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Tém tit: Pién todn dam mady da tao ra mot sy thay doi cin ban trong viéc mé rong pham
Vi sir dung ing dung va da néi lén nhir mét phicong phdp phi thiee té dé cung cdp chi phi thap
va cdc dich vu mdy tinh ¢6 khd ndng mé réng cao cho nguoi dimg. Co sé ha tang dém may
hién tai la mot thanh phan ciia mang ludi trung tém div liéu quy mé I6m trdi réng toan cau. Cdc
trung tam di liéu nay dwoc cai dat can thin ¢ cac vi tri bi¢t lap va dwoc quan ly chat ché boi
cdc nha cung cap ddm mdy d@é dam bdo hiéu sudt déang tin cdy cho nguoi ding cua no. Trong
nhitng nam gan ddy, cac wng dung mo, chang han nhu Internet-of-Things, thuc 16 ting cuong,
phuong tién ty hanh, v.v..., da pho bién Internet. Da . s6 cdc vmg dung nhue vy dwoc coi la quan
trong vé thoi gian va thu"c thi cdc yéu cau vé dp tré tinh todn nghiém ngat dé cé hiéu sudt c6
thé chdp nhdn dwoc. Cdc ky thudt gidm tai dam may truyén thong khong hiéu qua dé xir Iy cdc
tng dung nhw vdy do két hop thém do tré mang da gdp phdi trong khi tdi div liéu tién quyét lén
cdc trung tam dir lieu o xa. Hon nita, nhu cdc phép tinh lién quan dén cdc g dung nhu vdy
thuong dya vao dit liéu cam bién tir nhiéu nguon, tdi dir liéu dong thoi lén dam mdy cing dan
dén tinh trang nghén mang dang ké. Pién todn bién (Edge Computing) da ra doi dé khdc phuc
dwoc tinh trang néu trén. Bai viét dwdi ddy sé phan tich théng tin chi tiét vé dién todn bién.

Tw khoa: Dién todn dam mady, Edge Computing, loT, Cloud.

Abstract: Cloud computing has made a radical change in scaling application use and
has emerged as an unrealistic approach to provide affordable computing services. Existing
cloud infrastructure is part of a large scale data center network covering the globe. These data
centers are carefully installed in isolated locations and tightly managed by the cloud providers
to ensure reliable performance for its users. In recent years, new applications which are the
Internet-of-Things, augmented reality, autonomous vehicles have been well-known in the
Internet. The majority of such applications are considered to be timely critical and enforce
strict computational latency requirements for acceptable performance. Traditional cloud
offloading techniques are ineffective for handling such applications due to adding network
latency while uploading prerequisite data to remote data centers. Furthermore, computations
related to such applications often rely on sensor data from multiple sources. Uploading data
simultaneously to the cloud also leads to significant network congestion. Edge Computing was
born to overcome this problem. The following article will analyze detailed information about
Edge Computing.
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1. Dit van dé

Su gia tang cta cac thiét bi IoT & phén ria mang dang tao ra lugng 16n dir li¢u dugc tinh
toan tai cac trung tdm, ddy yéu cau bang thong mang dat dén giéi han. Bt chap tién bo trong
cong nghé mang, trung tam dir liéu khong thé dam bao tdc do truyén tai va thoi gian phan hoi
nhanh dugc, day cé thé 1a mot yéu cau quan trong ddi véi nhiéu ung dung. Hon nira, cac thiét
bi & ria lién tuc tiéu thu di liéu dén tir dam may, budc cac cong ty phai xay dyng mang phan
phéi nodi dung dé phan cap dir liéu va cung cap dich vu, tan dung sy gan giii véi ngudi dung.

Tuong tu, muc dich cta dién toan bién (Edge Computing) 1a di chuyén cac dir liéu ra khoi
trung tam dir licu va di vé phia ria cua mang, khai thac cac déi tugng, dién thoai di dong hodc cé)ng
mang dé thuc hién cac tac vu va di chuyén cac dich vu sang phﬁn ria, bd nhé dém, co thé dat duoc
vi¢c cung cép dich vy, luu trit va quan Iy IoT, dan dén thoi gian va toc do phan héi tdt hon.

1.1. Dién toan bién (Edge Computing) la gi?

bién toan bién 12 mot mo hinh di¢n toadn phan tdn mang tinh chét tinh toan va luu trix
thong tin dir liu dén gan véi vi tri can thiét nhat, dé cai thién hidu suat, thoi gian phan hoi va
tiét kiém luu lugng bang thong. Dién toan bién 1a mot phuong phap tot nhat giup hé thong duoc
t6i wu dén muc t6i da xir Iy dir liéu nhanh chong va tiét kiém chi phi [SmartFactory, 2021].

Dién toan bién 1a mot kién tric mo, phan tan, c6 kha nang xir Iy tap trung, cho phép cong
ngh¢ dién toan trén di dong va IoT. Trong Dién toan bién, tat ca cac dir liéu duoc xir ly boi
chinh céc thiét bi cia minh, mot may tinh hoac may chu cuc bg, thay vi dugc truyén dén mot
trung tam dir liéu. Dién toan bién mang cac img dung doanh nghiép dén gan hon véi cac ngudn
dit liéu nhu thiét bi IoT hodc may chu bién cuc bd. Su gﬁn giii voi dir lidu tai nguén cua no co
thé mang lai loi ich kinh doanh manh mg&, bao gdm théng tin chi tiét nhanh hon, thdi gian phan
hoi duoc cai thién va kha nang cung cp bang thong tot hon [Tap chi ngdn hang, 2021].
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Hinh 1. Kién trtc dich vu dién toan bién

132



TRUONG PAI HOC NAM CAN THO Tap chi Khoa hoc va Kinh té phat trién s6 12

1.2. Tai sao phdi sw dung dién toan bién?

Su phat trién bung nd va sitc manh tinh toan ngay cang ting cia céc thiét bj IoT da dan
dén khoi lugng dir liéu chua ting c¢6. Va khoi luong dir liéu s€ ti€p tuc tang lén khi mang 5G
tang sO lugng thiét bi di dong dugc két ndi.

Trude day, 101 hira cia dam may va Al 1a ty dong héa va ting toc do d6i méi bang
cach thuc day thong tin chi tiét c6 thé hanh dong tir dir liéu. Nhung quy mé va do phirc tap
chua tung c6 cua dir li¢u duogc tao ra boi cac thiét bj duoc két ndi da vuot xa kha nang mang
va co so ha tang.

