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Bao cao bai tap lon tinh toan luoi

PIEN TOAN PAM MAY DI PONG:

KIEN TRUC, UNG DUNG VA PHUONG PHAP
TIEP CAN

Cung véi sy bung nd cia cac tng dung di dong va sy ndi 1én cua khai niém dién
todn dam may, MCC (Mobile Cloud Computing) da dugc gidi thiéu la mdt cong
nghé tiém nang cho cac dich vu di dong. MCC tich hop di¢n todn ddm may vao
moi truong di dong va vuot qua nhitng trd ngai lién quan dén hiéu sut(vi du nhu,
tudi tho pin,luu trir va bang thong), modi trudng(vi dy, tinh khong déng nhét, kha
ning mo rong, va tinh san co), va an ninh(vi du nhu do tin cdy,va riéng tu) duoc
thdo luan trong di€n toan di dong. Bai viét nay dua ra mot khao sat vé MCC, giap
chung ta c6 mot cai nhin tong quan vé MCC, bao gom cac dinh nghia, kién tric, va
cac tng dung. Cacvan dé, giai phap hién co va phuong phap tiép can ciing dugc
trinh bay. Ngoai ra, cac hudng nghién ctru trong tuong lai cia MCC s€ dugc thao
luan.

I. GIOI THIEU

Céc thiét di dong (vi du nhu dién thoai thong minh, may tinh bang, ...) dang ngay
cang trd thanh mot phan thiét yéu cia cude sdng con ngudi nhu cac cong cu truyén
thong hiéu qua va thuan tién nhat, khong gi6i han boi thoi gian va dia diém. Nguoi
dung di dong dugc tan huong nhitng trai nghiém phong phu cac dich vu khac nhau
tir cac (mg dung (céc Gmg dung iPhone, Google...), chay trén cac thiét bi va / hodc
trén cidc may chu tir xa thong qua mang khong day. Cac tién bo nhanh chong cua
dién toan di dong (MC) [1] sé& trd thanh mot xu manh mé trong su phat trién cia
cong nghé thong tin cling nhu kinh doanh va cong nghiép. Tuy nhién, cac thiét bi
dang phai d6i mat v6i nhiéu thach thirc trong van dé tai nguyén (tudi tho pin, luu
trit va bang thong) va truyén thong (di dong va bao mat) [2]. Cac ngudn lyc han
ché dang ké can trd viée cai thién chat luong dich vu. Dién todn dam may (CC) da
dugc cong nhan rong rai 1a co sd ha ting mdy tinh thé hé tiép theo. CC cung cap
mot s6 loi ich bang cach cho phép ngudi dung sir dung ha tang (may chu, mang, va
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Bao cao bai tap lon tinh toan luoi

lvu trir), cac nén tang (dich vu trung gian va hé diéu hanh), va phén mém (chuong
trinh tmg dung) dugc cung cip boi cac nha cung cip dich vu dién toan dam may
(vi du, Google, Amazon, va Salesforce) v6i chi phi thap. Ngoai ra, CC cho phép
ngudi dung st dung ngudn tai nguyén trong mot thoi trang theo yéu cau. Két qua
14, cac tng dung di dong c6 thé duoc cung cap va phat hanh mot cach nhanh chong
v6i nd lyc quan 1y tdi thiéu. Véi su bung nd cia cac ung dung va hd trg CC cho
mot loat cac dich vu cho nguoi st dung , dién thoai di dong (MCC) duoc gidi thiéu
nhu 1a mdt sy tich hop cua dién todn ddm may vao moi truong di dong. MCC
mang dén dich vu va tién ich méi cho nguoi st dung dién thoai di dong dé co day
du loi thé cua dién toan dam may.

Bai nay trinh bay mét cudc khao sat toan dién vé MCC . Phan II cung cip mot ban
tom tat tong quan vé MCC bao gdm dinh nghia, kién trtc, va loi thé cta nd. Phan
I11 thao luan vé viée sur dung MCC trong cac ing dung khac nhau. Sau do, Muc IV
trinh bay mot sb van dé phat sinh trong MCC va phuong phap tiép can dé giai
quyét cac van dé. Tiép theo, cac hudng nghién ctru trong twong lai dugc néu tai
Muc V. Cudi cung, chiing t61 tom tat va két luan cac cudc tai muc VI. Danh sach
cac tir viét tit trong bai bao ndy duoc dua ra trong bang 1.

II. TONG QUAN VE MCC (Mobile Cloud Computing)

Thuat ngtr "dién todn dam may di dong" da dugc gidi thi¢u khong lau sau khai
niém "dién todn ddm may" ra mat vao giita nam 2007. N6 da thu hat duoc su chi y
cua cac doanh nhan nhu mdt lya chon kinh doanh ¢é lgi nhuan, lam gidm céac chi
phi phat trién va chay cac tng dung di dong, ctia nguoi sir dung di dong nhu 1a mot
cong nghé méi dé trai nghiém mat loat cac dich vu di dong véi chi phi thép, va
cac nha nghién ciru nhu mot hira hen cho giai phap IT xanh [3]. Phan ndy cung cip
mot cai nhin tong quan cia MCC,bao gom dinh nghia, kién trac, va loi thé cua
MCC.

A.MCClagi?
Dién dan MCC xéac dinh MCC nhu sau [4]:

"MCC dé cap dén mot co s ha tang luu trit va xtr 1y dir liéu xay ra bén ngoai thiét
bi di dong. Ung dung dam may di dong di chuyén sirc manh tinh toan va luu trir dir
liéu tir dién thoai di dong va vao cac ddm may, cac ing dung va tinh toan di dong
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ctia khong phai chi nguoi dung dién thoai thong minh ma pham vi rong hon nhiéu
cac thué bao di dong ".

Aepona [5] m6 ta MCC la mdt mo hinh mdéi cho céc ung dung di dong, theo do
viée xu ly dit li¢u va luu trtr duoc chuyén tir thiét bi di dong vao cac nén tang manh
mé va tap trung dat trong cdc ddm may. Céac ting dung nay sau do6 duoc truy cap
qua két ndi khong day dua trén trinh duyét web trén cac thiét bi di dong.

Ngoai ra, MCC c6 thé duoc dinh nghia 12 mot sy két hop cta web di dong va dién
toan dam may [6], [7], 1a cong cu phd bién nhit cho nguoi str dung di dong dé truy
cap vao cac ung dung va dich vu trén Internet.

Tém lai, MCC cung cip cho nguoi sir dung di dong voi viée xu 1y dit liéu va céc
dich vu luu trit trong cac ddm may. Céc thiét bi di dong khong can mot cau hinh
manh m¢ (vi du, CPU tde do va dung lugng bd nho) vi tat ca cac mo-dun tinh toan
phuc tap c6 thé duoc xtr 1y trong nhitng dam may.
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4G Fourth Generation

AAA Authentication, Authorization, Accounting
APDV Application Protocol Data Unit

API Application Programing Interface

ARM Advanced RISC Machine

AV Anti-Virus

B2B Business to Business

B2C Business to Customer

BTS Base Transceiver Station

cC Cloud Computing

CSP Cloud Service Provider

EC2 Elastic Compute Cloud

GPS Global Positioning System

HA Home Agent

laaS Infrastructure as a Service

IA Integrated Authenticated

1D Identifier

IMERA | French acronym for Mobile Interaction in Augmented Reality Environment
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LTS Location Trusted Server

MAUI Memory Arthmetic Unit and Interface
MC Mobile Computing

MCC Mobile Cloud Computing

MDP Markov Decision Process

MSC Mobile Service Cloud

P2p Peer-to-Peer

PaaS Platform as a Service

QoS Quality of Service

RACE Resource-Aware Collaborative Execution
REST Repretational State Transfer

RFS Random File System

RTP Real-time Transport Protocol

S3 Simple Storage Service

SaaS Software as a Service

TCC Truster Crypto Coprocessor

URI Umpﬂtﬁ?ﬂ”ﬁg:gﬁl;ggﬂﬁ;l{? et;-ﬂ migo Tu TUUZIwem. TZUS/absiract

Bang 1. Cac tir viét tat

Trang 5




Bao cao bai tap lon tinh toan luoi

B. Kién tric cia MCC

Data center owners or
cloud service providers

Cloud Computing
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Hinh 1. Kién trac MCC

Ttr khéi niém ciia MCC, kién trac chung ciia MCC c6 thé duoc hién thi trong hinh
1. Trong hinh 1, cac thiét bi di dong dugc két ndi véi cac mang di dong thong qua
cac tram (vi du, co sé tram thu phat (BTS), diém truy cép (access point), hodc vé
tinh) duoc thiét 1ap va kiém soat cac két nbi va giao dién chirc ning gittamang va
cac thiét bi di dong. Yéu cau cia ngudi dung di dong va thong tin (vi du nhu ID va
vi tri) duoc truyén dén cac bod vi xu 1y trung tdm duogc két ndi véi may chu cung
cép dich vu mang di dong. O day, nha khai thac mang di dong co thé cung cép dich
vu cho nguoi st dung di dong la AAA (authentication, authorization, and
accounting) dya trén cac home agent(HA) va dir liéu cua thué bao dugc luu trit
trong co s& dit liéu. Sau d6, yéu cau cia thué bao duoc chuyén giao cho mot dam
may théng qua Internet. Trong dam may, cic bo diéu khién dién toan dam
may(cloud controller) xtr Iy cac yéu cau dé cung cap cho nguoi s dung di dong
v6i cac dich vu dam may tuong tng. Nhimng dich vu nay dugc phét trién véi cac
khai niém tién ich tinh toan, o hoa va kién tric hudng dich vu (vi du web, Ung
dung, va may chu co s¢ dir li¢u).
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Kién trac chi tiét cua dién toan dam may co thé khac nhau trong cac ngit canh khéc
nhau. Vi duy, kién trac bon 16p (4-layers) duoc giai thich trong [8] dé so sanh dién
toan dam may véi dién toan ludi (grid computing). Ngoai ra, mot kién tric hudng
dich vu, duoc goi 13 Aneka, duoc gi6i thiéu dé cho phép cac nha phat trién xay
dung ung dung .NET véi su hd trg cic giao dién 1ap trinh tmg dung (API) va nhiéu
m6 hinh 14p trinh [9]. [10] trinh bay mdt kién trac dé tao ra cac dam may hudng thi
truong (market-oriented). Trong bai bdo ndy, ching toi tap trung vao mot kién triic
dugc phan 16p (layered architecture) ctia dién toan dam dam may (Hinh 2).Kién
trac ndy thudng duge st dung dé chirng minh hiéu qua ctia mé hinh dién toan dam
mAy trong viéc dap tmg yéu cau cta nguoi st dung [12].

