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PHAN MO PAU
1. GIOI THIEU

Theo s6 liéu théng ké, Viét Nam 1a nude ¢6 nhip do tang chi tiéu cho dién toan
dam may (CC) trong giai doan 2010-2016 cao nhit (64,4%/nam), cao hon han muc
binh quan cua ca khdi ASEAN (49,5%). Bén nim 2018, Viét Nam dat 41/100 diém va
trg thanh nude dang thir 14 trong bang xép hang vé d6 phu dich vu CC. Biéu nay cho
thiy md hinh CC dang tré nén pho bién va bat dau chiém wu thé hon so véi mé hinh
cdng nghé thong tin (IT) truyén thong. Trong twong lai, viéc tng dung mo hinh nay tai
Viét Nam duoc dy doan s& con ting manh va da dang hon. Viéc cac t6 chic, doanh
nghiép, va co quan nha nudc dan dan dua cac hé thong 1T cua minh [én CC 1a mét yéu
t6 quan trong dé tham gia vao cudc cach mang céng nghé 4.0. Khi néi vé cach mang
4.0, thudng néi vé bon céng nghé: CC, Internet van vat (1oT), dit liéu 16n (Big Data)
va tri tué nhan tao (Al). Trong d6, CC la nén tang & duéi cing, bat ky mot ¢ng dung
nao vé Al, loT hay di liéu 16n déu can c6 ha tang ¢ bén dudi 1a CC thi méi chay dugc.
Dich vu CC duogc xem Ia "mdng nha" trong cudc cach mang cong nghé 4.0, 14 ha tang
co ban cho sy phét trién ciia cach mang 4.0 & Viét Nam trong thoi gian toi.

CC déng vai tro 1a nén tang, chuyén thé gigi thuc thanh thé gisi sé hoa, gilp
c4c t6 chuic, doanh nghiép cé thé khai thac, sir dung mot kho dir liéu khong 16, phan
tich va danh gia cac chién lugc mot cach chinh xéac va khoa hoc. CC tham gia vao céc
qua trinh chuan hoa san pham dé cét giam chi phi san xuat, khai thac loi thé kinh té
theo quy mé, tiét kiém thoi gian phat trién san pham, cung cap cac phan mém kinh
doanh, quan ly hién dai,...

CC duoc Gartner xép dau bang trong cac cong nghé chién luoc tir nam 2010.
Tuy nhién, CC van la mot mé hinh dang tién téi hoan chinh, céc hing céng nghé ciing
nhu cac to chic tiéu chuan trén thé gi¢i da dua ra cac dinh nghia va cach nhin riéng.
Theo Vién nghién ctu tiéu chuan va cdng nghé quéc gia Hoa Ky (NIST) [75]: “CC
|& mé hinh dién toan cho phép truy cdp qua mang dé lira chon va sir dung tai nguyén
tinh toan (vi du: mang, PM, bé feu trit, iing dung va dich vi) theo nhu cdu mét cach

thudn tién va nhanh chéng; dong thoi cho phép két thic siz dung dich v, gidi phdng



tai nguyén dé dang, giam thiéu cac giao tiép véi nha cung cdp”. Nhu vay, ¢ thé hiéu
CC la viéc ao hoa céac tai nguyén tinh toan va cac ang dung. Thay vi viéc st dung
mét hodc nhiéu may cha vat ly (PM) that, thi nay st dung cac tai nguyén duoc a0 hoa
thdng qua maoi truong Internet.

Theo NIST, CC c6 thé trién khai trén bén mo hinh: dam mAy riéng, dam may
cdng cong, ddm may hdn hop va ddm may cong dong; c6 ba md hinh dich vu 1a co
s& ha tang nhu 1a dich vy (1aaS), nén tang nhu 1a dich vu (PaaS) va phan mém nhu la
dich vu (SaaS); c6 ndm dic trung quan trong I tinh tu phuc vu theo nhu cau, truy cap
dién rong, ding chung tai nguyén, kha ning co gin nhanh chong va tra tién theo tai
nguyén thuc su dung.

Trong d6, dic trung vé kha nang co gian nhanh chong duoc nhiéu nha nghién ciu
quan tdm trong thoi gian gan day. Dé sir dung tinh co gidn dam may hiéu qua, diéu
quan trong la phai cung cip va giai phong tai nguyén dam may ty dong, kip thoi ma
khong can c6 sy can thiép ciia con ngudi, Vi viéc cung cap tai nguyén qua nhiéu dan
dén lang phi tai nguyén 1am chi phi ting 1én, nguoc lai, viéc cung cap tai nguyén qué
it 1a nguyén nhan lam suy giam hiéu nang va gay ra vi pham thoa thuan muc dich vu
(SLA). Co ché ty dong cung cap hoac giai phong tai nguyén dé dap tng cac yéu cau
chat lwong dich vu (QoS) duoc goi la tu dong diéu chinh (AS).

Viéc thiét ké va trién khai thuc hién mot bo AS tdng quét cho cac wng dung web
la mot nhiém vu kho khin do cac yéu té khac nhau, chang han nhu: dic tinh vé tai
cdng viéc dong, cac yéu cau tai nguyén cia tng dung da dang, cac tai nguyén dam
may va cac md hinh gi& phuc tap. Luan an nay sé& tap trung vao nghién ctu va dé xuat
giai phap AS hiéu qua trong moi truong CC. Ngoai ra, luan &n con nghién citu mot
s6 van dé c6 anh huong dén chit luong dich vu AS d6 1a céc k¥ thuat can bang tai va
di trd trong CC. Pé danh gia cac sé do hiéu niang cua hé théng CC, luan an nghién
ctru va dé xuat mot md hinh hé théng CC sir dung mang hang doi.

2. TINH CAP THIET CUA LUAN AN
Trong CC, van d& AS cho céc ang dung da tang c6 thé dugc xac dinh la cach tu

chu, tu dong cung cap va giai phong cac tai nguyén dé phuc vu cho céc tai ung dung



bién dong ma khdng c6 sy can thiép cia con nguoi sao cho chi phi tai nguyén it nhat
va thoa médn SLA hay SLO cuaa trng dung. Hinh 0.1 minh hoa cac truong hop AS. Hinh
0.1(a), vi tdng cac yéu cau dén, tai nguyén hién tai roi vao tinh trang qué tai, bo AS
quyét dinh cung cap mot s6 tai nguyén nhat dinh bang cach thém cac VM méi hoic 1a
thém kha nang tinh toan (vi du: thém core) cho cac VM hién c6. Nguoc lai, trong Hinh
0.1(b), bo AS giai phong mot sé tai nguyén khi sé luong yéu cau giam xudng bang

cach tat mot s6 VM hién cd hoac 1a giam cong suat caa cac VM hién c6 (vi du: giam

s6 core).
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Hinh 0.1: Vi du mét truong hop tw dong diéu chinh

rdi khoi

Day 1a mot bai toan diéu khién tu dong c6 dién, doi hoi mot bo diéu khién AS
loai tai nguyén va sé lugng tai nguyén dugc cip phat dé dat dugc cac muc tiéu hiéu
ning nhat dinh, duoc phan anh trong SLA. Cuy thé, né thuong duoc thé hién nhu mot
vong lip diéu khién MAPE: Giai doan giam sat (M), phan tich (A), 1ap ké hoach (P) va
thuc thi (E) [88]. Chu ky diéu khién lién tuc lip di 1ap lai theo thoi gian.



Mot s6 kho khin cho cac ki thuat AS hién tai 13: (1) méi trudng lién tuc, viéc
lya chon hanh déng hién tai s& anh hudng dén cac hanh dong trong twong lai; (2) co
s& ha ting CC phuc tap, khong ddng nhat vé co sé ha tang va dich vy gdy khé khin
cho viéc md phong cac mé hinh chinh xac méi truong thuc thi; (3) tai cbng viéc co
tinh chat dong va khong theo quy luat 1am cho viéc du doan tai cong viéc va viéc ra
cac quyét dinh diéu chinh chwa duoc chinh x4c. Trong méi trudng CC, bo diéu khién
AS hoat dong nhu mot tac nhan yéu cau giai quyét cac bai toan tuan ty, trong d6 hanh
dong & trang thai cu thé s& anh hudng dén hanh dong trong twong lai. Nhu vay, can
xay dung giai phap cho cac hanh dong theo tinh hudng cu thé. Tir d6, giai phap sé& chi
ra cac quyét dinh ma bo AS can thuc hién dua trén céc tinh hudng khéac nhau (tuc 1a:
cac trang thai caa ing dung trong CC).

Mot s6 khé khan va thach thirc can dugc giai quyét trong viéc xay dung cac giai
phap AS da duoc chi ra trong cac khao sat [3, 68, 88], nhu:

- C4c nghién cau vé AS & mac dich vu con han ché. AS bao gom cac mé hinh
dich vu dam may da dang, nhung hau hét cac nghién ciru chi tap trung vao muc co s
ha tang. AS & muc dich vu 12 quan trong nhu céc dich vu dang chay trén mot tap hop
cac VM duoc két ndi va QoS phu thudc vao cach AS xur Iy cac tai nguyén cho cac
VM nhu thé ndo. Cac sé do mirc d6 dich vu nhu sé giao dich trén mdi don vi thoi
gian can phai duoc anh xa toi cac sé do muc hé thong nhu 1a: ty 16 mac d6 st dung
CPU, mang va van dé vao ra (10) cua 6 dia.

- Céc cong cu dé giam sat khong du, viéc két hop cac phép do & mirc nén tang
va muc dich vu dé hd tro viéc ra quyét dinh AS con han ché.

- AS trong méi truong CC hdn hop ciing khong duoc hd tro tot. Dam may hdn
hop, trong d6 c¢6 mét phan tng dung duoc trién khai trén dam may riéng va phan khéac
duoc trién khai trén dam may cong cong. Trong truong hop nay, cic ddm may cong
cong va dam may riéng co thé cung cap cac giai phap AS khac nhau ma khong twong
thich véi nhau, do d6 s& c6 van dé khong twong thich giita cac tai nguyén AS trén hai

dam may.



- Hiéu qua cia AS theo dd tin cay cia qué trinh AS khéng duoc quan ly tot. That
bai cuia qua trinh AS c6 thé dan dén vi pham cac yéu cau vé QoS cua hé théng nhur 1a:
van d¢ hiéu nang, kha nang co gian va tham chi phai chiu chi phi khong can thiét.

- Han ché vé cac nghién ctu chi ra mdi quan hé gitra AS va cac thugc tinh khac
nhu: d6 san sang, d6 tin cay va do an ninh. Vi du, cac cudc tan cong tir chdi dich vu
DDoS c6 thé gay ra mét dich vu AS dé mé rong hé théng khong can thiét va do do
lam tang chi phi van hanh.

- X4c dinh anh huéng cua cac co ché hé théng co ban dén dich vu AS trong CC,
nhu k¥ thuat can bang tai, 1ap lich hay di trd, tir d6 dwa ra cac giai phap méi thich
nghi trong diéu kién AS nham nang cao hiéu niang dam may.

- Céc giai phap AS da duoc dé xuat trong cac cong trinh duoc danh gia va thuc
nghiém trén cac moi truong va cdng cu khac nhau. Mai giai phap déu c¢é nhitng wu
va han ché nhat dinh. Do d6, hién van chua c6 giai phap AS hiéu qua nhat trén mot
moi truong hay cdng cu nhat dinh. Nghién ciu vé céac giai phap AS trong CC hién
van 1a vin d¢é ma cho cac nha nghién cau.

Cong dong nghién ctiru da dé xuat ra mot sé giai phap AS, nhu giai phap dya trén
ly thuyét diéu khién [2], du trén Iy thuyét hang doi [34, 101], diéu khién mo [50], phan
tich chudi thoi gian va dy doan [35] nhung chua giai quyét day du tinh dong cua cac
ing dung CC. Cac xu huéng gan day, giai phap dua vao bo diéu khién tu té chirc co
thé phd hop véi d6 phic tap cua bo diéu khién dam may [11, 32]. Tuy nhién, né van
phu thudc vao nguoi sir dung dam may phai xac dinh va cau hinh bo diéu khién dam
may. Do cé4c nha cung cip dam may khong biét chi tiét vé cac tng dung duoc trién
khai 1am cho khé khan dé dua ra mot tap luat toi wu. Nhu vay, viéc xac dinh tap luat
nay lai duoc giao cho nhitng ngudi sir dung CC, nhitng ngudi nay lai khdng hiéu biét
Vé tai cong viéc, co sé ha tang hay mé hinh hiéu nang. Nhu trong cong trinh [50] d4 sir
dung logic m& dé kham phé tri thiee trirc quan cua con ngudi, chuyén tri thirc ny thanh
mét tap luat NEU-THI dé thyc hién AS. Tuy nhién, do tap luat ndy phai duoc xac dinh
ngay tir khi bat dau xay dung bd AS nén cé thé gap nhiing van dé sau: (1) tri thirc c6

thé khong c6 san, ngudi ding khdng thé tao ra bat ky luat nao; (2) tri thirc c6 thé cd sin



nhung c6 ting phan, nguoi dung chi c6 thé xac dinh cac luat mot phan cho mot s6
truong hop; (3) tri thac khdng phai ludn tdi wu, ngudi ding c6 thé xac dinh céc luat
nhung chiing khéng ¢ hiéu qua, vi du: cac luat du thira; (4) tri thie ¢ thé dugc chinh
xac di véi mot sb luat nhung c6 thé it chinh xac dbi voi mot sé luat khéc, vi du: cac
luat chtra su khong chic chin va tly thuoc vao mac d6 tri thie wu tién; (5) tri thie c6
thé can phai thay d6i trong thoi gian thuc hién, cac luat cé thé duoc chinh x&c tai thoi
gian thiét ké nhung c6 thé thay doi trong thoi gian chay. Két qua 13, ngudi st dung cac
luat d3 duoc dinh nghia trude ¢6 thé dan dén quyét dinh diéu chinh tbi wu cuc bo va
t6n tien tra cho cac nha cung cap ung dung CC.

Dé khic phuc han ché trén, luan an nghién ctru va dé xuat giai phap AS tai
nguyén hiéu qua trong CC bang céach str dung bo diéu khién mo két hop véi phuong
phap hoc ting cudng — hoc Q md [54] dé diéu chinh va cai thién céc chinh sach AS
khi thuc hién. Phuong phap hoc tang cuong duoc st dung la hoc Q, cho phép hé
théng hoc tir sy twong tac voi méi trudng, trong d6 viéc hoc dugc thuc hién thong
qua co ché phan thuong [23]. Su két hop cua diéu khién mo va hoc Q md tao ra mot
co ché ty thich nghi manh mé, trong d6 diéu khién mo thue hién viéc 1ap luan & mac
do triru teong cao hon, 1ap luan gidng con ngudi va hoc Q cho phép thich nghi voéi
bo diéu khién. Bo AS nay c6 thé bat dau 1am viéc ma khong can ¢ tri thic ban dau
(v&i tri thirc ban du rdng), va tri thirc s& c6 duogc trong thai gian thuc hién, thong qua
co ché tién hoa tri thirc dé hoc duoc tap luat tdi wu dung dé diéu chinh tai nguyén theo
c4c tham sb dau vao.

Ngoai ra, luan an con nghién ciru mot sé van dé c6 anh huong dén hiéu ning
cua hoat dong dich vu AS nhu céc k¥ thuat co ban cua CC: k¥ thuat can bang tai, di
trd. Tiép theo, luan an ciing nghién cru cac mo hinh hang doi d& mé hinh hé théng
CC va dé xuat mot mé hinh CC st dung mang hang doi — mang Jackson mo nham
danh gia mot sé s do hiéu ning trong hé théng CC. Trong twong lai, c6 thé tién hanh
thir nghiém maot co ché AS trén CC, trong d6 cac cong thirc phan tich cua mo hinh dé
Xuat dugc sir dung dé phan tich tai nguyén tu dong nham dap ng cac muc tiéu QoS

theo tai cong viéc thay doi.



3. MUC TIEU CUA LUAN AN

Muc tiéu cua luan &n 1a nghién ctru dé xuét giai phap AS tai nguyén trong CC
nham duy tri hiéu ning hoat dong cua cac trung tam dit liéu CC, tan dung tdi da tai
nguyén cap phat dap tng kip thoi nhu cau cua ngudi dung, dong thoi giam chi phi
cho nguoi dung dam may.

Luan &n tap trung vao cac van dé sau:

- Nghién citu mét s6 co ché co ban c6 anh huéng dén hoat dong AS trong CC,
d6 1a ki thuat can bang tai va di trd trong CC. Sau d6 dé xuat mot ky thuat can bang
tai va mot ky thuat di trd hiéu qua trong CC. Panh gia anh hudng cua cac ky thuat
can bang tai dén hiéu qua dich vy AS trong méi truong CC.

- Nghién ctru va dé xuat mot mé hinh mang hang doi mé cho mé hinh CC khong
d6ng nhat vé co sé ha ting nham danh gia mot s6 s6 do hiéu ning quan trong trong
CC, nhu thoi gian dap tng trung binh, sé lugng may chi dang hoat dong, thoi gian
doi trung binh, thong luong,... Pay 1a cac tham sb quan trong cho hé thong AS tai
nguyén trong moi truong CC.

- Nghién ctru va dé xuat giai phap AS tai nguyén theo nhu cau hiéu qua trong
moi truong CC, dam bao duoc hiéu ning cua CC, duy tri QoS, dong thoi tiét kiem
chi phi cho khach hang.

4. POI TUQNG VA PHAM VI NGHIEN CUU

Déi tuong nghién ctru cua luan an 1a cac giai phap k¥ thuat co ban nhu k¥ thuat
can bang tai va di tr trong CC; mé hinh héa méi trudng CC bang mot md hinh mang
hang doi mao; va giai phap AS tai nguyén hiéu qua trong CC.

Pham vi nghién ctru cta luan an tap trung &p dung cac giai phap, k¥ thuat trén
nén tang co sé ha tang CC.

5. PHUONG PHAP NGHIEN CUU

Phuong phap nghiéu cau cua luan an la:

- V&i noi dung 1: Luan &n nghién ctu cac ki thuat can bang tai va di trd trong
CC hién ¢, chi ra van dé han ché, sau d6 dé xuat giai phap dé khac phuc nhitng han

ché d6. St dung thuc nghiém dé danh gia tinh hiéu qua cua k§y thuat dé xuat.



- V6i noi dung 2: Luan &n nghién ctu cac mé hinh mang hang dgi — mang
Jackson mé, dé dé xuit ra mot mé hinh cho hé théng CC. Sir dung mé phong dé danh
gia tinh ding dan ciia mo hinh dugc dé xuét.

- Vé6i noi dung 3: Luan an nghién ctiu logic mo va hoc ting cudng dé dé xuat ra
bd AS hiéu qua cho CC. Sir dung thuc nghiém dé so sanh, danh gia voi cac giai phap
hién cé.

Vé thuc nghiém va mé phong: Luan an thuc hién thir nghiém céc ky thuat, giai
phap d& xuat dwa vao céng cu md phong CC hoic ty 1ap trinh mé phong trén ngon
ngtr l1ap trinh Java va cong cy moé phong CloudSim [15], st dung co s& dit li¢u sinh
ngau nhién, hoac lay bo dit liéu trén Internet, hodc duogc thiét 1ap cb dinh theo ciu
hinh nhat dinh, ...

6. CAC PONG GOP CUA LUAN AN

DPong gop cua luan &n bao gom:

- Pé xuat mot ky thuat can bang tai hiéu qua va mot k§ thuat di tri hiéu qua trong
CC tao diéu kién thuan lgi cho viéc diéu chinh tai nguyén gidp cai thién hiéu ning cta
c4c trung tm CC. Pa minh chting co ché c&n bang tai c6 anh hudong dén tinh hiéu qua
cta co ché AS tai nguyén va ki thuat can bang tai dugc dé& xuit cé tac dong tich cuc
dén AS tai nguyén. Két qua nghién ctru dugc cong b trong cac cong trinh TCNN1,
TCTNL1, HNQTI1, HNQT?2 va dugc trinh bay trong Chuong 2 cua luan an.

- P& xuat mot md hinh CC sir dung mang hang doi — mang Jackson ma, 1am co
s dé danh gia cac théng sé quan trong vé hiéu ning cua CC. Két qua dugc cong bd
trong cong trinh TCNN3 va duoc trinh bay trong Chuong 3 cua luan an.

- Pé xuat mot giai phap AS tai nguyén hiéu qua trong CC: xay dung mot bo AS
str dung két hop k¥ thuat hoc ting cuong va diéu khién logic mo. Két qua dugc cong
bd trong cac cong trinh TCNN2, HNQT3, HNTN1 va dugc trinh bay trong Chuong
4 cua luan an.
7.BO CUC CUA LUAN AN

Luén an dugc xay dung thanh bn chuong nhu sau:



Chuwong 1: Téng quan vé tr dong diéu chinh tai nguyén trong dién toan
dam may

Gidi thiéu tong quan vé AS trong CC. Trinh bay khéi niém vé AS trong CC; cac
phuong phap diéu chinh trong CC; phan loai cac ky thuat AS tai nguyén cing véi cac
cong trinh di cong bd, danh gia nhitng wu diém va han ché cua tirng k¥ thuat. Ngoai
ra, con trinh bay vé kién triic tng dung da tang trong CC, nén tang thuc nghiém va
tai cong viéc trong CC.

Chwong 2: Cac @@ xuit co ché co ban cd anh huwéng dén tu dong diéu chinh
tai nguyén trong dién toan dam may

Chuong nay, luan an s& trinh bay két qua nghién ctru cac co ché hé thdng co
ban c6 anh hudng dén chat luong dich vu AS trong CC, cu thé 1a dé xuat duoc mot
k¥ thuat can bang tai va mot ky thuat di tri hiéu qua. Sau d6, luan an da danh gia vé
anh huang caa cac ky thuat can bang tai dén tinh hiéu qua cua dich vu AS tai nguyén
trong CC.

Chwong 3: Pé xuat mdt mdé hinh mang hang doi cho hé thong dién toan
dam may

Trinh bay vé mé hinh mang hang doi — mang Jackson mé duoc dé xuat cho méi
truong CC khong dong nhét, danh gia cac sé do hiéu ning cua hé théng: thoi gian
dap ung trung binh, thoi gian cho, thong lugng, ... Pay 1a nhitng théng sb quan trong,
c6 thé 1am dau vao cho cac bo AS tai nguyén trong CC.

Chuwong 4: Giai phap tw déng diéu chinh tai nguyén cho #ng dung da ting
trén dién toan dam may

Trinh bay giai phap AS hiéu qua duoc dé xuat trong CC st dung bo diéu khién
mo két hop voi phuong phap hoc ting cudng. Viée danh gia va kiém chang giai phap
dé xuat théng qua thuc nghiém, so sanh vai cac giai phap AS hién co.

Cubi cuing 12 mot sb két luan va hudng phét trién cua luan an.
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CHUONG 1 : TONG QUAN VE TU PONG PIEU CHINH TAI NGUYEN
TRONG DPIEN TOAN PAM MAY

Chuong nay trinh bay tong quan vé AS tai nguyén trong méi truong CC va
nhitng van dé lién quan dén noi dung luan &n, nhu: khai niém vé AS tai nguyén, phan
loai cac ki thuat AS tai nguyén, tong quan vé cac cong trinh lién quan dén cac ky
thuat AS. Bén canh d6 ciing trinh bay vé vong lap diéu khién MAPE trong AS tai
nguyén trén CC, kién trlc tng dung da tang, nén tang thuc nghiém va tai cong viéc
trong CC.

1.1. CO SO LY THUYET
1.1.1. Khai niém vé tw dong diéu chinh

Hién c6 mot s6 hdng cong nghé, cac to chic va nha nghién ctru da dua ra cac
dinh nghia vé AS theo cach riéng cua ho. Duédi day 1a mot sé dinh nghia vé AS.

Theo Gartner®: “AS la tw dong mo réng hay thu nhé khd ndng ciia hé thong tao
nén tinh san sang cho cac #ng dung va 1a mét déc trung mong muén nhdt trong ddam
may laaS va PaaS cung cap. Khi c6 thé, ngiroi thué céng nghé nén si dung dé phu
hop Véi kha nang dwroc cung cdp cho nhu cau cua ing dung va tiét Kiém chi phi.”

Theo TechTarget: “AS 1& mét ddc trung dich v CC dé tw dong thém hodc logi
bé cac tai nguyén tinh todn tly thugc vao viéc sir dung thuec té. AS déi khi dwroc goi 1
tinh dan hoi ty dong.”

AS 1a cach dé diéu chinh tang 1én hodc diéu chinh giam xudng mét cach ty dong
s6 lugng tai nguyén tinh toan dang duoc cap phat cho cac tng dung cua khach hang
dwa vao nhu cau cua khach hang ¢ bat ky thoi diém nao.

Theo Techopedia®, AS Ia mot dic trung ctia CC cho phép nguoi ding AS céc
dich vu dam mdy, nhu cac VM va kha ning caa VM, ting 1én hoic giam xudng, tly
thudc vao tinh hudng cu thé. Cac nha cung cap CC, nhu Amazon Web Services

(AWS), cung cip dic trung nay. AS ciing dam bao cac VM mdi duoc ting 1én kip

! https://www.gartner.com/doc/2651015/technology-overview-autoscaling. Truy cdp ngay 10/7/2018.
2 https://searchcloudapplications.techtarget.com/definition/autoscaling. Truy cdp ngay 10/7/2018.
8 https:/iwww.techopedia.com/definition/29432/auto-scaling. Truy cdp ngay 10/7/2018.



https://www.gartner.com/doc/2651015/technology-overview-autoscaling
https://searchcloudapplications.techtarget.com/definition/autoscaling
http://www.techopedia.com/definition/29432/auto-scaling

thoi khi nhu cau tang dot bién va giam xudng khi nhu cau giam, cho phép thuc hién
nhat quan dam bao chi phi thap hon.

Tuy nhién, trong mot sé trudong hop, AS thuc sy lam tang chi phi vi né khong
phai ludn ludn co thé xac dinh viéc ting dot bién tai cong viéc 1a dung (hop 1) hay
no 1a két qua caa mot cudc tan cong tir chdi dich vu (DDoS), khi cac may chu diéu
chinh dé dap tng luu lugng tang dot bién nay. Piéu nay tao ra mot chi phi 13ng phi
khong co loi. Giai phap 1a can c6 mot cdng cu giam sat thong minh hon dé cé thé
phan biét gitra luu lwong thuc té va mot cudc tan cong.

Theo quan diém hoc thuat, AS 1a kha ning cua co s ha tang CC cho phép cung
cap tu dong cac tai nguyén ao hoa [14, 44]. Tai nguyén duoc si dung bai céc tng
dung dya trén dam may c6 thé duoc tu dong ting 1én hodc giam xudng, do d6 thich
hop cho viéc sir dung tai nguyén theo nhu cau cua ¢ng dung.

r vong lap MAPE I\ a Ung dung I

tw dong diéu chinh Tierl

Giam sat (M) VM VM VM
Phan tich (A) G—

Tier2
K& hoach (P)

= VM VM VM
\ % \ J

$ ]

laaS

VM VM VM VM VM VM

Giam sat 3o héa

Tai nguyén vat ly

Hinh 1.1: Mot dang hé thong AS don gidn
Mot hé thong AS don gian dugc chi ra nhu trong Hinh 1.1. L&i 12 b AS, ¢d thé
bao gom nhiéu thanh phan xu 1y logic. Qué trinh AS phi hop véi vong lap diéu khién
MAPE cua hé théng tuy tri [88]. Dau tién, hé thong giam sét thu thap théng tin vé trang

thai hé théng va trang thai tng dung. Bo AS bao gom cac giai doan phan tich va lap
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ké hoach: n6 st dung thong tin thu thap dugce dé udc tinh muac sir dung va nhu cau tai
nguyén trong twong lai (phan tich) va sau do6 1ap ké hoach hanh dong stra doi tai
nguyén phi hop, vi du: loai bo VM hozc thém bd nhd bo sung. Sau d6, nha cung cap
s& thuc hién cac hanh dong theo yéu cau cua bo AS.

Tuy nhién, dang hé théng AS don gian nhu vay c6 nhiing han ché, vi né xu ly
khong hiéu qua khi tang do phuc tap trong thoi gian chay cua moi truong dam may,
nhu, tai cong viéc dong/ thay doi va tai cong viéc khong chic chan, hiéu ning QoS
va tinh khong dong nhat cua céc dich vu trén dam may. Véi co so ha ting duoc chia
sé ciia dam may, qua trinh AS can phai biét va cd thé xu Iy cac yéu cau QoS. Piéu
nay do viéc cai thién hiéu nang QoS cua mét dich vu c6 thé 1am suy giam céc dich
vu va cadc VM lan can, 1am anh huong tiéu cuc dén chat luong tong thé cua AS va
tinh dan hoi.

Dé cai thién chat lugng thich nghi, cac hé théng AS hién dai thuong bd sung
thém cac khia canh tinh vi khac, gdm mé hinh hoa, xac dinh d chi tiét cua viéc diéu
khién va ra quyét dinh. M6 hinh héa lién quan dén mé hinh QoS, diéu kién méi truong
(vi du: tai cong viéc) va nhu cau cua cac nat diéu khién (vi du: cau hinh phan mém
va tai nguyén phan cang). Cac mé hinh két qua 1a mot céng cu manh mé dé hd tro
qua trinh ra quyét dinh AS.

Viéc xac dinh mirc d6 chi tiét diéu khién trong bo AS 1a diéu can thiét dé dam
bao loi fch (vi du: QoS va cac muc tiéu chi phi) cho tat ca dich vy trén ddm may. Mot
s6 muc tiéu cu thé cd thé dugc xem xét doc 1ap so véi mot sé muc tiéu khac. Hién co
muc tiéu phu thuoc cho ca cac dich vu bén trong va bén ngoai. Tuc 13, su phu thudc
muc tiéu khéng chi do tinh chat (dich vu bén ngoai), vi du: myc tiéu théng luong va
chi phi cia mét dich vu; ma con phai xt ly yéu cau QoS (céc dich vu bén trong) do cac
dich vu cling ndam trén VM va céc VM ciing trén mot PM [13, 71, 79, 113].

Tiép theo 1a qué trinh ra quyét dinh tr dong cua b AS dé tao ra quyét dinh ti uu
(hodc gan tdi uu), bao gdm céc gié tri moi duoc cau hinh cua cac yéu t didu khién va
cho tat ca cac muc tiéu lién quan. Theo khéch quan, viéc ra quyét dinh AS doi hoi phai

giai quyét sy can bang phuc tap giira yéu cau SLA va ngan sach. Quyét dinh can bang
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6 thé duoc thuc thi bang cach sir dung cac hanh dong diéu chinh theo chiéu doc
va/hoic theo chiéu ngang, diéu chinh twong Gng vai cac dich vu trén ddm may va/hoic
cac VM.

Nhu d3 dé cap o trén, bai toan AS lién quan tryuc tiép dén vong lap diéu khién
MAPE. Trong phan tiép theo s& tim hiéu vé vong lap diéu khién MAPE.

1.1.2. Vong Lip diéu khién MAPE

Muc dich ctiia bo AS l1a diéu chinh cac tai nguyén tu dong dé gan cho céc tng
dung dan hdi, tiy thudc vao tai cong viéc dau vao. Bo AS cd thé 1a trién khai/ thuc
hién adhoc cho mét tng dung cu thé hoac dich vu dugc cung cap bai nha cung cap
laaS. Trong moi trudng hop, hé théng can phai tim sy can bang giira viéc dap ung
SLA cua trng dung va viéc téi thiéu chi phi thué tai nguyén dam may. Vi bat ky bo
AS nao ciing phai d6i mat véi mot sb van dé sau:

- Cung cdp tai nguyén qua it: Ung dung khong c6 du tai nguyén dé xu Iy tat ca
c4c yéu cau dén trong gigi han thoi gian duoc thiét lap trong SLA.

- Cung cdp tai nguyén qué nhiéu: Trong trudng hop nay, tng dung c6 nhiéu tai
nguyén hon so véi nhu cau dé thoa man SLA. Piéu nay dap tmg duge SLA, nhung
khach hang dang phai tra mot chi phi khéng can thiét néu cac VM khong c6 tai hoac
it tai.

- Dao dgng: Mot su két hop ctia ca hai qua trinh cung cap ¢ trén sé tao ra nhiing
tac dong khong mong muén. Dao dong xay ra khi cac hanh dong diéu chinh duoc thuc
hién qua nhanh, trudc khi c6 thé thay tac dong dén timg hanh dong diéu chinh trén ang
dung. Giir bd dém dung luong (nham giit cho VM & mic 80% thay vi 100%) hoic st
dung chu ky lam mat 1a cac phuong phap pho bién dé tranh dao dong.

D4y 1a bai toan diéu khién tu dong ¢ dién, doi hoi mot hé thong AS cac loai tai
nguyén va sé lugng tai nguyén dugc cap phat dé dat dugc muc tiéu hiéu nang nhat
dinh, duoc phan &nh trong SLA. N6 thudng duoc thuc hién nhu mot vong lap diéu
khién MAPE [88]. Chu ky kiém soéat lién tuc lap di 1ap lai theo thoi gian. Mdi giai
doan trong vong lap MAPE nhu sau:
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1.1.2.1. Giai doagn giam sat (M)

Mot hé thdng AS doi hoi sy hd trg ciia mot hé théng giam sat cung cap cac phép
do vé nhu cau cua nguoi dung, trang thai hé thdng (&ng dung) va tuan theo SLA dy
kién. Thong qua APL co s& ha ting dam may cung cap, truy cap thong tin hitu ich
cho ban than nha cung cip (vi du: dé kiém tra chirc ning chinh x4c ctia co s& ha tang
va mirc do str dung) va khach hang (vi du: dé kiém tra viéc tuan theo SLA).

Hé thong can phai giam sat mot sé s6 do hiéu ning dé xac dinh xem cé4c hoat
dong AS ¢ can thiét hay khéng va ching 1am thé nao dé thuc hién.
1.1.2.2. Giai dogn phan tich (A)

Giai doan phan tich bao gom viéc xtr Iy céc sé liéu duoc thu thap truc tiép tir hé
théng giam sat, thu thap tir dix liéu vé muc st dung hé théng hién tai va cac du doan
tly chon vé cac nhu cau trong twong lai. Mot s6 bo AS khdng thuc hién bét ky loai
du doan nao, chi dap ng véi trang thai hé thong hién tai: d6 1a bg AS bi déng. Tuy
nhién, sir dung céc ky thuat khac dé du doan nhu cau trong twong lai nham sap xép
viéc cung cap tai nguyén véi du doan dua s6 luong: d6 13 bé AS chi déng. Dy doan 1a
quan trong vi ludn co do tré thoi gian khi mot hanh dong AS duoc thuc hién (vi du:
thém mot VM) cho dén khi n6 ¢6 hiéu luc (vi du: phai mat vai phat d¢é gan PM va
trién khai VM, di chuyén hinh anh VM vao né, khéi dong hé diéu hanh va ang dung,
va may chu hoat dong hoan toan [73]). Bo AS bi dong co thé khong thé diéu chinh
trong trudng hop tang luu luong bat ngo (vi du: sy Kién vu dai dic biét hoac hiéu tng
Slashdot). Do d6, bo AS chii dong c6 thé duoc sir dung dé d6i phd véi nhu cau bién
dong va co thé diéu chinh truéc.

Trong giai doan phan tich, hé théng sé xac dinh xem c6 can dé thuc hién hoat
dong diéu chinh dwa trén thong tin duoc giam sat.
1.1.2.3. Giai doan 1gp ké hoach (P)

Khi trang thai hién tai (hoic twong lai) duoc biét (hodc duoc du doan), bo AS
lap ké hoach diéu chinh céc tai nguyén dugc gan cho tng dung dé tim sy can bang
thich hop gitra chi phi va viéc dap ung theo SLA. Vi du vé cac quyét dinh diéu chinh

loai b6 mot VM hoic thém nhiéu bo nhd hon cho mot VM cu thé. Cac quyét dinh s&
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dugc dua ra bang cach xem xét dit liéu thu duoc tir giai doan phan tich (hoac truc tiép
tir hé thdng gidm sat) va muc tiéu SLA, ciing nhu cac yéu té khac lién quan dén co
s& ha ting ddm may, bao gdm cac mo hinh gia va thoi gian khai dong VM.

Giai doan 1ap ké hoach u6c lwgng bao nhiéu tai nguyén trong toan bo tai nguyén
can duoc cung cap/giai phong trong hanh dong diéu chinh tiép theo. No ciing can
duoc toi vu hoa cac thanh phan cua tai nguyén dé giam thiéu chi phi tai chinh.
1.1.2.4. Giai dogn thuc hi¢n (E)

Giai doan nay gom viéc thuc hién cac hanh dong diéu chinh dugc quyét dinh
trong budc trudc. Vé mat khai niém, day 1a giai doan don gian, dugc trién khai thong
qua API cia nha cung cap CC. Su phuic tap thuc su dugc an chtra bén phia khach hang.
Can phai mat mot thoi gian tir thoi diém tai nguyén duoc yéu cau cho dén khi né thuc
su $an sang va gigi han vé nhitng do tré nay c6 thé 1a mot phan trong SLA.

Giai doan thyc thi cd trach nhiém xtr ly cac ké hoach diéu chinh dé cung cap/giai
phong céc tai nguyén. Piéu nay don gian va cé thé duoc thyc hién bang céch goi cac
ham API cta nha cung cip dam may. Tuy nhién, tir quan diém k§ thuat, c6 thé hd tro
cac ham API cua cac nha cung cap khéac nhau 1a mot nhiém vu rat kho khan.

