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Abstract - Trong bai bao nay, ching téi dé& xuit mot thuit
toan ngéan chin tinh trang qua tai cho cac may chu do
trong dién toan dam may thong qua co ché phan phdi tai
thich hgp. Pic trung cia dién toan dam may la tinh toan
phin tan va sit dung cong nghé¢ 40 héa nén hién tuwgng qua
tai co thé xay ra. Do d6, phan phdi tai 12 vAn dé rit quan
trong dé tranh cic hién twong qua tai, qua dé ning cao
chét lwgng dich vu, giam thiéu chi phi dé ning cp ha ting
phin cing cong nghé théng tin, ning cao hiéu suit cia hé
théng va ting doanh thu ciia cic nha cung cép dich vu. Y
tlro’ng chmh cuia thuit toan la tich hop hai hang dogi cho
cac yéu ciu dén va mire d9 st dung cia cac may chi phuc
vu cho bd cin bing tai (Load Balancer) diéu phdi nguon
lwe phuc vu khi c¢6 yéu ciu dén. Cac hang doi nay dwoc
giai thuat sip xép trwéc khi bd ciAn bing tai sit dung cac
thong tin trong d6 dé ra quyét dinh chon may chii twong
wng. Két quaz mé phéng ciia thuit toan chirng minh ring
giai thuat da lam giam dwgc thoi gian diap @ng cia hé
théng, qua dé phong tranh dwoc hién twong qua tai cho
dién toan dam may.

Keywords: thudt todn, phin phoi tii, ngin chéin tinh trang
qud tdi, can bang tai, dién toan dam may.

I. GIOI THIEU

Ngay nay, cong nghé dién toan ddm may mang lai nhitng
lgi ich to 16n cho nhan loai, dac biét 1a cac doanh nghiép, to
chure trong linh vue cng nghé thong tin. Cong nghé nay cho
phép nguoi dung truy cap dén ngudn tai nguyén mang dugce
phén tan khap noi, dac biét 1a truy cp tai nguyén theo yéu ciu
v6i tinh san sang cao. Chinh vi vdy, viéc quan ly tai nguyén
mang trong moéi trudong nay trd thanh moét nhi€ém vu quan
trong ddi v6i cdc nha cung cép dich vu dién todn dam may.
Hon nita, s6 luong céc mdy chu 4o trong cac trung tam dit liéu
cta nha cung cép dich vu la hitu han so vdi cac cong viée can
xu ly khi co cac yéu cau truy xuat xay ra dong loat. Trong
trurdng hop ndy céc yéu cau truy xuat s& canh tranh nhau déco
duoe su phuc vu ciia cac may 4o dan dén tac nghén. Hon nita,
su tic nghén s€ lam giam higu suét cua hé théng va doanh thu
cua cac nha cung cép dich vu. Cac ky thudt Load Balancing
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hién ¢6 tOn tai mot sé van dé khac nhau nhu: chi can b?mg tai
sau khi mot may chu da bi qua tai. Trong moi truong dién toan
d4m may thi tai duoc xem nhu 13 cdc yéu cau dén dé cac may
chti 4o phuc vu [1]. Trong cong trinh [1] tic gid dé xuét mot
gidi thudt 1a chuyén cc yéu cau cua ngudi sir dung sang mot
mdy mot mdy ao khac co mire dg s dung thdp hon khi xa ra
bé tic ‘trén mot VM nao dd. Vi thé, trong bai béi nay ching t6i
dé xudt mot giai thuat nhim phong tranh sy qua tai ciia cdc
méy ao. Giai thuat dé xuat nhim tranh hién tuong qué tai bang
co ché sip xép phén tram murc d st dung cua cac VMs theo
tht tu nhét dinh dé phuc vu cho céac yéu cau dén theo nguyén
téc: chon ra may chu ndo ¢6 mic do s dung thép s& dap mg
cho cac yéu cau dén c6 dung luong cao va nguoc lai (gia sur
don vi do cua cic yéu cau dén 1a dung lrong). Néu ¢6 2 may
chi ¢6 mirc d6 st dung nhu nhau thi may nao c¢é trong sé nho
hon sé& duoc chon.