Software as a Service (Microsoft's Live Mesh)

Platform as a Service (e.g., Google App engine, Microsoft Azure)

Infrastructure as a Service (e.g., EC2, 53)

Data centers

Hinh 2. Kién trtc dién toan dam may huéng dich vu

Noi chung, dién toan dam mAy 1a mot hé thong mang phan bd quy mé 16n dya trén
mot s6 lugng may chu tai cac trung tam dir li¢u. Dich vu ddm may dugc phan loai
dua trén khai niém 16p(Hinh 2). Trong céc ting trén ciia co so ha ting nay,ha tang
nhu mdt Dich vu (IaaS), nén tang nhu mot dich vu (PaaS), va Phan mém nhu mot
dich vu (SaaS) duoc xép chéng 1én nhau.

o Lép trung tam dir liéu: Lép ndy cung cip cac thiét bi phan cing va co s ha
tﬁng cho cac ddm may. Trong 16p trung tam dir li€u, mot $6 may chu dugc
lién két véi cac mang tdc do cao dé cung cap cac dich vu cho khach hang.
Thong thuong, cac trung tam dir li¢u duoc xay dung & nhiing noi it dan cu,
hiéu ning cao va on dinh va it c6 nguy co thién tai.

o Cosoha tdng nhu mot dich vu (laaS): 1aaS dugc xay dung trén dinh cta 16p
trung tdm dir liéu. TaaS cho phépcung cip dung luong luu trit, phan ctng,
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may chil va cac thanh phin mang. Khach hang thuong tra tién cho mdi lan
sir dung . Nhu vy, khach hang c6 thé tiét kiém chi phi khi thanh toan khi
chi dugc dua trén cac nguén tai nguyén hothuc su st dung. Co s ha t?mg co
thé dugc md rong hodc thu nho ty dong khi can thiét. Cac vi du cua Iaa$ la
Amazon EC2 (Elastic Cloud Computing) va S3 (Simple Storage Service).

o Nén tang nhw mét dich vu (PaaS): PaaS cung cdp moi trudng tich hop nang
cao cho viéc xay dung, kiém tra va trién khai céac ung dung. Cac vi du vé
PaaS 1a Google App Engine, Microsoft Azure, va Amazon Map
Reduce/Simple Storage Service.

e Phan mém nhw mét dich vu (SaaS): SaaS hd tro phan phdi phan mém voi
yéu cau cu thé. Trong 16p nay, ngudi dung co thé truy cap mot tmg dung va
thong tin tir xa thong qua Internet va chi tra tién cho nhitng thtr ho sir dung.
Salesforce 1a mot trong nhitng ngudi tién phong trong viéc cung cap mo hinh
dich vy nay. Microsoft ™ s Live Mesh cling cho phép chia sé tap tin va thu
muc trén nhiéu thiét bi cing mét lic.

Mic du kién trac dién toan dam may co thé dugc chia thanh bdn 16p nhu hinh 2,
nokhong co nghia 1 cac 16p trén phai duoc xay dung trén 10p truc tiép bén dudi
no. Vi dy, cac ung dung SaaSco thé duoc trién khai truc tiép trén laaS, thay vi
PaaS. Ngoai ra, mot s6 dich vu c6 thé duge coi nhu mot phﬁn ctianhiéu hon mét
16p. Vi du, dich vu luu trit dir liéu co thé dugc xem nhu 1a mot trong laaS hoac
PaaS. Vi vay, nguoi dung cé thé st dung cac dich vu linh hoat va hiéu qua.

C. Cac wu diém ciaMCC

Pién toan ddm may duogc biét dén nhu 12 mot giai phap day hira hen cho dién toén
di dong do nhiéu 1y do (vi du, kha ning thong tin lién lac, tinh di dong [13]). Sau
day, chiing toi s& mo ta dam may co6 thé duoc sir dung nhu thé nao dé vuot qua
nhiing trd ngai trong tinh toan di dong, tir 46 chi ra cac lgi thé cia MCC.

1) M6 réng doi pin: Pin 1a mot trong nhitng mdi quan tdm chinh cho cac thiét
bi di dong. Mot s6 giai phap da dugc dé xuét dé nang cao hi¢u suat cua CPU
[14], [15] va dé quan 1y dia va man hinhmét cach thong minh [16], [17] dé
giam tiéu thy dién nang. Tuy nhién, cic giai phap nay yéu cau thay dditrong
cAu tric cua thiét bi di dong, hodc ho yéu cAu mot phﬁn cung md&i1 ma két qua
c6 thé lam gia ting chi phiva c6 thé khong kha thi cho tat ca cac thiét bi di
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2)

dong. K thuat do tai tinh toan (computation offloading) dugc dé xuét dé di
chuyén cac tinh toan 16n va phtic tap tur cac thiét bi c6 nguén luc han ché
(tic 1a,cac thiét bi di dong) cho cac may tinh thao vat (tirc 13, cdc may chu
trong cac ddm may). Diéu nay tranh dugc mot ing dung co6 thoi gian thuc
hién l4u trén cac thiét bi di dong lam cho chung tiéu hao mdt ) luong 16n
dién nang ti€u thuy.

[18] [19] danh gid hiéu qua cua k¥ thuat giam tai thong qua mot s thi
nghiém. Cac két qua chimg minh réng viéc thuc hién img dung tur xa co thé
tiét kiém ning luong dang ké. Pic biét, [18] danh gid sd tinh toan quy md
16n va cho théy c6 dén 45% nang lugng ti€u thu cho tinh toan ma tran 1én co
thé duoc giam. Ngoai ra, nhiéu Gmg dung di dong tan dung loi thé tir di
chuyén nhiém vu va xt Iy tir xa. Vi dy, giam tai cho chuong trinh t6i wu hoa
trinh bién dich [20] cho xu 1y hinh anh c6 thé 1am giam41% ti€u thyu nang
luong ctia mot thiét bi di dong. Ngoai ra, st dung bo nhd sd hoc don vi
(memory arithmetic unit) va giao dién (MAUI - memory arithmetic unit and
interface)dé di chuyén cac thanh phan tro choi di dong [21] dén cac may chu
trong cac dam may c6 thé tiét kiém 27% tiéu thu nang lwongcho cac tro choi
may tinh va 45% cho cac tro choi co vua.

Cai thién kha nang luu trir dit liéu va sirc manh xu ly: Dung lugng luu triv
cling 1a mot han ché cho thiét bi di dong. MCC dugc phat trién dé cho phép
nguoi sir dung di dong c6 thé luu trix / truy cap dit liéu 16n trén dam may
thong qua mang khong diy. Vi du dau tién 13 Amazon Simple Storage
Service (Amazon S3) [22], dich vu hd tro luu trit tap tin. Mot vi du khac 1a
Image Exchange su dung khong gian luu trir 16n trong cac ddam may cho
nguoil st dung di dong [31]. Dich vu chia sé anh trén di dong cho phép
nguoi st dung di dong dé tai hinh anh 1én nhimg dam may ngay lap tic sau
khi chup. Nguoi ding c6 thé truy cap tat ca cac hinh anh tir bat ky thiét bi
nao. Véi dam may,nguoi ding cé thé tiét kiém sb tién ddng ké cho ning
luong va khong gian luu trit trén cac thiét bi di dong cua ho vi tit ca céac
hinh anhduogc gt di va xu 1y trén nhitng dam may. Flickr [23] va ShoZu
[24] ciing thanh cong trong viéc cung cap cac ung dung chia sé anh qua di
dongdua trén MCC. Facebook [25] 1a thanh cong nhét cho tng dung mang
xa hdingay hom nay, va n6 cling 1a mét vi du dién hinh cua viéc st dung
dién toan ddm may trong chia sé hinh anh.
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3)

MCC ciing gitip giam chi phi hoat dong cho cac ing dung tinh toan chuyén
siu ma phai mat thoi gian dai va tiéu hao sé lwong 16n ning lugng khi thuc
hién trén cac thiét bi han ché tai nguyén. Pién toan ddm may co thé hiéu
quatrong viéc hd tro cac nhiém vu khac nhau cho kho dit liéu, quan 1y va
doéng bo hoa nhiéu tai lidu truc tuyén. Vi dy, nhimg dam may c6 thé duoc sir
dung dé chuyén ma (transcoding) [26], choi co vua [21], [27], hoac dich vu
phat thanh truyén hinh da phuong tién [28] v&i cac thiét bi di dong. Trong
nhitng trudng hop nay, tat ca cac tinh toan phic tap dé chuyén ma hoic cung
cép mot co di chuyén t6i vu ma phai mat mot thoi gian dai khi thyc hién trén
cac thiét bi di dong s& duoc xir Iy mot cach nhanh chong trén cac dam may.
Ung dung di dong ciing khong bi han ché boi dung luong luu trit trén cac
thiét bi boi vi dit liéu duoc luu trit trén dam may.

