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TOM TAT: Pién toin dam mdy da tré thanh mét trong nhitng xu huwéng néi bdt trong linh viee Cong nghé théng tin. Trong do, vin
dé diéu chinh ti dong tai nguyén la mot thach thire I6m, dnh huéng 1om dén viée khai thac hiéu qud tai nguyén dwoc nhiéu nha
nghién ciru quan tam trong thoi gian gan day Hau hét cdc gidi thudt diéu chinh tw dong tai nguyén trong dién toan dam mdy hién
nay dua trén co ché ngudng. Tuy nhién, cdc kj thudt dwa trén nguéng khéng linh hoat va khé thich nghi khi ¢6 bién dong lon vé yéu
cau tai nguyén, dac biét la trong moi truong dién todn dam mdy. Trong nghién ciu nay, ching t6i xdy dung mo hinh diéu chinh tu
dong tai nguyén dya trén logic mo' va hoc tang cuong Fuzzy Q-Learning aé tang kha nang thich nghi ciing nhw kha nang dap irng
tire thoi yéu cdu tai nguyén trong cap phat/thu héi tai nguyén ti déng theo hwdng cdn bang tdi cho dich vu co sé ha tang trong dién
toan dam may.

Tir khéa: Logic mo, Q-Learning, Dién todn dam mdy, diéu chinh ty dgng (auto-scaling).

I. GIOI THIEU

Co6ng nghé Pién toan dam may (DTPM) cho phép ngudi st dung dich vu cdng nghé tir mot nha cung cip ma
khong can nhiéu kién thuc, kinh nghiém ciing nhu khong can quan tim dén cac co sé ha ting phuc vu cong nghé do.
Trong dich vu co s& ha tang, kha ning diéu chinh ty dong tai nguyén 1a mét trong nhitng dic trung quan trong cia
DTPBM, c6 thé dap tng voi su thay d6i ngit canh bén ngoai hoic bén trong mot cach tu dong. Tai nguyén duoc cung
cép theo nhu cu, nhu cc ing dung di dong [1], cac hé Co so di ligu [2, 3], cac (ing dung ludng dix ligu [4], cac ung
dung y khoa thoi gian thuc [5],.. . Cac ung dung trén DTDM da s6 ¢o tai bién dong do vay van dé quan ly tai nguyeén,
su dung tai nguyén Can do linh dong ty bién theo nhu cau. Do d¢, tranh dwoc viéc cung cap tai nguyén qué it hay qua
nhiéu, trong khi d6 van duy tri chat luong dich vu (QoS) ¢ mirc cao 1a thach thuc 16n. Khéch hang chi tra tién cho
nhiing tai nguyén da sir dung, nha cung cap dich vu c6 thé phuc vu cho nhiéu khach hang véi cling mot co sé ha tang.
Khéi niém vé diéu chinh ty dong tai nguyén da duoc dinh nghia tir nhidu quan diém cua céc hoc gia va céc nha cung
cip dich vu PTPM trong cac bdi canh da dang. Theo d6, hé thong cé thé diéu chinh ty dong ma rong hay thu hoi tai
nguyén dé dam bao tinh sin sang cho cac wng dung.

