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Nguyén Xuén Phi, Lé Ngoc Hiéu, Tran Céng Hing

THUAT TOAN CAN BANG TAI NHAM GIAM
THO' GIAN DAP (P'NG DUA VAO NGU'ONG
THO' GIAN TREN DIEN TOAN PAM MAY

Nguyén Xuén Phi’, L& Ngoc Hiéu", Trin Céng Hung*
* Hoc Vién Cong Nghé Buu Chinh Vidn Thong Co Sé Thanh Phé Hb Chi Minh

Abstract: Nham ndng cao higu sudt Phuc vy ciia cdc dich vu
dién toan dam may thi viéc qudn Iy higu qua tdi nguyen dlen toan
bao gom: Pphén b6 tai nguyén, dap ing tai nguyén, két ndi 1i tai
nguyén, khim pha tai nguyén chua sir dung, dnh xg cic tai
nguyén tuong vmg, mé hinh héa tai nguyén, cung cap tdi nguyén
va ldp ké hoach sit dung cdc tai nguyén, la cdc vin dé cdp bach.
Trong do, vzec lgp ké hoach cho viéc sit dung tai nguyén -dya
trén cac két néi theo thoi gian, nhw thoi gian ddp timg cia dich
vu ld vt quan tr ong. Tir viéc nghién ciru thoi gian dép img cé
thé dwa ra gidi phép cho viéc phén bo, cn bang tdi ciia cdc tdi
nguyén mot cach hiéu qua Ddy la mot trong nhitng hudng
nghién citu con nhiéu trzen vong giup cho cong nghé dim may
ngdy mdt hodn thién va tién b hon. Vi vdy, bai bdo ndy dé xudt
mot thudt todn cin bang tdi nham gidm thoi gian ddp img trén
dién todn dam mdy, y tudng chinh la sir dung thudt todn dy bdo
ARIMA dé dy béo thoi gian ddp vmg, tir d6 dwa ra cdch gidi
quyét phén phéi tai nguyén hiéu qud dywa vao gia tri ngudng thoi
gian.

Keywords: Can bang tai, dién toan dam may, thoi gian dép
tmg, thoi gian dép g dy b4o...

I. GIOITHIEU

Dién todn dam mdy gitip ching ta chia sé dif lidu va cung cép
them nhiéu tai nguyén cho nguoi ding. Nguoi ding chi can tra
tién cho nhing gi ho sir dung. Vi vay, dién todn ddm may lwu trit
dir liéu va phan phdi tai nguyén trong mot méi trudng mo.
Luong dir liéu dwgc hru trir trong ddm méy dang gia tang nhanh
chong trén méi trudng mé ndy. Do d6, cin bang tai 1a thach thirc
16n nhét d6i véi dién todn d4m may. Can bang tai gitip phan phdi
tii théng qua cic nit mang & dam bao ring khong c6 nit ndo b
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qua tai. Pidu nay tbi wru hoéa céc tai nguyen céi thién hiéu nang
h¢ théng. Nhiu thuat toan d3 dwgc dé xult dé can béng tii va tbi
uu hoéa tai nguyén. C6 nhidu loai tai dugc st dung trén dién todn
d4m may nhu: bd nh6, CPU va tai trén mang. Can be"mg tai duoc
coi 1a mdt qué trinh tim ra céc nit mang qué tii va do d6 chuyén
sang cc nut khac dang tai it hoac khong tai. Trong méi truong
dam may [1], can béng tii yéu chu phén b lai tht ¢ cac tai dang
hoat dong glua tht ¢4 cac nit, cin bang tii cho phep dam miy dat
duge phan bd nguon lyc tot nhat, linh hoat, ¢6 thé m& rong dé
tranh tic nghén nhim cai thién ning suit va t6i da hoa viée st
dung dam ndy. Mot van d& quan trong khac khi xdy dung thudt

"todn cAn bang t4i 1a lya chon céc.nit. trong d6 c6 cac loai tai khac

nhau (mirc d6 sir dung CPU, dung luong bg nhé, thong luong) aé
tong hop tinh todn ta1 tong thé. Mot trong nhiing biéu hién r5
nhét 13 dit liéu web, néu khong c6 cin bing tai, ngudi dung truy
cap mdy chi web s& gip s co qua tai, dit liu téi xudng chim,
thoi gian cho hodc thoi gian dép (g dai.

