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MO PAU
1. Ly do chon d@ tai

Dién toan dam may hién da tr¢ thanh mot ngudn tai nguyén tinh
toan va luu trit phd bién va quan trong voi ngudi ding. Sy phat trlen
ctia cac hé thdng dién toan dam may ciing kéo theo nhirng bai toan tbi
uu hoa ha téng k¥ thuat cia dién toan dam may nham tin dung ti da
nang luc cua ha tang cling nhu dem lai chat luong dich vu tot nhat[3],
[11], [21], [28], [44], [72], [93], [104], [109].

Trong dién toan ddm may, ngoai cac van dé vé trao ddi, xir i, an
toan dir liéu, van dé can bang tai (load balancing) truy nhap c6 vai trd
quan trong nham nang cao chat luong dich vu. Cho nén viéc nghién
clru cai tién cac thuét toan nang cao hi€u nang can bang tai trén dién
toan dam may la rat can thiét, thu hut duoc su quan tdm nghién ctru
ctia nhiéu nha khoa hoc ciing nhu cac nha khai thac, cung cap dich vu
thong tin truyén thong & trong va ngoai nudc [5], [18], [23], [31],
[34].,[35], [42], [83], [84], [108].

Vi vy, viéc nghién ctiu cac giai phap mai nang cao hiéu nang can
bang tai la van dé cap thiét. Dé tai “Ndng cao hig¢u ndng cén béing tai
trén dién todan dam mdy” dugc thyc hién trong khuén khé luan 4n tién
si chuyén nganh Hé théng thong tin, gop phan giai quyét mot s6 han ché
trong céc thuat toan nhim nang cao hi¢u ning cin bang tai trén dién
toan dam may.

2. Muc tiéu cia luin an

- Muc tiéu thir nhat: Nghién ctru, phat trién mot s6 thuat toan can
bang tdi nham cai thién thoi gian dap Ung trén dién toan dam
may.

- Muyc tiéu thir hai: Nghién ctru, phat trién mot s thuét toan can
bang tai nham cai thi¢n tho1 gian xur 1y trén di€n toan dam may.

3. Pham vi, dbi twong va phwong phip nghién ciru



Pham vi: Cac thuit toan can béng tai nham cai thién cac tham
sO thot gian dap tng, thoi gian xtr 1y trén moi truong dién toan
dam.

Déi twong nghién ctru: Cac thuat ton can bang tai, cac tham sb
anh hudng dén can bang tai, cac phuong phap danh gia thuat
toan can bang tai trén dién toan ddm may.

Phuong phap nghién ctu: Xay dung mod hinh; Cai dat/thu
nghiém mo hinh trén cac phan mém mod phong; So sanh, danh
gia két qud so vai cac thuat toan khac.

4. Cac dong gop cia luian an

Pong gop thir nhat: D& xuat 02 thuat toan can bang tai nham
giam thoi gian dap Gng trén di¢n toan dam may: Thuat toan
LBAIRT (CT4) cai tién tham s6 thoi gian dap umg trong giai
thuat Throttled [89]. Thuat toan RRTA (CT7) cai tién tham s
thoi gian dap tmg clia tac gia Sharma [2] bang ky thuat dy béo
thoi gian dap tng ARIMA.

Pong gop thir hai: Dé xuat 02 thudt toan cAn bang tai nham giam
thoi gian x1r 1y trén dién toan dam may: Thuat toan TMA (CT5)
cai tién bang chi muyc trang thai cua thudt toan Throttled [89].
Thuéat toan MMSIA (CT6) cai tién tham s thoi gian hoan thanh
du kién clia nhom yéu cau va may ao trong thuat toan 1ap lich
Min-Max [69].

5. Bo cuc ludn an

Noi dung cta ludn an chia thanh 03 chuong nhu sau:

Chwong 1 - Gidi thiéu dién toan ddm may, bai toan can bang tai

trén dién toan dam may; phan tich anh hudng cia cac tham sé dén can
bang tai. Gidi thi¢u cac nghién ctu lién quan va xac dinh rd hudng
nghién ctru cua deé tai la.

Chwong 2 - Dé xuat 02 thuat toan nham cai thién thoi gian dap

{mg trén dién toan ddam may: Cai tién thoi gian dép Gmg trong gii thuét



Throttled dé dua ra thuat toan LBAIRT (CT4). Cai tién thoi gian dap
g trong thuat ton cua tac gid Sharma [2] c”Ié dua ra thuat toan RRTA
(CT7). Tién hanh thir nghiém va danh gia két qua ctia cac phuong phap
dé xut.

Chuwong 3 — Dé xuit 02 thuat toan nham cai thién thoi gian xir Iy
trén dién toan dam may: Cai tién bang chi muc trang thai cta thudt toan
Throttled dé duara thuét toan TMA (CT5). Cai tién thoi gian hoan thanh
du kién ctia nhom yéu cau va may ao trong thuat toan 1ap lich Min-Max
dé dua ra thuat toan MMSIA (CT6). Tién hanh thir nghiém dé dénh gia
két qua ctia cac phuong phap dé xuat.

Két luan: Tom tat cac két qua da dat duogc, cac dong gop mai va
de xuat hudng phat trién cua luan an.



