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MO PAU
1. TINH CAP THIET CUA LUAN AN

Trong dién todn dam may (CC), tu dong diéu chinh (AS) cung cap va giai phong
cé4c tai nguyén tam thoi dé phuc vu cho cac tai tng dung bién dong ma khong cé su
can thiép cua con nguoi sao cho chi phi tai nguyén it nhat va thoa man muc thoa
thuan dich vu (SLA) hay muc tiéu muac dich vy (SLO) ctia ung dung.

Hinh 0.1 minh hoa céc truong hop AS. Hinh 0.1(a), khi nhu cau dén tang 1én, tai
nguyén hién tai roi vao tinh trang qué tai, bd AS quyét dinh cung cip mét sé tai
nguyén tam thoi bang cach thém cac VM mdéi hoac 1a thém kha ning tinh toan (vi
du: thém core) cho cadc VM hién c6. Nguoc lai, trong hinh 0.1(b), bd AS giai phong
mot sb tai nguyén khi sé lugng yéu cau giam xubng bang cach tit mot s6 VM hién
c6 hozc la giam cdng suat caa cac VM hién co (vi du: giam sé core).
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Hinh 0.1: Vi du mét truong hop tw dong diéu chinh

Mot s6 khé khin va thach thic cin duoc giai quyét trong viéc xay dung cac
giai phép AS, nhu:

- C4c nghién ctru vé AS & muc dich vu con han ché. AS bao gdm céc mé hinh
dich vu dam may da dang, nhung hau hét cac nghién ciru chi tap trung vao muc co
s6 ha ting. AS & muc dich vu la quan trong nhu cac dich vu dang chay trén mot
tap hop cac VM duoc két ndi va QoS phu thudc vao cach AS xir ly cAc tai nguyén
cho cac VM nhu thé ndo. Cac s6 do mirc dich vu nhu sb giao dich trén mdi don vi
thoi gian can phai dugc &nh xa t6i cac s6 do mic hé théng nhu 1a: muc sir dung
CPU, mang,...

- AS trong méi trudng CC hdn hop ciing khong dugc hd trg tot. Pam may hdn
hop, trong d6 c6 mot phan tng dung duoc trién khai trén dam may riéng va phan



khéac duoc trién khai trén ddm may coéng cong. Trong truong hgp nay, cac ddm may
cong cong va dam may riéng cé thé cung cap cac giai phép AS khéc nhau ma khong
tuong thich v6i nhau, do d6 s& c6 van dé khong twong thich giira cac tai nguyén AS
trén hai ddm may.

- Hiéu qua ctia AS theo db tin cay cta qua trinh AS khong duoc quan ly tét. That
bai ciia qua trinh AS c6 thé dan dén vi pham céc yéu cau vé QoS cua hé thong nhur
Ia: vén d¢ hi¢u nang, kha ning co gidn va tham chi phai chiu chi phi khong can thiét.

- Han ché vé& céc nghién ciru chi ra mdi quan hé gitta AS va cac thudc tinh khac
nhu: d¢ sin sang, do tin cay va d¢ an ninh. Vi du, cac cudc tan cong tir chi dich
vu DDoS ¢4 thé gay ra mot dich vu AS dé& ma rong hé thong khdng can thiét va do
d6 1am téng chi phi van hanh.

- Xac dinh anh hudng cua cac co ché hé thong co ban dén dich vu AS trong CC,
nhu k¥ thuat can bang tai, 1ap lich hay di tr(, tir &6 dua ra cac giai phap méi thich
nghi trong diéu kién AS nham nang cao hiéu niang dam may.

- C4c giai phap AS da dugc dé xut trong cac cong trinh duoc danh gia va thuc
nghiém trén cac moi truong va cong cu khac nhau. MJi giai phap déu c6 nhiing wu
va han ché nhét dinh.

Hién nay, mot sé giai phap AS van phu thudc vao nguoi sir dung dam may phai
xac dinh va cdu hinh b diéu khién dam may. Két qua 13, ngudi st dung céc luat da
dugc dinh nghia trudc c6 thé dan dén quyét dinh diéu chinh tdi wru cuc bo va tdn tién
tra cho cac nha cung cip tng dung CC.

Dé khic phuc han ché trén, luan an nghién ciru va dé xuat giai phap AS tai nguyén
hiéu qua trong CC bang cach sir dung bo diéu khién mo két hop véi phuong phép
hoc tang cuong dé diéu chinh va cai thién céc chinh sach AS khi thuc hién. Phuong
phép hoc tang cudng duoc sir dung 13 hoc Q, cho phép hé thng hoc tir s trong tac
VGi méi truong, trong d6 viéc hoc dugc thuc hién théng qua co ché phan thuong. Su
két hop cua didu khién mo va hoc Q mo tao ra mot co ché ty thich nghi manh mg,
trong d6 didu khién ma thuc hién viéc 1ap luan & mue do triru tugng cao hon, 1ap luan
gidng con ngudi va hoc Q cho phép thich nghi véi bo didu khién. Bo AS nay c6 thé
bt dau 1am viéc ma khong can cd tri thirc ban dau (véi tri thirc ban dau rong), va tri
thirc s& co dugc trong qué trinh thuc hién, thong qua co ché tién héa tri thirc dé hoc
duoc tap luat toi wu ding dé didu chinh tai nguyén theo cac tham sé dau vao.

Ngoai ra, luan &n con nghién ctru mot sé van dé c6 anh huéng dén hiéu niang
cua hoat dong dich vu AS nhu cac k¥ thuat co ban cia CC: ki thuat can bang tai,
di tri. Tiép theo, luan 4n ciing nghién ctru cac md hinh hang doi ¢é mé hinh hé
thong CC va dé xuat mot mé hinh CC sir dung mang hang dgi — mang jackson mé
nhim danh gid mot s6 s6 do hiéu ning trong hé thong CC.



2. POI TUQNG VA PHAM VI NGHIEN CUU

Déi twong nghién ctru caa luan an 1 cac giai phap ky thuat co ban nhu k¥ thuat
can bang tai va di tri trong CC; mé hinh héa méi trudng CC bang mot md hinh
mang hang dgi md; va giai phap AS tai nguyén hiéu qua trong CC.

Pham vi nghién cttu cua luan an tap trung 4p dung céc giai phép, k¥ thuat trén
nén tang co so ha tang CC.

3. PHUONG PHAP NGHIEN CUU

Phuong phéap nghiéu ctru cta luan an la:

- Vi noi dung 1: Luan an nghién ciru cac ky thuat can bang tai va di tra trong
CC hién c6, chi ra van d& han ché, sau d6 dé xuit giai phap dé khac phuc nhiing
han ché d6. Str dung thyc nghiém dé danh gié tinh hiéu qua cua ky thuat d& xuét.

- Vi noi dung 2: Luan &n nghién ctu cdc md hinh mang hang dgi — mang
Jackson mo, dé dé xuat ra mot mé hinh cho hé théng CC. Sir dung mé phong dé
danh gia tinh diing dan ciia mo hinh duoc dé xuat.

- Véi ndi dung 3: Luan an nghién ciru logic mo va hoc ting cuong dé dé xuat
rabo AS hiéu qua cho CC. Str dung thuc nghiém dé so sanh, danh gia véi céc giai
phép hién cd.