Phuong phép lam giam thoi gian dp cta dich vu d4m may khi
nguoi ding truy cdp vao dich vu nhim tim chién lugc tit kiém
tai nguyén dién todn va tang chét hrong dich vu cho ngudi dung,
diéu ndy dnh hudng tryc tiép dén hoat dong kinh doanh ciia nha
cung cap dich vu.

Chinh vi vdy bai bdo niy @& xult mot phuong phdp nhim
glam thoi glan dap ng trén dién toan dam mdy. Bai bdo bao
gbm cac phan sau: Phan 1, -Gi6i thigu; Phin 2, Céng trinh lién
quan; Phén 3, D& xuét thujt toan; Phén 4, Két qui md phong;
Phén 5, Két lugn

II. CONG TRINH LIEN QUAN

Vao ndm 2016, Syed Hamid Hussain Madni [2] d4 nghién ctru
va danh gia cac ky thuat phén ph01 tai nguyén trén moi truong
cloud Bii béo ndy ciing chi ra tim quan trong cia viée phan bd
ngudn tai nguyén trén ddm may, pha1 c6 chinh sach phn bb tai
nguyén, chién hroc va thudt to4n nhim phén phéi va chuyen cac
ngudn tai nguyén nhim hé trg t5t nhit cho ca nha cung cép lan
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ngudi ding. Theo i liéu [3], tAe gia & dua ra mot giai phap tiép

can c4n bang tai 1dm viéc dyra trén c4c tiéu chi vé QoS. Bai bao

ndy tac gid dd si dung thuat todn Load Balanced Resource
‘Scheduling (LBRS) d& néing cao chét lrong phuc vu trén Cloud.
Trong d6 thoi gian dap l'r,ng (Th(“ri gi'fln giri c4c yéu cau va doi tra
161 trong hang doi cho dén khi lan dau st dung CPU) duge duge
xem xét tdi khi xdy dyng thuat ton phan bd c4c request.

Téc gid Agraj Sharma [4], dua ra gidi thut vé cAn bang tii
dua vio thoi gian dap tmg. Ttic gia dua ra giai thudt giam tai
dua trén thoi gian dp fmg cla server, tir d6 dura ra quyét dinh
yéu ciu tiép theo s& dugc xir 1y bdi server ndo (VMs nio). Két
qué thyc nghigm cho thdy m hinh d& xudt 13 phuong phép cdn
bang tii dong tw nhién, xem xét toi cac d4p tmg hién thoi va cac
bién ctia nd d_é quyét dinh phén bd cic yéu cdu méi.

Tic gia Atyaf Dhari [5] d4 dé xut thuat toan lap lich LDAB
dé dat dugc cn bang tai vi QoS. Thut to4n d& xult di gidm
thoi gian ddp Umg. Thudt todn dugc so sanh v6i MaxMin,
Shortest Job Firstand Round Robin. Két qua ctia LBDA hiéu qua
hon céc thut todn ndy. Céc tac gia trong thuit todn precentation
(6], dé giam thoi g1an dap ung va thdi gian dap tmg. Trong bai
viét, cdc thc gia da d& xuét thudt tosn TMA dé gidm thoi gian
phén tmg trén dién todn d4m may dya trén viéc stra dbi Thuat
toan Throttled. Ho d& mé phéng thujt toan dugc dé xuit bing
cong cu mb phong CloudAnalyts va thuat todn ndy d3 cai thién
thoi gian dép tmg va thoi gian xir 1y cua trung tAm dit lidu dam
may.

