ISSN 2354-0575

AN -,
BN O "
™ Ve,
o

%, @
“onyg oow

THUAT TOAN PIEU PHOI TiNH TOAN GIAM TIEU THU NANG LUQONG
TRONG DIEN TOAN PAM MAY DI PONG

AlPhy
b,

Y
3
%
7 A
s &
W oy g

P4 Thi Thu', Nguyén Gia Ba!, D6 Thanh Ting?,

Vii Thanh Trung', Nguyén Pinh Han'

1 Truong Pai hoc Su pham Ky thudt Hung Yén

2 Ngdn hang TMCP dau tw va phdt trién Viét Nam (BIDV)

Ngay nhan: 15/12/2016
Ngay sua chira: 10/01/2017
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Tom tat:

Céng nghé dam mdy nhé dia phuwong (cloudlet) dang cé tiém ndng phat trién rat manh. Kha nang
céng nghé ciia ddm mdy nhé cho phép cung cap cdc dich vu, tmg dung giam tdi tinh todn, lwu trik ¢ tinh
nang vueot tréi, chira timg cé trude day. Tuy nhién, sw két hop cloudlet véi trung tam diF liéu mang di dong
trong thiee tién doi hoéi nhiéu giai phdp cong nghé. Trong bai bdo ndy, ching t6i quan tam dén giai phap
diéu phéi qud trinh giam tdi tinh todn cho thiét bi di dong, givp giam cdc yéu cau tinh todn dén cdc trung
tam dir liéu mang di déng Biéu nay lam cho nhu cau sir dung nang lwong cia cac trung tam dfr liéu giam
dz nhiéu. Chiing t6i dé xudt mét thudt todn hop tac gitta cde dam mdy nhé cho phép gidi quyét hiéu qua
van dé néi trén. Két qua thwe nghiém khdng dinh rang gidi phdp ciia chung 16i gitip giam ding ké chi phl
nang leong ciia hé thong va tang cwong kha nang dap vmg va cdi thién chdt lwong dich vu cho cdc yéu cau

cua nguoi dung.

Tir khéa: Mang di dong, dam mdy nhé, thudt todn diéu phéi tinh todn, cloudlet, MCC.

1. Dit van dé

Trong di¢n toan dam may di dong, nguoi
ding di dong can phai truy cdp vao may chu dat
trong mot dam may khi yéu cau dich vu va cac
nguodn luc trong cac ddm may Tuy nhién, ngum su
dung d1 dong co thé phai d6i mat voi mot s van dé
nhu tic nghén do han ché cia bing thong khong
day, ngit két n6i mang, va sy suy giam tin hiéu gay
ra boi thiét bi di dong di chuyén. Hon nita, cac trung
tam dién toan ddm may phé bién nhu Amazon AWS,
Microsoft Azure, va Google AppEngine duoc trién
khai chi & mot s6 dia diém nht dinh va né c¢ thé
nam cach xa nguoi dung thiét bi di dong. Do vay
d6 tré truyén thong c6 thé rat 16n, khi ngudi ding
mubn giao tiép véi dam may, dan dén chét luong
dich vu bi giam dang ké. Trong [1] Yaser Jararweh
da d& xuét mo hinh MCC dua trén cloudlet 1a giai
phap tét cho van dé nay. MCC dua trén cloudlet
tan dung uu thé cua Wi-Fi, tang chét luong dich vu
ddng thoi giam ning lugng tiéu thu cho cac trung
tam dir liéu dam may va mang di dong. Mang di
dong ho trg béi dam may tré thanh 3 16p 12 mobile
— cloudlet — cloud.

