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Abstract: Nham nang cao hiéu sudt phuc vu cua cac dich vu
dién toan dam mdy thi viéc quadn ly hiéu qua tai nguyén dién toan
bao gom: phén bé tai nguyén, dap ing tai nguyén, két néi téi tai
nguyén, kham pha tai nguyén chuwa s dung, dnh xq cdc tai
nguyén twong vmg, mé hinh héa tdi nguyén, cung cdp tai nguyén
va ldp ké hoach sit dung cdc tai nguyén, la cdc vin dé cdp bach.
Trong do, viéc lap ké hoach cho viéc sir dung tai nguyén duwa
trén cdc két néi theo thoi gian, nhw thoi gian dap vmg cia dich
vu la rdt quan trong. Tir viéc nghién cieu thoi gian dép iimg cé
thé dwea ra giai phdp cho viéc phdn bo, cdn bang tdi ciia cdc tdi
nguyén mot cdach hiéu qua. Bady la mot trong nhitng hudng
nghién ciru con nhiéu trlen vong giup cho cong nghé dam mdy
ngdy mot hoan thién va tién bg hon. Vi vdy, bai bdo nay dé xudt
mot thudt todn cin bang tai nham giam thoi gian ddp img trén
dién toan dam may, y tuong chinh la sir dung thudt toan dw bdo
ARIMA @é dy bdo thoi gian déap img, tir d6 dwa ra cdch gidi
quyét phdn phoi tai nguyén hiéu qua dia vao gid tri nguéng thoi
gian.

Keywords: Céan bang tai, dién toan dam mdy, thoi gian dép
ung, thoi gian dap tng du bao...

I. GIOI THIEU

Dién toan ddm mAy gitp chung ta chia sé¢ dir liéu va cung cip
thém nhiéu tai nguyén cho nguoi ding. Nguoi ding chi can tra
tién cho nhitng gi ho sir dung. Vi vay, dién toan dam may luu tri
dir liéu va phan phdi tai nguyén trong mot moi trudng mo.
Luong dir liéu duoc luu trir trong ddm may dang gia ting nhanh
chong trén méi trudng mé nay. Do d6, can bang tai 1a thach thic
I6n nhat ddi voi dién toan dam may. Can bang tai giup phan phdi
tai thong qua cac nit mang dé dam bao rang khong ¢ nit nao bi
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qué tai. Didu nay toi wu hoa cac tai nguyén, cai thién hi¢u ning
hé thong. Nhiéu thuat toan da duoc dé xut dé can bang tai va tdi
uu hoa tai nguyén. Cé nhiéu loai tai duoc sir dung trén dién toan
dam may nhu: bo nhd, CPU va tai trén mang. Can bé‘mg tai dugc
coi 1a mot qué trinh tim ra cac nlt mang qué tai va do d6 chuyén
sang cac nut khac dang tai it hoéc khong tai. Trong moi truong
d4am may [1], can bang tai yéu cau phan bd lai tt ca cac tai dang
hoat dong glua tat ca céc niit, can bang tai cho phep dam may dat
duoc phan bd nguon luc tot nhét, linh hoat, c6 thé mo rong dé
tranh tic nghén nhim cai thién nang suét va tdi da hoa viée st
dung dam mdy. Mot van dé quan trong khac khi xay dung thuat
toan can béng tai la lua chon cac nut trong d6 c6 cac loai tai khac
nhau (mirc d6 st dung CPU, dung lugng bo nhé, théng luong) dé
téng hop tinh toan téi tong thé. Mot trong nhitng biéu hién rd
nhét 1a dir liéu web, néu khong ¢6 can bang tai, ngudi dung truy
cap may chu web s& gép sy cO qua tai, dir liéu tai xuong cham,
thoi gian cho hoac thoi gian dap ung dai.