Bai béo nay duoc té chirc nhu sau. Phin I: gi6i thidu. Phin
Il 1a cac nghién ctru lién quan. Phan 111 1a dé xudt giai thudt
phong tranh hién tuong qua tai cho cic mdy chu do. Phin IV,
mo phong thudt todn va két qua thu duoc. Phan V két luan.

II. CONG TRINH LIEN QUAN

Rashmi. K. S [1] va cdc cong sy da thyc hién mét gidi
thuat cdn bing tai nhim phong tranh bé tic cua cac may do
trong moi truong dién todn dém may. Gidi thut dugc duara ¢
day 1a chuyén cac yéu cdu clia ngudi str dung sang VM khac
muc do su dung thap hon néu xay ra bé tic trén mot VM nao
d6. Néu nhu c6 nhiéu may a0 VM ¢é cling mtrc do st dung thi
s& dua vao thong sé hop time dé quyét dinh chon may VM
phuc vu, may nao c6 hop time thép s& dugc chon. Giai thuat
nay da lam ting hiéu qua kinh doanh cua cac nha cung cép
dich vu ddm may.

P. Srinivasa Rao[2] va cdc cong su di d& xudt mot co ché
can bing tai dong v6i hé théng gidm sat tdp trung. Muc dich
clia hé thdéng gidm sat tap trung dua trén y twéng rang, viéc
tinh toan trong mot moi trudng ¢ thé phan tin, nhung trang
thai cta tung nhiém vy, cong viéc phai dugc giam sat tai mot
trung tim dé theo ddi va lap lich t6t hon. Piéu nay ciing cho
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phép viéc phén phdi tai hop 1y trén cac b xu ly cong viéc,
gip giam thiéu thoi gian xu ly va tryen thong trén mang. Co
ché nay loai bé cac giao tiép khong can thiét cua bo can bang
tai trude khi phan bd cac may 4o bang cach khong truy vén vé
ngudn luc c¢6 sin ciia may chu do. Mo hinh nay tinh dén thoi
gian dap Ung trude khi di qua va khi di qua bo can bang tai
nén giam thiéu dugc thoi gian tré cua hé thong.

Bibhudatta Sahoo [3] va nhom nghién ctru cua ong da gidi
thiéu k¥ thudt can bang dong trén hé théng tinh toan phan tin
khéng ddng nhét (Heterogeneous Distributed Computing
System - HDCS) va phan tich tic dong cua tinh khong ddng
nhét dén nang luc xtr ly nhiém vu dén cua cac node. K§ thuat
nay thuc hién phan bé céc ngudn luc, tai nguyén mét cach co
hiéu qua va két qua 1a da giam thiéu dugc théng sb makespan
(thoi gian ti da hoan thanh cong viéc tai mbi nut).

Nhém tac gia Javed Ali [4] da d& xudt mot co ché phan
loai cac nhiém vuy (task) tinh toan tai cac nut, thuc hién phan
ving nhiém vy va cin bang tai tai cic nit d6. Y tudng chinh
ciia bai bdo nay 1a lam sang t6 khi ndo, luc nao can phan loai
cac chién lugc thich hop. Bai bao khing dinh, khong ¢6 chién
luge phan loai ly twong ma tuy thude vao tung truong hop va
co ché ma nhom tic gia nay dua ra da thu duoc két qua kha
quan, déng gop vao hudng nghién ctu hé théng song song
phan tan.

Wenhong Tian [5] va cac cong su dd gidi thi€u thuat toan
(Dynamic and Integrated Resource Scheduling Algorithm-
DAIRS) tich hop gifta cin bing tai dong va lap lich cho trung
tam dir lidu ddm may, v6i muc tiéu 1a tich hop do tdng murc do
mét can bang ctia mot trung tim dit liéu ciing nhu muc do mét
can bang trung binh cua mdi may chu. Viée 14p lich cho mét
hé théng tinh toan phan tan la rit phuc tap, didu khién céc
thong s6 ngudn luc dé kiém soat tinh trang cua hé théng chinh
xac s€ nang cao dugc hiéu nang hé théng, giam dugc cac
thong s6. Gidi thuat LIF [5] da xem xét tai nguyén mot cach
da chidu nén c¢6 nhiéu thong tin trude khi lya chon may ao
phuc vu.