Cai thién do tin cdy: Luu trit dit 1iéu hoac chay cac ing dung trén ddm may
1a mot cach hi¢u qua dé cai thién do tin cay vi cac dir liéu va tng dung duoc
I trir va sao luu trén nhiéu may tinh. Didu nay 1am giam nguy co bi mat dir
lidu va tng dung trén cac thiét bi di dong. Ngoai ra, MCC c¢6 thé dugc thiét
ké nhu 12 mot md hinh bao mat toan dién dit liéu cho cac nha cung cép dich
vu va nguoi st dung. Vi du, cac dam may cé thé duoc sir dung dé bao vé
ban quyén ndi dung sd (vi du, video, clip, va 4m nhac) khong bi lam dung va
phan phdi trai phép [29]. Ngoai ra, cac ddm may tir xa c6 thé cung cip cho
nguoi st dung di dong véi dich vu bao vé chéng han nhu quét virus, phat
hién ma dgc hai, va xac thuc [30]. Ngoai ra, bao mat dya trén dich vu ddm
may co thé nang cao hi¢u qua cac dich vu bé‘mg viéc st dung hi¢u qua cac dir
liéu thu thap duoc tir nhidu ngudi dung khac nhau.

Ngoai ra, MCC ciing duoc thira huéng mot sd wu diém cua cac ddm may cho
cac dich vudi dong nhu sau:
e Kha ning cung cdp déng: dong trong viéc cung cip theo yéu cu cac
ngudn tai nguyén, dich vula mot cach linh hoat cho cac nha cung cip
dich vu va nguoi str dung di dong dé chay cac ung dung cua ho.
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Application Classes

Type

Examples

Mobile financial applications | B2C, B2B

Banks, brokerage firms, mobile-user fees

Mobile advertising

B2C

Sending custom made advertisements according to user’s physical location

Mobile shopping

B2C.B2B

Locate/order certain products from a mobile terminal

B2C: Business to Customer, B2B: Business to Business

Bang 2. Cac 16p img dung cua m-commerce

o Khd ning mé réng: Viée trién khai cac tmg dung di dong c6 thé dugc

thuc hién va mo rong dé dap Uing nhu cau s6 lugng yéu cau khong

doan trudc dugc cua nguoi dung do cung cap nguodn tai nguyén rat

linh hoat. Cac nha cung cap dich vu c6 thé dé dang thém va mé rong

mot ung dung va dich vu khong c6 hodc c6 it han ché vé viéc sur dung
tai nguyén.

e Da s¢ hiru: nha cung cép dich vu (vi du, nha diéu hanh mang va chu
s& hiru trung tim dit 1iéu) c6 thé chia sé lai ngudn va chi phi dé hd tro
mot loat cac tmg dung va sd luong 16n nguoi st dung.

e Dé dang tich hop: Nhiéu dich vu tir cac nha cung cdp dich vu khac

nhau c6 thé duoc tich hop dé dang thong qua cac dam may va Internet

dé dap tmg nhu cau nguoi dung.

III.UNG DUNG CUA MCC
Ung dung di déng duogc chia sé trong thi truong di dong toan cau ngdy cang
ting. Cac tng dung di dong khac nhau d3 thira huong nhiing loi thé cua
MCC. Trong phan nay, mét s6 tng dung MCC dién hinh duoc gidi thidu.

A. Thwong mai di dong (Mobile Commerce)
Thuong mai di dong (m-commerce) 1a mot mo6 hinh kinh doanh thuong mai
bang cach sir dung cac thiét bi di dong. Ung dung m-commerce thudng thuc
hién mot s6 nhiém vu doi héi tinh di dong (vi du, giao dich vathanh toan qua

di dong, nhin tin di dong va ban vé qua di dong). Cac Gmg dung m-

commerce co thé dugc phan loai thanhmdt vai 16p bao gém quang cao, tai
chinh va mua saim (Bang II).
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Céc ing dung m-commerce phai d6i mit v6i nhitng thach thirc khac nhau (vi
du, bang thong thap, cau hinh thiét bj di dong mang tinh phtc tap cao, va an
ninh). Vi vdy, cidc tng dung m-commerce dugc tich hgp vao moi truong
dién toan dam may dé giai quyét nhitng van dé nay. [32] dé& xuit mot nén
tang thuong mai dién tir 3G dua trén di¢n toan dadm may. M6 hinh nay két
hop nhiing loi thé cua ca hai mang 3G va dién toan ddm mAay gilp ting tdc
do xur ly dir liéu va [33] muc do bao mat dya trén PKI (co so ha tﬁng khoa
cong khai - public key infrastructure). Cac PKI str dung co ché diéu khién
truy cap dua trén ma hoa (encryption-based access control) va over-
encryption dé dam bao sy riéng tu cua ngudi dung khi truy cdp vao cac dir
li¢u bén ngoai.

B. Hoc tap di dong (Mobile learning)

Hoc tap qua di dong (m-learning) dugc thiét ké dua trén hoc tap dién tr (e-
learning) va di dong. Tuy nhién, cic img dung m-learning truyén théng c6
nhirng han ché vé chi phi cao cua cac thiét bi va mang, mang ludi truyén dan
tdc do thép, va cac nguén luc gido duc han ché [35], [36], [37]. Céc tng
dung m-learning dua trén dam may dugc gidi thiéu dé giai quyét nhitng han
ché do. Vi du, st dung mot dam may véi khong gian luu trit 16n, nang lyc va
kha nang xir Iy manh mé, cac ing dung cung cap cho ngudi hoc véi cac dich
vu phong phti hon nhiéu vé kich thudc dir lidu (thoéng tin), toc do xir 1y
nhanh hon, va pin lau hon.

[38] trinh bay loi ich cta viéc két hop m-learning va dién toan ddm may dé
ting cudng giao tiép chat lugng giira hoc sinh va gido vién. Trong trudng
hop nay, mdt phén mém cho dién thoai thong minh dya trén ma framework
ngudén md JavaME UI va Jaber cho khach hang duoc st dung. Thong qua
mot trang web duoc xdy dung trén Cong cu Google Apps, hoc sinh giao tiép
v6i gido vién caa ho bét clr luc nao. Ngoai ra, cac gido vién cé thé c6 dugc
cac thong tin vé muc d6 kién thire ctia hoc sinh cta khoa hoc va cd thé tra
161 cac cau héi cta hoc sinh mot cach kip thoi. Ngoai ra, hé théng m-
learning theo ngir canh dua trén nén tang IMERA [39] cho thdy mot hé
théng m-learning dya trén dam mady gitp hoc vién c6 thé truy cip cac tai
nguyén hoc tap tir xa.
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Mot vi du khac cia MCC tng dung trong hoc tap 1a " Cornucopia " dugc
hién thuc cho cac nghién ctiru ctahoc sinh hoc di truyén va “Plantations
Pathfinder” dugc thiét ké dé cung cp thong tin va cung capmot khong gian
cong tac cho du khach khi ho truy cap vao nhiing khu vuon [40]. Muc dich
ctia viéc trién khai caccac tmg dung nay 1a giup hoc sinh nang cao hiéu biét
ctia ho vé thiét ké thich hop ctiadién toan dam may di dong trong viéc hd tro
kinh nghiém thuc dia. Trong [41], mot cong cu gido duc duoc phat trién dua
tréndién toan dam may dé tao ra mot khoa hoc vé xur 1y hinh anh / video.
Thong qua dién thoai di dong, ngudi hoc co théhiéu va so sanh cac thuét
toan khac nhau dugc st dung trong cac ing dung di dong (vi dy, lam mo,
phat hién khuon mat, va nang cao chét luong hinh anh).

C. Cham soc strc khoe di dong (Mobile healthcare)

Muc dich cua viée ap dung MCC trong cic ing dung y té 1a dé giam thiéu
nhitng han ché cua diéu tri y té truyén théng (vi dy, luu tri vat Iy nhd, an
ninh va riéng tu ... [42], [43]). Dién thoai di dong cham so6c strc khée (m-
healthcare) cung cdp cho ngudi st dung di dong sy thudn tién trong viée truy
cap tai nguyén (vi dy, ho so y té bénh nhan) mot cach dé dang va nhanh
chong. Bén canh d6, m-healthcare cung cép cho cac bénh vién va cac to
chitc cham séc ste khoé nhiéu loai dich vu theo yéu cau trén nhitng ddm
may chi khong phai 1a s& hitu ung dung ddc 1ap trén cdc mdy chu dia
phuong.

