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TOM TAT: Quan Iy, sir dung tai nguyén trén Dién todn dam mdy la mot thach thirc I6n cho nha cung cap dich vy ciing nhi ngudi
sur dung dich vy dau cudi. Viéc cdp phat tai nguyén nham xdc dinh yéu cau tai nguyén va chat lwong dich vy ciia ngum dung sé
dwogc cap phat ¢ dau trong hé thong Tai nguyén vat ly trong moi tru’ong Dién toan dam mdy da so khong déng nhdt véi nhau, bén
canh do yéu cau tdi nguyén fir nguoi dung ciing khong dong nhdt véi nhau vé logi tai nguyen Piéu d6 gay khé khan cho  qua trinh
cdp phdt tai nguyén nhdt la trong giai doan khan hiém tdi nguyen. Trong nghlen citu ndy, chiing t6i xdy dung mé hinh cdp phat tai
nguyén dua trén ly thuyet tro choi dé dam bdo si céng bang gifta cdc mdy chii vit 1y ciing nhw dam bdo sir dung hiéu qua tdi
nguyen Chién lwoc cap phat tai nguyén cong bang dugc tim dya trén gidi thudt luyén kim. Cac ket qua thuc nghiém trinh bay viéc
diéu chinh tham $6 cho thudt todn dé tim ra chién hrgc cdp phdt mdy do cong bang. CAc tham sé nay phu thudce vdo cdc muc tiéu
clia nha cung cdp dich vu dién toan dam may.

Tir khéa: Pién todn dam mdy, cdp phat tai nguyén, ly thuyér 1o choi, gidi thugt luyén kim.

I. GIOI THIEU

Pién toan dam may (DTDM) 1a mot mo hinh dién todn sir dung cong nghé may tinh va phat trién dya vao
internet. Thudt ngt “ddm may” la mot cach noi an du nhim dé chi mang internet ma ¢ d6 cung cap moi truong tinh
toan la noi cung cap phan mém, nén tang, tai nguyén theo yéu cau. M6 hinh dich vu co sé ha ting (laaS) cung cp cho
nguoi ding co so ha ting nhu mang, may chii, CPU, bo nhd, khong gian luu trit va cac tai nguyén tinh toan dudi dang
may ao (VM) bang cong nghé ao hoa may chu. Cong ngh¢ do héa mdy chu cho phép tao ra nhiéu may ao trén mot may
chu vat 1y, mdi may 4o ciing duoc cip phat tai nguyén phan ctng nhu may that véi RAM, CPU, card mang, & cing, hé
diéu hanh va cac ing dung riéng. Nguoi dung gui yéu cau tai nguyén (CPU, b6 nhg, khong gian luu tri,...) den nha
cung cip dich vu PTPM dé xay dung may 4o. Da s nha cung cap dich vu DPTPM x4y dung hé théng voi mot s6 luong
16n cac may chu vét 1y va tinh chi phi sir dung dich vu cho khach hang theo thdi gian st dung. Tty vao nhu cau sir dung
tai nguyén cua ngudi ding theo thdi gian ma nha cung cap dich vu DPTDM c¢6 thé diéu chinh viéc phan phdi tai nguyén dé
dam bao chat luong dich vu cung nhu 13 loi nhuén. Do vay, viéc quan ly, s dung tai nguyén trén DPTDM mét cach hiéu
qua la mot thach thire 16m. Cép phat tai nguyén toi uu 1a rat can thiét trong viéc sir dung hiéu qua tai nguyén trong DTDM,
bai toan tdi wu dang nay thuong thude 16p NP-Hard hodc NP- Complete [1]. Bén canh d6, da sb tai nguyén vat ly trong
mdi truong DPTDM khong ddng nhat véi nhau dong thoi yéu cau tir nguoi dung cung khong ddng nhat ddi véi cac loai tai
nguyén. Cac yéu cdu tai nguyén khong dong nhét da gdy ra hién tuong xuat hién phan manh tai nguyén cting nhu gy ra
vige lang phi khong gian tai nguyén. Pa s6 nha cung cap dich vu mudn i da hoa loi nhudn v6i chi phi dau tu 1a thip nhét
didu d6 dan dén phai toi da hoa viée sir dung tai nguyén. Tuy nhién, viéc t6i da hoa sir tai nguyén — cu thé & day 1a may
chu vat 1y thuong din dén nhitng vi pham vé chat luong dich vu ddi véi khach hang.