Viéc gt tat ca dit liéu do thiét bi tao ra dén trung tam dir li€u tap trung hoac 1én ddm may
gay ra cac van dé vé bing thong va do tré mang. Dién toan bién cung cap mot giai phap thay
thé hi¢u qua hon; dir liéu dwoc xtr 1y va phan tich gan hon véi diém duoc tao. Do dit liéu khong
truyén qua mang t6i ddm may hodc trung tam dit lidu dé xur 1y, do tré dugc giam dang ké. Dién
todn bién va dién toan bién di dong trén mang 5G cho phép phan tich dir liéu nhanh hon va toan
dién hon, tao co hoi cho thong tin chi tiét sau hon, thoi gian phan hdi nhanh hon va cai thién
trai nghiém cua khach hang [Vantino Hoang, 2020)].

1.3. Loi ich khi swr dung dién todn bién
1.3.1. D¢ tin cay

Quan ly chuyén ddi du phong la rat quan trong dé duy tri mot dich vu tdn tai. Néu mot
nut duy nhét gip su ¢ va khong thé truy cap dugc, nguoi ding van cé thé truy cap dich vu ma
khong bi gian doan. Hon nira, cac hé théng tinh toan bién phai cung cép cac cach dé khoi phuc
16i va canh bao nguoi dung vé sy ¢b. Pé dat duoc muc dich nay, mdi thiét bi phai duy tri cdu
tric lién két mang ctia toan bo hé thong phéan tan dé viéc phat hién va khoi phuc 18i tré nén dé
dang ap dung. Cac yéu t6 khac co thé anh huong dén khia canh nay 1a cong nghé két nbi dang
dugc sir dung, c6 thé cung cip cac muc do tin cdy khac nhau va d6 chinh xac cia dir liu dugc
tao ra ¢ ria c6 thé khong dang tin cay [Anh Ngoc, 2021].

1.3.2. Téc do

Dién toan bién mang cic tai nguyén tinh toan phan tich dén gan hon véi ngudi dung va
tang tdc do bang thong. Mot nén tang bién dugc thiét ké t6t s& vuot troi hon dang ké so véi hé
thng dura trén ddm mAy truyén théng. Mot s6 tmg dung dya vao thoi gian phan hoi ngan khién
dién toén bién trd thanh sy Iya chon kha thi hon déang ké so voi dién toan dam may truyén théng.
Dit liéu truyén tai nhanh chong duoc xtr Iy ngay tai bd xt 1y cuc bd [FPT Tech, 2019].

1.3.3. Hiéu qua
Do sy gan gili ciia tai nguyén phan tich voi ngudi dung, cac cong cu phan tich phirc tap

va cong cu Al c6 thé chay ¢ ria hé thong. Viéc bd tri ¢ ria nay gitip tang hiéu qua hoat dong va
g6p phan mang lai nhiéu thuan lgi cho hé thong [Davited, 2020].

Ngoai ra, viéc sir dung dién toan bién nhu mot giai doan trung gian gitra cac thiét bi nguoi
dung va internet rong hon dan dén vi¢e tiét kiém hi¢u qua.
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1.3.4. Kha nang mo rong

Khéng gidi han mo rong, khong nhu ddm may truyén thong, Dién toan bién cho phép mo
rong bao nhiéu tuy thich ma khong bi gioi han [FPT Digital, 2020)].

1.3.5. Giam chi phi

Céc dich vy, trng dung can rat nhiéu tai nguyén dé xur ly va truyén tai dir liu,... nhung
v6i Dién toan bién van dé luu luong truy cap, khoang cach dir liéu dugce di chuyén sé duoc cat
giam, dieu d6 s€ lam giam toi da chi phi truyen dir liu va d¢ tré¢ mang [FPT Digitall, 2020].

1.3.6. Bao mat

Ban chat cia md hinh nay 1 din dén sy thay doi trong cac so d6 bao mat duogc st dung
trong ddm may. Trong dién toan bién, dit liéu c6 thé di chuyén giita cac nit phan tan khac nhau
dugc két ndi thong qua Internet va do d6 yéu cau cac co ché ma hoa dic biét doc 1ap véi dam
may. Cac nut canh cling c6 the 1a thiét bi glO’l han tai nguyén, han ché su lwa chon phuong phap
bao mat cua ban. Hon nira, can ¢ su chuyen doi tlr co s ha tang tap trung tur trén Xuong sang
mo hinh uy thac phi tap trung. Mat khac, bang cach gitr cho du lidu duoc tdi uu, quyén sé hitu
d6i v6i dit liéu da thu thap co thé dugc chuyén tir nha cung cip dich vu dén ngudi dung [Théng
tin va truyén théng, 2020].

2. Sw phit trién ciia dién toan bién

Linh vyc dién toan bién da phat trién nhanh chéng trong nhirng nim gan day ké tir nim
2014. Qua trinh phat trién nay phan thanh thanh ba giai doan: giai doan chuén bi, giai doan ting
truong nhanh va giai doan phat trién on dinh. trudc ndm 2015, dién todn bién dang trong giai
doan chuén bi cong nghé. Ké tir nim 2015, s6 lugng bai viét lién quan dén “dién toan bién” da
tang gap 10 1an. Pién toan bién da budc vao thoi ky phat trién nhanh chéng. Theo nhu du doan
sau ndm 2020, dién toan bién s& budc vao thoi ky phat trién on dinh. Trong giai doan nay, dién
todn bién s€ hién thuc hoa sy tich h0'p gitra hoc thuat va cong nghlep, dua san pham vao hoat
dong kinh doanh va cudi cung tao diéu kién thuan lgi cho cudc sdng hang ngiy cta con nguoi.

2.1. Giai doan chudn bi

Trong giai doan chuan bi vé cong nghé, dién toan bién da trai qua qua trinh phat trién
nhung khong hoat dong. Dién toan bién dugc bat ngudn tir mang phan phdi ndi dung (CDN) do
Akamai d& xuit nam 1998 [A.Vakali, 2003]. CDN la mang by nhé dém dua trén Internet, dua
trén cac may chu dugc luu trong bd nhd dém dugc trién khai & cac noi khac nhau va hudng
quyén truy cap cta ngudi dung dén véi may chi trong bd nhé dém gan nhat thong qua can bang
tai, phan phdi ndi dung, 1ap lich va cidc mo-dun chirc ning khac clia nén tang trung tam. Do d0,
CDN c6 thé giam tic ngh&n mang va cai thién téc d6 phan hi truy cap cta ngudi ding va ty 16
truy cap. CDN nhén manh dén viéc sao luu va luu vao bo nhé dém cua dit liéu, trong khi y tuong
cbt 151 ciia dién toan bién tap trung nhidu hon vio bd nhd dém chirc nang va ap dung no cho cac
dich vu quan 1y hop thu dugc ca nhan hoa dé tiét kiém do tré va bang thong [Ravi, 2021].
Cloudlet con duoc goi 1a “dam may nho” vi n6 c6 thé cung cip cac dich vu cho ngudi dung,
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tuong ty nhu may chii ddm may. Tai thoi diém nay, dién toan bién nhin manh vao ha luu, tirc
12 n6 ha cép cac chirc ning tir may chi dam may xudng méy chii bién dé giam bang thong va
do tré [Satyanarayanan, 2009].