Phuong phap 1am giam thoi gian dap cua dich vy ddm may khi
nguoi dung truy cép vao dich vu nhim tim chién luoc tiét kiém
tai nguyén dién toan va tang chat lwong dich vu cho ngudi ding,
diéu nay anh hudng truc tiép dén hoat dong kinh doanh ciia nha
cung cap dich vu.

Chinh vi vdy bai bao nay dé xuit mot phuong phap nhim
giam thoi gian dap ung trén dién toan dam may. Bai bao bao
gdm cac phan sau: Phan 1, Gi6i thiéu; Phan 2, Cong trinh lién
quan; Phan 3, bé xuét thuat toan; Phin 4, Két qua mo6 phong;
Phén 5, Két luan

1. CONG TRINH LIEN QUAN

Vao nam 2016, Syed Hamid Hussain Madni [2] da nghién cru
va danh gia cac ky thudt phan ph01 tai nguyén trén moi truo*ng
cloud Bai béo nay ciing chi ra tim quan trong clia viéc phan b6
ngudn tai nguyen trén dam may, pha1 ¢6 chinh sach phan b tai
nguyén, chién Iuge va thuat toan nham phén phdi va chuyen cac
ngudn tai nguyén nham hd tro tot nhit cho ca nha cung cip lan
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nguoi ding. Theo tai liéu [3], tac gia da dwa ra mot giai phap tiép
cn can bang tai 1am viéc dua trén céc tiéu chi vé QoS. Bai bdo
nay tic gia dd st dung thuat toan Load Balanced Resource
Scheduling (LBRS) dé nang cao chit lugng phuc vu trén Cloud.
Trong d6 thoi gian dap tmg (Thoi gian glri cac yéu cau va doi tra
161 trong hang dgi cho dén khi 1an dau sir dung CPU) duoc dugce
xem xét t6i khi xay dung thuat toan phan bo cac request.

Tac gia Agraj Sharma [4], dua ra giai thudt vé cin bang tai
dua vao thoi gian dap ung. Ttac gid dua ra giai thult gidm tai
dua trén thoi gian dap ung cua server, tir 46 dua ra quyét dinh
yéu cau tiép theo s& duoc xir Iy boi server nao (VMs nao). Két
qua thyc nghiém cho thiy mo hinh d& xuat 1a phuong phap can
béang tai dong tw nhién, xem xét t6i cac dap tng hién thoi va cac
bién ciia nd dé quyét dinh phan bo cac yéu cau méi.

Tac gia Atyaf Dhari [5] dd dé xuét thuat toan lap lich LDAB
dé dat dugc can béng tai va QoS. Thuit toan dé xuat da giam
thoi gian dap ung. Thudt toan duoc so sanh véi MaxMin,
Shortest Job Firstand Round Robin. Két qua ciia LBDA hiéu qua
hon cac thuat toan nay. Céc tac gia trong thudt toan precentation
[6], dé giam thoi gian dap ung va thoi gian dap Gmg. Trong bai
viét, cac tac gia da dé xuat thuat toan TMA dé giam thoi gian
phan tng trén dién toan dam may dua trén viéc stra d6i Thuat
toan Throttled. Ho d& md phdng thuat toan dwoc dé xuét bé'lng
cong cu mo phong CloudAnalyts va thuat toan nay da cai thién
thoi gian dap ung va thoi gian xir Iy cua trung tam dir liéu dam
may.

Thoi gian dap ung trén dién toan ddm may rit quan tim dén
[91, [10], [11], [12], [13], [14]. V&i kha nang str dung va hi¢u
sult nhu vay, dién toan dam may da tré thanh mét xu hudng tat
yéu. Trong twong lai, su gia ting vé& sb lugng ngudi dung dam
mAy yéu cau cac nha cung cap dich vu phai dap mg nhu ciu cua
ngudi dung véi thoi gian dap tmg t6i thiéu. Do do6, cac phuong
phap cén bang tai trong dién toan ddm may ngdy cang dwoc phat
trién, khi s6 luong may chu hodc cdu hinh may chu ting chi la
phuong phap tam thoi. St dung hiéu qua tai nguyén trén "dam
may" 12 diéu can thiét. D4y ciing 1a mot thach thic 16n trong linh
vuc dién toan dam mdy. Dé dap tng cac yéu cau trén, viéc thiét
1ap mot thuat toan can béng tai hi€u qua va cach st dung tai
nguyén mdt cach hop 1y 1a myc tiéu ma dién todn dam may
mudn dat duge

