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Tém t&t. T6i wu hoa tai nguyen dé cung cip cho dich vu 4o héa nhiim nang cao hieu suét dich vu
TaaS (infrastructure as a service), dap ting yéu cau khai thac tai nguyén hiéu qua trong Dién todn
Dam may 13 van dé dang dugc quan tam hién nay. Trong bai bao nay, chiing t6i nghién ctu bai toan
cung cap tai nguyén da chiéu tit nén tdng may chi chia sé cho dich vy 4o héa, dua ra céng thic tinh
trén cd s bai toan quy hoach tuyén tinh nham t6i thiéu héa s6 may chii vat 1y, do phiic tap ciia bai
toan va ap dung cac thuat toan chuan ciia bai toan vector packing dé gidi va danh gia thong qua mo
phoéng trén nhiéu kich ban thit nghiem.

Tt khéa. Cung cip tai nguyén, vector packing, dién toan dam may, quy hoach tuyén tinh.

Abstract. In cloud computing, optimizing resource for virtual services to enhance IaaS service per-
formance and meet the requirements of efficient resource exploitation is an attractive issue in recent
times. In this paper, we study the problem of providing multi-dimensional resources based on shared
hosting platforms for virtual services. We construct the problem as an optimization formulation that
uses a linear programming to minimize the number of physical servers. The solution to this formu-
lation is applying the standard algorithms of vector packing problem to solve and evaluate solutions
via emulation-based program.

Key words. Resource allocation, vector packing, cloud computing, linear programming.

1. DAT VAN DE

Dién toan dam may dudc xay dung duya trén thanh tyu ctia nhiéu linh vige nhu kién tric
huéng dich vy, tinh toan lué6i, ao hoa,. . . trong dé, 4o héa cho phép phan vung tai nguyén
cia Y mdy chii vat Iy (Y > 1) thanh S may 4o (S > 1) dé thyc thi cic iing dung theo yéu cau
[1]. Hé thong gom nhiéu may chii vat 1y két ndi v6i nhau dé chia sé cic tai nguyen dugde goi
I3 nén tadng may chii chia sé [3]. Van dé can quan tam la t5i thiéu hoa tai nguyén tit nén tang
d6 dé cung cap cho dich vu 4o héa, nhung ddm béo yéu cau chat lugng dich vu QoS (Quality
of Service).

Viéc quan ly tai nguyén trong nén tang may chti chia sé da dugce cac nha chuyén mon quan
tam nghién citu, thé hién trong cic cong trinh [3, 4]. Tuy nhién, cic tac gid chua nhan manh
dén viec phét trién cac thuat toan cung cap tai nguyen bén viing ma tap trung vao cach thiic
thue hién ctia he thong. Chang han, Urgaonkar [3] dua ra ki thuat thong ké viéc sit dung tai
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nguyén va nhu cau tai nguyén t6i thiéu, Aron [4] trinh bay cong thiic tinh cho bai toan cung
cap tai nguyén c6 rang buoc téi uu nhung gidi han may cht 13 nguon tai nguyen lién khoi.
Trong noi dung bai béo nay, ching t6i xem xét nhiéu khia canh tai nguyén (tai nguyén vat
Iy) va stt dung ham muc tieu tuyén tinh duge xac dinh dya vao 1y thuyét lap lich cong viéc
trong cac tai lieu [6, 2, 10]. Bai todn cung cap tai nguyén duge xem xét trong ca hai truong
hop: tinh (static) va dong (dynamic), nhung sé tap trung gidi quyét bai todn cho truong hop
tinh (nghia la nhu cau tai nguyen khong thay ddi).

Mac khéc, cac van dé cung cap tai nguyén cb lien quan mat thiét dén bai toan vector
packing va da c6 nhic¢u cong trinh nghién cttu vé bai toan nay, thé hien trong céc tai lieu [7,
8,9, 11, 13, 14, 15]. Trong noi dung bai béo, sé dya vio cic thuat todn chuan clia bai toan
vector packing da duge cong bd trong [8] dé gidi bai todn cung cap tai nguyen cho céac dich
vi1 40 héa tit nén tdng may chii chia sé thong qua cac kich ban duge xay dung.