1.1.3. Phwong phép diéu chinh

AS tai nguyén trong méi trudng CC c6 thé dugc thuc hién diéu chinh theo chiéu
doc, theo chiéu ngang hozc c6 thé 1 két hop cua hai phuong phéap nay (Hinh 1.2). MJi
phuong phap déu c6 wu diém va han ché cia no.
1.1.3.1. Piéu chinh theo chiéu dec

Diéu chinh theo chiéu doc c6 nghia 13 thém hoac loai bo tai nguyén, bao gom
CPU, bd nhé, 10 va mang, vao hoac tir VM hién c6 (vi du Hinh 1.3). Bé tu dong thuc
hién cac hanh dong nay, b giam sat sir dung céc co ché nhu chia s¢ CPU va ting bo
nhé, dé hd trg hot-plug CPU va bo nhé. Tuy nhién, cac nha cung cap CC 16n, nhu
Amazon, Google va Microsoft, khdng hd trg phwong phap diéu chinh cac tai nguyén
trong thoi gian chay. Trong nhitng nén tang nay, trudc tién 1a can phai tit VM dé

thém tai nguyén. Mot sé nha cung cap nhu CenturyLink* cho phép ngudi dung diéu

4 https://www.ctl.io/autoscale/
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chinh céc 16i CPU ma khéng c6 thoi gian chét theo chiéu doc. Profitbricks® cho phép

thém ca CPU va b6 nhé cho VM mot cach tu dong.

PHUONG PHAP
DPIEU CHINH

l
l l

PIEU CHiNH THEO PIEU cHiNH THEO
CHIEU DOC CHIEU NGANG

Hinh 1.2: Phuwong phap diéu chinh trong CC

Diéu chinh theo chiéu doc duoc xem 1a khong phii hop cho cac ang dung cé kha
nang diéu chinh cao do nhiing han ché cua nd. Vé mit 1y tuong, kha ning tdi da mot
VM c6 thé diéu chinh dugc bang kich thudc cia PM. Tuy nhién, nhiéu VM thuong
trd trén cung mot PM c6 canh tranh tai nguy@n, do d6 c6 gidi han hoic ranh gigi vé
kha nang diéu chinh. Mic du c6 han ché, AS theo chiéu doc nhanh hon so voi AS
theo chiéu ngang vé mat thoi gian cung cap vi n6 ¢6 thé ¢ hiéu luc ngay lap tic. Bén
canh d6, mot sé dich vu hoic céc thanh phan ma kho cé thé nhan ban trong thoi gian
chay, chang han nhu may chi co sé dit liéu va may chii tng dung & trang thai hét

dung lugng, c6 thé sir dung diéu chinh theo chiéu doc.

Hinh 1.3: Vi du vé diéu chinh theo chiéu docé

5 https://www.profitbricks.com/help/Live Vertical Scaling
6 https://dzone.com/articles/vertical-scaling-and-horizontal-scaling-in-aws. Truy cdp ngay 08/10/2018.
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1.1.3.2. Piéu chinh theo chiéu ngang

Diéu chinh theo chiéu ngang lién quan dén viéc thém/loai bo mot sé don vi xir
ly hoac PM vao cum/hé thong. Phuong phép nay 1a ¢t I18i cua tinh nang dan hoi trong
CC, thuc hién thém/loai bo mot s6 VM trong cum/hé théng (vi du Hinh 1.4). Hau hét
cac nha cung cap CC cung cap cac VM dugc chuan hda vé kich ¢& khac nhau dé
khach hang lra chon. Mot sé nha cung cap khac cho phép nguoi dung tdy chinh cu
hinh cac VM vi s6 luong core CPU, bd nhé va bang thong mang. Bén canh do, nhiéu
mé hinh gia cung ton tai trén thi trudng ddm may hién nay, 1am ting thém tinh phic

tap ciia bai todn cung cap tai nguyén.

2.8
o]

i)
'sn [ 'sn [

Hinh 1.4: Vi du vé diéu chinh theo chiéu ngang”

Tinh khéng dong nhdt: Véi mot tang/dich vu don trong tng dung web, néu viéc
thanh toan 1a hang sd, thi viéc sir dung cac VM ddng nhat c6 thé chap nhan duogc vi
n6 d& dang quan ly. Khi dé, nha cung cip dam may cung cip céc dich vu AS chi cho
phép str dung cac VM dong nhat. Lua chon loai VM nao d6 1a trach nhiém cua nguoi
str dung trong bo AS thuong mai. Giai phap téi vu phu thudc vao cau trdc tai nguyén
cua tang/dich vy, cho du d6 1a tng dung chuyén sau vé CPU hoic bo nhé va dic trung
tai cong viéc. Néu tai cong viéc luon du 16n, kich ¢& cac VM khac nhau 1am cho ¢
su khac biét trong xur ly. Trong khi dé d6i vai mot tai cong viéc nho va bién dong,
cac VM nho hon dugc sir dung vi thuc hién diéu chinh c6 thé duoc tién hanh & mic

d6 chi tiét min hon va do d6 tiét kiém chi phi hon.

7 https://dzone.com/articles/vertical-scaling-and-horizontal-scaling-in-aws. Truy cdp ngay 08/10/2018.
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Hiéu qua chi phi cia VM rat cao lién quan dén loai (tng dung va tai cong
viéc. Néu c6 nhirng bién dong xay ra, viéc lra chon loai VM ciing nén duoc cau hinh
lai. Grozev va Buyya [39] dé xuat phuong phap phat hién nhiing thay doi truc tuyén
bang cach sir dung md hinh bd nhé tam thoi phan cip va mot mang noron nhan tao
duoc huan luyén tu dong va sau d6 chon lai loai VM hiéu qua nhat vé chi phi.

1.1.4. K¥ thuit tw dong diéu chinh

Theo khao sét cua Lorido-Bortran va déng nghiép [68] dd phan chia k¥ thuat
diéu chinh thanh niam loai: k¥ thuat sir dung luat dua vao ngudng, ky thuat st dung
hoc tang cuong, ki thuat sir dung Iy thuyét hang doi, k¥ thuat sir dung ly thuyét diéu
khién va k¥ thuat st dung phan tich chudi thoi gian (Hinh 1.5).

Ky thuat
tu dong diéu chinh
: : ! : }
Ky thuat su Ky thuat st Ky thuét su Ky thuat sir Ky thuat st
dung luat dua dung hoc ting dung 1y thuyét dung 1y thuyét dung phan tich
vao ngudng cuong hang doi diéu khién chudi thoi gian

Hinh 1.5 Phan loai cdc ky thudt AS

1.1.4.1. Ky thugt si dung ludt dwa vao ngwing

Céc luat hoic chinh sach AS dua trén ngudng 1a rat pho bién gitra cac nha cung
cap CC, nhu Amazon EC2 va c4c cdng cu cta bén thi ba nhu RightScale. Tinh don
gian va truc quan cua k¥ thuat nay khién né tré nén rat hap dan voi cac khach hang
dam may. Tuy nhién, viéc thiét lap cac ngudng twong wng cho mdi ung dung 1a mot
nhiém vu doi hoi c¢d su hiéu biét chuyén sau vé cac xu hudng tai cong viéc.

Tir vong lap diéu khién MAPE, céc luat hoan toan 1a mot ky thuat ra quyét dinh
(giai doan 1ap ké hoach). S6 lwong VM hoic sb luong tai nguyén duoc gan cho tng
dung dich sé& thay d6i theo mét tap luat, thuong co hai loai ra quyét dinh: mot 1a diéu

chinh mé rong/thu nho va hai 1a diéu chinh giam xubng/ting 1én.
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1.1.4.2. Ky thudt s dung hoc ting cwong

K3 thuat sir dung hoc tang cuong [97] 1a mét loai phwong phéap ra quyét dinh tu
dong da duoc sir dung trong bo AS. Khdng cd bat ky tri thirc uu tién nao, cac ki thuat
hoc ting cudng cd thé xac dinh hanh dong diéu chinh tt nhat dé thuc hién cho moi
trang thai caa tng dung, véi tai cong viéc dau vao.

Ky thuat st dung hoc tang cuong [97] tap trung vao viéc hoc thong qua turong
tac truc tiép gitta mot tac nhan (vi du: bo AS) va méi truong. Bo AS s& hoc tir kinh
nghiém (phuong phap thir sai) hanh dong diéu chinh tét nhat dé thyuc hién, phu thugc
vao trang thai hién tai, dugc dwa ra bai tai cong viéc dau vao, hiéu nang hoic tap hop
cac bién khac. Sau khi thuc hién mot hanh dong, bo AS nhan duoc phan hdi hoic
phan thuong (vi du: cai thién hiéu ning) tir hé théng, vé hanh dong d6 tét nhu thé
nao. Vi vay, bo AS sé& co xu hudng thue thi cac hanh dong mang lai phan thuéng cao
(hanh dong tét nhat dugc ting cuong). Han ché caa phuong phap nay 1a hiéu ning
khoi tao khéng tét, thoi gian huan luyén dai va van dé xua 1y dot bién tai cong viéc
dau vao.

Anh huong cia quyét dinh diéu chinh s& mat mot thoi gian dé c6 tac dong dén
g dung va phan thuong s& dén sau mot thoi gian tré. Phuong phap hoc ting cudng
dua ra quyét dinh véi thdng tin hién tai (trang thai tng dung) vé phan thudng tuong lai
(vi du: thoi gian dap tng). Phuong phap nay bao gdm hai giai doan trong vong lip diéu
khién MAPE: giai doan phan tich (A) va giai doan lap ké hoach (P). Trudc tién, théng
tin vé tng dung va phan thudng dugc thu thap trong bang tra ciu (hozc bét ky cau tric
nao khac) dé sir dung sau nay (giai doan phén tich). Sau do, trong giai doan lap ké
hoach, thong tin nay dugc sir dung dé ra quyét dinh hanh dong diéu chinh t6t nhat,
1.1.4.3. Ky thudt si dung ly thuyét hang doi

Ly thuyét hang doi co dién da duoc st dung rong rii dé md hinh hoa cc tng
dung Internet va cac may chu truyén thong. Ly thuyét hang doi cd thé duoc st dung
cho giai doan phan tich nhiém vu AS trong cac ung dung dan hoi, tire 13 uée luong
c4c s6 do hiéu niang nhu: do dai hang doi hoic thoi gian cho trung binh cho céc yéu

cau. Ly thuyét hang doi 1a mot nhanh cua xac suat théng ké, duoc ung dung trong
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nhiéu linh vuc khac nhau nhu: mang truyén thdng, hé théng ban vé, thanh toan trong
siéu thi, 1am tha tyuc tai san bay,... Ly thuyét hang doi tap trung tra 15i cac cau hoi
nhu: thoi gian cho trung binh trong hang doi, thoi gian dap tng trung binh cua hé
thdng (thoi gian cho trong hang doi cong véi thai gian phuc vu), tic 12 viéc sir dung
c4c thiét bi phuc vy, phan phéi s6 luong khach hang trong hang doi, phan phdi khach
hang trong hé thng.

Ly thuyét hang doi duoc sir dung dé phan tich cac hé thong co tinh chat ding,
dugc dic trung bai the 4o dén va tde d6 phuc vu khong ddi. Muc tiéu dé lay cac sé
do hiéu ning dya trén mo hinh hang doi va mot s tham sé da biét (vi du: toc do dén
). Vi du vé céc sb do hiéu ning la thoi gian cho trung binh trong hang doi va thoi
gian dap ung trung binh. Trong truong hop cé cac dieu Kién thay doi (tac 1a toe do
dén va téc do phuc vu khéng Ia hing s), chang han nhu cac tng dung c6 kha ning
ma& rong, cac tham sé ciia mé hinh hang doi phai duoc tinh toan lai dinh ky va cac sb
do duoc tinh toan lai.

C6 hai phuwong phap dé giai quyét cac bai toan mé hinh hang doi: bang phan
tich va bang md phong. Trudc day chi cd thé sir dung cac mé hinh hang doi don gian
c6 cac phan bé duoc xac dinh 16 rang cho cic qua trinh dén va qué trinh phuc vu, nhu
hang doi M/M/1 va G/G/1. Mot phuong phap phan tich ndi tiéng dé giai quyét céc
mang hang doi 1a phéan tich gia tri trung binh (MVVA) [76]. Khi phuong phap phan
tich khéng kha thi ddi véi cac mo hinh twong dbi phirc tap, phuong phap mé phong
van c6 thé dugc str dung dé thu duoc cac s6 do mong mudn.

Trong md hinh hang doi, viéc &p dung Luat cua Little rat hitu ich, cho biét s6
lugng khach hang trung binh (hodc yéu cau) E[C] trong hé théng bang voi toe do
khach hang dén trung binh A nhan véi thoi gian phuc vu trung binh cia mdi khéach
hang trong hé théng E[T]: E[C] = A x E[T].
1.1.4.4. Ky thudt si dung ly thuyér diéu khién

Ly thuyét diéu khién da duoc ap dung dé ty dong hoa viéc quan ly cac hé thong
xtr ly thdng tin khac nhau, chang han nhu hé théng may chu web, hé thdng luu trir va

cac cum trung tam dit liéu /cum may chu. Ddi véi cac ung dung dan hdi dugce luu trix
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trén dam may, mot hé thong diéu khién cé thé két hop ca hai giai doan cua nhiém vu
AS (giai doan phén tich va giai doan 1ap ké hoach).

Muc tiéu chinh cua bo diéu khién 1a ty dong hda viéc quan Iy (vi du: tc vu diéu
chinh) cua hé thdng dich. Bo diéu khién phai duy tri gié tri cua bién diéu khién y (vi
du: tai CPU), gan voéi mic mong mudn hoidc diém dugc thiét 1ap y,., bang cach diéu
chinh bién thao tac u (vi du: sé6 VM). Bién thao tac 1a dau vao cho hé théng dich,
trong khi d6 bién diéu khién duoc do bang bd cam bién va xem 1a dau ra cia hé thong.

C6 ba loai hé théng diéu khién chinh: vong lap ma, phan hdi va chuyén tiép
(feed-forward). Bo diéu khién vong lap mo, ciing dugc goi 1a khong phan héi (non-
feedback), tinh toan dau vao cho hé thong dich chi sir dung trang thai hién tai va md
hinh cua hé thong. Chung khéng sir dung théng tin phan héi dé xac dinh liéu hé théng
dau ra y da dat dugc muc tiéu mong mudn y,..¢ hay chua. Nguoc lai, bo diéu khién
phan hdi quan sat dau ra cta hé thdng va co thé stra bat ky do léch nao so véi gia tri
mong muén. Bo diéu khién chuyén tiép c¢b gang du doan 15i ¢ dau ra. Ching du doén,
st dung mot mo hinh, hanh vi caa hé thong, va dap tng trudc khi 18i thuc sy xay ra.
Du doan c6 thé khéng thanh cong va vi ly do nay, bo diéu khién phan hdi va bo diéu
khién chuyén tiép thuong dugc két hop véi nhau.

Bo diéu khién cd thé duoc phan thanh nhiéu loai [85]: Bo diéu khién khuéch dai
c6 dinh; Bo diéu khién thich nghi; Bo diéu khién du bao mé hinh (MPC);...
1.1.4.5. Ky thugt si dung phan tich chudi thei gian

Phan tich chudi thoi gian sir dung dix liéu lich st dé du doan viéc sir dung trong
tuong lai. Chudi thoi gian dugc sir dung trong nhiéu linh vuc bao gom tai chinh, k¥
thuat, kinh té va tin sinh hoc, thudng dai dién cho su thay ddi cia mot phép do theo
thoi gian. Mot chudi thoi gian 1a mot chudi cac diém dix liéu, duoc do thuong xuyén
tai cac khoang thoi gian lién tiép duoc thiét 1ap tai cac khoang thoi gian nhu nhau. Vi
du 1 sé luong yéu ciu dén tng dung, duoc thyuc hién trong khoang thoi gian mot
phat. Phan tich chudi thai gian c6 thé duoc str dung trong giai doan phan tich cua qua
trinh AS, dé tim cac mau lap lai trong tai cong viéc dau vao hodc dé cb gang du doan

Cac gia tri trong tuong lai.
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M6t cdng cu co ban dé biéu dién chudi thoi gian 1a biéu do. N6 lién quan dén
viéc phan bé cac gié tri caa chudi thoi gian vao cac khoang co chiéu rong bang nhau
va biéu dién tan s cho mdi khoang d6. N6 da duoc st dung trong cac nghién ctru dé
biéu dién cho mau sir dung tai nguyén hozic phan b va sau dé du doan cac gia tri
trong tuong lai.

1.1.5. Kién tric &ng dung da ting

Cac ung dung da tang bao gdm cac tang két ndi tuan tu. Tai mdi tang, cac yéu
cau dua vao tang trudc dé hoan thanh xu Iy hoidc né duoc chuyén dén tang tiép theo
dé xur Iy va cudi cuing, két qua xtr Iy chuyén dén nguoi dung.

Mot kién trac thich nghi mé rong thudc loai nay thuong bao géom ba tang: mot
tang trugc, mot tang logic ung dung va mot tang co so dit liéu (vi du Hinh 1.6). Tang
co s6 dir liéu thudng duoc xem xét 12 it diéu chinh va thuong bo qua tinh nang AS.

Nhiéu cong trinh da huéng dén cac tng dung da ting. Mot s6 cong trinh sir dung
céc phuong phép chia dé tri ma pha v SLA tong thé thanh SLA caa mdi tang, chang
han nhu céc cong trinh duoc thuc hién béi Urgaonkar va dong nghiép [101], Igbal va
dong nghiép [46], Upendra va dong nghiép [94]. Nhitng cong trinh khac, xem xét
SLA cua toan bo tng dung va cung cap cac tai nguyén dén mdi tang mot cach toan
dién. Chién lugc nay doi hoi sy ¢d gang trong viéc xay dung mo hinh va dy doan
luong tiéu thu tai nguyén sir dung cho cac mang hang dgi phirc tap va ki thuat hoc
may, do d6 bo AS chi 4p dung cho cac tng dung da tang, c6 cac cong trinh nghién
ctru va dugce dé xuat ciia Zhang va dong nghiép [112], Padala va dong nghiép [83],
Han va dong nghiép [40], va Lama va Zhou [64].

Hay xem xét mot tng dung da tang dan hoi duoc trién khai trén mot nhém n
VM (Hinh 1.6). Cac VM c6 thé c6 mot luong tai nguyén duoc gan gidng nhau hoic
khac nhau (vi du: 1GB bd nhé, 2 CPU,...), nhung mdi VM c6 s6 dinh danh duy nhat
(c6 thé 1a dia chi IP caa nd). Cac yéu cau nhan duoc boi bo can bang tai co thé dén
tir ngudi dung cudi thuc té hodc tir tng dung khéc. Gia sir thoi gian thuc hién caa mot

yéu cau c6 thé thay ddi giira mili giay va phut.
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Bo6 can bang tai s& nhan tat ca cac yéu cau gui dén va chuyén tiép chung dén
mét trong cac may cha trong cum. N6 c6 thé dugc thuc hién theo nhiéu cach khac
nhau. Cho du cdng nghé dugc chon 1a gi, gia dinh rang bo can bang tai da cap nhat
thong tin vé& cac VM dang hoat dong: n6 s& dirng ngay lap tic giri cac yéu cau téi cac
VM da duoc loai bo, va né s& bit dau gui tai cong viéc téi cac VM méi dugc bo sung.
N6 ciing gia dinh rang mdi yéu cau s& dugc gan cho mot VM duy nhét, s& chay n6
cho dén khi hoan thanh nhiém vu lién quan dén nd. Mét sé chinh sach can bang tai
c6 thé duoc st dung, vi du: chinh sach ngau nhién, Round Robin hoic két ni it nhat.
Trong trudng hop cac cum VM khong dong nhat, viéc diéu phdi tai cong viéc phai ty

I thuan véi siic manh xir ly cia cac VM.

Website
Amazon EC2
Load Balancer
VM -1 VM -2 VM —n

Master Replication

DB

Backup

gSnagshotsg
A

d mazon S3 |<

Hinh 1.6: Vi du mét trng dung web co kién tric ba ting

Trong luan an nay nghién ciru cac ky thuat AS theo chiéu ngang, tiac 1a AS s6
luong VM ting 1én hodc giam xudng theo nhu cau cua tai cong viéc lam sao t6i thiéu

viéc str dung céc tai nguyén tinh toan. Ddi véi tng dung da tang, mdi ting c6 thé sir
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dung nhiéu VM, muc sir dung tai nguyén caa VM thi i 1a v; = {c;, 73, d;}, trong do, c;
la mtrc st dung CPU, 1; 1a muc sir dung bd nhé va d; 1a muc sir dung 6 dia caa VM
thir i. Cac mirc sir dung nay dugc thu thap theo dang ty 16 phan tram.

1.1.6. Nén tang thwe nghiém

Céc ky thuat AS hién c6 thuong dugc thuc nghiém trong cac diéu kién rat khac
nhau, do d6 khé c6 duoc mot danh gia so sanh cong bang. Cac nha nghién ctu trong
linh vuc nay da ty xay dung cac nén tang danh gia riéng, phii hop vai nhu cau riéng.
Céc nén tang danh gid nay cd thé duoc phan loai thanh cac chuong trinh mé phong,
c4c bo dir liéu mau tdy chinh va cac nha cung cip ddam may coéng cong. Ngoai trir cac
chuong trinh mé phong don gian, mét tiéu chuan ang dung cé thé mo rong phai dugc
thuc hién trén nén tang dé thyuc hién danh gia.

Thuc nghiém c6 thé duoc thuc hién trong co sé ha tang dua ra, hodc tir c4c nha
cung cip dam may thuc té hoic trong mot dam may riéng. Uu diém chinh cua viéc
st dyung nén tang dam may thyc té 1a dé xuét co thé duoc kiém tra trong cac tinh
hudng thuc té, do d6 chirng minh cai tién phi hop. Tuy nhién, c6 han ché 1a: déi véi
mdi thuc nghiém, toan bo ngit canh can phai duoc thiét 1ap. Trong truong hop sir
dung nha cung cap dich vu dam may cong cong, co s ha tang da duoc cung cap,
nhung nha nghién ctru Van can cau hinh hé théng giam sat va AS, trién khai tiéu chuan
ring dung va bo sinh tai trén mot nhom VM, tim hiéu cach trich xuat thong tin va luu
trir n6 dé xu ly sau. C6 thé, mdi 1an thyc thi s& phai tra chi phi theo cac khoan phi do
nha cung cap dam may thiét lap.

Dé giam chi phi thuc nghiém va c6 mot méi truong duoc kiém soat nhiéu hon,
mét bo dir liéu miu tdy chinh c6 thé dugc thiét 1ap. Phai tra chi phi dé cu hinh hé
théng (ngoai viéc mua phan ciing, néu khong cé san). Budc dau tién, bao gom cai dat
phan mém ao hoa dé quan Iy viéc tao VM (khong don gian), hd tro diéu chinh,.... Ao
hoa c6 thé dugc &p dung & mic PM, mic hé diéu hanh hoic & muc ¢ng dung. Doi
Vi cac bo dir liéu mau tiy chinh, mot méi truong 40 hda mic PM 14 can thiét, thuong
duogc goi 1a Hypervisor hoac Virtual Machine Monitor (VMM). Mét sé hypervisor
phd bién 1a Xen, VMWare ESXi va Kernel Virtual Machine (KVM). Cé mét s6 nén
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tang dé trién khai cac dam may tuy chinh, bao gom cac lya chon m& nguon mé nhu
OpenStack va Eucalyptus. OpenStack 1a mét ma ngudn mé dau tién duoc hd trg boi
nhiéu céng ty lién quan dén dam may nhu RackSpace, HP, Intel va AMD, véi mot
lwong khach hang 16n. Eucalyptus cho phép tao ra co s& ha tang tai chd nhu mot dam
may dich vy, véi su hd tro cho Xen, KVM va ESXi va API cia Amazon EC2. VCloud
Director la nén tang thuong mai duoc phat trién bai VMWare,

Mot phuong 4n khéc thay thé cho co so ha tang thyuc té (bo dir liéu mau hay nha
cung cap dich vu dam may cong cong), cac cdng cu phan mém c6 thé duoc st dung
dé mo phong hoat dong cia nén tang dam may, bao gdom viéc cap phat va thu hoi tai
nguyén, thuc thi VM, gidm sat va cac nhiém vu quan ly dam may con lai. Cac nha
nghién cau c6 thé chon mot bd md phong hién cé va phi hop véi nhu cau caa minh,
hozc thuc hién mot cong cu md phong mai tir dau. R6 rang, bang cach st dung chuong
trinh md phong nham chi ra mot su ¢d géng ban dau dé thich nghi hoic phat trién
phan mém nhung nguoc lai cd nhiéu loi thé. Qua trinh danh gia duoc rut ngan theo
nhiéu cach. M6 phong cho phép thir nghiém nhiéu thuat toan, tranh cau hinh lai cau
tric co sé ha tang. Bén canh d6, mé phong tach biét thyc nghiém khong bi anh huong
boi cac yéu td bén ngoai, cac hé sb khong kiém soat duoc (vi du: anh huong véi cac
ting dung khéc, qua trinh hgp nhat VM do nha cung cap tao ra,...), diéu nay khong
thé thuc hién duoc trong co so ha tang dam may thyc té. Céc thuc nghiém duogc thuc
hién trong co sé ha tang thuc té co thé kéo dai hang gio, trong khi trong mot mé
phong dua trén sy kién, qua trinh nay c6 thé mat vai phat. Mé phong duoc cau hinh
cao va cho phép nha nghién ciru thu thap bat ky thdng tin ndo vé trang thai hé thdng
hodc céc s6 do hiéu niang. Mac di ¢6 nhitng vu diém nhu vay, cic mdi trudng mo
phong van Ia triru twong vé cac cum PM, do d6 d6 tin cay cua cac két qua s& phu
thudc vao mic chi tiét thuc hién dugc xem xét trong qua trinh phat trién. Mot sé cong
cu mo phong dam may dung cho hudng nghién ctru la CloudSim [15], GreenCloud
[59] va GroudSim [82].
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1.1.7. T4i cong viéc

Tai cdng viéc dau vao cho tng dung c6 thé 1a dit liéu (tai cong viéc) tong hop,
duoc tao bang cac chwong trinh cu thé hoic thu duoc tir ngudi dung thuc té.

Nhu mé ta & trén, tai cong viéc biéu dién cho cac yéu té dau vao duogc xt ly bai
c4c tiéu chuan tng dung. Ching cd thé duoc tao bang cach st dung mot sé mau hoic
duogc thu thap tir cac ung dung ddm may thuc té (va thuong duogc luu trit trong cac
file bo dix ligu).

Hé thdng dua trén dam may xu 1y hai loai tai céng viéc chinh: 16 (batch) va giao
tac. Tai cong viéc theo 16 bao gom cac cong viéc tlly ¥, kéo dai, cac cong viéc doi hoi
nhiéu tai nguyén, nhu cac chuong trinh khoa hoc hoic chuyén ma video. Vi du vé tai
cdng viéc giao tac 1a cac ting dung web duoc xay dung dé phuc vu cac khach hang
HTTP truc tuyén. Cac hé théng nay thuong phuc vu cac loai ndi dung nhu céc trang
HTML, hinh anh hozc ludng video. Tat ca cac noi dung nay co thé duoc luu trit tinh
hoic duoc hién thi tu dong boi cac may chu.
1.1.7.1. Tdi cong viéc tong hop

Tai cong viéc tong hop co thé duoc tao dua vao cac mau khac nhau. Theo Mao
va Humphrey [72] va Calzarossa va dong nghiép [17], c6 bdn mau tai cong viéc dai
dién trong méi truong dam may: On dinh (stable), phat trién (Growing), chu ky/biing
nd (Cycle/Bursting) va Bat-va-tat (On-and-off). Trong s ¢6, mdi mau dai dién cho mot
ting dung hodc trudng hop cu thé. Tai cdng viéc 6n dinh dugc dic trung boi s6 lugng
yéu cau ¢ dinh trong mdi phut. Nguoc lai, mot mau phat trién cho thay tai nhanh chong
tang 1én, vi du: mot mau tin tic dot nhién tré nén pho bién. Mau thtr ba duoc goi la
cyclic/bursting boi vi né cé thé chi ra céc khoang thoi gian dinh ky (vi du: ban ngay c6
tai cdng viéc nhidu hon dém) hoic cac bung nd tai ¢ cac thoi diém trong ngay (vi du:
¢6 chinh sach wu dai dac biét). Mau dién hinh cudi cung Ia tai cong viéc On-and-off,
c6 thé VM xir ly theo 16 hodc phan tich dit liéu duoc thyc hién hang ngay.

C6 mét loat cac bo sinh tai cdng viéc, co thé tao ra cac yéu cau don gian hoic
tham chi cac phién HTTP thuc té, két hop cac hanh dong khac nhau (vi du: ddng nhap

hoac duyét) va mé phong thoi gian suy nghi ctiia nguoi dung.
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1.1.7.2. Téi cong viéc thue té

Theo thyc té, khdng c6 cac b dir liéu thuc té b sin cong khai tir cac tng dung
duogc luu triy trén dam mAay va day 1a han ché rd rang cho nghién ctru trén dam may.
Trong nghién cttu, mot s6 tac gia da tao ra bo dir liéu riéng cua ho, chay céc tiéu
chuan hoic wng dung thyc té trong nén tang dam may. Ngoai ra con c6 mot s6 tham
chiéu dén bo di liéu tir nhing dam may riéng chua dwoc cdng bd. Tuy nhién, hau hét
cac tac gia da sir dung céac bo dir liéu tir cAc may chu Internet, chang han nhu bo di
lieu ClarkNet trace®, bo dir lieu World Cup 98 trace® va cac bo dit liéu truy cap
Wikipedia®®.
1.2. TONG QUAN VE CAC CONG TRINH LIEN QUAN

Phan nay sé& trinh bay tong quan vé cac cong trinh lién quan dén céc céc ky thuat
tu dong diéu chinh trong CC, phan tich nhitng wu diém va han ché caa chiing nham
dé xuat huéng nghién cau tiép theo.
1.2.1. Ky thuat sir dung luit duwa vao ngudng

Cac luat dya trén cac ngudng tao thanh mot co ché trién khai va sir dung dé
dang dé quan 1y luong tai nguyén duoc gan cho mot ng dung duoc luu trit trong CC,
AS tai nguyén tao ra nhu cau dau vao. Tuy nhién, viéc tao ra cac luat doi hoi su ¢b
gang tir bd phan quan ly tng dung (khach hang), can chon sé do hiéu nang phd hop
hozc két hop logic gita cac s6 do va ciing nhu gié tri cuia mot sé tham sé, chu yéu 1a
cac ngudng. Cé4c thuc nghiém trong [60] cho thay cac s6 do cu thé cho tng dung, nhu
thoi gian cho trung binh trong hang doi, c6 duoc hiéu ning tét hon so véi cac s6 do
hé thdng cu thé, nhu tai CPU. B phan quan ly tng dung ciing can duoc thiét 1ap cac
ngudng trén (vi du: 70%) va ngudng dudi (vi du: 30%) cho bién sé do hiéu nang (vi
du: tai CPU). Cac nguong la chia khoa cho hoat dong chinh xac cua céc luat. bac
biét, Dutreilh va dong nghiép [27] cho thay vé cac ngudng can phai duge diéu chinh
can than dé tranh van dé dao dong trong hé thdng (vi du nhu sé lugng VM hoic sb

luong CPU dugc gan).

8 ClarkNet HTTP Trace: http://ita.ee.Ibl.gov/html/contrib/ClarkNet-HTTP.html.
9 World Cup 98 Trace: http://ita.ee.lbl.gov/ntml/contrib/WorldCup.html.
10 Wwikipedia traces: http://www.wikibench.eu/?page_id=60/.
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Hau hét cac tac gia va nha cung cap dich vu dam may chi sir dung hai ngudng
cho mdi sb do hiéu ning. Tuy nhién, Hasan va dong nghiép [42] da xem xét st dung
mot bo bén ngudng va hai khoang thoi gian: ThrU (ngudng trén); ThrbU (ngudng
thip hon ngudng trén mot it); ThrL (ngudng dudi); ThroL (ngudng cao hon ngudng
dudi mot chat). Pugc sir dung két hop, né ¢é thé xac dinh xu huéng cua sé do hiéu
nang (Vi du: xu hudng tang 1én hoic giam xudng) va sau do6 thuc hién cac quyét dinh
AS t6t hon.

Diéu kién trong cac luat thuong dua trén mot hoic nhiéu nhat 13 hai sb do hiéu
nang, pho bién nhat 1a tai CPU trung binh cua cac VM, thoi gian dap tng hoic tée do
y&u cau dau vao. Dutreilh va ddong nghiép [27] va Han va dong nghiép [41] déu st
dung thoi gian dap tng trung binh cia tng dung. Nguoc lai, Hasan va déng nghiép
[42] str dung cé4c s6 do hiéu ning tir nhiéu khia canh (tinh toan, luu trit va mang) hosc
tham chi I su twong quan ctia mot s6 khia canh.

Trong hau hét cac truong hop, cac luat sir dung céc s6 do truc tiép thu duoc tir
bo giam sat, do d6 hanh dong theo cach hoan toan bi dong. Tuy nhién, c6 thé tién
hanh phan tich dit liéu duoc giam sat trude d6 dé dy doan hanh vi tuong lai cua hé
thdng va thuc hién céc luat theo cach chu dong [56]. Van dé nay sé duoc dé cap trong
phan k¥ thuat sir dung phan tich chudi thoi gian.

Thuat toan AS cua RightScale dé xuat két hop cac luat bi dong thudng xuyén
VGi qua trinh dé cir. Néu phan Ién cac VM ddng ¥ rang chdng can diéu chinh mo
rong/thu nho hoac diéu chinh giam xudng/ting 1én, hanh dong d6 dugc thuc hién;
nguoc lai, khong c6 hanh dong nao duoc 18n ké hoach. Mdi VM dé ctr dé diéu chinh
mé rong/thu nho hodc diéu chinh giam xubng/ting 1én dya trén mot tap luat duoc
danh gia riéng. Sau mdi hanh dong diéu chinh, RightScale dé xuat thai gian 6n dinh
15 phat vi cac VM méi thudng mat tir 5 dén 10 phut dé hoat dong. Ky thuat AS nay
d3 duoc mot s tac gia sir dung. Chieu va dong nghiép [22] dé xuit mot tap céc luat
bi d6ng dwra trén sé phién hoat dong, nhung cong trinh nay di duoc mé rong trong
Chieu va dong nghiép [21] theo phuong phap RightScale: néu tit ca cac VM c6 cac

phién hoat dong vuot qua mic ngudng trén cho trudc, mot VM méi duoc cung cap;
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néu cac VM c6 cac phién hoat dong thap hon mic ngudng dudi cho trudc va co it
nhat mot VM khéng cé phién hoat dong, thi VM d6 s& ngirng hoat dong.

RightScale!! @& xuat mot bién thé quan trong khéac cia phwong phap dwa trén
luat don gian. Y twéng cot 18i ciia nd 1a d€ cho mdi VM quyét dinh c6 thé thu nho
hay mé réng theo cac luat dwoc xac dinh triede va sau d6 stt dung phwong phap dé
ctr theo sb dong dé dwa ra quyét dinh cudi cung. Han ché chinh cua RightScale 12 k§
thuat phu thudc nhiéu vao céc gié tri ngudng do bd quan 1y xac dinh, va ca vé dic
diém cua tai cong viéc dau vao.

Dé tiét kiém chi phi, Kupferman va dong nghiép [63] va céc tac gia khac [19]
dua ra y tuong goi 1a smart kill. Nhiéu nha cung cip CC tinh chi phi theo gio, tic 1a
st dung mot phan ciing duoc tinh tron 13 mot gio. Do d6, khong nén két thic VM
trude khi qua mot gio, ngay ca khi tai it. Ngoai viéc giam chi phi, smart kill cling c6
thé cai thién hiéu nang hé thong: trong trudng hop tai céng viéc dau vao dao dong,
tranh dugc cac chi phi lién tuc cho viéc tit va khoi dong VM, cai thién do tré khoi
dong va giam cac vi pham SLA.

Sy pho bién cua céc luat ciing nhu phuong phap AS c6 thé 1a do sy don gian va
thuc té 1 ching dé hiéu ddi véi khach hang. Tuy nhién, loai k§ thuat nay cho thay
hai van dé chinh: tinh chat bi dong va kho khin trong viéc chon chinh xéc tap sé do
hiéu ning va cac ngudng. Hiéu qua cta cac ngudng d6 phu thudc nhiéu vao cac thay
d6i vé tai cong viéc va co thé yéu cau diéu chinh thudong xuyén. Bé giai quyét van dé
c4c ngudng tinh, Lorido-Botran va dong nghiép [69] dua ra khai niém vé ngudng
dong: c&c gia tri ban dau duoc thiét lap, nhung ching tu dong stra doi theo két qua
cuia cac vi pham SLA duoc quan sat. C4c luat meta bao gém viéc xac dinh cac ngudng
duoc sir dung nhu thé ndo trong céc luat diéu chinh cé thé thay doi dé thich nghi tét
hon vai tai cong viéc.

T6m lai, cac luat dira vao ngudng cd thé duoc st dung dé dé dang ty dong hoa

AS cua tirng tng dung cu thé, dac biét trong truong hop cac tng dung pho bién, cé thé

Uhttps://support.rightscale.com/12-
Guides/RightScale 101/System_Architecture/RightScale Alert System/Alerts based on_Voting Tags/Understanding th
e_Voting_Process/. Truy cdp 09/10/2018.
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du doan duoc. Tuy nhién, trong trudng hop tai cong viéc ting dot bién, ki thuat luat
dwa vao ngudng hoat dong kém hiéu qua, can xem xét sir dung cac k§ thuat khac.
1.2.2. Ky thuat sir dung hoc ting cuong

Hoc ting cudng nham muc dich dé cho hé théng phan mém hoc céch thich nghi
dap tmg trong mdi truong cu thé dé tbi da hoa loi ich hodc phan thudng nhan duoc.
K§ thuat nay phd hop dé giai quyét cac bai toan diéu khién ty dong nhu AS [7, 13,
26, 27, 29, 37, 45, 65, 98, 111, 114]. Ddi voi bai toan AS, muc tiéu caa thuat todn hoc
la tao mot bang chi dinh hanh dong cung cap hoic thu hoi tot nhat theo ting trang
thai. Qua trinh hoc twong tu nhu phuong phap thur sai. Thuat toan hoc chon mét hanh
dong cu thé va sau d6 quan sat két qua. Néu két qua 1a duong, thi bo AS s& c6 nhiéu
kha nang thuc hién hanh dong twong tu vao lan tiép theo khi nd dbi mat véi mot tinh
hudng tuwong tu.