Trong md hinh MCC duya trén co s¢ cloudlet,
cac thiét bi di ddng gui cadc nhiém vu tdi cac cloudlet
dé thyc thi cac yéu cau xur ly va tra lai két qua cudi
cung, diéu nay lam giam do tr& truyén thong, ciing
lam giam tiéu thu di¢n ning cta cac thiét bi di dong
va trung tam di liéu ddm may. Cloudlet [1] 1a mot
may tinh dang tin cdy hodc mot cum cac may tinh
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voi hiéu nang cao, dugc két ndi véi Internet. N6
duoc cai dat cung voi Wi-Fi Access point dé cho
phép céc thiét bi di dong truy cap vao no, va trong
mot s6 truong hop ca hai cloudlet va AP duoc
tich hop trong mot thuc thé. Ngoai ra, cac thiét b
di dong co thé sir dung Wi-Fi dé két nbi véi cac
cloudlet & gan d6. Thong qua viéc sir dung c6 do tré
thp, bang thong cao va mot-hop lién két truy cap
khong day, cac thiét bi di dong truy cap vao cloudlet
c6 dugc mot twong tac thoi gian thyec. Néu cloudlet
kh6ng c6, cac thiét bi di dong c6 thé s& giri yeu cau
dén mot dam may xa, hodc trong truong hop toi té
hon, chi dua vao duy nhét ngudn lyc cia nd.

R rang, su hd trg ciia ddm may nho va dam
may mang lai nhiing kha nang méi, vuot trdi cho
mang di dong nho thoi gian hoat dong dai hon, nang
Iuc tinh toan 16n va cac tién ich khac. Nhing loi thé
d6 tao diéu kién cho su phat trién rat nhanh céc ung
dung Va dich vu di dong da phuong tién. Tuy nhién,
thuc té dat ra 1a: cac thiét bi di dong luon d1 chuyen
cAu hinh lién tuc bién dbi va cac truy van yéu cau
dich vu ludn thay ddi, diéu nay lam cho qua trinh
giam tai cho cac thiét bi di dong cang tré 1én ton
kém vé thoi gian va nang luong ciia hé théng mang,
trung tam dir liéu dam may hon rat nhidu. Vi vay,
dit ra van dé 16n 12 nang cao vai tro cua cloudlet
trong viéc diéu phdi cac yéu cau giam tai cua thiét
bi di dong dé tiét kiém nang lugng cho trung tam dit
liéu mang di dong hd tro boi dam may.
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Hinh 1. M6 hinh kién triic mang DD hé tro boi dam
mdy va cac dam mdy nho

7\
U 0

Chuing t6i xem xét mot mang di dong hd tro
boi cac dam may nho, duoc thiét ké nham thyc thi
hiéu qua cac ting dung va dich vu dir liéu da phuong
tién chay trén thiét bi di dong. Mang nay bao gom
ba thanh phéan 1a: mang di dong, dam may nho (CL)
va dam may ¢ xa (CR). Mang di dong 1a mot tap cac
thiét bi di dong (may tinh, dién thoai thong minh,
cam bién, v.v.) ¢6 kha ning giao tiép v6i nhau qua
moi truo’ng vO tuyen

Dé wu tién trinh bay cac hoat dong cta co
ché, tranh sa da vao do phirc tap va thanh phan cua
cac chi tiét vat 1y bén dudi, chiing toi sir dung khai
niém vung phu cua cloudlet, theo nghia la don vi
phan phéi dich vu dong nhét trong mang di dong hd
tro bdi ddm may nho. Tu gio trd di, ta s€ dung thuat
ngit ving phu cia mang ngang hang (hodc ngan
gon la v1‘1ng pht) mdi khi can tham chiéu téi mang
cloudlet hd tro cho mang « di dong. Vung phu 1a mét
tap cac cloudlet co ket ndi truc tiép hodc glan tiép
VO‘l nhau dé cung cip dich vu hodc chuyén tiép yéu
cau dich vu tir mang di dong t6i cloudlet khac.

Chung t6i dé xuat mot thuat toan diéu phdi
giam tai hiéu qua gitra cac thiét bi di dong, cloudlet
va cloud giai quyét van dé noi trén. Thuat toan nay
cho phép cac cloudlet diéu phdi cac yéu cau giam
tai theo tidu chi tiét kiém ning luong cho trung tim
dir liéu, mang di dong va dam dam chét lugng dich
vu cho cac user. Nhiing sb liéu thu duge tir thuc
nghiém chung t6 giai phap chiing t6i dua ra rat hiéu
qua. Chiing t6i ciing thao luan, phan tich cac diém
han ché va dé xuit huéng nghién ctru tiép theo.

