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Tém tdt: Trong ky nguyén cong nghé théng tin, dién toan dam
méy dong mot vai tro quan trong, gilp giai quyét hau hét cac vin
détrén nen tang Internet theo nhu cau ciia ngudi dung. Song, ngay
nay viéc s Iuong nguoi st dung dién toan dam may trén thé gioi
ngdy cang ting s& dan dén tinh trang tic nghén tai mot s6 nét
mang do mat cin bing tai hoac do hé théng treo, hién tugng nay
thudng dugc goi la deadlock. Vi bai bao nay, nhom nghién cuu
mudn d& xuit mot thuat toan du béo xay ra deadlock (PDOA -
Prediction of Deadlock Occurrence Algorithm) trong b6 can bang
tai trén moi trudng ddm may. Thuit todn nay tng dung cac thuét
toan hoc may va cac k§ thuat du bao, dzc biét 1a hdi quy tuyén
tinh, dé dy bao kha niang xay ra deadlock trong may 4o. V&i dy
béo kha ning xay ra deadlock, bo can bang tai s& biét khi nao méay
40 co nguy co xay ra deadlock, va tir d6 phan b cac tai nguyén
tranh deadlock, dé cé thé phuc vu tit ca cac request tét nhét. Thuat
toan d& xuat PDOA dugc thuc nghiém va cai dit trong méi trudng
md phong CloudSim tich hop véi ky thuat hoc may trong b thu
vién Weka. Cac két qua thyc nghiém dwoc danh gia bang cach so
sanh véi cac thuat toan phé bién trong can bang tai hién nay:
FCFS, RoundRobin, MaxMin va MinMin. Két qua thuc nghiém
cho thay PDOA c6 hiéu suét tbt hon théng qua thdng sé thoi gian
dap tng.

Tir khoa: Dién todn ddm may, cén béng tai, du bdo Deadlock,
PDOA, hoi quy tuyén tinh

I. GIOITHIEU

Di¢n toan dam may [1], [2] dang 1a xu huéng phat trlen
cua cobng nghe théng tin, la cong cu rat tiém nang phat trién
Véi quy ma I6n trong linh vuc cong nghé thong tin. Véi dam
may, cac 1ap trinh vién co thé tao ra cac y tuorng tot hon cho
céc dich vu chay trén nén tang Internet ma khong can quan
tam dén dau tu vao phan cting hay trién khai dich vu hoic
cac chi phi nhan lyuc dé van hanh nd. Nguoi dung internet
cling c6 thé truy cap va st dung céc dich vu dam may théng
qua cac tng dung web, iing dung di dong hoac may tinh ca
nhan mot cach dé dang va thuan tién nhat.

Dé tdi da hoa lgi ich ma dién toan dam may dem lai, can
bang tai 1a mot trong nhitng nhan t6 quan trong luon duoc
xem xét va cai thi¢n. Can bang tai [3] nham muc dich giai
quyét van dé veé trang thai mat can bang trén moi truong
dam may, giup nang cao cac dich vu cung cdp cho khach
hang. N6 ciing gitp cac may chu hoat _dong hiéu qua hon
bing cach phan bb tai nguyen ddng déu, glam hoac tranh
tinh trang deadlock. Hau hét cc thuat toan can bang tai [3]

Tac gia lién hé: Lé Ngoc Hiéu,

Email: hieu.In@ou.edu.vn

Dén toa soan: 11/2022, chinh sira: 12/2022, chip nhan dang:
01/2023.

S0 02 (CS.01) 2023

[4] déu xuat phét tir quan diém nang cao va cai thi¢n trang
thai can bang cua ¢am may. Co thé thay rang, hau hét cac
nha nghlen ciu va nha cung Cap dich vy dam may [3] déu
tap trung vao cac yéutd nay va cac yeu t6 dic trung cua can
bang tai nhu: cac thong s0 bo can bang tai trén dam may
(thdng s6 higu suat va thdng s kinh té), cac thuat toan can
bang tai (thuat toan Iap lich va thuat toan phan bo; tai phan
cing va tai dan hoi), b can bang tai nang cao (st dung
Heuristic va thuat toan t6i uu hoa) Nhung tat ca nhiing cach
tlep can nay déu xuét phat tir géc nhin va phan tich bo can
bang tai tir bén trong noi tai cua nd. Tuy nhién, yan con to,n
tai nhiéu ycu t6 bén ngoai anh hudng tryc ticp den hi¢u suat
can bang tai cia dam may nhu duong truyén mang, hanh vi
nguoi dung, dac diém dia ly, viv. Deadlock trén ddm may
cling ¢6 thé duge xem xét nhu mot yéu t6 bén ngoal bai
nguyén nhan cua n6 dén tur yeu t6 bén ngoai b can bang
tai. Deadlock trén dam may co the xay ra do sy bién thién
cua cac request boi su da dang vé hanh vi cia nguoi dung.

Trong bai bao nay, véi cach ti¢p can tir bén ngoai bo can
bang tai trén ddm may, nhom nghién ciru muon tap trung
vao deadlock va hleu cach nd xay ra do cac yéu to bén
ngoal Tir d6, dé xuat mot phuong phép du bao deadlock dé
cd thé gitp giam tinh trang tac nghén va treo may khi phan
b6 tai nguyén gitra cac may ao (VM). Véi su da dang vé dix
liéu cua céc request, bai nghién ctu nay dwa ra mé hinh
deadlock dudi dang cac ham phu thudc dau vao céc thuoc
tinh cua request cling nhu cac dic diém cua dam may. Thuat
toan dé xuat 1a két qua cua viéc sir dung mod hinh hoi quy
tuyén tinh dwa trén dit liéu lich st luu lai cia cac may ao dé
phuc vu céc request clia nguoi dung twong ang. Dit ligu str
dung bao gém mirc do str dung CPU, muc d6 st dung RAM
va mirc do st dung 6 ctmg (luu trir) cua cac request trong
qua kht. Thuat todn dé xuat s& so sanh va tinh toén trang
thai cta tat ca cac may 4o, dong thoi st dung hdi quy tuyén
tinh @& du doan muc st dung clia request dang xét dé phéan
bo, sau d6 phén b request nay tuong tng cho may 4o pha
hop dé tranh xay ra deadlock. Dé tranh deadlock, thuat toan
st dung cic ngudng vé muc do sir dung CPU, bé nhs
(RAM) va 6 cung (STORAGE) cua may 40. Néu mirc do
sir dung duoc tai nguyén (CPU, RAM va STORAGE) du
doan vuot qua ngudng cho phep, thi co thé xay ra deadlock
va chling ta s& can phan b request dang xur ly cho mét may
ao khac. Pay lay tuong chinh ma bai bao muén déng gop
nham cai thién cho bo can bang tai cua dién toan dam may.

Bai bao nay ciing nham muc dich tim hiéu viéc ung
dung mét sé thuat toan hoc may (ML) va thong ké c6 thé ap
dung vao bo can bang tai. Bac biét, bai bao nay da chon ra
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mét s6 thuat toan hoc may c6 thé du bao deadlock trong cac
cong trinh lién quan. Céc thuat toan tim duoc bao gom hoi
quy tuyén tinh, mang noron va cay hoi quy. Huorng dén su
phu hop nhat bai bao chon hoi quy tuyén tinh, va ap dung
vao dé xuat nham dy bao sy xut hién cua deadlock cho
tirng may ao trén dam may. Tap dir ligu xay dung md hinh
hoi quy tuyen tinh dugc thu thap tir cac request trong qua
khtr va tir cac may ao phuc vu cho céac request do. Két qua
thuc nghiém cho thay rang sai s6 du doan co thé chap nhan
dugc, tir 1,5 - 10,5% va no giup higu suét cua thuat toan dé
xuat (PDOA) tr& nén tét hon so vé6i cac thuat toan duoc so
sanh: FCFS, RoundRobin, MaxMin va MinMin.

Nhimg dong gop chinh cua bai bao nay: (i) Cach phan
tich tir tiép can bén ngoai bo can bang tai dé nghlen ciru can
bang tai trén moi truong dién toan dam may, yéu té bén
ngoai dugc quan sat la nguyén nhén gay ra deadlock va
deadlock cuia may o. (i) Ung dung mo hinh héi quy tuyén
tinh dé du béo deadlock bing cach su “dung ngudng. (iii)
Dénh gia thir nghiém thuat toan dé xuat, PDOA, véi hiéu
Suét tot hon cac thuat toan can bang tai phé bién hién nay.

