCCVA trong cén bang tai.

Két hop cac thuat toan phan 16p Naive Bayes, phan cum k-Means dé xay dung
thuat toan RCBA trong c4n bang tai.

1.3 Pé xuit xdy dung nhém thudt todn cin bang tdi theo hwdng tiép cin tiv bén

ngodi, bao gom cdc thudt todn lién quan dén Deadlock va hanh vi ngwoi ding

cloud, dai dién la d¢ wu tién tac vu (Task priority).

- Dé xuit hudng tiép can méi thong qua viée kiém soat deadlock va khong cho

tai nguyén cloud & trang thai treo. Thuét toan PDOA thong qua regression dé
du bao cac thong sb tai nguyén (RAM, CPU, STORAGE) tir d6 du bao kha
ning xay ra treo va deadlock. Thuit toan PDOA c6 thé dung dé dua vao ap
dung trén thuc té.

Véi hudng tiép can 1ay nguoi ding 1am trung tam, nghién ciru hanh vi nguoi
dung trong can bang tai 1a mot hudng tiép can méi va dang chi y. Voi su phat
trién cua Al & ML nén day 1a huéng di tiém ning ma luan an dé xuét. Xay
dung dugc thuat toan k-CTPA thong qua viéc phan 16p d6 uu tién cia tac vu

dé can bang tai.

2. Huwéng phat trién cia dé tai luin an

Van dé kién nghi va huéng di tiép theo ctia nghién ciru:

Tiép tuc cai tién va phat trién cac thuit toan theo 2 hudng tiép can, ting do
chinh x4c va hiéu ning 1én cao hon nira trong méi truong cloud bién thién 16n
hon.

Két hop phat trién cac thuat toan hodc t6 hop thuit toan theo ca 02 hudng tiép

can.
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- Tiép tuc nghién ctru va phat trién theo hudéng co hoi va thach thirc, nghién ctru
cac y€u td bén ngoai nhung tac ddng manh mé dén can bang tai va hiéu nang

hoat dong ctia no.
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CAC CONG TRINH NGHIEN CUU CUA TAC GIA

TAP CHi KHOA HQC

[CT1] H. Le Ngoc, T. N. Thi Huyen, X. Phi Nguyen, and C. Hung Tran, “MCCVA:
A New Approach Using SVM and Kmeans for Load Balancing on Cloud”,
International Journal on Cloud Computing: Services and Architecture (IJCCSA) Vol.
10, No.3, June 2020 DOI: 10.5121/ijccsa.2020.10301, 1-14.

= Tap chi khoa hoc quc té c6 phan bién doc 1ap, dugc chi myc boi ProQuest

=>Da cip nhat trong Google Scholar va Research Gate

= NCS la tac gia dau va 1a tac gid lién hé
[CT2] N. Xuan Phi, L. Ngoc Hieu, and T. Cong Hung, "Load Balancing Algorithm
on Cloud Computing for Optimize Respone Time", International Journal on Cloud
Computing: Services and Architecture (IJCCSA) Vol. 10, No.3, June 2020 DOI:
10.5121/ijccsa.2020.10302 15.

= Tap chi khoa hoc qudc té c6 phan bién doc lap, dugc chi muc bai ProQuest

= D3 cap nhat trong Google Scholar va Research Gate

= NCS la tac gia dau
[CT3] Hieu Le Ngoc and Hung Tran Cong, “ITA: The Improved Throttled
Algorithm of load balancing on cloud computing,” International journal of computer
network and communication., vol. 14, no. 1, pp. 25-39, 2022.

= Tap chi khoa hoc quéc t& c6 phan bién doc 1ap, duge danh chi muc boi

SCOPUS (Elsevier)

=>» H-Index 2022: 8.0, Q4 — Scopus

= NCS la tac gia dau va 1a tac gid lién hé
[CT4] Hieu Le Ngoc va Hung Tran Cong, “PDOA: du bao Deadlock dé nang cao
can bang tai trén dién toan dam may”, tap chi Khoa hoc Cong nghé théng tin va
Truyén théng, PTIT

= Tap chi khoa hoc ctia PTIT, dugc hoi dong GSNN cong nhan 0.5 diém

= NCS la tac gia dau va 1a tac gia lién hé
[CT5] Hieu Le Ngoc and Hung Tran Cong, “Enhancing Load Balancing in Cloud
Computing through Adaptive Task Prioritization”, Journal of Computer Science and
Technology  Studies (JCSTS), vol. 5,  no. 2, 2023, DOI:
https://doi.org/10.32996/jcsts.2023.5.2.1.

=>» Tap chi khoa hoc quéc té ¢o phan bién doc l1ap, duoc danh chi muc boi

Crossref, WorldCat (OCLC), Google Scholar

=>» Impact Factor 2022: 5.711
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=>» H-Index 2022: 29, Q2 - Scopus
= NCS la tac gia dau va 1a tac gia lién hé

HOI NGHI KHOA HQC

[CT6] Hieu Le Ngoc and Hung Tran Cong, “Enhancing Load Balancing in Cloud
Computing through Deadlock Prediction”, EAI INISCOM 2023 - 9th EAI
International Conference on Industrial Networks and Intelligent Systems,
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