C6 mot vai dé an caia MCC ung dung trong linh vuc y té. Vi du, [44] trinh
bay ndm tmg dung m-healthcare phd bién.

o Dich vu theo doi swc khoe toan dién (comprehensive health
monitoring services): bénh nhan dugc theo doi bat ¢t luc nao va bat
ci noi nao thong qua thong tin lién lac bang thong rong khong day.

o Hé thong quan 1y khan cdp théng minh(Intelligent emergency
management system) c6 thé quan 1y va phdi hop cac doi xe cap
ctruhiéu qua va kip thoi khi nhan dugce cudc goi tir cdc tai nan hodc su
cb.

o Nhdn biét sitc khée di déng (Health-aware mobile devices) phat hién
ty 1& xung, huyét 4p, va ndng do ruou dé canh bao hé théng cham soc
strc khoe khan cap.
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o Truy cdp réng khdp théng tin cham séc sirc khée (Pervasive access
to healthcare information) cho phép bénh nhan hodc nha cung cép
dich vu cham soc stc khoe truy cap vaothdng tin y té hién tai va qua
khur.

e Quan Iy khuyén khich 16i song phoé bién (Pervasive lifestyle incentive
management) c¢6 thé duoc sir dung dé thanh toan cac khoan chi phiy
té va quan 1y khac lién quan dén phi mét cach tu dong.

Tuong ty nhu vay, [45] dé xuét @ HealthCloud, thuc hién nguyén mau cia hé
thong quan 1y thong tin m-healthcare dua trén dién toan dam may va mot khach
hang dién thoai di dong chay hé diéu hanh Android (OS). Nguyén mau nay trinh
bay ba dich vu st dung dich vu luu trit ddm may S3 ctia Amazon dé quan ly hd so
suc khoe cua bénh nhan va hinh anh y khoa.

o Két noi liéen mach dén kho luu triz ciia mdy (seamless connection to cloud
storage) cho phép 1y, stra d6i, va tai 1én cac ndi dung y té (vi du nhu, hinh
anh y té, hd so stuc khoe bénh nhan va biosignals) su dung dich vu web va
mot bd co san cac API dugc goi 1a REST.

o H¢ théng quan Iy hé so y té bénh nhan(Patient health record management
system) hién thi cac thong tin lién quan dén tinh trang bénh nhan, c6 lién
quan dén biosignals va ndi dung hinh anh thong qua giao dién ung dung.

o Ho tro xem anh(Image viewing support) cho phép ngudi st dung di dong
gid1 ma cac tap tin hinh dnh ¢ d6 phan giai khac nhau.

Péi voi hé thong thuc té, hé thong quan 1y Homecare y hoc tir xa (telemedicine
homecare management system) [46] dugc thyc hién tai Pai Loantham gia giam sat,
dic biét 1a ddi véi bénh nhan ting huyét ap va tiéu duong. Hé thong gidm sat
300ngudi bénh va luu trir hon 4.736 hd so vé huyét ap va cac dit liéu do do duong
tréndam may. Khi mot ngudi tham gia do duong huyét / ap luc thong qua thiét bi
chuyén ngénh,thiét bi ¢6 thé guri cac thong s6 do duoc téi hé théng tu dong, hoac
nguoi tham gia co thé giricac thong sd bang tin nhan SMS thong qua céc thiét bi di
dong cua ho. Sau d6, ddm may s€ thu thap va phan tich thong tin cia ngudi tham
gia va tra két qua. Sy phat trién cua y tédi dong rd rang giup do rat nhiéu cho
nhitng ngudi tham gia. Tuy nhién, thong tin dugc thu thap va quan 1y lién quan dén
sttc khoe ca nhanla nhay cam. Do d6, [47], [48] dé xuat cac giai phap dé bao vé
thong tin stc khoe ctia nguoi tham gia, do détdng tinh bdo mat ctuia cac dich vu.
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Trong khi [47] st dung mo hinh P2P d¢ giai quyét an ninh, van dé bao vé dit liéu
va quyén s hitu, cdc mo hinh trong [48] cung cip bao mat nhu 1a mot dich vu trén
dam may dé bao vé cac tmg dung di dong. Vi vay, cic nha cung cap Gmg dung y té
di dong va nguoi sir dung s& khong phai lo ling vé van dé an ninh ké tir khi nd
dugc dam bao bai nha cung cap an ninh.

D. Tro choi di dong (Mobile Gaming)

Tro choi di dong (m-game) 1a mot thi truong tiém ning tao ra doanh thu cho cac
nha cung cip dich vu. M-game c¢6 thé giam tai cho dong co doi hoi tai nguyén tinh
16n (vi du, v& dd hoa) dén may chu trong cac dam may, va game thu chi twong tac
v6i giao dién man hinh trén thiét bi cta ho.

[49] chimg minh ring giam tai (md da phuong tién) c6 thé tiét kiém ning luong
cho cac thiét bi di dong, do d6 ting thoi gian choi game trén céc thiét bi di dong.
[21] @& xuit MAUI (bo nhd don vi s6 hoc vagiao dién), mot hé thdng cho phép
nhan biét ning luong chuyén tai cia ma di dong dén mot dam may. Ngoai ra,
motsé thi nghiém dugc tién hanh dé danh gia ning luong duogc sir dung cho céc
g dung tro choi v6i mang 3Gva mang WiFi. N6 phét hién rang thay vi giam tai
tat ca cac ma dédam may xur 1y, MAUI phan ving cic md ung dung lac thuc thi
(runtime) dya trén cac chi phi truyén thong mang (network communication) va
CPU trén cac thiét bi di dong dé tiét kiém tdi da niang luong cho két ndi mang. Két
qua chtng minh ringMAUI khéng chi gitip giam niang lwong dang ké cho cac thiét
bi di dong (tirc 1la, MAUI tiét kiém 27% nang luongst dung cho céc tro choi video
va 45% cho tro choi cd vua), nhung ciing cai thién hiéu suit cta cac tmg dung di
dong(ttrc 13, ty 16 1am méi (refresh) cua tro choi tang tir 6 dén 13 khung hinh mdi
gidy).

[50] trinh bay m-game méi dua trén ddm may bang cach st dung mot ki thuét goi
1a thich Gmg dung hinh (rendering adaptation) dé tu dong diéu chinhcac trd choi va
vé& cac thong sd theo nhu ciu ctia game thu. Céac k¥ thuat thich tng chi yéu can ctr
trén y tuong giam sd luong cac dbi tuong trong danh sach hién thivi khong phai tat
ca cac doi tuong trong danh sach hién thi duoc tao ra béi cong cu tro choi la can
thiét dé choi cac trd choi vaquy mo phire tap cuia cac hoat dong v&. Muc tiéu 1a dé
t6i da hoa trai nghiém nguoi ding qua thong tin lién lac va chi phi tinh toan.
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E. Cac ung dung thue té khac

Mot dam mAy tré thanh mot cong cu hiru ich dé gitp ngudi dung chia sé hinh anh
di dong va video clip mot cach hi€u quéa va gan thé (tag) ban be cua ho trong cac
mang x4 hoi phd bién nhu Twitter va Facebook. MeLog [51] 13 mot ung dung
MCC cho phép ngudi st dung dién thoai di dong dé chia sé kinh nghiém thoi gian
thuc (vi du, du lich, mua sdm, va su ki€n) trén nhitng dam may thong qua mot blog
tur dong. Nguoi sir dung di dong (vi du, khach du lich) duoc hd tro bdi mot sb dich
vu dam méy nhu hudng din chuyén di ctia ho, hién thi ban do, ghi lai hanh trinh,
va luu trlr hinh anh va video.

[52] gidi thi¢u mdt dich vu dinh vi di dong (mobile locationing service) cho phép
ngudi dung chup mét video clip ngan vé céc toa nha xung quanh. Cac thuit toan
phu hop chay trén mdt ddm may cé thé st dung mdt lugng 16n thong tin dé tim
kiém vi tri ctia cac toa nha nay. Ngoai ra, One Hour Translation [53] cung cdp mot
dich vu dich thuét truc tuyén dang chay trén dam may ciia Amazon Web Services.
One Hour Translation gitp nguoi st dung di dong, dac biét 1a du khach nudc
ngoai, nhan dugc cac thong tin dugc dich trong ngbén ngir cia ho thong qua céc
thiét bi di dong cta ho.

Pam may trd thanh cong cu hiéu qua nhét khi nguoi dung di dong yéu cau dich vu
tim kiém (vi duy, tim kiém thong tin, vi tri, hinh anh, giong ndi, hodc video clip).

o Tim kiém diea trén tir khod (Keyword-based Searching): [54] d& xuat mot mo
hinh tim kiém di dong thong minh bang cach sir dung ngit nghia trong d6
nhiém vu tim kiém s& duge thuc hién trén may chu trong mot ddm may. Mo
hinh nay co thé phan tich ¥y nghia cua mot tir, mdt cum tur, hodc mot giai
doan phirc tap dé tao ra cac két qua mot cach nhanh chéng va chinh xac. [55]
trinh bay mot ing dung bang cach st dung cac dam may dé thuc hién nhiém
vu tim kiém dit liéu cho ngudi st dung di dong. [55] st dung hé théng
Dessy [56] dé tim cac dit liéu nguoi dung, siéu dir liéu, va thong tin ngir
canh thong qua tim kiém may tinh dé ban (vi du, 1ap chi myc (indexing),
truy van, xép hang tim kiém lién quan - search relevance ranking) va cac ky
thuat dong bo hoa.

o Tim kiém dua trén giong néi (Voice-based Searching): [57] dé xuit mot dich
vu tim kiém thong qua nhan dang giong néi trong d6 ngudi ding di dong chi
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no6i chuyén voi micro trén thiét bi ctia ho thay vi gd trén ban phim hodc man
hinh cdm tng.

o Tim kiém dua trén thé (Tag-based Searching): [58] giéi thiéu mot k¥ thuét
tim kiém hinh anh duya trén thé ban thé hoc ngit nghia (ontological semantic
tags). Nguoi st dung di dong chi goi lai nhirg thong sb dugc gin thé vao
hinh anh truc khi hinh anh nay giri dén mot ddm may. Dién toan dam may
dugc sir dung dé luu trir va xu 1y hinh anh cho céc thiét bi nguén luc han
ché. Cac dich vu hién tai dugc thiét ké cho nhirng hinh dnh duoc luu trir trén
moi truong dién toan dam may riéng (private cloud). Trong tuong lai, du
kién s& mé rong dé tim kiém hinh anh trong mot moi truong dam may cong
cong (public cloud).