Nhitng két qua chinh clia bai bdo c6 thé tém tat nhu sau:

1) Xay dung mo hinh cung cap tai nguyén cho dich vu 4o héa tit nén tdng may chu chia sé.
2) Phat biéu bai toan cung cap tai nguyén tit nén tdng méy chli chia sé dusi dang bai toan
quy hoach tuyén tinh va thiét lap do phiic tap clia bai toan.

3) Trén co sG bai toan vector packing, xay dung thuat todn dé giai quyét bai todn cung cap
tai nguyen nham t6i thiéu sé6 may chi vat 1y.

Phan con lai ctia bai bao dude t6 chitc nhu sau: Muc 2 danh dé mo hinh héa bai toan
cung cap tai nguyeén trong nén tang may chi chia sé. Muc 3 gidi thiéu so luge bai toan vector
packing va cac két qua nghién cttu vé n6. Muc 4 trinh bay gidi phap cho bai toan cung cap tai
nguyén ctia may chii chia sé va cubi cing 1a phan két luan ciing huéng phat trién.

2. CUNG CAP TAI NGUYEN CHO DICH VU AO HOA

Ao héa ¢6 thé duge dinh nghia la sy triru tugng céc tai nguyén tinh toan trong luu tri,
thuc hien lénh, t6 chiic bo nhd, truyén thong trong mang, . . . Hién nay, cong nghé ao héa cé
thé két hgp hodic phan chia tai nguyén tinh toan dé biéu dién trong mot hodc nhiéu mai trudng
hoat dong. Kién tric phan tang trong cong nghé 4o héa duge trinh bay trong [1]. Trong do,
tang 4o hoa dua ra lich trinh, phan phdi tai nguyén tit cAc may chii vat 1y cho cac may 4o va
lam cho méi may 4o nhu né hoan toan sé hitu tai nguyén nay.

Trong muc nay sé bay moé hinh cung cap tai nguyén duya trén nén tdng mdy chi chia sé
trong viéc cung cap tai nguyén (tadi nguyén vat ly) cho dich vu 4o hoa; dua ra mot s6 khai
niém veé tai nguyén, nhu cau tai nguyén; cong thitc tinh cho van dé cung cap tai nguyén trén
cd s6 bai toan quy hoach tuyén tinh véi rang budc t6i wu v muc tieu I t6i thidu héa s6 may
chii vat ly; thiét lap do phiic tap ciia bai toan.

2.1. Mo hinh cung cip tai nguyén

Xét mot nén tang may chi chia sé dong nhat gom cum cac may chti vat Iy ¢6 cau hinh
gibng nhau, dugce két ndi bang thiét bi mang toéc do cao dé chia sé tai nguyén nham cung cap
cho dich vy 4o héa (xem Hinh 1). Mdi dich vu 4o héa gom c6 mot hodc nhiéu méy 4o va he
thong dam bao rang cac yéu cau dich vu giii dén may cht vat 1y thich hop.

Khi hé théng nhan duge yéu cau cung cap cum mdy (4o) dé thuc thi cac ting dung, hé
théng sé dap ting bing cach thiét 1ap mot hodic nhiéu may do dé thyc thi yeu cau dé. Cac may
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4o chay trén may chu vat ly dudi sy quéan 1y ctia hypersivor [1] va tiéu thu tai nguyén theo ty
1¢ khac nhau. Hé théng quan 1y cdc may 4o c6 nhiem vu kiém soat céc hypersivor dé xac dinh
ty lé tieu thu tai nguyen ctia cdc may do. Cudi cuing, bo cung cap tai nguyén c6 nhiém vi ra
quyét dinh tit choi hodac dap ting cic yéu cau va phan chia ty 1é tai nguyén dén cac may ao.