De tirng budc hiéu rd hon vé dé xuét cua chung toi, bai
bao gom 6 phan. Phan dau tién la phan gi6i thiéu. Phan tiép
theo s& thao luan doi nét vé cac cong trinh lién quan. Trong
phan 3, ching tdi s& gic’ri thiéu ngan gon veé co so ly thuyét:
dién toan dam may va can bang tai, deadlock va deadlock
trén dam may, may hoc va hoi quy tuyén tinh. Phan 4 s&
trinh bay va mo ta thuat toan dé xuat PDOA. Trong phan 5,
chiling t6i s€ mo ta vé cac két qua mo phong thuc nghiém va
thao luan vé két qua nay. VVa cuoi cung, trong phan 6, ching
t0i s€ trinh bay két luan cua bai nghién ctru va hudng phat
trién trong tuong lai.

Il. CAC CONG TRINH LIEN QUAN

Nghién ctru vé du bao trén méi truong dam may va can
bang tai trén dam may 1a mot linh vuc da dugc chd trong
trong nhiéu nam ‘gan day. Méc du da co rat nhiéu nghién
ctru dugc cong bd, tuy nhién c6 rat it phuong phép tiép can
du béo deadlock xay ra trén moi truong cloud. Trong phan
nay, ching toi chon céc cong trinh ¢ lién quan dén
deadlock trén dam may, déng thoi m6 ta wu, nhuoc diém
cta tung cong trinh ciing nhu nhitng kho khan khi ap dung
céc phuong phap du bao va hiéu suat khi chay trén dam
may. Bai bdo nay xin trinh bay céc cng trinh nay theo trinh
tu thoi gian.

Mahitha va cong su [5] da cong b bai nghién ciu voi
tidu d& "Deadlock Avoidance through Efficient Load
Balancing to Control Disaster in Cloud Environment™ vao
nam 2013. C4c tac gia da chi ra rang viéc quan ly tai nguyén
khong hiéu qua s& dan dén deadlock. Bén canh do, bai bao
nay da trinh bay mét ky thuat hi¢u qua trong can bang tai dé
kiém soat cac véan dé deadlock trén dam may. Céc tac gia
nhan thay rang deadlock s& xay ra khi co mot vong lap bén
trong mot may 4o, diéu dé co nghia la mét cong viéc dang
cho mot tai nguyen khac va tai nguyen nay cung cho cbng
viéc d6. Thuat dé xuét cua bai bao ap dung cho can bang tai,
danh gia két qua bang cach so sanh higu suat dam may khi
¢6 va khong cd bo céan bang tai ndy. D& xuét sir dung cong
cu CloudAnalyst de cai dat. Cac két qua md phong cho
chung ta thay rd vé van dé quan ly va st dung tai nguyen
dan dén thoi gian phan hoi t6i thiéu, thoi gian thuc thi va
thong lugng tot hon.
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Hinh 1 Deadlock trén dam mdy [5]

Nguyén Ha Huy Cuong va cong su [6] da cai thién
nghién cfxu‘cﬂa chinh nhom tac gia vé deadlock va cach phat
hi¢n n6 nham phan bo tot hon trong moi truong phéan tan
khong dong nhat, dac biét 1a moi truong cloud. Bai bao nay
chi y nhiéu hon den viéc phan b6 tai nguyén véi mire d6 s
dung co s& ha tang, thay vi nghién ciu céch phan bd tai
nguyén vat ly thi cac tac gia nghién ctu cach st dung tai
nguyén do dé dat dugc hi¢u qua sir dung t5t hon trong moi
truong ddm may Cac tac gia dé xuat mot thuat toan mai tap
trung nhiéu vao phan bd tai nguyén ha tang, né phan bo
déng cac may ao trong dam may vai muc tiéu chinh la phét
hién deadlock. Bai bao ndy dé xuat mot thuat toan trén cac
cum dam may, st dung do thi phan bd tai nguyén (RAG) c6
ma tran dai dién cho su ton tai cua deadlock. Ma tran nay
6 do phuc tap O(m x n) cho truong hop Xau nhat, nhlmg
nhém tac gia da giam kich thudc bang cach giam hang va
cot, dwoc ma tran méi o do phac tap O(min (m, n)) cho
truong hop xau nhat. Cac tac gia da chaeng minh va tinh toan
do phirc tap cua thuét toan dé xuét va ho da thir nghiém cong
trinh trén CloudSim. Cdng trinh nay kha tot va c6 hiéu qua
trén hé thong phén tan nhu dam may.
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Hinh 2 Vi du vé truong hop su ¢6 véi hai nat va mgt
dich vu, cho thay kha nang phdn bo tai nguyén. [6]

Nam 2016, Spyros Reveliotis va cong su [7] da dé cap
dén viéc tranh tac nghén bang cach sir dung h¢ thong phan
bé tai nguyen tuan tu (RAS) Ho mu0n mé rogng RAS dé
g|a| quyet tinh trang thicu tai nguyén tiém an, vé khéi luong
va kha ning kiém soat cua chung. Bai ngién ctru nay thuc
day ly thuyét SC cho cac h¢ thong su kién chuyen mach roi
rac (s DES) dé cung cip mot phuong phép xtr Iy c6 h¢ théng
mai cho phién ban phuc tap hon ciia van dé tranh deadlock
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RAS. Theo mé hinh md hinh s-DES, hoat dong dugc xem
xét cia RAS va chinh sach SC cho phép tdi da twong ting
déu duoc phan tach thanh mot sb ché do hoat dong dugc
xé4c dinh bgi cac tap hop tai nguyén bi 16i dang chay. Pic
biét, trinh giam sat muc tiéu phai dugc phan tach thanh mét
tap hop cac “vi tir duocC bdn dia héa”, trong &6 moi vi tir
duoc lién két véi mot trong cac ché do hoat dong. Phan quan
trong va dong goép chinh ctia bai bao nay lién quan den sy
phat trién cua cac vi tir ban dia héa, cho phép md ta dac tinh
chinh va tinh toan hi¢u qua cua trinh gidm sat dugc tim
kiém. Vi cac vi tir ¢ san, mot biéu dién phan tan cho trinh
giam sat dugc tim kiém thich hop cho viéc trién khai thoi
gian thuc. Cubi cuing, s& thu dugc két qua thdng qua su dlou
chinh cua thuét toan phén tan c6 lién quan duoc cung cap
bai ly thuyét s-DES SC hién tai.

R, R3 Ry R
Ry Ry

Hinh 3 RAS durgc xem xét trong vi du duoc cung cdp. Tai
nguyén R1 va R2 ¢4 thé gap su co tam thoi, trong khi tai nguyén
R3 duoc cho la khong bao gio bi loi. [7]

C(R)=1,i=1,2,3
Temporary outages: Ry and R»

Trong ndm 2018, Emeka E. Ugwuanyi [8] da dé xuat
cung cap tai nguyen bing cach s dung ky thuat tranh
deadlock trong moi truong giao dich cua ngan hang. Bai
viét nay viet v dién toan truy cap bién da (MEC), mot thuat
toan cung cap tai nguyén tranh deadlock dugc dé xuét cho
cac thict bi 1oT cong nghiép dé dam bdo do tin cay cao hon
Cla cac tuong tac trén mang. Y tuorng dugc dé xuat két hop
thuat toan yéu cau tai nguyén ngan hang bang céch sir dung
SDN dé giam chi ph| lien lac. Két qua mé phong cua bai
viét da chi ra rang c6 thé ngan chan h¢ thong deadlock bang
cach ap dung thuat toan dugc dé xuat, cudi cung s& dan dén
viéc tuong tAc mang dang tin cdy hon gitra cac tram di dong
va nén tang MEC.