CHUONG 1.

TONG QUAN VE CAN BANG TAI TREN
PIEN TOAN PAM MAY

1.1. Can bang tai trén dién toan dam may
1.1.1. Gi6i thi¢u chung vé dién toan diam may

bién todn ddm may, con goi 1a dién toan may chu 4o, 1a mé hinh
dién toan stir dung cac cong nghé may tinh va phat trién dya vao mang
Internet. Thuat nglr "ddm may" & day chi do phurc tap cua céac co sd ha
tang mang Internet [66].

1.1.2. Can bing ti va hidu ning cin bang tai trén di¢n toan dam
may
Khai niém cén bang tai chii yéu dé cap dén y tuong phan ph01 tai
dong déu trén céc tai nguyén cong nghé thong tin c6 san, dam bao rang
khong c6 may chu nao bi qua tdi [110], [111], [112]. Nang cao hi¢u

nang can bang tai 1a nhiém vu cua cac thudt toan can bang tai thong qua
viée t6i uru cac tham sb anh huong dén can bang tai.

1.1.3. Sw can thiét ciia cin bing tai trén dién toan dam may

Do sy phat trién khong ngimg ciia dién toan dam may nén van dé
trao doi, xu ly, an toan dir licu va déc biét van dé can bang tai truy nhap
1a nhiing van de cap thiét va c6 ¥ nghia thyc tién cao, vi van dé co ban
nhit trong truyén thong 13 nhimg van dé lién quan dén dir liéu [14].

1.1.4. Ao héa va quan Iy may ao trén dam may
‘Ao hoa 1a vige tach h¢ diu hanh khoi phan cimg, tao ra sur di
chuyén h¢ di€u hanh va cdac (mg dung tir phan ctmg nay sang phan
ctrng khac ma moi thir van nguyén ven [3], [12], [13], [40], [91], [92],
1.1.5. Quan ly va phan bd tai nguyén trén dién toan dam may
Trong dién toan dam may, phan b tai nguyén 1a qua trinh chi
dinh dong céc tai nguyén c6 san cho cac ung dung dam may dugc yéu



cau [1], [26, [53], [60], [95]. Viéc phan bo tai  nguyén xay ra ¢ 16p 1aaS
va tai nguyén sir dung c6 thé bao gdm hé diéu hanh va tmg dung cho
nguoi dung.

1.2. Bai toan cén bing tai
1.2.1. Phat biéu bai toan va md hinh nghién ciru
e Dat van dé [43]:

- CoOmmay M ={My, Mz, Ms,......Mm}.

- CoOncongviécJ = {j1, j2, j3,....., jn}, vOi mdi cong viéc c6 thoi

gian xu ly la tj > 0.

e Yéu cau dit ra: Gan tap cong viéc J cho tdp may M sao cho tai trén
tat ca cac may M la dong deu nhat co6 thé. Han ché tinh trang qua tai
trén mdt may bat ky, trong khi may khéc con lai thi khong phuc vu
cong viéc nao ca.
e Dit A(i) 1a tap cong viéc gan cho may ao Mi, nén may Mi can

lamviéc trong tong thoi gian [43]:

; (1.1)
jeA(i)

Pai luong T; 14 thoi gian can thiét dé hoan thanh viéc thyc hién tat ca
cac yéu cau dau vao va do cling la tai (load) trén cac may Mi [43]. Muc
tiéu cua bai todn la toi thiéu hoa dai lwgng T = max;Ti, véi T 1a tai lon
nhat trén bat ky may nao.

1.2.2. Cac yéu té6 anh hwéng dén can bang tai

Co nhiéu yéu t6 anh huéng dén kha nang can bang tai trén dién
toan dam may [10], [15], [67], [70], [72], [98], [106]. C4c két cong bé



trong cong trinh (CT1), (CT2) va (CT3) da nghién ctu vé anh hudng
céc tham sé anh huong truc tiép dén can bang tai: thoi gian dép ung,
thoi gian xur 1y, thoi gian cho, mire do sir dung tai nguyén, mac d6 wu
tién cuia cac yéu cau dau vao, trang thai ciia cic niit mang, bang thong
cho may 40 va cac co ché phan phdi tai.

1.2.3. Phén loai cac thuit toan cin bing tai

- Thuit toan can bang tinh [98]: khdng xét dén trang thai hoic
hanh vi truéc d6 cua nit trong khi phan phdi tai.

- Thuét toan can bang dong [98]: kiém tra trang thai trudc d6 cla
mot nit trong khi phan phdi tai.

1.2.4. Po hrong can bang tai

C6 rat nhiéu cac cong cu mod phong dé danh gia hiéu ning mot
thudt toan cac thudt toan trén dién toan ddm may nhu: CloudSim,
Cloud Analyst, GridSim, CSIM for Java, Matlab [9], [22], [65],
[74],...tat ca cac cong cu nay da va dang ho trg dédc lyc cho viée déanh
gi4 hiéu nang céac thudt toan can bang tai.