2. M6 hinh thoi gian hoan thanh va nang luwgng
tiéu thu

Chung t6i xem x¢ét viéc thuc hién mot ing
dung tuong tac trong mot moi truong dién toan
dam may di dong. Mot nguoi ding co thé thyc hién
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céc ung dung trén thiét bi di dong cua minh hodc
di chuyén cac phan co thé giam tai ciia tmg dung
dén mot cloudlet hodc dén mét cloud & xa. Chiing
t6i gia dinh cac thiét bi di dong c6 thé truy cép cac
cloudlet thong qua mdt mang ludi khong day WIFI,
va truy cdp cloud thong qua cloudlet.

Chung t6i xdy duyng mo hinh dé tinh thoi
gian hoan thanh va tiéu thu nang luong cho tung
truong hop. Ap dung gia tri dic trung cho céc thong
s0 trong md hinh, ching toi phén tich va chi ra cac
diéu kién theo d6 xac dinh dugc chi phi cho mot
nhiém vy giam tai khi né dugc thyc hién mot trong
3 noi la mobile device, cloudlet hoac cloud. Tir do,
ching t6i xay dung thuat toan diéu phdi yéu cau
giam tai ¢6 loi nhat ca vé thoi gian hoan thanh va
tiéu thu nang lugng cho trung tam di li¢u, mang di
dong nhung van dam bao chét luwong dich vu QoS
cho mobile. Trong khi phan tich, chung t6i sit dung
hai mé hinh cho tinh di dong cua thiét bi di dong: di
dong tuyén tinh va di dong hinh hoc.

Néu mot tmg dung tuong tac yéu ciu tinh
toan mot tap 1énh 1a C, nhing 1énh nay c6 thé duoc
chia thanh hai phéin: mot phén phai dugc thuc hién
trén mot nit di dong va phan con lai co thé duoc
chuyén téi mot nat & ngoai, ¢ thé 1a mot dam may
nho hodc dam may ¢ xa.

Chung ta dinh nghia céac ky hiéu s€ dugc st
dung trong bai viét nay:

-N:so luong c4c qua trinh can giam tai w.

-C S 1énh thyc hién trén nat di dong.

- C S6 1énh duge chuyén téi nit bén ngoai dé giam
tai (cloudlet hodc remote cloud) Néu ¢6 N lan lap
lai trong giai doan tinh toan, moi qua trinh thyc thi
trung binh C . 1énh:

Ce

N

-8, Tbe dd cua mot nat di dong dé thyuc thi mot
1énh/ giay

-8 Téc d6 ctia mot CL hodc CR dé thyc thi mot
1enh/ glay

-D: Sb luong dir liéu ma mot nut di dong trao ddi
voi mdt nut bén ngoai trong giai doan tinh toan
tuong tac. Néu c6 N 1an lap lai giai doan tinh toan,
mdi qua trinh giao dich mot luong dit liéu 1a D’ =
D/N.

- B, 1a bang thong gifta mobile va cloudlet va B, cho
bang thong gitra mobile v4i remote cloud.

- T,,: Do tré truyén thong gitta mot nit di dong va
cloudlet.

- T, Do tré truyén thong giita nat di dong va
remote cloud.

- P Nang lugng ti€u thy trong qua trinh tinh toan
cua nut di dong theo don vi watt.

- P, Nang luong tiéu thu trong thoi gian nhan rdi
cua nut di dong theo don vi watt.

Co=
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- P_: Nang lugng tiéu thu dé guii va nhan dir liu cua
mdt nit di dong theo don vi watt. Thong thuong
viée truyén dir liéu tiéu thy dién cao hon viéc nhan
dir liéu, nhung dé don gian ching toi cho gia dinh
chiing tiéu thu nhu nhau.
- MN: mobile node hoic la thiét bi di dong
- LC: Local cloudlet
- RC: Remote cloud

Khi tat ca cac tinh toan duoc thuc hién trén
mdt nat di dong, tat ca cac lénh (C,, + C,) duogc
thuc hién véi tée do cua S, Khong c6 trao doi dir
li¢u. Vi vay, thoi gian hoan thanh T va nang lugng
tiéu thu la £

TMN) = CM Ce

(1

CytCo
E(MN) = P X =g = )