V& thuc nghiém va mé phong: Luan an thuc hién thir nghiém céc ky thuat, giai
phap d& xuét dwa vao cong cu mo phong CC hoic tu ap trinh md phong trén ngon
ngit lap trinh Java: CloudSim, str dung co so dir liéu sinh ngau nhién, hoic c6 thé
ldy bo dit liéu trén Internet, hodc duoc thiét 1ap ¢ dinh theo ciu hinh nhét dinh, ...
4. CAC PONG GOP CUA LUAN AN

Pong gop cua luan &n bao gdbm:

- Pé xuat mot ky thuat can bang tai hiéu qua va mot ky thuat di trd hiéu qua trong
CC tao diéu kién thuan lgi cho viéc diéu chinh tai nguyén gidp cai thién hiéu ning cua
céc trung tim CC. D3 minh chimg co ché can bang tai cd anh huong dén tinh hiéu qua
caa co ché AS tai nguyén va ky thuat can bang tai dwoc dé xuét c6 tac dong tich cuc
dén AS tai nguyén. Két qua nghién ctru dugc cong b trong cac cong trinh TCNN1,
TCTNI1, HNQT1, HNQT?2 va duogc trinh bay trong Chuong 2 cua luan an.

- Pé xuat mot mo hinh CC sir dung mang hang doi - mang Jackson mé, 1am co
s& dé danh gia cac thong sb quan trong V& hiéu ning cua CC. Két qua dwoc cong bd
trong cong trinh TCNN3 va dugc trinh bay trong Chwong 3 cua luén an.

- D& xuat mot giai phap AS tai nguyén hiéu qua trong CC: xay dung mot bo AS
sir dung két hop ky thuat hoc ting cudng va diéu khién logic mo. Két qua duoc
cdng bd trong cac cong trinh TCNN2, HNQT3, HNTN1 va duoc trinh bay trong
Chuong 4 cua luan an.



5.BO CUC CUA LUAN AN

Luan an dugc xay dyng thanh bén chuwong nhu sau: Chwong 1 trinh bay tong
quan vé ty dong diéu chinh tai nguyén trong dién toan dam may, gidi thiéu tong
quan vé AS trong CC, trinh bay céc khai niém lién quan. Chuong 2 trinh bay céc
dé xuat co ché co ban ¢ anh huong dén tu dong diéu chinh tai nguyén trong dién
toan ¢am may. Chuong 3 trinh bay d& xuit moét mé hinh mang hang doi cho hé
thdng dién toan dam may. Chuong 4 trinh bay giai phap tu dong diéu chinh tai
nguyén cho tng dung da ting trén dién toan dam may. Cubi ciing 12 mot sé két luan
va hudng phat trién cua luan an.

CHUONG 1 : TONG QUAN VE TU PONG PIEU CHINH TAI NGUYEN
TRONG DPIEN TOAN PAM MAY

1.1.COSO LY THUYET

1.1.1. Khai ni¢m vé ty dong diéu chinh

AS 1a cach dé diéu chinh tang 1én hodc diéu chinh giam xudng mot cach ty dong
s6 lugng tai nguyén tinh toan dang duoc cip phét cho céc (ng dung cua khéch hang
da vao nhu cau cua khach hang ¢ bat ky thoi diém nao.

Theo quan diém hoc thuat, AS 1a kha ning ciia co s& ha ting CC cho phép cung
cap tu dong cac tai nguyén ao hda. Tai nguyén duoc sir dung bai cac tng dung dua
trén dam may co thé dugc ty dong tang 1én hoac giam xudng, do d6 thich hop cho
viéc st dung tai nguyén theo nhu cau cua wng dung.

1.1.2. Vong lip diéu khién MAPE

Day 1a bai toan diéu khién ty dong co dién, doi hoi mot hé thong AS cac loai
tai nguyén va sb lugng tai nguyén duoc cip phat dé dat dwoc muyc tiéu hiéu ning
nhat dinh, duoc phan énh trong SLA. N6 thudng duoc thuc hién nhu mot vong lap
diéu khién MAPE. Chu ky kiém soat lién tuc lp di 1ap lai theo thoi gian. Cac giai
doan trong vong lip MAPE gom: giai doan giam sat (M), giai doan phan tich (A),
giai doan 1ap ké hoach (P) va giai duoc thuc hién (E).

1.1.3. Phwong phap diéu chinh

PHUONG PHAP
PIEU CHINH

v v

PIEU CHINH THEO PIEU CHINH THEO
CHIEU DOC CHIEU NGANG

Hinh 1.1: Phirong phdp diéu chinh trong CC



1.1.4. K§ thuat tw dong diéu chinh

Ky thpét
tu dong dicu chinh

| | | | }

K§ thudt sir Ky thuat sir K§ thuat str K9 thuat sir K3 thuat str
dung ludt dya dung hoc tang dung ly thuyeét dung ly thuyét dung phan tich
vao ngudng cuong hang doi dicu khién chudi thoi gian

Hinh 1.2: Phan loai cdc ky thudt AS

1.1.5. Kién tric ing dung da ting

Céc ting dung da tang bao gém céc tang két ndi tuan ty. Tai mdi tang, cAc yéu
cau dya vao tang trudc dé hoan thanh xir Iy hoic né dugc chuyén dén tang tiép theo
dé xur ly va cudi cung, két qua xur ly chuyén dén ngudi dung.

Mot kién tric thich nghi mé rong thudc loai nay thudng bao gom ba tang: mot
tang trudc, mot tang logic tng dung va mot ting co s dit liéu (vi du hinh 1.6). Tang
co so dit liéu thuong duge xem xét 13 it diéu chinh va thudng bo qua tinh niang AS.

Website
Amazon EC2
Load Balancer
w-1 | [ w-2 | . [ wM-n

Master Replication

Backup
Snapshots

Hinh 1.3: Vi du mét iing dung web ¢ kién triic ba ting

Trong luan &n nay nghién ciu cac ky thuat AS theo chiéu ngang, tac 1a AS sb
lugng VM tang 1én hodc giam xudng theo nhu cau cua tai cong viéc lam sao tdi thiéu
viéc sir dung céc tai nguyén tinh toan. Di vai tng dung da ting, mdi tang c6 thé sir
dung nhiéu VM.
1.1.6. Nén tang thuc nghiém

Céc ky thuat AS hién c6 thuong dugc thuc nghiém trong cac diéu kién rat khac
nhau, do d6 kho ¢ dugc mot danh gid so sanh cong bang. Cac nha nghién ctu trong
linh vire ndy da tu xay dung cAc nén tang danh gia riéng, phu hop vai nhu cau riéng.
Céc nén tang d4nh gi4 nay co thé dugc phan loai thanh cac chuong trinh mé phong,




céc b dir liéu mau tay chinh va cac nha cung cip dam may cong cong. Ngoai trir cac
chuong trinh mé phong don gian, mot tiéu chuan ang dung cd thé mé rong phai duoc
thuc hién trén nén tang dé thuc hién danh gia.

Mot s cong cu md phong dam may dung cho huéng nghién ctu 1a CloudSim,
GreenCloud va GroudSim.

1.1.7. Tai cong viéc

Tai cong viéc dau vao cho wng dung cd thé 1a dir liéu (tai cong viéc) tong hop,
duoc tao bang cac chwong trinh cu thé hodc thu dwoc tir nguoi ding thyc té.

Hé thdng duya trén dam may xtr ly hai loai tai cong viéc chinh: 16 (batch) va giao
tac. Tai cong viéc theo 16 bao gom céc cong viéc tly y, kéo dai, cac cong viéc doi
hoi nhiéu tai nguyén, nhu cac chuong trinh khoa hoc hozc chuyén méa video. Vi du
vé tai cong viéc giao tac 1a cac ing dung web duoc xay dung dé phuc vu cac khéach
hang HTTP truc tuyén. Cac hé thong nay thuong phuc vu céc loai ndi dung nhu
cac trang HTML, hinh anh hoic ludng video. C6 thé duoc luu trir tinh hodc duoc
hién thi tu dong boi cac méy chu.

1.2. TONG QUAN VE CAC CONG TRINH LIEN QUAN

Phan nay s trinh bay téng quan vé cac cong trinh lién quan dén céc cac ky thuat
tu dong diéu chinh trong CC, phan tich nhimg wu diém va han ché cua chiing nham
d& xuit huéng nghién ctu tiép theo.