Bdng 1. Cac chién ot Deadlock [8]

Thuét toan Lamport

Thuét toan Chandy-Misra-Haas
Thuét toan phat hién Deadlock song
song

Phét hién trong cac hé théng khéng
ddng nhét

Phat hién deadlock khéng cau triic
Céc phuong phép can bang tai
Thuét toan ngan chan deadlock trong
mdi truong ludi

Thuét toan ngan hang

Céc thuat toan
phét hién

Céc thuat toan
ngan chan

Cac thuat toan
phong tranh

Nam 2019, Nguyén Ha Huy Cudng va cong su [9] tiép
tuc cac cong trinh cai tién ciia minh va cong b mot mé hinh
méi vé phan bé tai nguyén nham tranh deadlock (ADRA).
Véi khai ni¢m ké thira dién toan ludi, moi truong dam may
can mot chién lwoc phén b tai nguyen tong the va t6t hon.
Bai viét nay da dua ra mot khai nigm moi vé viéc sir dung
Wait-For-Graph (WFG) dé ép dung cho viéc tranh
deadlock. Thuat todn mai nay chi yéu nhiam phan b nhiéu
tai nguyén cho cac dich vu canh tranh chay trong cac may
40 trén cac nén tang phan tan khong dong nhét va duogc thuc
hién trong moéi truong mé phong CloudSim. ADRA ciing
dugc danh gia bang do phuc tap, véi do phuc tap vé thoi
gian la O(m*(n - 1)/2 + 2e), cai thién cua cac bac d6 1on gan
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dung trong cac truong hop thuc té. Viéc thyuc hién thuc
nghiém de xuat nay cho thay rang viéc quan ly tai nguyén
d4 hoan thanh tot cong viéc va dat duoc két qua tot.

‘Trong nam 2019, Sonam Sherpa va cong su [10] da dé
XUAt Mot quan diém khéc vé deadlock, quan diém tir nha
phat trién va lap trinh vién, nhimg nguoi da xay dung cac
thuat toan dan dén deadlock. Trong vi¢c phat trién cac thuat
toan, céc 15i deadlock rat khé chan doan va tai tao lai, chi
phi thoi gian thuc hi¢n cao. Cac tac gia trinh bay vi¢c xac
dinh cac 16i dong thoi bang cach su dung dau vét tiéu thu
tai nguyén. Diéu nay dua trén quan sat cac kiéu truy cap va
tiéu thu tai nguyén la nhirng dau hiéu quan trong veé hanh vi
thoi gian thuc hién cua phan mém, dong thoi c6 thé duoc sur
dung nhu mot co ché dé hudng dan quy trinh g5 16i phan
mem. Sau do, ching minh rang viéc glam sat ddu vét tai
nguyén trong thoi gian thuc hi¢n co thé glup phat hién 15i
phan mém mot cach hiéu qua. Cu thé, doi véi cac chuong
trinh MPI, mot bo phén loai SVM don gian co thé phat hién
cac deadlock véi d6 chinh xac cao chi bang cach sir dung
cac mau muec do sir dung CPU. Nhin tir goc d6 khéc, chung
ta c6 thé hiéu thém vé deadlock, cach nd xdy ra cung nhu
cach chung ta c6 thé sir dung mot sb ky thuat may hoc dé
phat hién va tranh né.

PID O
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PID 2
PID 3
PID 4
PD5 ——

0~ =0 100 150 700
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(a) Normal Execution
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CPU Usage(%)

Time(ms)

(b) Execution with Deadlock
Hinh 4 Ddu vét tiéu thy tai nguyén [10]

Nam 2022, nghién ciu cia Yuandao Cai va cong su [11]
gioi thiéu "Peahen", mot phuong phap mai phat hién
deadlock tinh nham néng cao do chinh xac va khd nang mo
rong trong cac hé thong phan mém. Peahen dat duoc hiéu
qua bang cach sir dung hai giai doan phan tich hop tac: giai
doan xay dyng biéu d6 khoéa khong nhay cam véi ngit canh
ma hoda thong tin thu thap khoa can thiét va ba tinh chinh
chinh xac l’lhu‘ng luoi biéng gilp tinh chinh dan chu ky
deadlock cho céc ngir canh can thiét. Cac thur nghiém cho
thdy Peahen vuot troi so véi cac cong cu hién dai vé do
chinh xac trong khi kiém tra hiéu qua cac h¢ thong hang
triéu dong véi ty 1€ duong tinh gia thap (false positive), xac
dinh thanh cong deadlock da duogc xac nhén trong nhiéu hé
thdng ma ngudn mé.

‘Trong bai b&o 2022 cua Jlnpeng Zhou va cong su [12]
g|a| quyet thach thirc phat hign cac deadlock lién quan dén
cé4c bién diéu kién trong cac chuorng trinh da ludng, rat kho
xéc dinh bang cac cong cy hién co chu yéu tap trung vao
khoa (lock). Cong cu duge d& xuat, UnHang, mo rong su

TAP CHI KHOA HQOC CONG NGHE THONG TIN VA TRUYEN THONG 70



PDOA: DY BAO DEADLOCK DE NANG CAO CAN BANG TAI TREN DIEN TOAN BAM MAY

phu thuoc khéa co dién sang sy phu thudc tong quét, cho
phép n6é md hinh héa cac deadlock giao tiép dudi dang cac
chu ky gitr va cho. Két qua thir nghi¢m trén cac ang dung
chang minh rang UnHang tim thay thanh cong céc deadlock
da biét trudc, va phat hién ra nhitng deadlock méi chi véi
khoang 3% chi phi hoat dong va 8% chi phi bo nhé, khién
né tré thanh mot cong cu thiét thuc va hiéu qua cho cac moi
truong trién khai.

Sau vai danh gia ngan gon & trén, ching ta cé thé hiéu
thém vé deadlock va tinh hinh nghién ctru deadlock trén méi
truong dam may. Tu cac diém méi ma chua duoc nghlen
cty, la ngudn cam hung trong nghién ctru cua bai bao nay,
nhom nghién cau xin d& xuat mot phuong phép co thé du
bao deadlock xay ra trén may 4o va muc do stir dung cac tai
nguyéjn cua may ao. y('fi du bao nay, chling toi tich hqp vao
can bang tai, phan bo cac request dén ding may ao ¢ higu
Sut tot hon dé xur ly. Phuong phép cua bai bao hoan toan
thyuc hién trén moi truong viét code va chay tu dong, khong
c6 su tham gia cua chuyén gia phan tich.

I1l. COSO'LY THUYET

Trong phan nay, bai viét s dé cap dén cac van dé nén tang
ly thuyét Can thlet cho dé xuét cua ching toi. Dau tién, gioi
thiéu mot sé van dé nén tang vé dién toan dam may va can
bang tai trén dam may. Sau d6 1a mot s6 van dé co ban vé
deadlock va deadlock trén dam may. Cudi cung, phan nay
s& gioi thieu mot sé ky thuat may hoc tiém nang co thé ap
dung duoc trong b can bang tai, phuong phép tiép can cua
nhém nghién cuu.
A. Dién toan dam may

Theo [13] [14] dién toan dam may hay con dugc gol la
may chu 4o tra tién cho mdi lan sir dung, 1a mot md hinh
dién toén sir dung cac cong nghé may tinh va phat trién dwa
trén moi truong Internet. Cu thé hon, trong mé hinh dién
toan dam may, tat ca tai nguyén, thong tin va phan mém
dugc chia sé va cung cap cho may tinh, thiét bi va nguoi

dung dudi dang dich vy trén nén tang co s¢ ha tang qua
mang cdng cong (thuong la Internet).

Pién toan dam may
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Hinh 5 Mé hinh dién todn ddam may (Nguon:
https://informationg.com/)

Thuat ngir Dién toan dam may Xuét hién dé khéi quat
cac huéng phat trién cua co so ha tang thong tin da va dang
dién ra. Thuat ngit nay co thé dugc hleu mot cach dé dang:
cac tai nguyén khong 16 nhu co s¢ ha tang, nén tang, phan

mém lam dich vy va cac dich vu nay s& cd thé 1a cac may

chu 40 (c&c dam may) trén Internet thay vi st dung cac may
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tinh cuc bo nhu gia dinh hodc vin phong, muyc dich dé moi
nguoi két ndi va sir dung bt ctr khi nao ho can.

B. Can bang tdi trén dién todn dam mady

Can bang tai [15] [16] [17] la mot phuong phap luan
quan trong trong dién toan dam may, giap may chi hoat
dong hiéu qua hon bang cach phan phdi tai nguyén hiéu qua,
giam hoac tranh tinh trang deadlock. B¢ cén bang tai c6
nhiéu chirc nang tot nhat nhung hau hét lai 1a cac chirc nang
co ban, bao gébm Chan luu lugng mang t6i mot trang web
(hoac mot giao dién ngudi dung khéc) - diéu nay nham dam
bao rang khong phai tat ca cac request déu duoc xur ly boi
mot hodc nhiéu may chu ¢ dinh. N6 chi dinh tai cho cac
may chu tuong ting cho qua trinh xt ly, X ly va tra vé két
qua. Can bang tai cling c6 thé cung cap kha nang du phong
bang cach sir dung nhiéu hon mét kich ban dy phong.