Diéu chinh ty dong tai nguyén trén DTDM c6 thé dugc xay dung dya trén quan ly ty tri theo vong lip MAPE-K
[6] gdbm giam sét, phan tich, 1én ké hoach va thuc thi. Trang thai cua hé théng dugc gidm sat va phan tich tir d6 hoach
dinh ké hoach cho giai doan tiép theo dé van hanh hé théng. Viéc 1ap ké hoach tuan theo cac luat cé thé don gian nhu
mot chinh sach sy kién - didu kién - hanh dong (ECA - Event Condition Action), d& thuc hién va nhanh chéng tinh
toan, hodc ¢ dang ham téi wu mot s6 tinh ning nhit dinh cua céc hé thdng dugc quan ly. Ké hoach dua vao tri thirc co
san c6 dé quan ly ty tri. Tri thirc c6 thé dugc hinh thanh khi van hanh hé thdng hoic cé thé dugc phét trién bang cach
rat trich luat tir dit ligu cua qué trinh gidm sét. C6 nhiéu hudng tiép can, giai quyét bai toan dicu chinh ty dong tai
nguyén nhu phuong phap ludt dya vao ngudng tinh [7], ly thuyét diéu khién [8], Iy thuyet hang doi [9] va phan tich
chudi thoi gian,... Theo d6, da s chién lugc diéu chinh ty dong tai nguyén bi dong voi cac yéu cau tai nguyén cua ung
dung trén DPTDPM, do d6 c6 thé khong du kha nang dap (ng v6i nhiing thay dbi dot ngodt cua tai cong viéc. Dé giai
quyet han ché ndy, chién luoc didu chinh tir dong chu dong (proactive auto-scaling) dua ra dwa vao kha nang du doan
nhu cau st dung tai nguyén trong tuong lai dé nang cao kha nang dap ung yéu cau cia nguoi dung. Bén canh do, cac
phuong phap theo huong dua trén bo diéu khién ty t6 chtrc phi hop cho bd diéu khién dam may [10]. Tuy nhién, bo
diéu khién dam may trong thyc té van phu thudc vao nguoi sir dung/véan hanh khi xac dinh céc thong so6 didu khién
cling nhu tap luat ding dé diéu khién. Viéc xac dinh tap luat phin 16n dwa vao kinh nghiém cua nguoi sir dung/van
hanh. Do vay, phuong phép sir dung co ché hoc ting cuong gitp giai quyét van dé trén. Cu thé, su két hop cia diéu
khién md va hoc ting cudng 1a mot co ché ty thich ngh1 manh mg, trong d6 diéu khién mo giap cho viéc lap ludn & mot
mirc d9 triru tugng cao - 1ap luan gidng con nguoi va hoc ting cudng cho phép diéu chinh thich nghi véi bo diéu khién
[11, 12]. Tuy nhién, trong nghién ctru [11, 12] chi méi dimg lai & viéc xtr Iy diéu chinh tai nguyén cho mot cong viée
tai mot thoi diém, trong khi d6 hé théng DPTPM lai ¢ rat nhidu ing dung khac nhau thuc thi cung lic tai mot thoi
diém ciing nhu chi quan tdm dén thoi gian dap tng VA tai cia hé thong.
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Trong nghién ctru nay, ching toi s& xay dung mé hinh diéu chinh ty dong tai nguyén dya trén logic mo va hoc
tang cuong, cu thé 1a Fuzzy Q- Learning nham gidp giai quyét viée diéu chinh tai nguyén cho nhleu tai cong viéc khac
nhau ciing ltc theo hudng can bang tai. Theo d6 hé thdng ¢ kha nang: (i) dap ung tuc thoi yéu cau tai nguyén, (i) diéu
chinh ty dong tai nguyén theo huéng can bang tai, (iii) tiét kiem chi phi sir dung dich vu. Phan con lai trinh bay cac
nghién cau lién quan trong phan I1. Phan 111 trinh bay mé hinh diéu chinh tu dong tai nguyén. Thuat toan Fuzzy Q-
Learning duoc trinh bay trong phan IV. Phan V trinh bay két qua thuc nghiém ciia mo hinh. Phan VI trinh bay két luan.

II. CAC NGHIEN CUU LIEN QUAN

Diéu chinh ty dong tai nguyén co thé chia thanh hai hudng sau: (i) Kha nang diéu chinh theo chiéu ngang: 1a
kha niang thém nhiéu thyc thé phan cing hoic phan mém, ching han nhu may cha, dé ching 1am viéc nhu mot don vi
logic thong nhat. Nghia 1a viéc thém cac don vi tai nguyén riéng dé cing thyc hién mot cong viéc. Thay vi mot may
chu, ¢6 thé ¢ hai hoac nhidu may chu cang thuc hién mot cong viéc; (i) kha nang diéu chinh theo chiéu doc: ting
cuong kha ning cua phan cing hién cé béng cach thém tai nguyén nhu thém strc manh xu 1y dén mot may chu dé tang
kha nang xu ly. Thuc hlen thong qua viéc bd sung thém phan cing nhu: CPU, RAM, 6 cung,... Kha ning diéu chinh
theo chiéu doc cung cép nhiéu tai nguyén chia sé hon cho hé didu hanh va céc tng dung.