May vat ly May vat ly May vat ly

Yéu cau
cum may do |Bocung . -
—| captai May vat ly May vat ly May vat ly

nguyén

@) Mayao1
. May do 2
() Mayzo3

Hinh 1. He thong gom mot nén tang may chii chia sé c6 9 may vat Iy v cum may 4o c6 3
loai may ao

~-@— —2-@—

May vat ly May vat ly May vat ly

RIEE

Muc dich ctia nghién cttu 1a xay dung bai toan nhut mot phan clia bo cung cap tai nguyén
va dua trén cic thuat toan chuan ciia bai todn vector packing dugc dua ra trong tai lieu [§],
deé xuét thuat toan dé tim s6 méy chi vat 1y toi thiu dya trén nhu cau tai nguyén nhim cung
cap cho dich vu 4o héa.

2.2. Tai nguyén va nhu cau tai nguyén

Dé dap tng nhu cau tai nguyén cho dich vu 4o hoa, mdi may chii vat 1y cung cap mot sb
loai tai nguyen, nhu: CPU, dung lugng RAM, bang thong 1/0.,... Trong thyc té, mdi dich vu
40 héa c6 hai loai nhu cau tai nguyén: nhu cau chat va nhu cau léng. Nhu cau chit biéu thi
phan tram cu thé ctia tai nguyen yéu cau, dich vu khong huéng l¢i tit phan 16n hon va khong
thé hoat dong véi phan nhoé hon tit tai nguyén duge cung cap. Vi dy, mot dich vy c6 2 nhu
cau chit: n6 yéu cau 80% khong gian RAM va 20% khong gian dia ctia may chii. Nhu cau 1éng
biéu thi phan tram t6i da cia tai nguyen ma dich vu c¢6 thé st dung, dich vu khong huéng 1gi
tit phan 16n hon nhung c6 thé hoat dong v6i phan nhé hon véi chi phi giam. Vi du, mot dich
vu ¢6 2 nhu cau 16ng: né c¢6 thé sit dung len dén 40% bang thong I/O va lén dén 60% cong
suat CPU ctia may chi.

Ty sb gitta phan tram tai nguyén duge cung cap va phan tram tai nguyén nhu cau léng
goi 1a nang suat dich vu (NSDV). Vi dy, khi dich vu ¢6 nhu cau 16ng CPU 1a 60%, nhung chi
duge cung cap 30%, thi NSDV 1a 30/60 = 0.5. Viéc sit dung tai nguyén doi véi nhu cau 16ng
thuong 1a quan hé tuyén tinh. Ching han, trong vi du trén, néu dich vu duge cung cap 30%
CPU (titc la chi mot nita so v6i nhu cau) thi kha nang né chi sit dung 20% bang thong 1/0
(ttic 1a chi mot nita so v6i nhu cau). Diéu nay phtt hgp véi thie té vi khi phan tram cong suét
CPU can cung cap cho cac ting dung gidm, dan dén tiéu hao tai nguyén khéc cling bi giam
(trong trudng hop nay 1a bang thong 1/0).

Nhu vay, dé don gian NSDV ctia tat ci nhu cau 16ng cé thé biéu dién cling mot gia tri va
gi4 tri cia n6 nam trong khodng 0 va 1. Truong hop dic biet, néu NSDV bing 0 thi dich vu
khong duge cung cap tai nguyén (161 do thi tuc cung cap tai nguyén), néu NSDV bang 1 thi
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tai nguyén dude cung cap bang véi tai nguyén duge yéu cau. Tuy nhién, can xét dén truong
hop c6 rang buoc NSDV theo quy dinh dap ting yéu cau QoS, rang budc dé duge biéu dién
bdi tich sb gitta nhu cau léng véi yéu cau QoS va duge goi 1a nhu cau 16ng rang buoc. Ta ciing
gid dinh rang nhu cau chit hoan toan doc lap nhu cau léng, cung cap tai nguyén ciing bi 16i
néu nhu cau chit ctia dich vu khong duge dap tng.