WORLD WIDE WEB

A m =B [3 users
[ m@m = E %
L s EmE & vil
N ey

DIRECTED
A TRAFFIC

b
B = | = ]
\F cLouD CLOU cLouD |
SERVER SERVER  SERWER f,f
- -
— R s e F

CLOUD HOSTING ENYIRONMENT
Hinh 6 Vi du vé bg can bang tdi trén dam mdy [18]

Can bang tai trén moi truong dam mdy [18] [19] cung
cap giai phap cho cé4c van dé thiét 1ap va st dung tai nguyeén
khac nhau trong méi truong dién toan dam may. Can bang
tai phai dam bao ddng thoi hai nhiém vu chinh. Mgt la cung
cap tai nguyén hoac phan bé tai nguyén dé t6i wu hoa tai
nguyén sir dung, t6i da hoa thong luong, giam thiéu thoi
gian phan hdi va dé tranh qua tai. Hai 1a 1ap lich cong viéc
tuong (rng cac request trong moi treong phan tan. Dign toan
dam may c6 2 dang can bang tai dwoc sir dung phd bién hién
nay, d6 1a can bang tai tinh va can bang tai dong.

Moi truorng dién todn dam may [18] dya trén cac nha
phét trién va cach xac dinh c4u hinh ddm may theo yéu cau
caa nha cung Cap dém may. Can bang tai ddm may bi anh
hudng bai 3 yeu t6 chinh [20] [21] moi trudng mudn can
bang tai, ban chét cua tai trong va cac cong cu can bang tai
cO san.

C. Deadlock trén méi truong dam mdy

Theo [22], trong bdi canh dién toan, “deadlock” c6 thé
dugc coi la mot diéu kien khi hai hozc nhleu tién trinh dang
cho mot tai nguyén do mot tién trinh khac ndm giit hoac khi
nhiéu hon hai tién trinh dang cho tai nguyén trong mot vong
Iap Noi chung, chi mét tién trinh giir tai nguyén méi co the
giai phong tai nguyén. Thong thuong, mot tién trinh s&
khdng giai phong tai nguyén cho dén khi qué trinh xu ly
hoan tat.

Vé mat Iy thuyét [23], deadlock c6 thé duoc xi ly bang
3 cach pho bién. Cach dau tién, chung ta ngan chan hogc
phong tranh deadlock, sau d6 chung ta c6 thé dim bao rang
hé thong s& khong bao gio gap deadlock. Cach tha hai,
chiing ta chap nhan sy xuat hién cia deadlock, sau d6 ching
ta phét hién ra n6 va khdi phuc lai vé trang thai ban dau.
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Giai phap cudi cuing, ching ta tuyét doi bo qua, coi nhu
deadlock s& khong bao gio dén.

Dé hiéu thém vé deadlock, ching ta nén hiéu trang thai
cua hé thng, chlng ta c6 trang thai an toan va trang théi
khong an toan. Trang thai an toan [23] la néu hé théng c6
thé phan bé tai nguyén cho timg tién trinh theo mét s6 trinh
tw ma van tranh dugc deadlock. Dleu nay c6 nghia 1a mot
hé théng chi & trang thai an toan néu ton tai mot chudi an
toan. Chudi cac qua trinh <Py, P,, .. > |a mét chudi an
toan cho trang thai phat hién hién tai néu déi véi mdi chudi
P, céc tai nguyen dugc yéu cau bai P; van c6 thé dugc thoa
man boi cac tai nguyén hi¢n c6 cong véi cac tai nguyen do
tat ca Pjnam glu' trong khi j<| Trong tinh hudng nay, néu
tai nguyén ma P; can khong 6 san ngay lap tuc, thi P; co
thé doi cho dén khi tat ca cac Pj két thic. Khi ching hoan
thanh, P; c¢6 thé lay tat ca cac tai nguyen can thiét, hoan
thanh nhiém vu duoc chi dinh, tra lai cac tai nguyen da duoc
phan bo va két thic. Khi P; két thic, Pi+1 c6 thé nhan dugc
cac tai nguyén can thiét, v.v. Neq khoéng co trinh ty ndo nhu
vay ton tai, thi trang thai hé thong dugc cho 1a khong an
toan.

Trang thai an toan khdng han 1a trang thai deadlock.
Nhung trang thai deadlock la mét trang thai khong an toan.
Tuy nhién, khong phai tat ca cac trang thai khong an toan
déu 1a trang théi dan dén bé tic. Chung ta nén luu y rang
trang thai khéng an toan cd thé dan dén deadlock. Néu trang
thai la an toan, h¢ thong ¢6 thé tranh duoc trang thai khong
an toan (va chac chan la tranh dugc deadlock).

Vung khéng
an toan

deadlock

M
an toan

Hinh 7 Khéng gian trgng thai an toan, khéng an toan va
deadlock [23]

Deadlock 12 mot van d& ciia may tinh va ciing 1a mot van
dé cua hé thong [22] [23]. Tiép do, deadlock trén dién toan
dam may ciing chinh Ia deadlock trong hé théng hoic
deadlock trong hé théng phan tan hoic deadlock trén dign
toan ludi. Deadlock la mot trang thai xay ra dong thoi va
theo chwong trinh khi mot tap hop cac tién trinh di vao diéu
kién cho vo han. V6i su phét trién caa hoc may va phan tich
dir liéu, chiing ta cd thé &p dung loai k¥ thuat nay dé du béo
deadlock xay ra trong méi trudng dam may va du bao nay
c6 thé gilp ching ta phan bo tai nguyén trén dam may, dac
biét Ia cAc may ao ciia dam may.

D. Hoc may va md hinh hei quy tuyén tinh

Ky thuét hoc may (ML) tao ra méi quan hé gitra cac dir
liéu vé6i nhau. Méi quan hé nay co duoc tir mot qua trinh
hoc tap sau khi quan sat tap dir ligu ma chdng ta biét dau
vao va dau ra la gi. Vi ML, tap dit liéu bao gom tap dit ligu
dao tao va tap dir liéu thu nghlem Tap dit liéu dao tao co
thé 1a dau vao dé xay dung m6 hinh hoac méi quan hé. Con
tap dix ligu thir nghiém co thé duoc st dung cho muc dich
danh gia kiém tra chat hrorng cua md hinh. ML thuong su
dung dir lidu lich sir vé céc lan thuc hign trong qua khir va
xtr ly céc nhiém vu cua yéu cau nhu dir lidu dao tao. Cac
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thdng s6 tac vu xir ly bao gom mirc d6 st dung tai nguyén
cua dém may, cu the I c&c mdy do trén dam may Pau ra
can tim hiéu cho van d& nghién ciru caa bai viét nay la mac
d6 st dung tai nguyén cua cac may 4o, dan dén trang thai
khong an toan dé dy bao sy xuat hién cia deadlock.

Du b&o mirc str dung tai nguyén cua request la mot cach
tiép can mai trong dién toan dam may, nd c6 thé hiém khi
dugc tim thay boi cac cdng trinh trude day trong linh vuc
hé thong phan tan va hoc may (ML). Véi ML, chlng ta co
thé c6 nhiéu phuong phap va k¥ thuat khac nhau dé dy bao
muc do su dung tai nguyén, nhung nhiing cach nay c6 thé
¢6 d6 chinh xé&c khéc nhau [24], [25]. Do tinh chat dac thu
cua tap dit liéu, mot thuat toan ML cu thé c6 thé tot hon céac
thuat toan khac va nguoc lai. Trong ML, ¢6 mét s6 phuong
phap phd bién ma ching ta co the ap dung dé du bao muc
d6 sir dung tai nguyén, do 1a Hoi quy tuyén tinh [26], Cay
hoi quy [27], Déng goi bang cach sir dung cay hoi quy [28]
va Mang than kinh nhén tao [29] Trong bai nghién cttu nay,
sau khi danh gia ngan gon cac phuong phap ML phd bién,
véi muc dich dap ung thoi gian thyuc hi¢n theo thoi gian
thuc, ching t6i muén ap dung ky thuat Hoi quy tuyen tinh
cho dir liéu lich sir cua qua trinh xir ly request cua may ao.
Tir d6, dua ra dy béo vé mirc d6 sir dung tai nguyén cho yéu
cau tiép theo.