Naskos, A. va dong nghiép [13] da dua ra tong quan vé tinh ning dan hdi trong DTPM. Viéc quan ly hiéu qua
tinh ning dan hoi ‘trong DTDM la mét thach thire. Cac huéng nghién ciru ciing nhu phan loai cac huéng nghién cau
dua trén hudng tiép can tinh toan ty tri, dugc chia lam 4 giai doan cua vong lip MAPE. Bé giam muc do st dung tai
nguyén cho dich vu DPTPM, Ghobaei-Arani [14] va ddng nghiép di d¢ xuat mé hinh tu tri cho viéc cap phat tai nguyén
dya trén moé hinh MAPE. Theo d6, mé hinh nay c¢6 kha ning dap tmg cho cac truong hop thay doi dot ngot tai cong
viéc,... ma van dam bao muc tiéu thoa thuan ¢ mic dich vu (SLA). Qu, C. va dong nghiép [15] dua ra kién trGc cua
ung dung diéu chinh tu dong tai nguyén web, gdm 3 loai chinh: single, multier, SOA. Tir d6 c6 nhitng gidi phap thich
hop dé xay dung bo diéu khlen Auto-scaler. Sun, Y. va dong nghiép [16] dd dwa ra mo hinh ROAR dé don gian hoa,
ti wu va ty dong hoa viéc cip phat tai nguyén dam bao muc tiéu QoS cho g dung web. Dé xuit trén goi 1a GROWL
(Generic Rescource Opimization for Web aplication Language) dé dinh nghia ké hoach kiém tra tai va yéu cau QoS.
Tiéu chuén 0 ng dung diéu chinh duoc st dung dé danh gia hé thong. Tai diu vao ciia hé théng c6 thé duoc tao ra thong
qua phan mém gia 1ap hodc duoc thu thap tir dit lidu thuc té. Sahni va dong nghiép [17] dua ra thuét toan diéu chinh tu
ddng nhan biét khong dong nhit thich nghi v6i sy thay doi tii ma van dam bao duge QoS. Dé xuét sir dung phuong
phap online profiling ciia tai nguyén DTPM va lich st tai dé wdc luong yéu cau tai nguyén trong twong lai. Sau d6 tim
giai phap dua trén heuristic. Chién luge greedy heuristic duge p dung vao thudt toan diéu chinh ty dong thich nghi cho
phép diéu chinh da dang véi chi phi t6i ru ma van dam bao QoS trong moi truong PTDM. Thong qua thuc nghiém
trén cic mau web mo ta va cdc mau tai cong viéc khoa hoc cho thiy hé thong 6 kha nang mé rong va thu hoi tai
nguyen dé dap g yéu ciu tai cling nhu yéu cau vé hidu qua khai thac hé thong. Di véi hé thong dich vu PTPM cung
cap tai nguyén thuce thi cac cong viéc chira cac tac vu phy thuge 1an nhau véi d6 uu tién va cau trac khong biét truge
xuét hién trong thoi gian thuc thi hé thong. De Coninck, E. va dong nghi¢p [18] de xuét ap dung huéng mo hinh gdm
tri thirc trén tai cong viée, nhu cdu tai nguyén va hanh vi mé rong dé giai quyét vin dé. Thong tin duge thu thap thong
qua hé thdng giam sat va gia 1ap kich ban dang ‘what - if’. M6 hinh tri thtrc tao hiéu qua trong viéc 1én ké hoach va
diéu phéi tai nguyén ciing nhu gitp nha cung cip dich vu PTDM déanh gia nhu ciu co so ha tang. Arabnejad, H. va
ddng nghiép da trién khai auto-scaling trén hé thong OpenStack [12]. Theo do6, diéu chinh ty dong phan phdi tai
nguyén dong ma khong can dén tri thirc ban dau dwa trén thuat toan logic mo dé hoc va phan phdi tai nguyén tai thoi
diém thyc thi. Dé xuét dya trén nén ting Heat Orchestration template c6 thé quan 1y nhiéu tinh hung bién dong tai
khéc nhau ma van dam bao tai nguyén theo nhu ciu va giam chi phi sir dung co s ha tang, chi phi quan 1y. Tuy nhién,
dé xuét chi ap dung phan phdi tai nguyén cho mot cong viéc tai mot thoi diém. Grimaldi, D. va dong nghiép dua ra mo
hinh logic m& dya trén thong tin khong ddng nhét cho bai toan diéu phdi tai nguyén didu chinh theo chiéu ngang trén
dam may cong cong [19]. Dé xuét dya trén tdi uu hoa thong tin phan hdi nho vao logic md dé tw diéu chinh tham sé
trén moi truong c6 bién dong theo thoi gian 16n va khé du doan trong DPTDM.