2.3. Ham muc tiéu va cac rang budc

Gia dinh méi dich vu 4o hoa 13 mot may Ao rieng 16 va c6 nhu cau tai nguyén khong doi
(truong hgp tinh). Ta xay dung bai todn cung cip tai nguyén (VSMSA) trén co sd bai toan
quy hoach tuyén tinh véi cdc bién hitu ty va nguyén. Xét S; dich vu, véi i = 1,...,n;5; > 0.
C/éc cum mdy chi c6 Y; may vat ly giong nhau, véi j :\1, ...,m;Y; > 0. M6i may chi cung
cap Dy loai tai nguyén, véi k = 1,...,d va ma tran nhu cau tai nguyén la

11 12 ... Tid
. . Tol T92 .. T
Requirements Matrix = 2 e 2d (2.1)
Tnl Tn2 - Tnd

trong dé, phan tit r;, biéu thi nhu cau tai nguyen ctia dich vu thit i véi loai tai nguyen k va
c6 gia tri gitta 0 va 1.
Ma tran cung cap tai nguyén cho dich vu S; tit Y; may chu vat 1y la

r11 12 ... Tim
. . x21 X22 ... X2
Allocation Matrix = " (2.2)
Inl Tp2 ... Tpm

trong do, phan tit 2;; 1a s6 nhi phan c¢6 gia tri 1 néu dich vu ¢ chay trén may chi vat ly j va
bang 0 néu nguge lai. Goi oy, 14 s6 nhi phan, bang 1 néu r;;, 14 mot nhu cau chat, va bang
0 néu ry, la mot nhu cau 1ong, B;; biéu thi nang suat dich vu (NSDV) ctia dich vu S; trén
may chit Y;, y; s6 méy chii vat ly dé cung cap tai nguyén cho dich vu i. Bai toén cung cip
tai nguyen duge biéu dién dudi dang bai toan quy hoach tuyén tinh véi cac rang budc va ham
muc tiéu nhu sau

Tij € {0, 1},5@' € Q, Vi,j (2.3)

Zj Ti5 = 1, Vi (2.4)

Do (Bij (1 — aug) + aug)ripzs; < 1, VEk,j (2.6)

va ham muc tieu la min ), y;. (2.7)

Rang budc (2.3) xac dinh mién ciia cic bién. Rang buoc (2.4) bicu thi trang thai c6 mot
dich vu S; chay trén méy chi Y;. Rang buoc (2.5) biéu thi trang thai ma mot mdy chi Y 6
dugc st dung hay khong. Rang buoc (2.6) biéu thi trang thai ma tong sé phan tram nhu cau
tai nguyen cho dich vu S; luon luén nhd hon hodc bing tong s6 tai nguyén ctia may chii vat
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1y Y;, biéu thiic trong phép lay tong cho théy ring: néu nhu cau tai nguyen ry, la nhu cau
16ng thi a;; = 0 va phan tram tai nguyén Dy, dude st dung trén may chi Yj 1a 85 X r; néu
nhu cau tai nguyén 7, 13 nhu cau chiit thi oy, = 1 va phan tram tai nguyén D), dudc st dung
trén mdy chit Y; 1a 7. Cudi ciing, rang buoc (2.7) chinh 1a ham muc tiéu biéu thi s6 méy cht
vat 1y dé cung cap tai nguyén cho dich vu 4o hoéa, la t6i thiéu héa y;.

2.4. D6 phiic tap

Dé phan tich do phiic tap ctia bai toan VSMSA, ta goi bai toan quyét dinh clia né la
VSMSA-Dec nhu sau: C6 hay khong viéc gan S dich vu, méi dich vu c¢6 nhu cau tai nguyéen
r;x cho Y méy chu 7
Dinh 1y 1. Bai todn quyét dinh VSMSA-Dec la NP-C.