Ngoai ra, c6 mdt ing dung dién toan ddm may di dong hop tac (mobile-cloud
collaborative application) [59] dé phat hién dén giao thong cho nguoi mu,
framework dién toan dam may [60] dé theo ddi cac goc khac nhau trong mot
ngdi nha thong qua mot thiét bi di dong, va mdt s6 nd luc tich hop céac dich vu
hién tai (vi du nhu BitTorrent, va mang xa hoi di dong) vao nhitng ddm may
nhu trong [61], [62]. Qua d6, chung ta c¢6 thé nhan ra raing MCC c6 thé 1a mot
xu hudng cong nghé hién hanh véi nhiéu tmg dung trong twong lai gan.
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IV. CAC VAN BE VA PHUONG PHAP CUA MCC

Nhu da thao luan trong phan trudc , MCC c6 nhiéu thuan loi cho nguoi st dung
dién thoai di dong va nha cung cép dich vu .Tuy nhién, do sy tich hop cuda hai linh
vuc khac nhau , trc 1a , dién toan dam may va cac mang di dong , MCC phai ddi
mit v6i nhiéu thach thirc k¥ thuat . Phan nay liét ké mot sé van dé nghién ciru
trong MCC , lién quan dén cac thong tin lién lac di dong va dién todn ddm may .
Sau d6 , cac giai phap co san dé giai quyét nhitng cac van dé duoc xem xét.

A. Céc van dé trong truyén thong di dong.

1. Bang thong thap: Bang thong 1a mot trong nhitng van dé 16n trong MCC vi céc
ngudn tai nguyén vo tuyén cho mang khong day 1a rat khan hiém so voi cac mang
c6 day truyén théng. dé xuat mot giai phap dé chia sé bang thong han ché trong sd
nguoi sit dung dién thoai di dong nhitng ngudi dang nam trong ciing mot khu vuc (
vi du , mot noi lam vi¢c , nha ga , va mdt san van dong ) va tham gia vao cung mat
ndi dung ( vi du , mdt doan video tap tin). Cac tdc gid md hinh tuong tic gitra
nguodi st dung nhu mét tro choi lién minh . Vi du , nguoi st dung hinh thanh mot
lién minh ma mdi thanh vién chiu trach nhiém cho mot ph?m cua file video ( vi du
nhu 4m thanh , hinh anh , va cha thich ) va truyén / trao d6i né cho céc thanh vién
lién minh khac. Két qua nay cai tién chét luong video. Tuy nhién , giai phap duoc
dé xudt chi 4p dung trong trudng hop khi ngudi st dung trong mot khu vuc nhét
dinh quan tdm dén ndi dung tuwong tu . Ngoai ra, né khong xem xét mot chinh sach
phan phéi ( vi du, nguoi nhan dugc bao nhiéu va mot phén cta ndi dung ) dan dén
su thiéu cong bang vé sy dong gop ciia mdi ngudi sit dung mot lién minh.

Xem xét chinh sach phan phdi dit liéu ma quyét dinh khi ndo va bao nhiéu phan
ctia biang thong c6 san duoc chia sé giira nguoi s dung tir cdc mang ( vi du , WiFi
va WIMAX)) .

N6 thu thap hd so nguoi dung ( vi du, goi hd so', hd so ¢4 nhan cudng d6 tin hiéu ,
va sttc manh ho so ca nhan ) theo dinh ky va tao ra cac bang quyét dinh bang cach
str dung thuat toan Process Quyét dinh Markov ( MDP ).

Duya trén cic bang , nguoi dung quyét dinh c6 hay khong dé giup nhiing ngudi
dung khac tai vé mét sd nodi dung ma ho khong thé nhan duoc tu do bang thong
gidi han, va 1am thé nao can giup d& ( vi du, 10 % céac noi dung). Cac tac gia xdy
dung mot kién trtc, dugc dit tén RACE ( Tai nguyén - Aware Thuc hién hop tac )
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cac dam may dé mat loi thé cia may tinh ngudn lyc cho viéc duy tri cac hd so
ngudi dung . Céach tiép cin nay 1a thich hop cho nguoi dung chia sé cac gi6i han
bang thong, can b::ing su thoa hiép giita cac loi ich cua sy hd trg va chi phi ning
luong.

2. Tinh san sang:

Dich vy sin c6 trd thanh nhimg van dé quan trong trong MCC hon trong cac dién
toan dam mAy v6i mang c6 day. Ngudi dung di dong c6 thé khong thé két ndi véi
cac ddm may dé c6 duoc dich vu do tic nghén giao thong , mat mang , va bi tac tin
hiéu .

Pé xuit cac giai phap dé gitip nguoi dung di dong trong truong hop ngit két ndi tir
cac dam may, cac tac gia md ta mot co ché phat hién dé tim cac nat trong ving lan
can ciia mot ngudi st dung c6 lién két dén dién toan dam may 1a khong cé gia tri.
Sau khi phat hién cac niit gin d6 13 trong mot ché do 6n dinh , cac nha cung cap
muc tiéu cho cic ung dung duoc thay d6i. Bang cach nay , thay vi c6 mot lién két
truc tiép dén cac dam may , ngudi dung dién thoai di dong co thé két ndi véi cac
dam may thong qua cac nuat 1an can mdt cach dic biét . Tuy nhién , n6 khong xem
xét dén tinh linh dong, kha nang cua céc thiét bi , va bao mat ctia cac nat 1an can.

Bén canh d6 , nhom tac gid cling xem xét van dé bao mat danh cho dién thoai di
dong khach hang khi ho chia sé thong tin bang cach sir dung thong tin tai khoan (
dé xac thuc va ma hoa nodi dung tin ) , nguoi ban quan trong ( dé dam bao kénh
giita hai ngudi ban ) , va ndi dung quan trong (dé bao mat diéu khién truy cap ) . 2
tmg dung duogc gidi thiéu, tc 1a , WiFace va WiMarket 13 hai déng vi tri mang x4
hoi . Phuong phéap nay tiép can hiéu qua hon nhiéu so v4i cac hé thong mang x4
hoi hién nay , ddc biét 1a trong ase su kién ngét két ndi .

3. Tinh khéng dong nht:

MCC sé& dugc sir dung trong ciac mang khong dong nhat. Cac nit di dong khac
nhau truy cap dén cic dam may thong qua cic cong nghé truy cap vo tuyén khéc
nhau nhu WCDMA |, GPRS , WiMAX, CDMA2000 , va WLAN . Két qua 13, mot
van dé 1am thé nao dé xir 1y két ndi khong ddy trong khi dap tmg yéu cau caia MCC
phat sinh (vi du, ludn ludn giir két ndi, theo yéu cau kha ning md rong két ndi
khong day, va su hiéu qua vé nang luong cua thiét bi di dong).
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Pé xuit mot kién trac dé cung cap mot chién luoc truy cip mang théng minh cho
ngudi st dung dién thoai di dong dap umg cac yéu cau Gng dung. Kién tric nay
duoc xdy dung dua trén mot khai niém vé Intelligent Radio Network Access
(IRNA). IRNA 12 mot mé hinh hiéu qua dé d6i pho véi sy bién ddi dong va tinh
khong dong nhat ctia kha ning truy xuat mang. Pé ap dung IRNA trong moi
truong MCC, cac tac gia dé xudt mot ngir canh quan 1y kién tric (CMA) voi muc
dich dé c6 gianh dugc, quan 1y, va phan phbi mot thong tin ngit canh. Nhu hinh.3,
kién trac ndy bao gém ba thanh phan chinh: ngit canh nha cung cép, ngit canh moi
gidi, va ngit canh ngudi tiéu dung. Tuy nhién, ngit canh tao ra chat luong ciing
dugc yéu cAu dé tao diéu kién thuan lgi cho hoat dong cua cac thanh phﬁn khac.
Trong kién trac ndy, khi mot ngudi tiéu diung mudn giao tiép v6i mot nha cung
cap, ngudi tiéu dung s& yéu cau URI (Uniform Resource Identifier) cuia nha cung
cip & cac nha méi gidi. Str dung URI nay, ngudi tiéu dung c6 thé giao tiép truc tiép
v6i nha cung cdp va yéu ciu cac dir liéu. Do do, qua trinh ndy 1am ting tc d6 phan
phéi dir liéu.
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communication
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' Customer " Provider '
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asynchronous
communication

Synchronous
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Requirements for »
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Hinh 3. Gi6i thiéu kién tric quan Iy ngit canh
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B. Cac van dé ¢ phia tinh toan.
1. Gidm tai tinh toén:

Nhu da giai thich trong phan trude, giam tai 1 mot trong nhing tinh niang chinh
ctia MCC dé cai thién tudi tho pin cho céc thiét bi di dong va dé ting hiéu suit cia
cac ung dung.Tuy nhién, c6 nhiéu van dé lién quan bao gdm giam tai hiéu qua va
linh dong dudi méi truong thay doi.

a. Giam tai trong moi truong tinh: Cac thi nghiém cho thdy giam tai khong
phai ludn 1a cach hiéu qua dé tiét kiém nang luong. Pbi v6i mot trinh bién dich ma,
giam tai c6 thé tiéu thu nhiéu ning lwong hon st 1y dia phuong khi kich thuéc cia
nhitng doan ma 1a nho. Vi dy, khi kich thudc cua nhitng doan ma thay ddi sau khi
bién dich 1a 500KB, giam tai tiéu thu khoang 5% pin cua thiét bi dé giao tiép noi
bd, trong khi st 1y dia phuong tiéu thu khoang 10% pin cho vi¢c tinh todn cua
minh. Trong truong hop nay, giam tai c6 thé tiét kiém pin 1én dén 50%.Tuy nhién,
khi kich thudc ctia ma thay d6i thanh 250KB, hiéu qua giam xudng con 30%. Khi
kich thuéc cia mé thay dbi nho, giam tai tiéu thu pin nhiéu hon so véi sir 1y dia
phuong. Vé hiéu qua nang luong, chi phi giam tai cao hon cho cic ma tran nho (vi
du, kich thudc nhd hon 500x500) trong khi chi phi c6 thé tiét kiém duoc 1én dén
45% cho cac ma tran 16n.