I11. MO HINH PIEU CHINH TU PONG TAI NGUYEN

DTPM cung cip tai nguyén cho tng dung cua khach hang. Thanh phin giam sat cac (ng dung theo vong lap tu
tri MAPE-K lién tuc theo doi nham gidm st muc do st dung tai nguyén. Viéc sir dung tai nguyén phai dap Gmg cac
muc tiéu vé SLA. B¢ giam sat thu thap dir lidu vé tinh trang st dung tai nguyén va chuyén dén bo phan diéu chinh ty
dong (auto-scaler) dugc tao thanh tir c4¢ thanh phan diéu khién md va thanh phan hoc ting cudng. B auto-scaler dua
ra céc lénh nhiam diéu chinh ty dong tai nguyén thich hop cho ting yéu cdu cua cong viée. Cu thé, bo auto-scaler s&
dua ra quyét dinh tang/giam s6 luong may ao phuc cong viée cu thé. Thanh phan hoc ting cuong dwoc sir dung trong
qué trinh ra quyét dinh. Ban dau, thanh phan hoc tang cuong nay khong can tri thirc (& ddy c6 nghia 14 luat), theo thoi
gian tri thire s& dugc tich lity qua nhiing lan ra quyét dinh (Thanh phan hoc ting cudng dugc cip nhat tri thirc qua mdi
vong 13p MAPE). Thanh phan diéu khién mo dam nhan biéu dién tri thire theo dang tap luat. Tir muc do sir dung tai
nguyén cua cac cong viéc tai mot thoi diém cu thé, thanh phan diéu khién mo suy ludn ra trang thai cua cum may ao
phuc vu cho céng viéc do6 bang bién ngon ngir S. Tri thice s€ dugce biéu dién dudi dang tap lut [IF .. . THEN], vi du:
[IF Trang thdi cum mdy do phutC vu céng viéc J co trang thdi la S THEN Y luwong may do can dwoc diéu chinh 1d aj .
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Hinh 1. Kién triic hé théng

Kién tric hé thong duoc dé xuat trong bai bao nay nhu Hinh 1.
Gia str ta ¢6 n ing dung = {j1, o, o, jn}- MSi img dung duoc thyc thi trén mot cum k méy 4o ddng nhat. M&i may
a0 duoc bicu dién dudi dang vector v} = {c], 7}, ]} Vi € [1,k], trong d6 ¢ lathong s6 CPU da duoc sir dung, 7} I
lugng bé nhd RAM da duoc st dung, d} 1a lwong 6 dia da dwoc sir dung ciia may ao thir i trong cum thir j. Gia sir dit lidu
may ao duoc thu thap dudi dang phan tram. Tai cho mdi may 4o i trong cum thu j la w} dugc tinh theo cbng thirc sau:
wf = i) + A1) + A3, (1)

trong d6 A, 4, va A3 > 0 1a céc trong s6 thoa man diéu kién (4; + 4, + A3 = 1).

Mtc d6 can bang tai cua k may ao danh cho ng dung j dugc tinh toan dya trén phuong cta tal trong ting cum
may 40. Néu phuong sai cang gan 0 c6 nghia hé thong dang dat mic can bang cao va nguoc lai néu phuong sai gan
bang 1 thi hé thong dang mét can bang tai.

| e’
J k

e [0.1], (2)

Mtc do can bang tai cua k may 4o danh cho ung dung j duoc md héa thanh bién ngon ngir theo logic mo
S ={S5,,5,,..,Sp} dé dién ta trang thai cua tai. Tuong (ng véi timg loai trang théi ciia tai, h¢ thong s& quyét dinh xem
can thém vao hay giam b6t s6 lwong may ao phuc vy iing dung do, sé lugng may ao dugc thém hozc thu hdi trong A=
{ay,a,,..,a,}Va€eN