KET LUAN CHUONG 1:

Chuong 1 da trinh bay vé co sé ly thuyét duoc sir dung trong luan 4n nhu khai
niém vé AS va nhirng véan dé lién quan. Céac cong trinh lién quan dén luan an duoc
trinh bay theo tirng ky thuat AS. Trong do, luan an tap trung vao céc k¥ thuat su
dung Iy thuyét hang doi, ly thuyét diéu khién va hoc ting cuong.

CHUONG 2 : CAC PE XUAT CO CHE CO BAN CO ANH HUONG DPEN TU
PONG PIEU CHINH TAI NGUYEN TRONG PIEN TOAN PAM MAY

2.1. PAT VAN PE

Chuong nay dwoc téng hop tir cac cong trinh TCNN1, TCTN1, HNQT1,
HNQT2.
2.2. PE XUAT MOT KY THUAT CAN BANG TAI PONG HIEU QUA
TRONG PIEN TOAN PAM MAY
2.2.1. Co ché chia sé tai nguyén trong dién toan dam may

K§ thuat can bang tai trong CC c6 thé 4p dung & nhitng muc khac nhau, d6 1a
muc PM hogc mirc VM. C6 hai chinh séch Iap lich 4p dung & mixc PM dé thyc hién
cung cap cac VM la time-shared (TS) hoac space-share (SS) va ciing c6 hai chinh



sach 1ap lich &p dung & mtrc VM dé thuc hién cung cap cho cac tac vu 1a TS hoic
SS.

Hinh 2.2 1a mét vi du vé viéc chia sé tai nguyén dua vao cac chinh sach khac
nhau & céc 2 mirc: Trong vi du ndy, mot PM c6 hai core CPU nhan yéu cau luu giir
hai VM. Mdi VM yéu cau hai core va cd ké hoach Iuu giit bon don vi tic vu. Cu
thé, cac tac vu t1, t2, t3, t4 dwoc luu giit trong VM, , Va cac tac vu t5, t6, t7 va t8
duoc luu gitr trong VM,. Mai tAc vu yéu cau mot core x ly.

Hinh 2.2(a) trinh bay mét truong hop cung cap, trong d6 chinh sach SS dugc
ap dung cho viéc phan bo cho ca VM va cac don vi tac vu.

Hinh 2.2(b), chinh sach SS duoc &p dung dé phan bé VM téi cac PM va chinh
sach TS dé phan b cac don vi tac vu téi core xir Iy bén trong mot VM.
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Hinh 2.1: Anh huéng ctia cic chinh sach khic nhau doi véi viéc thuc thi cic tic vu

Hinh 2.2 (c), VM sir dung chinh séch cung cap TS, trong khi cac tac vu dugc
cung cap dua trén chinh sach SS.

Hinh 2.2(d), chinh séch phan bd TS &p dung cho ca VM va tac vu.
2.2.2. Phin tich ky thuit cin bing tii dong dugc dé xuat

Trong cong trinh® dua ra thuat todn can bing tai giam st tich cuc (goi tit 1a:
AMLB-O0Id). Thuat todn AMLB-OIld chwa tinh dén kich thudc cua tai cong viéc va
kha nang xur ly con lai cia cac VM.

VM1 VM2
- 7 s 7
Yéu cau Z é // Z
maoi dén & % 7
T4
T3 T6
T2 5
T1

Hinh 2.2: Vidu ¢6 2 VM dang hoat dong nhu trén

1 James, Jasmin and Verma, Bhupendra (2012), "Efficient VM load balancing algorithm for a cloud computing
environment”, International Journal on Computer Science and Engineering. 4(9), p. 1658.



Xem vi du Hinh 2.2, véi hai VM: VM,, VM,. Hién tai, VM, chta 4 yéu cau T1,
T2, T3, T4 va VM2 chtra 3 yéu cau T5, T6, T7. VM1 chira s6 yéu cau nhiéu hon
VM,, nhung cong suat xtr Iy con lai ciia VM, lai it hon VM,. Khi mot yéu cau moi
dén, theo thuat toan AMLB-OId, yéu cau méi nay s& duoc cap phat cho VM, dé xir
ly. Do @6, VM, ¢ thé bi qua tai, mac di s6 lugng yéu cau cua né 14 it hon.

Thuat toan AMLB-New c6 tinh dén ca sicc manh xir Iy hién tai caa VM va kich
thudc cua céc yéu cau dugc giao.

Thoi gian dap Gng du kién c6 thé dugc xac dinh theo cdng thic sau:

Response Time = Fin, — Arr; + TDelay, (0.1)
trong d6, Arr 1a thoi diém dén cua yéu cau; Fing 1a thoi diém hoan thanh yéu cau
(thc vu) ngudi dung va TDelay la do tr@ truyén tai.

+ Néu chinh sach 1ap lich 1a SS-SS hoac TS-SS, Fin; c6 thé tinh nhu sau:

rl

Fin, = est(p) + (0.2)

Capacity X cores(p)’
+ Néu chinh sach 1ap lich 1a SS-TS hoic TS-TS, Fin; c6 thé tinh nhu sau:

rl
Fin, = ct+ . 0.3
M =€ Capacity X cores(p) ©03)
Thai gian thuc hién cua mot tac vu p ¢6 thé tinh nhu sau:
rl
Execution Time = (0.4)

Capacity X Cores(p)’
trong d6, est(p) la thoi gian ma tac vu p duoc bit dau; ct 1a thoi gian md phong
hién tai; rl 12 tong sb chi thi cua tac vu p (don vi tinh MI); Cores(p) 1a sé core hoic
céc thanh phan xir ly theo yéu cau cua tac vu (don vi la MIPS); Capacity la cong
suit xt ly trung binh (tinh theo MIPS) caa mét core cho tac vu.

Tham s Capacity xac dinh cng suat thuc su cho viéc xu ly cac yéu cau (tac
vu) trén mdi VM. O day, dé xuat cac cong thirc dé tinh toan Capacity trong ting
truong hop dé sir dung trong thuat toan AMLB-New:

(1) Chinh sach lap lich VM la SS, chinh sach lap lich tac vu Ia SS:

np

Can(i
Capacity = Z arf)p(l), (0.5)

i=1
trong d6, Cap(i) la stc manh xir Iy cuia core thir i, np 1a s6 lugng core thuc c6 cua
PM @i dugc xem xét.
(2) Chinh sach lap lich VM la SS, chinh sach lap lichtac vu 1A TS:



Y2, Cap(i)
Max (X, Cores(j), np)’
trong d6, Cores(j) 1a s6 core ma tac vu j yéu cau. « la tong sb tac vu trong VM c6
chira tac vu.
(3) Chinh séach 1ap lich VM la TS, chinh sé&ch 1ap lich tac vu la SS:
Y, Cap(i)
MaX(ZfL1 Z]Ll Cores(j), np)
trong d6, £1a s6 VM trong PM hién tai. y 1a s6 lugng céc tac vu dang chay dong
thoi trong VM thir k.
(4) Chinh sach 1ap lich VM la TS, chinh sach 1ap lich tac vu 1a TS:
iz, Cap(i)
Max(zlfs=1 Cores(j), np)’

Capacity = (0.6)

Capacity = 0.7

Capacity =

(0.8)

trong d6, 512 téng sb tac vu caa PM duoc xem xét.

O day chi xét cac thuat toan can bang tai thyuc hién trong mot trong tam dix liéu,
nén tham s6 do tré truyén dix liéu c6 thé bo qua (TDelay = 0).
2.2.3. Thue nghiém va danh gia

Thuc nghiém so sanh ba thuit toan AMLB-OId, Thuat todn can bang tai
Throttled (TLB) va Thuat toan dé xuat (AMLB-New). Viéc danh gia dua trén hai
s6 do: thoi gian dap ung trung binh va thoi gian xu ly trung binh.