Dé giai quyét van dé c6 tinh twong tac giita nhiéu bén lién quan da phan duoc tiép can tir 1y thuyét trd choi. Ly
thuyét tro choi duge dung dé phéan tich cac tinh huéng danh cho hai hodc nhiéu c4 nhan ma két cuc ciia mot hanh dong
dugc mdt trong s6 ho thuc hién khong chi phy thudc va hanh dong cu thé cua chinh c4 nhan d6 ma con phu thude vao
hanh dong ciia nhimg c4 nhan khac con lai trong trd choi. Két cuc vé 1y thuyét ctia trd choi duge biéu dién dudi dang
nhiing t6 hop chién lugc c6 nhidu kha nang dat duge muyc tiéu ciia cac ngudi choi nhét cin ctr vao thong tin san c6 cho
ho. Cac tb hop chién luge duoc goi 1a cac chién luoc cin bang (equilibrium strategy) cua ngudi choi néu khong co bat
ky nguoi choi nao c6 dong co thay d6i ké hoach hanh dong cuia minh. Sy can bang ciia mot trd choi dién ta nhirng
chién luge ma cac ngudi choi duy ly duoc tién doan la s& chon khi ho tuong tac véi nhau. Dé dam bao st dung tai
nguyén hi¢u qua va 6n dinh can c6 chién lugc cip phat tai may ao trong DTPM hop 1y. Trong nhig truong hop nay,
cac ké hoach hodc chién luoc cua nhiing ca nhén lién quan s€ phu thudc vao cac du kién vé nhiing gi ma nguoi khac
dang lam. Do do, nhiing c4 nhan trong tinh huong nay khong ra quyét dinh mot cach biét 1ap, ma viée ra quyét dinh cua
ho c6 quan hé phu thudc 1an nhau. Diéu nay dugc goi la sy twong thude chién luge va nhirng tinh huéng nhu thé
thuong duge goi 1a tro choi chién luge, hodc don gian 1a trd choi va nhitng ngudi tham gia trong céc tro choi nhur thé
dugc goi 13 nhitng ngudi choi. Béi vi nhitng ngudi choi trong mot trd choi biét rd rang két cuc ctia nhirng hanh dong
ctia ho bi tac dong boi ngudi choi khac va anh huong 1én ngudi khac, nén ho can phai tinh dén nhitng hanh dong khac
nhau c6 thé c¢6 ctia nhitng ngudi choi khac khi chinh ho ra quyét dinh. Tuy nhién, khi cac ¢ nhan c6 thong tin han ché
vé nhitng hanh dong dy tinh (chién lugc) cua nhitng ca nhan khéc, ho phai phong doan vé nhiing gi ho nghi ring nhiing
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nguoi kia s€ lam. Qua trinh suy nghi kﬂiéu nay cau thanh tu duy chién lugc va khi chung ta dung dén loai trr duy nay, 1y
thuyet tro choi c6 thé gitip chung ta hiéu dugc nhiing gi dang xay ra va du bao vé nhiing két cuc co kha nang xay ra.

Giai phéap cho van d¢ cip phat tai nguyén thuong dwa trén dic tinh cu thé cua timg bai toan tir 46 4p dung céc
giai thuat nhu vét can (exhaustive algorithm), giai thuat tit dinh (deterministic algorithm) [2] hodc giai thuat
metaheuristic [3], [4], [5]. Trong thuyc nghiém, hau nhu cac giai thuat tat dinh tSt hon cac giai thuat vét can. Tuy nhién
cac giai thuat tat dinh lai khong hiéu qua trong moi truong dir liéu phéan tan tir 46 dan dén khong thich hop cho cac van
dé cap phat tai nguyén trong moi truong tinh mo rong [6]. Trong khi d6, DPTPM la mdi truong ¢ dit liéu phan tan, doi
hoi c6 kha ning mé rong, kha niang dap ung yéu cau ngudi ding cao do vay c6 thé tiép can van dé cap phat tai nguyén
may ao trén DPTPM theo hudng metaheuristic 1a kha thi méac du cac giai thuat metaheuristic co thé cho két qua gan tdi
uu trong thoi gian chap nhan dugc. Trong nghién ciru ndy, chiing t6i dua ra giai phap cap phat tai nguyén dam bao sy
cong bang trong cp phat tai nguyén cing nhu str dung hiéu qua tai nguyén dua trén ly thuyét trd choi va dung giai
thuat metaheurls’ﬂc cu thé 13 giai thuat luyén kim dé tim ra tim duoc giai phap cép phat tai nguyén may ao t6i wu hodc
gan tbi wu dua trén cn bang Nash. Phan con lai trinh bay cac nghién ctru lién quan trong phéan II. Phan III trinh bay mo
hinh cAp phat tai nguyén dua trén 1y thuyét trd choi. Thudt toan luyén kim cho bai toan cip phat tai nguyén dugc trinh
bay trong phan IV. Phan V trinh bay két qua thuc nghiém cta md hinh. Phan VI trinh bay két luan.