1. DE XUAT THUAT TOAN

Ching t6i d& xudt mot thuat toan can bang tai dé giam thoi
gian dap g trén dién toan dam may dua vao thuit toan du bao
ARIMA [15] dé du bao thoi gian dap tmg, gitip phan bo hidu qua
chc yéu cau.

1. Mé hinh nghién ciru
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Hinh 1. M6 hinh can bang tai sir dung thuat toan ARIMA

Trong mo hinh nghién ctru thi bo can bé'lng tai s& chay thuat
toan can bang tai nhu Hinh 1, bd can bang tai c6 danh sach cac
may 4o va cac dich vu ma cloud cung cap. B9 can bang tai biét
trude cac dich vu chay trén may ao nao va co thé phéan bd dich
vy méi trén mot may 4o méi theo yéu cau. Trong mo hinh nay,
sit dung mot tham s6 duoc goi 1a ngudng thoi gian, dya vao
ngudng ndy, ma biét trudc duoc thdi gian dap tmg tiép theo.
Diéu kién 1a may ao co thoi gian dép tng du doan nhé hon
ngudng dugce tinh todn tur thuat toan ARIMA [15], va viéc déi xur
v6i cac may 4o 1a nhu nhau trong viéc phan bé cac yéu cau. Néu
khong c6 may ao nao trong tap may 4o dang xét thoa man diéu
kién ngudng, thi s& phan b yéu cau tdi cac tdp may 40 khéc ké
t1ep May ao co6 thoi gian dap ung trung binh va du doan thp
nhét s& dwoc chon dé xir 1y yéu cau tiép theo. Néu khong co may
40 nao thoa diéu kién ngudng thi ta c6 thé xir Iy nhu sau:

+ Néu c¢6 may ao khong tai, hodc tdp may ao khong tai, co thé
st dung cac may nay dé xu ly cac yéu cau, va tat nhién phai théa
ngudng.

+ Néu khong co may 4o khong tai, hodc tdp may ao khong tai,
hodc tt ca déu khong théa min ngudng thi ta s& phan bd dich vu
dang chay d6 t6i may 4o c6 thoi gian dép Gng dy doan gan véi
ngudng nhat.

Mo hinh nay la moé phdng thuat toan mét cach ty nhién, va 1én
ké hoach cho cic yéu cau tiép theo nhim khong bi mét cin bang
tai. Theo thudt toan nay s€ giam duoc cac tai lién lac gitta may
40 va cic ngudn tai nguyén hién c6, vi vdy giam dugc bing
thong va thong luong khong can thiét, ting phuc vu cho yéu cau
nguoi dung.

2. Thudgt toan ARIMA

Theo [15], ARIMA la thuat toan dua trén thong ké, 1a thuat
toan tu hoi quy tich hop trung binh truot (Auto Regression
Integrated Moving Average), dugc phat trién tir mo hinh hoi quy
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ARMA (Auto Regression Moving Avera). Pay 1a m6 hinh phat
trién duwa trén sb liéu chudi thoi gian da biét va du bao sb liéu
trong tuong lai gan. Dir liéu thoi gian thyc hay chudi thoi gian 1a
mét chudi cac gia tri cua mot dai lugng nao d6 dugc ghi nhan la
thoi gian. Bét ctr dit liéu chudi thoi gian nao ciing duoc tao ra
bang mot qua trinh ngdu nhién. Cac gia tri cta chudi thoi gian
cua dai lvong X dugc ki hi¢u 1a X1, X2, X3,...,Xt,..., Xn voi X
1a gié tri ctia X tai thoi diém t.