1.3. Cac hwéng giai quyét bai toan ciAn bang tai
1.3.1. Phwong phap xap xi

Ba1 toan cén bang tai la mot ba1 toan NP Complete [79] hlen
toan xap xi. Tuy khong thé tinh toan chinh xac gia tri ciia T* (1a gia tr1
toi uu), nhung rd rang da c6 thuat toan can bang tai dé tinh toan gia tri
T ti€ém cén dén gia tri to1 vu T*. Di€u do6 c6 nghia la c¢6 thé dung thuat
todn xap xi dé giai quyet bai toan can bang tai
1.3.2. Chién lwoc 14p lich phan bo tai nguyén

Huong nghién ctru tiép theo l1a cai tién cac chién lugc 1ap lich
phan bd tai nguyén nham can bang ngudn luc trén dién toan dam may
[7], [16], [19], [25], [63], [87], [97], [107]. Cong trinh [16] tac gia dé
Xuat mot thuat toan quan ly tai dong dé phan phéi c6 hiéu qua toan bo
cac yéu cau dén cac may ao. Giai thudt dugc mo phong bang cong cu



CloudAnalyst dua trén cac thong s6 khac nhau nhu thoi gian xtr 1y dit
liéu va thoi gian dap ung. Cong trinh [51], [56], [57], [95] dua ra
phuong phap t6i da hoa viéc sir dung tai nguyén bang mé hinh can
bang tai, cic phuong phap nay hd trg trong viéc dy bao xu huéng cua
cac tai nguyeén, viéc cap phat tai nguyén dong va viéc giai phong bo
nh¢ cta cdc may chi mot cach hi¢u qua.

Céc cong trinh gan day nhét [24], [36], [71], [88] ciing d3 tap
trung nghién ctru cai tién cac chién luc phan bé tai nguyén. Tai liéu
[88] dé xuét co ché tranh lang phl tai nguyén, cong trinh [36] dé xuit
co ché di tru tryc tiép cac yéu cau hi¢u qua, giam chi phi vé thoi gian
thuc hién. Cong trinh [24], [71] d& xuét cac chién lugc phéan bd tai cho
cac may 4o mot cach hi¢u qua.

1.3.3. Phwong phap cii tién cac tham sb

Mot huéng nghién ctru nira 1a cai tién cac tham sé anh huong
dén kha ning can bang tai thu hut rat nhiu tac gia trén thé gioi [2],
[51.]1, [49], [52], [58], [70], [77], [80], [90], [94]. Céc tham sb co ban
do la: thoi gian dap Umg, thoi gian xur 1y, thot gian hoan thanh, ti 1€ str
dung tai nguyén, d¢ vu tién cua cac nhiém vy... Nhom tac gia Agraj
Sharma trong cong trinh [2] d& cho rang yéu tb thoi gian dap ing anh
huong 16n den hiéu nang can bang tai trén dién toan dam may. Téc gia
[2] néu ra 2 van dé con ton tai clia cac giai thuat trude day 1a: 1) Can
bang tai chi xay ra sau khi cac may chu bi qua tai; 2) lién tuc truy van
thong tin tai nguyén san c6 dan dén tang chi phi tinh toan va tiéu thu
bang thong. Vi vay, tac gia da dé xuét thuat toan cai tién thoi gian dap
g ctia cac yéu cau dé quyet dinh gan cic yéu cau cho cic may chu
mot cach thich hop, cach tlep can cua giai thuat nay da giam duoc su
truy van thdng tin vé cac ngudn luc sin b, giam su giao tiép va tinh
toan trén moi may chu.

Cac cong trinh gan day [27], [64], [85], [86], [103] cing da cong
bd nhimg két qua cai tién cac tham sb anh hudng truc tiép dén can
bang tai. Béng cic _phuong phap khac nhau, cac tac gia da thyc hién
cai tién cac tham s chinh va da cho két qua tot hon cac phuong phap
da cong bd trude d6. Thoi gian dap ing 1a tham sb rat quan trong, n6



anh huong dén hiéu ning cua ddm may ciing nhu 1a QoS cua cic nha
cung cap dich vu dién toan. Chinh vi vay, da c6 nhicu thuat toan can
bang tai dé xuat véi muc ti€u toi vu hoa thoi gian dép ung trén di¢n
toan dam may [18], [29], [33], [56], [60], [108].

C6 nhiéu tham s anh hudng dén kha ning can bang tai trén
dién toan dam may, tuy nhién trong khuon kho luan an chi nghién
ctru 2 tham s6 chinh phuc vu muc tién nghién ctru do la: thoi gian
dap tng, thoi gian xur 1y.

1.4. Céc van dé ma luin 4n can giai quyét

Thong qua khao sat, danh gid cac cong trinh nghién ctru lién
quan ¢ muc 1.2 va 1.3, nghién ctru sinh rat ra mét s6 nhéan xét:

- Thuat toan [89] da khong xem xét téi lugng tai hién tai cua
may ao, vi vy khi mdt may do khong du nang lyc thuc hién
yéu cau no s& phai quay tr¢ lai tim mot may o tiép theo, hé
thdng s& tiéu ton thoi gian hon. Van dé nay duoc giai quyét

trong Chuong 2 va két qua nghién ctru dugc cong bd & cong
trinh (CT4).