II. CAC NGHIEN CUU LIEN QUAN

Tac gia Waldspurger d tmg dung chinh mé hinh t6i da sy cong bang bang cach xem xét cac yéu té khac nhau
nhu wu tién, dat chd va thoi han [7]. Tuy nhién, mo hinh chi xem xét sy cong bang trong viéc phan phdi ngudn tai
nguyén don 1é. Trong nghién ctru cuia hai tac gia Deshi Ye va Jianhai Chen [8] xem xét dén hai van dé: (1) Van d& can
bang tai may chu: mot tap cic may ao VMs dugc md ta nhu mot vector nhiéu chiéu va mot lugng may vat Iy PMs cho
trude. MAi may vat 1y hoat dong dwa trén mot ham thu hoach (payoff function) va c6 su chuyén ddi qua lai giira cac
may nham t6i da hoa tai trén bit ctr chiéu nao. (2) Vén dé dit may ao: cho tru¢c mot tap VMs, két qua cac ham loi ich
1a lya chon dugc cac may vét 1y c6 tai nguyén can thiét dé cung cép cho yéu cau xdy dung may 40. Va co su chuyen
d6i may ao sang may vat Iy khac néu c6 tai nguyén thich hop hon. Bai bdo dd mo hinh hai van dé trén dua vao chlen
lugc tro choi khong hop tac giita cac may do. Tuy nhién, cic may 4o va cac may vat 1y khong dong nhit voi nhau vé
cong sudt, ciu hinh,... Viéc phan phdi may 4o vao may vat 1y can dam bao sir dung tai nguyén may vat Iy hiéu qua
hon. Theo nghién ctru cua Zhen Xiao va cac cong su ing dung cong nghé ao hoa dé phan phdi tai nguyén trong trung
tam dir liéu dya trén nhu cau Gmg dung va tinh toan dé t6i wu hoa sb lugng may chi dang sur dung. Van d& hiéu qua
dugc xét trén hai phuong dién: su qua tai cia may vat Iy va su sir dung it may vat Iy dé tiét kiém nang luong [9]. Bai
bao dé xuat thuat toan du bao nhu cau st dung tai nguyén dua trén trung binh chuyén dong theo cip s6 nhan EWMA.
Téi wu sy thay dbi trong sir dung tai nguyén trén mot may vat li dé dat sy toi wu trén toan he thong Phuong phap nay
chi dat duoc t01 uu cyc b, khong dat duoc tbi wu toan cuc. Bai béo nay chi giai quyét van de cap phat khi c6 y€u cau.
Khi ¢6 yéu ciu dén, nha cung cap dich vu phai quyet dinh xem nén chép nhan phuc vy yéu ciu hay khong yéu cau trén
hé théng ciia nha cung cip ma c6 thé xir 1y yéu cau ndy ¢ h¢ thong ngoai (external resources) - mot nha cung cap lién
két. Nghién ctru cua tac gia Minarolli va cac cong su d@é xuét cip phat tai nguyén CPU cho c4c may 4o & mirc dich vu
co s6 ha ting DTDM Iaa$, xem xét trén 2 khia canh: chét lugng dich QoS va quan 1y chi phi [10]. M6 hinh quan 1y tai
nguyén gbm 2 téng didu khién cuc bo (local controller) dam nhén cip phat CPU dong dé chia sé cho cac may 40 VMs
nham dat dugc tdi wu cuc bo trén. Piéu khién toan cuc (Global controller) quan ly viéc di trii mdy ao dén mot may vat
1y khac dé dat dwoc t6i da toan cuc. Céc tic gia chi méi quan tim dén tai nguyén CPU chua de cap dén cac tai nguyén
khac nhu memory va disk. Trong nghién ciru ctia minh, tac gia Hassan va cac cong sy dé xuat mot phuong phéap cho
van dé phan phdi ngudn tai nguyén dwoc phan tan trong cum ddm méy bang tmg dung ca tro choi hop tac va khong
hop tac [11]. Ho cho thiy rang viéc phan phdi tai nguyén trong tro choi hop tac tao mot dong luc manh mé hon cho cac
nha cung cip dé dong gop tai nguyén. Nhung mo hinh nghién ctru ciia ho dugc thyuc hién trong moéi trudng don tai
nguyén. Sy ph01 hop chia s¢ tai nguyén ciing 1a mot thach thire co ban trong viéc phan phéi ngudn tai nguyén trong
DTPM. Nhiéu cong trinh da nghién ctru phan phdi tai nguyén cong biang cho dén thoi diém nay, vi du nhu cap phat tai
nguyén cong bang cua Hadoop - phén chia tai nguyén nhu la cac phan vung c6 kich thuéce ¢6 dinh, hogc cac khe (slot).
Mot chinh sach cong bang phd bién khac 1a tbi da su cong bang, bang cach ¢b ging toi da hoa ngudn tai nguyén t6i
thiéu ma mdi ngudi dung nhan duge. Dé dat duogc vide cong bang giira hé théng va nguoi dung trong hé thong phén
tan, Siar va cong sy da mo hinh hoa bai toan trén ly thuyet tro choi [12]. Dung giai thuat di truyén va lai ghép do phd
bién ctia giai thuat luyén kim dé xap xi dwgc giai phap t6i wu hodc gan toi wu dya trén can bang Nash.

III. MO HINH CAP PHAT TAI NGUYEN TREN LY THUYET TRO CHOI HQP TAC
A. Kién triic ha tang PTPM

Tai trung tim quan 1y tai nguyén ctia mé hinh cip phat tai nguyén trong Hinh 1. bao gdm c6 4 thanh phan:

- Trung tim dang ky: Mdi may chu vat 1y trong “dam may” s& dang ky thong tin tai nguyén ciia no dén trung
tdm giam sat moéi truong ddm may.
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- Trung tdm giam sat moi truong ddm may: s€ nhan nhiing thong tin cla cac may chu vat 1y nhu tén va dia chi
IP, theo doi cac tinh trang cua ching (cac tinh trang c6 thé la dang khdi dong hodc dang chay hodc da tat va
lugng tiéu thu cia CPU), B) nhé va khong gian luu tri.

- Trung tim quan 1y co so ha ting: ¢6 trach nhiém phat trién va quan 1y co so ha ting a0 hoa, chang han nhu tao
va giai phong may éo.