Khi tat ca cac 1énh C. dugc thyc hi¢n trén
cloudlet hoac remote cloud, ngoai thoi gian danh aé
thuc thi 1énh, con c6 thém thoi gian dé trao doi dir
liéu véi kich thugc D. Thoi gian trao doi dit liéu bao
g6m mot thoi gian truyén dir liéu, duge dinh nghia
la (leh thudc dir licu/bang thong) va thoi glan
truyén dir liéu giita hai ntit. Chiing t6i gia dinh rang
hoat dong ba budc Giri dir li€u - Xir Iv — Nhan dir
liéu duoc lap di lap lai N 1an. Nhu vay toan bo giai
doan tinh toan twong tac lién quan dén viéc truyén
dir li¢u 2N va doi hoi 2N x T, gidy cho toan bo
thoi gian truyén nhan di lidu. V1 vay, thoi gian hoan
thanh va nang lugng ti€u thuy tai cac nit di dong voi
cac Ignh C . dugc giam tai boi CL hodc CR la:

Giam tai cho cloudlet

C
T(LC) = SM 5 INK Tyt g 3.1)
c C D
E(LC) =PC><S—1]Z+PI><<S—E2+2N>< TPL>+PT><B—L
4.1)
Giém tai cho remote cloud
CC’H D
T(RC) =L+ <2+ 2N X T, 3.2
(RC) = Ser mt g (3-2)
c C D
E(RC) = PCxS—IA;JrP[x(ﬁﬂNx TPH>+PT><B—R
4.2)

Dau tién chiing ta xem xét truong hop tat ca
cac tinh toan dugc thuc hién trén mobile va truong
hop céc 1énh C. duge gidm tai t6i cloudlet. Dé so
sanh thoi gian hoan hanh va nang luong tiéu thu cua
mobile trong ca hai truong hop trén, ching ta tinh
T(MN)- T(LC) va E(MN) — E(LC) nhu du¢i day va
ching ta gia st S, >> S, .

+C C Cer, D
M c M
<SM+SC TANXTp T BL)

T(MN)— T(LC) =
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2P X Tpp, — Pp X %}
)
Bay gio ching ta xem xét truong hop cac
lgnh C_. dugc giam tai trén cloudlet hodc remote
cloud. Be so sanh chung ta thuc hién tinh T(CR)-
T(LC) va E(CR)- E(LC) nhu dudi day:

Cor
E(MN)— E(LC) ~ N X {PC ><S——

Cy G
T(CR)— T(LC) = {M+S—(“R+2N><7;,R é??}
1Cu, Cu D
{SM TN X Tyt
Ta duoc
E(CR)— E(LC)
1-F
— N PIX{CC'X Se PR_TPL)}+ (6)
co(1 1
XD x5~

Dé cac 1énh c6 thé giam tai dugc thuc thi
trén cloudlet ¢ loi nhit cho mobile khi tit ca cac vé
phai cia phuong trinh tir (5) dén (6) déu 16n hon 0.
Tir d6 ta suy ra dugc 4 bat dang thirc sau

C.>S, x (2T, +D’/B) (7
C.>S, X (2P, x T, +P xD’/B)) )
Co < Sep X 12(Ty - T,) + D’X(1/B, - 1/B))}/(F-1)

)

Co< S {2(T T H(P/P)XD % (1/B,-1/B ) }/(F-1)

(10)

Dé cac 1énh c6 thé giam tai dugc thuc thi
trén cloud c¢6 loi nhat cho mobile khi

C.>S,, * (2T, +D/B)) (11)
C.>S, X (2P, x T, +P_x D'/B,) (12)
Co™ Sep X 12(Ty- T, ) + D’ (1/B, - 1/B))}/(F-1)
(13)
Co >S 12T Ty )H(P /P )XD’x(1/B,-1/B )} /(F-1)
(14)

Ngoai hai truong hop trén thi viéc giam tai
s€ khong c6 1gi cho mobile.

Dé thyc hién cac phan tich thuan loi hon,
chung t6i khao sat dir liéu thu thap tir mot sé di dong
thue, cac nit, mang, va nhig ddam may va chon sb
thuc té [2] cho mot sb trong nhimg tham s dugc sit
dung trong cac phuong trinh.