Thuat toan hoc ting cuong duoc sir dung nhiéu nhat trong AS 1a thuat toan hoc
Q. Chi tiét thuat toan hoc Q va cac bién thé cua ching trong AS c6 thé tham khao
cong trinh khao sét cua Lorido-Botran va dong nghiép [68].

Ba yéu té co ban phai duoc xac dinh dé ap dung hoc ting cuong cho AS: tap
hop hanh dong A, khong gian trang thai S va ham phan thuong R. Hai yéu té dau tién
phu thudc vao loai diéu chinh: diéu chinh theo chiéu ngang hay diéu chinh theo chiéu
doc, trong khi d6 ham phan thuong thuong tinh dén chi phi tai nguyén dugc mua
(thué VM, bing thong,...) va chi phi phat do vi pham SLA. Trong truong hop diéu
chinh theo chiéu ngang, trang thai cha yéu duoc xac dinh theo tai cong viéc dau vao
va sd luong VM. Vi du, Tesauro va dong nghiép [99] dé xuat sir dung (w, ue_y, Uy,
trong d6 w 12 tdng s6 yéu cau ngudi dung duoc quan sat trong mot khoang thoi gian;
U, Va u,_; 1as6 lwong VM duoc cap phat cho tng dung o thoi diém hién tai (t) va ¢
thoi diém trude d6 (t — 1); Dutreilh va ddng nghiép [26] dinh nghia trang thai
(w, u, p), trong d6 p 14 hiéu niang theo thoi gian dap Gng trung binh cho céc yéu cau,
duoc gidi han boi gia tri P,,,, duoc chon tir cAc quan sat thuc nghiém. Tap hop cac
hanh dong cho viéc diéu chinh theo chiéu ngang thudng la ba hanh dong: thém mot

VM mai, loai bé mot VM hién cé va khong lam gi ca.
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K§ thuat hoc Q da dua ra mot s6 bai toan va duoc nghién ctu, giai quyét theo
cac cach khac nhau [7, 26, 27, 89, 99]:

- Hiéu ning ban dau kém va thoi gian huan luyén 16n. Hiéu ning thu duoc trong
qua trinh huan luyén truc tuyén cd thé thap khong duoc chip nhan, ca ldc ban dau 13n
trong mot thoi gian huan luyén dai, trude khi tim thdy mét giai phap du tét. Thuat
toan can kham pha céc trang thai va hanh dong khéc nhau.

- Khéng gian trang thai Ion. S6 luong trang thai ting theo cap s6 nhan vai sb
bién trang théi, din dén cac van dé vé kha ning mé rong. Trong dang don gian nhat,
mot bang tra ctiru duoc sir dung dé luu gia trj riéng biét cho mdi cap trang thai - hanh
dong co thé. Khi kich thudc cua bang nay ting 1én, moi truy cap vao bang s& mat
nhiéu thoi gian hon, d6 tré cap nhat bang va lva chon hanh dong.

- Hanh dong tham do va kha ning thich nghi v6i nhimng thay doi méi truong.
Ngay ca khi gia dinh rang mot chinh sach téi wvu dugc tim thay, cac diéu kién moi
truong (vi du: mo hinh tai cong viéc) co thé thay doi va chinh séach phai duoc diéu
chinh lai. V&i muc dich nay, thuat todn hoc ting cuong thuc thi mot s6 hanh dong
tham do nhat dinh, duoc cho 12 tdi wu cuc bo. Piéu nay cé thé dan dén hiéu ning xau
khéng mong mudn, nhung né 1a diéu can thiét dé thich nghi véi chinh séch hién hanh.
Theo phuong phéap nay, cac thuat toan hoc ting cuong cé thé dbi pho véi nhiing thay
d6i twong d6i 1am min theo hanh vi cua ung dung, nhung khong thé ting dot ngot
theo tai cong viéc dau vao.

Van dé vé higu nang thap la do thiéu thong tin ban dau va ban chat ngau nhién
cta chinh sach thiam do. Dutreilh va ddng nghiép [27] d3 sir dung mot phuong phap
heuristic ty chinh dé huéng din tham do khong gian trang thai, va qua trinh hoc kéo
dai cho toi 60 gio. Cuing cac tac gia [26] tiép tuc dé xuat mot xap xi ban dau cua ham
Q dé cap nhat gia tri cho tat ca cac trang thai tai mdi lan lap, va ciing lam ting toc do
hoi tu dén chinh sach téi wu. Giam thoi gian huan luyén nay ciing c¢6 thé dugc giai
quyét bang chinh sach truy cap mot sé trang thai & mdi budc [89] hoic st dung tac
nhan hoc song song [7]. Trong phan sau, mdi tac nhan khong can phai truy cap vao

moi trang thai va hanh dong; thay vao dé, né cé thé hoc gi tri cua cac trang thai khdng
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dugc truy cap tir cac tac nhan 1an can. Mot cach tiép can hoan toan khac dé tranh hiéu
ning ban dau thip do huin luyén truc tuyén bao gom viéc sir dung mot md hinh thay
thé (vi dy nhu mot mé hinh hang doi) dé diéu khién hé thong, trong khi d6 mo hinh
hoc ting cuong duoc huan luyén off-line trén di liéu da thu thap [99].

Hoc tang cuong co thé dugc sir dung két hop véi cac phuwong phap khac nhu 1y
thuyét diéu khién. Zhu va Agrawal [114] két hop mot bo diéu khién PID véi mot tac
nhan hoc ting cudng chiu trach nhiém udc luong thanh phan dao ham. Bo diéu khién
huéng dan viéc diéu chinh tham sb cua cac wng dung (vi du: kich thuéc hinh anh) dé
dap ung SLA. Sau dé, céc tai nguyén 40: CPU va b nhé, duoc cap phap tu dong theo
su thay d6i cua cac tham sé thich nghi.

Diéu quan trong 1a phai biét kha niang noi bat cua cac thuat toan hoc ting cuong
dé c6 duoc chinh sach quan Iy tét nhat cho muc tiéu, ma khong c6 bat ky tri thirc nao.
Khach hang khong can xac dinh mot mé hinh cu thé cho tng dung; thay vao d6, nd
dugc hoc tryc tuyén va thich nghi néu cac diéu kién cia ang dung, tai cong viéc hoic
thay d6i hé théng. Nhu vay, cac ky thuat hoc ting cudng c6 thé 1a mot phuong phap
day htra hen dé giai quyét nhiém vu AS véi cac ang dung tong quat. Trong linh vic
nghién ciru mé ndy, cac nd luc can duoc giai quyét nham cung cip kha ning thich
nghi pht hop cho viée ting dot ngot cua tai cong viéc dau vao, va ciing dé doi pho
véi khong gian trang thai va hanh dong lién tuc.

Trong luan an nay sir dung k thuat hoc ting cuong va két hop véi mot sé ky
thuat khac dé dé xuat giai phap AS hiéu qua trong CC nham giai quyét nhitng han
ché trén. Chi tiét duoc trinh bay trong Chuong 4.

1.2.3. K§ thuit sir dung 1y thuyét hang doi

Trong linh vyc nghién ctru, ca hai mé hinh hang dgi don gian va cac mang hang
doi phirc tap hon di duoc sir dung rong rai dé phan tich hiéu nang cua céc ung dung
va hé théng may tinh,

Ali-Eldin va dong nghiép [1, 2] md hinh mot tng dung luu trir trén dam may dudi
dang mot hang doi G/G/n, trong d6 n 1a s6 lwong may cha. M hinh ¢é thé duoc giai

quyét dé tinh toan, vi du: c4c tai nguyén can thiét dé xir ly tai cong viéc dau vao da cho
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A hoac thoi gian dap @ng trung binh cho céc yéu cau, duoc cung cap cau hinh may chu.
Cong trinh cua Bi va dong nghiép [10] da dé xuat mot mé hinh két hop, trong do tang
dau tién duge mo hinh hda nhu mot hang doi M/M/n trong khi céc tang khac duoc md
hinh hoéa 13 hang doi M/M/1. Khéac vai ly thuyét hang doi truyén thdng, Salah va dong
nghiép [93] sir dung mot phuong phap chudi Markov nhing dé mé hinh héa hé théng
hang doi.

Cé4c mang hang doi ciing c6 thé dugc sir dung dé md hinh héa céc tng dung dan
hoi, biéu dién m&i VM (may chi) 12 mot hang doi riéng biét. Vi du: Urgaonkar va dong
nghi¢p [101] sir dung mot mang cac hang doi G/G/1 (mét hang doi cho mot VM). Ho
str dung biéu d6 dé du doan tai cong viéc lac cao diém. Dua trén gia tri nay va md hinh
hang doi, s6 lwong VM (may chu) trén mdi tang ung dung duoc tinh toan. Con sé nay
cd thé duoc diéu chinh bang céach sir dung phwong phap bi dong. Han ché caa md hinh
nay I cung cap cho tai luc cao diém dan dén mirc st dung tai nguyén cao Ién.

Céac tng dung da tang c6 thé duoc nghién cau bang cach sir dung mot hoic
nhiéu hang doi trén mdi ting. Zhang va déng nghiép [112] xem xét s6 lugng nguoi
ding han ché, va do d6, ho di str dung hé thng mang hang doi dong; mé hinh nay
cd thé duoc giai quyét hidu qua bang cach sir dung MVA. Han va dong nghiép [40]
d3 mo hinh ung dung da tang 1a mot hé théng mang hang doi G/G/n ma (Mot hang
doi cho mdi tang); mé hinh nay dwoc st dung dé wéc tinh s lwong VM can duoc
thém vao hoic bi loai bo khoi tang bi nat ¢6 chai va chi phi lién quan (mac st dung
VM dugc tinh theo mdi pht, thay vi md hinh chi phi tinh theo mdi gio). Cudi cling,
Bacigalupo va dong nghiép [5] xem xét mot mang hang doi ba ting, giai quyét tirng
tang d¢é tinh toan thoi gian dap (g trung binh.

Céc phuong phap d3 thao luan duoc st dung nhu mét phan cua giai doan phan
tich trong vong lap diéu khién MAPE. Nhiéu k¥ thuat khac nhau c6 thé duoc sir dung
dé thuc hién giai doan 1ap ké hoach, chang han nhu bo diéu khién dy doan [2] hoic
thuat toan tbi wu hoa (vi dyu: phan bd cac may chu cho cac tng dung khéc nhau, trong
khi d6 t6i da hoa doanh thu [104]). Théng tin can thiét cho mo hinh hang doi, nhu tai

cdng viéc dau vao (sb luong yéu cau) hoic thoi gian phuc vu cd thé thu duoc bing
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cach theo ddi/giam sét tryc tuyén [40, 101] hoic wdc luong bang cac phuwong phap
khac nhau. Vi du: Zhang va dong nghiép [112] da sir dung phép tinh xap xi dya trén
hdi quy dé udc lugng nhu cau CPU, dua trén sé luong va loai cac yéu cau cua khach
hang (duyét, dat hang hoic mua sam).

Céac mé hinh hang doi da duogc sir dung rong rai ¢é mé hinh hoa cac wng dung
va hé théng. Chung thuong ap dat mot kién trac ¢ dinh, va bat ky thay doi nao trong
cau tric hoac cac tham sb déu can phai giai quyét mé hinh (vai cac cong cu phan tich
hoic dya trén mé phong). Vi ly do nay, ching khong dé dang khi duoc sir dung véi
cac tng dung dan hoi (bién dong) ma phai d6i pho/xir Iy véi tai cong viée dau vao
thay d6i va mot nhom tai nguyén khac nhau. Ngoai ra, mot hé théng hang doi 1a mot
cong cu phan tich, doi hoi cac thanh phan thém vao dé thuc hién mot bo AS hoan
chinh. C4ac mé hinh hang doi ¢d thé hitu ich cho mot sé trudng hop ung dung cu thé,
vi du: khi méi quan hé giita sé lwong yéu cau va tai nguyén can thiét gan tuyén tinh.
Mic di ¢6 nhiéu c¢b gang dé mé hinh hoa cac ung dung da ting phuc tap hon, nhung
ly thuyét hang doi c6 thé khdng phai 1a lya chon tét nhat khi ¢ géng thiét ké mot hé
thong AS tong quat/da nang.

Mic du ¢6 nhitng han ché nhu trén, nhung viéc st mé hinh hang doi hay mang
hang doi dé mo hinh héa méi truong CC ciing mang lai mot s6 hidu qua nhat dinh.
Trong luan 4n ndy, di nghién ctru va dé& xuat moét mé hinh mang hang doi cho CC.
Chi tiét duoc trinh bay trong Chuong 3.

1.2.4. K§ thuit sir dung 1y thuyét diéu khién

Céc bo diéu khién khuéch dai ¢ dinh, bao gdm PID (Proportional Integral
Derivate), Pl (Proportional Integral) va | (Integral), 1a cac kiéu bo diéu khién don gian
nhat va da duoc sir dung rong ri trong nghién ciru. Lim va dong nghiép [66, 67] sir
dung bo diéu khién I dé diéu chinh s6 lugng VM duya trén mirc sir dung CPU trung
binh, trong khi Park va Humphrey [84] &p dung bo diéu khién PI dé quan ly tai nguyén
theo yéu cau cua codng viéc hang loat, dua trén tién trinh thuc hién cua ho. Vi du,
trong [84] mdt mo hinh dugc xay dung dé udc luong tién do cua mot cong viéc doi

Vi cac tai nguyén dugc cung cap. Zhu va Agrawal [114] dwa vao mot tAc nhan hoc
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ting cuong dé ude luong thanh phan dao ham cua mot bo diéu khién PID. Véi viéc
huan luyén thir sai, tc nhan hoc ting cuong hoc cach téi thiéu tong sb 161 binh phuong
ctia c&c bién diéu khién (cac tham s thich nghi) ma khong vi pham céc rang budc vé
thoi gian va ngan sach thoi gian.

K§ thuat diéu khién thich nghi cling kha phd bién. Vi du: Ali-Eldin va dong
nghiép [2] dé xuat két hop hai bo diéu khién cha dong, thich nghi dé diéu chinh giam
xuéng, st dung cac tham sb khuéch dai dong dya vao tai cong viéc dau vao. Mot
phuong phap bi dong duoc sir dung dé diéu chinh ting 1én. Cling cac tac gia dé xuat
trong [1] mét bo diéu khién thich nghi, diéu chinh, st dung phwong phap chii dong
cho ca diéu chinh ting 1én va diéu chinh giam xudng, va co tinh dén thoi gian khoi
dong VM. Nhu trinh bay & trén, ki thuat diéu khién thich nghi dua vao viéc sir dung
cac md hinh hiéu nang. Padala va dong nghiép [83] dé xuat mot bo diéu khién thich
nghi MIMO st dung ARMA bac hai dé mé hinh hda méi quan hé phi tuyén tinh va
viéc thay doi thoi gian gitra viéc cap phat tai nguyén va hiéu niang chuan héa cua no.
Bo diéu khién co thé diéu chinh muc sir dung CPU va dia I/O. Bodik va déng nghiép
[11] két hop cac phuong phap splines lam min (duoc sir dung dé anh xa tai céng viéc
va s luong may chu dén hiéu ning tng dung) véi bo diéu khién thich nghi lap lich
khuéch dai. Kalyvianaki va dong nghiép [55] d thiét ké cac bo diéu khién SISO va
MIMO khac nhau dé xac dinh viéc cap phat CPU cho VM, dua vao bo loc Kalman,
trong khi d6 [33] st dung mé hinh Kriging dé du doan thoi gian hoan thanh cong viéc
nhu mot ham cua sé VM, sb luong cac yéu cau dén va cac cong viéc chd trong hang
doi tai nat chu.

Cac mo hinh mo da duoc st dung nhu mé hinh hiéu ning trong cac hé théng
diéu khién dé lién két tai cong viéc (bién dau vao) va cac tai nguyén can thiét (bién
dau ra). PAu tién, ca cac bién dau vao va dau ra caa hé thong déu duoc anh xa thanh
cac tap mo. Anh xa nay duoc xac dinh bai ham thanh vién xac dinh mét gia tri nam
trong khoang [0,1]. M6t m6 hinh mo dugc dua trén mot tap hop cac luat, cé lién quan
dén céc bién dau vao (diéu kién cua luat), vai cac bién dau ra (két qua cua luat). Qua

trinh chuyén cac gia tri dau vao thanh mét hay nhiéu tap mo duoc goi 12 mo héa. Giai
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mo 14 phép bién ddi nguoc thanh mot gia tri sé duy nhat biéu dién tét nhat cho cac
gia tri m& cua céac bién dau ra. Mot hé thdng diéu khién phu thudc vao md hinh mo
dwa trén luat dugc goi 1a bo diéu khién mo. Thong thudng, cac tap luat va ham thanh
vién ciia md hinh mo 1a ¢b dinh khi thiét ké, va do @6, bd diéu khién khdng thé thich
nghi voi tai céng viéc thay doi nhidu. Mot phuong phap thich nghi cé thé duoc sir
dung, trong d6 mo6 hinh m¢ dugc cap nhat lién tuc dua trén thong tin dwoc giam sat
tryc tuyén [106, 110]. Xu va dong nghiép [110] da ap dung bo diéu khién mo thich
nghi cho tang logic nghiép vu cua tng dung web va udc luong tai CPU can thiét cho
tai cong viéc dau vao. Mot phuong phap tuong ty trong [106], nhung & day céc tac
gia tap trung vao tang co so dit liéu. Ho dé xuat sir dung md hinh mo dé du doan nhu
cau tai nguyén trong tuong lai; tuy nhién, ho sir dung tai céng viéc cia budc thoi gian
hién tai t, dé tinh toan tai nguyén can thiét r,,, cua budc thoi gian t + 1, duwa trén
gia sir 1a khong c6 thay d6i dot ngot nao xay ra trong khoang thoi gian ciia mot bude
thoi gian.

Mot cai tién tiép theo 1a bo diéu khién mo noron, sir dung mang noron bén 16p
dé biéu dién md hinh ma. Mai nat trong 16p dau tién twong tng vSi mot bién dau vao.
Lép thir hai xac dinh ham thanh vién cia mdi bién diu vao tao ra tap mo (qua trinh
md). Mbi nit trong 16p ba thé hién phan diéu kién tién quyét cia mot luat logic mo.
Cubi cuing, 16p dau ra hoat dong nhu mdt bo giai mo, nd chuyén doéi cac két qua mo
tir 16p ba thanh dau ra (két qua) 1a gié tri sé dé diéu chinh tai nguyén. O cac budc ban
dau, mang noron chi chira cac 16p dau vao va dau ra. Cac ham thanh vién va cac luat
duoc tao tu dong théng qua viéc hoc cu tric va cac tham sb. Lama va Zhou [64] dua
trén bo diéu khién mo noron, ¢ kha ning tu xay dung cau tric cua né (ca luat mo va
ham thanh vién) va diéu chinh céc tham sé ctia n6 théng qua viéc hoc truc tuyén
nhanh (bé diéu khién cau hinh lai).

Bo diéu khién cudi ciing theo phuong phap chi dong 1a MPC. Roy va dong
nghiép [90] di két hop v&i md hinh ARMA dé du bao tai cong viéc, véi bo diéu khién
look-ahead dé t6i uu hoa bai toan cip phat tai nguyén. Cac mé hinh mo ciing c6 thé

duoc sir dung dé tao ra mot bo diéu khién dyu bao md hinh mo [105].
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Sy pht hop cua céc bo diéu khién cho nhiém vu AS phu thugc rat 16n vao loai
bo diéu khién va tinh dong cua hé thdng dich. Y twéng vé viéc cd mot bo diéu khién
tu dong hda qua trinh thém/loai bo tai nguyén Ia rat hap dan, nhung van dé vén la
cach tao ra mot mé hinh hiéu ning dang tin ciy dé anh xa cac bién dau vao va dau ra.
Bo6 diéu khién bi dong don gian c6 thé dugc st dung cho cac ung dung dé dang du
doan nhu cau. Tuy nhién, c6 vé nhu can tap trung cé gang vao ca md hinh thich nghi
va MPCs dé c6 thé thich nghi véi mé hinh &ing dung va c6 thé phli hop hon dé tao ra
giai phap AS tong quat.

Trong luan 4n nay, da st dung bo diéu khién mo két hop véi ki thuat hoc ting
cudng dé thiét ké giai phap AS tai nguyén trong CC hiéu qua dugc trinh bay trong
Chuong 4.

1.2.5. K§ thuit sir dung phén tich chudi thoi gian

Trong béi canh cac tng dung dan hoi, phan tich chudi thoi gian da dugc 4p dung
cha yéu dé du doan tai cong viéc hoic mirc sir dung tai nguyén. Mo hinh trung binh
di chuyén (MA) don gian c6 thé duoc sir dung cho muc dich nay [38]. Phuong phap
tu hoi quy (AR) ciing dugc str dung dé du béo tai nguyén hoac tai cong viéc. Roy va
d6ng nghiép [90] d3 4p dung mo hinh AR dé du doan tai cdng viéc, dua trén ba quan
sat cudi cung. Gia tri dy doan sau d6 duoc sir dung dé ude luong thoi gian dap ung.
Mot bo diéu khién téi wu co thoi gian dap ing nay nhu 13 mot dau vao va tinh toan
cap phat tai nguyén tt nhat, c6 tinh dén chi phi caa céc vi pham SLA, cho thué tai
nguyén va cau hinh lai. Cac mé hinh ARMA c6 thé nim giit cac dic trung caa mot
chudi thoi gian nhu tai cong viéc dau vao hoic mic sir dung CPU. Fang va dong
nghiép [30] thay sy hitu ich khi du dodn mirc sir dung CPU trong tuong lai ctia Cac
VM. Tuy nhién, ho cha y dén chi phi tinh toan cua k¥ thuat nay, bao géom lya chon
gia tri p va g, wéc luong cac hé sb cua ting thanh phan va cac tham sb khac.

Hau hét cac k¥ thuat phan tich chudi thoi gian da dugc p dung riéng biét cho
diéu chinh theo chiéu doc hoic diéu chinh theo chiéu ngang. Dy bao chudi thoi gian
(lién quan dén viéc ra quyét dinh cha dong) co thé duoc két hop vai cac ky thuat bi
dong. Vi du, Igbal va dong nghiép [46] da dé& xuat mot ki thuat diéu chinh lai (két
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hop) sir dung cac luat bj dong dé diéu chinh ting 1én (dua vao muc sir dung CPU) va
mot phuong phap dwa vao hoi quy dé diéu chinh giam xudng. Sau dé c¢b dinh sb
khoang thoi gian trong d6 thoi gian dap tng dugc thoa man, ho tinh toan sé luong
yéu cau cho cac VM cua tang ¢ng dung va cua tang co s dit liéu bang cach sir dung
hdi quy da thirc (bac hai).

Céc ky thuat phan tich chudi thoi gian rat hap dan dé trién khai cac bo AS, vi
ching c6 thé du doan cac nhu cau trong tuong lai cho cac ung dung dan hoi. Luan an
khong dé cap dén k¥ thuat tu dong diéu chinh nay.

KET LUAN CHUONG 1:

Chuong 1 di trinh bay vé co sé Iy thuyét duoc sir dung trong luan an nhu khai
niém vé AS, vong lap diéu khiéen MAPE, phuong phap diéu chinh trong CC, céac ky
thuat AS hién cd, kién tric ung dung da tang, nén tang thuc nghiém va tai cong viéc.
Céc cong trinh lién quan dén luan an duoc trinh bay theo ting ky thuat AS. Trong do,
luan &n tap trung vao céc ki thuat sir dung ly thuyét hang doi, Iy thuyét diéu khién va
hoc ting cudng. Trong chuong tiép theo luan an s& nghién ctu va tim hiéu cac ky
thuat cin ban trong CC c6 anh huong dén hoat dong dich vu AS, nhu k¥ thuat can
bang tai va di tra trong CC.
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CHUONG 2 : CAC PE XUAT CO CHE CO BAN CO ANH HUONG DPEN TU
PONG PIEU CHINH TAI NGUYEN TRONG PIEN TOAN PAM MAY

Chuong nay, luan &n trinh bay vé céc k§y thuat co ban trong CC c6 thé anh huong
dén chat luong dich vu AS, nhu cac co ché can bang tai, di tri va dé xuat mot ki thuat
can bang tai dong hiéu qua va mot ky thuat di trd hiéu qua trong méi trudng CC. Cudi
cuing 1a phan danh gia anh huong gitra cac ky thuat can bang tai véi co ché AS tai
nguyén trong CC dé duy tri hiéu nang CC va khach hang c¢6 duoc dich vy tét nhat.
Lua chon k¥ thuat can bang tai tét s& giup cho co ché AS trong CC hoat dong hiéu
qua, tranh viéc cung cap qua mac hoic cung cap qua it. Ngoai ra, dé hé théng cé thé
can bang tai tét hon thi ky thuat di tri trong CC sé& giUp cai thién van dé nay. Chuong
nay duoc tong hop tir cac céng trinh TCNN1, TCTN1, HNQT1, HNQT2.

2.1. PAT VAN PE

CC 1a mdi truong tinh toan phan tan bao gém nhiéu don vi tinh toan vat ly chia
sé tai vai nhau. Ngay tir nhitng ngay dau caa CC, van dé diéu phéi tai cong bang gitra
cac don vi tinh toan vat 1y da duoc dit ra va cac co ché can bang tai da duoc dé xuat
nham giai quyét vin dé nay. Can bang tai dong vai tro 12 bo phan tiép nhan va diéu
phdi tai ¢ 16i vao cuia hé théng, ma muébn diéu phdi tét can phai nhan biét chinh xéac
trang thai cua cac thanh phan tinh toan vat Iy bén trong cum tinh toan. Pay Ia thach
thire 16n d6i véi nhiém vu can bang tai & 16i vao. Muc 2.2 s& dé xuat mot ky thuat can
bang tai dong hiéu qua dé dap wng cac yéu cau trén va duoc cong bd trong cong trinh
HNQTL.

Khi bo can bang tai thuc hién nhiém vu phan bé tai van chwa duoc cong bang,
khi d6 rat cAn mot co ché hd tro tir bén trong va chién luoc di trd c6 thé déng vai trd
nay. Muc tiéu cua cac ky thuat di tra dé quan 1y tai nguyén dong, tiét kiém dién ning
va duy tri hé thdng hoat dong can bang hon, tranh tinh trang mat can bang trong hé
théng CC. Mot k¥ thuat di trd hiéu qua duoc dé xuét trong muc 2.3, va duoc cdng bd
trong cong trinh TCTN1 va HNQT2.

Trong khi can bang tai va di tri thuc hién diéu phéi tai dé sir dung tai nguyén

san co hiéu qua thi co ché AS tai nguyén thyuc hién bd sung tai nguyén dé chéng qué
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tai nham bao dam QoS da cam két. Nhu vay, trong méi truong CC ¢6 hd tro co ché
AS tai nguyén lai c6 thém mot co ché tac dong dén hé théng bén canh cac co ché can
bang tai va di trd. Cau hoi dat ra 13 cac co ché nay c6 bi chi phéi Ian nhau hay khéng.
Dé thyc hién AS tai nguyén hiéu qua ciing doi hoi co ché AS phai nhan thuac rd tinh
trang ctia cac don vi tinh toan vat Iy dé du bao chinh x4c va dua ra quyét dinh dung.
Tuy nhién trang thai cta cac don vi tinh toan vat Iy lién tuc thay d6i boi tac dong cua
co ché can bang tai. Vi vay anh huong cua can bang tai dén tinh hiéu qua cua AS tai
nguyén can phai dugc xem xét va chi lya chon co ché can bing tai phi hop véi AS
tai nguyén. Viéc sir dung ki thuat can bang tai tot, pht hop trong méi truong CC ¢
co ché AS s& gilp hé thdng hoat dong hiéu qua hon va tiét kiém chi phi, van dé nay
dugc danh gia trong muc 2.4 va dugc cong bo trong cong trinh TCNN1.

Phan tiép theo s& trinh bay chi tiét tirng van dé néu trén.
2.2.PE XUAT MOT KY THUAT CAN BANG TAI PONG HIEU QUA TRONG
PIEN TOAN PAM MAY

Nhitng yéu té quan trong khi xem xét phat trién cac ky thuat can bang tai dong
13 u6c lwong tai, so sanh tai, kha ning 6n dinh cua hé thong khéac nhau, hiéu suat cua
hé théng, twong tac giita c4c nat, tinh chat cua cong viéc duoc chuyén giao. Tai c6
thé dugc xem xét trong cac thuat ngir cua tai CPU, s6 luong bd nhé st dung, do tré
hoic tai trén mang. Khi mot khéi luong tai cho trude dugc giri dén cho bat ky cum
c4c n(t yéu cau duogc thuc thi. Can phai c6 mot co ché dé lua chon cac nit c6 cac
ngudn tai nguyén phl hop véi cac yéu cau dén. Lap lich 1a mot thanh phan hay co
ché chiu trach nhiém chon mét nt hay cum nat. Co ché nay s& xem xét trang thai can
bang tai. Vi vay, 1ap lich can céc thuat toan can bang tai dé giai quyét van dé nhu vay.

Hinh 2.1 1a mot md hinh can bang tai tong quat. Khi yéu cau (tac vu) dén, bo
can bang tai xac dinh VM thich hop, giri ID caa VM t6i bo diéu khién trung tam dix
licu. Bo diéu khién trung tam dir liéu phan bé tai dén VM do dé xt Iy.

Muc dich cua k§y thuat can bang tai 1a cai thién hiéu ning cua toan bé hé thong
mot cach co ban; giam thiéu thoi gian cho cua cdng viéc; c6 mot ké hoach cung cap

trong trudng hop hé théng bi 15i tham chi mot phan; duy tri sy 6n dinh va thich nghi
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su bién d6i trong twong lai ciia hé thdng; dam bao nhitng cdng viéc nho khong bi
thiéu trong thoi gian dai; ddng thoi ciing phai dam bao han ché tinh trang mét nit co
tai qua nhiéu trong khi nhitng nat khac chi c6 it tai [62, 77]. Vi vay, nhiéu k¥ thuat
can bang tai da dwoc phat trién trong nhidu nim qua nhung khong c6 mét ky thuat
nao 1a thich hop cho tat ca cac tng dung, cac hé thdng tinh toan phan tan. Viéc lya
chon mét k¥ thuat can bang tai twong tng phu thugc tham sé cac ung dung ciing nhu
c4c tham sb phan cang.

Cac yéu cau dich vy dén

S

BO PIEU KHIEN

TRUNG TAM DU LIEU
A
Yéu ciu Gui
cAp phat VM ID ciia VM

BO CAN BANG TAI

v

GIAM SAT AO HOA
TAINGUYEN VATLY

Hinh 2.1: M6 hinh cin bang tai

K3 thuat can bang tai con phu thugc vao mic ap dung, d6 1a & mac PM hay la
muc VM. Trong phan tiép theo s& tim hiéu vé cac muc nay.
2.2.1. Co ché chia sé tai nguyén trong di¢n toan dam may

K3 thuat can bang tai trong CC ¢ thé &p dung & nhitng muc khac nhau, né phu
thudc vao viéc mubn can bang tai nhitng gi. Diéu ndy c6 thé dugc nghién ciu va phat
hién ¢ cac mic do khac nhau nhu: gia st c6 mot co s ha tang SaaS, trong d6 c6
nhiéu yéu cau vé dich vy duoc tiép nhan. Cac yéu cau nay phai dugc phan phdi téi
cac VM sén co dé xir Iy. Van dé 1 1am thé ndo phan phéi céc yéu cau d6 sao cho thoi
gian dap ung yéu cau 1a nho nhat, 1am thé nao dé quyét dinh sb luong va diac diém

cua cac VM xtt Iy cho céc yéu cau ndy. Mat khac, co s ha ting CC dé xu Iy cac yéu
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cau cd thé duoc chia sé gitra cac trung tdm dit liéu khac nhau caa cung hoic khac nha
cung cap dich vy. Do d6, 1am thé nao dé phan phéi cac yéu cau giira chung dé thoi
gian thuc thi dwoc téi thiéu. Trong trudng hop ndy, cac nha cung cap dich vy khac
nhau c6 thé tinh phi khac nhau cho cac ngudn tai nguyén va dé giai quyét van dé nay
can phai duoc xem xét véi cling k¥ thuat can bang tai.

Do d6, dé thuc hién cac chinh sach can bang tai phy thudc vao cach nguoi ding
muén thyc hién & mic ndo. Chang han nhu, néu nguoi ding mubn trung tam di liéu
can bang tai cac PM lién quan dén VM, tirc 1a chinh sach PM cung cap cac VM, goi
la can bang tai & mixc PM. Néu nguoi diing muén can bang tai cia cac VM dang chay
rng dung, tic 1a mdi VM chia sé cac nguon tai nguyén nhan dugc tir PM cho céc tac
vu (yéu cau) hay dich vy @ng dung dang chay bén trong chiing, can bang tai & muc
nay goi 1a mic VM. C6 hai chinh sach 1ap lich 4p dung & mirc PM & thuc hién cung
cap cadc VM la Time-shared (TS) hodc Space-share (SS) va ciing ¢6 hai chinh séach
lap lich &p dung & mtic VM dé thyuc hién cung cap cho cac tac vu 1a TS hoac SS.

Dé minh hoa sy khac nhau gitra cac chinh sach nay va hiéu qua caa ching vé
mat hiéu suat dich vy ang dung, trong Hinh 2.2 trinh bay mét trudong hop cung cap
VM don gian. Trong vi du ndy, mot PM c6 hai core CPU nhan yéu cau luu giit hai
VM. Mbi VM yéu cau hai core va c6 ké hoach luu giit bén don vi tic vu. Cu thé, cac
tac vu tl, t2, t3, t4 dugc luu gitt trong VM, va cac tac vu t5, t6, t7 va t8 dugc luu gitr
trong VM,. Mdi tc vu yéu cau mot core xir Iy.

Hinh 2.2(a) trinh bay mot trudng hop cung cép, trong d6 chinh sach SS duoc ap
dung cho viéc phan bd cho ca VM va cac don vi tac vu. Vi mdi VM yéu cau hai core,
véi chinh sach SS chi mét VM c¢6 thé chay & mot thoi gian nhat dinh. Vi vay, VM,
chi cd thé duoc cap phét core dé xir Iy khi VM, hoan thanh thyc thi cac don vi tac vu
cua nd. Tuong tir xay ra ddi véi cac tac vu cung cap bén trong méi VM. Vi mdi don
Vi tAc vu chi yéu cau mot core, do d6 hai trong s6 c&c tac vu cia mdi VM c6 thé chay
ddng thoi. Trong sudt thoi gian ndy cac tac vu con lai phai chd doi trong hang doi
thuc thi. Do d6, st dung chinh sach SS, thoi gian hoan thanh dy kién cua mot tac vu

p dugc quan Iy boi VM i duoc tinh theo cong thuc (2.2).



43

Cores
A vml vm2
-, t4 8 B
- L _B__JL_t__U_
t2 t6
1 1 t1 t5 _#
Time (b) Time
Cores
A
. -\/rﬁ 2 ——————— .%? —————— . V-m.
vm s vim
m ! i
vin te .
©) Time (d) Time

Hinh 2.2: Anh hwéng ciia cic chinh sach khdc nhau déi véi viéc thure thi cac tic vu [15]
Trong Hinh 2.2(b), chinh sach SS dugc ap dung dé phan bé VM téi cac PM va
chinh sach TS dé phan bo cac don vi tac vu téi core xir Iy bén trong mot VM. Do do,
trong suét thoi gian séng cia VM, tat ca cac tac vu duoc giao t6i nd duoc chuyén
theo béi canh dong. Bang cach sir dung chinh sach TS, thoi gian hoan thanh dy kién
cta mot tac vu p dugc quan ly béi mot VM i duoc tinh theo cbng thirc (2.3).

Trong Hinh 2.2 (c), VM str dung chinh séch cung cip TS, trong khi cé4c tac vu
dugc cung cap dya trén chinh sach SS. Trong truong hop ndy, mdi VM nhan mét khe
thoi gian trén mdi core xt Iy, VM sau d6 phan phdi cac khe thoi gian giira cac don vi
t4c vu trén co SO SS. Vi céac core dugc chia s¢, s6 lwong nang luc xir Iy sin sang dé
str dung cho mot VM c6 thé thay doi. Piéu nay xac dinh cac VM thich hop hoat dong
trén mot PM. Ciing nhu cac don vi t&c vu dugc gan dya trén chinh sch SS, ¢6 nghia
|4 tai bat ky thoi gian cu thé chi mét tc vu c6 thé duoc str dung core xt Iy.