Vi vay, diéu nay la mot van dé quan trong cho céc thiét bi di dong dé x4c dinh xem
c6 nén giam tai va phan méi ndo cua tng dung can duoc giam tai. Ngoai ra, cong
nghé truy cap khong day khac nhau tiéu thu sé luong ning luong khac nhau va hd
trg tbc do truyén tai dir liéu khac nhau. Nhitng yéu t6 nay phai dugc dua vao tai
khoan.

Céc tac gia dé xuat mot chuong trinh phan ving dua trén cac wdc tinh tiéu thu ning
luong (nang luong truyén thong va nang lugng tinh todn) trudc khi thuc hién
chuong trinh. Chuong trinh t6i wu phan ving cho giam tai dugc tinh toan dya trén
su can bang gitta chi phi két ndi va tinh toan. Chi phi két ndi phu thudc vao kich
thudc cta dir liéu truyén va bang thong mang, trong khi chi phi tinh toan bi anh
hudng boi thoi gian tinh toan. Tuy nhién, thong tin nhu cic yéu cau két nbi va /
hoic khbi luong cong viée tinh toan ¢ thé thay doi trong cac trudng hop thuc hién
khac nhau. Do d6, quyét dinh tdi vu ctia mét phan ving chuong trinh phai duoc
tinh toan dong tai thoi gian chay.
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Mot sd giai phap dugc dé xuat dé tim ra quyét dinh t6i wu cho cac ing dung phéan
vung trude khi giam tai. Cac tac gia trinh bay mot mo hinh phan ving dé giam tai
cong vi¢c tinh toan trén cac thiét bi di dong. Mo hinh dugc dua trén cac thong tin
hd so vé thoi gian tinh todn va chia sé dit liéu ¢ cap do cac cude goi. Chuong trinh
nay xay mot dd thi chi phi. Sau dé ap dung giai thuat nhanh va can(branch-and-
bound algorithm) cho dd thi chi véi mot myc tiéu giam thiéu tiéu thu ning luong
tinh toan va tong chi phi truyén dit lidu. Y tudng cua thuat toan nay 1a cat tia bot
khong tim kiém dé c6 1 10i giai xap xi. Tuy nhién, cac tac gia khong cho ra dugc
cac két qua thi nghiém trong mot moi trudng thay doi dong nhu ngit két ndi mang
va thay doi bang (bang thong thap).

Céac tic gia trinh bay mot cach tiép can dé quyét dinh cac thanh phan cta cac
chuong trinh Java nén dugc giam tai. Cach tiép can ndy 1an dau tién phan chia mot
chuong trinh Java thanh cac phuong thic va st dung cac thong sé dau vao (vi du
kich thudc ctia phuong thic) dé tinh toan chi phi thuc hién cho cac phuong thirc
nay. Sau do, phuong phép nay so sadnh chi phi thuc hién ctia tirng phuong phap dia
phuong véi chi phi thuc hi¢n tir xa dugc udc tinh dua trén trang thai hién tai cua
cac diéu kién kénh truyén khong day dé tao ra cic quyét dinh thyc thi t6i wu.

Céc tac gia trinh bay mot hé théng ty dong phan ving phan phdi (ADPS) goi la
Coign, ma tu dong chuyén d6i mot chuong trinh vao cac tng dung phan phdi ma
khong can truy cdp vao ma ngudn. Nhu hinh.4, Coign x4y dung mot mé hinh d6
thi théng tin lién lac giita cac thanh phan cua tng dung théng qua cac hd so dua
trén kich ban (vi du dit liéu mang) dé tim phan phéi tot nhat.
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Hinh 4 - ADPS Coign: Mgt ing dung dugc chuyén d6i thanh mot ung dung duoc
phan phdi bang cach chén thoi gian chay Coign

Hau hét cac phuong phap tiép can & trén st dung kich thude dir liéu va thoi gian
thuc hién tinh toan dé tim phan ving chuong trinh t6i vu dé giam tai va gia dinh
réng cac thong tin duogc biét dén trude khi thuc hién.Tuy nhién, rat kho dé co duoc
thoi gian thuc hién chinh x4c cua tinh toan vi c6 sy khac nhau vé thoi gian trong
cac lan tinh toan, va két qua thong tin khong chinh xéac trong viéc thuc hién giam
tai khong hiéu qua. Do d6 cac tac gia di co dé xuat mot phuong phap giam tai ma
khéng yéu cau udc luong vé thoi gian thuc hién cho timg trudng hop tinh toan.
Théng ké truc tuyén cia thoi gian tinh toan duoc st dung dé tinh toan thoi gian
chd t6i wu va néu tinh toan khong duoc hoan thanh sau thoi gian chd, tinh toan nay
s& dugc chuyén téi may chi. Thong qua thi nghiém, né chi ra rang phuong phap
nay khong chi giai quyét sy thiéu chinh xac trong viéc wdc tinh thoi gian thyuc hién
tinh todn ma con tiét kiém niang lugng nhiéu hon 17% so véi phuong phap tiép can
hién co.
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b. Gidm tai trong moi truong dong

Phan nay giéi thiéu mot vai phuong phap tiép can dé ddi pho véi giam tai trong
mot moi truong mang dong (vi du nhu thay doi trang thai két ndi va bang thong).
Nhitng thay d6i moi truong co thé gy ra thém nhiéu van dé khac. Vi du, viéc
truyén dwr liéu khong thé dat dén dich, hodc cac dir liéu duoc thuc hién trén may
chu s& bi mét khi n6 di dugc tra lai cho nguoi gui.

Phéan tich hiéu sudt ciia hé théng giam tai hoat dong trong méi trudng khong
day.Trong cong viéc nay, cac tac gia dua vao ba truong hop thuc hi¢én mot ing
dung, qua d6 udc tinh hi¢u qua cua giam tai. D6 1a nhitng truong hgp khi img dung
duogc thuc hién tai dia phuong (ma khong gidm tai), ing dung dugc thuc hién trong
hé thong giam tai 1y tuong(khong co thit bai), va img dung duoc thyc hién véi sy
giam tai va qua trinh khoi phuc lai that bai. Trong trudng hop cudi cing, khi that
bai xay ra, tng dung s& giam tai tr& lai. Cach tiép can nay chi giam tai lai cho céac
tac vu con bj that bai, qua d6 cai thién thoi gian thyc hién. Tuy nhién, gidi phap
nay cd mot s6 han ché. Do 13, moi truong di dong dugc xem nhu la mdt mang
khong day(tire 1a khong duoc hd tro két ndi bang thong rong). Ngoai ra, trong qua
trinh thyc hién giam tai, ngat két ndi cua mot thiét bi di dong duoc coi 13 mot that
bai.

Xem xét thay doi pho bién vé mdi truong thé hién trong Bang III va giai thich cac
giai phap phi hop dé giam tai trong cac moi truong khac nhau.Vi dy, trong trudng
hop tinh trang két ndi (vi du ngat két ndi trong qué trinh thuc hién chuong trinh)
thay d6i, may chii s& dinh ky kiém tra tinh trang két ndi voi khach hang va duy tri
thong tin cia nhiing tac vu dac bi¢t dang hoat dong. Khi ngét két ndi dugc giai
quyét, may chu s& giri két qua thuc hién cho khach hang. Néu may chu khong thé
két ndi tro lai voi khach hang, may chil s& doi trong khoang thoi gian duoc xéc
dinh trude va cac tac vu sé bi x6a. Tuy nhién, han ché cua nhitng phuong phap tiép
can 1 chiing chi 14 giai phap chung va ho khong dé cap dén mot phuong phap chi
tiét dé giai quyét van dé phan ving dong, tac 1 1am thé nio dé phan ving ung
dung.

Trang 24



Bao cao bai tap lon tinh toan luoi

TABLE III

COMMON MOBILE COMPUTING ENVIRONMENTAL CHANGES.

Changes Priority level | Description

Client side power level 1 Power can be divided into sufficient and insufficient power levels,

which will depend on the particular situation.

[S=]

Connection status The connection status can be faded, disconnected from the mobile

network, or re-connected to the mobile network

Bandwidth 3 The bandwidth varies from time to time, and depends on several factors,

such as the network traffic condition, etc.