Agraj Sharma [6] va nhom téc gia dd dua ra mot gidi thuft
khic phuc duge mot sé ton tai trong cac giai thuat trude dé: (i)
Chi thyc hién can bang tai sau khi mot mdy chu dé qud tai; (i)
lién tyc truy van vé trang thai ngudn lyc may cha dan dén viée
tiéu ton bang thong, nang luc tinh toan. Can ct vao thoi gian
dép g, giai thuat dua ra cich giai quyét viéc phan bd ngudn
luc phit hop. Y tudng chinh 14 xem xét thoi gian dép tng hién
tai va cac thong s lién quan ciia né dé quyét dinh phén b cac
yéu ciu mdi dén. Muc tiéu ciia giai thuat la: (i) Loai bo su lién
lac khong cén thiét gitta cdc may 4o lién quan dén tai nguyén
¢6 san voi cac may chu; (ii) Giam thoi gian dép ing cho ngudi
st dung; (iii) Ngan chin sy mit cAn bang tai gitra cic 4o trude
khi dua vao phuc vu; (iv) Chi tiéu thoi dap ung cho nguoi st
dung; (v) Du doan thoi gian dap tng trong tuong lai tir bat ky
may chu nao cho cac yéu cAu hién tai. Dé thuc hién giai thuat
ndy, cac tic gia di gia dinh: (i) B cAn bang tai biét trudc
nhitng dich vu nao dang chay trén bat ky may ao nao, bat cir
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liac nao; (ii) Web Server biét truge thoi gian dap tng cta mdi
dich vu trén mdi may &o; (iii) Néu hai may 4o c6 ciu hinh
twong ty nhau vé bd nhé RAM, bo xtr 1y, va /O, thi thoi gian
thuc thi khong c6 su khac biét dang ké dé ¢6 thé thay ddi két
qué thuat toan.

Trong cong trinh [1] da thuc hién duoc viéc phong tranh
bé tic cho cac mdy chii trong dién toan dam may. Tuy nhién
con mot s ton tai sau: khi co danh sach cac yéu cau dén thi bo
Cloud Manager [1] mdi thuc hién phan tich trong co so dir
lidu dé tim ra VM ¢6 muc do sir dung thip réi méi gan yéu
cdu cho VM d6 va dinh ky gidm st trang thai cuia cac VMs
nham phat hién VMs nao qua tai, do d6 xét vé khia canh thoi
gian thi hiéu qua chua cao dan dén giam thoi gian dap tng cir
hé théng. Vi vay, trong bai bao nay chung t6i giGi thidu mot
cach tiép c4n mdi trong viéc phan b tai dua trén viée tich hop
thém mdt hang doi chra thong tin may chu ao (muc dd st
dung) dé phuc vu cho bd xir Iy Load Balancer l4y thong tin.
Hai hang doi s& duoc giai thudt tién xu ly (sép xép theo thir tu)
trude khi dwa théng tin ddu vao cho bd xir Iy Load Balancer.
B6 cén béng tai chi viéc doc thong tin trong hang dg¢i va gan
céc yéu cau cho may chi. Viéc nay din dén giam dugc thoi
gian ra quyét dinh chon may chu &o khi c6 mot danh sach cac
yéu ciu dén, nén tranh dugc hién tuong qua tai, dan dén nang
cao hiéu ning hé thong.

III. BE XUAT GIAI THUAT

‘?‘?C?

| Job queue

Load Balancer

Py

Hinh 1. Mb hinh kién triic dam may.