Co s¢ 1y luan cua di¢n toan bién la tinh todn phai xay ra ¢ vi tri gén nguén dir liéu voi
“bién” cau thanh bat ky tai nguyén mang va dién toan nao doc theo dudng dan giita ngudn dir
lidu va dam may [Symeonides, 2019]. Trong bdi canh nay, dit liéu cam quan duoc chuyén doi
tir cAc tin higu tho thanh thong tin phul hop theo ngit canh & gan ngudn dir lidu. Sau do, dir liéu
bién di mo ra mot su ting trudng bung nd trong bdi canh cua IoT. Dé giai quyét nhimng thach
thirc vé giam tai tinh toan va truyén dir liéu, cdc nha nghién ctru bat dau kham phé cach ting
kha nang xur 1y dir li¢u & g'ém noi san xuat dir liéu. Cac mé hinh dién toan dai dién 1 dién toan
bién di df)ng (MEC), dién toan suong mu va dién toan bién dam may. MEC 4 ciu trac mang
cung cap cac dich vu thong tin va kha ning d1en todn ddm may trong mang truy cap khong day
gan nguoi dung di dong [Yu, 2016]. Vi MEC nam trong mang truy cap khong day va gan véi
ngudi dung di dong nén MEC c6 thé dat dugce d6 tré thip hon va bing théng cao hon dé cai
thién chat luong dich vu va trai nghiém ngudi dung. MEC nhan manh viéc thiét 1ap cac may
chu bién gitra may chu ddm may va cac thiét bi bién dé thuc hién tinh toan, trong tw nhu kién
tric va phan cip ciia mot may chu dién toan bién, vi vay MEC duoc coi 1a mét phan quan trong
cua dién toan bién.

Cisco da gioi1 thi€u dién todn swong mu vao nam 2012 va dinh nghia dién toan suong
mu 1a mot nén tang dién toan ao hoa cao dé chuyén cac nhiém vy cia trung tim dién toan
dam may sang cac thiét bi bién mang [Puzhevich, 2020]. N6 giam tai bang thong va ap luc
tiéu thy nang lwong cua cac lién két chinh bang cach giam sé lwong lién lac giita cac trung
tam dién todn ddm may va nguoi dung di dong. Dién todn swong mu va dién todn bién cod
nhitng diém tuong ddng 16n, nhung dién toan swong mu tap trung nhiéu hon Véo viée toi wu
hoa glao tiép & cap co so ha tang, trong khi dién toan bién chu ¥ dén nhu cau tinh toan va
nhu cau mang ctia ca thiét bi dau cudi va co sé ha ting, bao gom sy cong tac giira cac thiét
bi dau cudi, cac canh va nhitng ddm may.

Vao nam 2013, Ryan LaMothe da dé xuét thuat nglr “dién toan bién” trong mot bao cdo
ndi bo dai hai trang, day la 1an dau tién “dién toan bién” hién dai duoc phat trién [ Lamothe, 201 3].
Tai thot diém nay, khai niém dién todn bién bao gébm ca phan ha luu cua céc dich vu dam may
va phan thugng luu cua IoT.

2.2. Thoi ky tang truwong nhanh

K& tir nam 2015, dién toan bién da trong giai doan phat trién nhanh chong, thu hut sy cha
¥ sdu sac tir gid1 hoc thuat va nganh cong nghiép.

Vao thang 5 nam 2016, Quy Khoa hoc Qudc gia (NSF) cuia Hoa Ky d liét ké dién toan
bién 1a mot trong nhirng Iinh vuc dugc chu y trong nghién ctru hé¢ thong may tinh.

Vao thang 8 nam 2016, NSF va Intel da hop tac thanh 1ap mang trung tAm thong tin trong
mang bién khong day (ICN-WEN).
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Vao thang 10 ndm 2016, NSF di t6 chirc Hoi thao NSF vé Nhitng thach thic 16n trong
dién toan bién [Chiang 2016). Hoi thao tap trung vao ba chii dé: tam nhin cua dién toan bién
trong 5 dén 10 nam toi; nhting thach thuc lon dé dat duoc tAm nhin; va cc co ché tot nhat cho
gidi hoc thuat, nganh cong nghiép va chinh phu dé tan cong nhiing thach thirc nay mot cach
hop tac. Diéu nay chi ra rang sy phat trién ciia dién toan bién da thu hut duoc sy quan tim 16n
& cap chinh phu.

Trong gidi hoc thuat, da dua ra mdt dinh nghia chinh thurc vé dién toan bién, ho da dinh
nghia dién toan bién 1a cdc cong nghé cho phép thyc hién tinh toan ¢ ria mang, dir liéu ha ngudn
thay mat cho cac dich vu ddm may va dir liéu ngugc dong thay mat cho céac dich vu IoT [Shi, 2016].
Bai bo cdo nay di chi ra nhitng thach thirc cia dién toan bién va da dugce trich dan hon 1000
lan trong ba nam.

Vao thang 10 nim 2016, ACM va IEEE di cting nhau t6 chirc Hoi nghi chuyén dé¢ ACM
/IEEE dau tién vé Symposium on Edge Computing (SEC). Ké tir d6, ICDCS, INFOCOM,
MiddleWare, va cac hoi nghi quéc té quan trong khac da thém mot duong dan dién toan bién
vao céc hdi nghi chinh cua ho.

Vao thang 1 nam 2018, cudn sach gido khoa dau tién trén thé gisi vé dién toan bién da
dugc Science Press xuat ban. Pong thoi, nhi€u linh vuc cong nghiép da tich cuc thic day su
phat trién ctia dién toan bién.

Vao thang 9 ndm 2015, Vién Tiéu chuan Vién thong Chau Au (ETSI) da xut ban sach
vé MEC.

Vao thang 11 nam 2015, Cisco, ARM, Dell, Intel, Microsoft va Pai hoc Princeton da
cung nhau thanh 1ap OpenFog Consortium, to chiic danh riéng cho viéc phat trién Kién trac
tham chiéu swong mu [OpenFog Consortium, 2016).

OpenFog Consortium di hop nhat thanh Cong nghiép Internet-of-Things (IIoT) vao thang 1
nam 2019.

Vao thang 11 ndm 2016, Huawei, Vién Ty dong hoa Tham Duong cua Hoc vién Khoa
hoc Trung Quéc, Hoc vién Cong nghé Thong tin va Truyén thong Trung Quéc (CAICT), Intel,
ARM, va iSoftStone d thanh lap Edge Computing Consortium (ECC) tai Bac Kinh, nham thuc
day su hop tac giita cac ngudn lyc trong nganh tir cac khu vire chinh phi, nha cung cép, hoc
thuat, nghién ctru va khach hang, déng thoi thic ddy su phat trién bén virng ctia nganh cong
nghiép dién toan bién.