Average Response Time (SS-SS) Average Processing Time (SS-SS)
o000 16000
%000
nnnnn
000 —
o000 12000
g 1000
e R H
B il I e
o0 | 000 | g —a—a
20000 |4
L0000 / 4000
. 2000
Number of Cloudlets 10 20 30 40 50 60 70 80 90 100
~4—AMLB-Old ~=AMLB-New LB —4—AMLB-Old —#—AMLB-New LB
Hinh 2.3: Thoi gian ddp ting trung binh Hinh 2.4: Thoi gian xit ly trung binh theo
theo truong hop 1 trirong hop1

a. Truwong hep 1: G miac PM va micc VM duoc cung cap theo chinh sach lap
lich SS, goi la SS-SS.

b. Trwong hep 2: G mic PM, chinh sach lap lich VM 1a TS va & mic VM,
chinh s&ch lap lich tc vu 1a SS, goi la TS-SS.
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Average Response Time (TS-SS) Average Processing Time (TS-SS)
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Number of Cloudlets
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Hink 2.5 Thoti gian dp g trung binh theo Hinh 2.6: Thoi gian xit ly trung binh theo truong
R hop 2
trirong hop 2
¢. Truwomg hep 3: G mic PM, chinh sach 1ap lich cho VM la SS va ¢ mic VM,
chinh sach lap lich td&c vu 1a TS, goi la SS-TS.

Average Response Time (SS-TS) Average Processing Time (SS-TS)
100000 16000
50000 14000 |4
80000 .
70000 12000 e —
F 60000 5 10000
7 7 - ykr_.—./'
g 0 IR e <
H ] :
£ 0000 £ —
¥ so00
30000
N 4000
10000 2000
0
© » * “° 59 0 ° 8 * 100 ’ 10 20 30 40 50 60 70 80 90 100
Number o Cloudlets
Number of Cloudlets
——AMLBOId —BAMLBNew —aTLB
——AMLBOId —B-AMLBNew —a-TLB

Hinh 2.7: Thoi gian ddp ting trung binh theo

Hinh 2.8: Thoi gian xi Iy trung binh theo
truong hop 3

truong hop 3
d. Trwomg hep 4: O mic PMva mirc VM duoc cung cap theo chinh sach lap
lich TS, goi la TS-TS.

Average Response Time (TS-TS)

Average Processing Time (TS-TS)

16000
50000 14000 1
80000 e e—
12000
70000 )_‘__./4—0’
el I . <, . ="
g z
5 S0 5 8000 —
¢ H
F 40000 F o0
30000 |
4000
om0 |
10000 2000
3 o

1 20 3 4 0 6 70 8 % 10

10 20 3 4 0 6 70 8 9% 100
Number of Cloudlets

Number of Cloudets
——AMLB-Old ~B—AMLENew ——TL8

—4—AMLBOld  —B-AMLB-New T8

Hinh 2.9: Thoi gian ddp tng trung binh

Hinh 2.10: Thoi gian xit ly trung binh theo
theo trirong hop 4

trirong hop 4

Trong ca bén truong hop trén, thoi gian dap @ng trung binh cua thuat toan
AMLB-New tot nhat so véi cac thuat toan AMLB-OId va TLB. Vé thoi gian x ly
trung binh, thuat todn AMLB-New Ia tét nhat cho hai truong hop SS-SS va TS-SS.
Trong truong hop SS-TS va TS-TS, thuat todn AMLB-New vuot troi hon thuat
toan AMLB-OId nhung khéong tét bang thuat toan TLB.
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2.3. PE XUAT MQT KY THUAT DI TRU HIEU QUA TRONG PIEN TOAN
PAM MAY
2.3.1. Phén tich k¥ thuit di tri dwoc dé xuit

Thuat toan MM-Old? cé wu diém 1a sé 1an di trd 1 it nhat. Tuy nhién, trong
truong hop phai di trd nhiéu hon mot VM, thi thuat toan MM-OId khéng khai thac
duoc téi da tai nguyén cua PM (duy tri PM hoat dong véi kha ning cao nhat c6 thé)
trong mot sb truong hop. Hay xét vi du hinh 2.15.

Hinh 2.11: Vi du cho truong hop phdi di tri nhiéu VM

Hinh 2.15 mtc sir dung hién tai cia PM la hostUtil = 25, ngudngtrénla UT =
15. PM nay duoc cip phat 5 VM véi cac mic sir dung twong ing nhu trén. Nhu
vay, PM nay dang hoat déng qua tai, do chénh léch mac st dung vuot la
dif fUtil = 25 — 15 = 10.

Theo thuat todn MM-OId, thi VM5 (9) s& dwoc chon diu tién dé di trd 1a. Sau
d6, VM2 (4) s& duogc chon tiép theo dé di trd va s& dwa PM vé muc sir dung xudng
dudi ngudng UT. Do @9, sau khi di tr, muc sa dung CPU cua PM la: 25 — 13 =
12.

Tuy nhién, c6 thé thdy néu chon hai may a0 VM4 (6) va VM3(5) dé di tra thi
van théa man sé 1an di tra it nhit dong thoi cd thé duy tri mic hoat dong cua PM
cao nhét c6 thé. Mic sir dung cua PM khi di trd VM4 va VM5 [a: 25 — 11 = 14.

Lu4n an d& xuat chinh sach di trd voi s6 1an it nhit (MM-New) c6 thé phat biéu
lai nhu sau:

Cho V; 1a mét tap hop cac VM dugc cap phat cho PM j. Goi P(V;) 1a tap cong
suit (mac sir dung) cua V;. Chinh sach MM-New tim mét tap R € V; duoc dinh

nghia nhu sau:

2 Beloglazov, Anton, Abawajy, Jemal, and Buyya, Rajkumar (2012), "Energy-aware resource allocation heuristics for
efficient management of data centers for cloud computing”, Future generation computer systems. 28(5).
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I( ( SIS € V, hostUtil; — Z u,(v) < UT,]
| 4 Ve Sua(v) Py ,néu hostUtil; > UT;
R=<1 [S| = min, Z u,(v) -» min | (0.9)
k VESu,(v) EP(V)) J
., néu hostUtil; < LT;
I Vj, néu hostUtil; < LT
k @, con lai.

trong d6 UT la ngudng sir dung trén; LT la ngudng sir dung dudi; hostUtil; la mic
sir dung CPU hién tai caa PM j; va u, (v) 1a mot phan mirc sir dung CPU duoc cap
phat cho VM v.
2.3.2. Thue nghiém va danh gia

Thuce nghiém tién hanh so séanh thuat toan dé xuat MM-New véi thuat toan MM-
Old va cho két qua nhu hinh 2.16.

Utilization, Number of Host Active, Number of Vm Migration With Time

Number of

Number of Host Active

Hinh 2.12: Két qud so sdanh hai thugt toin MM-0ld va MM-New
Két qua cho thay, thuat toan MM-New s& tét hon thuat toAn MM-OId trong
truong hop phai di trd nhiéu VM.
2.4. ANH HUONG CUA CAN BANG TAI BPEN CO CHE TU PONG PIEU
CHINH TAI NGUYEN
2.4.1. M6 hinh trung tim dir li¢u c6 by diéu chinh tai nguyén tw dong
Cho trung tdm dit liu (DC) c6 N VM: VM, VM,,...,VMy. Trong d6, mdi
VM ¢6 sirc manh xt Iy P,va tai cdng viéc L; (t) tai thoi diém t.
VM, (L1 (1), Py)
VM, (L, (1), P)

VMy (Ln (), Py) ‘
Goi 1(t) latai cong viéc méi (yéu cau mai) dén tai thoi diem t. Goi Li(t) la tai
cong viéc cua VM; sau khi bo can bang tai da phan bb tai 1(t) dén:
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Li(t) = Li(t) + a;(t).1(t); i=1..N (0.10)
Vvéi a;(t) lay gid tri 1 hoac 0. Khi sir dung thuat toan Round Robin:
_ (0 néu VM; khong duoc gan tai,
a® = { 1 néu VM; duogc gan. (0.11)

Vi thuat todn can bang tai giam sat tich cuc (ALMB-New), a; (t) nhu sau:
1 néu VM; c6 thoi gian hoan thanh
a;(t) = du kién sém nhit dwgc gan tai, (0.12)
0 néu ngworc lai.