Viéc xac dinh mo6 hinh ARIMA (hay con goi la phuong phap
Box-Jenkin) tuc la xac dinh p, d, q trong ARIMA(p,d,q), Do mo
hinh Box-Jenkins chi mo ta chudi dimg hodc nhitng chudi di sai
phan hoa, nén mo6 hinh ARIMA(p,d,q) thé hién nhiing chudi dir
liéu khong dung, dd dugc sai phan (6 day, d chi mic do sai
phén).

Theo [16], phuong phap Box — Jenkins bao gom cac budc
chung:

Quy trinh dy bao bang mé hinh Arima
- Xac nhan md hinh thur nghiém: Trudc tién, ching ta can nhan
dang mo hinh thu nghiém. Trong d6: d 1a bac tich hop va p,q s€
dugc xac dinh bang mot ham sé chuyén dung, goi 1a Correlogram.
Mo hinh Arima cé thé trinh bay theo cac dang khac nhau. Phuong
phép xac dinh mo hinh thuong dugc cac nha nghién cuu thuc hién
qua nghién ctru chiéu huéng bién dbi cua ham twong quan toan
phén hay mot phan.
Udc lugng tham sé: M6 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
bién ddi vé& dang Arima (p,0,q). Trong qué trinh wéc lugng tham
s0, ta can luu ¥ dén cach xic dinh p q trong mé hinh Arima. Dé
xé4c dinh hai s6 liéu ndy, ngudi ta s& st dung do thi Correlogram.
Cu thé, p s& 1a bac cta db thi AR. Xét tir d6 tré dau tién, thanh nao
nam ngoai duong giori han va sau do giam mot cach dang ké sau
mot do tré thi hé s ty tuong quan riéng phan do l1a p. Tuong tu, q
s€ 1a bac cua MA. De uée luong tham sd, ta can wdc lugng khoi
dau cho cac tham sb a0, al, ..., ap, bl, ..., bq cia md hinh dy dinh
ban d4u. Sau d6 dya trén nhitng tham sé da u6c luong, xay dung
nhiing udc lugng sau cung thong qua mot qua trinh 1ap.
Kiém dinh bang chuin doan: Sau khi cac tham s ciia mé hinh
tong quat da duoc xdy dung, nguoi ta s& kiém tra mirc o chinh
xac va su phu hgp ctia mo hinh véi dir li€u da 1ap. Hay xem xét
phan sai s6 c6 phai ngdu nhién thuin tay khong? Néu c6 thi mo
hinh d6 thoa man, néu khong thi ta s€ phai thuc hién lai cac budc
trén.
- Dy béo: O bude cudi cung nay, khi mé hinh phu hop véi dit liéu

da tim dugc, ta s& thyc hién du bao tai thoi diém tiép theo.

3. Dé xudt gidi thugt

Duya vao dit liéu di c6 vé chudi thoi gian cua thoi gian dap
ung (Response Time), chiing t6i st dung thuat toan ARIMA dé
du bao thoi gian dap ung tiép theo, tir d6 biét cach phan bd tai
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nguyén cho c4c request tiép theo. Thuat toan dé xudt gom 3
module nhu sau:

e Module 1: Tinh todn ngudng bang thudt todn ARIMA':

Trong module nay, ngudng chinh 1a thoi gian dap Gng du bao
ctia Cloud, s& duoc tinh toan bang thoi gian dap tmg du bao bang
thuat toan ARIMA, va s€ tang hodc giam tuy theo thoi gian dap
g theo dit liéu chudi thoi gian. Ngudng méi chinh 1a thoi gian
dap ung du doan xét trong tap cac VM dang xét trong vong 100
request gan nhat.