Vao thang 3 nam 2017, Nhém Cong tac Pac ta Cong nghi¢p MEC da chinh thic duoc
d6i tén thanh Dién toan bién da truy cap, nham muc dich dap ung tot hon yéu ciu cia tinh toan
bién va cac tiéu chuan lién quan.

Linux EdgeX Foundry cling dugc xay dung vao ndm 2017; 1a mot du 4&n ma nguén mo
trung 1ap v6i nha cung cép duoc td chirc béi Quy Linux nhim muc dich xay dung mot khuon
khé mé chung cho dién toan bién IoT.
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Vio thang 1 nim 2018, Automotive ECC (AECC) duoc thanh lap dé thuc day nhu cau
co so ha tang dién toan va mang cuia dit 1iéu 16n trén 6 t6 [AECC, 2020], diéu nay cho thay
réng dién todn bién cd gia tri trong linh vyc xe. Cung nam do, Tb chic Cloud Native
Computing Foundation (CNCF) va Quy Eclipse da hop tac dé dua Kubernetes, von di duoc
st dung rong rii trong moi trudng dién toan dam mdy quy mo siéu 16n, vao bdi canh dién
toan tién tién cua IoT.

Sau d6, KubeEdge, mot khuon kho dién toan bién ban dia cua Kubernetes, d dugc chép
nhan vao hop cat CNCF vao thang 3 nam 2019.

Vao thang 4 ndm 2019, Bio-World Conference and Expos di bo sung theo ddi Edge, diéu
d6 c6 nghia 1a tinh toan bién cling quan trong dbi véi linh vuc stc khoe.

III. Cac phwong phap tiép can

Xem xét cac van dé gdy ra cac nha nghién ctiru dé xuat mot s kién tric dén dién toan
bién. Mic du cac dé xuat khac nhau vé quan 1y tai nguyén va kiém tra tai nguyén, nhung tat ca
chung déu nham dap Gng cac yéu cau chinh sau: hd trg d6 tré thip cho cac dich vu tng dung
nhay cam véi d6 tré, hd tro tong hop dir lidu dé két hop cac bai doc tir nhiéu IoT dé giam bang
thong sir dung, va ho tro cho cac dich vu phu thudc vao vi tri nhan biét ngit canh.

II1.1. Cac dich vu lién quan
111 1.1. Cloudlets

Cloudlets 12 mét tap hop cac may chii ¢6 kha ning tai nguyén dugce trién khai gan nguoi
dung cubi trong co so ha ting dugc quan 1y do cac nha cung cip nhu Nokia, Elisa, Deutsche
Telekom, v.v... Pugc cic tic gia ciia nd mo ta ban dau 1a “trung tim dit liéu trong mot hop”,
Cloudlets gia dinh mdt két n6i manh mé 1én dam may va hoat dong nhu phén md rong cua no.
Cloudlets duoc thiét ké va quan 1y voi muc dich hd trg cac cong nghé / giao thirc 40 hoa dam
may va dugc 1én ké hoach trién khai boi mot nha cung cép dam may hién c6. Loi thé c6t 15i cua
Cloudlet nam & chd trién khai nhé hon, cho phép nd giam dang ké do tré truy cap clia nguoi
dung vao dich vu dugc luu trir trén ddm may. Trang bi nhitng kha nang xu 1y cao, Cloudlets
phtt hop nhat cho cac tmg dung yéu cau tinh toan do tré thip nhung ton nhiéu tai nguyén, vi du
nhu gidm sat video thoi gian thuc, phan tich dit liéu 16n [oT, v.v...

111.1.2. Fog Clouds

La mot nén tang ao héa danh cho céc tai nguyén may tinh duoc quan 1y duge dinh vi véi
cac thiét bi duoc trién khai trong mang truy cap, vi du nhu bd dinh tuyén, bo chuyén mach,
diém truy cap, v.v... Khong gidng nhu Cloudlets, cac Fog Clouds duoc quan 1y va trién khai
chu yéu boi cac nha cung cap di dong hoat dong trong khu vuc (hop tac véi cac nha cung cap
dam may) va nham muc dich tich hop céc cong nghé khong day dé truy cap ngudi dung/cam
bién, vi du nhu WiFi, LTE, 5G, v.v... Muc tiéu chinh cta Fog Clouds la cung cép tinh toan

137



TRUONG PAI HQC NAM CAN THO Tap chi Khoa hoc va Kinh té phat trién s6 12

trong mang trén dir liéu khi né di chuyén t6i cdc dam may tap trung dé xir Iy rong rai. Vi phan
ctg danh cho Fog Clouds yéu cau it khong gian vat Iy hon, n6 c6 thé dugc trién khai gan hon
v6i nguoi ding va cac cam bién IoT ma khong can quan 1y chi phi dang ké. Thiét ké trién khai
ctia ho lam cho cac Fog Clouds pht hop nhat véi cac ing dung giam sat video thoi gian thuc
va thanh phd théng minh.

111.1.3. Mobile Clouds Computing

Con dugc goi 1a Mobile Clouds (MC) trong cong dong cac nha nghién ctru, Mobile
Clouds Computing dai dién cho mét nén tang rong hon, noi cac may chu tinh toan chuyén biét
duoc trién khai ¢ ria caa mang di dong, chéng han nhu cac co s¢, hoat dong cung voi mot ddm
may tap trung dé hd tro cac Gng dung trén thiét bi di dong. Khong gidng nhu Fog Clouds,
Mobile Clouds vé co ban dua trén cac cong nghé truy cap di dong nhu LTE, 5G, dé ngudi dung
truy cdp. Thay vi mo rong ddm mdy ra ria, muc tiéu chinh cia Mobile Clouds 14 cung cip
phuong tién tinh toan mot bude cho cac thué bao di dong. Diéu nay cho phép cac thiét bi di
dong co ban ho trg cac dich vu tng dung yéu cau kha nang tinh todn vuot xa kha nang cua cac
thiét bi di dong trén bo mach. Piéu d6 cho théy cac Mobile Clouds nhim dén dé hd tro cac cong
nghé ao hoa dam may cho phép chung tich hop véi cac dam may tap trung néu can thiét.

111.1.4. Edge Clouds

Céc Edge Clouds 1a sy hop nhét ctia cac ngudn luc cong dong tu nguyén do con nguoi
van hanh véi cdc mic nang luc tinh todn khac nhau. Con duge goi 1a Mobile Edge Clouds
(MEC), cac Edge Clouds mé rong dién toan dam may di dong dén cac tai nguyén khong di
dong. Mot vai vi du vé tai nguyén canh 13 may tinh dé ban, may tinh bang va trung tim dir li¢u
nano nhu Cloudlets do cac nha cung cap doc 1ap thiét 1ap. Vi cac Edge Clouds két hop nhiéu
loai tai nguyén c6 kha ning tinh toan va ciing c6 thé dam bao do tré thip do sy gan giii vé mat
vat 1y cua chiing véi nguoi dung cudi va cam bién, mé hinh nay thudng duoc coi 13 kién trac
dai dién cho tinh toan bién. Khong gidng nhu Fog, tai nguyén bién bi gi6i han boi kha ning
mang ctia chiing vi chiing ch yéu dua vao két ndi khong day duoc chia sé cong khai dé tuong
tac voi nguoi dung va dam may.