Ching minh

(i) D& dang nhan thay bai toan VSMSA-Dec la NP. Béi vi gidi phap néu ton tai c6 thé dugc
kiém tra trong thoi gian da thic.

(ii) Xét bai toan vector packing (VP) duge trinh bay trong [8, 9] 1a NP-C va duge phét bicu
nhu sau: Cho tap A gom cac phan tit la cac vector d chiéu duge biéu dién béi bo d(al, b, ..., a})
va tap B gom cac phan tit 1a cdc vector d chiéu duge biéu dién béi bo d(1,1,...,1). Dat cac
phan tit ctia tap A vao trong cac phan tit ctia tap B sao cho Y ,cpal <1, Vj =1,....d.

Bai toan VSMSA dan duge tit bai toan VP nhu sau: Xét s6 may chu vat 1y 1a B (ttc 1a,
Y = B), s6 dich vu 1a A (ttic 1a, S = A), s6 loai tai nguyen la j (tic 1a k = j) va nhu cau
tai nguyen cua dich vu 4 ting véi loai tai nguyén k la az- (tic & ry = az-). V6i mdi dich vu 1,
thiét lap a;r = 0 (ttic 13, chi xét nhu cau 1éng, déi v6i nhu cau ciing chitng minh tuong ty).
R6 rang, bai toan VP cung cap mot gidi phap cho bai toan quyét dinh. Ngudc lai, mot giai
phéap cho bai toan quyét dinh ciia VSMSA sé cung cap mot gidi phap cho bai toan VP. Tu (i)
va (ii) 1a diéu chting minh. [ |

3. BAI TOAN VECTOR PACKING

Nhu da trinh bay trong muc 2.4, vector packing dugc xem nhu la bai toan lap lich véi tai
nguyén han ché. Day 1a bai toan NP-C, cac phién ban ctia thuat toan tham lam (First Fit,
Best Fit, Next Fit) da duge Kou gidi thiéu trong [8] va Maruyama gidi thiéu trong [9], hanh
vi trong truong hop xau nhét, trung binh da duge nghién citu trong cac tai lieu [7, 11]. Két
qua cho thay ring nhitng thuat toan d6 bao dam hiéu suat d + 6 véi d 1a chiéu ctia vector,
§ 1a mot hang s6, § < 1. Hon thé nita, trong tai ligu [13], Fernandez de la Vega trinh bay
mot thuat toan ddm bao hiéu suat d + € v6i moi € > 0 bang cach tai st dung thuat toan co
hiéu suat ddm bao 1 + e. Cac ddm bao nay da dugdce cai thien trong cong trinh [14], trong do
Chekuri dé xuat mot thuat toan véi do phiic tap O(Ind) v6i higu suat ddm bao 2 + Ind cho
d 16n. Gan day, Bansal [15] da dua ra thuat toan véi hiéu suat ddm béo 1+ Ind.

Y tuéng dua tren cac thuat toan giai bai toan vector packing dé giai bai toan VSMSA, d6
la dat S; vector Dy, chiéu vao Y; (trong trudng hop nay S; 1a dich vu, Yj s6 1a may chi vat 1y
va Dy, 1a loai tai nguyen). Trong pham vi bai bao nay, chi xem xét cac thuat toan chuan: First
Fit, Best Fit dugc dua ra trong [8]. Trudc khi ap dung cac thuat toan nay dé dit cc phan ti
S; vao Y, cac phan tit S; duge sip xép theo thit tu gidm dan theo 3 tiéu chuan, do la:
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e Tit dién (Lexicographical): Cho k& > 1, 6% = {(Sy,S,...,S), Vi,0 < S; < 1} va
a,b € 6%.a < b khi va chi khi @ = b ho#ic thanh phan khac 0 dau tién cta b — a 1 sb
duong.

e Thanh phan cuc dai (Maximum Component): Cho k > 1,60% = {(S1, S, ..., Si), Vi,0 <
S; < 1} va a,b € 6%.a < b khi va chi khi thanh phan cuc dai trong b khong nhd hon
thanh phan cyc dai trong a.

e Téng cuc dai (Maximum Sum): Cho k > 1,60% = {(S1, S, ..., Sk), Vi,0 < S; < 1} khi
va chi khi téng cac thanh phan ctia b khong nhé hon tong thanh phan cia a.