Ngudng moi = TNew = ARIMA(RT1, RT2,..., RT100)
Trong d6 RTi = la chudi thoi gian dap img ghi lai duoc cia cloud
(chi xét trong vong 100 Request gan nhat).

e Module 2: dy bdo thoi gian dap img tiép theo cho timg mdy
do:

Trong module nay s& sir dung thuat toan ARIMA dé du bao
thoi gian dap tng tiép theo cla cac may ao. Viéc du doan thoi
gian dap umg tiép theo dwa vao dir lidu chudi thoi gian dép tng
trong 50 request gan nhat ciia may 4o dang xét thong qua ham
getPredictedRT(). Module nay dong thoi cung cip ham tinh toan
ra gia tri du doan gin nhét ciia cac VM so véi ngudng dua vao
théng qua ham AllocateRequestToVM(VM, Request);

PRTi = Prediected Response Time = Thoi gian dap tmg du doan
clia may 4o 1.

e Module 3: phén bé cdc dich vu (chon mdy do)

Module nay ¢6 nhiém vu phan bd céac yeu cau dén cac may
4o dat dugc diéu kién ngudng thoi gian. Néu mot yéu cau duogc
giri téi VM dang xét va VM nay khong tai, thi yéu cdu nay s&
dugc chuyén t6i truc tiép VM nay, va lay duoc gia tri thoi gian
dap tmg. Néu thoi gian dép tmg du doan cia VM dang xét (duoc
tinh toan tir module 2) nhé hon thoi gian dap tmg tiép theo cua
cloud (tinh toan tir module 1) thi yéu cau nay s& duoc xir 1y trén
VM nay. Nguoc lai, khéng ¢cd6 VM nao thoa diéu kién ngudng
(thoi gian dap ung du doan ciia VM khong nhé hon thoi gian dap
tmg du doan ciia cloud) thi yéu ciu s& dugc phan bd vao may 4o
¢6 du bao gan v6i ngudng nhat.

Vié§ khaoi tao ngudng: ban dau do chua c6 dit lidu }hbi gian, nén

ta lay ngudng bang thoi gian dap Gng cia request dau tién.

Khéi tao ngudng: Tinitial = RT1

Cac buoc cia thuat toan:
e For each Request in CloudRequests
e  Tnew = ARIMA(RTI); // Module 1
o isLocated = false;

) For each VM in VMList
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o If VM.getPredictedRT() < Thew

) AllocateRequestToVM(VM, Request);// Module 3
. isLocated = true;

o End If

. End For

o If (tisLocated)

o VM = VMList.getMinDistance(Tnew);// Module 2

o AllocateRequestToVM(VM, Request);

) End If

End For

Trong do, ngudng duogc tinh toan chinh 1a thoi gian dap u'ng
16n nhat xét trong tip cac VM tuy nhién se hiéu chinh mét so
thay ddi, hodc dua vao cac hé sb va tham sb, tuy thudc vao két
qua thuc nghiém.

IV. KET QUA MO PHONG

Gia 1ap moi trudong cloud st dung bd thu vién CloudSim va
lap trinh trén ngon nglt JAVA; Moi truong gia lap cloud la tir 3
dén 10 may 4o, va tao moi tmong request ngau nhién tdi cac dich
vu tren cloud nay. Bao gém dich vu cung cép may a0, dich vu
cung cip va dap tng ngudi dung cia cloudSim dé thir nghiém.
Cai dat thuat toan ARIMA trén méi trudng mo phong, va kiém
nghiém ra két qua. Tuong tu, cai dat thudt toan cua tac gia [4], va
so sanh két qua dat dugc gilra 2 thuat toan. Thyc nghiém mo
phong thudt toan dé xuét dugc cai dat trén ngon nglt JAVA va su
dung NETBEAN IDE dé chay thir va hién thi két qua bang STS
IDE véi framework SPRING BOOT. Moi truong gia 1ap voi bd
thr vién mid ngudn md CloudSim 4.0 (dwoc cung cip boi
http://www.cloudbus.org/).