II1.2. Trién khai

Vi van con trong giai doan phat trién, cac bude tién déu c6 kha ning anh hudng dén viée
ap dung dién toan bién trong thé giGi thyc. phan nay cung cap giai phap sau dé trién khai dién
toan bién.

111.2.1. Edge - Fog Clouds

Edge - Fog Clouds 12 mét kién triic dam may canh duoc két hop voi dam may suwong mu
do thiét ké tap trung vao canh doc ddo, hd trg phan 16n céc loai ing dung vai cac yéu cau QoS
khéc nhau.
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Hinh 2. M6 hinh Edge - Fog Clouds
II1.2.2. Trién khai mé hinh vdy Iy Edge - Fog Clouds

Pé trién khai ta can mo hinh Anveshak nhu mot module threephase trong d6 mdi giai
doan chiju trach nhiém xtr Iy mot nhiém vu cy thé. Thiét ké module cho phép cac nha cung cap
dam may hoan doi va thém céac giai doan vao giao thirc phu hop véi su phiic tap bo sung cua
khu vuc. Hinh 3 s€ minh hoa cho cac cac budc sau day.
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Hinh 3. M0 hinh Anveshak

e Giai doan 1: Xac dinh cac ving giao tiép cao ctia khu vuc vi chung c6 thé s& dan dén
viéc st dung may chu cao hon. Pé xac dinh céc vung ta bt dau béng vi€c chia khu vuyc dia ly
thanh cac ludi cach déu nhau mot cach hop 1y. Sau d6, hé thdng str dung dir liéu lich sir cia
viéc truy cép lién Kkét di dong cua céac thué bao ctuia nha cung cép dich vu di dong bat nguén tur
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moi ludi. Vao cudi giai doan dau tién, trinh bay danh sach cac khu vuc luéi, dugc xép hang
theo méat d§ y€u cau giam dan cua nguoi dung, cho nha cung cap ddm may.

e Giai doan 2: Udc tinh tinh kha dung trong twong lai cia Edge may chu trong moi khu
vuc ludi béng cach ngoai suy mat do cua caic AP WiFi hi¢n dang hoat dong trong khu vuc. Sau
do, hé théng s& diéu chinh tiéu cuc cac khu vuc ludi c6 mat do AP cao. Ban d6 nhiét dugc cap
nhat 1a mot tap hop céc vi tri ludi c6 mat do yéu cau ciia nguoi dung cao va tinh kha dung thap
ctia cac thiét bi canh dé dap tmg nhirng yéu cau dé. Gidi thidu danh sach nay cho nha cung cap
dam may trong giai doan cudi. Tuy nhién, néu c6 nhiéu hon mot 6 hoat dong trong luoi do, he
thong phai cung cap muc uu tién cho tung vi tri tuy thuoc vao muc do c6 thé truy cap ciia né
dé dap g cac yéu cau toi da ciia nguoi ding bat ngudn tir ving lan can.

e Giai doan 3: Pugc thiét ké dé giai quyét vén dé trén giai doan 2. Sau khi xac dinh vi tri
chinh xé4c ctia cac tram gdc ctia nha cung cép dich vu di dong trong ludi, may chil s& tinh todn
xéc suat do tré mot budc tir mdi trang web cho phan 16n yéu cau ctia ngudi ding. M6 hinh st
dung k¥ thuat xép xi @6 tré mang dua trén toa do [90] va tinh toan khoang cich mang tdi da
dugc dung nap (R™) va chi phi mang (ns.u) giita nhitng ngudi ding U trong ludi G; dén may
chu S duoc cai dat tai tram géc trong ludi L = {1;,...,1}. V& mit hinh thtre, cac bién duoc dinh
nghia nhu sau:

R =maxu—S;] YuelU (3.1)

fug.Sy)

Migu) =0 * ‘,I}i Su) [i‘a’

Bién a trong Cong thirc 3.2 biéu thi chi phi truy cap mdy chi tdi da cho ngudi dung trong
ludi. Dya trén tién ich mang cua tirng tram goc, xac dinh vi tri may chu t6i uvu cho nguodi dung
tuy v ludi bang cach gidi phuong trinh sau.

Sy = min Z {51151 € 5,m¢5,4) < Moz 1T (3.3)
le L%

Phuong trinh 3.3 gan gidng v&i Bai toan vé vi tri co so duge biét 1a NP-ctimg. U'dc tinh
giai phap cho van dé bang cach gidi han kich thudc ludi trong giai doan I sao cho ngay ca
truong hop xau nhit 1ap lai giai phap hoan thanh trong thoi gian hop 1y.

IV. Ung dung ciia dién toan bién trong céng nghiép

Mic du cac ddm may truyén thong tu thé hién minh nhu mét kho luu trir cic may chi co
kha nang tinh toan cao, nhung nhu ciu cia cac ing dung méi ndi trén internet s& khac xa vai
céc tinh niang ma cac DC dién hinh ¢b ging cung cap. Internet-of-Things (IoT) 1a mot trong
nhing trudng hop sir dung nhur vay. Cac thiét bi va cam bién IoT da gia ting mang ludi va viéc
trién khai chung theo xu hudng ting theo cip s6 nhan. Tuy nhién, phan 16n cac ing dung IoT
(va cac ing dung tuong ty) yéu cau xu Iy quan trong vé do tré ma cac dam may truyén thong
khong thé hd trg do d6 tré mang qua mirc va tic nghén biang thong gitra cam bién IoT va DC.
Duéi day 1a mot s6 linh vuc ing dung cong nghé dién toan bién.
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IV.1. Ung dung dién todn bién
1V.1.1. Tu dong hoa

Nhu cau két ndi cac nha may v&i nhau va ty dong hoa céc thuc thé trong nha may hoac
khong c6 su tham gia ciia con ngudi da ddn dén Cong nghiép 4.0. Cung cap thoi gian phat
trién ngan hon bang cach cho phép cac may duoc két ndi tuong tac va chia sé cac tac vu va
két hop kha nang hoat dong dé hiéu chuan lai tac vu c6 thé dugc thuc hién ngay lap tirc. Céc
nha san xuit da thiét ké cac robot tinh vi, chéng han nhu Bosch APAS, dé 1am viéc song song
v6i cac cong nhan con ngudi trong nha may. Nhitng chiéc may nhu vay tao ra vo sb dit liu
tir cic cam bién va may anh gan lién (vuot qua 100.000 GB mét ngay) véi thoi han xir 1y
nhanh hon thoi gian phan tmg ctia con nguoi. Cac yéu cau dich vu duge ap dung rat nghiém
ngit va vi pham c6 kha ning anh huong dén sy an toan ciia con nguoi va lam trat banh toan
bd quy trinh san xuét.