Chi phi st dung may 4o cta ung dung j sir dung trong thoi gian t duge tinh nhu sau:
Ui(t) = 1 - 29, (3)

VMmax
trong do6, vm; (t) 1a s6 lugng méy 4o thué trong thoi gian t cua tng dung j, vm,,,, 1a sé lugng méay 4o tdi da cho ung
dung j.
A. Thanh phin diéu khién mo

Suy ludn mo 14 mot qua trinh dnh xa mot tap gia tri diéu khién dau vao thanh gia tri diéu khién dau ra thong qua
céc tap luat mo (Hinh 2). Thanh phan diéu khién mo thuong duoce ap dung vao van dé kho biéu dién bang mo hinh toan
hoc rd. Thanh phan didu khién mo gdm:

e Co sé tri thire (Knowledge Base): gdm cac luat dugc cdu hinh dong theo tham s6 ngudng nhim phu hop véi
nhiéu diéu kién cua hé thong.

& Qui trinh m& héa (Fuzzification): nhdm lam md tap dit lidu du vao phuc vu cho qué trinh 1ap luan xap xi.
bé qué trinh mo hoda dat hi€u qua cao can phai tién xu 1y dir ligu.

* Qua trinh lap ludn X4p xi (Appr0X|mate Reasoning): dua trén cac luat cung cip bdi co so tri thire, qua trinh
nay dua ra cac két luan vé trang thai hé thong.

e Qui trinh khir mo (Defuzzication): dua ra hanh dong hop 1y voi timg trang thai cu thé ciia img dung.
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Hinh 2. Thanh phén diéu khién mo

Gia sir dé mo ta cac gia tri cua mure do can bfmg tai trong vi€c str dung tai nguyén cia mot ing dung cu thé tai
mot thoi diém duoc biéu dién bang nim trang thai: rat 1ot (very good), 16t (good), binh thuong (normal), xau (bad), rdt
xdu (very bad) (Hinh 3). Nhirng gia tri ciia tham s6 dau vao s& quyét dinh gia tri cta bién mo va phu thudc vao trang
thai hé thong ma gia tri cta bién mo s& thay d01 tir 0 dén 1

very good good very bad

s

Hinh 3. D4 thi danh gia murc cin bing tai cum may 4o dang thuc thi ung dung

Cong thirc mo hoda véi gia tri very good:
1néul <p,
q-l
Hverygood 0= n néu p<sl<gq, 4)

0néul > q.

Cong thirc mo hoda voi gia tri good:

0néul <phoicl >s,
I-p ~
—néup<l<gq,
- p q
1néul>qual< r,

(
Hgooa = !l )

-1 ~
Z néur<l<s.
S—r
Cong thirc mo hoda véi gia tri normal:
Onéul <rhoicl >t,

l-r ~
tnorma(D) = { s neur=l<s, (6)

t-1
—néus<l<t
t—s

Cong thitc mo hoa voi gia tri bad:
0néul <shoicl >,

-
() = :neus<l<t @
bad 1néut<li<u,

I v—l
[ = néuu<li<w.
v-u
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Cong thitc mo hoa voi gia tri very bad:
1néul > v,
-l .
Uyerybad 0= :—_u neuu <Il<v, (8)
Onéul <u.
Qué4 trinh khir mo s& dua ra hanh dong thém hodc bét tai nguyén phuc vu Gng dung. Gia tri dau ra dugc tinh
toan theo cong thirc sau:
y() = 2w () *a; ©)

trong do, N 1a sb luat, u; (x) 1a mic do/xac suat luat i cia gia tri dau vao x va a; 1a hanh dong twong tng véi lut do.

B. Thanh phan hoc ting cwong

Thanh phan hoc duoc dya trén ky thuat Q-Learning. Tai mbi vong I3p, bo diéu khién s& dua ra mot hanh dong a
duoc dua yao trang thai s dugc ky hiéu Q(s, a). Thanh phan diéu khién s& chon hanh dong ma c6 gia trj phan thuéng
(reward) tot trong qua khir.