Thoi gian phuc vu con lai cia VM, dugc goi 1a Tieg (1), duoc tinh nhu sau:

Li(t)
Tier,i (D) = IT (0.13)
i
Goi Dev(t) la sy khac biét giira thoi gian phuc vu con lai nho nhat va thoi gian
phuc vu con lai Ién nhat cua cac VM bén trong hé thong duoc xem xét.
L;(t L;(t
Dev(t) = (ﬁ) — (ﬁ) (0.14)
pi max Pi min
Vé&i trueong hop ly twong la: Dev(t) - 0 khit — oo
Goi T, (t) thoi gian phuc vu con lai trung binh tai thoi diém t, duoc tinh nhu

sau:
XN L)
VP
Néu goi N’(t) 1a s6 luong may trong hé thdng duoc xem xét tai thoi diém t thi
N’(t) duoc tinh theo cdng thic sau:
N'(t) = N(t) + n(t) (0.16)
n(t) 1a s6 may tam thoi duoc bd sung vao hé thong duoc xem xét tai thoi diém
t. B6 AS tuan theo quy tic sau:
0 Threshold,oy, < T,,(t) < Thresholdygp,
n(t) = 1 T,y (t) > Thresholdy;gp, (0.17)
—1 T,,(t) < Threshold,q-

Tav (D) = (0.15)

2.4.2. Thue nghiém va danh gia

Thyc nghiém sir dung dit lidu tai dau vao nhu hinh 2.17. So sanh viéc sir dung
céc thuat toan can bang tai: Round Robin va k¥ thuat can bang tai giam sat tich cuc
AMLB-New. Viéc md phong bao gdbm mot bd AS hoat dong dua trén ngudng.
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B Incoming Workloads
4500

4000
3500
3000 |

2500

2000 |

1500 |I
1000 1 wlh
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Hinh 2.13: Phan bé tai cong viéc dén trong
ClarkNet trace®

= Number of supplmenting VI

suBBsrIABsTEL

Hinh 2.15: Sé liong VM duroc hé sung khi
sur dung AMLB-New

= Number of supplementirg Wiis

o

135 7 511131517192133 353728 313335 373941 43 454743 51

Hinh 2.14: S6 lwong VM dugc bé sung khi
sir dung Round Robin

= Deviations from AR load balancer @ Deviations from AM load balancer

bl Ll

Hinh 2.16: Pé léch Dev(t) theo by cin bang ti
st dung Round Robin va st dung AMLB-New

Két qua cho thay viéc bd sung VM va duy tri higu suat cua bo AS khi sir dung k§
thuat can bang tai AMLB-New t5t hon khi sir dung Round Robin.
KET LUAN CHUONG 2:

Chuong nay, luan an da dé xuit mot ky thuat can bang tai dong hiéu qua va mot
k¥ thuat di trd hiéu qua trong CC. Cubi cing 1a danh gia anh huong cua cac ky
thuat can bang tai trong CC c6 co ché AS tai nguyén, cac két qua thyc hién va mo
phong da chi ra tinh hiéu qua cua cac ky thuat dugc dé xuat va danh gia duoc vai
tro, sw anh hudng cua céc ky thuat can bang tai trong mot truong CC c¢6 co ché AS.

CHUONG 3 : PE XUAT MQT MO HiNH MANG HANG PQI CHO HE
THONG PIEN TOAN PAM MAY
3.1. PAT VAN DE
Noi dung chwong nay dugc tong hop tir cong trinh TCNNS3.
3.2. MO HINH HOA UNG DUNG PA TANG TREN PIEN TOAN PAM MAY
3.2.1. M6 hinh hang d¢i mé cho ng dung da ting
Hinh 3.1 Ia md hinh mang hang doi mé duoc dé xuat cho tng dung da ting.

8 HTTP, ClarkNet ClarkNet HTTP Trace, truy cdp 9/7/2018, from http://ita.ee.lbl.gov/html/contrib/ClarkNet-
HTTP.html.
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Tang xir I nghiép vu

Hinh 3.1: M6 hinh mang hang doi mé cho tng dung da ting trén CC
O day tap trung vao tinh khong dong nhat cua VM, gia st mdi VM i ¢6 c; core
xir Iy, tbe d¢ thuc thi ciia mdi core I s do bang giga Iénh trén mai gidy (GIPS).
Tbc do phuc vu caa VM i duoc tinh nhu sau:
S * ¢
W= — (0.18)
trong do, Z 1a s6 chi thi trung binh ciia mot yéu cau dwoc thi tai VM i.
M3i ndt 1a mot VM c6 tde do phu vu ;.
Mo hinh d& xuét trong hinh 3.1 théa man yéu cau cua mot mang hang doi
Jackson mé.
3.2.2. Phan tich mé hinh dé& xuat
Goi ry; 2 xac suét chuyén trang thai sau khi yéu cau duoc xir ly xong tai nat i
s& chuyén dén ndt j. Ta co, tong cac xac suat chuyén trang thai trong mang hang
doi m& 13 1 (6 day: 1y, 12 X4c sudt chuyén ra ngoai mang tir nat i):
N
ro=1— Z ryi € [1,N] (0.19)

j=1ji

Goi A; 1a tdc do dén tir bén ngodi vao nit thr i va A, 1a tong toc do dén cua nat
thir i (bao gdm ca tdc do dén tir bén ngodi va tdc do chuyén dén tir céc nt bén trong
hé théng mang dén nit thir i), khi d6 ta co:

N
A=A+ Z Ay i € [1,N] (0.20)
j=1,j#i
Goi A = [Aq, Ay, ..., Ax]T 1 vector tong téc do dén cac hang doi cua cac nut.
Goi A = [Ay, Ay, ..., Ay]T 1a vector téc do dén tir bén ngoai, khi d6 cong thirc (3.13)
c6 thé duoc viét lai dudi dang phwong trinh ma tran sau:
A= A+ RTA, (0.21)

v6i R 1a ma tran x&c suat chuyén trang thai (R 1a ma tran chuyén vi ciia ma tran R).
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11 Ti2 N
1 T2 0 I

R = . . . . (0.22)
'yt I'ni 0 INN

Mot mang Jackson m¢ dugce xem xét nhu mot chudi Markov thoi gian lién tuc
véi vector trang thai:
X = (Xq,Xp, e, XN, (0.23)
trong d6 vai x; 1a s6 lwong yéu cau dang co tai VM i. Sir dung phuong trinh trang
thai can bang dua trén hé thong Markov.