4. GIAI PHAP CHO BAI TOAN VSMSA
4.1. Giai phap duang

Giai phap dung cho bai toan VSMSA thiyc hién trong thdi gian theo ham s6 mii. Ta st
dung bo giai cong khai cho bai todn quy hoach tuyén tinh 1a Ip-slover dugce dua ra trong [12]
dé tinh toan gidi phap ding cho truong hgp bai toan VSMSA nhé (vai ba dich vu) trén may
tinh don ¢6 bo vi xt Iy Intel Core Duo 1.86 GHz, RAM 2Gb trong thaoi gian dudi mot gio.

Trong trudng hop bai toan 16n (s6 dich vu 16n) gidi phap nay khong kha thi do do phiic
tap ctia bai toan. Do d6, noi dung sau day sé st dung céc thuat toan chuan ctia bai toan vector
packing da néu ra trong Muc 3 dé giai.

4.2. Giai phap dua trén cac thuat toan chuan ctia bai toan vector packing

Dua trén cac thuat toan chuan ctia bai toan vector packing nhu da trinh bay trong Muc
3, ¢6 thé xay dyng thuat toan dé giai bai toan VSMSA nhu sau:

Dau vao: Tap céc dich vu S; (mdi dich vu ¢6 cac nhu cau tai nguyen ry, tuong ting véi loai
nhu cau a;;) va tap cac méay vat 1y Y; v6i nang suat dich vu §;;.

Dau ra: Tap cdc méy vat Iy Y; t6i thidu duge ding (tuong tng x;; = 1).

Cac buéc cua thuat toan:

e Budc 1: Dya trén nhu cau tai nguyén g, xay dung vector S; ¢6 Dy, chiéu véi cdc phan
ta 1 7.

e Budc 2: Ap dung céc tieu chudn sip xép, sip xép gidm dan céc phan ti clia vector S;.

e Budc 3: Ap dung thuat toan First Fit, Best Fit dé dat lan lugt cac phan ti clia vector
S; vao cac may chi vat 1y Y; sao cho thoa man diéu kien

> (Bij (1 — aug) + i )rigzi; < 1, Vk, j.

e Budc 4: Néu dap ting nhu cau tai nguyén chua hoan tat, quay lai bude 3.

e Budc 5: Néu dap ting nhu cau tai nguyen da hoan tat thi dau ra la tap cac may vat ly
Y; (day chinh la gia tri cia ham muc tiéu ctia bai toan VSMSA).
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Nhu vay, t6 hop tit hai thuat toan tham lam First Fit, Best Fit cting véi 3 tiéu chi sip xép
nhu Muc 3, ta ¢6 duge 6 thuat toan, do la: BestFitDesSum, BestFitDesMax, BestFitDesLex,
FirstFitDesSum, FirstFitDesMax va FirstFitDesLex. C6 dinh Dy, cic thuat toan nay dugc
thuc hién v6i do phic tap O(DlogY + DY).

Phuong phap thuc nghiém

Dé danh gia cac thuat toan, ta tao ra tap cac mau thyc nghiém mot cach ngdu nhién nhu
sau: Xét S dich vu va Y may vat Iy véi chiéu tai nguyeén D. Tuong ting v6i mdi dich vy, s6
nhu cau chit 1a D/2 va s6 nhu cau 16ng 1a D/2. Tat ca cdc nhu cau tai nguyen duge lay mau
tit mot phan bd xac suat véi trung binh g va do lech chuan 6. Mbi dich vu c6 p xac suat dé
c6 mot yéu cau QoS.