Ry = Ty + Vg + 0 = X0 Vkrt+k+1' (10)

trong d6, ¥ 14 hé s6 thé hién mirc d quan trong clia gia tri reward trong twong lai. Mdi phan thuéng dwoc tinh toan dwa
vao chi phi sttr dung may ao nhu sau:
=U@t)-Ult—-1) (12)

Chinh sach 7z(s, a) 1 xac suat chon hanh dong a tir trang thai s, duoc tinh theo cong thirc sau:
Q" = E.{¥r-0 VLT ey (12)

trong d6, E,{.} 12 ham ky vong cua chinh sach m. Khi nao chinh séch thich hop dugc tim thay, khi d6 van dé hoc ting
cuong duoc giai quyét. Q-learning 1a mot k thuat khong can bat ky chinh sach cy thé cho trude.
Gia tri Q(s, a) dugc tinh nhu sau:

Q(spar) « Q(spar) + nlreys + ymaxg Q(Sesr,ar) —Q(sp ar)] (13)
trong d6, n 1a ty 1& hoc. Chinh sach thich hop chon hanh dong ngau nhién véi mot xac suat e hodc chon hanh dong co
gia tri ham Q 16n nhét cho trang thai hién tai véi xac suat 1 — &, hanh dong dugc chon nhu sau:

a(s) = arg max;, Q(s, k). (14)

C. Thudt todn diéu chinh tw déng tai nguyén

Thuat toan: Autosacling Fuzzy Q-learning

Input: n,y

Output: a

1. Khi tao gia tri g-values: q[i, k] = 0 cho tieng (tng dung J = {jy, j2, -, jn}

2. Sinh luat diéu khién mo

3. Tinh gid tri dau ra cua bo diéu khién cho cac wng dung J tai thoi diém t

4. Xap xi gia tri Q cho timg wng dung & trang thai hién tai s(t) va hanh dong a:
N

QGs®,0) = ) i (s(®) *qli,a]
2 4 l N
5. Trién khai hanh dong a xuong co sé ha tang phuc vu ung dung j;
6. Tinh gia cac tri tai thoi diem t + 1:
Q(st,ar) < Qsp,ar) + 1 [Tt+1 t+vy mglx Q(se+1,ar) — Q(se, at)]
7. Lap lai tién trinh cho trang thai méi cta ing dung t6i khi nao hoi tu gia tri g-value

IV. KET QUA THU'C NGHIEM

Trong phan nay, cac thuc nghi¢ém mo phong thuc hién dé danh gia kha nang dap ung tirc thoi yéu cau diéu chinh
ty dong tai nguyén theo huéng can bang tai ciing nhu kha nang tiét kiem chi phi st dung dich vu. Céc thuc nghiém
duoc thuc hién trén mét mé phong tai theo su kién roi rac cd the dugc sir dung dé tai tao moi truong giéng nhau. Dé
danh gia kha ning dap ung cua hé thong, ching toi sir dung 5 mau tai cdng viéc dién hinh cho dich vu web [14]. Theo
do, tai thé hién luu lugng truy cap internet thuc véi yéu cau dap tng khac nhau gdm: (i) yéu cau ting dot ngot tir thap
Ién cao - Job 1, (ii) yéu cau tir thap ting 1én cao roi xudng thap - Job 2, (iii) yéu cau ting/giam c6 bién do I6n véi toc do
thay d6i cham - Job 3, (iv) yéu cau tang/giam c6 bién d¢ I6n véi toc do thay doi nhanh - Job 4, (v) yéu cau tang/giam
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bién dong cham - Job 5. M6 hinh trén dugc thuc nghiém trén méy tinh Core i3, 8 GB RAM, 500 GB HDD, h¢ diéu

hanh Windows 10.
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Hinh 5. Yéu ciu tir thip ting 1én cao rdi xudng thap - Job 2
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Hinh 6. Yéu ciu ting/giam c¢6 bién d6 lon vai te d6 thay déi cham - Job 3
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Tuong tng voi tung thoi diém t, bo diéu khién autoscaler s& diéu’khién viée tang/giam s0 lugng may 4o cho cac
cong viée. SO lugng may 4o s& duge tang/giam trong [-2,-1,0,+1,+2], két qua dugc biéu dicn trong Hinh 4-8. Theo d6
ta co thé thy, kha nang dap Gmg su bién dong cua tai cua tirng cong Vviéc gan nhu 1a tc thoi vi du nhu jobl c6 tai tang
giam dot ngot trong quéng thoi gian t tir 170 dén 200 twong tng bd autoscaler diéu khién ting s6 lwong may 4o 1én.