1. So db logic

«—> Status queue

Mb hinh chiing t6i d& xut dé phong tranh qué tai trong
dién toan dam may tir d6 thwe hién viée phan bé tai duoc can
bang hon. Hinh 1 biéu dién kién tric ddm may theo cich tiép
can nay. Cac cong viée dén duoc biéu dién bang tap hop J = {
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I, Jp,.0Jy 3, mue d6 st dung (%) ctia cadc may ao dugce luu
trong hang doi S = { Sy, S,,..., S} twong ing vdi cadc may ao
VM|, VM,, ...., VM,. Co ché hoat dong nhu sau: Khi c6 mot
yéu ciu job dén thi Load Balancer s& phén tich trong hang doi
S dé chon ra VM nao c6 % sir dung thap nhét dap tmg cho yéu
cau vira dén. Sau khi da chuyén yéu cdu dén may phuc vy thi
Load Balancerty dong cap nhat lai dit lidu bao gdm: Job ID,
VM ID cho S. O trong bai béo niy chiing t6i dé xuat hang doi
S theo co ché FIFO ( Fist in Fist out), theo thir tu % sir dung
tir thip dén cao. Khi ¢6 yéu ciu dén Load Balancer chi viéc
doc trang thai trong hang doi va chi dinh may chu nao dap tng
cho yéu ciu d6. Tir d6, giam thiéu dugc thoi gian thyc thi cia
dam may. Pay 1a mot wu diém cua giai thut dé xudt.

2. Giai thuat trudce day [1]

Budc 1: Khoi tao VM Status = 0 cho tt ca cac may
40. Cloud Manager duy tri mot co s dir li€u bao
gdm: Job ID, VM ID and VM Status.

Budc 2: Khi ¢6 mdt danh sach cic yéu chu dén,
Cloud Manager phan tich trong cé s¢ dit liéu dé phan
b céc yéu cau cho cic VM ¢6 mirc do st dung thép.
Néu mirc dd st dung cua cac may a0 VM b?mg nhau
thi VM ndo c¢6 hop time nhé nhét s& duoc chon.

Budce 3: Cloud Manager cap nhat dit liéu sau khi da
phan bd céc yéu cdu cho VM théa man.

Budce 4: Cloud Manager dinh ky gidm sat tinh trang
clia cac VM, néu xay ra qué tai thi chuyén cac yéu
cdu cong viée dén VM nio ¢ muc d6 st dung thip
hon.

Budc 5: Lwa chon VM nao dé dap (g yéu cdu s&
dua vao hop time. VM c¢é hop time nhd nhét s& duoc
chon.

Budc 6: Cloud Manager cdp nhat cdu tric dir lidu
bang cach thay dbi cac muc phit hop

Budce 7: Lap lai Bude 2.

Giai thudt nay tdn tai mot tuwong tac gitta Cloud Manager [1]
khi c¢6 yéu cau dén, luc nay Cloud Manager méi phén tich
trong co s dit lidu dé tim ra VM nao ¢6 mic do st dung thdp
nhét, do d6 khong giam dugc thoi gian delay.

3. Giai thuat dé xut

Trong giai thuat nay chung toi str dung 2 hang doi:

Hang doi J: chita cac yéu ciu dén may chu ao
(JobID).

Hang doi S: chira phan trdm (%) sir dung ctia may 4o
(VM Status).
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Giai thuat:

Input: )
J={Jl, J2, ... , Jm); // Tdp cdac Job dén .
S={8182..., Sn); 7/ Tap % murc do da sw

dung cua cdac VMs )

W= [W]nxn: // Ma trin trong so
Qutput: Total respontime.
Buée 1. Bang ky ID cho cdc Job dén {Ji} , 1 < i<
m;
Bueée 2. Sdp xép lai hang doi S theo thir ti tiv nhé dén
lon,gan VM twong irng cho cdac Si,, 1 < i <n;
Bude 3. Khi cé Job dén, Load Balancer sé ldy thong
tin trong S chon ra VMs nao co muc do sw dung nho
nhét roi gan Job vira dén vao VMs do, néu cé nhiéu
VMs ¢6 % mire dg sir dung gidng nhau thi mdy néo
c6 weight nho sé dwoc chon.
Budrce 4. Xoa Ji viea dwoc phan bo. Cdp nhat lai % sw
dung.
Bude 5. Néu van con Job trong hang doi J thi lap lai
buée 3 cho dén khi % = 100% va J réng.
Bude 6. X6a VM ID khéi S néu % = 100%
Buoc 7. Cap nhat lai J, S