- Phuong phdp giam thoi gian xur 1y cua thuat toan trong cong
trinh [89] tdn tai mot van dé 1a: b can béng tai phai tim kiém
toan bd danh sach cac mdy ao dé tim ra may 4o nao dang san
sang cho viéc phan bo tai, didu nay lam ting thoi gian xir 1y
cac cong viéc. Phuong phép giai quyét duge thuc hién trong
Chuong 3 va duoc cong bd trong cong trinh (CT5).

- Ciing nham muyc dich cai thién thoi gian xu ly, thuat toan Max
— Min [69] c¢6 diém han ché 14 bo can bang tai duyét trén toan
bd danh sach cac may o de thyc hién viéc gan yéu cau cho
méy 40 ndo thoéa méan yéu ciu, van dé nay s& lam tang thoi gian
xtr 1y, do cac thao tic nay lap di lip lai. Do d6, van dé dit ra
la phai gidam thleu cac cac thao tac lap lai nay de cdi thién thoi
gian xir 1y. Va van dé nay ciing duoc giai quyét trong Chuong
3, cac két qua nghién ctru ciing duoc cong bd trén cong trinh
(CT6).



- Thuat toan RRTA (CT7): St dung thuat toan du bao ARIMA
dé cai thién thoi gian déap mg trong [2], dé dua ra cach phan
phdi tai nguyén hop 1y. Véan dé nay duoc trinh bay trong
Chuong 2 cta luan 4n va duge cong b trén cong trinh (CT7).

1.5. Két luAn Chuwong 1

Trong chuong ndy, da trinh bay tong quan vé cin bang tai trén
dién toan dam may. Trong Chuong 2, viéc phat trién cac thuat toan can
bang tai nham cai thién thoi gian dép tmg dugc nghién ctru va da chirng
minh dugc hi¢u qua cta no trén dién toan ddm may.
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CHUONG 2.

PHAT TRIEN MOT SO THUAT TOAN CAN BANG TAI
NHAM CAI THIEN THOI GIAN PAP UNG TREN PIEN
TOAN PAM MAY

2.1. Dt van dé
Vié¢e 1ap ké hoach cho str dung tai nguyén dua trén thoi gian dap
ung cua dich vu la rat quan trong.

2.2. Thuat toan LBAIRT
2.2.1. Co s6 ly thuyét

Han ché cta thuat toan Throttled [89]: Giai thuét phai do tim
VM dang san sang ‘0’ véi toan bg kich thude bang danh sach VM ban
dau do do 1am tang chi phi thoi gian.

2.2.2. Pé xuit thuit toin

Thuat toan LBAIRT dugc cong bd trong cong trinh (CT4). trén
ha tang 4o héa dam may la phuc tap, tiy thude vao co ché 1ép lich tai
nguyén tinh todn trong h¢ thong.

Diém moi ciia thut todn LBAIRT la xét thém s6 tham so thoi
gian hoan thanh cong viéc du kién ctia moéi VM khi c6 cac danh sach
yéu cau dén. Thoi gian dap tng du kién duogc tinh theo cong thic sau
[74]:

TRak = Ft— At + Tdelay (2.1)

Trong do:
- TRak: Thoi gian dap tng du kién.
- Ft: 13 thoi diém hoan thanh du kién xir 1y Cloudlet.
- Ac: 1a thoi diém dén cua Cloudlet.
- Taelay: 12 thoi gian truyén tai cac yéu cau. Vi thuat toan thuc
hién cong viée diéu phdi tai ciia DatacenterBroker nén mirc do
ctia thuat toan chi anh hudng dén thoi gian xir 1y trong mot moi
truong mang ndi by cua mdt Datacenter. Do dé tham sb vé do
tré truyén co6 thé bo qua, nén Taelay = 0.
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Xac dinh Ft [74]: Do str dung chinh sach Timeshared nén F cua yéu
cau p dugc quan ly boi VM dugc tinh nhu sau:

_ ri(p)
Fe=ct+ capacity xcores(p) (2'2)
Véi:
np ,
capacity = 2izy C0P () (2.3)

max( cores(j),np)

quoludlets
j=
Thoi gian thyuc thi cua mdt Cloudlet dugc xac dinh theo cong thirc

Sau:

rl

Thot gian thuc thi mot cloudlet = (2.4)

capacity xcores(p)
Trong do:

- rl: 1a tong s6 1énh ma Cloudlet p can dugc thuc thi trén mot bo
xu ly.

- capacity: 1a nang luc xtr ly trung binh (tinh theo MIPS) cua
mot core danh cho Cloudlet p.

- ct: 1a thoi gian mo phong hién tai.

- cores(p): 1a sb lugng core ma Cloudlet p can.

- np: 1a s6 lugng core thyc ma host dang xét co.

- cap: la nang luc xur 1y cua core

D§ phirc tap cia thuit toan LBAIRT: O((n+p) mq).
2.2.3. Két qua mé phéng

Muc tiéu cua m6 phong nay la so sanh, phan tich, danh gia thoi
gian dap Ung cua thudt todn Throttled [89] va thuat toan dé xuat
LBAIRT.
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Hinh 2.4. Thuc nghiém mé phong so sanh thoi gian dap irng cia
Throttled va LBAIRT khi thay doi so luwong cloudlet.