_ Héi quy tuyén tinh gia dinh sy phu thuoc tuyén tinh gitra
dau vao va dau ra— trong truong hop caa chdng toi 1a mac
do s dung tai nguyen i céc bién dugc xem xét (dau vao
cua tham so6 yéu cau, VM véi thoi gian thuc hién). Hoi quy
tuyen tinh m6 hinh hoa dau ra bang cach str dung cong thac
y=dxX+b, trong doy la dau ra mong muon va ¥ la
vector cua cac bién doc lap (tuc 1a dau vao) Hoi quy tuyen
tinh xac dinh cac gia tri cua d va b gidp giam thiéu sai s6
trén mot tap dir liéu quan sat dugc. Phuong phap nay 13 hop
ly dé du doén céc tac vu Xt ly, trong d6 mure do st dung tai
nguyén lién quan tgyen tinh den cac bién dugc xem xét [26].
Trong cac tinh huong khong ton tai su tuyen tinh gitra dau
vao va dau ra, 6 chinh xéc ciia phuong phép c6 thé khéng
dat yéu cau.

Dé danh gia do chinh xac cta H0| quy tuyén tinh, chung
taco the st dung rat nhiéu thong sb. Cac théng sé Ve sai s6
bao gom: sai s6 tuyét dol trung binh (MAE), sai s6 thién vi
trung binh (MBE), sai s6 tuyét d6i trong d6i (RAE), sai sb
ty 1 phan tram tuyét ddi trung binh (MAPE), sai sb binh
phuong trung binh (MSE), sai s0 binh phu’ong g6¢c (RMSE),
sai s binh phuong twong dbi ( RSE), sai s0 binh phuong
gbc trung binh chuan hoa (NRMSE), sai sé binh phuong
trung binh géc twong dol (RRMSE). Trong bai bao nay,
chung i sir dung thong s6 RAE dé do do chinh xac caamo
hinh hdi quy tuyén tinh. RAE cang nho thi do chinh xéc cua
du doan cang cao.

Goi y; lagid tri sir dung tai nguyén thyc té trong méy ao
Chay trén ddm may. Goi ¥, la gia tri du doan tuong ung cua
vigc st dung tai nguyén. Dé xac nhan tinh chinh xac cta
phuong phap tiép can cua ching t6i, sai s6 tuyét dbi tuong
dbi (RAE) [30] dugc st dung lam thudc do de danh gia.
RAE duoc tinh don gian bang cach Iay téng sai s6 tuyet abi
va chia cho hi¢u s6 tuyat doi giira gia tri trung binh va gia
tri thuc té.

Yicily: — 7l
RAE = 22— =
:1|3’i_3/|
1n
}7=E Vi

i=1
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Trong d6, n la s lwong céc du doan dwoc tinh toan.
¥ la gia tri trung binh caa n gié tri thuc.

Gi4 tri cua RAE c6 thé nam trong khoang tir 0 dén 1.
Mot mo hinh tdt s& c6 cac gia tri gan bang 0, vai 0 1a gia tri
t6t nhat. L3i nay cho thay phan du trung binh lién quan nhu
thé nao dén do léch trung binh cua ham muc tiéu so véi gia
tri trung binh cua no.

IV. THUAT TOAN BE XUAT
A. Gidi thi¢u

Véi y tuong vé trang thai an toan dé dam bdo kha nang
dap ung t6t trén moi truong dam may, bai viét dé xuat va ap
dung cac thuat toan vé du bao,va Xac Suat'Cua deadlock dé
phong tranh deadlock, cung cap dich vu tét hon cho nguoi
dung Trong cach tiép can nay, chung toi tap trung vao dam
may ao héa bang cach su dung may 4o va nhom may ao
thdng qua may chu vat ly va trung tam dit ligu. Dlgu do la
hop ly dé tap trung vao deadlock trong may 4o do tat ca cac
request déu duoc luu lai va xur ly boi cdc may ao nay.

B. M6 hinh nghién cuu

Khong thé ap dung thuat toan phan b6 tai nguyén cho
mot he thong phan bo tai nguyén cé nhiéu dic trung cho
moi loai. Thuat toan tranh deadlock ma chung t6i mo ta dudi
day c6 thé dugc &p dung trong viéc cén bang tai trong méi
truong dam may. Thuét toan nay vai muc tiéu dy bo
deadlock va kha na‘mg xay ra deadlock, tir viéc phat hi¢n khu
vuc dang ban va dang hoat dong, sau d6 phan bd request
cho cac tai nguyén khac c6 kha nang phuc vu nhiéu hon.
Thuét toan dé xuit duoc dat tén 1a PDOA, viét tit cua Thuat
toan Dy bao Deadlock xay ra. Trong thuat todn nay, co thé
sir dung cac tmg dung caa ky thuat dy bao hdi quy tuyén
tinh, du béo trang thai khong an toan cua cac may 4o dan
dén kha nang xay radeadlock. Tir d6, thuat toan s& biét cach
phan bé yéu cau cho cic tai nguyén c6 sin dé tranh
deadlock.

Chuing tdi tién hanh PDOA trong md hinh nghién ctu
Dam may gia dinh, dya trén cac thugc tinh cua deadlock,
deadlock xay ra dudi cac dieu kién sau:

e Khi cac tac vu / yéu ciu co thoi gian xu ly qua lau,
c6 thé hét thoi gian cho va bi ngt két ndi.

e Hoac cac tai nguyén dam may va cham nhau. No6i
cach khac, c6 nhiéu yéu cau / tac vu truy cap cung
mot Ilc, tao ra mot vong 13p vo tan va dan dén sy
cb. Céc tai nguyén pho bién dé& bi deadlock 1a Bo
nhg (RAM), CPU va 6 cung (Storage).
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Yéu cu o
ngudi ding Cac z_la_;:svkt_;
(Request)

i CANBANGTAI
SU DUNG THUAT TOAN DE XUAT

(Predicting Deadlock Occurence Agorithm)

Phan b
@i cac VM
A 4 A 4 \ 4 \ 4 A 4
MAY | | MAY MAY | | MAY | | MAY
Ao Ao Ao Ao Ao

Hinh 8 M0 hinh nghién citu PDOA trén dam mdy

C. Thugt todn dé xudt PDOA

Khi mot request mai (doi khi duoc goi la cloudlet) duoc
dua vao dam may, request d6 co cac thong so nhu kich
thude request, s6 tép, kich thudc tép, kiéu tra Ve v.v. Tuong
ung vai cdc thugc tinh caa request, ching ta can mot luong
tai nguyén tuong ung dé xur Iy va phuc vy cho request nay.
Luong tai nguyen nay co thé khong vuot qua téng sb tai
nguyen cua cac hé théng dam may, va ¢ day ching 1a tai
nguyén ctia cac may do. Khi cac request ciia nguoi ding can
luong tai nguyen nhét dinh, hé thong phai xac dinh xem viéc
phén bd céc tai nguyén nay c giir cho h¢ thong o trang thai
an toan hay khong. Néu trang thai h¢ thong la an toan, tai
nguyén s& dugc cap phat. Néu khong, trong trang théi khong
an toan, tién trinh cua request dang xtr ly phai cho cho den
khi mot s6 tién trinh khac giai phong du tai nguyen Hoac,
hé théng phai cap phét tién trinh nay cho tai nguyén cua mot
may 4o khac du I6n.