Trong Bang 3.2, mo ta cac trang théi co thé:
Bdng 3.1. Bing mo td trang thai

Trang thai Ky hiéu
X1y v s Xie 1) Xip Xigp 15 00 XN X
X1, o Xic Xj + 1, Xipq, o0 XN X it
X1, w0 Xier X) — 1, Xigpq, s XN i
X1, oo Xicn, Xi F L Xig1, o Xjo1, X — 1 X1, e, Xy X it~

Str dung nguyén ly can bang trang théai ludng vao trang thai X bang ludng ra
khoi trang thi %, gia st x; = 1 tai moi VM:

N N N N
Z A pgi- t Z Z HilijPg;iti- + Z HiTioPx;i+
i=1 i=1

=1 i=1
N N

= Zﬂi(l - T prt Zﬂ-i Px 0.24)
i=1 i=1

Dinh ly: Phan b can bang cho mang Jackson ma la:

N
Xj 7 Ai
Pz = Cl_[pi‘,voupi =—<1
i1 i
Viéc cung cap phan b chung cho tat ca VM trong hé thong, giai phéap trang
thai 6n dinh cho phuong trinh (3.17) la:

Px = Pxyyy = 1= PPy (1= p2)p3” . (1= pr)pR"
N
_ (0.25)
= 1_[(1 —ppiti.
i=1

N
VéiC = 1_[(1 — o).
i=1

S6 lwong yéu cau trung binh L; tai m&i VM i cho hang doi M/M/1 véi tong toc
do dén A;:



17

Pi .
| = ,i=12,...,N .
=T (0.26)
Tong s6 luong yéu cau trung binh ciia toan mang duoc tinh nhu sau:
N
Lol 4Lyt dly= Y (0.27)
a1 —p;
i=1
Thoi gian doi trung binh cua yéu cau trong mang véi Luat cua Little:
L
W= E, (0.28)

trong d6 B = YN, A; 12 tong tdc d6 dén tir bén ngoai vao mang. Thoi gian dap tng
trung binh cia mot yéu cau trong mang tai mdi VM thi (i = 1,2, ..., N):
W L; 1
b A B w(1—p)

trong d6 A; duoc tinh theo cong thac (3.4) vaW = W; + W, + -+ + Wy.
3.3. THUC NGHIEM VA PANH GIA

Két qua thuc nghiém duoc tién hanh véi 2 cum VM phuc vu yéu cau tir khach
hang st dung dich vu web (cum VMC#1 gdom 7 may c6 cdu hinh CPU ddng nhit,
cum VMC#2 gom 7 may ¢6 cau hinh CPU khéng dong nhét ).

Thuc nghi¢m 1 nhdm danh gia cac tham sb trong md hinh, cho s6 luong yéu
cau dén 1a 1000, y= {158,161,164,167,170,173,176,179,181,185, 188} téc d6 xir
ly (phuc vu) ctia bo can bang tai 12 p g = ——.

(0.29)

PLB
w o o
£ S 2 —
- & a”™\ & ;
-0 o o -

8 L N, a
£ 8 P~ ° g ——
a
2 8 | —&- VMC#1 3
2 2 —— VMC#2 ©
T o o
T 81 S -
8 e = o
T g Jerertrrerenthe o —_—
e w T T T T 1 2 T T

160 170 180 VMC#1 VMC#H2
Ty l& yéu cAu dén A (s) Thoi gian doi trung binh W (ms)
(a) (o)

Hinh 3.2: Thoi gian doi trung binh ciia cum VM cho thurc nghiém 1
Thuc nghiém 2 véi A = 185, dugc thyc hién 30 lan va tinh thoi gian doi trung
binh W. Sau d6, tinh to4n do tin cay 95% cho dit lidu thuc nghiém va dit liéu tinh
toan tir mé hinh.
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Hinh 3.3: Thoi gian doi trung binh ctia cdc VM cho thurec nghiém 2

Két qua & Hinh 3.3 cho thay thoi gian d4p @ng trung binh cia VM1 va VM7 la
rat nho & ca hai cum VMC#1 va VMC#2.

Thuc nghiém 3 nham phan tich mbi quan hé caa thong sé trong md hinh véi toc
d6 dén trung binh A = 185, diéu chinh mirc d6 st dung tai nguyén trung binh p; cua
cac VM 6 tang xir Iy nghiép vu cua ang dung tir 0.71 dén 0.79. Két qua thuc nghiém
duoc thé hién trong bang 3.2 va hinh 3.4.

Hinh 3.4: Thoi gian doi trung binh cia cac VM cho thyc nghiém 3
Bing 3.2. Khodng tin cdy 95% cua thoi gian doi trung binh ciia méi VM trong timg cum

Théi gian dgi trung binh W
VM Pi VMC Trung binh Can duéi Cantrén
L 08 VMC#1 6.39069 6.20901 6.57238
VMC#2 6.37414 6.16965 6.57863
) 071 VMC#1 3987.14 3126.29 4848.00
VMCi#2 4115.76 3241.04 4990.49
3 073 VMC#1 5256.16 4211.63 6300.7
VMC#?2 803.147 701.051 905.243
4 075 VMC#1 3430.45 2538.11 4322.80
VMC#?2 434.463 401.364 467.562
c 077 VMC#1 4127.60 3154.68 5100.51
VMC#2 277.476 249.991 304.960
6 079 VMC#1 3756.96 2980.27 4533.66
VMC#2 236.522 219.641 253.403
; 081 VMC#1 73.9026 68.5611 79.2442
VMC#2 69.6167 65.9044 73.3289
KET LUAN CHUONG 3

Chuong nay da dé xuat dugc mot mé hinh CC sir dung mang Jackson ma, nham
danh gi4 cac s6 do hiéu niang cua hé théng. Véi két qua thuc nghiém, budce dau da
danh gia duoc sy ding dén ciia mo hinh, dua ra cac sé do cia hé théng c6 thé tin
cay.
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CHUONG 4 : GIAI PHAP TU PONG PIEU CHINH TAI NGUYEN CHO
UNG DUNG PA TANG TREN PIEN TOAN PAM MAY

4.1. PAT VAN DE

Chwong nay duoc téng hop tir cac cong trinh TCNN2, HNQT3 va HNTN1.

4.2. KIEN TRUC UNG DUNG PA TANG

Phan nay nghién ctiu kién tric ing dung da tang c6 dang nhu trong hinh 1.6 da
duoc trinh bay trong muc 1.1.5 cia Chuong 1.

4.3. PE XUAT MO HINH TU PONG PIEU CHINH

4.3.1. Phan tich mé hinh

Viéc ra quyét dinh caa b AS cd thé duoc xem xét nhu mot qué trinh quyét dinh
Markov (MDP).

Tac nhan

ar

<

Sl

Hé théng

Hinh 4.1: M6 hinh twong tdc gitta tic nhin va hé théng

MDP biéu din sy tuong tac giira hé thong va tac nhan. Trong do, tac nhan (bd
AS) dong vai trd ra quyét dinh khi nhan dugc thdng tin phan hdi tir hé thong.

Tai thoi diém t, ta co:

- Trang théi hé thdng duoc ky hiéu 1a s, € S véi S 1a tap trang théi cua hé thong
c6 thé ¢4 tai thoi diém khéc nhau,

- Théng qua trang théi hién tai s, cua hé thdng, tac nhan cé thé ra quyét dinh
thuc hién mot hanh dong a, € A(s,) Vi X4c suat T,

- Téc nhan nhan gia tri phan thuong r, € R tai thoi diém t + 1 véi hé théng
chuyén sang trang thai s, ;.

Anh xa ,: S = A goi la chién lwoc cua téc nhan.

Sau khi thyc hién cac hanh dong, hé thong nhan duogc gia tri phan hdi R, téng
cong. Ham gid tri trang thai cua hé thdng dugc tinh bang ky vong toan hoc cua ham
phan hoi R, theo thoi gian.