Cubi cung Hinh 2.2(d), chinh sach phan b TS ap dung cho ca VM va tac vu.
Do d6, cong suat xir Iy duoc chia sé dong thoi boi cac VM va viéc nhan chia sé nay
cua méi VM dugc chia sé giita cac tc vu ciia nd. Truong hop nay, khdng ¢ tré xép

hang lién quan tdi céc tac vu.
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2.2.2. Phan tich k¥ thuat caAn bang tai dong dwoce dé xuét

Trong cdng trinh [49] dua ra thuat to4n can bang tai giam sét tich cuc (goi tat
la: AMLB-OId). Cach thirc hoat dong cia AMLB-OIld 14 nim bt théng tin vé mdi
VM va sé luong yéu cau hién dang duoc cap phat cho méi VM. Khi ¢ mét yéu cau
(tdc vu) méi y&u cau cap phat ¢én VM dé xu ly, AMLB-OIld s& tim VM ¢6 sé lugng
yéu cau dang xi ly it nhat dé cap phat. Néu c6 nhiéu VM théa man, thi AMLB-OId
s& chon VM dau tién thoa man va AMLB-OId tra vé ID caa VM cho bo diéu khién
trung tam di liéu. Bo diéu khién trung tam dir liéu gui yéu cau téi VM c6 ID do dé
xt ly. AMLB-OId bo cho b¢ diéu khién trung tam viéc cdp phat méi va cac yéu cau
duoc gui toi VM do.

Tuy nhién, thuat toan AMLB-OIld ludn tim thiy VM c6 sé luong yéu cau (tac
vy) dang xtr Iy 12 it nhat dé gan yéu cau mai dén, nhung thuat toan khong kiém tra
xem kha ning con lai cia VM d6 c6 xir ly tiép duoc yéu cau mai giri dén khong va
khong xem xét dén kich thuéc caa mdi yéu cau can dugc xi Iy (vi vay mot sé6 VM ¢
tai nang, tic 1a kich thuéc mdi yéu cau 16n mac di s6 lugng yéu cau bén trong VM
d6 1a it nhat). Hién ciing c6 mot sb cai tién cho thuat toan AMLB-OId nhu [25, 36,
61]. Nhung cé&c cong trinh ndy mai chi dé xuat mot thuat toan can bang tai hiéu qua
nham cai thién thoi gian dap wng va sir dung hiéu qua cac tai nguyén sin cd, ma chua
xem xét dén kich thudc cia tai.

Do thuat toan AMLB-Old méi chi dya trén cong sut xt 1y d c6 cua VM va sb
lugng y&u cau duoc gan hién tai, chua xem xét dén cong suat con lai thuc té cua VM
va kich thudc yéu cau xu ly. Diéu nay cd thé dan dén viéc phan bd cac yéu cau cho
VM khéng phu hop, khédng xir 1y dugc yéu cau mai giri dén. Mot VM véi cong suat
xt Iy manh nhat duoc lya chon trudc tién va cd sé yéu cau duoc giao it nhat c6 thé
khong phai 12 VM c6 thé xtr Iy duoc cac yéu cau tiép theo. Nhu di dé cap o trén, cong
suat xir Iy con lai cia VM tly thudc vao chinh sach 1ap lich & hai mac. Vi vay, sé
lwong cac yéu cau hién dang duoc cap phat cho VM khdng phan &nh stc manh con

lai thyc su cua VM doé.
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Xem vi du Hinh 2.3, véi hai VM: VM,, VM,. Hién tai, VM, chaa 4 yéu cau T1,
T2, T3, T4 va VM2 chira 3 yéu cau T5, T6, T7. VM1 chira s6 yéu cau nhiéu hon VM,,
nhung c6ng suat xir Iy con lai cua VM, lai it hon VM, . Khi mot yéu ciu méi dén, theo
thuat toan AMLB-OId, yéu cau méi nay sé duoc cap phat cho VM, dé xt 1y. Do do,

VM, c6 thé bi qué tai, mic du s6 lwgng yéu cau cua no 1 it hon.

VM1
Yéu cau
ma&i dén T7
T3 T6
T2
T5
T1

Hinh 2.3: Vi du ¢6 2 VM dang hoat déong nhuw trén

Do vay, luan &n da dé xuat mot thuat toan mai, goi tat 1a AMLB-New, dé khac
phuc han ché trén bang cach xem xét dén kich thudc cia cac yéu cau va kha ning xur
ly con lai cia mdi VM dé cap phat yéu cau tiép theo, cling nhu lam giam thiéu thoi
gian dap tng va thoi gian xu ly trong hé thong.

Stc manh xt ly phu thudc vao chinh séch 1ap lich & hai mac: miac PM va muc
VM. Lap lich cac yéu cau dugc thuc hién sau khi cac tai nguyén duoc cap phét cho
tat ca cac thuc thé ddm may. Thr nhat, & mic PM c6 thé xac dinh toan bo stc manh
xtr Iy cia mdi core s& dugc gan cho mdi VM, goi la chinh sach 1ap lich VM. Tha hai,
& mic VM dugc gan mot lugng sic manh xir Iy san ¢6 ¢b dinh cho cac yéu cau tng
dung riéng (don vi tac vu) dugc luu trir trong may thuc thi caa no, goi la chinh sach
Iap lich tac vu. Véi hai loai chinh sach lap lich: TS va SS cho ca hai mic PM va muc
VM, s& ¢6 bbn trudng hop sau day [15]:

(1) O mic PM va mic VM duoc cung cap theo chinh sach lap lich SS, goi la
SS-SS.
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(2) O mizc PM, chinh séch lap lich VM 1a TS va & mtc VM, chinh sach lap lich
tac vu 13 SS, goi 13 TS-SS.

(3) O mtic PM, chinh sach 1ap lich cho VM 1a SS va & mac VM, chinh sach lap
lichtac vu 1a TS, goi la SS-TS.

(4) O mac PMva mac VM duoc cung cap theo chinh sach Iap lich TS, goi la
TS-TS.

Thuat toan AMLB-New c6 tinh dén ca sirc manh xir Iy hién tai cia VM va kich
thudc cua cac yéu cau duoc giao. Vé yéu cau cap phat tiép theo, AMLB-New phai
wdc tinh thoi gian ma tat ca cac yéu cau dang xép hang cho va yéu cau tiép theo duoc
thuc hién hoan toan trong mdi VM. VM nao c6 thoi gian hoan thanh wéc tinh sém
nhét s& dugc chon dé phan b yéu cau dén.

Dé x4c dinh stic manh xu Iy tic thi thue té caa VM 1a rat phic tap. Sirc manh
xtr 1y thay doi tdy theo chinh sach lap lich & hai muc trong CC. O day st dung céch
tinh thoi gian hoan thanh trong [15] va hoan thanh yéu cau véi cac cong thuc tinh
toan suc manh xu ly cua core ao tuy thudc vao cac truong hop lap lich khac nhau.
Tinh hiéu qua cua viéc can bang tai phu thudc vao nhiéu yéu to: tai va cong suat. Tai
la chi s6 hang doi CPU va mic str dung CPU.

Thoi gian dap ung du kién c6 thé duoc xac dinh theo cong thirc sau: [15]:

Response Time = Fin, — Arr; + TDelay, (2.1)
trong do, Arr 1a thoi diém dén cua yéu cau; Fing 1a thoi diém hoan thanh yéu cau (téc
vu) nguoi ding va TDelay 1a do tré truyén tai.

+ Néu chinh sach 1ap lich 12 SS-SS hoic TS-SS, Fin; ¢ thé tinh nhu sau:

rl
Fin, = est(p) + : 2.2
in; = est(p) Capacity X cores(p) (22)
+ Néu chinh sach Iap lich 12 SS-TS hoic TS-TS, Fin; c6 thé tinh nhu sau:
rl
Fin, = ct + (2.3)

Capacity X cores(p)’

Thai gian thuc hién cia mot tac vu p 6 thé tinh nhu sau:
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rl
E tion Time = . 2.4
xecution tme Capacity X Cores(p) (24)

trong d6, est(p) la thoi gian ma tac vu p duoc bat dau; ct 1a thoi gian méd phong hién
tai; rl 1 tong s chi thi cua tac vu p (don vi tinh M1); Cores(p) 1a sé core hoic cac
thanh phan xir 1y theo yéu cau cua tac vu (don vi 1a MIPS); Capacity la c6ng suét xir
ly trung binh (tinh theo MIPS) ctia mét core cho tac vu.

Tham sb Capacity xac dinh cong suét thuc sy cho viéc xir Iy cac yéu cau (tac
vy) trén mdi VM. R6 rang, Capacity phu thudc vao chinh sach lap lich trén cac hé
théng 40. Tong dung luong xir ly trén PM 1a khong d6i va phu thuoc vao sb luong
core vat Iy va sic manh xir ly cia mdi core. Tuy nhién, khi céc tai nguyén nay duoc
chia sé¢ cho nhiéu yéu cau/tac vu cuing lic, mdi tac vu doi hoi mot sb core nhit dinh.
Néu tong sb core yéu cau Ion hon tong sb core vat 1y, khi d6 xuat hién khai niém vé
core 40, va sitc manh xir Iy cua mdi core 40 ¢6 thé nho hon so véi core vt Iy. Do do,
Capacity ban chat 1a sicc manh xu Iy trung binh ciia mot core 40. Tir phan tich, luan
an da phat trién cong thic tinh toan Capacity theo bén truong hop 1ap lich nhu da dé
cap ¢ trén. O day, dé xut cac cong thire dé tinh toan Capacity trong timg trudng hop
dé str dung trong thuat toan AMLB-New:

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

np

Capacity = ) (2.5)

i=1
trong d6, Cap(i) 1 sitc manh xt ly cua core thir i, np 1a s6 lugng core thuc ¢ ciia PM
da dugc xem Xxeét.
(2) Chinh séch lap lich VM Ia SS, chinh sach lap lich tac vu la TS:

Y2 Cap(i)
Max(X{L, Cores(j), np)’

Capacity = (2.6)

trong d6, Cores(j) la sb core ma tac vu j yéu cau. « la téng sé tac vu trong VM c6
chira tac vu.
(3) Chinh sach lap lich VM 1a TS, chinh sach 1ap lich tac vu la SS:
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YiP Cap(i)
Max(%y_, %, Cores(j), np)

Capacity = 2.7)

trong d6, A1a s6 VM trong PM hién tai. y1a s luong cac tac vu dang chay dong thoi
trong VM thw k.
Bing 2.1: Thudt todn can bang tai dé xuit AMLB-New

/*Dau vao:

*vms: danh sach cac VM duwroc tao ra trong trung tam di liéu dam may
*requests: CAC YBU CAU/tAc Vu Ciia khdch hang dén bg diéu khién dam mady
*vmState<vmld, state>: chzza thdng tin trgng thai cua VM.

*state = () la chuwa xur 1y Xxong request,

*state = 1 da xir Iy xong request.

*submitedRequestToVM<request, vmState>: bang chwa thong tin trang théi,
*cho biét request dirgc gan cho VM ndo va cho biét trang thdi da xi Iy xong chira
*Pau ra: Cdc request di dwoc gan cho cac VM */

10 | //Khéi tao bang submitedRequestToVM rang.

11 | //Xem xét cac yéu cau dén.

12 | while requests is not empty

OO NOUThWDNPEF

13 /ILdy yéu cau ddu tién trong danh séch

14 request = requests.get(0)

15 //Phan tich bang submitedRequestTOVM dé wéc lirong tong thoi gian
16 //hoan thanh cac yéu cau trong méi VM céng véi thoi gian du kién

17 //hoan thanh yéu cdu méi dén dira vao cac cong thite da dé xuat.

18 /IVM nao c6 thoi gian du kién hoan thanh sém nhdt sé duwroc chon

19 I1dé gan yéu cau méi dén. Néu c6 nhiéu VM théa man thi chon VM dau tién.
20 Il VM dwoc chon c6 chi sé vmld.

21 //1G&n yéu cau méi dén (request) cho VM c6 chi s vmld.

22 //Cdp nhqt trang thai cho VM

23 vmState.vmld=vmld

24 vmState.state = 0 //Chura xit Iy Xong yéu cau request

25 /ICdp nhat bang trang thai submitedRequestToVM

26 submitedRequestToVM.put(request, vmState)

27 //Khi co request dwrgt Xur ly xong.

28 IILdy VM ¢é vmld da xi Iy xong request

29 vmState.vmld = submitedRequestToVM.get(request).vmId

30 vmState.state = 1 // Da xi Iy xong yéu cau request

31 /ICdp nhdt lai bang trgng thai submitedRequestToVM

32 submitedRequestToVM.put(request, vmState)

Trong mot VM ciing c6 thé ¢ nhiéu tac vu chay dong thoi theo 1ap lich SS. Pay

1a trudng hop sb core trong VM 16n hon sé core dugc yéu cau boi mot tac va. Xem
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vi du Hinh 2.2, m&i VM ¢6 2 core, mdi tac vu chi yéu cau 1 core, nhu vay s& c6 hai
tac vu/yéu cau chay xu ly cing mét ldc.
(4) Chinh s&ch 1ap lich VM 1A TS, chinh sach lap lich tac vu [a TS:

Y, Cap(i)
Max(X:>.; Cores(j), np)’

Capacity = (2.8)

trong d6, 514 tong s6 tac vu cia PM dugc xem xét.

O day chi xét cac thuat toan can bang tai thuc hién trong mét trong tam dix liéu,
nén tham sb do tré truyén di liéu c6 thé bo qua (TDelay = 0).
2.2.3. Thuwe nghiém va danh gia
2.2.3.1. M0 td ngir canh thyc nghiém

Trong phan nay tién hanh cac thuc nghiém so séanh ba thuat toan (AMLB-OId)
trong [49], Thuat toan can bang tai Throttled (TLB) [86] va Thuat toan dé& xuat
(AMLB-New duoc trinh bay trong Bang 2.1). Viéc danh gia dua trén hai s6 do: thoi
gian dap tng trung binh va thoi gian xir ly trung binh. Cac thuat toan duoc lap trinh
bang ngdn ngir Java sir dung cong cu md phong méi trudng CC CloudSim [15].

Bdng 2.2: Thiét I3p cdc tham sé cho dim mdy

Type Parameter Value
Trung tam di S6 trung tam dix liéu 1
ligu S6 may chi 5
S6 core trong mot PM 1-4
Toc d‘-zl\’/‘l‘lrp'g’)l €O | 10000 — 40000 MIPS
May chu (PM)
B3 nhé (RAM) 3072-12288
O dia 5000001000000
Béng thong (BW) 1000000 MB
So VM 5
VM RAM 1024-4096
Bang thong 10000 MB
, S04 thc vu 10 100
Tacvu Do dai cua tac vy 1246-9660M|
(Cloudlet) . N
SO core yéu cau 1-2
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M6 phong bao gom mot Datacenter va nim VM (Bang 2.3) dang chay trén PM.
Cac tham s6 duoc dua ra trong Bang 2.2, Bang 2.3 va viéc thay d6i trudong hop bang
cach gui s6 luong tac vu ting tir 10 dén 100 nhiém vu dé 1am rd sy bién thién cua
thoi gian dap tng va thoi gian xir ly dit liéu caa ba thuat toan.
Thuc nghiém duoc tién hanh dua trén bén truong da duoc dé cap o trén.
Bédng 2.3: Cdc tham s6 cho VM

Bandwidth PE rate
vmID | RAM (MB) (MB) PEs (MIPS)
0 2048 10000 2 1000
1 2048 10000 1 4000
2 1024 10000 1 1500
3 4096 10000 2 4000
4 1024 10000 1 1000

2.2.3.2. Két qud thyrc nghiém

a. Trwong hop 1: O mic PM va miic VM dugc cung cap theo chinh sach lap
lich SS, goi la SS-SS.

Str dung cong thic (2.2) dé tinh toan thoi gian hoan thanh wdc tinh caa VM va

cong thic (2.5) tinh toan sirc manh xt 1y trung binh cua mdi core a0 (PE).

Average Response Time (SS-SS) Average Processing Time (SS-SS)
100000 16000
90000
80000

14000

70000 12000

60000

)

10000
@

8000 o — S—
6000 .___.___._H——I—I—I———.—'—.

4000

50000
40000
30000

Time (ms)

Time (m:

20000 +

10000 -
0 T T T T T T T T T ] 2000

10 20 30 40 50 60 70 80 90 100
Number of Cloudlets

10 20 30 40 50 60 70 80 90 100

=4—AMLB-Old —Hi=AMLB-New TLB =4—AMLB-Old —fi—AMLB-New T8

Hinh 2.4: Thoi gian dap vng trung binh ~ Hinh 2.5: Thoi gian xi Iy trung binh theo
theo truong hop 1 truong hop1

Nhu trong Hinh 2.4 va Hinh 2.5, ca thoi gian dap ung trung binh va thoi gian
xtr ly trung binh trong mdi trudng hop, thuat toan dé xuat (AMLB-New) cho két qua
t6t nhat. Vi sé lugng nhiém vy thip hon 30 (nhu Hinh 2.5), thoi gian xi Iy trung
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binh cua thuat todan AMLB-OId tt hon so véi thuat toan TLB. Tuy nhién, véi sé
lugng tac vu cang I6n, thi thoi gian xur ly trung binh cua hai thuat toan AMLB-Old
va TLB hau nhu giéng nhau.

b. Trwong hep 2: G muc PM, chinh sach Iap lich VM 1a TS va & mic VM,
chinh sach lap lich tac vu la SS, goi la TS-SS.

Average Response Time (TS-SS) Average Processing Time (TS-SS)
100000 16000
90000

14000 +—

80000
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= 60000 10000

£ £
% 50000 2 8000 el
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¥ 40000 =
30000 -

20000 A==

10000 | 2000

0 T T T T T T T T T ] 0 T T T T T T T T T ]
10 20 30 40 50 60 70 80 90 100 10 20 30 40 50 60 70 80 90 100

Number of Cloudlets Number of Cloudlets

=4—AMLB-Old =fl=AMLB-New TLB =4=AMLB-Old =li=AMLB-New TLB
Hinh 2.6: Thoi gian ddp itng trung binh  Hinh 2.7: Thoi gian xi Iy trung binh theo
theo trurong hop 2 truong hop 2

Thoi gian hoan thanh udc tinh cuia mot tac vu (cloudlet) p dugc quan ly boi VM
i va duoc tinh theo cong thirc (2.2) va sac manh xir ly trung binh cia mdi core 4o
(PE) dugc tinh bang cong thuc (2.7).

Hinh 2.6 va Hinh 2.7 cho thay rang thoi gian dap ang trung binh va thoi gian
xir ly trung binh ciia thuat toan AMLB-New 14 tét nhat.

c. Trwong hep 3: O mic PM, chinh séch 1ap lich cho VM 14 SS va & micc VM,
chinh sach lap lich tac vu 1a TS, goi la SS-TS.

Trong sudt chu ky sdng ciia VM, tat ca cac tac vu dugc gan cho nd sé duoc loai
bo trong bdi canh hanh dong. Bang céch sir dung chinh sach lap lich TS, thoi gian
hoan thanh udc tinh caa mét tac vu dugc quan ly bai VM dugc tinh bang cong thic
(2.3). Trong chinh séach lap lich TS, nhiéu tac vu c6 thé c6 nhiéu nhiém vy bén trong
mot VM. Trong truong hop ndy, sic manh xir ly trung binh cia méi core ao duoc
tinh bang cong thic (2.6).

Hinh 2.8 cho thdy thoi gian dap wng trung binh cua thuat toan AMLB-New Ia

t6t nhat. Trong Hinh 2.9, véi s6 luong tac vu dudi 30, thoi gian xir 1y trung binh cua
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AMLB-New Ia tét nhat. Véi nhiéu hon 30 tac vu, thoi gian xa ly trung binh cua thuat
toan AMLB-New nho hon thuét toan TLB, nhung van tét hon thuat toan AMLB-OId.

Average Response Time (SS-TS) Average Processing Time (SS-TS)

100000 16000

90000 14000 |—

80000 N —

o0 12000 +—— ,.-—0——0/._‘/
S 60000 - 10000
% o % o | ‘__,0/ :>‘.“_—_./.’_|/'.—./.7
£ 40000 £ 6000 ;

30000

20000 | A= 1000

10000 2000

0 20 30 4 50 60 70 & 9 100 0 20 30 40 50 6 70 8 9 100
Number of Cloudlets Number of Cloudlets
=4=AMLB-Old =fi=AMLB-New TLB =4—=AMLB-Old ==AMLB-New T8

Hinh 2.8: Thoi gian ddp wng trung binh

Hinh 2.9: Thoi gian xit Iy trung binh theo
theo truong hop 3

truong hop 3

d. Trwong hep 4: O mic PMva mic VM duoc cung cap theo chinh sach lap
lich TS, goi la TS-TS.

Strc manh xir Iy dugc chia sé dong thoi boi VM va nhan dugc chia sé caa mdi
VM dé duoc chia sé giira cac tAc vu cta nd. Trong trudng hop nay, khdng c6 do tré
hang doi lién quan dén tac vu. Chinh sach lap lich TS wéc tinh thoi gian hoan thanh
ctia mot tac vu duoc quan ly béi mot VM dugce tinh bang cong thire (2.3). Trong chinh
sach lap lich TS, nhiéu tac vu c6 thé xu ly bén trong mot VM. Trong truong hop nay,
sirc manh xu ly trung binh cia mdi core o duoc tinh bang cong thuc (2.8).

Hinh 2.10 cho thiy thoi gian dap &ng trung binh trong thuat toan AMLB-New
la tot nhat. Trong Hinh 2.11, véi s6 lugng céc tac vu nho hon 20, thoi gian xir Iy trung
binh cua thuat toan AMLB-New la tot nhat. Vi s6 lwong tac vu trén 20, thoi gian xu
ly trung binh cua thuat toan TLB 12 tét nhat, thoi gian xir ly trung binh cua thuat toan
AMLB-OId la x4u nhit.

T6m lai, trong ca bén truong hop trén, thoi gian dap wng trung binh cua thuat
toan AMLB-New tét nhét so véi cac thuat toan AMLB-OId va TLB. Vé thoi gian xt
ly trung binh, thuat toan AMLB-New I t5t nhat cho hai truong hop SS-SS va TS-SS.
Trong truong hop SS-TS va TS-TS, thuat toan AMLB-New vuot troi hon thuat toan
AMLB-01d nhung khéng tét bang thuat toan TLB.
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Ngoai ra, Hinh 2.12 va Hinh 2.13 chi ra c4c két qua tuong tng khi so sanh thoi
gian dap (ng trung binh va thoi gian xtr 1y trung binh, theo bén chinh sach 1ap lich
cua ba thuat toan AMLB-OIld, AMLB-New va TLB.

Average Response Time (TS-TS) Average Processing Time (TS-TS)
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Hinh 2.10: Thoi gian dap tng trung binh  Hinh 2.11: Thoi gian xir ly trung binh theo
theo trurong hop 4 truong hop 4

Hinh 2.12, cho thay thoi gian dap &ng trung binh caa thuat toan AMLB-New la
t6t nhat trong ca bén trueong hop. Thuat todn TLB cho thoi gian dap tng trung binh
thap nhat.

Average Response Time Average Processing Time
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Hinh 2.12:Thoi gian ddp ung trung binh ~ Hinh 2.13: Thoi gian xu ly trung binh cho
cho cdc trirong hop 1ap lich cdc trirong hop 1ap lich

Hinh 2.13 cho thay rang thoi gian xir ly trung binh cua thuat toan AMLB-New
t6t nhat trong hai truong hop SS-SS va TS-SS. Trong céac truong hop SS-TS va TS-
TS, thoi gian dap tng trung binh cua thuat toan AMLB-New khdng tét nhu thuat toan
TLB, nhung van tét hon thuat toan AMLB-OId.
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Trong phan tiép theo, luan an sé& trinh bay vé dé xuat k¥ thuat di tri hiéu qua
trong CC duoc tong hop tir cac cong trinh TCTN1 va HNQT2.

2.3. PE XUAT MOT KY THUAT DI TRU HIEU QUA TRONG PIEN TOAN
PAM MAY

Céc k¥ thuat di tr( s& giup hé théng giam su mat can bang trong hé théng vé
murc d6 sir dung tai nguyén trén tat ca cac PM trong trung tdm dit liéu, tranh duoc
tinh trang mot s6 PM bi qué tai, mot sé PM khac hoat dong it. Cac ky thuat di tri s&
di tri mot s6 tai trong PM dang bi qué tai sang cac PM cd it tai hon, gitp duy tri hiéu
nang hé théng va hoat dong & mac 6n dinh hon [78]. Nhu Hinh 2.14 1a mot vi du. K¥
thuat di trd s& thyc hién di trd tai & PM; c6 tai nhiéu sang PM; ¢4 it tai hon, tao ra su
can bang trong hé thdng, hé théng cé thé hoat dong 6n dinh hon.

Qua trinh di trd co thé chia thanh hai giai doan: giai doan dua ra quyét dinh di
tr va giai doan thuc hién di tra. Giai doan dua ra quyét dinh di tri bao gom xac dinh
diéu kién va nhitng VM nao can thuc hién di tra, di trd ching dén PM nao. Trong giai
doan thir hai, giai doan nay ap dung cac k¥ thuat khac nhau dé di chuyén trang théi
VM dang hoat dong t6i PM dich.

DD D Can bang tai D D D
00| |0o||\oo| ™| Do) |0D| 0D

PM; || PM, || PM;, PM; || PM, || PM;,

Hinh 2.14. Minh hoa ky thudt di trii gitip cin bang hoat déng ciia hé théng [76].

Cong trinh [78] da khao sat cac k¥ thuat di trd khac nhau dua trén phuong phap
heuristic, trong d6 bai toan lya chon VM va xac dinh vi tri VM da duoc giai quyét
v6i ngudng khac nhau dugc xac dinh tir tri thire hodc kinh nghiém. Cong trinh [9] dé
xuat ky thuat di trd va hop nhat VM phuc vu cho ti vu niang luong trong mét trung
tam dit liéu. Trong [9] da dé xuat thuat toan: thuat toan ra quyét dinh di tri tong quat
va thuat toan chon cac VM can di tr tir cac PM bi qua tai: (1) chinh séch thoi gian
di trG nho nhit dé hoan thanh viéc di tra dén mot PM khéac; (2) chinh séch chon ngau

nhién: chon mot VM di tri theo phan bé déu; va (3) chinh sach c6 méi twong quan
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I6n nhat: chon cac VM duoc di tri phai c6 méi twong quan vé muc sir dung CPU 16n
nhat so vai cac VM khac.

Dé xac dinh khi nao va VM nao can duoc di trd, cong trinh [8] d4 dua ra ba chinh
sach chon VM hai ngudng: (1) chinh séach di tra it nhat (MM): chon s6 VM can di trd
la it nhat dé dua PM vé muic hoat dong binh thudng; (2) chinh sach kha ning ting
truong cao nhat (HPG), khi PM qué tai, chinh séch HPG di tri cac VM ¢6 muc st dung
CPU thap nhat c6 lién quan dén kha ning ctia CPU duoc xac dinh tir cac tham sb cua
VM dé téi thiéu kha niang lam ting muc st dung ciia PM va ngan chan vi pham SLA;
(3) chinh s&ch chon ngau nhién (RC) phu thudc vao viéc chon ngau nhién s6 VM can
thiét dé giam muc st dung CPU caa PM xudng dudi ngudng trén. Cong trinh [8] da
dua trén ¥ tudng co ban 1a thiét 1ap ngudng muc sir dung trén (UT) va ngudng dudi
(LT) cho cac PM va duy tri tong muc st dung CPU cua cac VM dugc cap phét trong
PM d6 ndm giita cac ngudng nay. Néu muc sir dung CPU caa PM thap hon LT, tat ca
cac VM phai dugc di tri sang PM khéc va PM nay phai duoc chuyén sang ché do nghi
dé loai bo tiéu thu nang lwong nhan rdi. Néu mic st dung ciia PM vuot qué ngudng
UT, mot s6 VM phai dugce di tra dé giam muac sir dung PM nay xudng dudi ngudng
UT. Cong trinh nay di tién hanh thyc nghiém va cho két qua danh gia kha quan vé cac
phuong phap da dé xuat. Tuy nhién, ddi véi phuong phép lua chon VM véi s6 lan di
trd it nhat con chua hiéu qua trong truong hop phai di trd nhiéu VM vé khia canh duy
tri muc st dung cia PM & muc t6i da c6 thé, van dé nay sé trinh bay cu thé & phan sau.

O day, luan an tap trung giai phap &p dung cho giai doan tht nhat cia qua trinh
di trd, sau d6 danh gia ky thuat di trd duoc dé xuét trén moi treong CC bang cach sir
dung cong cu mo6 phong CloudSim [15].

2.3.1. Phan tich k¥ thuat di tr( dwoc dé xuat

Thuat toan lya chon VM dé di trd véi s lan di trd 1a it nhat trong cong trinh [8],
goi tit 1a MM-OId, sip xép danh séch cac VM trong mot PM theo muc sir dung CPU
giam dan. Sau d6, duyét qua danh sach cac VM va tim VM tét nhat dé di tri. VM tét
nhat phai thoa man hai diéu kién. Trong truong hop phai di trd mot VM: The nhat,

MM-OId s€ tim VM c¢6 mac st dung cao hon murc sir dung chénh léch (diffUtil) gitra
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muc sir dung toan bo PM (hostUtil) va ngudng st dung trén (UT). Thez hai, néu VM
duoc di trd, thi mac chénh léch gitta UT va mac sir dung CPU méi ciia PM [a nhé nhét.
Trong trudng hop phai di trd nhiéu hon mét VM: MM-OId s& chon VM ¢6 muc st
dung cao nhat dé di trd, loai bd VM nay ra khoi danh sach vmList va tiép tuc vong lap
méi. Thuat toan MM-OId dirng lai khi mic st dung CPU méi caa PM nam dudi UT.

Thuat todn MM-O1d c6 wu diém 1a s6 1an di trd 12 it nhat, dan dén it xay ra céc
vi pham SLA do qué trinh thyc hién di tri gay ra, dong thoi ciing giam thiéu duoc
viéc tiéu thu hi¢u nang CPU cling nhu bang thong mang phuc vu cho qué trinh di tra.
Bén canh d6, danh sach VM dugc sip xép trudce khi thuc hién chon VM dé di tra,
trong trudng hop chi can di trd mot VM, thi mic CPU kha dung sau khi di trd VM di
la nho nhat. Tac 1a khai thac dugc tdi da tai nguyén nhat.

Tuy nhién, trong treong hop phai di trd nhidu hon mot VM, thi thuat toan MM-
Old khdng khai thac duoc téi da tai nguyén cua PM (duy tri PM hoat dong véi kha

nang cao nhat cé thé) trong mot sb truong hop. Hay xét vi du Hinh 2.15.

hostUtil (25)

UT (15)

Hinh 2.15: Vi du cho truong hop phdi di tri nhiéu VM
Hinh 2.15 muc stir dung hién tai caa PM la hostUtil = 25, nguong trén 1a UT =
15. PM nay duoc cap phat 5 VM véi cac mic st dung twong wng nhu trén. Nhu vay,
PM nay dang hoat dong qua tai, do chénh Iéch muc su dung vuot la diffUtil = 25 —
15 = 10.
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Theo thuat toan MM-OId, thi VM ¢6 muc sir dung 16n nhat s& dugc chon dau
tién dé di tri 12 VM5 c6 muc sir dung 12 9. Khi VM5 duoc di trd, PM van bi qué tai
va vuot muc con lai 1a diffUtil = 10 — 9 = 1. Tiép theo, VM2 (4) s& duoc chon tiép
theo dé di tri va s& dua PM vé mic str dung xudng dudi ngudng UT. Do d6, sau khi
di trd hai may ao VM5(9) va VM2(4), mtrc st dung CPU caa PM la: 25 — 13 = 12.

Tuy nhién, c6 thé thady néu chon hai may a0 VM4 (6) va VM3(5) dé di trd thi
van thoa man sé lan di tr it nhat dong thai c6 thé duy tri mac hoat dong cua PM cao
nhét c6 thé. Muc sir dung caa PM khi di tri VM4 va VM5 1a: 25 — 11 = 14,

Nhu vay, phuong 4n lya chon méi ndy van dam bao s 1an di tra 12 it nhat va
van duy tri mac st dung PM ¢ muc cao nhat co thé.

Ttr viéc phan tich ¢ trén, chinh sach di tri véi sb 1an it nhat (MM-New) c6 thé
phét biéu lai nhu sau:

Cho V; 1a mét tap hop cac VM dugc cap phat cho PM j. Goi P(V;) 1a tap cong
suat (mirc sir dung) cua V;. Chinh sich MM-New tim mét tap R e V; dugc dinh nghia

nhu sau:

( (SIS < Vj, hostUtil; — Z u,(v) < UT,
vESualv) eP(V)) ,néu hostUtil; > UT;
R=y|  Isiomn > w®omin | 2.9)
vV ESua(v) EP(V)) )
V; ,néu hostUtil; < LT;
@, conlai

trong d6 UT 1a ngudng st dung trén; LT 1a ngudng str dung dudi; hostUtil; la mirc st
dung CPU hién tai ciia PM j; va u, (v) 1a mot phan mirc st dung CPU duoc cap phét
cho VM v.

Thuat toAn MM-New dugc trinh bay trong Bang 2.4, khac thuat toan MM-Old
& chd, trong trudng hop phai di tri nhiéu hon mot VM, thuat toan MM-New s& Xxac
dinh sé lwong VM can di trd it nhét trude, duoc chi ra tir dong 17-21. Sau dé, thuat
toan MM-New tim cac VM can di tra dé thoa mén sé luong VM cén di tra nhu trén

ddng thoi cd thé duy tri cong suat hoat dong ciia PM cao nhat c6 thé, tir dong 26-33.
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Bédng 2.4: Thudt todn dé xuit MM-New

/* MM-New

*Pau Vao:

* hosts: danh sach may chu

* Dau ra;

* migrations: danh sach cac VM can di tr(*/

for h in hosts
vms = h.getVMs()
vms.sortDescendingUIltilization()
hostUtil = h.getUtil()
bestFitUtil = MAX
11S6 VM can di tra
numberVMMigrate = 0
/ITéng mire si dung ciia VM
sumVMULtil =0
while hostUtil > UT
for vm in vms
bestFitVM = NULL
if vm.getUtil() > hostUtil — UT
t = vm.getUtil() — hostUtil + UT
if t < bestFitUtil
bestFitUtil =t
bestFitVM = vm
else if bestFitUtil = MAX
numberVMMigrate++
sumVMUItil += vm.getULtil()
if sumVVMULtil > hostUtil — UT then
| break;
if bestFitVM 1= NULL
hostUtil = hostUtil — bestFitVM.getUtil()
migrations.add(bestFitVM)
vms.remove(bestFitVM)
if numberVMMigrate > 1
int totalVMs = vms.size()
int result[ ] = new int [numberVMMigrate + 1]
I1Sir dung thudt toan quay lui dé tim phwong dn di trii
Try(1, result, totalVMs, numberVMMigrate, vms)
if hostUtil < LT
migrations.add(bestFitVM)
vms.remove(bestFitVM)
return migrations
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2.3.2. Thwe nghiém va danh gia

2.3.2.1. Thiét Igp

Trong phan nay tién hanh thyc nghiém trén moéi truong CC khong déng nhat va
cd mét trung tdm dir liéu véi cac théng tin trong Bang 2.5. Cac thuat toan dugc thuc
hién thong qua céng cu mo phong moi truong CC CloudSim [15]. Ngbn ngtr Java

duoc sir dung cho viéc phét trién va thuc hién cac thuat toan. Thuc nghiém sé tién

cac tham sé theec nghiém

hanh so sanh thuat toan dé xuat MM-New vai thuat toan MM-OId trong [8].

Trong m6 phong ¢6 sir dung hai loai PM cuaa HP [9] duoc cho trong Bang 2.6.

Mtc tiéu thu nang lugng tuong (tng véi CPU nhu bang 2.7.

Viéc lya chon md phong hai PM c6 cau hinh thip dong vai trd quan trong trong

qua trinh mo phong, vi véi nhitng loai PM ¢6 cau hinh thap, PM dé roi vao trang théi

qua tai, hay it tai, do d6 dé dang danh gia cac giai thuat hon.

Bdng 2.5: Théng tin vé trung tim div liéu

Hé diéu hanh Linux
Kién tric X86
VMM Xen
MUi gio 7

Di tra VM Cho phép
Chi phi str dung hé thong/mdi gidy 3
Chi phi sir dung 1 don vi Ram 0.05
Chi phi mdi don vi luu trir 0.001
Chi phi sir dung bang thong 0

Bidng 2.6: Biang sé liéu mdy chii trong mé phéng

Loai may chi HP Proliant G4 HP Proliant G5
S6 luong 110 110
Host Mips 1860 2660
S6 luong Pe 2 2
Ram 4Gb 4Gh
Bang thong 10Gbps 10Gbps
HDD 100000 Ths 100Th
Bdng 2.7: Tiéu thu nang lirong cua hai loai mdy chii
Server | 0% [10%|20%|30%|40%|50%|60%0|70%|80%|90%|100%
G4 86 189.4192.6| 96 |99.5| 102 | 106 | 108 | 112 | 114 | 117
GbH 93.7| 97 | 101 | 105|110 | 116|121 | 125|129 |133| 135

Trong mdi truong md phong c6 mot Broker yéu cau 2001 VM nhu bang 2.8.
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Bdng 2.8: Théng tin VM trong st dung trong mé phong
Tén VM | Mips | Ram | Chinh sach |Sé lwong
low 500 | 128 | Time Shared | 1001

hight 850 | 512 | Time Shared | 1000
Cac VM déu yéu cau s6 luong 6 cing cling nhu bang thong 1a nhu nhau. Cac

VM duge xem nhu dang chay céc dich vu game, dich vu truc tuyén véi thong sb tac
vu (Cloudlet): 2500 Mips, OutputFile = InputFile = 300 byte.

Cac nguong trén UT va ngudng dudi LT st dung trong chuong trinh mé phong
lan luot 12 70% va 20%. Thoi gian md phong trong trudong hop 1a 1 ngay = 60 * 24 =
1440 phat. Khoang thoi gian dé hé thong tién hanh xem xét viéc di tra 1a 350 giay.