Dé duy tri trang thai an toan va tranh deadlock, bai bao
nay tiép can bang céach du bao va tinh toan kha nang xay ra
deadlock théng qua théng sb cua trang thai khdng an toan.
Trang thai khong an toan c6 thé 1a trang théi ma mét trong
nhirng tai nguyén chu dao dang can kiét va c6 thé khﬁng su
dung dugc. Dya trén dit ligu lich st da xu Iy trong qua khu,
ching tdi st dung Hoi quy tuyén tinh dé xay dung mo hinh
du bao cho viéc du bao nay Tap dir ligu bao gom cac thuoc
tinh Request (dau vao) va muc sir dung tai nguyén (dau ra).
Request di chon ¢ cac dau vao la do dai request (kich
thudc), kich thude dau ra request, kich thuéc tép va yéu cau
PES (s bo xtr ly can thiét dé xu ly). Cac két qua dau ra
duoc quan sat 1a mic st dung BO NHO (RAM), CPU & O
CUNG, ¢ dang phan tram. V6i két qua dau ra duoc tinh toan
va du bao, request s¢ dugc phan bo cho cac may ao véi VM
c6 muc st dung tai nguyén phu hop. Diéu kién pha1 dugc
thoa man 1a tdng mrc sir dung tai nguyén caa moi may a0
phdi nho hon ngudng cho phép tuong tng. Néu thoa man 3
diéu ki¢n: mac sir dung Bo nhé, muc st dung CPU va mic
sir dung 6 cung, VM s& dugc chon dé phan bo yéu cau.
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P UsageR VM
( Bat dau "~ “Predict(Request) —l =FindVM(VMs)
Tai nguyén dy doan May ao

cho Request dwoc chon

Diéu kién
tai nguyén
Diéu kién v& RAM thoa man
Diéu kign v& CPU théa man
Biéu kign vé STORAGE thoa man

Phan bd Request méi

— 3 P -
/ vao may ao da chon

( Kétthuc )
Hinh 9 So d6 hoat déng cua thudr todn d@é xuat (PDOA)

Nhu hinh 11, chtng t6i dé xuat PDOA vai 03 chire ndng
chinh: chic nang dw bao mire do str dung tai nguyén bang
Hoi quy tuyen tinh trén tap dir li¢u lich str, chiic nang lya
chon VM véi trang thai mue d6 sir dung tai nguyén tdi thiéu
va chtrc nang phan bo.

Ma gia ctia PDOA (Thuit toan du do4n deadlock xay ra)
Piu vao: Request
Piu ra: Phan bé Request vao VM tuong tng

1. For each Request in CloudRequests
isLocated = false;
PredictedUsage = {RAM, CPU, STORAGE }predicted =
Predict(Request);
€& Chire ning 1: Dy béo sir dung hoi quy trén tap
dir liéu lich si
4, VM = FindVM(VMList);
& Chite nang 2: Chon mady do c¢é mure do swr dung
tai nguyén phu hop

wmn

5. If isSatisfied(PredictedUsage, VM)

6. AllocateRequestToVM(VM, Request);
& Chire nang 3: Cap phat Request cho VM

7. isLocated = true;

8. End If

9. If(isLocated)

10. VM = VMList.getSelectedVM();

11. AllocateRequestToVM(VM, Request);

12.  EndIf

13. End For

Do phuc tap thoi gian trong truong hop xau nhit cua
PDOA duogc dé xuit s& bi chi phol bai d6 phire tap cua thuat
toan hdi quy (Chirc ning 1) néu n6 c¢6 do phuc tap cao hon
so véi cac ham khac. Nhu vay, do phuc tap cia PDOA dugc
dé xuit co thé dugc biéu din Khai quat la O(m * (f(n) + n))
trong d6 'm' 1a s6 luong yéu cau, 'n' 1a s6 luong may 4o va
'f (n)' 1a do phuc tap cua thuat toan hoi quy. Biét rang do
phirc tap thuc té c6 thé khéc nhau tly thugc vao cac chi tiét
cu thé cua thuat toan hdi quy va ciu tric dir liéu duoc sir
dung.

Thudt todn PDOA duoc d@é xuat ¢ thé duwoc md ta chi tiét
hon Voi cdc budc nhuw sau:

Bwoc 1: Thuat todn du doan deadlock xay ra (PDOA)
s€ thuc hi¢n can bang tai bang cach duy tri va cap nhat lién
tuc thong tin vé trang thai mirc do st dung tai nguyén cua
tat ca cac VM tai bt ky thoi diém nao.

e Bocan bang tai (LB) chua thong tin V& CAC may 40
(VM) va Mirc d6 str dung ciia mdi may 4o. Muc
d6 st dung may ao duoc tinh riéng cho BO NHO
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(RAM), CPU & O CUNG (b0 luu triY), tat ca déu
duoc tinh trén phan tram st dung.

Usage = {RAM, CPU, STORAGE}

o Luc dau, tat ca cac may ao (VM) duoc chd ¥ trong
bang “VMUsageList” voi tat ca cac s6 ligu Str
dung bang 0 “VMUsageList " véi tat ca cac s6 ligu
Mtc do st dung bang 0.

Usage ={0, 0, 0}

. Buéc 2: Bocan bang tai nhan dugc mot Request méi va
can xu ly tac vu twong ung. Tai day, c¢6 thé du doan tai
nguyén tuong ung s& dugc sir dung cho request hign tai.
Thuat toan st dung M6 hinh hai quy tuyén tinh duoc xay
dung dya trén dir li¢u cua cac request trudc do (néu khoi
tao, chdng toi st dung tap dir liéu géc duogc chon tir can
bang tai round-robin trong dam may) dé du doan muc sir
dung tai nguyén tuong tng.

PredictedUsage = {RAM,
STO RAGE}predicted

= Predict(Request)

CPU,

Budéc 3: Bo didu khién lénh trung tam (CCC) truy van
b6 can bang tai PDOA dé phan b tiép theo. Bang cach biét
muc str dung tai nguyén twong ng cho yéu cau hién tai, no
s& dugc cap phat cho VM néu 3 diéu Kién sau dugc dap ting
ddng thoi:

e RAM: PredRAM_UsageRequest + RAMUsageVM
< ThresholdRAM

e CPU: PredCPU_UsageRequest + CPUUsageVM
< ThresholdCPU

e STORAGE: PredSTOR_UsageRequest +
STORUsageVM < ThresholdSTOR

Ngudng RAM dugc dé xuat tr 90% dén 95% tong miic
su dung RAM trong VM. Con sb cu thé s& duoc chon boi
sac manh va cau hinh cia VM cung trung tam dit li¢u cta
n6. Doi véi ngudng CPU, nd cao hon mét chit so voi
ngudng RAM. Chung toi str dung pham vi tir 97% dén 98%
cho ngudng CPU. Ngudng cuoi cung, ngudng LUU TRU
S& tir 96% dén 99%. Néu vi pham mat trong 03 dleu kién,
LB s& tir chi VM nay va can tim VM khac dé cip phat.

Buéc 4: Bo can bang tai PDOA sé& phét hién va giri 1D
méy 4o (VM) tir trén xudng dusi trong bang may 4o dang
su dung. Sau do, tim ra may ao c6 Muc sir dung nhé nhat
va du diéu kién dé tra lai 1D may 4o cho B diéu khién lénh
trung tdm (CCC):

o B diéu khién Iénh trung tam (CCC) s& guri yéuocéu
den may 4o (VM) duoc xéc dinh boi ID d6 dé xur
ly va thong bao cho b¢ can bang tai PDOA vé viéc
phan b d6. Bo can bang tai PDOA s& Cap nhat 1D
may a0 (VM) méi duoc giri va cho yéu cau méi tir
Bo diéu khién lénh trung tam (CCC).

. Trong truong hop, néu bang trong (chua c6 may
4o nao dugc khoi tao). Bo can bang tai PDOA s&
tra vé -1 cho B¢ diéu khién Iénh trung tam (CCC).

e Bodiéu khién Iénh trung tam (CCC) xép hang yéu
cau cho lan cap phat tiép theo.
Budc 5: Trén méy ao (VM), sau khi yéu cau da duoc xir

ly, bo diéu khién trung tdm (CCC) nhan duoc phan hoi. N6
s& thong béo cho bo can bing tai PDOA va bo can bang tai
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s& cap nhat lai bang "vmUsageList" cling nhu danh sach
mirc d6 st dung cua cac may 4o.

Buéc 6: Néu c6 nhiéu request, bo diéu khién trung tam
13p lai Budc 3 va qua trinh nay s& dwoc lap lai cho den khi
tat ca cac request dugc xtur ly on thoa.

V. KET QUA VA BAN LUAN

Trong bai bao nay, ching toi md phong mdi truong dam
may bang cach str dung thu vi¢n CloudSim [30] dugc phat
trién bang ngdn ngix lap trinh JAVA. Bong thoi, ching toi
tich hop thu viégn Weka [31] st dung JAVA trong moi
truong mO phong nay dé sa dung chiic nang
LinearRegression da dugc xay dung.
A. Moéi truong md phang

Moi trudng dam mdy bao gdém 1 Trung tam dir ligu voi
5 may chu chay 5 may a0 va ching t0i tao cac yéu Cau ngau

nhién véi cac yéu cau khéac nhau dé thuc nghiém thuat toan
d¢ xuat PDOA.