VT(s) = Ex{R¢lst = s} (0.30)
Chinh sach nhu vy goi la chinh sach tdi wu, ki hidu 1a m* va V* 1a gia tri ti vu.
T = arg max,{V™(s)} (0.31)

V*(s) = max.{V"(s)} (0.32)
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Gia str ¢6 n tng dung. Méi tng dung j duoc thuc thi trén mot cum k VM khong
ddng nhat. Mdi VM i dugc biéu dién dudi dang vector v; = {c;,1;,d;} Vi € [1,K],
trong do6 c; 1a tham s6 CPU da duoc sir dung, ry 13 lugng b nhé RAM da duogc su
dung va d; 1a dung luong 6 dia da dugc sir dung cua VM thir i trong cum th j tai
thoi diém xét. Gia st cac tham sé ciia VM duoc thu thap dudi dang phan tram.

Tai nguyén kha dung cua VM la tai nguyén san sang caa VM c6 thé phuc vu
cho céc yéu cau. Nhu vay, tai nguyén kha dung ciaa mdi VM i trong cum thu j 1a
w} duoc tinh theo cong thirc sau:

W=y (1— )+ ay(1— 1) + az(1—dy), (0.33)

trong do, oy, a, va as la cac hing sb sao cho o + a, + o3 = 1.
Tai nguyén kha dung trung binh cta cum k VM danh cho &ng dung j:

k
1o .
W= EZ wi (0.34)
i=1

Nhu vay phuong sai cta k gid tri tai nguyén kha dung cta tieng cum k VM:

L2
12 (W) — W) (0.35)
k
Chi phi thué dich vu dugc tinh todn dua trén sé lwong tai nguyén da duoc sir
dung theo thoi gian. Goi w, 1a sé lwong CPU da dwoc cap phat. Vi vay, don gia
thué w, tai nguyén tai thoi diém t dugc biéu dién nhu sau:
p(wy) =awy+b (0 < w; <), (0.36)
trong do6, a,b 1a hing s, c 1a tng sé CPU cua hé théng. Chi phi sir dung VM cua
ung dung j str dung trong thoi gian t dugc tinh nhu sau:
vm;(t) * p(w)

U =1-——-—7—, (0.37)
COStax

var =

véi vm(t) la s6 lwong VM thué trong thoi gian t cua Gng dung j, costpay 12 chi
phi téi da cua tng dung j. Chi phi sir dung U;(t) sé la co s¢ cho viéc tinh toan gia
tri phan thuong trong thuat toan hoc ting cudng — hoc Q mo.

4.3.2. B) tu dgng diéu chinh

4.3.2.1. Qué trinh m¢ héa

Céc gid tri dau vao cho bo diéu khién AS: tai nguyén kha dung trung binh (W),
phuong sai cta tai nguyén kha dung (var) va thoi gian dap (rng trung binh (rt) dugc
mo hda theo cac ham thanh vién sau day:
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Hinh 4.4: Ham thanh vién mo cho thoi gian dap vung trung binh (r't)
4.3.2.2. Qua trinh I@p lu@n xdp xi
Két hop hé thong suy dién mo Takagi-Sugeno va thuat toan hoc Q, tap luat suy
di2n mo& va co ché xap xi dau ra nhu sau:
Luat’: NEUx, 1as; A ..A x,1as, THI
y; = al vé&iq[1,1] 1a mitc d6 phut hop ciia lwa chon dau ra hoic
y; = a} véi q[1,2] 1a mirc d6 phi hop ctia lwa chon d4u ra hodc

Luat': NEUx, las; A ..A x,1as, THI
y; = al véi qfi, 1] 1a mirc do phtt hop cda lwa chon dau ra hoic
y; = al, vé&i qfi, 2] 1a mitc d6 phit hop ctia lwa chon dau ra hoic
y; = al, véi q[i, m] 1a mirc d6 phu hop cla lya chon dau ra.
trong do,
-%j,j = 1,..,n 1a cac bién dau vao cua hé thong suy didn mo dugc dinh nghia
trén khong gian S,
- al, 12 hanh dong duoc tc nhan lya chon cho tap luat thir i dugc dinh nghia
trén khong gian hanh dong A dugc roi rac héa thanh m doan,
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- q[i, m] 1a d¢ thich hop khi lua chon gia tri ddu ra (hanh dong cuc bo) al, khi
luat Rule! duoc lya chon.

Thanh phan hoc sir dung k¥ thuat hoc Q. Tai mdi vong lap, bo diéu khién s&
dua ra mot hanh dong a dwa vao trang thai s duoc ky hiéu Q(s,a) = q[i,m]. Gia
tri phan hoi nay duoc biéu dién dudi dang ham sé dbi véi gia tri phan thuong. Gia
thiét rang ham phan hdi cé tinh chat cong tinh.

Thanh phan diéu khién s& chon hanh dong ma cé gia tri phan thuang tét trong
tuong lai.

Ry = Iyq + ¥rggp + ert+3 +oe = Zykrt+k+1, (0.38)
k=0

trong do, y 1a hé sé suy giam thé hién mic do quan trong cua gia tri phan thuong
trong twong lai. Mdi phan thudng duoc tinh toan dwa vao chi phi sir dung VM nhu
sau:
ro= U@ — Ult—1), (0.39)

véi U(t) dugc tinh theo cdng thuc (4.7).

4.3.2.3. Qué trinh gidi me¢

Chinh séch 7 (x, a) 1a xac suit chon hanh dong a tir trang théi x, ham hanh dong
— gia tri Q(x,a) duogc tinh theo céng thirc sau:

Q" = Eg {Z Ykrt+k+1} (0.40)

k=0

trong do, E;{. } 1a ham ky vong cta chinh sach 7. Khi nao chinh sach thich hop
dugc tim thay, khi d6 van dé hoc ting cudng duoc giai quyét.

Theo co ché suy dién cua hé thong Takagi-Sugeno, tac dong dau ra a(x) ddi
V6i vécto dau vao x = (x4, Xy, ..., xy), dugc Xap xi bang cong thic sau:

i
agn) = 2L (0.41)
i (%)

trong do,

o;(x) = min(ud (x1), Wy (Xp), ..., uk (xy)) 12 gid tri chan Iy cia ménh dé y = y!

aj. tc dong dau ra dugc lya chon cua luat Rule’,

Qua trinh hoc trong hé thdng 1a x4p xi cac do thich hop véi lra chon q[i, j] cua
mdi gid tri dau ra aj véi timg vécto dau vao x. Do vay, gia trj trong Gng cia ham
gié tri trang thai - hanh dong duoc Xap xi bang:
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_ 2iai()qli, ]
W)= =50

Ham gid tri tai trang thai x cua hé thdng dwoc tinh nhu sau:
i ai(x) max qli j]
i (%)

V(x) = maxQ(x,a) =

(0.42)

(0.43)

Trong qué trinh hoc, ham gia tri trang thai-hanh dong Q va cac gia tri cua do

thich hop cua céac luét q[i, j*] dwoc hiéu chinh theo hé thirc lap sau:

Qi(xpa) « Qi(xp,a) + NAQy,

(0.44)

trong do, 1 1a tbc 6 hoc va AQ, = 4 + ymax Q(Xe41,ar) — Qlxp ap).
a

Bdng 4.1: Thudt todn tw dong diéu chinh (AS AFQL)

1 [*AFQL
2 | *Pauvao: n,y
3 | *Paura:
4 *Hanh dong a */
5 Ilkhai tao gia tri g-values:
6 for (application app in applications)
7 | qli, k] = 0;
8 /fsinh lugt diéu khién me
9 generateFuzzyRules()
10 | while(q chua hoi tu)
1 IIxdp x7 gid tri Q cho ting ¢ng dung & trang thai hién tgi x, va hanh
dong a
12 for (application app in applications)
Yiai(xqli,j’]
s ) Us®.2) 2 0 (%)
14 [ltrién khai hanh dong a
15 for (application app in applications)
16 | applyAction(app, )
17 /Itinh cac gia tri tai thoi diém t+1
18 AQt = rpyq + Y max Q(xt+1,a0) — Qxp ap)
- . o (x¢)
19 q[l' ]] Q[l' ]] + T]AQt Zi o (Xt)