Thoi gian dap tmg trén dién ton d4m may rit quan tim dén
[9] [10], [11], [12], [13], [14]. V&i kha ndng st dung va hieu
suat nhu vy, dién todn ddm may da trg thanh mét xu hudng tht
yéu. Trong twong lai, sy gla ting vé s6 lwong ngudi dung dam
may yéu cau cac nha cung cap dich vu phal d4p tmg nhu cau cia
nguoi dung v6i thoi gian d4p tmg t5i thidu. Do d6, cac phuong
phap can bang tai trong dién toan dam may ngdy cang dugc phat
trién, khi s6 lwong méy chii hodc cAu hinh may chi ting chi 1a
phuong phap tam thoi. Sir dung hiéu qué tai nguyén trén "dam
may" 13 diéu cn thiét. bay cung 12 mot thach thuc 16n trong linh
v dién toan d4m may. D& dép tmg cc yéu cu trén, viée thiét
13p mt thuat todn cin bang tii hiéu qua va céch sit dyng tai
nguven mdt cich hop 1y 1a myc tiéu ma dién toin d4m may
mubn dat dugc

III. PEXUAT THUAT TOAN

Chung t6i dé& xuét mot thuat to4n cin bing tai dé giam thoi
gian dép {mg trén dién todn d4m may dira vao thudt toan dy bdo
ARIMA (1] dé dy béo thoi gian dép tng, gitip phan bd hiéu qua
_ c&c yéu cau.

1. Mb hinh nghién ciru
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Yéu cau

B0 cén bang t4i sir dung thujt
toan ARIMA

e

Hinh 1. M6 hinh cén bang t4i sir dung thut todn ARIMA

Trong mé hinh nghién ciru thi bd cAn bing tii s& chay thujt
toan can bang ti nhwr Hinh 1, bd cn bang tai c6 danh sach cac
may 40 va céc dich vu ma cloud cung cip. B¢ can bang tai biét
true cic dich vu chay trén may 4o ndo va c6 thé phén b6 dich
vu mdi trén mt may 4o méi theo yéu ciu. Trong mb hinh ndy,
st dung mot tham s6 duogc goi I ngudng thoi gian, dya vao
ngudng ndy, ma biét truéc duge thoi gian dap tmg tiép theo.
Diéu kién 13 méay 4o c6 thoi gian dap tmg dy doén nhd hon
ngudng dugc tinh todn tir thuft todn ARIMA [15], va viéc dbi xu
v6i céc mdy 4o 13 nhu nhau trong viée phan bd cc yéu ciu. Néu
khong c6 méiy 4o nao trong tp may do dang xét théa man didu
kién ngudng, thi s& phin bd yéu ciu t6i cic tip méy 4o khac ké
txep May 4o c6 thoi gian dap tmg trung binh va dy doén thép
nhit s& dugc chon dé xit 1y yéu ciu tiép theo. Néu khéng c6 may
40 ndo thoa diéu kién ngudng thi ta c6 thé xir 1y nhu sau:

+ Néu c6 mAy 4o khong tai, hodc tAp méy a0 khong tii, c6 thé
str dung céc méay ndy dé xur Iy céc yéu cu, va tat nhién phai thoa
ngudng.

+ Neu khong c6 may 4o khong tai, hodc t8p may 4o khong tai,
hodc tAt ca déu khong thoa man ngudng thi ta s& phan bd d1ch vu

dang chay d6 t6i may 4o c6 thoi gian dap (mg dy dodn gin véi
ngudng nhét.