- Trung tam diéu khién: 1 trung tam tinh toan d¢ dua ra quyét dinh thich hgp nhat v& viéc phan phoi tai nguyén.
Khi mgt may chu vat ly mai bat dau tham gia vao ddm may, thong tin nhu dia chi MAC, dia chi IP s€ dugc
dang ky vai trung tdm dang ky.

Trung tdm gidm sat moi truong dam may s€ theo doi tinh trang va ngudn tai nguyén da su dung tai cac may chu
vat Iy da dang ky trong trung tdm dang ky. Khi nguoi dung guri yéu cau dich vy dén “dam may”, yéu cau tai nguyén s&
dugc nhan boi trung tim diéu khién. Trung tdm didu khién s& dua ra quyét dinh phan tai nguyén dua trén thong tin do
trung tdm gidm sat moi trudng dam mdy thu thap duoc. Quyet dinh phan bd tai nguyén duoc thyc hién boi trung tim
quéan 1y ha tang dé quan Iy cac may chu vat ly cling nhu cap phat cac may ao trén né. Trong moi truong da tai nguyén,
ngudi dung ¢6 cac yéu ciu khong ddng nhit d6i v6i cac loai tai nguyén khac nhau, can cap phat tai nguyén cho nguoi
dung theo yéu cau ciia ho. Pé sir dung tai nguyén mot cach hidu qua can sir dung tdi wu ngudn tai nguyén bang cach
giam d¢ lang phi khong gian tai nguyén trong moéi truong da tai nguyén [13].
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Hinh 1. Kién triic dich vu co so ha ting DPTDM

B. Tro choi cip phit tai nguyén

Trong co s ha tang cia DPTDM, gia sir ¢6 k may vat 1y. Nho cong nghé o hda, may vat 1y co thé trlen khai
may ao trén chinh no. Tat ca cac may chu vat 1y ¢ thé nhan yéu ciu may 4o va tao ra may ao dap img yéu cau cla
nguoi dung. Mot yéu cdu mdy 4o r (cpu, memory, disk) tuong Gmg vi cpu, memory, disk cua may ao. Dé dua ra duoc
quyét dinh cp phat tai nguyén, trung tam diéu khién lay nhitng thong tin ctia tai nguyén tir trung tim gidm sat moi
truong dam may. Chung ta xem cac may chu vy ly nhu nhiing ngudi choi (player) trong tro choi (game). Chién luoc
cua nguoi choi chinh 1a mot quyet dinh cAp phat tai nguyén cia moi may chu vat ly dwa trén tap yéu cau tai nguyén cua
ngudi diung. Cac ngudi choi biét duge cac thong tin chién lwoc va diém quyét dinh cua nhau nén ta c6 thé thiét lap
thanh tro choi hop tac va c6 thong tin hoan hdo. Tu do ta tiép can dén khai niém can bé’mg Nash dat hi€u qua Pareto cua
tro choi 1a diém ma khong c6 nguoi choi nhan duogc thu hoach nhiéu hon bang cach thay doi chién lwoc cua minh [13].
Mot tro choi cip phat tai nguyén duoc quy uée G = (V,R,AF) trong do:

- V: 14 tap cac ngudi choi - cac may chii vat 1y c6 tai nguyén san sang dap img yéu cau cu cia nguoi dung,

R: 1a tap céac yéu cau tai nguyén ctia nguoi dung,

A: 1a tap céc chién lugc ctiia nguoi choi,

- F:1a tap cac ham lgi ich ciia nguoi choi.

Tai nguyén san sang cia may chu vat 1y k dugc biéu dién:
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N® = (n’f,n’z‘,...,n]’-‘ ), 1)

trong do n'-‘ lwong tai nguyén j sin sang cung cip yéu cau ngudi dung ciia may chu vat Iy k..

Cac yéu ciu tai nguyén cia ngudi dung dugc dinh nghia thanh mot ma tran R trong d6 hang ngang ciia ma trn
mo ta sb luong cdc loai tai nguyén dé xay dung may 4o cho ting ngudi dung, hang doc mo ta so lugng yéu cau khac
nhau cua moi loai tai nguyén cho cac nguoi dung. Ma trdn yéu cau tai nguyén duoc chuan hoa dya trén tong s6 tai
nguyén sin sang theo timg loai ciia tat ca cac may chu vat Iy.

1 Tz LES |
o - -

Yii Y1z v Vi ’,\|
¥ ¥ oy T21 T2 T2j
21 Y22 2j - e

R = = C1 C2 Cj , (2)

Vs1 Vs2 ]/S] 1 T2 rﬂ
[ol) Cy Cj

trong do:
- Iy la tai nguyén j cua yéu cau s,
-G =3 n]‘: tong lwong tai nguyén j sin sang cia may chu vat Iy thi i,
- Ysj la gid tri tai nguyén loai j cua yéu ciu s da chuan hoéa.

M&i quyét dinh cap phat tai nguyén trén may cha vat 1y i c6 thé dugc dinh nghia thanh mot ma tran A’ trong d6
moi dong cuia ma tran twong rng véi tai nguyén dugc cap phat cho cac yéu cau:

® @ ®
/a11 a;; o alj\
) @ @®
, a a .o a
At = I 2.1 ?2 ) ?J I, (3)
® @ ®
Agp Qg e G

trong do, a ) 13 tai nguyén cap j duoc cap cho yéu ciu s tai may chu vat 1y i.