1V.1.2. Xe tw ldi

Lai xe tu dong dang trd thanh hién thuc do cac quy dao dién tu hoat dong trong ba
thép ky qua tir cac hoc vién va nganh cong nghlep Dong luc chinh khong chi 1a giam tai
nan dudng bo do 18i ctia con ngudi (chiém 94% tong sé vu tai nan dugc bao cao), ma con
giam chi phi nhan lyc trong nganh giao thong do sur dung nhién li€u kém hiéu qua, sir dung
diém dd xe,... Tuong tu nhu ty dong hdéa nha may, cac phuong tién dugce két ndi dua trén
nhiéu cam bién va camera nhing tao ra dir liéu vuot qua 100GB cho mdi xe. Cac ung dung
trong linh vuc nay yéu cau xir 1y dir liéu nhanh chong dé cic quyét dinh két qua dugc nhanh
chong va chinh xac.

1V.1.3. Game

Nganh cong nghiép tro choi canh tranh da cho thiy su phat trién nhanh chong trong nhiing
niam gan day va di thu hat duoc sy dau tu dang ké tir cac thuong hiéu thé thao 16n vao cac giai
dau va phat trién tro choi. Cac nha san xuat phan ctng tiép tuc tim cach giam thiéu do tré cia
man hinh va thiét bi ngoai vi trén thiét bi, sao cho nd khong vugt qué thoi gian nhén thirc cua
con nguoi (<10ms).

1V.1.4. Y té

Cham soc stic khoe ning dong va dap ung tot 1a mot trong nhiing wu thé cac ung dung
trong mién IoT. Ngoai viéc cung cap hd trg bénh nhan tir xa va theo ddi sirc khoe (nhu giam
thiéu dot quy, theo doi dién tam da,...), phau thuat tir xa dugc thyc hién tir cac noi xa 1a mot
trong nhidu nhu ciu ngdy cang ting cua thi trudng chim soc stre khoe hién nay. Cac tinh hudng
nhu vay khong chi yéu cau bing théng mang cao va truy cap khong bi gian doan ma con can
d6 tré xir Iy cuc thap dé kiém soat tdi vu.

Thanh phd thong minh, kiém soat giao thong, thuc té ting cudng, phan phdi dua trén may
bay khong ngudi 14i,... 1a mot vai vi du khac vé cac trudng hop st dung yéu cau xir 1y toi han
vé do tré ma dam may dua trén DC (Data Center) truyén théng khong thé hd tro.
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IV.2. Cdc vin dé quan trong

Mic du dién toan bién rat hira hen nhung van con nhiéu thach thic ma cong déng phai
dbi mat, tir cac cong nghé co ban dén cac kich ban tmg dung méi la va cac mé hinh kinh doanh
tiém nang. D& giup cong ddng may tinh hiéu rd hon vé vi tri ctia chung ta va cach tan dung tinh
toan bién trong céc linh vuc cta riéng ho, diéu quan trong 1a phai phét trién mot phan dic biét
trinh bay hi¢n trang cta tinh todn bién. Con ngudi da chung kién mot loat cac tién bo, dic biét
1a trong ndm nam qua, bao gdm cac chu dé sau: hé théng va cong cy, cung cap nén tang cho
tinh toan bién; mang bién sang tao; cac ing dung dién toan bién trong nhiéu linh vuc, chéng
han nhu thanh ph thong minh, an toan cong cong va lai xe ty hanh, IoT cong nghiép, v.v.;
va cac mbi de doa bao mat va quyén riéng tu moi.

Mac du dién toan bién dua viéc tinh toan gﬁn hon véi cac dich vy nhay cam véi do tré,
nhirng thach thirc han ché mé hinh ddm may van con khi tbe do dit liéu dugce tao tiép tuc ting.
Céc nut bién c6 thé di dong va nhung thay d6i nhanh chong co thé xay ra bat ky luc nao trong
cac mang dong (vi du: 151 két ndi va bién dong bang thong) do d0, viéc diéu ph01 cac dich vu
bién tré nén kho khan hon. Cu thé, kham pha dich vuy, diéu ph01 tai nguyén, ddi phé véi su
khong dong nhét cua tai nguyén, quan 1y vong doi va giam tai nhiém vu 1a nhitng thach thic
nghién ctru md. Hon nita, viéc lap lich céc tac vu quan 1y va xu ly dir licu dé thu duoc thong tin
chi tiét vé phan tich doi hoi su can nhic “thong minh”.

Cung v6i nhitng o1 ich ma dién todn bién mang lai, co rat nhiéu thach thirc ma chung ta
nén tinh dén, dic biét 1a lién quan dén bao mat dir liéu va quyén riéng tu. Kha ning xur Iy han
ché cua céac thiét bi duoc két ndi co thé han ché viéc sir dung cac bién phap bao mat, khlen
chung dic biét d& bi tan cong mang va tin cong vat 1y, trong khi tinh di dong va viéc cung cap
nhanh chong céc nit bién doi hoi cac co ché hiéu qua dé thiét 1ap va chung thyuc su tin tudng
vao bién.

Dién toan bién két hop IoT, dir 1i€u 16n va dién toan di dong thanh mot nén tang di€n toan
tich hop va phd bién. Kha ning duoc cung cAp dé cung cip sirc manh tinh toan theo yéu cau &
bién va kha ning xtr 1y lwong dit liéu khong 16 dén tir vo s thiét bi / cam bién mang lai dong
luc to 16mn cho cac cong nghé tri tu¢ nhan tao (Al).

5. Két lun

Vi tée do phat trién nhanh chong cua céac thiét bi IoT duoc gidi thi€u hang nam, sy ra
doi cta dién todn bién s€ mang lai nhitng budc tién nhay vot trong vi¢c tang tde xir ly va van
chuyén dir lidu, ciing nhur bao mat. Tuy nhién, dién toan bién khong phai 1a sy thay thé cho dién
toan ddm may, vi dién todn ddm may co nhing loi ich riéng, chung 13 nhiing kién triic bo sung
két hop v6i nhau dé tao ra nhitng nén tang manh mé cho nganh cong nghiép IoT. Piéu niy s&
tac dong va thuc day qué trinh chuyén do6i cua cac nganh kinh té tir nay dén nhitng nam sau.