Bang 2. Cdu hinh méi truong dam mdy

Ciu hinh trung tim dir liéu
- SO luwong may chu trong trung
tam dir liéu: 5

May chii va may do
Mbi may chu trong Trung
tam dir liéu ¢6 cau hinh nhu

- kién trac: x86 sau:

- Hé didu hanh: Linux - CPU c¢6 4 1561, mbi 15i 1a
- VMM: Xen 1000 mips

- Mti gior +7 GMT - RAM: 16384 (MB)

- Chi phi: 3.0 - B6 luu trir: 1000000 MB

- Chi phi mdi bo nhé: 0.05
- Chi phi moi b6 luu trit: 0.1
- Chi phi mdi bang théng: 0.1

- Bang thong: 10000 MBps

M&i méy 0 c6 chu hinh nhu
sau:

- Kich thudge: 10000 MB

- RAM: 512MB

- Mips: 250

- Bang thong: 1000 Mbps
-Pessb 1

- VMM: Xen

Bdng 3. Bién thién cuia cac request

Chiéu dai Kich thwéc | Kich thuéc PEs
(Kb) tap tin (Kb) dau ra (Kb)
3000~1700 | 5000 ~45000 [ 450 ~750 1

Trong ma nguén mé CloudSim, thuat toan dé xuat duoc
xay dung bang cach tao Iép PDOASchedulingAlgorithm,
16p nay ké thura tur dbi tugng BaseSchedullngAIgorlthm cap
nhat mot sb phuong thicc va thuge tinh lién quan deén
getVMUsage dé tinh toan muc sir dung may 4o va diéu
chinh cac ham tich hop cho phii hop véi thuat toan duoc dé
xuat. Ham predictRequestUsage dung dé du bdo muc d6 su
dung tai nguyén cua Yyéu cég. Ngoai ra, ham
getMostSuitableVM duoc sir dung dé c6 duoc mot may ao
dap tmg 3 diéu kién ngudng dé phan bo yéu cau:

@Override

public void run()

public CondorVM
usagePercentage)

public double getVMUsage (CondorVM vm, int type)

public double predictRequestUsage (Cloudlet req, int type)

getMostSuitableVM (double

Tiéu chi danh gia:

Thir nghiém mo phong dam may véi cac théng sb trén
va chay thuét todn can bang tai ¢6 san cua CloudSim: Round
Robin, MaxMin, MinMin va FCFS. Cai dat cho ching véi
cung dau vao va so sanh cac dau ra. Sir dung cac thdng so
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vé Thai gian phan hoi (trung binh, ti da va tdi thiéu), tong
thoi gian xir ly (Makespan) dé danh gia hiéu ning cua cac
thuat toan. Viéc st dung céac thuat toan Round Robin,
MaxMin, MinMin va FCFS (dén truée phuc vu trude), de
s0 sénh I rit quan trong dé danh gia hiéu qua va hiéu suat
cia Thuat toan PDOA trong dién todn dam may. Mdi thuat
todn nay dai di¢n cho cac chién luoc can bang tai khac nhau
va bang céch so sanh, chung ta ¢ thé hiéu r5 hon v¢é hiéu
suat caa PDOA trong céc tinh huéng khac nhau.

Ngoai 4 thuat toan dugc chon dé so sanh véi PDOA, con
c6 rat nhieu thuat toan can bang tai khac dugc sur dung trong
dién toan ddm may, chang han nhu Weighted Round Robin,
Genetic Algorithm, Ant Colony Optimization, v.v. Chu ta
¢6 thé sir dung mot nhém thuat toan da dang de so sanh gilp
dam bao danh gia toan dién hon vé hiéu suat cuia PDOA.
Viéc so sanh PDOA véi cac thuat toan khac nhau nay sé
gitip xac dinh diém manh va diém yeu ctia PDOA, thé hién
kha nang t6i uu hoa thoi gian phan ho| thoi gian xu ly va
st dung tai nguyen dong thoi 1am noi bat hiéu qua chi phi
tiém nang va do chinh xac ciia mo hinh hdi quy tuyen tinh
dugc sir dung dé dy doan. Bang cach xem xét cac yéu to
nay, cac nha cung cap dich vy dam may c6 thé duara quyet
dinh séng sudt vé viéc ap dung PDOA hoic cai tién no.

Thoi gian phan hdi dugc dy béo ciia cac may o cling
nhu thoi gian phan hoi du bao cia ddm may véi sai s6 cang
nho, hi¢u qua cua thuit toan cang dugc dénh gia cang tot.
Ngoai ra, chi phi thap hon nén k§ thuat cting t5t hon. Chung
toi cung str dung RAE (Sai sb tuyét dbi tuong 601) dé quan
sat va danh gia do chinh xac cua M6 hinh hdi quy tuyén
tinh.

B. Két qua md phong va thuc nghiém

Chung t6i tién hanh thu nghiém mo phong V6103 truong
hop dau vao khac nhau, s6 lwong yéu cau 1a 24, 100 va 997.
Dit liéu dé tao yéu ciu ching toi sir dung Epigenomics [32]
duoc dé Xuat bai
https://github.com/WorkflowSim/WorkflowSim-1.0.

Trlro’ng hgp 1 (Epigenomics_24): Thu nghiém véi 24
yéu cau c6 sin, két qua nam trong Bang 5 va Hinh 12.

Trong truong hop 1, chiing ta cd thé thay rang thuat toén
PDOA c6 vé tot hon mt chit, 6 thoi gian xir Iy trung binh
thap nhat, nhung do s6 lugng yéu cau nho nén su khac biét
giita c4c thuat toan 1a khong dang ké. Thuat toan FCFS Ia
thuat toan ty nhién nén thoi gian xir Iy ludn & muc cao nhit.

Bdng 4. So sanh thoi gian phdn héi ciia cac thudt todn trong trirong hop

Téng thoi gian phdn hoi (Response time)
Truong hopl | Theigiantrung | Theigiantdi | Thei gian téi da
binh (ms) thiéu (ms) (ms)
FCFS 1993.833 0.18 20363.49
MaxMin 1632.78 0.11 12825.62
Round Robin 147461 0.10 9487.84
MinMin 930.43 0.10 6027.47
PDOA 915.34 0.11 4582.72
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25000
m
£ 20000
[}
£ 15000
'_
8 10000
o
&
$ 5000 I I
z [
0 [ | || | - -
FCCS MaxMin  Round MInMin PDOA
Robin

mAvg (ms) ® Max (ms)

Hinh 10 So sanh téng thei gian phan héi cuia cac thugt toan
trong truong hop 1

Trmrng h(rp 2 (Epigenomics_100): Thu nghlem Véi
100 yéu cau c6 san, két qua nam trong Bang 6 va Hinh 13.

Trong truong hop 2, chiing ta co thé thay rang thuat toén
PDOA vuot troi hon vé thoi gian xu ly trung binh, nhung
MaxMin lai co thoi glan xtr ly tdi da thip nhat. Tuy nhién,
do s6 lwong yéu g:au it nén sur khac biét gitra cac thuat toan
la khong déng ké. Thuat toan FCFS la thuat toan tu nhién
nén thoi gian xir Iy lubn & mirc cao nhat.