Tap hop tit ca quyét dinh cip phat tai nguyén dua trén ma tran yéu cau tai nguyén cua cac may chu vat 1y duoc
bicu dién:
A = {AY, A% ..., AK} 4

Su cong bang trong cip phat tai nguyén dugc ap dung tir khai niém DRF (Dominant Resource Fairness) do
A. Ghodsi va cac cong su da nghién ciru trong mdi truong da tai nguyén [14]. Thém vao d6, Xu va dong nghlep [13] da
dua ra mo hinh cap phét tai nguyén cong bang ma van dam bao sir dung tai nguyén hiéu qua - hay noi cach khéc la
giam thiéu mirc d¢ lang phi tai nguyén. Theo do, sy cong bang clia quyét dinh cap phat tai nguyén dugc tinh todn theo
cong thirc nhu sau:

1
a-1\a
U(A):(sz(x” T*dyj ) ) (a € R), (5)
trong do:
- xjla s6 lugng tai nguyén j dugc cip phat cho yéu cu i,
- T= —— 3 chia s& uu thé (dominant share) 1a i 1& 16n nhat cta bat ky mot tai nguyén nao dé dugc cp

max ¥ dij
J

phat cho ngudi dung,

Yij
- dij = 1a yéu cau duoc chudn hoa.
m]ax Yij

Mtu d6 sir dyng phi tai nguyén w(n) ctia may chu vit Iy n dugc tinh toan theo cong thurc sau:

u(n)

wn) = |3,(E=-12, (6)

u(n)
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trong do:
- uj(n) la tai nguyén j dugc st dung cia may chu véat 1y thir n,

- u™ Ia trung binh c4c tai nguyén di str dung cuia cdc may chu vat 1y .

Ham loi ich dugc xay dung dua trén viée cip phat cong bang va hi¢u qua tai nguyén. Mdi nguoi choi s& chon ra
mot chién lugce de toi da hoa loi ich cta chinh ho. Ham loi ich cua mdt quyét dinh cap phat tai nguyén dugc tinh nhu
sau:

FrA) = Bxv(A)+ 1 - B wm), ()
trong d6 B € [0,1] 1a trong sé chi mirc d6 quan tAm ddi voi mirc d6 cong bang hay hiéu qua st dung tai nguyén.

Trong tro choi nay, ham lgi ich cuia tro choi cé anh huong quan trong dén mét quyét dinh chién lugc cua nguoi
choi va két qua cua tro choi. Moi nguoi choi sé chon chién luge nham t6i da hoa thu hoach cta hg, do vay ham muc
tiéu nhu sau:

Max (F"(A)).
sao cho ¥ ¥n ag; < C;

ag; = 0.
biem can bang Nash cua trd choi I chién lwoc ma & d6 khong mot ngudi choi nao c6 the tang loi nhuan khi
nhiing nguoi choi khdc da co dinh chién lugc. Khi d6, néu chién lugc ctia nguoi choi tha i 1a chién lugc t6i uvu dugc ki
hiéu p;, chién luoc tdi wru ciia nhitng nguoi choi khac dwoc ky hiéu 1a pZ; thi can bang Nash cua chién luoc p; sé& tuan
tha theo diéu kién [15], nhu sau:

Fi(pZup)) = Fi(piupi), (8)

tr d6 tim ra dugc modt quyét dinh cong bang va hiéu qua cling chinh 1a can bang Nash cta trd choi
A= AV, A%, ., AR o6 nghia la F(AY, A%, A", ..., AK ) > F(A', A%, A7, ..., A).

Trong mdi treong multi agent system, c6 thé diém can bang s& khong on dinh (stable) [16]. Ngoai ra, kho c6 thé
tim dugc Pareto-efficiency cua can bang Nash. D€ giai quyét van dé nay da phan cac giai thuat dugc dya trén'céc giai
thuat metaheuristic. Tir tap phuong an kha thi d6 dua vao diéu kién can bang Nash sé chon ra phuong an tot nhat.
biéu kién dirng cta thuét toan dugc tinh theo Siar [12] nhu sau:

?:1(Fitr _ Fitr—l)z < ¢ (9)

IV. GIAI THUAT LUYEN KIM CHO VAN DE CAP PHAT TAI NGUYEN CONG BANG

Simulated Annealing (SA) 1a mdt thudt toan dya trén cac heuristic vé xéc suét, dung cho mét 16p cac vAn dé dé
tim mot sé diéu kién tot nhat trong mot khong gian tim kiém 16n. Thuat toan dwoc néu ra doc 1ap boi Scott Kirkpatrick,
C. Daniel Gelatt, Mario P. Vecchi vao nam 1983 va bdi Vlado Cernynam 1985 [17]. Trong thuat toan SA, mdi diém s
cta khong gian tim kiém 1a tuong ty véi mdt trang thai ciia mot s6 hé thong vat 1y va ham E(s) tuong trung cho ndi
nang ciia hé thong trong trang thai do. Tai mdi bude, quy tic heuristic s& xem xét va dua ra mot sO trang thai ké s’ ciia
trang thai hién tai s va ham xac suat quyét dinh giita thay d6i hé thong sang trang thai s’ hay 14 van tiép tuc giir trang
thai s. Xac suat nay dwa hé thong t&i trang thai co ning lugng thap hon. Budc nay s& duoc lap di lap lai cho dén khi hé
théng dat dugc mot trang thai du tdt, hodc cho dén khi khong thé tiép tuc.