2. Bdo mat

Bao vé sy riéng tu cho ngudi sit dung va dit liéu / tng dung khoi nhitng ké tin
cong 1a mot chia khoa dé thiét 1ap va duy tri 10ng tin ctia ngudi tiéu dung trong nén
tang di¢én thoai di dong, dac biét 1a & MCC. Trong phﬁn sau day, cac van dé lién
quan dén bao mat trong MCC dugc gidi thi€u trong hai loai: bdo méat cho nguoi su
dung dién thoai di dong va bao mat cho dir li¢u. Ngoai ra, xem xét mdt ) giai phap
dé giai quyét nhitng van dé nay.

a. Bé4o mat cho nguoi st dung di dong

Céac thiét bi di dong nhu dién thoai di dong, PDA, va dién thoai thong minh duogc
tiép xtic v6i nhiéu mdi de doa bao méit nhu ma doc hai (vi du nhu virus, Trojan).
Ngoai ra, dién thoai di dong tich hop hé théng dinh vi toan cau (GPS) co thé gay ra
cac van dé riéng tu cho cac thué bao. Hai van dé chinh nhu sau:

Bio mat cho ung dung di dong: Cai dit va chay phan mém bao mat nhu
Kaspersky, McAfee va AVG 1a nhiing chuong trinh chdng virus trén cac thiét bi di
dong d6 1a nhitng cach don gian dé phat hién cic méi de doa an ninh (vi du nhu
virus, cac ma doc hai) trén cac thiét bi.

Tinh riéng tu: V&i nhitng loi thé cua cac thiét bi dinh vi GPS, sb lugng nguoi s
dung dién thoai di dong béng cach st dung dich vu dya trén dia diém Location
based services (LBS) tang. Tuy nhién, LBS phai dbi mit v6i mot vin dé riéng tu
khi nguoi sit dung dién thoai di dong cung cép thong tin c4 nhan nhu vi tri hién tai
ctia ho. Van dé nay tré nén tdi té hon néu ddi thu biét thong tin quan trong cta

Trang 25



Bao cao bai tap lon tinh toan luoi

ngudi sit dung. Vi tri may cha dang tin cay (LTS) dugc trinh bay dé giai quyét van
dé nay. Nhu hinh.5, sau khi nhan duoc yéu cu tir nguoi st dung di dong, LTS tap
hop thong tin vi tri cua ho trong mdt khu vuc nhét dinh va che giéu cac thong tin
nay goi 1a "khu vuc duoc che gidu" dé che gidu thong tin ciia ngudi st dung. "khu
vuc che gidu" duoc gui dén LBS, vi vay LBS chi biét thong tin chung vé nguoi st
dung nhung khéng thé xac dinh chung.

LK | ti i
i,::;r:.::;i::nn HUE-IakEd F;p;tlal —_—
\‘. egion and Query ,| ==
N @ .
Query Result %: Candidate Pol
~ Set
Mobile Location
. Lacation Based
Client .
Trusted services

Server
Hinh 5. Kién tric tong thé ctia khong gian che dau
b. Bao mat data trén Clouds

Mic du ca ngudi sir dung dién thoai di dong va cac nha phat trién Gng dung huong
loi tr viée luu trit mot sd lugng 16n dir liéu / tng dung trén mot ddm may, ho nén
can than doi pho véi cac dit liéu / tng dung vé tinh toan ven, ching thuc cua ho, va
chir ky dién tur.

3. Nang cao hiéu qua truy cap dir li¢u:

Vé6i mot sb luong ngay cang ting cua cac dich vu ddm may, nhu ciu truy cip vao
tai nguyén dir liéu (vi dy hinh anh, tap tin, va cac vin ban) ting 1én. Két qua 13,
mot phuong phap dé ddi pho véi nghia 1, luu trit, quan 1y, va truy cap tai nguyén
dir liéu trén dam may s& tro thanh mot thach thiuc dang ké. Tuy nhién, xir Iy cac
ngudn tai nguyén dir liéu trén dam may khong phai 1a mot van dé dé dang do bang
thong thap, di dong, va gi6i han ciia kha ning ngudn tai nguyén cua thiét bi di
dong.
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4. Nhan biét ngit canh cac dich vu mobile cloud

Piéu quan trong 13 cc nha cung cap dich vu dé dap Gmg su hai long ctia nguoi sir
dung dién thoai di dong béng cach theo doi sé thich ciia ho va cung cép cac dich vu
pht hop véi mdi ngudi str dung. R4t nhiéu céng viéc nghién ctru ¢b gang sir dung
cac bdi canh dia phuong (vi dy, céc kiéu dir liéu, trang thai mang, thiét bi moi
truong, va so thich ciia nguoi st dung) dé cai thién chat luong dich vu (QoS)
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V. CAC VAN PE MO VA CAC HUONG NGHIEN CcUU
TRONG TUONG LAI

Mot sb cong trinh nghién ciru dong goép vao su phat trién cia MCC nhiam giai
quyét cac van dé nhu trinh bay trong phan truéc day. Tuy nhién, van con mot sb
van dé can duoc giai quyét. Phan nay trinh bay mot sé van dé va hudng nghién
ctru c6 thé co trong su phat trién cia MCC.

A.Bing thong thap (Low Bandwidth)

Mic du nhiéu nha nghién ctru dé xuat cac cach tdi wu va hiéu qua phan bd bang
thong, biang thong han ché van con 1a mot mdi quan tdm 16n béi vi s6 luong
nguoi st dung di dong va dién toan ddm may di ting 1én dang ké.

Chung t6i xem xét rang mang 4G va Femtocell dang ndi 1én nhu 13 cong nghé
hira hen khic phuc han ché va mang lai mot cudc cach mang trong viéc cai
thién bang thong.

1) Mang 4G : mang 4G 1a mot cong nghé dang ké 1am ting kha ning bing
thong cho cac thué bao. Mang 4G c6 kha niang cung cap 1én dén 100 Mbit/s
(cho LTE nang cao) va 128 Mbit/s (cho "WirelessMAN-Advanced") cho
ngudi sir dung di dong, trong khi mang 3G hién nay hd tro tdi da 14,4 Mbit /
s. Hon nita, mang 4G ciing htta hen nhiing lgi thé khic nhu mo réng ving
phu song di dong, dich vu da dang, vv [109]. Tuy nhién, mang ludi khong
day 4G van con ton tai mot s van dé lién quan dén kién tric mang, giao
thire truy cép, hoac chat lugng dich vy [110].

2) Femtocell: Femtocell [111] 12 mot tram gbc di dong (small cellular base
station), st dung trong mot khu vuc nh6é.HSL [112] phat trién mot dich vu
két hop Femtocell va dién toan dam may dé cung cip mot mang ludi kinh té
cao,kha ning md rong va an toan cho cac nha khai thac di dong. Diéu nay
cho phép cac ngudn luc dugc st dung trong viée cung cép dich vu di
dongqua mang Femtocell dé mé rong hodc hop dong theo nhu cau ngudi sir
dung cho cac dich vu ting hodc giam.Tai nguyén bo sung dugc tu dong thém
vao khi can thiét dé dap ung nhu cau. Tai nguyén du thira tu dongloai bo.
Két qua 1a mot mang ludi Femtocell kinh té cao vai chi ¢6 di ngudn luc
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duogc sir dungtai bat ky diém nao, ma khong anh hudng dén kha ning ngay
lap tirc mé& rong dé dap umg nhu cau. Trong mo hinh nay,cac femtocell ndm
trong nha va vian phong ciia ngudi str dung, két ndi thong qua Internet dé cac
dam may dé dugc truy capnha diéu hanh mang cta ho. Nha khai thac di
dong két ndi voi dién todn dam may thong qua cac tiéu chuan A va Gb giao
dién lién két, cho phép thué bao cua ho dugc truy cap vao mang cua ho khi
str dung mot Femtocell két ndi voi dam may. Tuy nhién, [112] chi cho thay
rang Femtocell 14 thuc té hitu ich khi duoc st dung v6i nhitng dam may.

B. Quan ly tuy cap mang (Network Access Management)
Viéc quan 1y truy cap hiéu qua khong chi cai thién hiéu suét lién két cho
ngudi st dung di dong ma con tbi uu héa bang thong st dung. Cognitive
radio c6 thé dugc du kién nhu mot giai phap dé tao ra cac quan 1y truy cép
mang khong ddy trong moi truong thong tin di dong [113]. Cognitive radio
lam tang hiéu qua viéc str dung phd dang ké, bang cach cho phép nguoi sir
dung khong c6 gidy phép (unlicensed users) truy cap pho tan dugc phan bo
cho nguoi st dung dugc phép. Khi ky thuat nay duoc tich hop vao MCC,
quang pho c6 thé duoc str dung hiéu qua, su khan hiém phd tan c6 thé duoc
giai quyét va do d6 hang triéu d6 la cho cic nha cung cap mang co thé duoc
tiét kiém [114]. Tuy nhién, Cognitive radio duoc dinh nghia 1a cong nghé
truyén thong khong day, trong d6 mdi nit giao tiép thong qua mot hé théng
khong day t6i wu (optimal wireless system) dya trén sy nhan biét song vo
tuyén trong moi truong thong tin lién lac khong day khong dong nhat. Vi
vay, ngudi st dung di dong trong MCC phai c6 kha ning phat hién ngudn tai
nguyén vo tuyén (thong qua cam bién quang phd - spectrum sensing) trong
khi dam bao rang cac dich vu truyén théng s& khong bi can thiép.