- MBbi truong md phong gém 1 Data center co cc thong
sb sau (Bang 1)

- Cac Request dugc dai dién bdi Cloudlet trong cloudSim
va kich thudc cua cac Cloudlet dugc khoi tao mot cac

ngdu nhién bing ham random cua JAVA. S§ lugng
Cloudlet 1an luot 12 100 = 1000 (Bang 2)

BANG 1. THONG SO DATACENTER

Host
MGdi host trong Datacenter
¢6 cau hinh nhu sau:
- CPU c¢6 4 nhan, mdi nhan
c6 toc do xir 1y 1a 1000
(mips)

Datacenter
- S6 luong may (host)
trong datacenter: 5
- Khong st dung Storage
(cac 6 SAN)
- Kién trac(arch): x86
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- H¢ dieu hanh (OS):
Linux

- Xt ly (VMM): Xen

- TimeZone: +7 GMT

- Cost: 3.0

- Cost per Memory: 0.05

- Cost per Storage: 0.1

- Cost per Bandwidth:

- Ram: 16384 (MB)
- Storage: 1000000
- Bandwidth: 10000

0.1
BANG 2. THONG SO CAC REQUEST
Chiéudai | Kich thwéc | Kich thwéc file S6 CPU
(Length) file Xuét ra xir ly
(File Size) (Output Size) (PEs)
3000 ~
1700 5000 ~ 45000 | 450 ~ 750 1

Thudt toan dé xudt dugc xdy dung bang cich tao 16p
ArimaDatacenterBroker, ké thira tir ddi tuong DatacenterBroker,
cap nhat mot s phwong thic va thudc tinh lién quan dén
PredictedResponseTime va diéu chinh cac ham dung san dé khop
vé6i thuat toan duge dé xuit:

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

Thir nghiém ddm may véi cac tham sb trén va chay thudt toan
can bﬁng tai CloudSim, va chay thuat toan duoc dé xuit, cung
mot dau vao, so sanh dau ra, dic biét 1a tham sd thoi gian dap
ung. Thoi gian dap ing du doan ciia VM ciling nhu thoi gian dap
g du doan cta dam may voi 11 thap hon 14 hiéu sudt cua thuat
toan cang tot.

1. Két qud mé phong

Mo phong két qua trén CloudSim tuong ng véi tnrong hop
3,4 va 5 VM duoc xdy dung dé dap tng cac yéu cau, yéu cau
duogc khoi tao véi d6 dai va kich thuéc ngiu nhién, cac yéu cau
14 100, 200, ... d&&n 900. Thoi gian dap tng du doan dugc hién thi
trong Hinh 2, Hinh 3 va Hinh 4:
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35000
30000

25000

20000
15000
10000
= o B
,
100 500 600 | 700 | 800 | 900

200 300 400

Time (ms)

VMO | 3491 | 6736 | 10082 | 13550 | 16574 | 20049 | 23712 | 26531 | 29491
. VM1 3162 6899 9752 13213 17094 20239 23719 26994 30649
uVM2 3268 6451 9925 13327 16505 19784 23078 26484 30055

®m Threshold | 3492 6890 10084 13547 17095 20241 23712 26992 30649

Hinh 2. Thoi gian dap ting du bao trong truong hop 3 VMs

25000

20000

15000 .
10000 [
~ wa ML “
9 l(:’lﬂ 200 300 400 5(:]0 | 5(;0 | 700 800 | 900

Time (ms)

=VMo 2635 | 5194 | 7654 | 10047 | 12324 | 15291 | 17650 | 20066 | 22941
WVM1 | 2443 | 4986 | 7700 | 10251 | 12564 | 14984 | 17411 | 19700 | 22334
" VM2 2534 5069 7584 9846 12582 14964 [ 17151 19653 | 22469
mvm3 2353 | 4928 | 7291 | 10110 | 12328 | 14685 | 17704 | 20149 | 22468
mThreshold| 2628 | 5192 | 7701 | 10258 | 12582 | 15201 | 17702 | 20153 | 22941