Trong gidi thuat d& xudt, nho viée sip xép cic VM Status (%
muc d6 str dung) sin sang cho cac Job ID nén Load Balancer
chi viéc gan VM ID cho céc Job ID. Viéc cap nhat lai queue S
mot cach tu dong va thuong xuyén lam cho thoi gian delay
ctia hé théng giam di dang ké.

Viét lai giai thuat nhu sau:
Input:

J={Jl,J2,...., Jm); // Tdp cac Job dén .

S={81,82,..., Sn); // Tdp % murc do da su dung cua
cac VMs

W = [W] s // Ma trdn trong 56

Output: Téng thoi gian ddp iing.

1. Sdp xép hang doi cdc cong viée dén theo thir tw tir
nhé dén I6n Ji va gan ID cho timg céng viée , 1 < i
< m.

Sdp xép hang doi mirc do sic dung ciia mdy chii do
theo thit i tir nho dén Iom Si, 1 < i <n;
Vong Igp For: Xét tat ca cdc node trong ddm may
Tim VM ¢6 VM Status nho nhdt
[ gan VM Status : = VM ID

ganS : «— VMID;

Find next hop: next : = weight;
Két thiic vong lap For.
Vong lap For: Xét tdt cd cdc mdy do

Tim VMs néo c6 VM Status nhé nhat ;

|:Gdn cong viéc cho may dao twong ung:

Néu c6 nhiéu hon 2 mdy do cé ciing mirc
do s dung thi chon may co trong $6 nhé
hon;

Két thiic vong lap;
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4. Xoa Job ID khoi J; Cdp nhdt lai phd‘n tram sw dung
cua VMs.

5. Ldp lai bude 3 cho dén khi hét cac yéu cau dén;

6. Xoa VM ID khoi S khi da sit dung hét;

7. Cap nhdt lai J, S;

IV. MO PHONG VA KET QUA

1. So db thyc nghiém

Hinh 2. So db két ndi may chu thuc nghiém.

Pé mé phong cho giai thudt dé xudt ching t6i dua ra bang
ma tran trong s6 ddu vao nhu Bang 1. Pay la bang di liéu
trong sb giffa cdc may chu 4o trong ddm may véi nhau, thé
hién khodng cach (metric) tir VM nay dén VM khac. O day gia
s tit ca cac cong vide dén cing mot thoi diém. Béng trong s6
nay duoc ¢b dinh, trong khi T va S duoc thay ddi trong qué
trinh thuc nghiém, nhdm muc dich so sanh két qua trong 2
truong hop 14 J va S chwa duoc sip xép va sau khi da dwoc sip
xép cho bo xtt Iy Load Balancer sir dung. Trong khuén khé thi
nghiém nay ching t6i st dung bo s6 liéu J va S dudi dang
mang mot chiéu, kich thuée 1 x n ( véi n 13 sb lugng VMs).
Mang J chtra céc yéu ciu dén, mang S chira phén tram st dung
cua VMs.

Gia st ma tran trong s0 cia cac VMs nhu sau:

Bang 1. Ma trén trong )

VM, [VM, [VM; [VM, [VM;
v, 0 | 3463
VM, 3 01|56
vl 4 1 [o 37
v, 6 | 530 |3
VMs| 3 |6 |7 3]0
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2. Kétqua

Chuong trinh m6 phong duge viét bang ngdn ngir Python
3.4.1. O day chang t6i thir nghiém hai bd sb liéu md phong
cho 2 truong hop:

Truong hop 1: Khi J va S chua dugc sip xép theo thi
tu.

Truong hop 2: Khi J va S di duoc sip xép theo thur
tu.