Thuc nghiém duoc thuc hién vai 2 cap thuat toan sau:

Cap 1: Chon VM c¢6 sé lan di trG it nhat theo thuat toan dé xuat MM-New va
Chon PM c6 muc tiéu thy ning lugng tét nht.

Cap 2: Chon VM c6 sb lan di tra 1a it nhat theo thuat toan MM-OId va Chon
PM c6 muc tiéu thu nang luong tét nhat.
2.3.2.2. Két qud thuc nghigm

Két qua thuc nghiém duoc chi ra ¢ bang 2.9 va hinh 2.16. Hinh 2.16 mo ta két
qua so sanh hai thuat toan MM-OId va MM-New theo ba tham s: Muc sir dung
(Utilization), S6 PM hoat dong (Number of Host Active) va S6 VM di trd (Number
of VM Migration), duong mau xanh 1a két qua khi ap dung thuat toan MM-Old,
duong mau do 1a két qua cua thuat toan MM-New. Nhu vay, tir bang 2.9 va hinh 2.16
cho thay thuat toan MM-New tét hon thuat toan MM-OId & nhiéu tiéu chi danh gia.

Bdng 2.9: Két qud mot so' thdng sé khi chay thurc nghiém

Thong so MM-Old MM-New

Tiéu thy nang luong (Kwh) 375.68 366.75
S6 VM di trd 34783 27820
S6 PM tat 150 143
SLA suy giam do di tra 5.20 3.88
S6 lan vi pham SLA (%) 45.06 45,95
Thoi gian chon VM can dé di tri 2119 1330901
Thoi gian chon PM dich 137268 93880
Tong thoi gian di trd 139387 1424781
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Vé ly thuyét, thuat toan MM-New s& cho muc do khai thac PM téi da hon, cu
thé 1a mutrc sir dung CPU sau khi di trd VM s& gan véi ngudng trén hon, dan dén chi
s6 Utilization cao hon (hinh 2.16, phan Utilization 13 dudng mau dé nam trén dudng
mau xanh). Cé mét sb giai doan, chi s Utilization cua hai thuat toan twong ddi can

bang, d6 1a khi chi can di trd mot VM 1a cé thé dua PM vé ngudng chap nhan,

Utilization, Number of Host Active, Number of Vm Migration With Time
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Hinh 2.16: Két qud so sdnh hai thuit toin MM-0ld va MM-New

V& mit ning luong tiéu thy, thuat toan MM-New ciing cho két qua tét hon (bang
2.9). Trong thuat toan MM-New, s6 luong PM hoat dong duy tri ¢ muc thap hon
(hinh 2.16), do vay ning luong tiéu thu cua PM va hé théng lam mat sé it hon. Bang
2.9 cho thay hé théng duy tri hoat dong & muc tiéu thu CPU gan véi ngudng trén, do
thuat toan MM-New can it s6 lan di tra hon, ciing lam giam ti 18 vi pham SLA. Mat
khac, thuat toan MM-New chon nhitng VM c6 muic tiéu thu CPU thap hon, do d6
thoi gian di tra caa nhitng VM nay sé it hon thoi gian di tri nhirng VM cua thuat todn

MM-Old. biéu nay lam giam cac vi pham cam két dich vu, nha cung cip dich vu
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giam dugc chi phi tién phat do viéc vi pham cam két dich vu tao ra va thoi gian can
cho viéc chon PM dich giam xudng (bang 2.9).

O céc phan trén da nghién ctru va dé xuat duoc mot ki thuat can bang tai hiéu
qua va mot ki thuat di trd hiéu qua trong moéi truong CC. Trong phan tiép theo s&
nghién cttu anh huong cua cac ki thuat can bang tai véi co ché AS trong mai truong

CC. Noi dung sau s& duoc tong hop tir céng trinh TCNNL.

2.4. ANH HUONG CUA CAN BANG TAI PEN CO CHE TU PONG PIEU
CHINH TAI NGUYEN

Trong thuc té, khi cac yéu cau ngudi sir dung ting 1én va vuot qua sac manh
thuc hién duoc giao, hé thdng thué s& roi vao tinh trang qué tai va QoS bi suy giam
dang ké. Bé khac phuc tinh hinh nay, cac nha cung cap dich vu dam may ngay nay
d3 cung cap cho khach hang mét dich vu dic biét dugc goi 1a AS. Dich vu méi dugc
thuc hién boi mot co ché AS cho phép thém céc ngudn tai nguyén tam thoi vao cac
g6i dich vu da dang ky trong truong hop cac tai nguyén sap can kiét. Co ché AS la
k¥ thuat méi duoc bd sung vao méi trudng dam may da 6n dinh véi cac co ché hé
théng vén co. Cau hoi dat ra 1a liéu ¢ van dé phat sinh hay khong néu ¢am may van
chay véi phién ban hién tai cua co ché hé thong. Khi sir dung cac dich vy, céc ki
thuat can bang tai 1a moét muc ma céc thué bao can phai chon dé xéac dinh cau hinh
dich vu AS trong dam may EC2 [87]. Diéu nay cho thiy cac k¥ thuat can bang tai c6
vai trd quan trong trong viéc cung cap dich vu AS cho thué bao dam may va c6 tac
vu hién tai can thuc hién véi can bang tai truyén thong dé thich nghi véi viec AS. Bé
lam rd van d&, trong phan nay s& tim hiéu nhirng gi s& xay ra néu thay déi cac ky thuat
can bang tai trong moi truong CC ¢d AS va ciing tim hiéu nhitng gi 1am cho hiéu
ning cta ddm may trd nén xau hon.

Truéc tién, luan &n s& nghién ciru mot mo hinh ddm may bao gdm ca bo can
bang tai va bd AS. B can bang tai dugc thuc hién bang céch sir dung céc thuat toan
can bang tai dién hinh nhu Round Robin (RR) va k§y thuat can bang tai giam sat tich
cuc duge dé xuat trong phan 2.2.2 (AMLB-New). Bo AS duoc &p dung ky thuat AS
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dwa trén ngudng. Tiép theo, luan &n sé& tién hanh mé phong céac trudng hop khac nhau
trén mé hinh CC va quan sat két qua thu duoc.
2.4.1. Mt s6 véan dé lién quan

Nhu trén d3 cho thay can bang tai c6 vai trd quan trong trong CC. C6 rat nhiéu
thach thuc dé phét trién bo can bang tai hiéu qua. Cac lugc dd can bang tai phai kiém
soat tai dén dé tat ca cac core xu ly trong hé thong hoac mdi PM trong dam may thurc
hién mot sé tai cong viéc twong duong vao bat ky thoi diém nao [15]. Nghién cau
trong [49] da dé xuat cc thuat toan dua trén giam sat tich cuc. Cac thuat toan theo
d6i tai hién tai trén tat ca cic may trong ddm mdy. Tuy nhién, trong chién luoc can
bang tai ctia moi trudng dam may nén duoc can nhic trong hai muc do lap lich, 1ap
lich & miac PM va miac VM. Muyc 2.2.2 ctia Chuong nay da trinh bay mot ki thuat
can bang tai dong hiéu qua (AMLB-New) va duoc céng bd trong cong trinh
[HNQT1].

Tuong tu nhu can bang tai, AS phat sinh nhiéu thach thic cho nd luc dat duoc
c4c muc tiéu da dé ra. Do d6, chu dé nay ciing thu hat nhiéu su quan tdm caa cac nha
nghién ctru, nhu trong [3, 68]. Van dé dau tién cua AS la 1am thé nao dé thué dung sb
lugng cac tai nguyén va phai tra tién cho nhiing gi duoc sir dung. Hon nira, lam thé
nao dé thu hoi sb tai nguyén di cho thué dung lac dé giir cho chi phi thap 1a van dé
thir hai. Cho dén bay gio, dé giai quyét ca hai van dé nay khong phai 1a mot nhiem
vu dé dang. Khi nghién ctru cac van dé nay, trong [70], c4c tac gia da dé xuit mot co
ché AS méi goi 1a BATS, dap ung duoc gidi han ngan sach dong thoi giam thiéu do
tré cua dich vu. Ngoai ra, nghién ctu [81] dé xuit mot hé théng AS dya trén thuat
toan du doan chudi thoi gian. Bé dat duge do chinh xac du doan cua hé théng AS,
mot thuat toan chinh quan trong goi 1a bd dy doan tu thich nghi, n6 c6 thé ty dong
lya chon thuat toén du doan phu hop nhat dya trén mé hinh tai cong viéc di vao. Phan
nghién ctru va dé xuat giai phap AS sé dugc trinh bay trong Chuong 4. O day, luan
an s& xem xét méi quan hé giira cac ky thuat can bang tai va AS duoc dé cap trong
[18]. C6ng trinh [18] M6 ta cach cac hé théng CC ndi tiéng nhu EC2, Azure va

RackSpace cung cp cho ngudi ding vai dich vu AS. Bac biét, EC2 sir dung mét bo
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giam sat goi la Cloudwatch dé phat ra thong bao vé sé do dé bit dau hoic ngirng cac
VM. Lién quan dén ca can bang tai va AS, cong trinh [4] ciing dwa ra mét so sanh
giita cac nha cung cap dam may khac nhau vé céc tinh ning ctia can bang tai va AS.
Tuy nhién, cac cong trinh nay ciing chwa 1am rd giira can bang tai va AS anh huong
dén nhau nhu thé ndo trong méi truong CC. Phan tiép theo sé& trinh bay vé mé hinh
CC c6 ca bo can bang tai va AS, dé xuat phuong phap danh gia anh hudéng giira can
bang tai véi hé thong CC cd AS.

2.4.2. M6 hinh trung tim dir liéu c6 bd diéu chinh tai nguyén tw dong

Cho trung tdm dix liéu (DC) ¢c6 N VM: VM;, VM,, ..., VMy. C06 thé biéu dién
trung tm dir liéu nhu sau: DC (VM,, VM,, ..., VMy). Trong d6, mdi VM c0 suc
manh xtr Iy P,va tai céng viéc L; (t) tai thoi diém t.

VM, (Ly (D), P)
VM, (L, (D), P,)
VM (Ln (D), Py)

Gia st trung tdm dtr liéu &p dung chinh sach Iap lich chia sé thoi gian (TS)
cho cac muac lap lich & mac PM va ¢ miac VM. Ngoai ra, trung tdm dir liéu chi tao
ra mot s6 lwong VM han ché trén mdi PM dé dam bao du sicc manh xir Iy cho VM.

Goi 1(t) la tai cong viéc méi (yéu cau mai) dén tai thoi diém t duoc tao ra boi
yéu cau gui dén bo can bang tai va bo can bang tai phan bd né tai mot VM nhat
dinh dua trén thuat toan can bang tai cu thé. Vi vay, goi L (t) & tai cong viéc cua
VM; sau khi bo can bang tai da phan bd tai 1(t) dén, nhu vay:

Li(t) = Li(t) + a;(®).1(t); i=1..N (2.10)
Vi a;(t) 1y gia tri 1 hoac 0, tly thudc vao viéc liéu VM; c¢6 phu hop véi diéu kién
dung cua thuat toan can bing tai hay khoéng. N6 c6 gié tri 1 néu diéu kién 1a dung
va nguoc lai ¢ giatri 1a 0.

0 néu VM; khong dwoc gan tai,

1 néu VM; dwoc gan. (2.11)

a;(t) = {
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Néu bo can bing tai thyc hién thuat toan Round Robin, c4c tai cong viéc dén
duoc gan cho mdi VM theo thir ty xoay vong luan phién. Vi thuat toan can bang
tai giam sét tich cuc (ALMB-New), bo can bang tai phai tim VM c¢6 thoi gian hoan
thanh tai céng viéc du kién sém nhét s& duoc chon dé phan bé tai méi. Trong truong
hop nay, a;(t) nhu sau:

1 néu VM; c6 thoi gian hoan thanh
a;(t) = dw kién sém nhat dwoc gan tai, (2.12)
0 néu nguoc lai.

Muc dich chinh ctia b can bang tai 1a cap phat tai céng viéc cong bang gita
cac VM bén trong mot trung tam dix lieu. Khdng c6 VM phai chiu tai nhiéu hon
nhimg VM khéc. Do d6, & ddy ciing xem xét viéc cap phat hop ly 1a mét trong
nhitng tiéu chi dé so sanh gitta cac bo can bang tai. Bo can bang tai co do léch tai
cdng viéc nho nhat gitra cac VM trong trung tam di liéu 12 bo can bang tai tot nhat.
Viéc nay ciing dan dén do tré tdi thiéu khi d6 léch tai cong viéc dat duoc gia tri toi
thiéu. O ddy chu y dén thoi gian phuc vu con lai caa VM, diéu nay c6 nghia 1a luong
thoi gian can thiét dé thyuc hién tai cong viéc hién tai hoan thanh trong VM. Thoi
gian phuc vu con lai cia VM, dugc goi la Tjeg (1), dugc tinh nhu sau:

Li(©)
P

Tieft,i (1) = (2.13)

Goi Dev(t) 1a su khéc biét gitra thoi gian phuc vu con lai nho nhat va thoi gian
phuc vu con lai 16n nhat ciia cac VM bén trong hé thong duoc xem xét. Thanh phan
nay s& duoc kiém tra trong cac truong hop mé phong khéc nhau & phan 2.4.3 va
duoc tinh nhu sau.

L (t)> B (Li (t)>

Dev(t) = ( > >

(2.14)
max min
Ly twong la: Dev(t) —» 0khit —» oo
Noi chung, bo AS theo doi thuong xuyén trung tam dir liéu va thu thap thong
tin vé tinh trang cua hé thdng. Khi hé thdng roi vao tinh trang qué tai, no s& cung

cap cong suat bing cach them mot may mai vao hé thdng. St dung cac ngudng cai
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san dé ra quyét dinh 13 phuong phép pho bién duoc ap dung trong bo AS hién nay.
S6 do hé thdng duoc thiét 1ap trong cac ngudng cd thé biéu dién trang thai cua hé
théng. Céc sb do 1a sy khac nhau gitra cac thuat toan AS. O day, st dung thoi gian
phuc vu con lai trung binh trong hé théng thué bao 1a mot sé do cho AS. Goi T, (t)
thoi gian phuc vu con lai trung binh tai thoi diém t, duoc tinh nhu sau:

X Li(D)

Tay (t) =

Néu goi N’(t) 1a s6 lwong may trong hé théng duoc xem xét tai thoi diém t thi
N’(t) duogc tinh theo cdng thirc sau:

N’(t) = N(t) + n(t) (2.16)

n(t) 1a sé6 may tam thoi duoc bo sung vao hé thong dugc xem xét tai thoi diém t.

Bo AS tuan theo quy tic sau:

n(t) = 1 T,y (t) > Thresholdy;gp, (2.17)
—1 T,, (t) < Threshold,,,.

0 Threshold,oy, < T,y (t) < Thresholdy;g,

Théng thuong, bo can bang tai 1am viéc véi mot sé may cb dinh trong mot hé
théng da diang ky nhung né s& phai lam viéc véi su thay d6i s6 lugng may trong hé
théng c6 bo AS. Lam thé nao dé bo can bang tai biét dung sé may 1a mot van dé
trong ngir canh nay. Diéu nay lam phét sinh van dé 1a s6 luong may co thé thay doi
nhanh do sy bién dong cua tai cong viéc. Mic du van dé nay cé thé xay ra, phan
nay van xem xét tat ca c4c anh huong vé hiéu ning cua bd can bang tai va hiéu nang
ctia hé théng CC.

2.4.3. Thuc nghiém va danh gia

Thuc nghiém duoc phét trién tir mét mé phong dam may dua trén md hinh trong
phan 2.4.2. Chuong trinh mé phong ciing bao gdm tat ca cac thanh phan chinh cua hé
thdng ¢am may nhu PM, VM, bo can bang tai, bo AS,... Trong mé phong nay st dung
c4c thuat todn can bing tai: Round Robin va k¥ thuat can bang tai giam sét tich cuc

AMLB-New. Viéc md phong bao gdm mét bd AS hoat dong dura trén ngudng.
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Trong mo phong nay xay dung mot hé théng CC thué bao vai bén VM c6 500MIPS
CPU, RAM 2Gbyte va bang thong 1Gbps. Bdn VM nay 1a s6 VM tdi thiéu trong hé
thong dugc xem xét 1a thudc vé géi dich vu dam may cua khach hang. Bo AS sé& bo sung
cac VM tam thoi khi hé thdng dam may bi qué tai va né ciing loai b cac VM b sung
khi hé théng dam may trd lai trang thai binh thuong. Vi vay, bo AS 1am thay doi sé luong
VM [6n hon bdn va trg lai trong trang thai binh thuong. Trong md phong, thiét 1ap
ngudng trén bang 6 gidy va ngudng dudi la 2 gidy cho thoi gian phyc vy. Str dung tai
cong viéc nhu hinh 2.17, bo can bang tai Ia thuat toAn Round robin va thuat toan giam
sét tich cuc AMLB-New. Hinh 2.17 cho thay tai cong viéc da dao dong nhiéu hon binh
thuong. Trude khi dat dén dinh diém xap xi 4000MI, da c6 tai cong viéc tang 1én nhung

sau d6 tai cong viéc lai giam dang ké vao thoi gian sau do.

B Incoming Workloads

4500
4000
3500
3000
2500
2000
1500
1000

o0
o (A LA et

135 7 91113151719212325272931333537304143454749

Hinh 2.17: Phidn bd tdi cong viéc dén trong ClarkNet tracel?
Thir nhat, dé xem xét cach thic bo AS bo sung cac VM dé dang ky vai hé thng
CC ¢6 bo can bang tai s dung Round Robin va AMLB-New. Cac két qua chay V6i
bo cén bang tai sir dung Round Robin trong hinh 2.18 va céc két qua chay véi bo can

bang tai str dung AMLB-New duoc chi ra trong hinh 2.19.

12 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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Hinh 2.18 cho thiy bo AS di phai bd sung cac VM vao hé thong dam may nhiéu
lan, tir 1 dén 2 VM, va cac VM thuc hién & lai 1au trong hé thong. Trong khi d6, bo
AS sir dung AMLB-New chi cin mot thoi gian ngan dé thém mot VM vao hé théng,
nhu hinh 2.19. Hon nita, VM tam thoi s& khdng & lai l1au trong hé théng dam may da

dang ky.

® Number of supplementirg Vikis

a T : T T : T

1 357 9111315171921 232527293133353739414345474951

Hinh 2.18: S6 lrong VM dwoc b sung khi stv dung Round Robin

Thir hai, tap trung vao su khac biét theo do léch Dev(t) gitra cac bd can bang tai
sir dung Round Robin va AMLB-New. Cac két qua tir ca hai trudng hop duoc mé ta
trong hinh 2.20. Hinh 2.20 cho thay d¢ léch tir bo can bang tai sir dung Round Robin
thuong 16n hon so v6i do léch cua bo can bang tai giam sét tich cec AMLB-New. Céc
d6 léch c6 thé dat duoc gia tri 1a 25.2 vai thuat toan Round Robin, trong khi gia tri 1on
nhat trong thuat toan AMLB-New I3 khoang 15.5. Ngoai ra, hinh 2.20 ciing cho thay s
gia ting theo do léch twong tng véi mdi 1an bd sung cac VM vao hé thong dam may.
Hinh 2.20 ciing cho thay sy gia ting tir bo can bang tai str dung AMLB-New khdng I6n
hon gia tri trung binh, trong khi d6 cac gid tri nay kha cao va dai hon so vai bo can bang
tai sir dung Round Robin.

Nhu viy, can bang tai trong cac méi truong dam may cd co ché AS di duoc

xem xét. C6 nhiéu loai can bang tai cd thé 1am cho bo AS thém cac VM tam thoi vao
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hé théng thué bao nhiéu hon cac bd can bang tai khac. Vi du: bo can bing tai Round
Robin. Diéu ndy din dén viéc sir dung tai nguyén dam may khong hiéu qua va céac
thué bao phai tra thém tién. Nghién ciru nay ciing chi ra rang cac bo can bang tai ap
dung céc thuit toan dya trén tai cdng viéc hién tai cia VM trong hé théng dam may
d3 thich nghi tot v&i moi trudng dam may c6 AS. Vi du, bo can bang tai sir dung
AMLB-New khéng chi gitp giit mic mat can bang tai giira cac VM thap ma con hd
tro AS hiéu qua. Vi vay, can can nhic lra chon cc can bang tai dua trén tai cong viéc
cia VM trong méi truong dam may cho phép AS, dac biét 1a cac bo AS sur dung cac

thuat toan dua trén ngudng.

= Number of supplementing Vids

1357 9111315171821 23 2527 29 21 33 35 37 29 41 43 45 47 48 51
Hinh 2.19: S6 luwong VM dwoc bé sung khi siz dung AMLB-New
KET LUAN CHUONG 2:

Chuong nay, luan an di nghién ciru vé cac co ché can ban trong CC d6 1a ky
thuat can bang tai va ki thuat di tr, va da d& xuat mot ky thuat can bang tai dong
hiéu qua va mot ki thuat di trd hiéu qua trong CC. Cuédi cung 1a danh gia anh huong
cua cac ky thuat can bang tai trong CC co6 co ché AS tai nguyén, cac két qua thuc
hién va mod phong da chi ra tinh hiéu qua cua cac ki thuat duoc dé xuat va danh gia
duogc vai trd, sy anh hudng cua cac ki thuat can bang tai trong mot truong CC ¢6 co

ché AS, diéu d6 cho thiy, viéc lya chon k¥ thuat can bang tai phi hop trong moi
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truong CC c6 co ché AS s& gilp cho hé théng hoat dong tét hon, tan dung dugc tai
nguyén va téi thiéu dugc chi phi.

Trong phan tiép theo, luan an s& nghién ciru va dé xuat mot md hinh CC sir dung
mo hinh hang doi dé xem xét va danh gia mot s6 thdng s6 hiéu niang trong CC nhu:
thoi gian dap &ng trung binh, thoi gian chd trung binh, thong lwong,... Cac tham sé
dau ra tir mo hinh 1a cac tham sé dau vao quan trong cho céc giai phap AS trong moi

truong CC, nhu thoi gian dap wng trung binh, s lugng VM, ..

= Deviations from RR load balancer ™ Deviations from AM load balancer
5
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Hinh 2.20: D6 l1éch Dev(t) theo bd cin bang tdi siv dung Round Robin va st dung AMLB-
New
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CHUONG 3 : PE XUAT MQT MO HINH MANG HANG POQI CHO HE
THONG PIEN TOAN PAM MAY

Chuong nay nghién ctiru c&¢c mé hinh CC sir dung mé hinh hang doi va mang
hang doi. D c6 nhiéu cong trinh st dung md hinh hang doi don dé mé hinh CC,
nhung cac md hinh nay khong con phit hop véi d6 phiic tap ngay cang phét trién cua
moi truong CC. Do d6, can phai nghién citu md hinh mang hang doi dé c6 thé mo
hinh duoc moéi truong CC phuc tap va khong dong nhat. M6 hinh mang hang doi
duoc dé xuat sir dung cho céc (ing dung da tang trén nén tang CC. Céc sé do hiéu
nang cia mo hinh 1a dix liéu dau vao quan trong cho cac bai toan AS trong CC nhu:
thoi gian dap ung, s luong VM duogc cap phat/thu hdi, mac sir dung hé théng,. .. Noi
dung chuong nay dugc tong hop tir cong trinh TCNN3.

3.1. PAT VAN PE

Céc cong trinh [57, 58, 100, 101, 107, 109] st dung cac mé hinh hang doi phé
bién (nhu M/M/1, M/G/1, M/M/m, M/G/m/K) dé tim hiéu va phan tich hanh vi cac
dich vu dan héi. Chua c6 mé hinh nao tap trung vao viéc xac dinh sé luong VM can
thiét dé dap ang tiéu chi hiéu nang SLO cho cac dich vu dua trén dam may. Ngoai ra,
cac md hinh nay khong dat duoc cac hanh vi thuc sy cua cac dich vu dan hoi. Cu thé,
tat ca cac moé hinh nay bo qua vai trd cia bd can bang tai. Vi bo can bang tai dong
mot vai trd quan trong trong viéc phan bd, giam sat va theo ddi tinh sin sang cua cac
VM tinh toén tai trung tam dir liéu dam may. Thoi gian xir ly ndy tai bo can bang tai
c6 thé 1a dang ké. Do d6, bat ky mé hinh phan tich nao ciing phai tinh dén vai tro cia
bo can bang tai dé mo hinh chinh xac hanh vi va hiéu nang.

Mot trung tam dix lidu cung cap dich vy CC thudng c6 moéi truong khong dong
nhét vi da phan né chira nhiéu thé hé PM c6 ciu hinh phan cing khéac nhau, dic biét 1a
dung luong va téc do cia bo vi xur Iy. Cac PM nay thuong duoc thém vao trung tam
dir liéu dan dan va duoc cung cap dé thay thé cac may hién tai (hodc "cii") da c6 sin
[24, 74]. Tinh khong dong nhét cua cac nén tang PM nay s& 1am anh hudng dén hiéu
nang cua CAc trung tam dix liéu. Bén canh do, cac tng dung trién khai trén CC ngay nay

duoc phét trién theo huéng dich vu. Theo d6, mét tng dung duoc trién khai trén mot
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tap céac dich vy trién khai doc lap. Diéu ndy khong gidng nhu cac tng dung nguyén
khdi bao gom cac md-dun két hop chit ché, cac ung dung dua trén kién trac hudng
dich vu rat phii hop cho cac co sé ha ting CC [91].

Sy bién dong cua tai cong viéc thuong xuyén xay ra trong méi tredng CC. Bién
d6ng nay gay anh hudng dén chat lugng cung cap cho ngudi ding mac du kién tric
CC c6 tinh co gian - kha ning ty dong cap phat va thu hoi tai nguyén dua vao nhu
cau tai céng viéc hién tai. Do vay, van dé dam bao QoS 1a mét thanh phan tiéu chuan
cua SLA duoc thiét 1ap gitra khach hang va nha cung cap dich vu dam may, ddy 1a
mét trong nhitng van dé quan trong d6i vaéi nha cung cap CC [31, 102]. Bé danh gia
QoS cho CC c6 nhiéu cong trinh nghién ctiu str dung cac sb do hiéu nang quan trong
cua hé théng nhu thoi gian dap @ng trung binh, thoi gian cho trung binh, sé thong
luong cbng viéc trung binh, kha nang bi tir chbi phuc vu [103]. Céc sé do nay ¢ thé
dugc phan tich va mé hinh dwa trén ly thuyét hang doi. Céc ang dung trién khai trén
CC thuong dugc xay dung bang cac mo hinh hang doi don gian nhu mét hang doi
G/G/N, trong d6 ¢6 N mdy chu 1a thay d6i [2]. M6 hinh duoc sir dung dé uée luong
c4c tham s6 nhu cac tai nguyén can thiét cho mot tai cong viéc dau vao nhat dinh
hozc thoi gian dap ang trung binh cho cac yéu cau. Sau do, théng tin nay dwoc chuyén
vao bo du doan, bo diéu khién hoidc dé giai quyét bai toan ti uu hoéa. Tuy nhién, khi
kién tric cta tng dung trén CC phat trién va ngay cang trd nén phic tap thi viéc sir
dung mo hinh hang doi don tré nén khé khan. Do d6, m6 hinh mang hang dgi duoc
sir dung dé tao mot tang tng dung don gdm N may chu tng dung [99, 104] hozc xem
xét mot hang doi cho mot may cha [101], hodc chi 1a mot hang doi cho mdi tang [6,
112]. Pa s céc nghién cau hién tai it khi xem xét tinh khong dong nhat caa dich vu
co s ha tang cua CC ching han nhu mét wng dung duoc trién khai trén dam may
nhiéu VM véi céc thé hé khac nhau cé toec d6 CPU khéc nhau va kha ning bo xir ly
khac nhau. Thay vao d6, cac nghién ctru thudng gia dinh rang mdi nat hoat dong &
cuing toc do.

Pénh gia hiéu ning cua c4c trung tdm CC da duoc mot s6 nghién cau tap trung

gan day. Tuy nhién, do sy phtc tap va da dang cia cac yéu cau ngudi ding cua trung
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tam CC, hiéu ning cua no rat khé dé md hinh hda va phan tich. Dich vu dam may
khac vai dich vu luu trir truyén thong theo ba khia canh chinh: Tha nhit, n6 duoc
cung cap theo nhu cau; Thi hai, cac trung tim dam may a0 héa cho phép nhiéu VM
chay trén cling mot PM; va Tht ba, di trd truc tuyén VM duoc sir dung rong rii dé
cai thién do tin cay cua hé thong.

Trong phan nay tap trung vao khia canh QoS danh cho khéach hang. Nghién ctu
va dé xuat mot mo hinh hang doi dé phan tich, danh gia cac s6 do hiéu ning cho mot
moi truong CC khong dong nhat nham thoa méan cac nhu cau vé QoS cho khéch hang.
O day, khach hang 12 nguoi st dung dich vu co sé ha tang CC dé trién khai tng dung
web da tang trén cac VM c¢6 cau hinh khac nhau (khong ddng nhat) dé phuc vu cho
nguoi ding dau cuéi. Do d6, luan &n md hinh hé théng tng dung da tang trén nén
tang CC dua vao ly thuyét mang hang doi, cu thé 1a mang Jackson m¢ [103] dé xéc
dinh va do céac thong sé QoS cua ddm may nhu: thoi gian dap &ng, thoi gian doi trung
binh ciia hé thdng. Sau d6, phan tich mé hinh theo cic tham sé khac nhau nhu: ti ¢
yéu cau dén cua cac dich vu khach hang, sb luong va toc do phuc vu caa cac may cha
xur ly va nhitng tham sé khéc.

Mo hinh dé xuét 1 tong quét c6 thé &p dung dé mo ta va nam bat hanh vi cua
c4c hé théng CC. Tha nhat, md hinh c6 thé duogc sir dung trong thuat toan AS, trong
d6 cong suit va sé lugng VM tinh toan duoc xac dinh dua vao thoi gian dap tng duoc
giam sat, mic sir dung tai nguyén cuaa hé thong,... Hién tai, Amazon AWS sir dung
AS dya vao viéc thiét lap cac ngudng dudi va ngudng trén cho mic sir dung CPU
téng thé. Mac sir dung CPU c6 thé gay ra sai sot vi ¢d thé bi anh huong tir cac tac
nhan dang chay, c4c tac vu hoic cac qua trinh khong lién quan dén tai cong viéc caa
tng dung. Thir hai 1a d6i voi cac tng dung da ting, mé hinh dé xuét cé thé str dung
dé tinh toan do tré mong doi & mdi ting. P tré tich hop & mdi tang co thé duoc st
dung dé tinh toan thoi gian dap tng dau cudi. Thir ba, mé hinh dé xuit c6 thé tinh
toan yéu cau cac VM va udc luong thoi gian dap ¢ng dich vu va yéu cu biang thong
mang. Vi c&c VM lién tuc duoc cap phat va thu hdi (do AS, di trd va két thic), thoi

gian luu tra trung binh cho mot VM c¢6 thé duoc woc tinh. M hinh dé xuat cé thé st
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dung dé xac dinh cac s6 do hiéu niang chinh, bao gom: muc sir dung tai nguyén, bang

thdng mang, thoi gian phuc vu, thong luong,. ..

3.2. MO HINH HOA UNG DUNG PA TANG TREN PIEN TOAN PAM MAY
3.2.1. M6 hinh fng dung da tang

Mot tng dung da tang ao hoa trong mdi trudng CC duoc trién khai trén nhiéu
VM va mdi ting cung cap mot chirc ning nhat dinh. O day, xem xét mot ¢ng dung
bao gom n tang, duoc biéu thi bang Ty, T,, ..., T,,.

Gia str ¢6 ¢ cac VM trong mdi ting ctia moi trudng thuc thi tng dung da tang
VA C4C Yéu cau cua tat ca cac phién lam viéc dén nhap vao mét hang doi chung duoc
duy tri boi bo can bang tai & tang thi nhat, cho cac tai nguyén sin sang. Bo can bang
tai chiu trach nhiém phan phéi cac yéu cau nay. Sau d6, mdi yéu cau dugc quyét dinh
xur ly tai cac VM cua tang tiép theo trong ung dung 4o hoa.

Mo hinh hang doi nhiéu VM cua céc ting khac c6 trach nhiém cung cap tai
nguyén dong theo cac yéu cau cua tang d6. M3i yéu cau & tang T; dugc chuyén tiép
tGi tang tiép theo T;,, cua nd dé xu ly tiép hoic co thé roi khoi hé théng. Khi két qua
duogc xir ly bai ting cubi cing T, két qua dugc giri phan hdi cho khéach hang. Vi du,
mét yéu cau trang web tinh duoc xir Iy hoan toan béi ting Web va s& khong duoc
chuyén tiép t6i cac tang sau. Mat khac, tim kiém tir khda & ting Web c6 thé kich hoat
nhiéu yéu cau dén tang tiép theo. Gia sir ting co so dir lidu voi kién tric chia sé moi
thir, c6 thé dugc nhém lai va nhan ban theo nhu cau, truy cép co sé dit liéu véi xac
suit 5. Thong qua viéc md hinh hoa tit ca cc ting va cac tuong tac cua ching, mo
hinh da tang cho phép tich hop céac quyét dinh cho tang dau tién vao bo can bang tai
va cac tang khéac co thé chira mot s6 VM. Bé nam bit tng dung da tang a0 hda cho
viéc cung cip tai nguyén dong, viéc xac dinh mo hinh dé xuat 1a mot md hinh phan
tich két hop, phi hop véi méi truong thuc. Diéu nay khdng chi tiét kiém thoi gian
truyén trong mang ma con cai thién hiéu qua xir Iy cac yéu cau.

3.2.2. M hinh hang d¢i mé cho &ng dung da tang
Tai cong viéc trén tng dung da tang thuong 1a khach hang dua trén phién 1am

viéc, trong d6 phién 1am viéc khach hang bao géom mot loat cac yéu cau. Nhu trong
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Hinh 1.6, tng dung trén CC c6 nhiéu tang khac nhau dam nhan vai trd khac nhau trong
tring dung ciing nhu nhu cau sir dung céc dang VM khac nhau tai cac ting. Tai mot thoi
diém, nhiéu yéu cau khach hang dong thoi twong tac véi Gng dung da tang. Hinh 3.1
xem xét md hinh mang hang doi mé cho tng dung da ting gdm c6 ba taing ¢é md hinh
cho &ng dung da tang nhu hinh 1.6, véi cau trdc cac VM c6 thé khac nhau, md hinh hé
thdng phan bb nhu mot hé thdng hang doi gom nhiéu hang doi M/M/1. C4c yéu cau tai
mdi ndt trong mang duoc phuc vu theo thi tu dén trude duoc phuc vy trude (FCFS).
Sy xuat hién cua cac yéu cau & mdi tang dugc gia dinh dén theo phan bd Poisson, tic
la khoang thoi gian giita cac 1an yéu cau dén c6 phan b mil. Gia thiét nay duoc xac
nhan bang cach phan tich cac b dir liéu duoc Iy tir mot trang web ng dung da tang
thuong mai dién tir [10]. Bén canh d6, thoi gian phuc vu trung binh caa cac yéu cau
cling duoc coi 1a phan bd mil. Céc gia dinh nay ciing dugc sir dung phd bién trong phan
tich cac hé théng CC nhu trong cac cong trinh [1, 57, 58, 92, 100, 101, 107].

Tang x& ly nghiép vu

T A\
] 'DDgD< ol T ) : DDDDQH

= [ ]] =
Hinh 3.1: M6 hinh mang hang doi mé cho ting dung da ting trén CC

Hé théng mang hang doi trong Hinh 3.1 thé hién cho cum phuc vu tng dung cua
ngudi ding cudi: bao gém tang chira bd can bang tai, tang xir Iy nghiép vu va tang xir
Iy co so dit liéu. Tang chira bo can bang tai 1a mot VM déng vai tro diéu phdi yéu cau
dén cac VM trong tang xu ly nghiép vu. Tang xir Iy nghiép vu gém nhiéu VM khéng
d6ng nhat, ¢ kha niang xt Iy khac nhau tdy vao cu hinh. Sau d6, yéu cau c6 thé duoc
chuyén dén tang xir Iy dix liéu 12 mot VM hoac 1a khéng tly vao yéu cau ang dung
ngudi dung ¢6 hodc khong truy cap vao co so dit liéu, sau d6 két qua dugc chuyén dén
nguoi dung.

Tang chta bo can bang tai nhan cac yéu cau dén tir ngudi dung dau cudi va sau

do6 xir 1y, didu phdi yéu cau dén cac VM ¢ tang xur Iy nghiép vu dua trén cau hinh cua
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chdng. Chinh sach cap phat tai nguyén cho yéu cau dudi dang chia sé khdng gian, c6
nghia tai mot thoi diém VM chi phuc vu cho mét yéu cau. Viéc diéu phéi yéu cau tir
bo can bing tai dén cac VM ¢ tang xa 1y nghiép vu dugc tinh theo chinh sach can
bang tai Round Robin (Bang 3.1). TUy vao trong sb cua tirng VM trong tang xt 1y
nghiép vu, tc d6 phuc vy cia VM phu thude vao ning luc xir ly cia VM d6. O day
tap trung vao tinh khong dong nhat cua VM, gia st mdi VM i ¢d ; core xir ly, tée do
thuc thi cia mdi core la s do bang giga lénh trén mdi gidy (GIPS).
Téc do phuc vu cia VM i duge tinh nhu sau:

S * Cj

_S*G 1
b= —— (3.1)

trong d6, Z 1a s6 chi thi trung binh cia mot yéu cau duoc thi tai VM i.