* S, Bo v1 XU ly ARM Cortex A7 duoc
xu dung trong rat nhiéu mobile bao gém ca
smartphones va may tinh bang c6 téc do thuc thi
1énh 1a 2.85GIPS tai 1.5GHz

o Sz b0 vi xu 1y Intel Xeon dugc su dung
pho bién trong cac may chu va b xur Iy Xeon 5690
¢6 toe do 84 GIPS tai 3.46GHz. Con s6 nay la gan
30 lan toc do cia ARM Cortex A7. Nhung mot méay
chu cloud c6 hé thdng phan cap bd nhé nhanh hon
va hiéu suét cao hon cho tinh toan du chdm dong
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va c6 thé cung cip sé lwong nhiéu hon cac 16i cho
mot ing dung. Vi vy, trong mot thuc té, gia toe cua
mot nit ddm may trén mot thiét bi di dong co thé dé
dang vugt qua 100 ~ 150.

* S, Boi vi mot dam may nho co thé dugc
lap rap cung mot loai may chu off- the shelf nhu
trong mot dam may & xa, toc do cia mdi may chi
thanh phan c6 thé gan nhu giéng nhau. Nhung mot
dam may nho s& c6 it s6 luong may chi va mang
vat 1y ndi bo két ndi chung va ph?ln mém hd tro,
mdi trudng hoat dong co thé cham hon. Chung ta
c6 thé gan cing mot s6 16i dé chay mot ung dung
nhu trong mét ddm may & xa, mac du trong mot
dam may nho sb lugng cac tmg dung thuc thi ciing
mot lac s& thap hon nhiéu. Vi nhitng quan sat nay,
chung t6i doan rang gia toc ciia mot dam may trén
mot dam may nho s& khong thé rat cao va ching toi
gia dinh khoang 2 ~ 16 va goi gia tc nay 1a F.

* B,: Mot remote cloud ¢ xa duoc truy cap
thong qua LTE s& c6 bang thong 16n nhat 13 20Mbps.

* B,: Mot dam may nho dia phuong duoc truy
cap thong qua mot mang ludi khong day. Chiing t6i
gia dinh rdng mot bo dinh tuyén truy cap s dung
WiFi dé truy cap céc thiét bi di dong va céc thiét bi
dinh tuyén truy cap 1an can. IEEE802.11n c6 bing
thong 72.2 Mbps st dung 20 MHz. Gia st khoang
40% thong lugng, chiung téi chon 30Mbps.

T,.: hon 9~0% ngu‘oi, dung trai nghiém
khong 16n hon d6 tré 25msec d¢ truy cap trung tdm
dién toan dam mdy Amazon gan nhit thong qua
Internet. Va d¢ tré truy cép Internet cho LTE 1a gan
100ms. Vi vay, chiing toi chon T la 120 mili glay

* T,,: Mic du thoi gian tre ctia WiFi ¢ bién
dong cao, chung t6i gia dinh mot do tré /hop cho
WiFi 12 20 ms. Vi vdy, néu yéu cau duoc giri qua N
dam may nho trong mang ludi khong day, thi phai
mat 20*N ms.

Béng dudi day cho ta biét s6 vé mirc do tiéu
thy nang lugng trong cac ché do hoat dong cua cac
thiét bi mobile pho bién hién nay.

Mobile Devices P. | P | P,

HP iPAQ PDA 400MHz 09 03|13

Nokia N810 400MHz 0.8 1.5
Openmoko Neo Freerunner 0.27

Galaxy S2 1.5 GHz 036 1.7

Céc thiét bi di dong ngay cac phat trién va
¢ xu hudng tiéu thu nhidu nang luong hon. Do vay
trong thuc nghiém nay chiing t6i chon cac thong sb
nhu sau:

P.: 1.0 watt ; P: 0.3 watt; P_: 2.0 watts

Chung toi ap dung chc gia tri tham sb da
giai thich & trén cho (9) - (12) va thu duoc két qua
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nhu trong Hinh 2. Gia dinh mé hinh di chuyén ngau
nhién. Trong cac hinh ching ta xem xét tham s6
ti s6 téc do xir 1y cua cloud/cloudlet 1a 8. Pdi véi
dir liu trao ddi trong mot qua trinh dau vao - xir
1y - ddu ra, ching t6i xem xét cac kich thudc 10kb,
100kb. Sb lwong cac budc nhay dai dién cho mot
loat cac chuyén dong cua ngudi dung. Néu né la
1, nguoi dung khong roi khoi pham vi cia cloudlet
truy cap ban dau. Néuné 13 5, nguoi dung di chuyén
xa nhu 4 budc nhay ra khoi pham vi cua cloudlet
truy cap ban déu.