Thuét toan LBAIRT duoc dé xuét dua trén thuat toan Throttled. Trong
thuat toan Throttled, khong xét dén luong tai trén VM. Trong thuat
toan dé xuat, ngoai vi€c xét thoi gian hoan thanh du kién con xét dén
ndng luc xtr Iy nhiém vu/yéu cau cua VM. Két qua mo phong cho thay
thuat toan LBAIRT da giam dugc thoi gian dap ung.

2.3. Thuat toan RRTA

2.3.1. D& xuit thuit toin

Thuat toan RRTA dua vao thL}ét toan du bao ARIMA [75] dé du
bao thoi gian dép trng, gitp phan bo hi¢u qua céc yéu cau dau vao.
Cac budc cua thuit toan:

1. For each Request in CloudRequests
2 Thew = ARIMA(RT;); // Module 1
3. isLocated = false;

4 For each VM in VMList
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5. If VM.getPredictedRT() < Thew

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

8. End If

9. End For

10.  If (tisLocated)
11. VM = VMList.getMinDistance(Tnew); // Module 2

12. AllocateRequestToVM(VM, Request);
13. EndIf
14. End For

Theo tai liéu [2], ngudng dugc tinh todn chinh 1a thoi gian dap
g 16n nhat xét trong tap cac VM. Vi thé, thuat toan RRTA nay sir
dung lai phuong phap chon nguéng nay, tuy nhién s€ hiu chinh mot
sO thay ddi, hodc dua vao cac hé s6 va tham sd, tiy thudc vao két qua
thuc nghiém.

D§ phirc tap tinh toan: O(nm).
2.3.2. Thuc nghiém mé phéng:

Hinh 2.8, so sanh thoi gian dap ung du bao cia caic VM vai
ngudng tinh toan mg véi truong hop 5 VM, co thé thdy su phan b
kha 6n dinh va hop 1y ctia thuat toan, thdi gian dap img dy béo cua cac
VM khong qué khéc biét so vdi thoi gian dy bdo cua ddm may (ttc 1a
ngudng).

Danh gia thuat toan:

M6 phong nay chua tinh t61 viéc mo rong tap cac VM (VM pool)
dé giam tai trong truong hop can thlet do gid dinh nhém cac VM nay
xtr 1y toi da bao nhiéu yéu cau, néu vuot qua méi mé rong pool. Tuy
nhién, viéc mo6 phdéng véi lugng request 16n trén 1000 yéu cau doi hoi
céu hinh phan ctrng may tinh manh hon va bo xu 1y tot hon, day 1a han
ché ctia mé phong nay. Viéc mod phong v6i 5 VM, chiu tai tir 100 toi
900 yéu cau da cho thay két qua twong dbi t6t, viéc phan bo cac request
t6i cac VM xur 1y kha dong déu va du doan véi sai s6 nho.
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Predicted Response Time of 5 VMs

20000
18000 |
16000
14000
12000
10000
8000 |
6000
4000 |
2000

Time (ms)

100 200 300 400 500 600 700 800 900

uVMO 1878 4020 6087 7896 9889 12223 13771 15629 18144
mVM1 1904 3922 6031 7913 9752 11875 14346 16117 17819
mVM2 2042 4097 5874 8045 10019 12080 13852 16300 17967
VM3 1828 3913 5987 7820 9934 12311 13939 15929 18336
mvVM4 2114 3975 5724 7760 10033 12311 14279 16270 18174
'm Threshold. 2133 4028 6089 8048 10033 12315 14347 16299 18338 .

Hinh 2.8. So sanh thoi gian dap vng dy bdo cia 5 VM va nguong
2.4, Két luan Chwong 2

Chuong 2 trinh bay 02 thudt todan nham muc dich cai tién thoi
gian dap tmg trén dién toan dam may cung cac két qua mé phong thuc
nghiém dé ching minh hiéu qua cua thuat toan dé xuat. Cac két qua
nghién ctru dugc cong bd ¢ cac cong trinh (CT4) va (CT7).

C6 nhiéu phuong phap dé nang cao hiéu ning can bang tai trén
dién toan dam may, trong Chuong 3 tiép tuc nghién ctru nang cao kha
ning nay dia trén mot trong nhitng tham sb quan trong 13 thoi gian xir
ly.
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CHUONG 3.

PHAT TRIEN MOT SO THUAT TOAN CAN BANG TAI
NHAM CAI THIEN THOI GIAN XU LY TREN PIEN TOAN
PAM MAY
3.1. Dt van dé

Cac thuét toan cén bang tai hién nay dang cb ging cai thién thoi
gian xir Iy cac yéu cdu trén dién toan dam may mot cach t6i wu nham
tang hi¢u ndng phuc vu cua trung tdm dir liéu dam may.

3.2. Thuat toan TMA
3.2.1. Pé xuit thuit toin

Thuét toan TMA (Throttled Modified Algorithm) cai thién thoi
gian xu ly cua trung tam dir li¢u (Data Center) dya trén thudt todn goc
Throttled [89].