Bdng 5. So sanh thoi gian phan hoi ciia céc thugt toan trong

Bang 6. So sanh thai gian phan héi ciia cac thugt toan trong
truong hop 3

Trung hop _ 'I'_éng thoi gian phdr_1 h_é‘i (R'e_zsponse tin_]e)_ )
1 Thei gian trung Thei gian tai Thei gian toi
binh (ms) thieu (ms) da (ms)
FCFS 12,927.32 0.13 380,441.42
MaxMin 6,087.25 0.10 74,719.00
Round Robin 6,476.19 0.10 200,066.70
MinMin 6,455.54 0.11 204,196.72
PDOA 5,940.80 0.11 57,559.75
___ 400000
2]
£ 350000
g 300000
}Z 250000
2 200000
S 150000
@ 100000
“ 50000 I
0 | — — — — l
FCCS MaxMin Round MInMin PDOA
Robin

W Avg (ms) ™ Max (ms)
Hinh 12 Biéu do so sénh téng thoi gian phdn hai cia cac thugt
todn trong truong hop 3

Bdng 7. So sanh thoi gian phan héi cia cac thugt toan trong cd
3 truong hop

truong hop 2
Tong thei gian phan hoi (Response time)
Truong hop 2 Thei gian Thoi gian téi | Thoi gian tdi da
trung binh (ms) thieu (ms) (ms)
FCFS 6,352.1466 0.11 139,362.03
MaxMin 7,312.98 0.10 76,327.82
Round Robin 9,766.91 0.25 99,698.84
MinMin 10,158.29 0.11 407,527.17
PDOA 6,659.82 0.12 76,659.82
150000
m
E
3]
£ 100000
'_
3]
@ 50000 I I
o
Q.
3
& 0 - - | || -
FCCS MaxMin  Round  MInMin PDOA
Robin

M Avg (ms) ® Max (ms)

Hinh 11 Biéu do so sénh téng thoi gian phan héi cia cac thugt
todn trong truong hop 2

Truwong h(rp 3 (Eplgenomlcs 997): Thu nghlem Véi
997 dir liéu yéu cau c6 san cia CloudSim va két qua nhu
Hinh 10 va Bang 3:

Trong truong hop 3, ching toi thdy ring PDOA vuot
troi hon ve thoi gian xu 1y trung binh cung nhu thoi gian xu
ly tdi da la thap nhat. Vi s6 luong yéu cau tang 1én, ching
t6i thiy dugc tinh wu viét cua du doan va sic manh xir ly
cua thuat toan du doan. Thuat toan FCFS la thuat toan ty
nhién nén thoi gian xu ly ludn & mc cao nhat.
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Tong thoi gian xi Iy (Execution time in ms)
Epigenomics Epigenomics Epigenomics
24 100 997
FCFS 23,155 146,129 2,719,720
MaxMin 14,546 170,876 1,236,725
Round Robin 11,055 157,786 692,308
MinMin 7,593 414,381 1,303,421
PDOA 6,297 152,507 1,206,652
3.000.000
m
£ 2.500.000
[}
£ 2.000.000
c
2 1.500.000
3
¢ 1.000.000
°
©
£ 500.000
[
24 100 997
S8 luwgng yéu cau (Request)
e FCCS e MaxMin
Round Robin MInMin
e PDOA

Hinh 13 Biéu do so sénh téng thoi gian thuc hién cia cac thugt
toan trong 3 #ruong hop
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Qua cac thi nghiém md phong, thuat toan PDOA c6 két
qua tot hon mot chat so véi cac thuat toan dién hinh trong

mot s6 truong hop di li¢u dau vao. N6 khdng hé thua
kém so vai cac thuat toan c6 sin vé thoi gian phan hdi, tong
thoi gian xt Iy cling ludn it hon cac ki thuét khéac.

Pinh gia Mé hinh hdi quy tuyén tinh trong PDOA
Bdang 8. So sdnh RAE cua PDOA trong ca 3 truong hop

Sai s6 RAE
Trwong
Truong hep 1 Truong hep 2 hop 3
(24 request) (100 request) (997
request)
CPU 0.565217 0.489868 0.324261
BO NHO (RAM) 0.148717 0.286780 0.310741
BO LUU TRU 0.002531 0.006759 0.495361

Dé danh gid do chinh xac cia M6 hinh héi quy tuyén
tinh str dung trong PDOA, chung t6i sir dung sai so tuyét
db6i tuong doi (RAE) dé xem xét mirc do chinh xéc cho bo
can bang tai sir dung PDOA. Bang 9 cho thay, RAE xau
nhét va tot nhat trong du bao mirc do sir dung CPU déu xay
ra ¢ truong hop 1. Chung ta c6 the thay rang, RAE c0 thé
chap nhan doi véi thuc nghi¢m nay, nhung trong cac truong
hop nhin chung chua tét do sy bién thién cua céc request.
Chung ta c6 thé cap nhat va thay déi bo dit liéu lich st cho
phl hop, dé du bao chinh xéac hon.

VI. KET LUAN

Trong bai bao nay, ching téi tap trung vao nghlen ctu
vé deadlock va tranh deadlock bang cach sir dung céc thuat
toan du bao dé ngan chan sy xuat hién cua deadlock, nham
dam bao cloud ludn & trang thai an toan. Tir d6, bo can bang
tai co thé phén bo cac tac vu cho may 4o phu hgp ma khong
bi deadlock trong moi trrong dién todn ddm may. Nho vao
cac thuat toan hi¢n nay va cac nghién ctu truéce day, bai
nghién ctu nay da co thé phén tich van dé vé deadlock t6t
hon. Chung t6i ciing c6 thé nhan ra nhung nhuge dlem va
wu diém cua ting thuat toan, tir nhitng van dé con ton tai
trong nghlen ctru da phan tich, dé xuat mot thuat toan dé
cai thién can bang tai trén dam may PDOA. Qua trinh
nghién ciru da dat duoc cdc muc tiéu sau:

a.  Nhin chung, chiing t6i da xem xét van dé chinh va
c4cC vén dé vé deadlock va deadlock trong mdi truong dam
may, dac bi¢t la cach tiép can deadlock trong ky thuat Can
bang tai trong Dién toan ddm may.

b. Dé xuat mot cach tiép can deadlock trong cin
bang tai trén moi truong dam may: Thuat toan PDOA. Két
qua cia PDOA dugc dé xuat dap ing cac myc tiéu mong
doi nhu cai thién thoi glan phan hoi, tai _nguyeén su dung
hi¢u qud hon va cac may a0 manh hon dé xtr ly nhiéu yéu
cau hon. Ngoai ra, thuat toan con glup cai thién hiéu qua
can bang tai. Trong thyuc nghi¢m md phong cho thdy PDOA
t6t hon cac thuat toan pho bién hién nay 1a Round Robin,
MaxMin, MinMin va thuét toan ty nhién FCFS. Thuat toan
PDOA Ia huéng phat trién rat tiem nang dé cai thién can
bang tai trén dam may, ching ta c6 thé ap dung thuat toan
nay trong moi truong thyuc té va dam may vat ly.

Tuy nhién, bai nghién ctru ciing ¢6 mot s6 han ché:
nghién cau van chua duoc ing dung trén dam may vat ly.
Thoi gian phan hoi va thoi gian xtr 1y da duoc cai thign, tuy
nhién chua nhiéu. Dé cai thién nghién clru décothé 4 ap dung
duoc nhiéu ki thuat dy bdo hon nira va ti uu hoa cac thong
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s6, bo dit liéu huan luyén cho thuat toan dugc dé xuét. Quan
trong nhat, phai ap dung tat ca cac ky thuat d6 trong ting
dung thuc t€ ma khong chi la méi trueong mé phong.
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Chung t6i xin gri loi cam on sau S4C tGi cac co sO: Hoc
vi¢n Cong ngh¢ Buru chinh Vién thong co s¢ Thanh pho HO
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PDOA: PREDICTING DEADLOCK TO IMPROVE
LOAD BALANCING ON CLOUD COMPUTING

Abstract: In the realm of Information Technology,
cloud computing has become an indispensable solution for
numerous internet-related challenges, catering to user
demands effectively. However, the escalating global
adoption of Cloud Computing, coupled with an increasing
user base, can result in congestion at specific nodes, leading
to imbalanced loads and potential system deadlocks.
Addressing this issue, our paper introduces a novel
algorithm, PDOA (Prediction of Deadlock Occurrence
Algorithm), designed for the cloud environment's load
balancer. PDOA harnesses the power of Machine Learning
and prediction techniques, with a particular focus on the
efficacy of the Linear Regression Model. By leveraging
predictive capabilities, our algorithm can anticipate
deadlock occurrences in Virtual Machines (VMs). This
predictive insight allows us to strategically allocate
available resources to fulfill all requests efficiently. To
evaluate the effectiveness of PDOA, we implemented and
tested the algorithm within the CloudSim simulation
environment, incorporating the Weka library for Machine
Learning techniques. Through comparative analysis with
well-known algorithms like FCFS, RoundRobin, MaxMin,
and MinMin, we found that PDOA outperforms these
widely used alternatives, demonstrating its superiority in
handling the challenges faced in modern cloud computing
scenarios.

Keywords: Cloud Computing, Load Balancing,
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