Ta gid dinh gia tri clla cac tham s6 nhu sau. Nang suat dich vu 8;; = 0.5, s0 dich vu
S = 32,64,128,256,512 chiéu tai nguyén D = 6 (trong d6, S6 nhu cau chat = S6 nhu cau
léng = 3), p = 0.5, § = 0.25, 0.5, 1.0, p = 0.25, 0.5, 1.0 va tat ca cac yéu cau QoS c6 gia
tri 13 0.5 (titc 1a mot nita nhu cau long ctia dich vu phéi duge dap tng). Thuc nghiem véi cac
gia tri khac hodc véi cac gia tri ngdu nhién ciing dan dén két qua tuong ty. Tuong tng véi
cac gia tri d6 sé c6 1 x 5 x 1 x 1 x 3 x 3 = 45 kich ban. V6i méi kich ban, cé thé tao ra 100
mau ngau nhién, nhu vay sé c¢6 4500 mau dit lieu dau vio dé danh gia thuat toan. Cdc mau
thite nghiém duge tao ra luu vao tap tin c6 cau trtc nhu Hinh 2.

'S6 dich vu>

'So nhu cau long>

'S6 nhu cau chat=

‘Gia tri QoS 1><Nhu cau long 1 cua dich vu 1> <nhu cau long 2 cua dich vu 1=...<nhu cau
chat 1 cua dich vu 1> <nhu cau chat 2 cua dich vu 1> ...

“Gia trj QoS 2=<Nhu cau long 1 cua dich vu 2> <nhu cau long 2 cua dich vu 2>.. <nhu cau
chat 1 cua dich vu 2= <nhu cdu chit 2 cua dich vy 2= ...

Hinh 2. Cau trac tap tin dit lieu thyc nghiém

V6i méi thuat toan, ta sit dung hai thuée do, thude do thit nhéat 1a s may chi vat 1y t6i
thiéu tuong tng v6i 5 gia tri ctia s6 dich vu 1a S = 32;64;128;256; 512. Thudc do thi hai la
thoi gian thuyc hien thuat toan tinh bang giay. Gia tri ctia hai thuée do duge lay trung binh
tr 900 (tuc la, 3 x 3 x 100) mau thuc nghiém. Chuong trinh mé phéng cac thuat toan duge
thite hien bing ngon ngit C++ va thoi gian thiye hien duge do trén may tinh don c¢6 bo vi xt
Iy Intel Core Duo 1.86 GHz, RAM 2Gb.

Két qua va nhan xét

Gi4 tri s6 méay chi vat ly t6i thiéu (gia tri ham muc tieu) tuong ting véi s6 dich vy khi
thye hién cac thuat toan duge trinh bay trong Bang 1. Thai gian thyuc hién cac thuat toan
tuong ting vé6i s6 dich vu dude trinh bay trong Bang 2.

Dé trinh bay truc quan vé mdi quan hé gita s6 dich vu v6i s6 méay chi t6i thiéu va thoi
gian thuc hién ctia mdi thuat toan, ta biéu dién cac mdi quan hé thong qua do thi trong Hinh
3 va Hinh 4.

Can cit két qua trén bang s lieu va do thi cho thay: thoi gian thie hién thuat toan va
s6 may chi vat 1y t6i thidu ty lé thuan véi s6 dich vy, thoi gian thic hién thuat toan tuong
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d6i nhoé va c6 thé ap dung trong thuc té. Khi s6 dich vu nho thi gia tri ciia hai thude do nay
khong khéac biet nhau nhiéu giita cdc thuat toan. Ngudc lai, trong truong hop s6 dich vu lén
(S > 256) thi c¢6 sy khac bigt ro rét, trong d6 thuat toan BestFitDesLex cho s6 may chi vat
Iy toi thiéu thap nhat con thoi gian thie hien thuat toan FirstFitDesLex cé gia tri ngdn nhat.
Do d6, khi cung cap tai nguyen cho dich vu 4o héa (s6 dich vu 16n) ma quan tam vé thoi gian
thite hién thi thuat toan FirstFitDesLex phit hop, ngugc lai khi quan tam vé s6 may cht vat

Iy t6i thiéu thi thuat toan BestFitDesLex phit hop.