M hinh nay 1a md phéng thuft toan mot cach tu nhién, va 1én
ké hoach cho cdc yéu chu tiép theo nhim khéng bi mét cin bing
tai. Theo thut toan nay s€ gidm dugc cac tai lién lac gifra méay
40 v& chc ngudn tai nguyén hién ¢4, vi viy gidm duoc bang
thong va thong lugng khong cén thiét, ting phuc vu cho yéu cdu
nguoi ding,

2. Thudgt todan ARIMA

Theo [15], ARIMA 1a thuit to4n dua trén théng ke, 1a thuit
todn ty hoi quy tich hop trung binh trugt (Auto Regression
Integrated Moving Average), dugc phat trién tir md hinh hdi quy
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ARMA (Auto Regresswn Movmg Avera). Day la mo hmh phat
trién dua trén so lidu chudi thoi gian da biét va du béo 56 lidu
trong twong lai gin. Dit ligu thoi gian thyc hay chudi thoi gian 13
mot chudi cic gid tri clia mot dai lwgng nao d6 dugc ghi nhén 13
thoi gian. Bét ctr dit liu chudi thdi gian ndo ciing duge tao ra
bing mot qué trinh ngAu nhién. Céc gia tri cia chudi thoi gian
cta dai lwong X duoc ki higu 13 X1, X2, X3,...,Xt,..., Xn véi X
1a gi4 tri ctia X tai thoi diém t.

Viéc x4c dinh md hinh ARIMA (hay con goi 1a phuong phap
Box-Jenkin) tirc 12 xéc dinh p, d, q trong ARIMA(p,d,q), Do md
hinh Box-Jenkins chi md t4 chui dimg hodc nhitng chudi da sai
phén hoa, nén mé hinh ARIMA(p,d,q) thé hién nhiing chubi dir
litu khong dimg, d4 dugc sai phan (¢ ddy, d chi mic d9 sai
phén).

Theo [16], phuong phdp Box — Jenkins bao gbm céc budc
chung:

Quy trinh dy béo bing mb hinh Arima
- X4c nh4n md hinh thir nghiém: Trudc ti€n, chung ta cin nhin
dang m6 hinh thir nghiém. Trong d6: d 13 bac tich hop va p,q s&
dwoc xac dinh bing mdt ham s6 chuyén dung, goi 1a Correlogram.
MBb hinh Arima c6 thé trinh bay theo cic dang khéc nhau. Phuong
phap x4c dinh mé hinh thuong dugc cac nha nghién ciu thye hién
qua nghién ciru chidu hudng bién dbi cia ham twong quan todn
phan hay mot phan
Uéc lugng tham s6: M hinh Arima c6.2 dang 1a ARMA(p,q) va
Arima (p d ,q). V6i dang ARMA(p,q)-s& c6 d =0, vi thé ta c6 thé
b1en d01 vé dang Arima (p,0,q). Trong qué trinh wéc lugng tham
s, ta cAn luu y dén cach x4c dinh p q trong md hinh Arima. pé
xc dinh hai s lidu nay, ngudi ta s€ sir dung « db thi Correlogram.
Cu the p s€ 1a béc clia @ thi AR. Xét tir d9 tré dAu tién, thanh ndo
nim ngoal duong g101 han va sau d§ glam mdt cach déng ké sau
mot d0 tré thi hé so tu twong quan riéng phan do lap. Tuong tw, q
s 1a bic cua MA. De wéc luong tham sb, ta can uée lugng khoi
dAu cho céc tham so a0, al, ..., ap, b, ..., bq cia mo hinh dy dinh
ban du. Sau d6 dva trén nhiing tham sé da wdc lwgng, xdy dung
nhu'ng udc lugng sau cung thdng qua mdt qué trinh 1ap
Kiém dinh bing chudn doan: Sau khi cic tham so ciia md hinh
tdng quat d3 dwgc xdy dung, ngudi ta s& kiém tra mitc 6 chinh
Xac va sy phu hop cia mé hinh v6i dir ligu d lap. Hay xem xét
phén sai s c6 phai ngau nhién thuln tiy khong? Néu c6 thi md
hinh @6 thoa man, néu khong thi ta s& phéi thyc hién lai cc bude
trén.