Trong tang xir Iy nghiép vu, cac VM xur ly trong mang cé thé c6 tai phu thudc,
¢ nghia 1a ti 18 yéu cau roi dich vy 1a mot ham caa sé lwong yéu cau hién tai trong
VM d6 ;. Trong tang luu trit dit liéu, xac suat & 1a mot yéu cau tir VM trong tang xir
ly nghiép vu dén truy cap vao tang luu trit co sé dit liéu. Khi thyc hién mé hinh héa
mot hé thong dua trén web, khdng phai tit ca yéu cau s& yéu cau truy cap vao may
chu co so dir liéu.

Chung t6i xem xét cac gia dinh sau, cdc gia dinh nay ciing dugc st dung trong
[92, 93, 103]:

(i) C4c yéu cau dén tir ngodi hé théng CC vao mét nit i tuan theo qué trinh
Poisson;

(i) Thoi gian phuc vu tai méi nit i trong hé thong CC Ia déc lap va tuan theo
phan bé mii va dwoc phuc vu theo nguyén tac FCFS;

(iii) Xac sudt khi mét yéu cau dwroc phuc vu xong tai mét ndt i cé thé chuyén qua
nat j (i # j) ry; = 0 doc ldp véi trang thai hé thang hodgc sé roi khsi hé théng va
khéng quay lai véi xac suat 1 — ¥ ¥_; ;;, véi N 1a s6 nt mang trong mang hdng doi.

Céc tinh chat nay thoéa man cac yéu cau cia mot mang hang doi Jackson mé
[95]. Nhu vay, c6 thé xem hé théng CC dugc mé hinh nhu hinh 3.1 12 mot mang hang

doi Jackson ma cd N nat mang.
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Bing 3.1: Thudt todn can bang tdi Round Robin

2 | *Pdu vao:

3 | *vms] ]: danh sach cac VM

4 | * requests: danh sach cac yéu cau

5 | *Paura:

6 | * gan cac yéu cau cho cac VM */

7 | map;

8 | position = 0;

9 | for request in requests

10 position %= vms.size()

11 if vms[position] c6 thé xir Iy request

1 vm=vms|[position]
map.add(request, vm)

13 position++

14 | return map

3.2.3. Cong thirc ciia Little va mdt sé két qua cia hang doi M/M/1
3.2.3.1. Cong thec cua Little

Trudc khi di phan tich mé hinh dé xuat, phan nay gigi thiéu cong thic dong
mét vai trd quan trong trong viéc suy luan cac két qua tong quat vé cac hé thdng ly
thuyét hang doi. Khi xay dung mot hé thong, thudng 1am don gian hda céc gia dinh
Vvé no - qué trinh dén hoic qua trinh phuc vu 13 qué trinh Poisson,.... Khi nhitng gia
dinh nay khdng thoa man, cong thirc két qua cho hanh vi hé théng tro nén qua kho
giai quyét hoac tham chi khdng thé suy luan. Tuy nhién, c6 mot cong thac tong
quat, n6 dung cho tat ca cac hé thong o6n dinh.

Néu hé thong on dinh, nghia 1a no trd nén tréng rdng trong khoang thoi gian
cudi cing - tbc do dén bang voi tdc do di ra, cd cong thirc cua Little [47, 48, 95]:

L=2Ax W (3.2)

trong d6 L 1 s6 khach hang/yéu cau trung binh trong hé théng va W Ia thoi gian trung
binh ma khéach hang/yéu cau ¢ trong hé théng. Vi tong sé thai gian cho trong hé thong
bao gom thoi gian cho trong hang doi Wy, va thoi gian phuc vu Wg: W = W, + Wq
(cling gidng nhu s6 khach hang: L = E + L), cong thic cua Little ciing c6 dang

cho hang doi va thoi gian cho phuc vu:
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Lo= A* Wy (3.3)

Ls = A% Wg (3.4)
Cong thtc cua Little 1 ding cho tat ca cac loai hé thong va né duoc sir dung dé
dan xuit cho nhiéu két qua.
3.2.3.2. Hang dgi MIM/1
Bay gio, xem xeét cac thudc tinh cia hang dgi M/M/1-FCFS [95], trong d6 cac
khach hang dén theo qua trinh Poisson véi toc do A (hay néi cach khac, cac khoang
thoi gian lién tiép theo phan bé mil), thoi gian phuc vu theo mil phan bd véi gié tri

trung binh la i va c6 mét may chu phuc vu khach hang theo chinh sach FCFS. Cho

X(t) thé hién sb luong khach hang trong hé thong tai thoi diém t. Trong mot khoang
thoi gian ngan (t,t + h] mot khach hang méi c6 thé dén vai xac suat: Ah + o(h)
(véi viéc chuyén trang thai tir i — i + 1) va mot khach hang roi khoi hé théng véi mot
xac suat ph + o(h) (vai viéc chuyén trang thditri — i — 1), trong d6 o(h) la mot

ham bat ky thoa man: limo(h)/h = 0. Do d6 X(t) tao thanh mt chudi Markov va

X(t) ciing la mét qua trinh sinh-tir vai khéng gian trang thai vé han S = {0, 1, 2,...}.
Bang céch tao ra cac phwong trinh can bang tong quat va mot diéu kién chuan hoa
[95], c6 thé co duoc cong thirc X4c suat trang thai (phan b can bang). S6 lugng khach
hang trung binh E[X] trong hé théng duoc tinh theo cong thire (3.9). Phuong sai D?[X]
dugc tinh theo (3.10).

p= > (35)
i
M = p'my,i=0,1,2, .. (3.6)
T=1-p (3.7)
A
Ex]= —H%_- P (3.8)
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_
(1- p)?

Néu sy phan bé thoi gian dén hoac thoi gian phuc vu khdng phai ham mi va

D?[X] = (3.9)

chinh séch 1ap lich van 12 FCFS, két qua trén s& khong c6. Tuy nhién, dé 1ap lich theo
PS c¢6ng thtc van gii nguyén méc du phan phéi thai gian phuc vu s& thay dbi, tac 1a
cong thic trén van ding cho cac hang doi M/G/1 -PS.

Tong thoi gian tré D cua hé théng bao gom ca thoi gian cho doi W va thoi gian
phuc vu S: D =W + S. B¢ tré trung binh c6 thé dugc tinh theo cong thic cua Little
[47, 48] va no thoa man cho tat ca cac cong viéc — duy tri cac chinh sach Iap lich
(FCFS, PS, LCFS,...). Trong trudong hop hang doi M/M/1-FCFS, d¢ tré trung binh
duoc tinh theo céng thuce 3.11 va 3.12:

_E[X]_l p 1

Thoi gian cho cua khach hang la: W =D —S.

E[W] = E[D] — E[S] =~ ——— =
wl-p p p 1=

(3.11)

3.2.4. Phan tich mé hinh dé xuat

Trong phan nay phan tich mé hinh mang hang doi thé hién trong Hinh 3.1 - day
la mot mang hang doi Jackson mé gdm N nGt mang, mdi nit mang twong &ng 1a mot
VM va mdi VM dugc md hinh 1a mot hang doi M/M/1.

Tai bo can bang tai s& nhan cac yéu cau dén tir ngudi ding bén ngoai va sau do
xur 1y, diéu phdi yéu cau dén cac VM trong tang xir ly nghiép vu dya trén cau hinh
cua ching. Yéu cau dén bo can bang tai tir bén ngoai c6 téc do dén theo phan b
Poisson vai tham sé y (s6 lugng yéu cau trén gidy). Khoang thoi gian gitra cac lan
dén trung binh 1a 1/y. Thiét 1ap hé s6 muac st dyng tai nguyén trung binh cho mdi
VM thir i (ky hiéu p;) véi ngudng nam trong khoang [ay, o] tly vao ting loai VM
khac nhau véi tbe do phuc vu ;. Diéu ndy mo ta toc do ma cac may chu tai mdi nat

xtr ly cac yéu cau 1/111 la thoi gian phuc vu trung binh.
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Hinh 3.2: Mang hang doi mé téng quét

Cac nit c6 thé lién két vai nhau theo dang néi tiép hodc song song. Gia st do
dai ctia mdi hang doi 14 v han va nguyén tic phuc vu cia hang doi 12 FCFS. Tai mdi
nGt cua hé théng 1a mot hang doi M/M/1 va viéc phat sinh cac yéu cau HTTP cuaa
nguoi ding 1a qué trinh ngu nhién doc 1ap. Goi ry; 1a Xac suat chuyén trang thai sau
khi yéu cau duoc xir ly xong tai nat i s& chuyén dén nt j. Ta o, tong cac Xac suat
chuyén trang thai trong mang hang doi mé 12 1 (¢ day: r;, 1a xac suit chuyén ra ngoai
mang tu nat i):

N

Iip = 1-— z ri]',i € [1, N] (312)

j=1j%i
Goi A; 1a tdc d6 dén tir bén ngoai vao nit thir i va A; 1a tong toc d6 dén cua nit
thr i (bao gom ca téc do dén tir bén ngoai va téc do chuyén dén tir cac nit bén trong

hé thdng mang dén nut thi i), khi d6 ta cé:

N

j=1,j=i
Goi A = [Ay,A,, ..., Ax]T 12 vector tong toc d6 dén cac hang doi cua cac ndt.
Goi A = [Ag, Ay, ..., Ax]T 14 vector toc do dén tir bén ngoai, khi d6 cong thirc (3.13)

c6 thé duoc viét lai dudi dang phuong trinh ma tran sau:
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A= A+ RTA, (3.14)

vé6i R 12 ma tran xac suét chuyén trang thai (R 1a ma tran chuyén vi cua ma tran R).

ryp Tz o0 TN
1 Tq2 0 IoN

R = : : 2 : (3.15)
'yt I'na " NN

Do s6 luong yéu cau ¢ cac VM c6 thé khéc nhau, ta goi X;(t) 1a bién ngau nhién
xéac dinh sb yéu cau trong VM thiri (i = 1,2,.., N) tai thoi diém t. Trang thai caa hé
théng tai thoi diém t duoc ky hiéu 1a: X(t) = (X, (1), X, (D), ..., Xn (D). Khi d6, & trang
thai 6n dinh, xac dinh phan phdi xac suat chung trong thoi gian dai nhu sau:
Py xp.xy = PX1, X2, o, Xn) = PAX (D) = %4, X, (1) = %, ..., Xny() = xn}. VI céc
VM 1a doc 1ap véi nhau va P(x;) 1a xac suat bién véi X;(t) = x;. Tir Xac suét chung,
c6 thé tinh xéac suat bién cua mot sé lwgng yéu cau cu thé tai mdi VM.

Mot mang Jackson ma [95] duoc xem xét nhu mot chudi Markov thoi gian lién
tuc vai vector trang thai:

X = (X1, X3, e, XN), (3.16)
trong d6 véi x; 12 s6 luong yéu cau dang co tai VM i. Str dung phuong trinh trang thai
can bang dya trén hé thong Markov.

Trong Bang 3.2, goi X biéu dién trang thai on dinh cia hé thong; khi c6 mot yéu
cau dén VM i thi hé théng tir trang thai X sang trang thai X; i*; nguoc lai khi c6 mot
yéu cau roi khoi VM i, hé thdng s& chuyén tir trang thai X sang trang thai X; i™; hoic
trang thai hé thdng tir X sang trang thai ; i*j~ khi c6 mot yéu cau tir VM j chuyén
dén VM i.

Bdng 3.2. Bing mo td trang thai

Trang thai Ky hiéu
X1y eer Xic 1) Xip Xjg1s 0 XN X
X1, o Xie, X + 1, X401, oo XN x;it
X1, 0 Xi—1 Xi — 1, X414, ) XN X; i~

X1, o Xi—n, X+ L X1, o, Xjm 1, X — 1L X4, 0, XN X;17j
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Xich Markov nay c6 xac suat chuyén ky hiéu p, dugc xac dinh nhu sau:

Prit = A
Px;i- = Hilio
Pz;itj— = Wjlji

Str dung nguyén ly can bing trang thai ludng vao trang thai X bang ludng ra khoi
trang thai X, gia sirx; > 1 tai moi VM trong hé thdng, ta c6 phuong trinh can bang

tong quat sau:

N N N N
z Ai pgi- + z 2 HilijPx;itji— + 2 HiTioPx;i+

i=1 j=1 i=1 i=1
N N

= Y w( =) pet Y Aips (3.17)
i=1 i=1

Dinh ly trong [47, 48]: Phan bd can bang cho mang Jackson ma la:

N

Xi /. Ai
Px =C1_[pil,vmpi =—<1
i Hi

Theo [95] cung cip phan bd chung cho tat ca VM trong hé thong, giai phap
trang thai 6n dinh cho phuong trinh (3.17) 1a:

Pz = pxl,xz,...,xN

= (1= p)pr (1= pz)ps* . (L= pw)py"
N

= 1_[(1 — popi*t.
i=1
N
véiC = Hm — ).
i=1

S6 lwong yéu cau trung binh L; tai mdi VM i cho hang doi M/M/1 véi tong toc
d6 dén A;:

(3.18)

_ Pi
1_01’

L; i=12,..,N (3.19)

Tong s lwong yéu cau trung binh cia toan mang duoc tinh nhu sau:
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N
Pi

e~ 1- pi

1=

L=L1+L2+"'+LN= (320)

Thoi gian doi trung binh cua yéu cau trong mang véi Luat cua Little [47, 48]:

L
W=-, (3.21)
B
trong 46 B = YN, A; la tong téc do dén tir bén ngoai vao mang. Tat ca yéu cau cua

khach hang dén tir bén ngoai déu phai qua bo can bang tai: B = y. Thoi gian dép tng
trung binh ciia mot yéu cau trong mang tai méi VM thi i (i = 1,2, ..., N) duoc tinh
bang cong thirc nhu sau:

L; 1

A w@—pY

trong d6 A; duoc tinh theo cong thuc (3.4) vaW = W; + W, + --- 4+ Wy.

W, = (3.22)

3.2.5. Mt vi du cho mé hinh mang hang doi dé xuét

Hinh 3.3 1a mot vi du v& mé hinh hang doi Jackson ma cho hé théng CC ting
dung ba tang gom bdn nat, mdi nGt mang 1a mot VM dwoc md hinh st dung mét hang
doi M/M/1. NGt 1 12 VM dai dién cho tang thir nhat 1a Bo can bang tai co toc do yéu
cau dén tir bén ngoai vao 1a y, tang xir ly nghiép vu gom 2 nit 1a VM2 va VMs, téc
d6 yéu cau duoc chuyén tiép tir VM dén cac VM trong tang xir Iy nghiép vu tuan
theo x4c suat chuyén trang thai twong tng la r;, = 0.4 var;; = 0.6. Sau khi mot yéu
cau duoc phuc vu xong ¢ tang xt ly nghiép vy, c6 thé chuyén sang truy cap vao tang
Iuu trit co so dir lieu VM3 véi Xac suat rs, = r,, = & = 0.3 hoic 1a khdng véi xac
SUit 13 r3y = rye = 0.7. Sau d6 két qua duoc phan hoi dén khach hang. Téc d6 phuc

vu tai m&i VM thi i theo phan b mii c6 tham sé ;.

Khi d6, ta c6 ma tran chuyén trang thai sau:

0 04 06 O
(o o o 03
R={0 o o0 o3 (3.23)

0 O 0 0



trong d6, xac suat roi khoi hé théng tai mdi VM thir i,i € [1,2,3,4] twong ung
Ié I'ip = O, I3g =TIy = 0.7, Iy = 1.

VM2

VM4
0.3
¥ 7 4
VM1

Hinh 3.3: Vi du mé hinh mang hang doi mé cho trng dung da ting trén CC

Céac tham s dau vao: toc do dén tir bén ngodi vao bo can bang tai y = 20

requests/sec. Thoi gian phuc vu tai cac VM lan luot I&: 2 =0.03 sec,ﬂi=
2

258

0.06 Sec,i = 0.05 sec and — = 0.04 sec.
U3 Ua

Gia sir phai tinh x4c suat trang thai 6n dinh cua trang théi sau:
P(ny,n,, ng,n,) = P(ny =3,n, =2,n3 = 4,n, = 1)

Tuc 14 tinh x4c suat ¢ trang thai on dinh tai thoi diém ¢ bo can bang tai (VM1)
c6 3 yéu cau, may chu xt ly 1 (VM2) ¢6 2 yéu cau, may cha xir Iy 2 (VM3) ¢6 4 yéu
cau va may cha co cé dir lieu (VM4) c6 1 yéu ciu dang xu ly. Dé tinh
P(n, = 3,n, = 2,n; = 4,n, = 1), thuc hién thdo cac budc sau:

Budc 1: Tinh toc do dén cho mdi nit (VM) theo cong thirc luu luong (4): A, =
Yy = 20; A, =Ar1, =8, A3 =A.ry3 =12;vaA, = Ayryy + A3, =6

Budc 2: Tinh c&c xac suat trang thai cho mdi nat (VM) tai thoi diém xét:

Str dung cbng thuc tinh muac st dung tai nguyén trung binh cho mdi VM: p; =

A 2, % A . X .
— d¢ biet nhu cau phuc vu tai moi nat:

Ui

p1 = 0.6,p, =0.48,p; = 0.6,va p, = 0.24.

Tinh xac suat tai mdi VM, st dung cong thic:

P;(ny) = P(X;(t) = my) = (1 — p;)p;" dé tinh x4c suét ¢ n; yéu cu trong hang
doi M/M/1.:

P,(3) = 0.09, P,(2) = 0.12, P;(4) = 0.05,va P,(1) = 0.18.
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Budc 3: Tinh xac suat trang thai 6n dinh P(3,2,4,1). Theo cong thic (9):
P(3,2,4,1) = P,(3)P,(2)P;(4)P,(1)=0.0000972.
Sau day 1a mot sé s6 do quan trong khac can duoc xem xét khi tién hanh mo

phong va thuc nghiém cho mé hinh dé xuét: Tinh sb luong yéu cau trung binh trong

Pi
1-p;’

mdi VM theo cong thac: L; = két qua nhu sau:

L1 = 15, LZ = 092, L3 = 15 Va L4 = 0.32.

Tinh thoi gian dap tng trung binh tai mdi VM theo cong thic: W; = % két qua

nhu sau:
w; = 0.075,W, = 0.115, W; = 0.125,va W, = 0.053.
Tinh thoi gian dap tng trung binh cho toan hé thong theo cong thic (12):

4
w =$=%ZLL- =0212 =W, + W, + W, + W, = 0.368
=1
Nhu vay, qua vi du trén cho thdy, mo hinh dé xuat c6 thé xac dinh dugc Xac suat
cua trang thai on dinh, xac dinh céc s6 do quan trong nhu thoi gian dap ung trung
binh, s6 yéu cau trung binh, ...
3.3. THUC NGHIEM VA PANH GIA
3.3.1. Thiét 1ap
Trong phan nay tién hanh thuc nghiém dé danh gia hiéu ning céc sb do duoc
lap trinh bang ngbn ngir Java trén may tinh Laptop ¢ ciu hinh Intel® Core™ i7-
7500U CPU @ 2.70GHz, 8GB Ram, 1 TB HDD va chay hé diéu hanh Window 10.
Thue nghiém xem xét hé théng dich vu co s ha tang CC gdm hai cum VM phuc vu
yéu cau tir khach hang st dung dich vu web. Mdi cum VM ¢6 7 VM (ID tir 1 dén 7).
Trong mdi cum s& c6 moét VM dam nhan cdng viéc cua bo can bang tai (VM1), mot
VM dam nhan viéc luu trr co s¢ dir liéu (VM7) va cac may con lai dam nhan cong
viéc o tang xur ly nghiép vu (vmy, véii = 2,3, ..., 6). Kha nang xt Iy cia mdi VM
duoc tinh dyua theo GIPS. Hai cum VM c¢6 cau hinh khac nhau theo Bang 3.3, trong

ca 2 cum cac may ¢ bo can bang tai va may luu trit co sé dir liéu co kha nang nhu
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nhau. Trong cum VMC#1, cac may xir Iy nghiép vu c¢d kha ning d¢éng nhat véi nhau.
O cum VMC#2 cac may xir Iy nghiép vu khéng dong nhat véi nhau.
Bdng 3.3. Ciu hinh cum VM

VM Kha nang xir ly (GIPS)
VMC#1 VMC#2

1 4 4

2 2 2

3 2 4

4 2 6

5 2 8

6 2 10

7 4 4
3.3.2. Két qua thwe nghiém

= - o o \n . :
o o- (=]
‘.E § —ﬂgn_n/u"ﬂf § - E
A
2 5 _ -8~ VMC#1 S |
2 2 —— VMC#2 Z
=
- g
% A ., &- » A g
o 8_.-"""0-0‘.‘0. o |
£ © I e T A B - T |
160 170 180 VMC#1 VMC#HZ
Ty 1& yéu cdu dén A (s) Théi gian doi trung binh W (ms)
(a) (b)

Hinh 3.4: Thoi gian doi trung binh ctia cum VM cho thuc nghiém 1
Thuc nghiém 1 nham danh gia cac tham sé trong mé hinh, cho sé lugng yéu
cau dén la 1000, y= {158,161,164,167,170,173,176,179,181,185, 188} toc do xu ly

(phuc vu) cua bo can bang tai 1a p g = pi X&c suat chuyén trang thai dén cac VM
LB

& tang xu 1y nghiép vu 1a ry;. Sau 30 lan chay thuc nghiém, tinh duoc thoi gian doi
trung binh W, thoi gian dap tng trung binh T. Sau d6, tinh toan dé tin cay 95% cho
dir liéu thuc nghiém va dir liéu tinh toan tir mo hinh.

Két qua thuc nghiém 1 thé hién trong hinh 3.4, cho thay khi diéu chinh viéc ting
téc do yéu cau dén tir 158 Ién 188 thi thoi gian doi trung binh ting nhung bién do ting
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khong 16n. B4i véi cum VMCH#1 cac may c6 cau hinh CPU dong nhét vai nhau nén
trong khi d6 cum VMC#2 c6 c4u hinh CPU khong dong nhét véi nhau va tde do xu ly
I6n hon VMC#1 do vay thoi gian dap tng trung binh caa VMC#2 nho hon nhiéu so
v6i VMC#1 (Hinh 3.4b).

@ § K .

E g -8 VMC#1

z —— VMC#2

- (]

[ o e

‘_5 (a0}

(&3]

— (&'}

=

L] (=]

: E-

g 2

e ods T e ]

= T
1 2 3 4 5 6 7

VM
Hinh 3.5: Thoi gian doi trung binh cia cdc VM cho thwrc nghiém 2
Thwc nghiém 2 st dung bo di liéu cia Bang 3.3 véi A = 185, duogc thuc hién
30 lan va tinh thoi gian doi trung binh W. Sau d6, tinh toan d tin cay 95% cho dit
liéu thuc nghiém va dit liéu tinh todn tir md hinh.

Bing 3.4. Khodng tin cdy 95% cua thoi gian doi trung binh cia moi VM trong tirng cum

Thoi gian deoi trung binh W
VM pi | VMC Trung binh | Can dwéi | Can trén
1 0.8 VMC#1 6.39069 6.20901 | 6.57238
VMC#2 6.37414 6.16965 | 6.57863
5 0.71 VMC#1 3987.14 3126.29 | 4848.00
VMC#2 4115.76 3241.04 | 4990.49
3 0.73 VMC#1 5256.16 4211.63 6300.7
VMC#2 803.147 701.051 | 905.243
4 0.75 VMC#1 3430.45 2538.11 | 4322.80
VMC#2 434.463 401.364 467.562
5 0.77 VMC#1 4127.60 3154.68 | 5100.51
VMC#2 277.476 249.991 | 304.960
5 0.79 VMC#1 3756.96 2980.27 | 4533.66
VMCH#2 236.522 219.641 | 253.403
7 0.81 VMC#1 73.9026 68.5611 | 79.2442
VMC#2 69.6167 65.9044 | 73.3289
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Két qua ¢ Hinh 3.5 cho thay thoi gian dap (ng trung binh cia VM1 va VM7 1a
rat nho ¢ ca hai cum VMC#1 va VMC#2. O VM1 dam nhan cong viéc can bang tai,
thoi gian xtr Iy nhanh. Déi vai VM7 dam nhan cong viéc luu trit co sé dit liéu, vai xac
Suat yéu cau dén 1a § = 0.2. Cac VM (i=2.3, ...,6) & ting xt 1y nghiép vu cd thoi gian
dap ung trung binh & hai cum khac nhau. Theo d9, thoi gian dap (ng trung binh cua
tirng may trong cum VMC#1 ¢6 bién do giao dong khong qué 16n. Trong khi ddi Véi
cum VMC#2 ¢6 xu hudng nho dan tir VM2 dén VM6, do cau hinh CPU ctiia VM2 dén
VM6 & cum VMC#2 tang dan nén thoi gian xtr ly & cac may nay giam dan.

wn

E N U

z / \ -5 VMC#1

e ;

c =2 o] —— VMC#HZ

S 7 s

=5 o “

= o _| “

g R .

kS 7 il

m T e amaa G === o- - F

E = [ [ [ [ [ [ [
1 2 3 4 5 B 7

VM
Hinh 3.6: Thoi gian doi trung binh cua cac VM cho thuc nghiém 3
Thuc nghiém 3 nham phan tich méi quan hé cua théng sé trong md hinh, sir dung
hai cum VM nhu trong Bang 3.3 vai toc d6 dén trung binh A = 185, diéu chinh mic
do sir dung tai nguyén trung binh p; cia mdi VM theo Bang 3.4 va sau d6 phan tich
thoi gian dap wng trung binh caa hé théng d6i vai tirng VM trong cum. Piéu chinh muc
d6 sir dung tai nguyén trung binh p; cua cac VM 6 tang xt ly nghiép vu cua tng dung
tir 0.71 dén 0.79. Két qua thuc nghiém duoc thé hién trong bang 3.4 va hinh 3.6.
KET LUAN CHUONG 3
Chuong nay di dé xuit duoc mot md hinh CC sir dung mang Jackson mé, nham
danh gia céc sb6 do hiéu nang cua hé théng. Vi két qua thuc nghiém, budc dau da
danh gia duoc su dung din cua md hinh, dwa ra cac s6 do ciia hé thdng co thé tin cay.
Cac thdng sb nay sé& lam dau vao cho giai phap AS duoc nghién ctru trong Chuong 4
tiép theo. Noi dung tiép theo s& trinh bay vé giai phap AS hiéu qua trong méi trudng
CC trong d6 c6 sir dung bo diéu khién mo két hop véi phuong phéap hoc ting cuong.
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CHUONG 4 : GIAI PHAP TU PONG DPIEU CHINH TAI NGUYEN CHO
UNG DUNG PA TANG TREN PIEN TOAN PAM MAY

Chuong nay trinh bay vé giai phap AS tai nguyén trong CC. Luan &n xay dung
mot bo AS dya vao phuong phéap hoc ting cudng va diéu khién mo, tao ra mot co ché
tu thich nghi manh mé&, nham két ni kinh nghiém ctia con ngudi Voi co ché tién hoa
lién tuc. Chuong nay duoc tong hop tir cac cong trinh TCNN2, HNQT3 va HNTNI.
4.1. PAT VAN PE

Cac hé thdng tng dung dua trén web thudng xuy@n gap phai su ¢b veé tai. Vi du,
mot ung dung Facebook gan day da ting 10 lan sé ngudi ding tir 25.000 1én 250.000
chi trong ba ngay véi téi da 20.000 ding ky méi mdi gio trong thoi gian cao diém
[50]. Cac hé théng kinh doanh thong thuong nhu vay phai dap ung cac SLA nhat
dinh, vi du: c&c gigi han trén vé thoi gian dap tng nhan duoc cia ngudi dung. Nguoc
lai, tai céng viéc khdng mong muédn gay ra mac dich vu kém lam cho khéach hang
khong hai 10ng. Amazon bao c&o mat 245 trigu d6 la dé ting 100ms vé thoi gian dap
tng [50]. é tranh tinh trang nhu vay va duy tri QoS, viéc quan Iy tu dong cac ung
dung nhu vay la can thiét. Ba c6 mot sé nghién ciu va quan tam thyc té trong viéc
cung cap tai nguyén tu dong cho cac tng dung nhu vay, d6 1a cac giai phap AS.

Diéu quan trong cua bo AS 1a 1am thé nao, thoi diém va sé lwong tai nguyén can
thue hién diéu chinh dé dap ang cac SLA. Giam chi phi tng dung va dap tng céc
SLA 12 hai yéu té quan trong trong viéc thiét ké bo diéu khién tu dong. Cac ang dung
trén moi truong CC thuong ¢d tai cong viéc bién dong theo thoi gian, do d6 viéc quan
ly tai nguy@én va str dung can linh hoat tiy thudc theo nhu cau cua khach hang. Dé
tranh viéc cung cap tai nguyén qua it hay qua nhiéu trong khi dé van duy tri duoc
QoS Ia thach thic can duoc nghién ctu va giai quyét. Hé théng CC c6 thé AS mo
rong hay thu hoi tai nguyén dé dam bao tinh sin sang cho cac ang dung. Dé giai quyét
thach thtrc ndy, nhiéu hudng tiép can khéac nhau [18, 68, 80] goi 1a AS, di duoc dé
Xuat. Trang thai hién tai phu thudc cac luat dua vao ngudng va nhd vao tinh don gian
va truc quan, ching cha yéu dugc cung cip boi nhiéu nha cung cap/nén tang CC

thwong mai nhu Amazon EC2, Microsoft Azure, OpenStack. Thuc té, viéc quan ly,
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thuong 12 tap cac luat diéu chinh nho va dé hiéu, gia dinh su phu thudc tuyén tinh va
lién tuc gitra cAp phét tai nguyén va cai tién hiéu ning, trong khi & cac ung dung diéu
chinh trén Internet, 6 phuc tap cua kién tric tng dung, xung dot gitra cac thanh phan,
tan suat do xuat hién 13i phan cting va phan mém phat sinh thudng 1am mat hiéu luc
cac gia dinh nay [32].

Céc xu huéng gan day dya trén bo diéu khién ty td chirc da chirng minh 1a ¢6
thé phir hop tot hon cho do phirc tap cia b diéu khién dam may [28, 32]. Tuy nhién,
mét thach thirc thuc té van chwa dugc giai quyét, d6 1a su phu thudc vao nguoi sir
dung dé xac dinh bo diéu khién dam may. C6 mot s6 van dé tir phia nha cung cap CC,
cac chi tiét vé ang dung khéng nhin thiy duogc, lam khé khin cho viéc dua ra mot
cach chinh xac tap luat toi uvu. Do d6, kho khin cta viéc xac dinh tap luat nhu vay lai
giao cho phia ngudi sir dung CC, nhung ho lai khong c6 du tri thirc vé tai céng viéc,
co s& ha ting hoic xay dyng mé hinh hiéu niang. Vi vay, bo diéu khién dam may trong
thuc té van phu thudc vao ngudi str dung/ngudi van hanh khi xac dinh céc tham s
diéu khién ciing nhu tap luat dung dé diéu khién. Viéc xac dinh tap luat phan 16n dua
vao kinh nghiém cta ngudi st dung/nguai van hanh. Nhu trong cong trinh [50] da st
dung logic md dé kham pha tri thic truc quan caa con ngudi, chuyén tri thic nay
thanh mot tap luat NEU-THI dé thyc hién AS. Tuy nhién, do tap luat nay phai dugc
xac dinh ngay tir khi bat dau xay dung bo AS nén c6 thé gap nhirng van dé sau: tri
thirc ¢6 thé khong cd san, nguoi ding khong thé tao ra bt ky luat nao; tri thirc c6 thé
c6 san nhung c6 Mot phan, ngudi dung chi c6 thé xac dinh cac luat mot phan cho mot
s6 truong hop; tri thie khéng phai ludn téi vu, ngudi dung co thé xac dinh céc luat
nhung chiing khéng c6 hiéu qua, vi du: cac luat du thira; tri thirc ¢6 thé dugc chinh
xac d6i véi mot s6 luat nhung c6 thé it chinh xac dbi vai mot sé luat khac, vi du: céc
luat chira sy khdng chac chan, tiy thugc vao mie do tri thire wu tién; tri thic 6 thé
can phai thay doi trong thoi gian thuc hién, céc luat cd thé duoc chinh xac tai thoi
gian thiét ké nhung c6 thé thay ddi trong thoi gian chay. Két qua 13, ngudi sir dung
c4c luat da duoc dinh nghia trudc cd thé dan dén cac quyét dinh diéu chinh téi wu cuc

bo va tén tién tra cho cac nha cung cp ung dung CC.
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Do vay, phuong phap sir dung co ché hoc ting cuong cé thé gilp giai quyét van
dé trén. Ky thuat sir dung hoc ting cuong [97] 1a mot loai phuong phap ra quyét dinh
tu dong da duoc st dung trong bo AS. Khong cé bat ky tri thire wu tién nao, cac k¥
thuat hoc ting cuong co thé xac dinh hanh dong diéu chinh tét nhat dé thyc hién cho
moi trang thai caia tng dung, Vi tai cdng viéc dau vao. Tuy nhién, dé khic phuc mot
s6 han ché cua phuong phép hoc ting cudng, nhu: khong gian trang thai Ion, hiéu
nang ban dau kém, thoi gian huan luyén dai,..., da ¢ mot s6 phuong phap duoc dé
Xuat nhu mang noron, tinh toan tién hoa [32, 54].

Tuy nhién, véi mang noron phl hop cho viéc xap xi ham, phan loai va nhan
dang mau. M6t nhuoc diém cua mang noron 1a doi hoi phai ¢d sé lwong 1on cac tap
huan luyén chuan bi trude khi dua vao hoat dong thuc té, c6 thé 1a han ché vé may
chu dé tha nghiém huan luyén trong trudng hop AS tai nguyén trén CC rat tén kém
va mat nhiéu thoi gian [32]. Theo [54] cho thdy phuong phap két hop giira hai qué
trinh mang noron va hoc tang cudng cho toc do hoc rat cham.

Véi thuat toan tinh toan tién hoa, nhu thuat toan di truyén va thuat toan téi wu
hoa bay dan, dua vao viéc tao ra mot cach ngau nhién va so sanh su phat trién cua
nhiéu gen va nhiéu ca thé, mdi ca thé thé hién mot cau hinh khac nhau cua bo diéu
khién ¢dam may. Tuy nhién, viéc thiéu tinh tong quat trong dinh nghia ciia b diéu
khién ddm may din dén giai doan t6i wu phai lap lai nhiéu lan dé tim ra cau hinh téi
uu trong khong gian dir liéu 16n, nhét 1a trong méi truong CC.

Cubi cuing, luan &n lya chon hoc ting cudng véi nhirng Iy do sau:

- Tai cdng viéc cho cac tng dung dya trén dam may 1a khong thé du doan trude
va dé co dugc mot bo dix liéu huan luyén thuc té 1am dai dién cua tat ca cac tinh huéng
thoi gian chay s& 1a mot nhiém vu khdng kha thi. Khéng giong nhu huéng tiép can
hoc c6 giam séat khac (vi du: mang noron), trong hoc tang cudong khong can mot tap
dir liéu huan luyén.

- Do khéng du doan trude duoc tai cong viéc va @6 phuc tap cua ung dung dua

trén dam may, cac nha cung cip khéng co tri thirc day da dé thyc hién hanh dong



92

diéu chinh thich hop. Ky thuat hoc ting cuong khdng yéu cau biét tri thic vé tng
dung va tri thirc cua hé thdng s& duoc cap nhat dwa vao cac quan sat gan nhat [97].

O day, luan an st dung két hop gitra diéu khién mo va hoc Q mo 13 mot co ché
tu thich nghi manh m&, trong d6 diéu khién me gitp cho viéc 1ap luan & mot mic do
triru twong cao - 1ap luan gidng con ngudi va hoc ting cuong cho phép diéu chinh
thich nghi vai bo diéu khién [51]. Tuy nhién, trong [51] chi méi ding lai ¢ viéc xir
1y diéu chinh tai nguy@n cho mot cong viéc tai mot thoi diém, trong khi d6 hé thong
CC lai ¢ rat nhiéu tng dung khac nhau thuc thi cting luc tai mot thoi diém. Bén canh
d6, cong trinh [51] chi xem xét dén thoi gian dap (ng va tai cua hé théng 1am tham
s dau vao cho bo AS. Cong trinh [53] str dung tai cong viéc va sé luong VM lam
tham s6 dau vao cho bo AS.

Trong Chuong nay, luan an xem xeét bai toan AS tai nguyén trén CC, céc yéu
cau cua ung dung duoc xir ly trong mot cum VM khong dong nhat, gia sir mdi yéu
cau dugc xu ly béi mot VM. Nhu cau cia tng dung thay doi theo thoi gian s& anh
huong toi s6 lwong VM trong cum dung dé xt 1y cac yéu cau cua ung dung dé. O
day, luan an sir dung cac thong s nhu tai nguyén kha dung cua mdi VM, tai nguyén
kha dung trung binh cia cum VM dang phuc vu tng dung d6 va thoi gian dap (ng
trung binh dé 1am tham sé diéu chinh cho bo diéu khién AS. Cac tham sé tai nguyén
kha dung trung binh cua cum VM va phuong sai ciia n6 dugc tinh toan theo mé hinh
trong phan 4.3.1. Con tham s6 thoi gian dap tmg trung binh duoc tinh theo md hinh
trong Chuong 3.