Bdng 1. So sanh s6 may vat 1y t6i thiéu khi thuc hién cac thuat toan

Tén thuat S6 dich vu
toan S=32|S=64|S=128|S =256|S = 512
FirstFitDesMax 24 47 90 174 344
FirstFitDesLex 24 a7 90 174 344
FirstFitDesSum 24 47 90 174 344
BestFitDesMazx 24 47 90 174 344
BestFitDesLex 24 a7 89 170 327
BestFitDesSum 24 47 90 174 344
Bdng 2. So sanh thai gian thyc hién cac thuat toan
Tén thuat Sé dich vu
toan S=32(S=64|S =128 |S =256 |S = 512
FirstFitDesMazx | 0.00009 | 0.00107 | 0.00303 0.01076 0.03193
FirstFitDesLexr | 0.00010 | 0.00114 | 0.00214 0.00827 0.02529
FirstFitDesSum | 0.00016 | 0.00113 | 0.00268 0.00932 0.02791
BestFitDesMaz | 0.00121 | 0.00254 | 0.00833 0.03741 0.13107
BestFitDesLex 0.00123 | 0.00232 | 0.00783 0.03500 0.12253
BestFitDesSum | 0.00128 | 0.00234 | 0.00800 0.03693 0.13380
400
3307 B FirstFitDesMax
> 2007 B FirstFitDesLex
& 250 A o
; 200 O FirstFitDesSum
“§ 150 4 DBestF%tDesMax
3R 100 4 W BestFitDesLex
50 4 O BestFitDesSum
0
5=32 S=64 S=128 S=256 S=512
S8 dich vy

Hinh 3. D6 thi biéu dién mbi quan hé giita s6 may vat 1y t6i thidu véi s6 dich vu
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0.14 1

O FirstFtDeshaz

. 012 1 W FirstFitDesLes
=
(-] . .
014 O FustFitDesSum
& O BestFitDeshax
ﬁ' 0.08 - B BestFitDesLex
-E' 0.06 4 O BestFitDesSum
"B
.8 0.04 1
s

0.02 A

0 =
S§=32 S=64 3=128 S=256 S=512
56 dich vy

Hinh 4. Do thi biéu dién moi quan hé giita thoi gian thye hién véi s6 dich vu

5. KET LUAN VA HUGNG PHAT TRIEN

Noi dung bai béo trinh bay van dé cung cap tai nguyéen (tai nguyen vat 1y) tinh, da chiéu

dita trén nén tang may chii chia sé dong nhat cho dich vu 4o héa véi rang budc toi wu; moi
dich vu 1a mot may &o don 18; nhu cau tai nguyen khong déi trong thai gian thue hien va dam
béo cac yeu cau QoS. Chiing toi da xay dung cong thiic tinh cho bai toan cung cap tai nguyén
VSMSA trén co sé bai toan quy hoach tuyén tinh véi muc tieu t6i thiéu héa sé méy chi vat
ly; thiét lap do phiic tap ctia bai toan; dya trén ¥ tudng tit cdc thuat toan chuan ciia bai toan
vector packing trong tai ligu [8], dua ra 6 thuat toan dé cai dat va danh gid dé giai bai toan
VSMSA. Huéng nghién citu mé rong va phat trién clia dé tai la bai toan cung cap tai nguyén
dong trong moi trusng khong dong nhat cho dich vu 4o héa, 1a huéng nghién citu can thiét
va cling dang dudc cac nha chuyén mon quan tam.
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