Ap dung thuat toan luyén kim dé tim ra dugc mét quyét dinh cong bang va hiéu qua cia tro choi cu thé nhu sau:

- Khéng gian trang thai: 1a tap hop tit ca cac chién lugc (hay ndi cach khac 13 tap hop cac quyét dinh) cia
ngudi choi.

- Ham ning luong E: 1a ham lgi ich cta quyét dinh cho mdi trang thai dugc tinh theo cong thirc (7).

- Trang thai ké: Ta tim mot trang thai ké cua mot trang thai bang cach ddi quyét dinh cua nguoi choi mot cach
ngiu nhién. O ddy, trang thai ké cu thé 1a chién lugc cap phat tai nguyén cta ngudi ding mot cach ngéu nhién.
Tai thoi diém t cu thé ctia thuat toan, yéu ciu tai nguyén cua ngudi dung c6 thé dugc cap phat hodc khong cho
mdt may chu vét ly — ngudi choi cu thé. Thuét toan 2. trinh bay cach tim trang thai ké. Thuat toan tim trang
thai ké cu thé & day la chién luge cép phét tai nguyén ciia ngudi dung mot cach ngdu nhién. Y tuong cua thuat
toan s€¢ duyét hét cac yéu cau tai nguyén may ao dugc tinh toan trong cong thire (2), tai m01 yéu ciu tai
nguyén may o s& tim ra ngau nhién mdt may chi vat 1y c6 tai nguyén san sang phuc vu yéu cau d6. Pau vao
cua thuat toan la gia tri ngudng exploitation biéu dién xac sudt chon mdt yéu cau may o dugc cAp phat & mot
may vat ly cu thé c6 tai nguyén sin sang phu vu yéu cau may 4o do. O day, xac suit chon ngiu nhién cho viéc
cAp phat may 4o trén mot may vat 1y cu thé tudn theo phan b chuan.
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- Nhiét do T: nhiét d6 ban dau ta dat gia tri 10000 (T cang 16n thi d6 chinh xac cia 101 gidi cang cao).
- Ham xac suat dugc dinh nghia bang cong thuc:
Gia trilgiich hién tai — Gia trilgi ich mé&i

Nhiét do

P = Exp(

Thuat toan 1: SAPVM
Input: iterationsmay, tempmax, terminal, anpha, beta
Output: Speqr//giai phap cap phat may 4o tot nhat

Scurrent <— CreatelnitialSolution();// khoi tao gidi phéap hién tai
Shest < Scurrent; //khdi tao giai phép t6t nhat
while (i = 1 to iterations . || € <= terminal) do
i Si < CreateNeighborSolution(Scyrent);// sinh giai phap kha thi méi — trang thai
ké
tempcurr «— CalculateTemperature(i, tempmay); // tinh toan nhiét do
if F(S;) < F(Scurrent) then // so sanh ham 1¢i ich ciia cac giai phap
Scurrent < Si;
if F(S;) < F(Spest) then // so sanh ham lgi ich cia cac giai phap
Shest < Si;
end
else if EXp(F (Scurrent)— F (Si)/tempgy ) > Rand() then
Scurrent < Si;
end
end
return Spe;

Thuét toan 2: CreateNeighborSolution
Input: exploitation )
Output: Speighnor//glai phap cap phat may ao

rand = random()//sinh ra gi4 tri ngiu nhién tir [0,1] theo phan b chuén
fori=1toRdo
if rand > exploitation
Sneighbor < Ri;
end
end
return Sneiqhbor;

Vidu

Bang 1. C4u hinh tai nguyén sin sang phu vu ciia Bang 2. Céu hinh yéu ciu tai nguyén may ao
may chu vat ly

id vm | cpu | ram | disk
Id_host | cpu | ram | disk 1 2 4 20
1 4 8 40 2 1 1 10
2 4 6 50 3 2 2 10

Théng qua thudt toan 2 & trén ¢ thé tim ra dwoc cac chién luoc ¢6 thé cip phat cho yéu cdu ngudi dung nhu sau:
Chién luoc 1

2 4 20 0 0 O

Al=1 1 10 A2=1 1 10

. 0 0 O 2 2 10
Chién lugc 2

2 4 20 2 4 20

Al=1 1 10 A2=0 0 0

0 0 O 2 2 10
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Thong qua thuat toan 1 ¢6 thé tim ra giai phap cip phat tai nguyén tt dua trén viée tinh toan ham loi ich nho
cong thue (7).