O day gia dinh tat ca su ngau nhién trong hé thdng c6 thé duoc xir ly tot boi mot
qua trinh Markovian. Sé do dich vu cho ung dung la thoi gian dap tng (rt) cho cac
yéu cau cua ngudi ding. Mai VM phai chiu mot khoang chi phi nao d6 cho mdi don
vi thoi gian. Néu thoi gian dap tng cao hon SLA thi hé thong phai chiu mot hinh phat
nao d6. Trong mot hanh dong diéu chinh, bd AS c6 thé thém hozc loai boé mot s6 VM
nhat dinh. Gia sir khong c6 chi phi cho hanh dong diéu chinh. Bo AS thuc hién diéu
chinh thich hgp nham dat dwoc lgi nhuan cao nhat trong thoi gian dai ma khéng can

cd tri thue truge. Bo AS ¢6 thé thuc hién diéu chinh tai nguyén ma khong can cd tri
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thirc wu tién, ¢ nghia 1a c6 thé hoat dong véi mot co so tri thirc rong va bo AS sé co
duoc tri thuc trong thoi gian thuc hién, thong qua co ché tién hoa tri thic.
4.2. KIEN TRUC UNG DUNG DA TANG

Phan nay nghién ctu kién tric ¢tng dung da tang c6 dang nhu trong hinh 1.6 da
dugc trinh bay trong muc 1.1.5 cia Chuong 1. Cac tai nguyén ao hoa dugc nha cung
cap dich vy dam may IaaS cung cap dudi dang VM. Cac VM duoc sir dung dé luu
trir cac eng dung thdng qua cong tu phuc vu. Thém vao d6, cac VM dugc gom nhom
lai thanh c&c cum xu ly c&c cdng viéc chuyén biét nhu tbi uwu tinh toan, tdi uvu hoa bd
nhd, t6i wu hoa luu trit, GPU... Nguoi st dung c6 thé chon lwa linh hoat cac VM thich
hop cho céc (g dung caa ho. Vi du: loai VM tdi wu CPU danh cho cac may chu web
va loai toi wu bo nhé cho co sé dir liéu hiéu ning cao. Cé4c loai VM khéac nhau bao
gom cac két hop khac nhau vé kha nang CPU, bo nhé, dung luong lwu trit, mang va
tinh sin sang voi md hinh gia khac nhau. Mét tng dung c6 thé duoc trién khai trén
mot cum VM, trong d6 cac VM c6 thé ¢d cau hinh khong dong nhat.

Céc tng dung, dugc xem xet trong nghién cuu nay la tng dung may cha web
[16]. Mot (ing dung web 1a mot ting dung tuong tic cung cap nodi dung nhu cac trang
web bang céch st dung giao thtc truyén siéu vin ban (HTTP) qua Internet va lién
quan dén céc rang budc thoi gian dap tng nho. Ung dung nay thuc hién mot sé loai
hanh dong hoic chirc nang nhat dinh cho khach hang va c6 thé duge mé hinh hoa nhur
la mot tap hop céc yéu cau doc lap duoc thuc hién boi khach hang véi cac thé hién
tng dung. Mot ¢ng dung duoc biéu dién thanh mot chudi n yéu cau doc lap
{ry, ry,..., 1y} nhan duogc tir cac thé hién ung dung tai cac thoi diém {ti,ty..., th }-
Vi cac yéu cau la doc lap véi nhau, khéng cé phu thuoc giao tiép hay phu thudc kiem
Soat giita cac yeu cau. Viéc trién khai cac ung dung nay trén ddm may duoc gia dinh
thuc hién bang cac cum VM luu trir trong cac PM.

Pé cung cap hiéu nang chap nhan duogc cho khach hang, cac nha cung cap dich
vu thuong hudng dén muc tiéu QoS nhét dinh, vi du: thoi gian dap ¢ng, thong lugng,
d6 tré, thoi gian thuc hién va thoi gian giao dich. Kiém soét chat lugng phi hop tao

ra cac dich vu c6 uy tin din dén c6 duoc sy hai 10ng cua khach hang va tir d6 ting co
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s& khach hang va doanh thu. Céng trinh nay hudng dén muc tiéu thoi gian dap tng
trung binh 12 mot s6 do QoS duoc sir dung rong réi va co anh huong truc tiép dén
hiéu ning ctia hé théng CC va c6 tinh dén tai nguyén kha dung, tai nguyén con lai c6
thé dap (ng yéu cau cua khach hang. Hinh 1.1 md ta vong lap kiém soét hiéu ning
dugc stir dung rong rai trong méi truong CC. Vong lap MAPE giam st tai cong viéc
g dung va ty dong bd sung hozc thu hdi cac VM phi hop véi nhu cau tai cong viéc
dén dé dat duoc cac muc tiéu QoS can thiét. Mé hinh gia dwa trén mé hinh thanh toan
theo phit véi thoi han thanh toan téi thiéu 10 phit duwa trén Google Cloud?2. Vi du,
néu mot VM duoc chay trong 2 phit, n6 s& dugc tinh hoa don cho 10 phit sir dung.
Tuy nhién, sau 10 phat, cac VM dugc tinh phi theo tirng phat mot lan, dwgc 1am tron
dén phut gan nhat.

AS tai nguyén trén CC cd thé dugc xay dung dua trén hé théng quan 1y tu tri
theo vong lip MAPE duoc trinh bay trong phan 1.1.2. Viéc 1ap ké hoach tuan theo
cac luat c6 thé don gian nhu mot chinh sach su kién - diéu kién - hanh dong (ECA),
dé thuc hién va nhanh chéng tinh toan, hoic c6 dang ham téi wu mot s tinh ning
nhat dinh cua cac hé thdng dugc quan ly. Ké hoach dya vao tri thic c6 san dé quan
ly tu tri. Tri thirc ¢d thé dugc hinh thanh khi van hanh hé thdng hoic cd thé dugc phat
trién bang cach rat trich luat tir dir liéu cua qua trinh giam sat.

4.3. PE XUAT MO HINH TU PONG PIEU CHINH
4.3.1. Phan tich moé hinh

Bo6 giam sat thu thap dir lidu vé tinh trang st dung tai nguyén va thoi gian dap
g trung binh cua hé théng dé chuyén dén bo phan AS dua ra cac hanh dong diéu
chinh tai nguyén thich hop cho tirng yéu cau caa cong viéc. Cu thé, bo AS s& dua ra
quyét dinh tang/giam sé lwong VM phuc vu cong viéc cu thé. Hanh dong diéu chinh
VM huéng dén muc dich: dam bao QoS, téi da hoa viéc sir dung tai nguyén cua hé
thdng va tiét kiém chi phi sir dung tai nguyén.

Nhu phan tich & trén, viéc xay dung bo AS 12 mot thach thic 16n ddi voi viéc

quan ly va kiém soét hé théng. Thém vao d6, hé théng ngay cang phuc tap vé kién

13 https://cloud.google.com/compute/pricing
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tric ciing nhu vé mirc do, cudng d6 sir dung. Bén canh do, bo AS khi trién khai thyc
té van phu thudc vao nguoi str dung/ngudi van hanh, dic biét Ia trong viéc xac dinh
cac tham sb diéu khién ciing nhu tap luat dung dé diéu khién. Do d6, viéc ra quyét
dinh cua b AS c6 thé duoc xem xét nhu mot qué trinh quyét dinh Markov (MDP) —
cung cap nén tang toan hoc cho viéc mé hinh hda viéc ra quyét dinh trong tinh hudng
ma két qua 1a mot phan ngau nhién va mét phan dudi sy diéu khién ciia mot ngudi ra
quyét dinh. Chién lugc diéu khién tdi wu trong bai toan quyét dinh Markov dan téi
viéc xay dung phuong trinh t6i wu Bellman. Thong thudng bai toan ndy duoc giai
quyét bang phuong phap quy hoach dong va hoc ting cudng. Theo d6, phuong phap
giai bang qui hoach dong duoc str dung khi biét duoc cac dic tinh théng ké caa hé
théng. Trong khi d6, phuong phéap hoc ting cudng tim kiém giai phap t6i uu thong
qua c4c gid tri phan hdi hay phan thuong thu nhan duoc trong qua trinh tuong tac voi
hé thdng va trang thai caa hé thdng [23, 54]. Viéc xay dung b AS theo hudng tiép
can mé hinh hoc ting cudong s& mang lai mot hira hen cho co ché kiém soét c6 kha
nang thich nghi. Ban dau véi it hodc khdng co tri thic vé dic diém hé théng, bo diéu
khién bat dau thuc hién hanh dong va tu hoc thdng qua chat lwong phan hoi quan sét

tir hé théng.

\ 4

Tac nhan

A 4

St
at

___ééﬁL.

Hé théng <

Hinh 4.1 . M6 hinh trong tdc gitta tic nhdn va hé théng
MDP biéu dién sy twong tac gitra hé thong va tac nhan. Trong d0, tac nhan (bd
AS) dong vai tro ra quyét dinh khi nhan duoc thdng tin phan hdi tir hé théng.
Tai thoi diém t, ta co:
- Trang thai hé thong duoc ky hiéu 1a s, € S véi S 1a tap trang thai cua hé théng
c6 thé co tai thoi diém khac nhau,
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- Théng qua trang théi hién tai s, cua hé théng, tdc nhan co thé ra quyét dinh
thue hién mot hanh dong a, € A(s,) Voi X4c suat m,

- T4c nhan nhan gia tri phan thuong r, € R tai thoi diém t + 1 véi hé thdng
chuyén sang trang thai s ;.

Anh xa m.: S = A goi la chién lugc cua tac nhan, sau N budc tc nhan thuc hién
duoc mot day cac hanh dong m = {1y (sp), 1 (S1), ..., Tny_1 (Sn—1)} V& hé théng nhan
duoc gia tri phan hoi R, tong cong. Gia tri phan hdi duoc biéu dién dudi dang ham sé
d6i véi gia tri phan thuang. Ham gid tri trang thai caa hé théng duoc tinh bang ky vong
toan hoc ciia ham phan hoi R, theo thoi gian. Ham gia tri V thé hién mic do thich hop
cua chién luoc diéu khién m ddi vai tac nhan khi hé thong dang & trang thai s:

VT(s) = En{R¢ls; = s} (4.1)

Loi giai caia MDP 12 mot chinh sach thé hién hanh dong ma tac nhan nén thuc
hién tai mdi trang thai s, sao cho ham gia tri cua trang thai hé thong dat gié tri cuc
dai. Chinh sach nhu vay goi la chinh sach téi wu, ki hiéu 1a w* va V* 1a gié tri ti uu.

T = arg max,{V™(s)} 4.2)
V*(s) = max {V™(s)} (4.3)

Dbi voi bai toan quyét dinh Markov ¢6 s6 buéc vd han phuong trinh tdi vu
Bellman & trén ton tai nghiém 1a mot chién luoc téi vu dimg tuong ¢ng véi ham m
anh xa trang thai trong S vao khong gian hanh dong A.

Gia str ¢6 n trng dung. Mdi ung dung j duoc thuc thi trén mot cum k VM khong
ddng nhat. M3i VM i duoc biéu didn dudi dang vector v; = {c;,r;, di} Vi € [1,K],
trong d6 ¢; 1a tham s6 CPU da duoc sir dung, r; 1a lugng bd nhd RAM da duoc sir
dung va d; 1a dung luong 6 dia da duoc st dung cua VM thir i trong cum tht j tai thoi
diém xét. Gia st cac tham sé cia VM duoc thu thap dudi dang phan tram. Theo Siar
va dong nghiép [96] da ding céac s6 do kha ning tinh toan dugc sir dung trung binh
va gia tri phuong sai cua kha ning tinh toan duoc st dung dé can bang tai trong hé
théng phan tan dua vao ly thuyét tro choi. Cong trinh [108] sir dung s do kha ning

tinh toan cua mot nit trong cum 1a mot ham cé trong s6 cua tai CPU, RAM va 6 dia
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dé thuc hién can bang tai trong cum tinh toan. Ngoai ra, Branco va ddng nghiép [12]
dé xuat hai chi s6 hiéu ning dé danh gia cac hé théng khong dong nhat. Dya vao cac
cong trinh [12, 96, 108], trong phan nay st dung khai niém tai nguyén kha dung cua
VM, tai nguyén kha dung trung binh cua cum VM va phuong sai cua tai nguyén kha
dung trong cum VM.

Tai nguyén kha dung caa VM 12 tai nguyén sin sang caa VM c6 thé phuc vu
cho cac yéu cau. Nhu vy, tai nguyén kha dung cua méi VM i trong cum thir j 1a w]

duoc tinh theo c6ng thurc sau:

wji =0, (1—¢)+a,(1—r)+ az;(1—4d), (4.4)

trong do, oy, &, va oz 1a cac hang s6 sao cho oy + o, + a3 = 1.

Tai nguyén kha dung trung binh cia cum k VM danh cho tng dung j duoc tinh

nhu sau:
K
R o
W= Ez Wj (4.5)
i=1
Nhu vay phuong sai cua k gia tri tai nguyén kha dung cua tieng cum k VM |a:
k i =52
var = 2 7 (4.6)

Xem xét dya trén hai yéu té dé bo sung hay thu hoi tai nguyén: Gia tri phuong
sai va gia tri trung binh vé tai nguyén kha dung con lai.

- Néu gia tri tai nguyén kha dung trung binh nho, sé lwong tai nguyén con lai
ctia cum k VM it va gié tri phuong sai ciing nho, do d6 can bo sung thém mot s6 VM
nao dé, con néu gié tri phuong sai 16n, ciing can bd sung thém VM, nhung s luong
VM bé sung trong truong hop nay it hon.

- Néu gi4 tri tai nguyén kha dung trung binh Ién, tai nguyén sin sang phuc vu
nhiéu va phuong sai nho, do d6 can thu hdi mot s6 VM nao d6, con néu phuong sai
16n, do d6 can thu hoi mot s VM, sb lwong VM can thu hoi trong trudng hop nay

nhiéu hon.
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Ngoai ra, st dung tham sé thoi gian dap wng trung binh cua hé thong dé danh
gid QoS cua hé théng. Thoi gian dap @ng trung binh (rt) caa hé théng duoc tinh theo
Chuong 3.

Nhu vay, hé thdng diéu khién AS cé ba tham sb dau vao 1a: tai nguyén kha dung
trung binh (W), phuong sai (var) caa tai nguyén kha dung trong mét cum k VM va
thoi gian dap @ng trung binh (rt) caa hé thong. Cac tham sb nay s& duoc mo hda thanh
c4c bién ngdn ngir theo logic md dé biéu dién trang thai cua hé théng. Tuong ng Vi
C4c gié tri cua cac tham sb nay, hé thdng diéu khién AS s& quyét dinh diéu chinh thém
vao hay loai bo mot s6 VM, sé lugng VM dugc thém vao hoic loai bo nam trong tap
hanh dong A= {a,, a,,..,a.} ¥ a € N. Chi tiét mo hda cac tham sé nay duoc trinh bay
O dudi.

Trong qué trinh van hanh hé théng, chi phi ciing 1a mot trong cac tiéu chi dé
danh gia chat lwong hé théng. Chi phi thué dich vu duoc tinh toan dua trén sé luong
tai nguyén da dugc sir dung theo thoi gian. Vai tirng loai VM khac nhau sé c¢6 don
gia tinh chi phi khac nhau theo thoi gian. O déy, gia st don gia thué cua tung loai
VM phu thudc vao sé luong CPU twong tng caa VM. Va don gia thué dugc tinh linh
hoat theo kha ning cap phat CPU cho VM cua may vat Iy theo ting thoi diém khac
nhau. Theo d6, néu luong tai nguyén duoc sir dung nhiéu hon thi khach hang phai tra
chi phi nhiéu hon. Do vay, don gia ty 1& thuan véi viéc st dung tai nguyén va thoi
gian dé hoan thanh céng viéc [20]. Goi w, 14 s6 lugng CPU di duoc cap phat. Vi vay,
don gia thué w, tai nguyén tai thoi diém t dugc biéu dién nhu sau:

p(wy) =aw +b (0 < w; < 0), 4.7
trong d6, a, b 12 hang sd, c 12 tdng sé6 CPU cua hé thdng. Chi phi str dung VM cua tng
dung j st dung trong thoi gian t dugc tinh nhu sau:

vm;(t) * p(o)

COStmax

(4.8)
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véi vm;(t) la s6 lwgng VM thué trong thoi gian t cia ang dung j, cost .y 12 chi phi
t6i da cua tng dung j. Chi phi sir dung U;(t) s& 1a co sé cho viéc tinh toan gia tri phan
thudng trong thuat toan hoc tang cuong — hoc Q mo.
4.3.2. B tw dong diéu chinh

B6 diéu khién thich nghi ma c6 mién tham sé diéu chinh I6n cé thé diéu chinh
cac tham s6 nhu ham thanh vién, cac luat hop thanh, céc phép toan OR, AND, NOT,
nguyén ly giai mo,... cho phép diéu chinh phl hop véi ddi tuong chua biét rd da dua
hé thich nghi mo tro thanh mot hé diéu khién thong minh hon. Bo diéu khién thich
nghi mo ¢6 kha nang diéu chinh cac tham sé cua cac tap mo (cac ham thanh vién)
hay tu thay doi cau tric 1a bo diéu khién mo ¢ kha nang diéu chinh lai cac luat diéu
khién. Gilp cho hé thdng bat dau 1am viéc ma chua can c6 day dua céc luat. O day,
xay dung bo AS mo thich nghi trén nén tang toan hoc MDP. Theo d6, mot quyét dinh
Markov 1a mét qua trinh diéu khién ngau nhién thoi gian roi rac trong khi d6 mién
xac dinh cua cac bién tac dong va tham sé diéu khién (cac tham sé giam sét tir hé
théng) nhu trén 12 lién tuc. Dé giai quyét van dé nay co thé dung cac phuong phap
xap xi ham nhu phwong phap mang noron, hé thong suy dién mo, ... dé roi rac hoa
khong gian dau vao. Phuong phap sir dung l1a két hop hé suy dién mo véi phuong
phap hoc ting cuong, cu thé 1a thuat toan hoc Q véi luat suy dién nhiéu dau vao va
mot dau ra (MISO) dé xay dung bo diéu khién AS mo thich nghi. Bang céch st dung
phuong phap suy dién mo Takagi-Sugeno dé biéu dién xap xi ham gia tri. Hé thdng
suy dién mo Takagi-Sugeno s& gan cho mdi mién vao mot ham rd cua cac bién dau
vao va cung cap co ché xap xi phi tuyén véi cac phan luat 1a tuyén tinh. Thuat toan
hoc Q d¢am nhan viéc biéu dién ham gia tri theo bang trong khéng gian trang thai —
hanh dong roi rac va tinh céc gia tri phan hoi tir hé théng va ude lwong ham gia tri.
Qua trinh udc lugng duogc thuc hién dbi voi tirng hanh dong tai tirng trang thai va lua
chon hanh dong tét nhat twong tng véi gia tri phan thuang theo thoi gian. Viéc xap
Xi ham gia tri trang thai-hanh dong tdi wu bang thuat toan hoc Q s& hoi tu néu mdi

quy dao chuyén tiép trang théai caa hé théng bao gom mot s6 vo han trang thai twong
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ung véi mot cap trang thai - hanh dong [23]. Véi thoi gian roi rac, khai niém vo han
c6 nghia 1a ta khong gidi han s6 1an chuyén trang théi caa tac nhan.
4.3.2.1. H¢ suy dién mer

a. Luat mo

Mot dang cua luat NEU - THI mo, duoc dé xuét boi Takagi va Sugeno [52], c6
cac tap mo tham gia vao chi trong phan gia thiét. Trong khia canh nay, logic mo bat
chuéc kha nang quyét dinh cua tri thirc con nguoi dé tong hop dit liéu va tap trung
vao thdng tin quyét dinh cd lién quan.

Mot luat mo 1a mot biéu thac NEU - THI duoc phét biéu ¢ dang ngdn ngir tu
nhién thé hién sy phu thudc nhan qua giira cac bién. Trong phan nay chi xét cac luat
NEU - THI c6 dang cé4c tap mo tham gia phan gia thiét caa luat, phan két luan cua
luat la gia tri rd, tic la V 1a khéng gian tap r6, B s€ la mét gia tri r6.

Cho Ui # @, i = 1.. n 1a khéng gian nén cua bién vao xi, i = 1.. n. Goi F(U;) 12 bd
c4c tap mo trén Ui. F(Ui) ={pai(ui), - tip mo trén Ui}. Cho V # @ 1a khong gian nén
cua biénray.

Nhuw vdy lugt mé diwgc phét biéu nhw sau:

Cho n bién vao X1.. xn, Mot bién ra y. Luat mo R c6 dang:

NEU (xt lAA) A .. AXIRA)A ... A(XnlaAy) THI Y 12 B

O day A€ F(Uj)),i=1..n,BEV

* Vi du:

NEU (tai nguyén kha dung trung binh 12 High) A (Phuong sai cua tai nguyén
kha dung 1a Low) A (Thoi gian dép tng trung binh 1a Nomal) THT Can loai bo 1 VM.

b. Hé mo trén co sé cac luat mo

Hé suy dién mo ciing duoc xem nhu hé mo dua trén co s cac luat mo, mod hinh
mao, bd nhd twong ty mo hoac cac diéu khién mo khi sir dung trong diéu khién.

Tu tudng co ban cua diéu khién dya vao logic mo 1a dua cac kinh nghiém
chuyén gia ctia nhitg ngudi van hanh gioi hé thdng vao trong thiét ké cac bo diéu
khién cac qué trinh trong d6 quan hé vao - ra dugc cho boi mot tap cac luat diéu khién
mo (dang luat NEU - THI).
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Hé mo trén co sé cac lugt me diroc phét biéu nhw sau:

Cho Ui, i = 1.. n 13 khdng gian nén cuaa bién vao x;, i = 1.. n, cho V la khdng gian
nén cua bién ra'y. H&¢ md MISO dugce xac dinh boi bo m luat mo {Ry, ..., Rm}. Trong
do luat Rk c6 dang:

NEU (x1 13 Akt) A ... A (Xi 13 Aki) A ... A (Xn 12 Akn) THI y 12 Bk

O day: Ak € F(Ui),i=1..n,k=1.m, Bk € V.

c. Kién triic co ban caa hé suy dién mo

Hé suy dién mo 6 cau tric co ban bao gom 5 khéi chice nang (xem Hinh 4.2):

- Co s¢ lugt mo: bao gdom mét sé cac luat mo NEU - THI.

- Co so dir liéu: dinh nghia cac ham thanh vién cua céac tap mo duoc st dung
trong cac luat mo;

- B6 suy dién mo: nhiém vu 13 két hop cac luat trong co sé luat mo, ap dung vao
tap Mo dau vao theo cac phuong phap suy dién mo dé xac dinh tap mo dau ra;

- Giao dién mo hda: chuyén doi cac 16p dau vao vao cac bién do phd hop véi
Ccac gia tri ngodn ngir;

- Giao dién giai mo: chuyén doi cac gia tri két qua mo cua hé suy dién ra cac
l6p dau ra.

CO SO TRI THUC
Co sé dir liéu Co sé luat mo
| |
—_— v v -
au vao| (3 ia - . ; ia au ra
—y| Giao dieni_, BO SUY DIEN MO | Ciao dibn 27
mo hoa Moy My L_&idi mo

Hinh 4.2: C4u triic co bdn cia hé suy dién mo
Thong thudng, co sé luat md va co so dir liéu 1a suy dién lién két nhu 13 mot co
so tri thirc. VGi hé mo trén co sd cac luat mo, cac budc lap luan mo (hoat dong suy

dién tuong wng theo cac luat mo NEU - THI) duogc thuc hién boi cac hé suy dién mo.
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4.3.2.2. Qué trinh mo hoa

Mo hoé céc bién vao: Vi nhiéu luat cho dudi dang dung cac bién ngén ngit véi
c4c tir thong thuong. Nhu vay véi nhitng gia tri (rd) quan sat duoc, do duoc cu thé,
dé c6 thé tham gia vao qua trinh suy dién thi can thiét phai mo hoa.

C6 thé dinh nghia, mo hod 1a mot anh xa tir khdng gian cac gia tri quan sat dugc
(r8) vao khong gian cua c4c tir (tap mo) trén khdng gian nén cua cac bién ngdn ngi.

Suy luan mo 1a qué trinh anh xa mot bo diéu khién dau vao cho mét tap hop cac
dau ra diéu khién théng qua cac luat hop thanh mo. Tiém ning caa logic mo 14 kha
nang cua udc tinh phi tuyén tinh bang cach biéu dién tri thirc twong tu véi suy luan
cua con nguoi [50].

Bo6 giam sat hé thong sé quan sat mirc do tiéu thu tai nguyén cua hé théng, sau
d6 tinh duoc tai nguyén kha dung trung binh cua hé thdng va phuong sai cua tai
nguyén kha dung, ddng thoi cho biét thoi gian dap wng trung binh caa hé thong 1am
dit liéu dau vao cho bo diéu diéu khién AS va dau ra 1a hanh dong diéu chinh s6 luong
VM cén thém vao hay loai bo.

Cac gia tri dau vao cho bo diéu khién AS: tai nguyén kha dung trung binh (w),
phuong sai cua tai nguyén kha dung (var) va thoi gian dap @ng trung binh (rt) duoc

Mo hoa theo cadc ham thanh vién sau day:

A A
Low Medium High
1 Low Medium High 1 J
05

0.5

0 R 0 R

91 92 63 94 . 81 a2 83
Hinh 4.3: Ham thanh vién mo cho tai nguyén  Hinh 4.4: Ham thanh vién mo cho phwong sai
khd dung trung binh cua tai nguyén khd dung

a. Tai nguyén kha dung trung binh (w)

Cong thirc mo hoa vai tai nguyén kha dung trung binh w cé gia tri Low:
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1néuw< 0,

_ 0, —w _
Wow(W) = néuf; <w<@o,, (4.9)
62 - 61
Onéuw > 0,.

Cong thirc mo hoa vai tai nguyén kha dung trung binh w ¢ gia tri Medium:

(0 néuw < 0, hoacw > 9,,

w—0; _
0. —0o néuf; <w<6,,
—\ _ 2 Y1
Mmedium (W) = '« o o 6, v < 6, (4.10)
0, -w _
L8, — 0, néuf; < w < 0,.
Cong thuc mo hoa vai tai nguyén kha dung trung binh w co gia tri High:
( 1néuw > 0,
w-—0
Hhigh (W) = { 5 ® néub; <w<o, (4.11)
4 — Y3
k 0 néuw < 0.

b. Phwong sai cia tai nguyén kha dung (var)
Cong thuc mo hoda véi phuong sai cua tai nguyén kha dung var c6 gia tri Low:

1néuvar < a4,

d, —var
Wow(var) = { ————— néu ¢, < var < d,, (4.12)
0, — 04
k 0 néu var > 0,.

Cong thirc mo hoda véi phuong sai cua tai nguyén kha dung var cO gia tri
Medium:

0 néu var < d, hodc var > 05,

var—0d; 3. < <5

——— néu 0, <var < 0d,,
“medium(var) = 0, — 04 ! 2 (413)

d; — var

km né’u 62 <var < 63.

Cong thirc mo hoa véi phuong sai cua tai nguyén kha dung var co gié tri High:
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1 néu var > 05,
var —d,
Mpigh(var) = { ———— néu d, < var < 03, (4.14)
03 — 0,

0 néu var < 0,.

c. Thoi gian dap wng (rt)

Thoi gian dap Gng (rt) 1a chi sé dung dé danh gia kha ning phan hoi cua hé
théng véi yéu cau dich vu. Thoi gian dap ung dugc tinh bang khoang thoi gian tir Ilc
nhan yéu cau cho t&i khi hé thdng phan tich, xu Iy yu cau, két xuit xong két qua va
tra vé phan hoi cho yéu cau do. Gia sir ba tap mo duogc sir dung dé mo ta cac gia tri
cua thoi gian dap tng: Bad, Normal, Good. Nhiing gia tri caa tham sé dau vao rt s&
quyét dinh gié tri cua bién mo, va phu thudc vao tinh trang hé théng ma gia tri cua

bién mo s& thay doi tir 0 dén 1.

1 t Good Normal Bad
05
0 >
01 02 03

Hinh 4.5: Ham thanh vién mo cho thoi gian ddp tng trung binh
Cong thiee mo hda vai thoi gian dap tng trung binh (rt) co gia tri Good:

1néurt < @,
@, —1t
Hgood (D) = J— néu @; <rt < @, (4.15)
P2 — P
k 0 néurt > @,.

Cong thuc mo hoa vai thoi gian dap tng trung binh (rt) c6 gia tri Normal:

(0 néurt < @, hodacrt > @,

rt—o; <rt<
———— néu@, <rt< @,
“normal(rt) = 4 @ — @1 ! g (416)
L‘P3 —re <t <
——— néu @, < rt < @s.
P3 — @, 2 ’

Cong thuc mo hoa vai thoi gian dap tng trung binh (rt) c6 gia tri Bad:
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1 néurt > @,
rt—q@,
Hpaa(Tt) = {——— néu @, <rt < @3, (4.17)
P03 — P2
k 0 néurt < @,.
4.3.2.3. Qué trinh ldp lu@n xdp xi
Két hop hé thdng suy didn mo Takagi-Sugeno va thuat toan hoc Q, tap luat suy
din mo va co ché xap xi dau ra nhu sau:
Luat’: NEUx, 1as; A ..A x,las, THI
y, = aj v&iq[1,1] 1a mirc d6 phu hop cta lwa chon diu ra hodc
y, = a3 v&iq[1,2] 1a mirc d6 phu hop cta lwa chon diu ra hodc

Luat: NEUx, 1as; A ..A x,1as, THI
y; = a\ véi qi, 1] 1a mirc d6 pht hop ctia Iwa chon dau ra hodc
y; = a, véi qfi, 2] 1a mirc dd phu hop ctia lwa chon dau ra hoic
y; = al, v&i q[i, m] 1a mitc d6 pht hop cda lwa chon dau ra.
trong do,
-Xj,] = 1,..,n 12 cac bién dau vao cua h¢ thong suy dién md duoc dinh nghia
trén khéng gian S,
- al 1a hanh dong duoc tac nhan lya chon cho tap luat tha i duoc dinh nghia
trén khong gian hanh dong A duoc roi rac hda thanh m doan,
- q[i, m] 1a d6 thich hop khi lra chon gié tri dau ra (hanh dong cuc bd) al, khi
luat Rule! dugc lua chon.
Thanh phan hoc sir dung k§ thuat hoc Q. Tai mdi vong lip, bo diéu khién s& dua
ra mot hanh dong a dua 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 ddi voi gié tri phan thuong. Gia thiét riang

ham phan hdi cé tinh chat cong tinh.
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Thanh phan diéu khién s& chon hanh dong ma c6 gié tri phan thuang tdt trong

tuong lai.

Rt =Trepq + Yl + ert+3 + o= zykrt+k+1» (4.18)
k=0

trong do6, y 1a hé s6 suy giam thé hién mitrc d6 quan trong caa gi tri phan thusng trong
tuong lai. Mi phan thuong duoc tinh toan dia vao chi phi s dung VM nhu sau:
re= U({)— U(t—1), (4.19)

véi U(t) dugc tinh theo cdng thuc (4.7).
4.3.2.4. Qué trinh gidgi mo

Giai mo két qua tim duoc cho ta mot s6 rd: Pay 1a khau thuc hién qué trinh xac
dinh mét gia tri rd c6 thé chap nhan dugc lam dau ra tir ham thanh vién cua gia tri mo
dau ra.

Chinh séch m(x, a) & xac suat chon hanh dong a tir trang thai x, ham hanh dong

— gia tri Q(x,a) duoc tinh theo céng thic sau:

Q" = Eg {2 Ykrt+k+1} (4.20)
k=0

trong do, E{.} la ham ky vong cua chinh sach 7. Khi nao chinh sach thich hop dugc
tim thay, khi d6 van dé hoc ting cuong duoc giai quyét.

Theo co ché suy dién cua hé thong Takagi-Sugeno [54], tac dong dau ra a(x)
d6i voi vécto dau vao x = (xy, X, ..., Xy ), dugc Xap xi bang céng thic sau:
2 & (X)a,i'*

N I 4.21
Yiai(x) ( )

a(x) =

trong do,
a;(x) = min(ui1 (xq), 1o (%), ..., u}\l (xn)) la gid tri chan ly cia ménh dé y=y!

aj. tac dong dau ra duoc lya chon cua lut Rule’,
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Qua trinh hoc trong hé théng la xap xi cac do thich hop véi lra chon q[i, j] cua
m&i gid tri dau ra a} véi timg vécto dau vao x. Do vay, gia tri tuwong tng cua ham gia
trj trang thai - hanh dong dugc xap xi bang:

 Yio(qli ]

X,a) = 4.22
Ham gi4 tri tai trang thai x cta hé théng duoc tinh nhu sau:
2 0;(x) maxqli,j]
V(x) = maxQ(x,a) = ] (4.23)
a Zi 26 (X)

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

thich hop cua cac luat qi, j*] duoc hiéu chinh theo hé thirc 1ap sau:

Qi(xp,a) « Qi(xy,a) + NAQ,, (4.24)

trong d6, 1 1a téc 46 hoc va AQ, = ryyq + ymax Q(X¢41,ap) — Q(Xp ap).
a

4.3.4. Giai phap tw dong diéu chinh

So d6 bo AS dé xuat duoc thé hién trong hinh 4.6. B6 AS nay sé& hd tro cong
viéc van hanh va quan ly chat luong cua kién trac dam may bang céch tu dong diéu
chinh tai nguyén tinh toan theo nhu cau cta khach hang, duy tri hiéu niang phuc vy
cuia ddm mAay va giam thiéu chi phi tai nguyén. B AS nay c6 kha ning tu hoc va stra
d6i cac luat mo trong thoi gian chay, quan sat va giam sat lién tuc viéc tiéu thu tai
nguyén cua cac tng dung va thuc hién cung cap theo ké hoach. Viéc tinh toén tai
nguyén dé cung cip cho ung dung bang cach giam sat viéc st dung tai nguyén cua
cac VM trong cum dang hoat dong xir ly ing dung hién hanh, d6 1a muc tiéu thu tai
nguyén CPU, bo nhé va 6 dia trén méi VM, tir d6 tinh duoc cac tham sb tai nguyén
kha dung trung binh (w) va phuong sai (var), va thoi gian dap (ng trung binh caa ung

dung (rt) va sb luong VM dang hoat dong.
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Théng tin trang thai hé théng

> Hoc Q m&
Bé diéu khién logic mo
CO SO TRI THUC
Co so dir liéu Co s¢ luat mo
Pauvao [Giao dien i . Giao dign]_Paura | @
> I e BO SUY DIEN MO 2 RV >
mo héa . N | gial mo
& Mo
4
L_| Bogidm |, Une d &4 . B B6 kich
sat ) ng dung dam may ) hoat

i | i

HA TANG PIEN TOAN PAM MAY

Hinh 4.6: B6 tw dong diéu chinh dé xudt
Bdng 4.1: Thudt todn tw dong diéu chinh (AS AFQL)

I*AFQL

* P4u vVao:

*1

*y ‘

* Pau ra:

*Hanh dong a */

/Ikhoi tgo gia tri g-values:
for (application app in applications)
| qli,k] =0;
/Isinh lugt diéeu khién mo
generateFuzzyRules()
while(q chua hdi tu)
IIxdp xi gid tri Q cho ting g dung & trang thai hién tai x, va hanh dong a
for (application app in applications)

‘ Q(s(t),a) = 2o (x0)qli,j*]

| 2 i (X¢)
/trién khai hanh dong a
for (application app in applications)
| applyAction(app, a)
/ltinh céc gia tri tai thoi diem t+1
AQ¢ = Iy + yrrgﬁlx Q(Xe+1,a0) — Qxp ap)
o; (x¢)

qli,jl = qli,j] + nAQtZ-T(xt)
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Trong d0, tai nguyén kha dung trung binh (W) va phuong sai (var) duoc tinh theo
cong thirc (4.5) va (4.6). Thai gian dap tng trung binh cd thé duoc lay & Chuong 3.

Muc tiéu cua hé thdng 1a chi phi, SLA, thoi gian dap tng, ... duoc tham chiéu
trong ham phan thuong (cong thac (4.19)).

Cac sb do hiéu nang cua hé théng thé hién cho trang thai hién tai: w, var, rt, sd
luong VM,... duoc bd gidm st cung cap cho ca bo diéu khién mo va hoc Q mo. Bo
kich hoat hanh dong thuc hién cac Iénh tir bo diéu khién theo mdi chu ky diéu khién
& nén tang dam may.

Bo diéu khién dam may 1a bo diéu khién mo thuc hién quan sat dit liéu va thuc
hién cac hanh dong diéu chinh. Thanh phan hoc Q ma lién tuc duoc cap nhat co so
tri thirc tir viéc hoc cac luat thich hop duoc md ta trong phan 4.3.2.

Hiéu qua caa bo diéu khién AS tai nguyén s& phu thudc va tée do hoc n, hé sd
suy giam vy, su phan hoach mo khong gian cac tham sé dau vao, ...

Déi véi giai phap AS & day duoc thiét ké trén cau tric hé suy dién mo ¢b dinh
Vi s6 luong cac luat suy dién co dinh (6 day 1a 27 luat), phan két luan cuaa luat la céc
hanh dong ¢ dinh nam trong khoang [—2, 2] va mdi khong gian dau vao duogc phan
hoach thanh mot sé ¢ dinh cac tap mo (tai nguyén kha dung trung binh (W) duoc
phé&n hoach thanh 3 phan doan mo, phuong sai (var) dugc phén hoach thanh 3 phén
doan mo va thoi gian dap Gng trung binh (rt) dwoc phan hoach thanh 3 phan doan
mo).