- Dy bao: O budc cubi cling niy, khi md hinh ph hop véi dit liéu

d4 tim duorc, ta sé thuc hién dy béo tai thoi diém tiép theo.
3. Dé xuit gidi thudt
Dua vao dir liéu da co vé chudi thoi gian ciia thoi gian dap

ung (Response Time), ching t6i st dung thuat toan ARIMA aé
du bao thoi gian dép tmg tiép theo, tir d6 biét cich phén b6 tai
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nguyén cho céc request tiép theo. Thuat todn d& xuét gom 3
module nhu sau:

o Module 1: Tinh todn ngwdng bang thudt todn ARIMA:

Trong module nay, ngudng chinh 13 thoi gian dap ung dy béo
clia Cloud, s& dugc tinh to4n bing thoi gian dap tmg du béo bang
thuat todn ARIMA, va s€ tang hodc giam tuy theo thoi gian dap
mg theo dit liéu chudi thoi gian. Ngudng méi chinh 13 thoi gian
d4p (g dy doén xét trong tdp cdc VM dang xét trong vong 100
request gém nhit.

Ngudng méi = TNew = ARIMA(RT1, RT2,..., RT100)
Trong 6 RTi = 1a chudi thoi gian dap tmg ghi lai dwoc cia cloud
(chi xét trong vong 100 Request gin nhét).

o Module 2: du béo thoi gian ddp tmg tiép theo cho timg mdy
do:

Trong module nay s& st dung thudt toin ARIMA dé dy bio
thdi gian dép tmg tiép theo ciia cdc may do. Viéc dy dodn thoi
gian dép ung tip theo dya vao dir lidu chudi thoi gian dép tng
trong 50 request gin nhét ctia may do dang xét thong qua ham
getPredictedRT(). Module nay ddng thoi cung chp ham tinh todn
ra gid tri dg doan gin nhét ciia cic VM so véi ngudng dua vao
théng qua him AllocateRequestToVM(VM, Request);

PRTi = Prediected Response Time = Thoi gian dép tmg du doén
clia may 4o i.
o Module 3: phin bé cdc dich vu (chon mdy do)

Module ndy ¢6 nhiém vy phn bd cic yeu chu dén cac may
20 dat duoc diéu kién ngudng thoi gian. Néu mét yéu cu duge
gt t61 VM dang xét va VM nay khong tai, thi yéu cu ndy s&
dugc chuyen t6i tryc tiép VM ny, va ldy dugc gid tri thoi gian
dap {mg. Néu thoi gian dép dmg dy doén cia VM dang xét (dugc
tinh toan tir module 2) nhé hon thoi g1an dép tmg tiép theo ctia
cloud (tinh toén tir module 1) thi yéu cu nay s& duoc xir 1y trén
VM ndy. Ngugc lai, khong c6 VM ndo théa didu kién ngudng
(thoi gian dép ung dy doan cia VM khong nhoé hon thoi gian dap
tng du doan ctia cloud) thi yeu cAu s& dugc phan b vio may do
¢6 dy béo gn véi ngudng nhét.

Viée khdi tao ngudng: ban d4u do chwa cé dit liéu thoi gian, nén
ta 4y ngudmg bang thori gian dép mg cia request dAu tién.

Khéi tao ngudng: Tinitial = RT1

Céc budc cia thuét ton:
o For each Request in CloudRequests
e  Tnew = ARIMA(RTi); // Module I
e isLocated = false;

o  Foreach VM in VMList
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° VIf VM.getPredictedRT() < Tnew

o AllocdteRequestT oVM(VM, Request);// Module 3
o isLocatéd = frue;

o EndIf

e  EndFor

o If(lisLocated)

° VM = VMList.getMinDistance(Tnew),//-Module 2
° AllocateRequestToVM(VM, Request);

o Endlf

End For

Trong d6, ngudng dugc tinh todn chinh 1a thoi gian dap tng
16n nhit xét trong tap cac VM tuy nhién s& hiéu chinh mot sb
thay ddi, hodc dua vao cic hé sb va tham sb, tiy thudc vio két
qua thye nghiém.