C. Chiat lwong dich vu
Trong MCC, ngudi dung di dong can phai truy cdp vao may chu dit trong
mot dam may khi yéu cau dich vu va cac ngudn luc trong cac ddm may. Tuy
nhién, ngudi sir dung di dong c6 thé phai ddi mat véi mot sd van dé nhu tic
nghén do han ché cua biang thong khong ddy, ngat két ndi mang, va su suy
giam tin hiéu gay ra boi dién thoai di dong cua nguoi st dung di dong.
Chung gay ra su cham tré khi ngudi dung mudn giao tiép véi dam may, do
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d6, chat lugng dich vy bi giam dang ké. Hai huéng nghién ciru méi 1a
CloneCloud va Cloudlets dugc dy kién sé& giam su cham tré nay.

1) CloneCloud: CloneCloud mang stc manh cta dién toan ddm may di¢n
vao dién thoai thong minh cta ban [115]. CloneCloud str dung cac mdy tinh
gﬁn dé hoac cac trung tam dir liéu dé tang tbe do chay cac ung dung dién
thoai thong minh. Y tudng 13 dé sao luu toan bo cac dir liéu va cac tmg dung
tur dién thoai thong minh vao cac dam may va dé chon loc thuc hién mét s6
hoat dong trén cac ban sao do, tich hop lai cac két qua tro lai vao dién thoai
thong minh. Ta co thé c6 nhiéu ban sao cho cung mdt dién thoai thong minh,
va cac ban sao “gia vo” 1a dién thoai thong minh manh mé€ hon. Mgt han ché
lién quan dén CloneCloud 1a khong 4o héa truy cdp vao cic ngudn tai
nguyén gdc (native) chua do hoa va dang khong c6 sén trén clone.

2) Cloudlets: mot cloudlet 1a may tinh dang tin cdy va phong phu tai nguyén
hodc cum cac may tinh két ndi tdtvéi Internet va sir dung bdi céac thiét bi di
dong gan d6. Vi vay, khi thiét bi di dong khong mudn chuyén tai cho cac
dam may (co thé do dé tri hodn, chi phi, vv), ho co thé tim théy mot cloudlet
gan d6. Theo cach nay, nguoi st dung di dong c6 thé dap tmg nhu cau cho
cac tac vu tuong tac thoi gian thuc boi do tré thap, one-hop, bang thong truy
cap khong ddy cao vao cloudlet. Néu cloudlet khong cé sin & gan do, cac
thiét bi di dong co thé tham khao ché do mic dinh va s& giri yéu cau dén mot
dam mAy xa, hodc trong truong hop tdi t& hon, chi dya vao duy nhat ngudn
luc ctia minh. [116] xay dung mdt kién trac thong qua khai thac cong nghé
may 4o dé nhanh chong khéi tao phan mém tuy chinh dich vu trén mat
cloudlet gan d6 va sau d6 sir dung dich vu d6 trén mang LAN khong day.
Cong nghé nay c6 thé gitip ngudi st dung di dong vuot qua nhitng giéi han
ctia dién toan ddm may nhu do tré WANva bing thong thap. Tuy nhién, co
mdt s6 can nhac can phai duge giai quyét trude khi y tuong nay co théduoc
ap dung rong rai trong hé théng thuc té. Vi du, 1am thé nao dé phan phéi ché
bién, luu trit, va két ndi mangnang luc cho mdi cloudlet? Lam thé nao dé
quan 1y chinh sach cho cac nha cung cip cloudlet dé t6i da hoa trai nghiém
ngudi dungtrong khi vin giam thiéu chi phi? Ngoai ra, sy tin tuéng va an
ninh cho cloudlet va nhirng van dé khéac trong viéc thuc hién ¥ tudng nay vi
d6i tha c6 thé tao ra mot cloudlet gia dé an cip thong tin ctia ngudi sir dung.
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D. Gia ca

Str dung dich vu trong MCC lién quan dén véi ca nha cung cap dich vu di dong
(MSP) va nha cung cap dich vu dién toan dam may (CSP). Tuy nhién, MSP va
CSP c6 dich vu quan 1y khac nhau, quan 1y khach hang, cac phuong phép thanh
todn va gid ca. Vi vay, diéu nay sé dan dén nhiéu van dé, tic 1, 1am thé nao dé
thiét 1ap gia, lam thé nao gia s€ duoc chia gilta cac thuc thé khac nhau, va lam thé
nao cac khach hang tra tién. Vi dy, khi mét nguoi st dung di¢n thoai di dong chay
tmg dung choi game di dong trén dam may, diéu nay lién quan dén viéc cung cip
dich vu trd choi (cung cip mot tro choi ¢ ban quyén), nha cung cp dich vu di
dong (truy cép vao dit liéu thong qua cac tram co sd), va nha cung cp dich vu dién
toan dam may (chay cong cu tro choi trén trung tdm dir li€u). Gia thanh toan cua
ngudi choi tro choi dugc chia cho ba thuc thé nhu vay ma tit ca déu hai long. RS
rang 1a md hinh kinh doanh bao gdm ca gi4 ca va chia sé doanh thu phai dugc tinh
toan can than khi phat trién cho MCC.

E. Giao dién chuin

Kha ning cong tac (interoperability) tr& thanh mot van dé quan trong khi ngudi
dung di dong can phai twong tac va giao tiép v6i cac ddm mdy. Cac giao dién giira
ngudi sit dung di dong va dién toan dam may hién nay chi yéu dya trén cac giao
dién web.

Tuy nhién, str dung giao di€n web co thé khong 1a lya chon tdt nhat. Pau tién, giao
dién web khong duoc thiét ké dac biétcho cac thiét bi di dong. Do do, giao dién
web ¢6 thé ¢ chi phi nhiéu hon. Ngoai ra, tinh twong thich gitra cac thiét bicho
giao dién web c6 thé 1a mot van dé. Trong trudng hop nay, cic giao thuc tiéu
chuan (standard protocol), tin hiéu, va giao dién cho twong tic giita nguoi sir dung
di dong va dién toan dam may s& duoc yéu cdu dé dam bao cac dich vu lién
mach.Trong tuong lai, HTMLS5 s& 1a mot k§ thuat day htra hen dé giai quyét van dé
nay. WebSockets HTML35 cung cap mdt giao dién. Tuy nhién, mot danh gia hiéu
ning mé rong va nghién ctru kha thi phai duoc thyc hién dé dam bao rang nd sé
lam viéc trong MCC hiéu qua.

F. Hoi tu dich vu

Su phat trién va canh tranh cta cac nha cung cép dich vu dién toan dam may co thé

dan dén mot thyuc té rang trong tuwong lai gan cac dich vu nay s& duoc phan biét
theo céac loai, tinh sin c6, chi phi va chit luong. Hon nita, trong mét sd trudng hop,
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mot ddm mAay duy nhét 13 khong du dé dap Gng nhu ciu cia ngudi st dung di
dong. Vi vay, dé an moi 1a can thiét, trong d6 ngudi st dung dién thoai di dong co
thé str dung nhiéu dién todn ddm may theo mot cach thong nhat. Trong trudng hop
nay, dé an s& ¢ thé tyu dong phat hién va soan thao cac dich vu cho nguoi st dung.
Mot trong nhitng giai phap tiém ning cho van dé nay 1a dién toan bau troi (sky
computing), ma s& 14 budc tiép theo ciia dién toan ddm may. Pién toan bau troi 1a
mot mo hinh tinh toan ngudn luc tir nhidu nha cung cap dich vu ddm may duoc
thira huong dé tao ra mot quy mo 16n phan phdi co sé ha tang [117]. Tuong ty nhu
vay, dién toan bau troi di dong, s& cho phép cac nha cung cp co6 thé hd trg thong
tin lién lac xuyén may (cross-cloud communication) qua dién todn ddm may va cho
phép nguoi dung thuc hién cac dich vu va cac ung dung di dong. Tuy nhién,
décung cap mot dich vu cho ngudi sir dung di dong trong mot cach thong nhat, tich
hop dich vu (tic 1a, sy hoi tu) s€ can phaidugc kham pha.

VI. KET LUAN

Di¢n toan ddm may di dong 1a mot trong nhitng xu hudng cong nghé di dong trong
tuong lai vi né két hop loi thé cua dién toan di dong va dién toan dam may, do do
cung cip céac dich vu t6i uvu danh cho ngudi sir dung di dong. Theo mot nghién ciru
gan ddy ctiia ABI Research, mot cong ty try so tai New York, hon 240 triéu doanh
nghiép s& st dung cac dich vu dam may thong qua thiét bi di dong vao nam 2015.
Do 1a luc kéo sé déy doanh thu dién toan ddm may di dong dat 5,2 ty USD. Voi
taim quan trong d6, bai viét nay di cung cAp mot cai nhin téng quan vé dién toan
dam may di dong, trong do dinh nghia, kién trac, va loi thé da duoc trinh bay.

Céac tmg dung dugc hd tro bdi dién toan ddm may di dong bao gém thuong mai di
dong, hoc tap di dong, va cham soéc strc khoe di dong da duoc thdo luan rd rang da
cho théy kha nang g dung cua dién toan ddm may di dong vao mot loat cac dich
vu di dong. Sau d6, cac van dé va phuong phap tiép can lién quan dén dién toan
dam may di dong(ttc 13, tir phia truyén thong va mdy tinh) da duoc thao luan. Cudi
cung, cac hudng nghién ctru tuong lai cling da duoc phac thao.
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