Phin bé qua trinh gidm tii véi 100 KB dir Liéu
w mobile wtrung gian 1 mcloudlet ®trung gian 2 » cloud
3.00

2.50
2.00
1.50

1.00

0.50

$6 1énh cho mjt qua trinh (GIPS)

0.00
1 2 3 4 5 6 7 8 9 10

$6 Hop mobile di chuyén (Hop)

Hinh 2. Biéu do phdn bé tinh todn

Ta thdy mot nguoi sit dung c6 thé di chuyén
ra khoi cac bo dinh tuyén truy cap ban ddu véi sb
lwong cac budce nhay tuy theo dir lidu trao dbi. Néu
kich thuéc dit liéu tang, pham vi nguoi dung co
thé di chuyen xung quanh giam. Chung t6i tang sO
luong hop dén 10, va chung ta van c6 thé tim thiy
cac gia tri hop 1& dé giam tai. Diéu nay c6 nghia
rang néu kich thudc dir lidu trao ddi khong phai 1a
qué 16n, nguoi dung c6 thé di chuyén rat xa cac bd
dinh tuyén truy cap ban dau.

3. Thuét toan diéu phdi giam tii cho mobile

Qua4 trinh diéu phdi giam tai tinh toan cho
thiét bi di dong duoc thuc hién tudn ty theo nhu
biéu d6 hinh 3 dudi day.

Thiét bi di dong giri yéu cau giam tai dén
cloudletl, cloudlet 1 klem tra, gui thong diép chap
nhan hodc tir chdi yéu cau. Néu chdp nhan yéu cau,
thiét bi di dong guri dir lidu giam tai dén cloudletl.
Cloudlet 1 thuc hién giam tai hodc chuyén tiép yéu
clu dén vi tri giam tai dugc xac dinh. Sau khi thyc
hién xong, cloudlet thuc hién giam tai s& giri tra két
qua lai cho thiét bi di dong.

Dé didu phdi qua trinh giam tai chung t6i
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xdy dung hai thuat toan 1a thut toan 1 dé xac dinh
vi tri giam tai va thuat toan 2 dé diéu phdi qua trinh
giam tai téi vi tri duge xac dinh trong thuat toan 1.

Mobile Device Cloudlet 1 Cloudlet 2/Cloud
| | *
| Gir yéu chu gidm ti | |
Kiémra |
yéu ciu
€ ———————————— I |
Chip nhin yéu chu | |
Gl diFlifu gl vl |
The hidn |
Gidm tai |
f ____________ i
(i kit qui gl tl | |
{oR)
[ G gim |
I 2T [ Thvc o
oR) Gidm tii
. i S ———
T G kit qui glam al

Hinh 3. Biéu do qud trinh diéu phéi xir Iy cdc yéu
cau ti Mobile device

M&i nhiém vu giam tai yéu ciu mot s luong
cac 1énh phai dugc xur 1y tinh toan theo thir ty, nod
dugc cho béi ham . Vi du /(z) s6 1énh cta nhiém
vu t. Theo d6 khi mot nhiém vu duogc giam tai trén
cloudlet thi nhiém vy d6 can duoc chuyen dén
cloudlet. Kich thudc dit liéu trong mdi giao tiép cho
boi ham D. Theo do chung ta co D(z) la kich thuéc
ctia dit liéu can trao ddi giita mobile va node thyc
hién giam tai.

Cho db thi G(N,R) vé6i cac dinh 1a cac node
(cloudlet) xir 1y giam tai, va cac canh thé hién
duong lién két dir lidu gitra cac node, Mot node xir
Iy n € Nphaila thiét bi di dong hodc la mdt cloudlet
hoic cloud nhung trong ciing thoi diém khong thé
& nhiéu hon mét noi. Nhu vay: N=N,UN_, UN,.
va NgN N, NN,

Cac canh la duong lién két cac node véi
nhau. Ta goi ham B(n, n,) 1a bang thong gitra node
n van,. GoiSla ham tra vé toc do xir 1y ctia mdi
node vidu S(n) la tdc do tinh toan cua noden,.