V.KET QUA THUC NGHIEM

A. Thiét Igp thec nghiém

Trong bai bao nay, chlng tdi quan tdm vai van dé cap phat tai nguyén dam bao sy cong bang trong cap phat
tai nguyén ciing nhu sir dung hiéu qua tai nguyén duya trén 1y thuyét tro choi. Dé danh gia hiéu qua cua thuat toan, thyc
nghiém duoc thuc hién trén mot md phong yéu cau tai nguyén (CPU, RAM, DISK) mét cach ngau nhién vai cac gia tri
t6i da/tdi thiu cua tai nguyén nhu trong Bang 3. Theo d6, 300 May chu vat Iy — ngudi choi duoc sinh ra theo s6 lugng
cau hinh téi da/toi thiéu (CPU, RAM, DISK) ciia may chu s& dugc thiét 1ap sén ban dau. Cac may chi c6 ciu hinh ngiu
nhién khoéng vuot qua Cau hinh téi da. Hinh 2. bleu dién phan bé tai nguyén sin sang phuc vu yéu cdu may 40 cua cac
méy chi vat ly. Tong sé luong tai nguyén yéu cau caa may ao phai nho hon hodc bang tong sé luong tai nguyén sin
sang dap (ng ctia may chu. Mai truong thuc nghiém trén may tinh ciu hinh nhu sau: Windows 10 Ultimate, 8GB
RAM, Core i5, 240 GB.

Bang 3. Céu hinh t6i da/tdi thidu caa may chu vat Iy va may ao

MaxCPU | MinCPU | MaxRam | MinRam | MaxDisk | MinDisk
Host 20 8 64 8 64 16
VM 5 1 6 1 6 1
Available CPU CPU Reguast
B E -
§ £
3 .
5 g "
s = T a)
|
Newt © Racpest ©
Avollable RAM RAM Request
3 ® E ®
z ¥ - g )
s i
* R S0 o w AP TO Ma D D S oMy D
ol “ﬁ-“&'—x—h 5 i’»‘ *’;‘:\-")S'{Tx‘ef""‘ Uy o e r*"“"rif'Lnx""d""ﬁJtizp"
Reguesl O
DESK Reguest
H 2
£ 8 E =
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Mot © Request ©

Hinh 2. Tinh trang tai nguyén sin sang caa cac may chu vat Iy va yéu ciu tai nguyén

B. Hiéu chinh tham sé thudgt todn SAPVM

Thuét toan SAPVM tim ra giai phap cap phét tai nguyén may 4o t&i uu hodc gan tdi uu dua trén cin bang Nash.
Két qua xap xi phu thudc vao cac tham sb epsilon, cooling rate, exploitation, anpha, beta. Do vy, trong cac thuc
nghiém dudi day, chung toi tim nhitng tham sé thich hop cho hé thong ciing nhu dénh gia viéc cAp phat tai nguyén may
40 cho khach hang théng Su cong bang trong cap phat tai nguyén duoc ap dung tir khai niém DRF trong cdng thic (5)
va d6 sir dung phi tai nguyén theo cdng thuc (6).
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1. Diéu kién dung cua thuat toan

Véi 300 may chi va 150 yéu cau may ao, chon tham s anpha = 2, beta = exploitation = 0.5, coolingrate =
0.003, chung t6i diéu chi epsilon trong cong thic (9) tir 0.01 dén 0.09 do thoi gian thuc thi va sé vong lap duoc thuc
hién. Trong Hinh 3, ta thdy thoi gian thuc thi va sé lugng vong lap 16n khi epsilon nho va ngugc lai epsilon cang 16n
thi thoi gian thyc thi va s6 lwong vao ldp cang nho. Theo d6 tai gia tri epsilon = 0.05 cho thoi gian thyc thi va sé lugng
vong lap nho do trong cac thuc nghiém tiép theo chung toi chon epsilon = 0.05.

Execution time Iteration
o
o
S 3
o™~
- _
2 ]
— o
0 8
2 8- <
£ 7 S §
c o o
S Ul E o
3 — o _]
5 8- S
S _
2 4
— o
o
=3 S
I I I I I I I I
0.02 0.04 0.06 0.08 0.02 0.04 0.06 0.08
epsilon epsilon
(a) (b)

Hinh 3. Thoi gian thyc thi va sb vong lap véi epsilon tir 0.01 dén 0.09

Dé tiép tuc danh gia thoi gian thuc thi va s6 lugng vong lap, chung t6i diéu chinh cooling rate tir 0.01 dén 0.09

Execution time Iteration
(]
[
(]
o |
g
(]
g -
oo
a o |
(a5
£ 5 8-
= ®
= 2
3 o | =
[} ('] (]
s S
o 4 o
s -
(']
T T T T T T T T
0.02 0.04 0.06 0.08 0.02 0.04 0.06 0.08
cooling rate cooling rate
(a) (b)

Hinh 4. Thoi gian thue thi va s vong lap véi cooling rate tir 0.01 dén 0.09
Hinh 4. cho thiy thoi gian thyc thi va s6 lwong vong ldp cua thudt toan cang 16n khi tham s6 cooling rate cang
nho va nguoc lai. Tham s6 cooling rate cang nhd s€ gitip cho tim kiém co hoi tim ki€ém diém t6i vu cang cao nhung bén
canh do néu chung ta chon tham s0 cooling rate qua nho dan dén thoi gian thyc thi cang 16n. Do véy, ching t6i chon
tham s0 cooling rate = 0.05 cho cac thuc nghiém ti€p theo.