Chuong trinh phﬁn mém sé& do téng thoi gian toan bd chu trinh
(Total Respondtime), don vi do 1a microseconds. Chung toi
tién hanh thir nghiém cac truong hop voi ma trén trong s6 1a
¢b dinh. So sanh két qua trong 2 trudng hop 1a cic hang doi S
va J chua duge sip xép va truong hop da duge sip xép trude
khi phan bé méy chii dé dap tmg céc yéu cau dén.

Trong phdn moé phéng nay ching t6i thuc hién 2 thi
nghi¢ém véi ma tran trong $6 ¢b dinh con bo sb liéu cua J va S
duogc thay dbi. Hinh 3 cho thdy, c6 sy khac biét v& thoi gian
dap tmg cua hé thong khi cac ddu vao khac nhau. Lan thi
nghém tha nhét cho céc két qua: khi J va S chua duge sip xép
dé phuc vu cho bd Load Balancing thi tong thoi gian dép tmg
do dugc 1a 46878 (microsecond), va khi da sap xép thi tong
thoi gian nay 1a 31258 (microsecond). Két qua 1an do tht 2,
twong tng 13 31247 va 15606. Ta thiy ring, tong thoi gian dap
tmg da giam thiéu di dang ké khi cac hang doi dugc sip xép
trude khi Iya chon may chit phuc vu cho cac yéu cdu méi dén.
Két qua nay chi ra rang thuét toan c6 kha nang giam duoc thoi
gian delay cua hé théng, do d9d sé cai thién duogc hi€u ndang va
phong tranh dugc hién tugng qua tai trong dién toan dam may.

Két qua thuc nghiém dugc thé hién & biéu dd sau:

X 10000
A

46878

31258 31247

15606

»
>

(puooasouojw) swi| puodsay

W : Ahi hang doi J, S chua duoc sdp xép.

B : Khi hang doi J, S da duoc sép xép.

Hinh 3. So sanh két qua
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V. KET LUAN

Trong tuong lai dién todn ddm may 1a mot cong nghé ddy
htra hen, 1a mot mé hinh cung cép cac nguén luc can thiét cho
khach hang theo huéng dich vu. Nén tang 4o hoéa 1a mot trong
nhitng déc dlem cbt 13i cta dién toan dam may, ding dé 4o
hoéa cac yéu t6 anh huong dén hiéu qua kinh doanh nhu: ngudn
lyc cong nghé théng tin, phan cimg, phdn mém, hé didu hanh
va dich vu. Dién toan dam mdy c¢ déc trung la tinh toan phan
tan va day ciing la nguy co c6 thé Xay ra tic nghén trong qua
trinh phan bd ngudn lyc dé can bing tai. Viéc phong tranh
duoc nguy co qua tai trong dién toan dam may s& lam cho cac
nguon luc & trang thai sin sang cao. Cac yéu cdu truy cap hé
théng c6 thé Xxdy ra dong thoi va s€ khong tranh khoi su “canh
tranh” céc nguén lyc nhan r8i ctia ddm may. Chinh vi thé thuat
toan dé& xuét trén ddy da ¢ co ché phan phdi tai thich hop va
cho két qua kha quan. Pay ciing 1 giai phap ma cdc nha cung
cap dich vu dién toan d4dm may dang cin trong qua trinh phat
trién kinh doanh céia minh, hudng t6i ning cao chat lugng
dich vu cho khach hang, thong qua do cai thién hi€u qua kinh
doanh cua minh.

Tir két qua thuc nghiém c6 thé khing dinh ring cdc hang
doi néu dwoc sip xép theo thir tyr thi viéc gidm thoi gian tinh
toan trong dam may 1a hoan hoan c6 thé va diéu nay chimg to
sy dung dfn cua thuat toan dé xudt. Viée giam thoi gian dap
(g nay s& lam giam dwoc déng ké hién tuong tic nghén trong
dam may dién toan. T d6, nang cao dugc hi€u nang can b?mg
tai khi phan bé céc ngudn luc trong dién toan ddm may.
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