Goi HE la ham heurlstlc tra vé& gia tri woc
tinh nang lugng ti€u thu cho mdi nhiém vu khi thuc
thi tai mdi node trong ving phii. Nhur vay HE(w,,n)
la nang lugng tiéu thu cua node n khi thyce thi nhi¢m
vuw,

Goi HT 1a ham heuristic tra vé gia tri udc
tinh thoi gian hoan thanh nhiém vu khi thyc thi tai
mdi node trong viing phi. Nhu vay HT(w,,n) la thoi
gian hoan thanh ctia node n khi thyc thi nhiém vu w,

Thuat toan CRA1: Xac dinh vi tri gidm tai
Input: Thong tin vé mobile device, w,
I. H<nul
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2. for (i=0; I < Vn; i++)
D If (HT(w,n) <T_ ) and

(HE(w,n) <E__ ) then

1.1) E . = HE(wi,n)
1.2) H=n
2) end if

3. next for
4. return H

Thuat toan CRA 2: Giam tai cho mot tap cac
qua trinh
Input: Danh sich qué trinh can giam tai W
1. Xdp xép danh sach theo trinh tu thoi gian
hoan thanh cta cac nhiém vu
2. while w, € W do
1) Yéu cau thong tin vé mobile node L
2) Goi CRA1 de Xac dinh vi tri glam tai H
3) chuyén yéu ciu w, dénvitri H
4). i++
3. end while

2.4. Két qua kiém tra

Tiép theo, chiing toi mo phong lan 1 véi mot
mang gdm 10 cloudlet va 1000 yéu cau guri dén
trong thoi gian 50000s. Két qua dugc cho boi biéu
dd hinh 4 dudi day.

Ching t6i mo phong 1dn 2 v6i mot mang
gdm 20 cloudlet va 1000 yéu cau giri dén trong thoi
gian 50000s. Két qua dugc cho bai biéu do hinh 5
duoi day.

Chung ta c6 thé nhan thiy: S6 yéu cu dugc
giri dén céc cloudlet dugc thé hién bang duong mau
xanh 14 cay. Khi khong str dung thuat toan CRA cac
yéu cau khong thé chép nhéan thuc hién duge thé
hién bang dudng mau xanh tham.
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Khi str dung thuat toan CRA cac cloudlet co6
thé chap nhan thyc hién cac yéu cau dugc thé hién
b bang dudng mau do, va khong thé chap nhan duoc
L ES il I thé hién bang dudong mau tim. Nhimng yéu cau nay
NN ) lmesmemeidom J] o4 thé bi tra vé hodc chuyén dén ddm may o xa.
* Nhin vao biéu do ta ¢6 nhan xét rang: Khi sir dung
thuat toan CRA céc yéu cau s& duoc phan bd cho
cac cloudlet kha dong déu dé co thé chip nhan t6i
da cac yéu cau giri dén. Dong thoi s6 yéu cau bj tir
chéi hodc chuyén dén cloud & xa 1a it hon rit nhiéu.
Diéu nay ciing c6 nghia khi cac mang di dong déu
sir dung thuat toan phan bd qua trinh tinh toan CRA
ctia chung t6i thi Hé thong mang internet va céac
Trung tdm dir liéu dam may ¢ xa s€ dugc giam kha
~~___~~—| nhiéu luu lugng lru théng va yéu cau tinh toan; Gop
phén tiét kiém nang luong cho toan by hé théng
Cloudlet internet. Hon nira vi§c chap nhan cac yéu cu gui

tr mobile tang 1én, dong nghia vadi viéc tang cuong
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AN COORDINATED ALGORITHM REDUCES ENERGY CONSUMPTION
IN MOBILE CLOUD COMPUTING

Abstract:

Technology of local small clouds (cloudlet) is potential for strong growth. The ability of small cloud

technology enables service providers, application offload compute, storage with superior features than
ever. However, the combination of cloudlet with mobile networks data center in practice requires more
technological solutions. In this paper, we are interested in solutions to coordinate the process offloading
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calculations for mobile devices, which reduces the computational requirements of the data center to the
mobile network. This lowers the needs to consume energy of the data center. We propose an algorithm of
cooperation among small clouds, addressing the above issues effectively. The experimental results confirm

that our solutions can significantly reduce energy costs and enhance the system s ability to meet and improve
service quality required by the users.

Tir khoa: Mobile network, small cloud, coordinated algorithm, cloudlet, MCC.
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