Piém méi ciia thuat toan TMA: Viéc do tim VM dang san sang ‘0’
v6i kich thude bang “Available Index” thay d6i linh dong hon so voi
thuat toan Throttled. Bo can bang tai tét it chi phi thoi gian do duy tri
2 bang danh sach cic VM “san sang” va “ban”, by can bang tai chi
viéc gan VM cho céc yéu cau méi dén. Piéu nay giup tang hi¢u suat
xir Iy cho hé thong dong nghia véi giam thoi gian xir 1y cac yéu cau
dau vao.

Do phirc tap tinh toan cta thuit toan: O(n?).
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l Tu cfu din l

B diéu khién trung tim Guri yéu cau dén
(DataCenterController - DCC) VM ¢6 ID dugc
Khéng -
c6 VM Trinh can bang tai TMA
nao (TMAVmLoadBalancer) Thong bép
§én Truy vén Tra gia tri ID cia VM trang thai
sang,
l :
Bing chi muc trang thai sin VM1
sang “0” cua tat ca VM
(Available Index) VM 2
Cap nhat VM3
Bang chi myc trang thai khong i
san sang “1” cta tat ca VM '
(Busy Index) '
VM m

Hinh 3.1. So' do hoat dong cua thudt toan TMA
3.2.2 Két qua md phéng

Str dung bd cong cu md phong Cloud Analyst dé thyc hién mo
phong va danh gia thuat toan dé xuat TMA so v6i 2 thuat toan Round-
Robin va Throttled.

M6 phong véi s6 Tugng 50 VM
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Bang 3.5: Két qua md phong trieong hop 2 (50VM)

Thuat toan | Thai gian xi trung binh (ms)
Round Robin 954.16
Throttled 542.10
TMA 541.63
1200
1000 954.16
800
600 1 542.1 541.63
400
200
O ,
Round Robin Throttled TMA
M Thoi gian x& ly

Hinh 3.3. Két qua md phong triong hop 50 VM.

Hinh 3.3 cho thay, thoi gian xt Iy caa Data Center cua thuat toan TMA
da giam so vai thuat toan Throttled khi so luong VM tang 1én.

3.2.3 Danh gia:

Thong qua két qua thuc nghiém mé phong thi thuat toan TMA
c6 kha nang can bang tai tét hon thuat toan Throttled va Round Robin.
Céc két qua thu duoc tir thuat toan TMA da dap ng cac muc tidu ny,
chang han nhu gigi han s6 lugng yéu cau duoc xép hang dé phan phéi,
cai thién thoi gian xur ly va thoi gian dap ung ctia dam may so vai hai
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thuat toan cii. Vi thuat toan TMA, hiéu suat caa dién toan ddm may
duoc cai thién so voi hai thuat toan Round Robin va Throttled.

3.3. Thuat toan MMSIA:
Thuat todan MMSIA cai tién thuat toan lap lich Max-Min [69].
3.3.1 Gioi thigu thuat todn Max - Min

Thuat toan Max-Min [69] chon yéu cau vai thoi gian hoan thanh
dur kién téi da va gan yéu cau d6 cho may 4o véi thoi gian thuc hién
tong thé tbi thiéu.

3.3.2. Pé xuit thuat toan MMSIA
Muc tiéu thuét toan:

- Giam thoi gian xur 1y tat ca cac yéu cau vao.
- Tang d6 xur ly yéu cdu clia cac may 40 ma khong lam mat can
bang tai.

Uu diém thuit toan MMSIA:

So voi thudt toan lap lich Max-Min [69] thi MMSIA tap trung
vao tinh kich thudc cia cac yéu cau dau vao. Dong thoi ciing tinh phan
tram stir dung ctia may 4o tai thoi diém d6 duya trén cac thong s6 Ram,
CPU va 6 dia. MMSIA da bo qua giai doan tinh thoi gian hoan thanh
xir Iy mot yéu cau ctia may 4o, nén di giam thoi gian xir Iy khong can
thiét. Mat khac, khi tinh kich thudc cac yéu cau dau vao dong thoi s&
phan nhom thanh céc kich thudc khac nhau, dua nhitng nhém c¢6 kich
thudc 16n nhat cho cac may 4o c6 phan tram sir dung thap nhat dé lam
giam thoi gian xur 1y.

M0 ta:
MMSIA tinh kich thudc cac yéu cau va tinh phan trim sir dung cua
VM theo nhitng nhém khac nhau tir d6 thuc hién 2 ham sau:

- Ham so sanh va gan nhom yéu ciu c6 kich thudc file 16n nhat
cho VM c6 phan tram dung luong sir dung it nhat.

- Sau khi gan xong s& thyc hién xir Iy yéu cau dé dua ra két qua
va tinh toan lai phan tram sir dung hién tai ciia VM.
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Thuat toan MMSIA lip lai d&én khi cac bang yéu cau trong. Cac yéu
cau s€ dugc xtr Iy nhanh hon, gidm mat can bang tai cho dién toan dam

may.
[ Tinh thoi gian hoan thanh dy kién cta cac yéu cau ]
v
[ Tinh thoi gian thye hién ctia cic may 4o ]
IA
— v
Sap xép cac yéu cau theo kich Tinh toan phan tram su dung cua
thude thanh tirng nhom VM (Ram, CPU, Disk)

v v

So sanh va chon nhom cé kich thudce 16n nhat

&
l

Géan nhom ¢6 kich thude 16n nhat do cho VM ¢6 phan tram sir dung
nho nhat

Yéu cau trong nhom
rong

Sai

Danh sach yéu cau rong

Hinh 3.7. So do thudt todan MMSIA
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Thuat toan MMSIA hoat dong trén co s& sép xép cac yéu ciu
dau vao thanh nhidu nhom khac nhau, sau d6 s& gan cho cac VM co
phﬁn tram str dung nho nhét (phﬁn tram stir dung tinh trén CPU, Ram,
va Disk) theo co ché (Max-Min). Thuat toan nay da cai thién thoi gian
xtr 1y, han ché mat can bang tai giita cic tai nguyén.