2. Hiéu qua cip phat tai nguyén

Su cong béng trong cAp phat tai nguyén duoc danh gia thong qua do mirc dg chia s€ uu thé (dominant share) va
muc d6 bién dong cong bang cho chien luge cap phat tai nguyén tot nhat cuia mot nguoi choi. Chung t6i thuc nghiém
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v6i 300 may chu, anpha = 2, beta = exploitation = 0.5, epsilon = 0.05, coolingrate = 0.05 va s lugng yéu cau may ao

clia ngudi dung tir tang tir 10 dén 150.

Dominance share

dominanceshare
006 008
| |

0.04
|

0.02
|

T T
0 50

T T
100 150

Num of request VM

(@)

Fairness variance

147
|

145
|

143
|

141
|

T T
50 100

Num of request VM
(b)

Hinh 5. Mirc d cong bang trong cip phét tai nguyén tir 10 dén 150 may 40

150

Hinh 5a. cho thiy mirc do chia s€ uu thé (dominant share) giam tir khoang 0.1 dén 0.01. Theo dd, ban dau sb
lwong yéu cau may 4o it trong khi d6 s6 lugng may chu vat 1y nhiéu thi mirc d6 chia s€ uu thé cao va nguoc lai. Hinh
5b. cho thay mirc d¢ bién dong cong bang cho chién lugc cap phat tai nguyén giao dong trong khoang 1.40 dén 1.48.

Execution time

excution time (s)
4
|

T T
0 50

T T
100 150

Num of request VM

(a)

Iteration

300
|

iteration
250
|

200
|

150
|

0 50 100

Num of request VM

(b)

Hinh 6. Thoi gian thyc thi va sé vong lap trong c4p phat tai nguyén tir 10 dén 150 méay a0

150

Hinh 6 thé hién gém thoi gian thyc thi ting tir 1 gidy 1én 8 gidy va sb lwong vong lap trong khoang 160 dén 240

khi ting dan s6 lugng yéu cau may ao.

Bang 4. Hiéu qua cip phat tai nguyén v6i 300 may chi va 150 yéu may do

Tham s Mirc d§ chia s& Mirc d§ bién dong cong Thoi gian thue thi | S6 vong
wu the (dominant bang cho chién lugc (giay) lap
share) cap phat tai nguyén
epsilon = 0.01, coolingrate = 0.003, 0.007344 1.4611 182 3672
anpha = 2, beta = exploitation = 0.5,
epsilon = coolingrate = 0.05, 0.00783 1.4633 8 191

anpha = 2, beta = exploitation = 0.5,
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Bang 4. Véi thuc nghiém 300 may chi va 150 yéu cdu may 4o cho thuét hiéu qua cua thuat toan phu thudc vao
cach diéu chinh cac tham sb dit biét 1a epsilon va cooling rate. Khi epsilon = 0.01, coolingrate = 0.003 mirc do bién
ddng cong bang cho chién luge cap phat tai nguyén 1a 1.4611 va s6 luong vong lap 1a 3672. Trong khi d6, vai epsilon
= coolingrate = 0.05 thi mic d6 bién dong cong bang cho chién luge cAp phat tai nguyén 14 1.4633 va s6 vong lap 191.

VI. KET LUAN

Tir két qua thyc nghiém c6 thé danh gia m6 hinh cap phat tai nguyén dya trén Iy thuyét tro choi va img dung
thuét toan luyén kim da thue hién dat duoc tiéu chi cong bang va hiéu qua da dat ra. Cac yéu cau cua may ao da dugc
dap ung hop ly vdi cdc tai nguyén co san cia cc may VAt ly. Giai thuat SAPVM dugc dé xuat dé tim chién lugc cp
phét tai nguyén t6i wu hodc gan t6i wu theo tiéu chi cong bang va hiéu qua dya trén can bang Nash. Tuy vao myc tiéu
viéc khai thac dich vu dién toan dam may ma cac tham so cua thuat toan s€ dugc thiét 1ap. Tuy nhién, do ciu hinh may
thuc hién mo phong c6 gidi han nén b dir licu dau vao chua du 16n didu nay anh hudng it nhiéu dén hi€u qua cua thuat
toan khi thuc thi. Sép td1, vi€c so sanh danh gia véi cac thuat toan metaheuristic khac nhu thuat toan dan kién, thuat
toan di truyén,... s& duoc nghién ctru thyc hién.
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A FAIR VM ALLOCATION FOR CLOUD COMPUTING
BEASED ON GAME THEORY

Bui Thanh Khiet, Nguyen Thi Nguyet Que, Ho Dac Hung, Pham Tran Vu, Tran Cong Hung

ABSTRACT: Managing and using resources on cloud computing is a major challenge for service providers as well as end-users.
Resource allocation solutions will be determined by using the user's resource requirements and quality of service. Physical
resources in cloud computing environment are heterogeneous, and resource requirements from users are also not the same in kind
of resources. It difficult to allocate resources especially during periods of scarce resources. In this study, we built a resource
allocation model to ensure fairness between physical servers as well as ensure efficient use of resources based on game theory. A
fair resource allocation strategies will be found by applying Simulated Annealing algorithm. The simulation results show how to use
the parameters to achieve a fair VM allocation. These parameters depend on objectives of cloud computing service providers.

Keywords: Cloud computing, VM allocation, Game theory, Simulated Annealing.