142



TRUONG PAI HOC NAM CAN THO Tap chi Khoa hoc va Kinh té phat trién s6 12

TAI LIEU THAM KHAO

[1] Xuan, Linh (2020). Dién toan dam may la gi? Phan loai, vu nhugc diém cua dién toan dam
may. [online] Quantrimang. Available at: URL: https://quantrimang.com/tim-hieu-ve-
dien-toan dam-may-118375 [Accessed 22 Jan. 2021]

[2] smartfactoryvn.com, (2021). SmartFactory. [online] Available at: https://smartfactoryvn.com/
technology/internet-of-things/edge-computing-dien-toan-ranh-gioi-la-gi-vai-tro-cua-edge-
computing-trong-cong-nghiep-4-0/ [Accessed 19 Jan. 2021]

[3] tapchinganhang.gov.vn, (2020). Tap chi ngan hang. [online] Available at:
http://tapchinganhang.gov.vn/edge-computing-dien-toan-bien-xu-huong-cong-nghe-ho-
tro-dich-vu-cho-ngan-hang.html [Accessed 22 Jan. 2021]

[4] Vantino, Hoang (2021). Dién todn bién - Edge Computing 14 gi?. [online]. NCT Blog.
Available at: URL: https://www.thegioimaychu.vn/blog/ai-deep-learning/dien-toan-bien-
edge-computing-la-gi-p7836/ [Accessed 23 Jan. 2021]

[5] Pién todn bién - xu hudng cong nghé dugc mong dgi nam 2021. [online] Available at:
URL: https://nhandan.com.vn/thong-tin-so/dien-toan-bien-xu-huong-cong-nghe-duoc-mong-
doi-nam-2021-631645/ [ Accessed 21 Jan. 2021]

[6] techinsight.com.vn, (2019). FPT Tech. [online] Available at: https://techinsight.com.vn/
edge-computing-dien-toan-bien-cong-nghe-moi-trong-thoi-dai-iot/ [Accessed 22 Jan. 2021]

[7] daviteq.com, (2020). Davited. [online] Available at: https://www.daviteq.com/blog
/vi/dien-toan-bien-tuong-lai-va-thach-thuc/ [Accessed 23 Jan. 2021]

[8] digital.fpt.com.vn, (2020). FPT Digital. [online] Available at: https://digital.fpt.com.vn/
dien-toan-bien-giai-phap-hua-hen-cho-tuong-lai/#:~:text=%6C4%901%E1%BB%8 7n%20t0%
C3%A11n%20b1%C3%AAn%20(Edge%20Computing,(c%C3%A1¢%20thi%E1%BA%B
Ft%20b%E1%BB%8B%2010T). [ Accessed 24 Jan. 2021]

[9] ictvietnam.vn, (2020). Thong tin va truyén thong. [online]. Available at: https://ictvietnam.vn/
bao-mat-cho-kien-truc-iot-dua-tren-dien-toan-bien-20200525101658378 . htm [Accessed
24 Jan. 2021]

[10] A,Vakali (2003). Content delivery networks: Status and trends. [online] Available at:
URL.: https://ieeexplore.ieee.org/document/1250586/ [ Accessed 24 Jan. 2021]

[11]J, Ravi (2005). Personalized email management at network edges. [online] Available at:
URL: https://ieeexplore.ieee.org/document/1405975 [ Accessed 24 Jan. 2021]

[12] Mahadev, Satyanarayanan (2009). The Case for VM-Based Cloudlets in Mobile
Computing. [online] Available at: URL: https://ieeexplore.ieee.org/document/5280678
[Accessed 24 Jan. 2021]

[13] Moysis, Symeonides (2019). Query-Driven Descriptive Analytics for IoT and Edge
Computing. [online] Available at: URL: https://ieeexplore.ieee.org/document/8790179
[Accessed 24 Jan. 2021]

[14] Yifan, Yu (2016). Mobile edge computing towards 5G: Vision, recent progress, and open
challenges. [online] Available at: URL: https://ieeexplore.ieee.org/document/7833463
[Accessed 24 Jan. 2021]

143



TRUONG PAI HQC NAM CAN THO Tap chi Khoa hoc va Kinh té phat trién s6 12

[15] Victoria, Puzhevich (2020). Fog Computing and Its Role in the Internet of Things. [online]
Available at: https://readwrite.com/author/victoria-puzhevich/ [Accessed 24 Jan. 2021]

[16] R, LaMothe (2013). Edge Computing - Pacific Northwest National Laboratory. [online]
Available at: URL: https://moam.info/edge-computing-pacificnorthwest-national-laboratory
59d648481723dd08e35b7b77.html [Accessed 25 Jan. 2021]

[17] M. Chiang (2016). NSF workshop report on grand challenges in edge computing. [online]
Available at: URL: http://iot.eng.wayne.edu/edge/NSF%20Edge%20W orkshop%20
Report.pdf [Accessed 25 Jan. 2021]

[18] Weisong, Shi (2016). Edge Computing: Vision and Challenges. [online] Available at:
URL: https://ieeexplore.ieee.org/document/7488250 [Accessed 25 Jan. 2021]

[19] openfogconsortium.org, (2016). ). Introduction of OpenFog Consortium.[online]
Available at: https://www.openfogconsortium.org/ [Accessed 19 Jan. 2021]

[20] aecc.org, (2016). Automotive Edge Computing Consortium. [online] Available at: URL:
https://aecc.org/ [Accessed 25 Jan. 2021]

[21] Fog Computing - DPién todn suwong mu la gi?. [online] Available at: URL:
https://quantrimang.com/fog-computing-dien-toan-suong-mua-la-gi-151572 [Accessed 25
Jan. 2021]

[22] vi.wikipedia.org, (2020). Mobile Computing - Di¢n toan di dong la gi?. [online] Available
at: URL: https://vi.wikipedia.org/wiki/%C4%901%E1%BB%87n_to%C3%Aln_di_%C4%
91%E1%BB%99ng [ Accessed 25 Jan. 2021]

[23] Quantrimang.com, (2020). Quadn tri mang. [online] Available at: URL:
https://quantrimang.com/edge-computing-dien-toan-ranh-gioi-bien-gioi-moi-cua-web-145052
[Accessed 25 Jan. 2021]

[24] Iptp.net, (2020). IPTP. [online] Available at: URL: https://www.iptp.net/vi/business-
solutions/managed-services/edge-computing/ [Accessed 25 Jan. 2021]

[25] giaiphap.mctt.com.vn,  (2020). MC&TT. [online]  Available at:  URL:
https://giaiphap.mctt.com.vn/ edge-computing-la-gi-ung-dung-cua-edge-computing-la-gi/
[Accessed 25 Jan. 2021]

[26] vareview.vn, (2020). VnReView. [online] Availabe at: URL: https://vnreview.vn/tu-van-
may-tinh/-/view_content/content/2485589/edge-computing%E2%80%8A-khai-niem-
ban-nen-biet [Accessed 25 Jan. 2021]

[27] bio-itworldexpo.com, (2019). Bio-IT World Edge Track. [Online]. Available at:
https://www.bio-itworldexpo.com/edge# [Accessed 25 Jan. 2021]