Gia tri tai duoc tinh theo cong thuc (1) véi céac trong s duoc Iy trong thuc nghiém nay l1a A, = A, = A, :§
mic do can bang tai cua hé théng dugc tinh theo cong thire (2) va duoc mo hoa dé cho ra trang thai S, Q-Value la gia
tri biéu dién mirc d6 chon hanh déng a khi hé théngq & trang théi S. O diy ching t6i ¢6 5 trang thai cho hé thong va 5
hinh ddng twong ng Vi 5 trang thai d6. Tai thoi diém t cu the, gié tri Q-Value dugc tinh toén va cap nhat lai. Pay thé
hién kha nang dap ng ctia phuong phap hoc ting cudng.

’

“Trong Hinh 9 cho thay gié tri Q-Value la thong s6 quan trong ciia thuat todn Q-Learning. Thuat toan cho thay
mot sb gia tri Q-Value hoi tu nhanh khi thuc nghiém.
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Hinh 10. Biéu dd chi phi sir dung dich vu cho céc job trong khoang thai gian t = 300, chi phi cho 1 VM 13 0.1
don vi chi phi

Trong Hinh 10 biéu di&n chi ph‘l' tiét kiém khi str dung bo diéu !(hién autoscaler. Theo d, chi phi dugc tiét kiem
kha nhiéu so vé6i khong sir dung bo diéu khién autoscaler. Theo d6, doi vai Jobl chi phi khi sir khién autoscaler chi cé
hon 100 trong khi khong str dung b autoscaler 1a hon 200.

V. KET LUAN

Trong nghién ctru nay, ching t6i xdy dung mé hinh ty dong diéu chinh tai nguyén dwa trén logic m& va hoc tang
cuong Fuzzy Q-Learning dé tang kha nang dap ng tuc thoi yéu ciu tai nguyén trong cap phat/thu hoi tai nguyén ty
dong theo hudng can bang tai. Bén canh d6, bo diéu khién autoscaler con cho thay hiéu qua vé mat chi phi. Tai mot
thoi diém bo autoscaler c6 kha nang diéu khién viéc ting/giam may 4o cho nhiéu cong viéc v6i nhitng tinh trang khéac
nhau. Thudt toan khong can thiét 1ap cac gia tri lién quan dén tri thirc ban dau cua ‘nha quan tri PTDM nhu gia tri Q-
Value. Thong qua thyc nghiém, chung t6i nhan thdy diéu nay ciing anh huong dén toc do hoi ty cua gia tri Q- -Value. Do
vay, huong nghién ciru sap t6i cua chung t6i s& cai thién tbc d6 hoi tu cia gia tri Q-Value ciing nhu van dé xac dinh sb
luong may 4o can tang/gidm.
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AN REINFORCEMENT LEARNING APPROACH FOR AUTOSCALING IN CLOUD
COMPUTING BEASED ON FUZZY Q-LEARNING

Nguyen Khac Chien, Bui Thanh Khiet, Ho Dac Hung, Nguyen Hong Son, Ho Dac Loc

ABSTRACT: Cloud computing has become one of the most prominent trends in the IT industry. In particular, the problem of auto-
scaling (allocation /deallocation) of resources is a great challenge, greatly affecting the efficient exploitation of resources should
always be subject to research in recent times. Most of the algorithms for auto-scaling resources in the cloud computing are based on
threshold mechanisms. However, threshold-based techniques are not flexible and adaptable when there are major fluctuations in
resource requirements, especially in the cloud computing environment. In this paper, we built a model for auto-scaling resources
based on fuzzy logic and reinforcement learning - Fuzzy Q-Learning to increase adaptability as well as the ability to immediately
respond to resource requirements in dynamic allocation/deallocation of resources in the direction of load balancing.

Keywords: Auto-scaling, Fuzzy Logic, Q-Learning, Cloud Computing.