4.3.3. Giai phap tu dgng diéu chinh
Hoat dong cua bd AS (AFQL) duoc chi ra trong bang 4.1.

Trong trudng hop bo AS dé xuat, khdng gian trang thai 1a hitu han (tic 1a c6 27
trang théi la két hop cua 3 x 3 x 3 ham thanh vién cho céc bién tai nguyén kha dung
trung binh (W), phuong sai cua tai nguyén kha dung (var) va thoi gian dap (ng
trung binh (rt)) va by AS phai lya chon mot trong nam hanh dong c6 thé {-2, -1, 0,
1, 2}. Tuy nhién phuong phép thiét ké nay 1a téng quét c6 thé ap dung cho nhitng

khong gian trang thai va hanh dong khéc.
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4.4. THUC NGHIEM VA PANH GIA

Luan an da xay dung tap luat chuyén gia, cac gia tri hanh dong nam trong
khoang [—2, 2], twong (tng véi viéc loai bo 2 VM, loai bé 1 VM, khong lam gi ca,
thém 1 VM va thém 2 VM. Vi viéc loai b6 cdc VM, sé chon VM nao c6 muac kha
dung trung binh nhiéu nhat. Viéc thém VM, s& thuc hién thém VM c6 cau hinh
thip nhat trong s6 VM dang hoat dong dé dam bao chi phi thué 1a nho nhat.

Két qua thwe nghiém

Qua thyc nghiém, luan 4n da chon duoc b thamsé £ = 0.2,y = 0.8 van =0.2.
4.4.1. Panh gia bd ty dong diéu chinh dé xuit véi logic mo sir dung tap luat
chuyén gia

O day, sir dung bo tham s6 £€=0.2, y=0.8 va n=0.2 cho by AS dé so sanh vai bd
AS str dung tap luat chuyén gia.

Tir hinh 4.4 va 4.5 cho thy, bo AS sir dung k§ thuat hoc ting cudng két hop véi
logic md (AFQL) co ban thich nghi tét hon bo AS st dung logic véi tap luat chuyén
gia.

2
t

I T ;
e T

0 200 400 600 800 1000 0 200 400 600 800 1000

ponse time

Re:

\ \ P . .
(@ b) Rasperga time c

Hinh 4.5: So sanh dya vao thoi gian ddp img Hinh 4.6: Biéu dé hép so sanh gida thoi gian
trung binh va chi phi ddp 1ng trung binh va chi phi
4.4.2. Panh gia bd ty dong diéu chinh dé xuat véi cac b dir ligu khac

Luén an da tao ra ba b6 dir liéu theo hudng caa bo dir liéu ClarNet, bo dit liéu
Wiki va bo dit liéu sinh ngau nhién.

Két qua thuc nghiém dugc danh gia dua vao ba bo dir ligu trén théng qua cac
tham s6 dau vao gdm tai nguyén kha dung trung binh (Available load), phuong sai
cua tai nguyén kha dung (Variance Available load), thoi gian dap tng trung binh
(Response time) va sau dé so sanh két qua thu dwoc theo tdng chi phi va thoi gian
dap ng trung binh theo cac b tu dong diéu chinh khéac nhau.
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Hinh 4.7: So sanh tong chi phi doi véi 3
trieong hop trén diz liéu ClarkNet
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Hinh 4.8: So sanh thoi gian dap ung trung binh
doi vai 3 truong hop trén bg dir ligu ClarkNet

V6i két qua thuc nghiém trén ba bo dir liéu trén cho thdy, tap luat dugc tao ra
sau khi hoc tang cuong két hop véi diéu khién mo khi st dung bo tham sé (€=0.2,
v=0.8 va n=0.2) déu cho lgi thé vé thoi gian dap ang it nhat. Tuy nhién phai chiu

tong chi phi cao hon.
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Hinh 4.9: So sanh tng chi phi déi véi 3 truweong hop
trén diz ligu Wiki
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Hinh 4.11: So sanh téng chi phi ddi véi 3 truong
hop trén dir liéu ngau nhién

KET LUAN CHUONG 4
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Hinh 4.10: So sdnh thoi gian dAp tng trung binh doi
voi 3 truong hop trén bo div liéu Wiki
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Hinh 4.12: So sénh thoi gian ddp img trung binh ddi
vai 3 truong hop trén bg dir liéu ngau nhién

Bo AS duoc xay dung dé didu chinh tai nguyén ty dong bang cach st dung hoc
tang cuong két hop vai logic mo dé ting kha nang dap tng tic thoi yéu cau tai
nguyén trong viéc cap phat/thu hoi tai nguyén tu dong dua vao tai nguyén kha dung
trung binh, phuong sai cta tai nguyén kha dung caa ctia cum VM va thoi gian dap
{rng trung binh cua hé thong. Bén canh do, bo diéu khién AS con cho thay hiéu qua
vé mat chi phi. Bo AS dé xuét khdng can c6 tri thire ban dau ma van hoat dong hiéu
qua, cAc tri thirc c6 dugc thdng qua viéc dugc tich lity dan dan trong qué trinh hoc.
Phan thuc nghiém, da lya chon bo tham sé (e, v, n) thich hop dé tién hanh so sanh
hai mé hinh AS sir dung hoc tang cuong két hop véi logic mo (AFQL) va mé hinh
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AS sir dung logic mo (AF). Két qua cho thiy bo AS AFQL hiéu qua va khong can
c6 tri thire ban dau, bo AS AFQL van c6 thé hoat dong hiéu qua, cac tri thic c6
dugc trong qua trinh hoat dong.

Tuy nhién, hiéu qua cia bo AS dé xuét con phu thuoc vao nhiéu yéu t6 khac,
nhu s6 doan phan hoach cac gia tri dau vao, hé thdng suy luan mo, cac tham sé e,
¥, ... Pay 1a huéng phét trién tiép theo cua luan an dé c6 thé xay dung duoc bd
AS hiéu qua hon va c6 thé ap dung hiéu qua vao trong thyc té.

KET LUAN

1) Nhirng két qua chinh caa luan an:

(1) Luan 4n da nghién ctru va dé xuat dugc ky thuat can bang tai va ky thuat di
trd hiéu qua trong CC tao diéu kién thuan loi cho viéc diéu chinh tai nguyén gidp
cai thién hiéu ning cua cic trung tim dién toan dam may. Tiép theo, Luan 4n da
danh gia sy anh huong cua cac ky thuat can bang tai trong méi trudng CC c6 AS
tai nguyén, gilp cho viéc lya chon ky thuat can bang tai hiéu qua.

(2) Luan 4n d3 mo hinh héa méi truong CC phuc tap va khong ddng nhét sir
dung mé hinh mang hang doi — mang Jackson ma, 1am co s dé danh gia cac s6 do
hiéu nang cta trung tm CC.

(3) Luan an da xay dung dugc mot bo AS hiéu qua trong moi treong CC. Bo
AS sir dung két hop giita hoc ting cuong va logic mo.

2) Huéng phét trién cia luan an:

(1) Luan &n c6 thé dugc phaét trién theo huéng xay dung mo hinh co s dia vao
c4c md hinh hang doi khac nhau dé do luong va danh gia hiéu nang cua hé théng
dién toan dam may. Tir d6 c6 dugc md hinh Iy thuyét day da hd trg hoat dong
nghién ciru va trién khai h¢ thong dién toan dam may.

(2) Ngoai ra, luan an c6 thé dugc phat trién theo huéng cu hinh tiy bién bo tu
ddng diéu chinh theo trang théi cua hé théng, trén co sé nghién ciru phan hoach gia
tri dau vao va sir dung céc hé suy luan mo khéc nhau.
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