[28] kubeedge.io, (2019). KubeEdge—A Kubernetes Native Edge Computing Framework.
[Online].  Available at:  https://kubeedge.io/en/blog/cncf-sandboxannouncement/
[Accessed 25 Jan. 2021]

[29] The Linux Foundation (2018). Kernel virtual machine. [online] Avilable at: URL:
http://www.linux-kvm.org [Accessed 25 Jan. 2021]

[30] Blue.social, 2020, “What is NFC? The Near Field Communications Guide”. [online]
Available at: https://blue.social/nfc/ [Accessed 25 Jan. 2021]

144



TRUONG PAI HOC NAM CAN THO Tap chi Khoa hoc va Kinh té phat trién s6 12

[31] Vrplus, 2020, “Giai phap Gmg dung thuc té o va thuc té ting cuong trong to chirc sy kién”,
01/22/2021,  https://vrplus.vn/y-tuong-su-dung-thuc-te-ao-va-thuc-te-tang-cuong-trong-
to-chuc-su-kien [Accessed 25 Jan. 2021]

[32] Vietnamtouism, 2020, “Cong nghé thyc t ting cudng (AR - Augmented Reality) va thuc
té 40 (VR - Virtual Reality) - Ngon 1tra nho “suéi” Du lich d& “dong bang” boi dai dich
Covid- 197, 01/22/2021, https://vietnamtourism.gov.vn/index.php/items/33666 [Accessed
25 Jan. 2021]

[33] Tourzy, 2019, “Ung dung thuc té ting cuong trong nganh du lich”, https://tourzy.vn/chia-
se/ung-dung-thuc-te-tang-cuong-trong-du-lich [ Accessed 25 Jan. 2021]

[34] Co, 2020, “Thuc té a0 tang cuong AR”,01/22/2021, https://co-well.vn/rd-2/ar_vn/
[Accessed 25 Jan. 2021]

[35] Viplus, 2019, “Thyc té a0 ting cudng AR sé& thay d6i twong lai ciia thé gigi”,01/22/2021,
https://vrplus.vn/cong-nghe-thuc-te-ao-tang-cuong-ar-se-thay-doi-tuong-lai-cua-the-gioi
[Accessed 25 Jan. 2021]

[36] Thucteao, 2020, “Tam quan trong cua Thuc té ting cudng (AR) trong doanh nghiép”,
01/22/2021, https://www.thucteao.top/tam-quan-trong-cua-thuc-te-tang-cuong-ar-trong-
doanh-nghiep/ [Accessed 25 Jan. 2021]

[37] Vietnetco, 2020, “Thuc té do ting cuong (Augmented Reality) 14 gi? Cac (mg dung”,
01/22/2021, https://vietnetco.vn/thuc-te-ao-tang-cuong-ar/10655.html [Accessed 25 Jan.
2021]

[38] Medinet, 2019, “Gidi thi€u san phém binh chon Giai thuong Y té thong minh cua Vién Y
Duoc hoc dan tdc: “Ung dung thuc té a0 tdng cuong AR trong gidi thi€u vi thude va thude
y hoc ¢o truyén”, 01/22/2021, http://www.medinet.hochiminhcity.gov.vn/cai-cach-hanh-
chinh-y-te-thong-minh/gioi-thieu-san-pham-binh-chon-giai-thuong-y-te-thong-minh-cua-
vien-y-duoc-hoc-d-cmobile4714-19681.aspx [Accessed 25 Jan. 2021]

[39] Quangtritv, 2020, “Ung dung cong nghé thyc té 4o ting cudng trong gido duc”, 01/22/2021,
http://quangtritv.vn/tin-tuc-n9825/ung-dung-cong-nghe-thuc-te-ao-tang-cuong-trong-giao-
duc.html [Accessed 25 Jan. 2021]

[40] Adtgoup, 2020, “AR - THUC TE TANG CUONG LA GIi?”, 01/22/2021,
https://adtgroup.vn/vi/ar-thuc-te-tang-cuong/ [ Accessed 25 Jan. 2021]

[41] Tourzy, 2020, “Ung Dung Thuyc Té Ting Cuong Hiéu Qua Nhat”, 01/22/2021,
https://tourzy.vn/tin-tuc-chung/ung-dung-ar-hieu-qua-nhat [ Accessed 25 Jan. 2021]

[42] bkaii.com.vn, (2020). Cong nghé xe ty hanh: nhiing diéu can luu y. [online] Available at:
URL: https://bkaii.com.vn/tin-tuc/451-cong-nghe-xe-tu-hanh-nhung-dieu-can-luu-y
[Access 25 Jan. 2021]

[43] wri.vn, (2020). Ung dung cong nghé may bay khong nguoi 14i vao diéu tra tai nguyén
nude. [online] Available at: URL: http://wri.vn/pages/ung-dung-cong-nghe-may-bay-
khong-nguoi-lai-vao-dieu-tra-tai-nguyen-nuoc.aspx [Accessed 25 Jan. 2021]

[44] nexcom.vn, (2020). Dién todn bién la gi?. [online] Available at: URL: https://nexcom.vn/
dien-toan-bien-la-gi-n279.html [Accessed 25 Jan. 2021]

145



TRUONG PAI HQC NAM CAN THO Tap chi Khoa hoc va Kinh té phat trién s6 12

[45] thuatngumarketing.com, (2020). Edge Computing. [online] Available at: URL:
https://www.thuatngumarketing.com/edge-computing/ [ Accessed 25 Jan. 2021]

[46] dlapplications.github.io, (2019). Khi Deep learning gap Edge computing. [online]
Available at: URL: https://dlapplications.github.i0/2018-07-25-dl-edge-1/ [Accessed 25
Jan. 2021]

[47] viettelide.com.vn, (2020). Edge Computing - Giai phap xir 1y dit liéu nhanh chéng, t6i uu
trong thoi dai s6. [online] Available at: URL: https://www.viettelidc.com.vn/tin-tuc/edge-
computing-giai-phap-xu-ly-du-lieu-nhanh-chong-toi-uu-trong-thoi-dai-so [Accessed 25
Jan. 2021]

[48] vi.phhsnews.com, (2020). May tinh swong mu la gi?. [online] Available at: URL:
https://vi.phhsnews.com/articles’howto/what-is-fog-computing.html [ Accessed 25 Jan. 2021]

[49] octapus.vn, (2020). Fog Computing - Dién todn suong mu 1a gi ?. [online] Available at:
URL: http://www.octapus.vn/news/fog-computing-dien-toan-suong-mu-la-gi.html [Accessed
25 Jan. 2021]

[50] ichi.pro, (2020). Edge Computing la gi. [online] Available at: URL: https://ichi.pro/vi/
edge-computing-la-gi-14464667583550 [Accessed 25 Jan. 2021].

146