Hinh 3. Thoi gian dap tng du bao trong trudng hop 4 VMs

20000
18000
16000

14000
12000
10000
8000
6000
%
2000
e * 400 500 600 700 800 900

200 300

Time (ms)

=VM0 1878 4020 6087 7896 9889 12223 13771 15629 18144
mVM1 1904 3922 6031 7913 9752 | 11875 14346 16117 | 17819
mVM2 | 2042 | 4097 | 5874 | 8045 | 10019 | 12080 | 13852 | 16300 | 17967
mVM3 1828 3913 5987 7820 9934 | 12311 | 13939 15929 | 18336
=VM4 2114 | 3975 5724 7760 | 10033 | 12311 14279 16270 | 18174

W Threshold | 2133 [ 4028 6089 8048 10033 | 12315 14347 16299 [ 18338

Hinh 4. Thoi gian dap ung du bao trong truong hop 5
VMs

2. Ddnh gia thudt todn

Béng céach so sanh thoi gian dap ung du doan cia cic may ao
v6i ngudng tinh toan (ddi voi truong hop 3 may 4o, 4 may ao va
5 may 40), ching ta c6 thé thay rang kha nang phan phdi yéu cau
ctia thuat toan kha on dinh, thoi gian dap tng khong qué khac
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voi du bao cua dam may thoi gian (nghia 1a ngudng). Ching ta
c6 thé thiy 16i du doan thip cua thuat toan ARIMA, lam cho né
phan bd cac yéu ciu tuong g véi cac may do mot cach hiéu
qua nhét.

Thtr nghiém nay chi la mét mé phdng ciia mot nhém may ao,
chua ké dén viéc mo rong nhom may 4o dé giam tai trong truong
hop can thiét, gia sir s lwong yéu cdu may chu 4o ti da, néu n6
vuot qua hd boi méi dwoc mod rong. Tuy nhién, cac thi nghiém
md phong voi yéu cau 1én hon 1000 yéu cdu doi hoi may tinh
manh hon va bd xir 1y tét hon, vi vay day 1 giéi han cua thir
nghiém moé phong nay.

V. KET LUAN

Mot thuat toan méi cho can bang tai trén dam may bang cach
sir dung md hinh du doan thoi gian dép tmg tiép theo da duoc dé
xuét va thir nghiém mé phong véi mot mé hinh nho. Thuat toan
duoc dé xuét sir dung thuit toan ARIMA dé can bé“lng tai dua
trén thoi gian phan hdi. Dac biét, thoi gian phan hdi duoc du
doén chinh xac hon, hiéu qua thuit toan cang cao. Thuat toan
nay thuong tiép can va phat trién y tuong vé dy bao va xir 1y
chudi thoi gian, thuong 1a thuat toan ARIMA. Do d6, thuat toan
dé xuit c6 mdt phuong phap kha méi trong can bang tai trong
mdi truong dam may, trong khi dat duoc mot sd két qua mod
phong kha tich cuc, cho thiy huéng phat trién t6t cia thuat toan.

Su phat trién cta thuat toan duge dé xuit 1a phép do va hi¢u
chuédn chinh xac hon thoi gian du bao bang cach két hop ARIMA
v6i hoc may, hoc khong giam sat hodc giam sat bang cach dit
thoi gian cao diém hodc diém thdp ciia ddm may. Sy phat trién
ctia cac thuat toan tt hon va mo phong thir nghiém sau hon,
nhiéu hon trén may tinh 1a mé phong quy mé 16n, manh mé hon.

Ngoai ra, viéc thiét 1ap céc thuat toan trén méi truong dam
may thuc té s& cho phép chung toi nghién ctru sau hon va chi tiét
hon, vi méi truong dam may thuc té s& tao ra cic van dé lién
quan dén thoi gian phan hdi, do d6 diéu chinh hop 1y va hiéu qua
hon.
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