Hoat dong cua thuat toan AFQL (Bang 4.1). Budc 1: khoi tao cac gia tri q cho
tat ca cac trang thai ban dau bang 0. Budc 2: sinh luat diéu khién mo: lién quan dén
viéc chon lya hanh dong. Bé hoc tir hé thong, bo AS can kham phé nhiing tri thac dat
duoc, sir dung chién luge thim do/khai thac e-greedy [97]. Nhu vy, hanh dong c6
phan thudng tét nhat s& dugc chon véi Xac suat (1-g) hodc mot hanh dong ngau nhién
s& duoc chon voi X4c suat thap & dé tham do cac hanh dong chua dugc chon. Budc 3:
tinh toan hanh dong diéu khién duoc suy ra tir bo AS. Pau ra dugc tinh theo cong
thire (4.21). Budc 4: Xap xi ham Q tir cc gia tri hién tai va mtc d6 sir dung céc luat,

duoc tinh theo cong thirc (4.22). Ham Q(s(t),a) cho biét mirc d6 mong muébn dat dugc
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trang thai s tai thoi diém t khi thuc hién hanh dong a bang cach cho phép thuc hién
hanh dong a nay nhiéu 1an va quan sat gia tri tra vé (Budc 5). Budc 6: tinh toan céc

gia tri tai thoi diém t+1 va cap nhat gia tri g sau mdi lan Iap theo cong thuc:

;X
ali] = i) + naQug @.25)
trong d6 1 12 téc d6 hoc c6 gia tri tir 0 dén 1. Gia tri n nho ¢ nghia 12 gan céc gia tri
truéc mot chit voi moi cap nhat va gia tri n 16n hon s& anh huéng dén phan thuong
gan nhat.
Trong truong hop bo AS dé xuat, khdng gian trang thai 1a hitu han (tuc 1a c6
27 trang thai 1a két hop cua 3 x 3 x 3 ham thanh vién cho cac bién tai nguyén kha
dung trung binh (W), phuong sai cta tai nguyén kha dung (var) va thoi gian dap ung
trung binh (rt)) va bo AS phai lya chon mét trong nam hanh dong c6 thé {-2, -1, 0,
1, 2}. Tuy nhién phuong phép thiét ké nay la tong quat cé thé ap dung cho nhiing
khong gian trang thai va hanh dong khac.
4.4. THUC NGHIEM VA PANH GIA
4.4.1. Thiét 1ap hé thong
Trong phan nay, chdng tdi tién hanh thuc nghiém dé danh gia hiéu nang cac s6
do duoc lap trinh bang ngdn ngir Java trén may tinh Laptop c6 cau hinh Intel® Core™
i7-7500U CPU @ 2.70GHz, 8GB Ram, 1 TB HDD va chay hé diéu hanh Window 10.
Thuc nghiém duoc tién hanh trén cac VM c6 cau hinh trong Bang 4.2.
Bdng 4.2: C4u hinh cic VM

S6 CPU | Toc dd xir ly

© | cialcpu(s) | ~AM
VM1 4 1000 2GB
VM2 2 1000 1GB
VM3 4 1000 2GB
VM4 4 1000 2GB
VM5 2 1000 1GB
VM6 2 1000 1GB
VM7 4 1000 2GB
VM8 6 1000 2GB
VM9 4 1000 1GB
VM10 6 1000 2GB
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Theo cong trinh [53], Luan 4n da str dung phuong phap chuan hoa dit liéu dau
vao cho tai nguyén kha dung trung binh (W), phuong sai (var) va thoi gian dap ang
trung binh (rt) vao khoang [0,1] theo cdng thirc sau:

T — Thin
Thormalize = @ + T -1 " (b —a),
trong d6, T c6 thé 1 tai nguyén kha dung trung binh (W), phuong sai (var) va thoi
gian dap tng trung binh (rt). a, b 1a hang sé: a=0.1 va b=0.99.

Véi dir liéu vé tai nguyén kha dung trung binh (W), phuong sai (var) va thoi

gian dap tng trung binh (rt) duwoc cho trong cac Bang 4.3, Bang 4.4 va Bang 4.5.
Bdng 4.3: Cdc phdn hoach cua gid tri tai nguyén khd dung trung binh

Bién Mién xac dinh
~ . | Giatri Giatri
NAON NI | pst ddu | Két thac
Qs oo LW 0.00 0.40
® € S SEE | Medium 0.20 0.80
- ()] B 5 ~—~— -
< = High 0.60 1.00
Bdng 4.4: Cdc phan hoach cua gid tri phwong sai
. Mién xac dinh
Bién . . | Giatrikét
ngon ngir | Gia tri bat dau thc
£ .=~ Low 0.00 0.50
588 | Medium 0.25 0.75
(@) I n
e High 0.50 1.00
Bdng 4.5: Cdc phan hoach cua thoi gian dap ting
Bién Mién xac dinh
ngon ngir | Gia tri bt Gia tri két
dau thac
o Good 0.00 0.50
2325 Normal 0.25 0.75
s c
By = Bad 0.50 1.00

Dua vao phuong phap st dung trong cong trinh [50], Luan an da xay dung tap
luat cho trong Bang 4.6, c4c gia tri hanh d6ng nam trong khoang [—2, 2], twong tng
véi viéc loai bo 2 VM, loai bo 1 VM, khong lam gi ca, thém 1 VM va thém 2 VM.

Véi viéc loai bo cac VM, s& chon VM nao c6 mirc kha dung trung binh nhiéu nhét.
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Viéc them VM, sé& thuc hién thém VM c6 cau hinh thap nhét trong s6 VM dang hoat

dong dé dam bao chi phi thué 1a nho nhét.

Bdng 4.6: Tap ludt dwroc xdy dung dwra theo tri thirc chuyén gia

Tién dé cua luat Hanh déng
Luat Gia tri tai nguyén Thaoi gian Phuong sai cua tai (—2,2]

kha dung trung binh (w) | dap &ng (rt) | nguyén kha dung (var) ’
1 Low Good Low 0
2 Low Good Medium 0
3 Low Good High 1
4 Low Normal Low 0
5 Low Normal Medium 0
6 Low Normal High 1
7 Low Bad Low 2
8 Low Bad Medium 2
9 Low Bad High 2
10 Medium Good Low -1
11 Medium Good Medium -1
12 Medium Good High -2
13 Medium Normal Low 0
14 Medium Normal Medium 0
15 | Medium Normal High 0
16 | Medium Bad Low 1
17 Medium Bad Medium 1
18 | Medium Bad High 2
19 High Good Low -2
20 | High Good Medium -2
21 High Good High -2
22 High Normal Low -1
23 High Normal Medium -1
24 High Normal High -2
25 High Bad Low -2
26 High Bad Medium -2
27 High Bad High -2

4.4.2. Két qua thye nghi¢m

Trong phan nay s& tién hanh xem xét su hoi tu cua cac gia tri q[i, j] khi tién hanh

diéu chinh c4c tham sé tham do/khai thac (g), hé s6 hoc (1) va hé sb suy giam trong

ham phan thuéng (y). Sau d6 s& danh gia mo hinh dé xuat voi hé théng AS chi sir

dung logic mo (st dung tap luat trong Bang 4.6). Cac thuc nghiém dugc thuc hién

nhiéu 1an trén bo dir liéu sinh ngau nhién. Thiét 14p tat ca céc gia tri trong ma tran Q

bang 0, tirc 12 khdng ¢ tri thire ban dau.
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4.4.2.1. Pdnh gid vigc lwa chen tham sé &.

Khi bo AS phai thuc hién mot hanh dong trong mdi vong lip kiém soét, can
phai ¢ gang chon nhitng hanh dong da duoc thuc hién trudc dé dé tao ra phan thuong
t6t hon (phan thuong tich liy dugc tinh theo cdng thuc (4.18)). Tuy nhién, néu bo AS
chi thuc hién hanh dong dya trén cac hanh dong da thuc hién nd s& dua dén mot tri
thire tdi uu cuc bd. Do dé, ton tai mot sy can bang gitta viéc lya chon cac hanh dong
da thyc hién trude d6 (goi 1a khai thac) va cac hanh dong méi cé thé dan dén phan
thudng trong twong lai t6t hon (goi 1a tham do). Sy can bang giita tham do va khai
thac 1a rat quan trong d6i véi viéc hoc ting cuong. Nhu vay, o day sir dung phuong
phap chon hanh dong la e-greedy, tac la bo AS sé€ chon hanh dong da c6 co gia tri g
t6t nhat (chién luoc khai thac) véi xac suat 1a 1-e. Nguoc lai, s& chon mot hanh dong
ngau nhién (hanh dong méi — chién luoc tham do) trong tap cac hanh dong, ¢ day 1a
{-2,-1,0, 1, 2} voi xac suat 1a &. Cac gia tri & cd thé tang 1én hoic giam xudng dé wu
tién chién luoc tham do so véi chién luoc khai thac.

Bo AS dé xuat bat dau vai viéc cap phat tai nguyén ma khong co tri thic. Sau
khi tham do du, két qua cua luat c6 thé duge xac dinh bang cach chon nhiing hanh
dong twong (g véi gia tri g cao nhat trong mdi hang caa ma tran Q.

Dé danh gia chién luoc lya chon hanh dong cua bo AS, & diy da xem xét Cac
chién lugc khai thac/thdm do khac nhau: € =0.1;£=0.2;£=0.3; £ = 0.4; £=0.5; ¢ =
0.6;:€=0.7; £ = 0.8 va & = 0.9. Trong cac thuc nghiém thiét 1ap tham sb toc d6 hoc
n = 0.5 va hé s6 suy giam y = 0.5. Ung v&i mdi gia tri cua g, thuc nghiém sé danh
gia két qua sau khi ap dung bo AS so vai co s dit liéu ban dau. Chang han nhu, Hinh
4.7 13 két qua thyc nghiém so sanh tai nguyén kha dung trung binh (a), phuong sai
cua tai nguyén kha dung (b), thoi gian dap ung trung binh (c) va chi phi (d) sau khi
&p dung bo AS véi tham sb (6=0.2, ¥ = 0.5, 7 = 0.5) véi gia tri ban dau. Puong mau
do6 1a biéu dién co so dir liéu dau vao, duong nét dut mau xanh thé hién két qua sau
khi &p dung bo AS.
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Hinh 4.7: Két qud thurc nghiém dp dung bg AS voi tham s6 e=0.2,y = 0.5,n = 0.5.
Tuong tu VGi cc gia tri € khéc, cudi cuing tong hop duoc két qua nhu hinh 4.8,
thé hién cac thong tin thoi gian dap ting trung binh va téng chi phi theo tirng gia tri cua
&. Hinh 4.8 cho thy, gia tri thoi gian dap (ng cang cao thi chi phi giam, va nguoc lai,
thoi gian dap ang thap thi chi phi lai cao. Vi du, véi & = 0.8 cho thoi gian dap ang trung
binh gan nhw 16n nhat, nhung chi phi lai it nhat. Vi véi gié trj cua & cang 16n, viéc lua
chon hanh dong cua bo AS thién vé tham do cac hanh dong méi (hanh dong ngau nhién)
hon 1a str dung cac hanh dong (khai thac) da c6 va s€ it phu thudc vao cac gia tri q hon,
dan dén mat can bang trong viéc khai thac/tham do cac hanh dong. Vai gia tri & nho c6
thé tao ra su can bang gitra khai thac va tham do cac hanh dong c6 thé 1am tang téc do

hoc va han ché tac dong tiéu cuc cua viéc thim do ngiu nhién,
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Do vay, & day c6 thé chon € = 0.1 cho chi phi gan nho nhat va thoi gian dap tng
trung binh cao nhat, hodc c6 thé chon & = 0.2 véi chi phi nho nhat va thoi gian dap

rng trung binh gan cao nhat.
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Hinh 4.8: Xdc dinh tham s6 tham do/khai thac ()
4.4.2.2. Pdnh gia viéc lwa chen hé sé suy giam (y).
Trong phan nay lay hé sé tham do/khai thac hanh dong £€=0.2 va téc d6 hoc 1 =
0.5. Biéu chinh hé sé suy giam trong ham phan thuéng dé xem xét tinh hiéu qua cua
mod hinh d& xuat. Hé sb suy giam y xac dinh tam quan trong cua cac phan thuong
trong twong lai, cho phép céc phan thudng tir cac khoang thoi gian tiép theo dugc tinh

vao t6ng loi nhuan, 1am ti da lgi nhuan (phan thudng) tich lity (céng thic (4.18)). O
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day da xem xét cac giatri: y=0.1;y=0.2;y=0.3; y=0.4;y=0.5; y=0.6; y=0.7; y
=0.8vay=0.0.

Tuong tu nhu trén, voi mdi gid tri cua v, ciing tién hanh so sanh két qua sau khi
ap dung bo AS véi cac tham sé thiét 1ap so vai dir liéu dau vao. Chang han vaéi y =
0.2, Hinh 4.9 1a két qua thyc nghiém so sanh cé4c gia tai nguyén kha dung trung binh
(a), phuong sai cua tai nguyén kha dung (b), thoi gian dap ung trung binh (c) va chi
phi (d) sau khi 4p dung bo AS véi tham s6 (¢ = 0.2, y = 0.2, 7 = 0.5) Véi gia trj ban
dau. Trong d6, duwong mau do thé hién dix liéu dau vao cho bo AS, dudng nét dit mau
xanh thé hién két qua sau khi &p dung bo AS véi cac tham s6 e = 0.2, y= 0.2, n =
0.5.

o w
© - g v ? [-a- Base 8 | —&— Base
o ' —— Gamma 0.2 o . —— Gamma 0.2
o Q o
m = [ ]
o . D- | o _
g |y mamite el RS 3 L, o
© 29 17 (4o | \/ T o
o 1] alm . > &S -
3 LI . = o = n
@ 7 Y L] bt
=> [y g L
< 4 . 8 nI "
A s @ "
o - o - M > - "
- o * s g
T T T T T T o T T T T T T
0 200 400 600 800 1000 0 200 400 600 800 1000
t t
(a) (b)
o —8— Base —8— Base
< —— Gamma 0.2 o —— Gamma 0.2
o - " w0
o Do \ o
£ A . . I T B+ &
@ o - ST TN
W o a [73] o - . ] *
c ™ | P, O N W
8 o © vl ¥ |
[22] L1 L . .
@ ' " *
E l 8. : *
o \ =’ . o
(\! 7 o .
= T T T T T T T T T T T T
0 200 400 600 800 1000 0 200 400 600 800 1000

t

(c) (d)

Hinh 4.9: Két qud thwrc nghiém dp dung bg AS voi bo tham s6¢ = 0.2,y=0.2,n= 0.5
Sau khi thuc nghiém cho cac gi4 tri cia vy, két qua tong hop thoi gian dap tng

trung binh va chi phi theo céc gié tri caa y duoc thé hién trong Hinh 4.10. Theo Hinh
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4.10, viéc thay doi gia tri cua thoi gian dap tng trung binh va chi phi khéng nhiéu, ciing
c¢6 xu huéng thoi gian dap ang thap thi chi phi cao. Theo nhu két qua hinh 4.10 c6 thé

chon tham sé y = 0.8 cho thai gian dap tng trung binh cao nhat va chi phi nho nhat.
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Hinh 4.10: Xdc dinh hé s6 suy gidm (y)
4.4.2.3. Pdnh gid viéc lwa chon tham sé téc dé hoc 1.
Trong phan nay, thiét 1ap vai cac gia tri €=0.2, y=0.8 va xem Xét c4c gia tri: n =
01;,n=02;1=0.3;11=04;,1n=05n1n=0.6;n1=0.7,1=0.8van =0.9.
Tuong tng VGi mdi gia tri cua m, s& duoc danh gia so sanh két qua thuc hién bo
AS vai dit liéu ban dau. Chang han véi i = 0.2, Hinh 4.11 13 két qua thuc nghiém so

sénh cac gia tai nguyén kha dung trung binh (a), phuong sai cta tai nguyén kha dung
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(b), thoi gian dap tng trung binh (c) va chi phi (d) sau khi &p dung bé AS véi tham
s6 (¢= 0.2,y = 0.8van = 0.2) vdi gia tri ban dau, dudong mau dé biéu dién dit liéu

dau vao cho bo AS, duong nét dit mau xanh thé hién két qua sau khi 4p dung bo AS

Vi cac thamsé 6= 0.2,y = 0.8van = 0.2,
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(c)
Hinh 4.11: Két qud thurc nghiém dp dung bé AS voi b tham sée = 0.2,y = 0.8,n = 0.2

t
(d)

Hinh 4.12 12 két qua danh gia thoi gian dap (g trung binh va chi phi theo ting
truong hop cta 1. Véi dit liu dau vao nhu vay, C4c gid tri ndy ciing it thay doi. Nhu
két qua Hinh 4.12, c6 thé chon 1 = 0.2 cho két qua thoi gian dap ¢ng trung binh tuong
d6i cao va chi phi nho nhat.

Nhu vay, thdng qua thuce nghiém, vai két qua thu duoc ¢d thé chon cac tham sb
cho bo AS 1a: téc d6 hoc n = 0.2, hé s6 tham do/khai thac hanh dong cho céac luat

£=0.2 va hé s6 suy giam trong ham phan thuang y=0.8.
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4.4.2.4. Ddnh gid swtién hoa cia gid tri .
Khéng c6 tri thirc, ban dau cac gia tri q duoc thiét 1ap bang 0. Sau khi tién

hanh thyc nghiém véi bo tham sb £=0.2, y=0.8 va n1=0.2, két qua nhu Hinh 4.13.
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Hinh 4.12: Xdc dinh tham s6 t6c dé hoc (17)

Co6 27 trang thai twong (ng Va&i cac gid tri s0, sl,..., s26 va ¢0 5 gia tri hanh
dong {-2, -1, 0, 1, 2} twong wng la a0=-2, al=-1, a2=0, a3=1, a4=2. Céc gia tri q duoc
tao ra khi luat trong ting duoc kich hoat. Két qua ti wu cho mdi luat 1a gia trj g 16n
nhét sau qué trinh hoc. Vi du, hanh dong a2=0 la két qua tot nhat cho trang théi (luat)

thir 23 (s22) theo chién lugc & trén.
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Hinh 4.13: Su tién hoa cua céc gia tri q véi cac tham sé £=0.2, y=0.8 va 7=0.2.
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Hinh 4.14: So sdnh dwa vao tai nguyén khd dung trung binh va phwrong sai
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Hinh 4.15: Biéu do hdp so sdnh giita tai nguyén khd dung trung binh va phwong sai

4.4.2.5. Panh gid b tw dong diéu chinh dé xudt véi logic me si# dung tdp lugt
chuyén gia

O day, str dung két qua hoc theo cac gia tri tham s6 £=0.2, y=0.8 va n=0.2 duoc
mét tap luat sau khi hoc. Sau d6 ap dung tap luat nay cho bo AS dé so sanh vai tap
luat chuyén gia & trén.

Tur két qua Hinh 4.14 va Hinh 4.15 cho thay, gia tri trung binh cua tai nguyén kha
dung va phuong sai la nhu nhau cho ca hai phuong phap hoc tang cuong va logic mo.
Tuy nhién, d6i véi phuong phap hoc ting cuong mo, bat dau 1a khéng co tri thic, tri
thirc duoc tich Ity trong qua trinh hoc, do vay n6 ¢d nhiéu diém bat thuong hon phuong
phap logic mo sir dung tap luat chuyén gia (cd tri thic san) (xem Hinh 4.15).

Tir Hinh 4.16 va 4.17 cho thy, gié tri trung binh gié tri thoi gian dap ung va chi
phi cho ca hai phuong phép 1a nhu nhau. Tuy nhién, vé bién do dao dong gia tri thoi
gian dap Gmg trung binh, ddi véi phuong phap logic md sir dung tri thirc chuyén gia
¢6 bién d6 16n hon (Hinh 4.17(a)). Vé chi phi 12 gan nhu nhau ddi véi ca hai phuwong
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phap, nhung phuong phap logic md lai ¢6 nhiéu diém bat thuong (outlier) hon. Hinh
4.14, 4.15, 4.16 va 4.17 cho thay két qua so sanh tong thé gitra bo AS st dung logic
mo (AF) va bo AS str dung ky thuat hoc tang cuong két hop véi logic mo (AFQL).
AFQL cho két qua thoi gian dap (ng trung binh tét hon so véi AF. Tuy nhién, ti Ié

khéc biét vé mat chi phi thap hon ti 18 khéc biét vé mat thoi gian dap tng.
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Hinh 4.16: So sanh dya vao thoi gian dap 1ng trung binh va chi phi
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T
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Respo(rés)e time Cost

&
Hinh 4.17: Biéu dé hdp so sanh gitta thoi gian ddp ting trung binh va chi phi
Ngoai ra, luan &n con tién hanh thir nghiém véi bén b tham sé: AFQL-182(e =
0.1, 7= 0.8, 1 = 0.2); AFQL-187(¢ = 0.1, y = 0.8, 1 = 0.7); AFQL-282(¢ = 0.2, y =
0.8, n =0.2) va AFQL-287(s = 0.2, y = 0.8, n = 0.7) dé so sanh vé thoi gian dap ung
trung binh (Response time), két qua thé hién trong Hinh 4.18. Tir Hinh 4.18, cho thay
bdn bo tham s dugc lwa chon c6 thé tét hon AF vé thoi gian dap wng trung binh |
trong d6 bo tham sé AFQL-282 cho két qua xau nhat trong bn bo tham sé lwa chon.

Diéu nay cho thay can phai tién hanh nhiéu thuc nghiém véi nhiéu bo dit liéu khéc
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nhau dé tim ra dugc bo tham sé tot nhat cho bo AS, van dé nay 1a mot huéng phat

trién tiép theo cua luan an.
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Hinh 4.18: So sanh thoi gian ddp vng trung binh déi voi bén bé tham sé khdc nhau

Tom lai, két qua tap luat thu duoc sau khi hoc (AFQL) vai tap luat theo chuyén
gia (AF) la gan twvong duong nhau, diéu nay ching to rang, bo AS ¢ thé tu hoc dé
tim ra duoc tap luat tét ma khéng can co tri thirc ban dau. Do do, bdo AS AFQL c6 thé
tu thich nghi tot hon bo AS AF, bo AS dé xuat c6 thé hd tro tot hon tap luat theo
chuyén gia, tap luat theo chuyén gia con phu thudc vao y kién cha quan cua cac
chuyén gia. Bo AS dé xuat co thé thay thé con nguoi tim ra dugc tap luat téi wu hoac

gan t6i wu dé thuc hién diéu chinh tai nguyén theo nhu ciu tai cong viéc.

4.4.2.6. Pdanh gid bé tw dong diéu chinh dé xudt véi cac bé di liéu khac

Dé danh gia hiéu qua caa bd AS d& xuat, luan an di tién hanh thuc nghiém trén
cac bo dir lieu khac nhau. Dya trén cac bo dir liéu duoc danh gia tir cbng trinh caa
Nikolas [43], luan an da tao ra ba bo dir liéu theo hudng cua bo dir liéu ClarNet, bo
dir liéu Wiki va bo dit liéu duoc sinh ngau nhién. Két qua thuc nghiém duoc danh gia

dwa vao ba bo dit liéu trén théng qua cac tham s dau vao gom tai nguyén kha dung
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trung binh (Available load), phuong sai cua tai nguyén kha dung (Variance Available

load), thoi gian dap tng trung binh (Response time) va sau d6 so sanh két qua thu

dugc theo tong chi phi va thoi gian dap (ng trung binh theo cac bo ty dong diéu chinh

khac nhau.

Luan &n thuc hién so sanh, danh gia két qua bo AS AFQL vdi céc gia tri tham

s6 £=0.2, y=0.8 va n=0.2 nhu trong phan trén da nghién ctru Vi thuat toan diéu khién

mo AF str dung tap luat cua chuyén gia (Bang 4.6). Thém vao d96, luan an thu dugc

két qua mat tap luat diéu khién mo tir két qua hoc (Bang 4.7).

Bdng 4.7: Tap ludt thu dwoc sau khi hoc xong voi bo tham s6 e=0.2, y=0.8 va n=0.2

Tién dé cua luat Hanh ddng
Luat Gia tri tai nguyén Thoi gian Phuong sai cua tai [—2,2]

kha dung trung binh (w) | dap @ng (rt) | nguyén kha dung (var) ’
1 Low Good Low 1
2 Low Good Medium 1
3 Low Good High 2
4 Low Normal Low 1
5 Low Normal Medium 1
6 Low Normal High 2
7 Low Bad Low 1
8 Low Bad Medium -1
9 Low Bad High 2
10 | Medium Good Low 1
11 Medium Good Medium 1
12 Medium Good High 1
13 Medium Normal Low -1
14 Medium Normal Medium -1
15 | Medium Normal High -1
16 Medium Bad Low -1
17 Medium Bad Medium 1
18 Medium Bad High 2
19 | High Good Low 0
20 | High Good Medium 1
21 High Good High 1
22 High Normal Low 1
23 High Normal Medium -1
24 | High Normal High 2
25 High Bad Low -1
26 High Bad Medium 2
27 High Bad High 2
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a. Véi bo dir lieu ClarkNet
Dir liéu ddu vao ClarkNet véi cac tham s tai nguyén kha dung trung binh
(Available load), phuong sai (Variance Available load) va thoi gian dap tng trung

binh (Response time) dwoc thé hién nhu trong Hinh 4.19.
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Hinh 4.19: Di¥ liéu diu vdo cia bo div liéu ClarkNet
Sau khi chay véi bo dit liéu trén, két qua viéc diéu chinh hanh dong dugc thé
hién nhu hinh 4.20. Hinh 4.20 (a) 12 két qua cua bo AS sir dung logic mo voi tap luat
chuyén gia (Bang 4.6), goi 1a AF. Hinh 4.20(b) 1a két qua cua bo AS sir dung hoc ting
cudng két hop vai bo diéu khién mo, goi 1a AFQL282. Hinh 4.20(c) 14 két qua cua
bo AS sir dung logic mo voi tap luat da duoc hoc theo bo tham sb (e=0.2, y=0.8 va

n=0.2) cho trong Bang 4.7, goi la AFRule.
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Auto-scaling Fuzzy (AF)
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(c)

Hinh 4.20: Két qua thyc hién diéu chinh trén bé diz lieu ClarkNet

Hinh 4.21 va Hinh 4.22 1a so sanh tong chi phi va thoi gian dap tng trung binh

thuc hién diéu chinh ddi véi 3 trudong hop & trén.

Nhu vay, tir Hinh 4.21 cho thay tong chi phi caa b AS st dung tap luat chuyén
gia (Bang 4.6) AF 1a nho nhat, tong chi phi cua bo AS sir dung tap luat sau khi hoc
xong (Bang 4.7) AFRule 1a nhiéu nhat. Nguoc lai, trong Hinh 4.22, cho thay thoi gian

dap tng trung binh cia AFRule nho hon cia AF, tic la vai tap luat da duoc hoc cho

thoi gian dap wng tét hon, tuy nhién phai tra chi phi nhiéu hon.
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Cumalative cost

Cost
20000 40000

AE
AFQL282
AFRule

0
|

T T T T T
0 50 100 150 200 250 300
t

Hinh 4.21: So sanh téng chi phi doi véi 3 trirong hop trén diz liéu ClarkNet

Responsetime

o —&— AF
=t ] —e—  AFQL282
S —+—  AFRule
[(}]
£ .
e
3
o
c
o M S
Qo o
wn
[(b]
o _|
o
C\! |
o

T T T
200 250 300

Hinh 4.22: So sanh thoi gian dap iing trung binh @i véi 3 trwong hop trén bé diz
licu ClarkNet

b. Véi b dir ligu Wiki

Di liéu dau vao Wiki véi cac tham sé tai nguyén kha dung trung binh (Available
load), phuong sai (Variance Available load) va thoi gian dap Gng trung binh
(Response time) duoc thé hién nhu trong hinh 4.23.

Sau khi chay véi bo dir lieu Wiki, két qua viéc diéu chinh hanh dong duoc thé
hién nhu hinh 4.24. Hinh 4.24 (a) 1a két qua caa bd AS su dung logic mo véi tap luat
chuyén gia (bang 4.6), goi 1a AF. Hinh 4.24(b) 1a két qua cua b AS st dung hoc ting
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cudng két hop vai bo didu khién mo, goi 1a AFQL282. Hinh 4.24(c) 1a két qua cua
bo AS st dung logic mo vai tap luat da dugc hoc theo cho trong bang 4.7, goi la
AFRule.
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Hinh 4.23: Dir lidu dau vao cua bé di lieu Wiki
Hinh 4.25 va Hinh 4.26 la so sanh chi phi va thoi gian dap tng trung binh thuc
hién diéu chinh d6i véi 3 truong hop o trén.
Tuong ty nhu d6i véi bo dit lieu ClarkNet, d6i véi bo AS sir dung tap luat da
duoc hoc s& dap (ng tot hon (cho thoi gian dap @ng trung binh nhé) bo AS str dung
tap luat chuyén gia (Bang 4.6). Nhung phai ton nhiéu chi phi hon xem Hinh 4.25.
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Auto-scaling Fuzzy (AF)
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Hinh 4.24: Két qud thurc hién diéu chinh voi bé div liéu Wiki




130

Cumalative cost

- _
o
D —
o
=T
"g —
o 8 |
(]
o
| AF
—e— AFQL282
O —— AFRule
I I I I I I I
0 50 100 150 200 250 300
t
Hinh 4.25: So sanh téng chi phi doi véi 3 trwong hop trén da lidu Wiki
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Hinh 4.26: So sanh thoi gian ddp iing trung binh déi voi 3 triong hop trén b dir liéu
Wiki

c. Véi bd dir liéu sinh ngiu nhién

Dir liéu dau vao Wiki vai cac tham sé tai nguyén kha dung trung binh (Available
load), phuong sai (Variance Available load) va thoi gian dap (ng trung binh
(Response time) duoc thé hién nhu trong Hinh 4.27.
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Hinh 4.27: Di¥ liéu diu vao cua bé di¥ liu sinh ngdu nhién

Sau khi chay véi b dit liéu sinh ngau nhién, két qua viéc diéu chinh hanh dong
duogc thé hién nhu hinh 4.28. Hinh 4.28 (a) 1a két qua caa bo AS sir dung logic mo
véi tap luat chuyén gia (Bang 4.6), goi 1a AF. Hinh 4.28(b) la két qua cua bo AS sir
dung hoc tiang cuong két hop véi bo diéu khién mo, goi 1a AFQL282. Hinh 4.28(c)

la két qua caa bo AS sir dung logic md véi tap luat da duoc hoc cho trong Bang 4.7,

goi la AFRule.
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Hinh 4.29 va Hinh 4.30 la so sanh chi phi va thoi gian dap tng trung binh thuc

hién diéu chinh di véi 3 trudng hop & trén.

Auto-scaling Fuzzy (AF)

™
c ]
S o
@ -
© T T T T T T T
0 50 100 150 200 250 300
t
(a)
Auto-scaling Fuzzy Q-Learning 282 (AFQL282)
™
s o | [T Il R A
S o
< OVULICMUOFRACITOAOL ¥ DOVEOIRO 0 L0 00 AN DL ) L A
@ -
@ T T T T T T T
0 50 100 150 200 250 300
t
(b)
Auto-scaling Fuzzy Rule Q-Learning (AFRule)
] |
c T
S o
2 = | | | R | A s o 1 M - IO 1 A
& -
@ -

0 50 100 150 200 250 300
f
(c)
Hinh 4.28: Két qud thuc hién diéu chinh véi b di¥ liéu sinh ngiu nhién
Déi véi bo dir liéu sinh ngau nhién nay, vai bo AS str dung hoc tang cuong két
hop véi diéu khién mo cho thay bién dong vé thoi gian dap (ng trung binh rat 16n
(duong nét dit mau do Hinh 4.30), diéu nay cho thay viéc kham pha luat xay ra nhiéu

trong qua trinh hoc luat. Tuy nhién, d6i v&i bo AS sir dung tap luat duoc hoc (Bang
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4.7) van cho thoi gian dap ang nho nhat (xem Hinh 4.30) va tong chi phi lai nhiéu
hon (xem Hinh 4.29).
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Hinh 4.30: So sanh thoi gian dap iing trung binh @i véi 3 trwong hop trén bé diz
liu ngdu nhién
Tom lai, véi két qua thuc nghiém trén ba bo dix liéu trén cho thay, tap luat duoc

tao ra sau khi hoc tang cuong két hop voi diéu khién mo (Bang 4.7) khi sir dung bo
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tham s6 (e=0.2, y=0.8 va n=0.2) déu cho lgi thé vé thoi gian dap ung it nhat. Tuy

nhién phai chiu tong chi phi cao hon.

KET LUAN CHUONG 4

Chuong nay di xay dung mot bo diéu khién AS hiéu qua. Bo AS duoc xay dung
dé diéu chinh tai nguyén tu dong bang céch st dung hoc tang cuong két hop véi logic
mo dé tang kha niang dap ung tic thoi yéu cau tai nguyén trong viéc cap phat/thu hoi
tai nguyén tu dong dya vao tai nguyén kha dung trung binh, phuong sai cia tai nguyén
kha dung cua cua cum VM va thoi gian dap tng trung binh caa hé thong. Bén canh
d6, bo diéu khién AS con cho thay hiéu qua vé mat chi phi. Bo AS dé xuat khdng can
c6 tri thirc ban dau ma van hoat dong hiéu qua, céc tri thicc ¢ duge thdng qua viéc
duoc tich liiy dan dan trong qua trinh hoc. Phan thuc nghiém, da danh gia dé lya chon
cac tham s tham do/khai thac cac hanh dong (), hé sb suy giam trong ham phan
thuong (y) dé lam tang tinh hoi tu va tinh hiéu qua ciia mé hinh dé xuat, danh gia cac
hé s6 hoc (1)). Sau d6, lva chon bo tham sb (g, v, n) thich hop dé tién hanh so sénh
hai md hinh AS sir dung hoc ting cuong két hop véi logic mo (AFQL) va md hinh
AS str dung logic mo (AF). Két qua cho thay bo AS AFQL hiéu qua va khong can c6
tri thirc ban dau, bd AS AFQL van c6 thé hoat dong hiéu qua, cac tri thirc ¢ dugc
trong qua trinh hoat dong.

Tuy nhién, hiéu qua cua bo AS dé& xuét con phu thudc vao nhiéu yéu té khac,
nhu s6 doan phan hoach cac gia tri dau vao, hé théng suy luan ma, cac tham sé , v,
n... Pay 1a huéng phét trién tiép theo cua luan an dé co thé xay dung dugc bo AS

hiéu qua hon va c6 thé ap dung hiéu qua vao trong thuc té.
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KET LUAN

Nhu vay, luan 4n di nghién ciru dugc cac ndi dung dé ra & phan muyc tiéu ban
dau. DAu tién, luan an nghién ctu nhitng co s& 1y thuyét dugc sir dung trong luan an,
nhu: khai niém vé AS, cac phuong phap diéu chinh trong CC, mét s6 ki thuat AS
hién c6 va mot s6 van dé lién quan. Nghién ctru tdng quan céc cong trinh lién quan
dén nghién ctu trong luan an, chi ra nhitng wu diém va han ché, sau d6 dé ra hudng
nghién ctu cua luan an, nhirng noéi dung nay dugc trinh bay trong Chuong 1.

Chuong 2 cua luan &n da nghién ciru va dé xuat mot ki thuat can bang tai, mot
k¥ thuat di tra hiéu qua trong moi truong CC, sau do 1a danh gia anh huong gitra cac
k¥ thuat can bang tai véi AS trong CC. Céc két qua thuc nghiém ciing da chi ra tinh
hiéu qua va tinh dang dan cua giai phap dé xuat, gitp cho nguoi ding CC c6 dinh
huéng lea chon dich vy va k¥ thuat hiéu qua trong thyc té.

Sang Chuong 3 cta luan an 1a nghién ctiru va dé xuat mé hinh mang hang doi
cho hé théng CC phiic tap va khong ddng nhat nham danh gia mét sé sb do hiéu ning
cua hé théng CC, két qua thuc nghiém ciing chi ra két qua budc dau cua mé hinh 13
cd thé tin cay, danh gia duoc cac thdng s6 mong mudn, nhiing théng s nay 1a dau
vao quan trong cho cac bo AS.

Cudi cuing 1a giai phap AS tai nguyén hiéu qua trong CC duoc trinh bay trong
Chuong 4. Trong chuong nay, luan an di xay dung mot bo AS két hop giira bo diéu
khién mo va hoc ting cuong, s dung ba tham sé dau vao la tai nguyén kha dung
trung binh ctia cum VM (w), phuong sai cia tai nguyén kha dung (var) va thoi gian
dap rng trung binh caa hé thong. Két qua bude dau duoc so sanh véi phuong phap
logic m¢ dugc xay dung bang phuong phap chuyén gia, cho thay tinh hi¢u qua cua
phuong phap dé xuat. Phuong phap dé xuét cé thé hoat dong ma khéng can tri thirc
ban dau, két qua hoat dong c6 thé bang va hon phuong phap logic ma truyén thbng,
duoc thé hién qua céc két qua thir nghiém. Tuy nhién phwong phap dé xuat van con

nhitng han ché nhat dinh va dugc chi ra & phan hudng phat trién caa luan an.
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1) Nhitng két qua chinh cda luan an:

(1) Luén 4n da nghién ctru va dé xuét dugc ki thuat can bang tai va 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 cac trung tdm CC. Tiép theo, Luan an di danh gia su anh
huong cua cac ky thuat can bang tai trong méi trudng CC c6 AS tai nguyén, giup cho
viéc lya chon k¥ thuat can bang tai hiéu qua.

(2) Luan an dd mo hinh héa méi truong CC phirc tap va khong dong nhat st
dung mé hinh mang hang doi — mang Jackson ma, lam co s& dé danh gia cac sb do
hiéu nang cua trung tdm CC.

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

2) Huwéng phat trién ciaa luan an:

(1) Luan &n c6 thé duoc phat trién theo hudng xay dung mé hinh co sé dua vao
cac md hinh hang doi khac nhau dé do ludng va danh gia hiéu nang ciia hé thong dién
toan dam mdy. Tir d6 c6 dugc mé hinh ly thuyét day du hd trg hoat dong nghién ctu
va trién khai hé thong dién toan dam may.

(2) Ngoai ra, luan an cé thé duoc phat trién theo hudng cau hinh tly bién bo
tu dong diéu chinh theo trang théi cua hé thong, trén co sé nghién ctu phan hoach

gia tri dau vao va str dung cac hé suy luan md khéc nhau.
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