D§ phirc tap tinh toan: O(n(n+m)) = O(n?+nm).
3.3.3. Két qua md phéng

Phan nay trinh bay vé cai dit, mo phong thuat toan dé xuat va
tur két qua thuc nghiém mo phdng danh gia phuong phép dé xuat nay.

4000

3500

3000

2500 B Max-Min

2000 = Min-Min

1500 = Roud Robin
MMSIA

1000

500

100 200 300 400 500

Hinh 3.11. Biéu do so sanh thoi gian xiz Iy lan 4
Két qua Hinh 3.11 cho thay thoi gian xt Iy ctia cac VM trén thuat
toan MMSIA da duogc cai thién so véi cac thuat toan Max-Min [69].
Thyce nghiém nay m6 phong nhom cac VM, chua tinh t6i viéc mo

rong tap cic may ao dé giam tai trong truong hop can thlet vi gia dinh
1a nhém cac may 4o nay xir 1y tdi da bao nhiéu yéu cau (request), néu
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vuot qua moi mé rong va viéc moé phong nay thuc hién & nhitng mo
hinh nhé va s6 lugng yéu cau it. Vi viéc gom nhom yéu cau theo kich
thudc file giap VM xir Iy nhanh hon, ddng thoi lam cho hé thong phan
loai nhitng yéu cau, tir 46 dua vao nhimg VM c6 phan tram xu ly thap
nhat dé xtr Iy. Thuc nghiém cho thay thuat toan dé xuét da giam thiéu
thoi gian xtr 1y cac yéu cau. Cac thong sb ciing nhu kich ban dua ra
dwa vao qua trinh request cua cac browser trén moi truong dam may.
Tir d6, ghi nhan cac thong sb vé kich thudc file cua cac yéu cau va
trung binh phan trim ctia VM. Thuc nghiém véi 5 may 4o, sé luong
tir 25 dén 500 request d cho thay két qua tuong dbi tot, viéc phan bo
cac request t6i cac may ao xu 1y kha dong déu va két qua xur 1y ¢6 sy
sai 1éch khong qua 16n.

3.3. Két luan Chwong 3

Chuong 3 di dé xuat 02 thuat toan cin bang tai nham cai tién
thoi gian xtr 1y trén dién toan dam may, bao gdbm: TMA, MMSIA. Thuét
toan TMA (dugc cong bd trong cong trinh CT5). Thuat toan MMSIA
(dwoc cong bd trong cong trinh CT6). Cac thuét toan nay duge so sanh,
danh gia véi cac thuat toan lién quan Round Robin, Throttled, Max-
Min, Min-Min. Thir nghiém duoc tién hanh trén cac kich ban khac nhau
v6i s6 lugng cac yéu cau va s6 lugng VM khéc nhau. Két qua mo phong
da chimg t6 cac thuat toan dé xuét da cai thién dugc thoi gian xir 1y cac
yéu cau.
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KET LUAN VA HUONG PHAT TRIEN

I. Nhitng két qua chinh ciia luin an:

1. Nghién civu phdt trién mét sé thudt todn cén bang tii nham cdi
thi¢n thoi gian dap vng trén dién todn dam may:

e Dé xuit thuit toan LBAIRT (CT4): cai tién thuit toan
Throttled véi dong gop chinh 13 viée phan b yéu cau dau vao
dén cac may ao duya trén thoi gian dap tmg nho nhat va bang
cach xem xét tham s6 thoi gian hoan thanh cac yéu cau cong
viéc du kién cua mdi tai nguyén. Thuét toan dua vao thoi
gian hoan thanh dy kién ctia mdi VM cho céac yéu cau trong
hang doi. Dya trén tham sd nay, thuat toan s& chon VM véi
thoi gian hoan thanh dy kién nho nhat va ty 18 str dung thap
nhat dé phan b yéu cau.

e Dé xuit thuit toain RRTA (CT7): tng dung thuit toan
ARIMA dé du doan ngudng thoi gian dap ing chung ctia hé
thong va du doan thoi gian dap ing cua cac may ao dya trén
tap yéu cau tuong ty trude d6 nham dua ra cach phan phdi tai
nguyén hop 1y. Thuat toan RRTA tiép can mot cach khai quat
va phat huy y tudng cia dy bao va xu ly chu01 thot gian, dlen
hinh 1a thuat toan ARIMA. Thuét toan dé xuit c6 hudng tiép
can mai trong can bang tai & moi truong dam may, dong thoi
dat duoc mot s6 két qua thuc nghiém mo phong kha tich cuc,
cho thdy hudng phat trién t6t cia thudt toan