IV. KET QUA MO PHONG

Gié lap mo6i truong cloud st dyng bd thw vién CloudSim va
18p trinh trén ngén ngit JAVA; Méi truong gia 18p cloud 14 tir 3
dén 10 méy 4o, vA tao moi trudmg request nghu nhién t6i cac dich
vu trén cloud nay. Bao gém dich vu cung cép may ao, dich vu
cung cap va dap tmg ngudi ding cia cloudSim dé thir nghiém.
Cai djt thuat tosn ARIMA trén méi truong mé phong, va kiém
nghiém ra két qua. Tuong tu, cai dét thudt toan clia tac gia [4], va
so sanh két qua dat dugc gifta 2 thuft toan. Thuc nghiém mod
phéng thujt toan d& xuat dugc cai dit trén ngdn ngit JAVA va si
dung NETBEAN IDE dé chay thir va hién thi két qua bang STS
IDE véi framework SPRING BOOT. Mai trudong gia lap v6i bd
thu vién mi nguon mé CloudSim 4.0 (dwgc cung clp boi
http://www.cloudbus.org/).

- M@i truong mo phong gdm 1 Data center c6 céc thong
s0 sau (Bang 1)

- Céac Request dugc dai dién boi Cloudlet trong cloudSim
va kich thudc cta cac Cloudlet duge khoi tao mot cac

ngdu nhién bang ham random cta JAVA. S§ luong
Cloudlet lan lugt 1a 100 - 1000 (Bang 2)

BANG 1. THONG SO DATACENTER

Datacenter

Host
- 86 lugng mdy (host) | M&i host trong Datacenter
trong datacenter: 5 c6 cau hinh nhu sau:

- CPU ¢ 4 nhan, m&i nhan
co toe dd xir 1y 1a 1000
(mips)

- Khong str dung Storage
(céc 6 SAN)
- Kién tric(arch): x86
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- Hé difu hanh (OS): | - Ram: 16384 (MB)

Linux - Storage: 1000000
- Xt Iy (VMM): Xen - Bandwidth: 10000
- TimeZone: +7 GMT - :

-Cost: 3.0

- Cost per Memory: 0.05
- Cost per Storage: 0.1
- Cost per . Bandwidth:

0.1
] BANG 2. THONG SO CAC REQUEST
Chiéudai | Kichthwée | Kich thuéc file S6 CPU
(Length) | file xuat ra xir ly
(File Size) (Output Size) (PEs)
3000 ~
g 5000 ~ 45000 | 450 ~ 750 1

Thuit toin d& xuét dugc xdy dung bing cich tao 16p
ArimaDatacenterBroker, ké thira tir di tugng DatacenterBroker,
cp nhit mdt s6 phwong thirc va thudc tinh lién quan dén
PredictedResponseTime v diéu chinh cc ham dyng sin dé khop
v6i thudt todn duge d& xuét:

processResourceCharacteristics (SimEvent ev)
createVmsInDatacenter (int datacenterld)
processVmCreate (SimEvent ev)
processCloudletReturn (SimEvent ev)

. Thir nghiém d4m may véi c4c tham s6 trén va chay thuat toan
can bang tai CloudSim, va chay thuét todn duorc dé xut, cling
mét dAu vao, so sénh diu ra, ddc biét 13 tham sb thoi gian dap
tmg. Thoi gian dap tmg dy doan clia VM ciing nhu thoi gian dép
{mg dy doén clia d4m méy vdi 13i thip hon 1 hidu sult cta thuat
toan cang tbt.

1. Két qua mé phéng

Mb phéng két qua trén CloudSim twong tmg véi truong hop
3,4 vi 5 VM dugc xdy dung dé dép ng cac yéu cau, yéu cau
dugc khéi tao véi d dai va kich thuée ngdu nhién, cac yéu ciu
14 100, 200, ... dén 900. Thoi gian dap tmg dy doan duoc hién thi
trong Hinh 2, Hinh 3 va Hinh 4:

TAP CHI KHOA HOC CONG NGHE THONG TIN VA TRUYEN THONG 46




Nguyén Xuén Phi, Lé Ngoc Hiéu, Trén Céng Hing

35000

30000

25000 -

20000

Time (ms}

15000 §ro
0000 ;-

000 oo

P00 a0 T30 | oa0 ] s 7 oo | 700 | a0 © 00 |
VA0 W91 G736 10087 | 1SS0 | G674 | Z0mas . 23712 | 2531 | 2849l
avML 3162 6499 | 9752 | 13213 | 17094 | 20238 | 23719 | 26894 . 30649
VAR 368 | 6L 9925 | 13327 | 16%05 | 19781 - 23078 | 26084 . 30055
laThiehold 392 | G890 . 10084 1547 | U065 0wl | 23712 2w 30849

Hinh 2. Thoi gian dap tng du bao trong truong hop 3 VMs
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Hinh 3. Thoi gian dap tmg du bao trong trudng hop 4 VMs
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Hinh 4. Thoi gian dap tng dy béo trong trudng hop 5
VMs

2. Dinh gid thuit todn

Biing cach so sanh thoi gian d4p tmg dy doan clia cic méay 4o
v6i ngudng tinh toan (d6i voi trwong hop 3 may do, 4 may o va
5 may 40), ching ta c6 thé thiy ring kh4 ning phan phéi yéu ciu
clia thuat toan kh4 6n dinh, thoi gian dép tmg khong qué khac
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v6i du bao cia dam mdy thoi gian (nghia 14 ngudng). Ching ta
c6 thé thy 1i dy doan thip cla thudt ton ARIMA, lim cho n6
phén bd cic yéu ciu twong tmg véi cdc may 40 mot cach higu
qué nhét.

Thir nghiém nay chi 1d mft md phong ctia mot nhom may éo,
chura ké dén viéc mé rong nhom méy 4o d& giam tai trong truomg
hop can thiét, gia sir s6 lwong yéu cu may chu 4o tbi da, néu n6
vuot qua hd boi méi duge mé rong. Tuy nhién, cac thi nghiém
md phong véi yéu cu 16n hon 1000 yéu chu doi hoi may tinh
manh hon va bd xir 1y tt hon, vi viy day I3 gi6i han ciia thir
nghiém mod phong nay.

V. KETLUAN

Mot thudt toan mdi cho cin bang tai trén d4m may béng céch
str dung md hinh dy doan thdi gian dap img tiép theo di dugc dé
xuét va thir nghiém mé phéng véi mot mé hinh nhd. Thudt ton
dugc d& xult sir dung thuat todn ARIMA dé can bing tii dwa
trén thoi gian phan hdi. Dic bidt, thdi gian phan hdi duoc du
doan chinh xac hon, hiéu qua thuit toan cang cao. Thudt todn
ndy thudng tiép can va phat trién ¥ tuéng vé& du bdo va xit Iy
chudi thoi gian, thudng 13 thuat toAn ARIMA. Do 6, thust toan
@& xudt c6 mot phuong phap kha méi trong cén bing tii trong
mdi trrong ddm may, trong khi dat dwoc mdt s§ két qua md
phong kha tich cuc, cho théy hudng phét trién t5t ctia thudt todn.

Su phét tridn ctia thuft todn duoc d xudt 1 phép do va hiéu
chuén chinh x4c hon thoi gian dir b4o bang céch két hop ARIMA
v6i hoc may, hoc khong gi4m sat hojc gidm sat bing cach dt
thoi gian cao diém hodc diém thip ctia d4m may. S phét trién
clia céc thudt toan tot hon va md phéng thir nghiém siu hon,
nhiéu hon trén m4y tinh 13 md phong quy mé 16n, manh mé hon.

Ngoai ra, viéc thiét 1ap cac thuat todn trén méi trudng d4m
méy thue té s& cho phép chiing toi nghién ctru siu hon va chi tiét
hon, vi méi trudng ddm mdy thyc t& s& tao ra cic vin dé lién
quan dén thoi gian phan hdi, do d6 diéu chinh hop 1y va hiéu qua
hon.
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