Cac két qua nghién ctru thuc nghiém dya trén bo dir liéu mé phong da
chimg minh hiéu qua va tinh dung din ciia 02 thuat toan dé xuat. Qua
d6, gitp cho cac nha cung cip dich vu dién toan dam may nang cao
chat lwong dich vu cho ngudi dung trong thyc té

2. Nghién civu phdt trién mét sé thudt todn cén bang tii nham cdi
thién thoi gian xw ly trén dién todn dam may:
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e D& xuit thuit toan TMA (CT5): Thuat toan TMA cai tién
thuat toan Throttled bang cach chia bang chira thong tin may ao
chung thanh hai bang may 4o ¢ trang thai san sang va trang thai
khong sin sang nham giam thoi gian tim kiém méy 4o sin sang
cho mdi yéu cau dau vao. Piém mdi caa thut toan TMA: Viée
do tim VM dang san sang ‘0’ véi kich thuéc bang “Available
Index” thay ddi linh dong hon so voi thuat toan Throttled. Bo
can bang tai tot it chi phi thoi gian do duy tri 2 bang danh sach
cac VM “séan sang” va “ban”, bd can bang tai chi viéc liy gan
VM cho cac yéu cau méi dén. Diéu nay gitp ting hiéu suat xt
1y cho hé thdng dong nghia véi giam thoi gian xtr 1y cac yéu
cau dau vao

e Dé xuiat thuit toan MMSIA (CT6): Thuat toan MMSIA cai
tién thuat toan 1ap lich Min — Max bﬁ“mg cach nhom cac yéu cau
va may 4o theo thoi gian hoan thanh du kién va thoi gian thuc
hién hoan thanh tong thé. _Thuat toan MMSIA hoat dong trén
co sO sap xép cac yéu cau dau vao thanh nhiéu nhom khac
nhau, sau d6 s& gan cho cac VM c6 phan trim st dung nhé nhét
(phan trim sir dung tinh trén CPU, Ram, va Disk) theo co ché
(Max-Min). Thuat toan nay da cai thién thoi gian xr 1y, han
ché mat can bang tai gitra cac tai nguyén

Thong qua thyc nghiém vai nhiéu kich ban mé phong da chimg
minh tinh hiéu qua va tinh dung dan cta 02 thuat toan dé xuét. Pay
ciing 13 co so 1y ludn cho céc nha phat trién dich vu dién todn dam may
nang cao chét luong dich vu va hi¢u nang phuc vu cua trung tam dir
liéu ddm may.

Vé mit thue tién: két qua ciia luan 4n da duoc thuc nghiém trén cac bo
dir liéu m6 phong trong cac kich ban khac nhau, két qua thuc nghiém
cua phuong phap dé xuat dugc danh gia la c6 hiu qua hon cac phuong
phap da cong bé trong da s6 trudng hop, dong thoi 13 co sé khoa hoc de
ché tao ra cac b cin bang tai tmg dung vao cac trung tim dit thuc té.
Day 1a co s¢ cho thdy, c6 thé ap dung két qua nghién ciru ctia dé tai
trong viéc trién khai céc hé thdng can bang tai nham ddi pho véi sy bung
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nd trao ddi dit liéu dam may hién nay & da dang céac linh vuc. Céc thuat
toan dé xuat dugc moé phong dé danh gia tinh hi¢u qua so vai cac thuat
toan goc da dugc cong bo trudce do.

Pham vi img dung ciia cic thuit toan dé xuét: Cac thuat toan dé xuat
duogc dinh hudng cho cac bd cin bang tai (Load Balaner) trong céc trung
tam dit liéu cua cac nha cung cap dich vu dam may, do tinh hiéu qua
cua n6 da dugc chung minh thong qua co s¢ 1y luan cling nhu mo hinh
thye nghiém trong ludn 4n. Ap dung cac thuat toan dé cai thién thoi gian
dap tmg, thoi gian xtr 1y cac yéu cau tir phia nguoi ding truy cip dén
trung tdm dién todn ddm may.

Il. Hwéng phat trién ciia luin an:

1.

2.

3.

Luén 4n c6 thé dugc phat trién theo huéng xdy dyng m6 hinh co
s& dua vao cong nghé tri tu¢ nhan tao (Al) dé nhan dién theo dic
tinh riéng 1¢ clia cac yéu cau dau vao nham danh gia hiéu ning
ctia hé thong dién toan dam may. Tir d6 c¢6 dwoc mé hinh 1y
thuyét day du hd trg hoat dong nghién ctru va trién khai hé thong
dién todn dam may trong thuc té.

Ngoai ra, luan an ¢ thé dugc phat trién theo hudng cai thién
dong thoi hai tham s6: thoi gian dap Gmg va thoi gian xir 1y trén
moi truong dién toan dam may. Pay ciing 1a mot cach tiép can
rat thiét thuc trong bdi canh bung né trao ddi dir liéu trén moi
truong dién toan ddm may hién nay.

Nghién ctru can bang tai trén mang ludi van vat két ndi (IoT)
cling ¢ thé 13 mot hudng phat trién ca luan an khi ma cudc
cach mang cong nghé 4.0 dang lam thay d6i moi linh vic trong
doi song hang ngay, hang gio.
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