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The emergence of the Network Function Virtualization (NFV) paradigm
has become a potential solution dealing with the rapid growth of global
Internet traffic in the last decades. There, network appliances are
transformed into Virtual Network Functions (VNF) running on a standard
server. This promises to significantly reduce overall cost and energy
consumption. Additionally, a hardware-based network function chain is
replaced by a chain of the VNFs, called Service Function Chain (SFC).
The expected benefit of SFC is the reduction in complexity when
deploying heterogeneous network services. However, the considerable
drawback of SFC is the distribution of the VNFs over different hosts. An
inefficient placement of VNFs can induce a high latency within the chain
and wasted server resources. In this work, we design four placement
algorithms that aim to efficiently place the SFC in servers with regard to
minimizing service response time and resource utilization. Herein,
heuristic approaches are evaluated against optimal solutions for the
placement problems, which are formulated by using Integer Linear
Programming. We evaluate and compare these placement strategies in a
simulator. Our result shows that the optimized solutions produce the
lowest service response time and least server utilization in all types of
simulated SFCs. On the other hand, the heuristic algorithms are also able
to come close to the optimum by simple placing rules.
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Sur xuat hién ciia mo6 hinh NFV di tro thanh mét giai phép tiém ning doi
phé véi tde do tang trudng nhanh chong cua luu lwong Internet toan cau
trong nhitng thap ky qua. O do, cac thiét bi mang duoc chuyén dbi thanh
chirc nang mang a0 (VNF) chay trén mét may chu tiéu chuan. Ngoai ra,
mét chudi chirc nang mang dua trén phan cimg duoc thay thé bang mot
chudi VNF, duoc goi la chudi chirc ning dich vu (SFC). Loi ich cua SFC
la giam d6 phuc tap khi trién khai cac dich vu mang khong dong nhat.
Trong bai bdo ny, tac gia di nghién cu va xay dung bdn thuat toan
nham sip xép va dat SFC mot cach hiéu qua trong cac méy chi nhim
dén viéc giam thiéu thoi gian dap tng dich vu va sir dung tai nguyén. O
day, cac thuat ton truyén thong duoc so sanh véi mot md hinh tinh toén
t6i wu dua trén quy hoach tuyén tinh s6 nguyén. Tac gia danh gia va so
sanh c4c chién lugc phan bd vi tri ndy trong mot chuong trinh mé phong.
Két qua cho thiy, cac giai phap t6i uu tao ra thoi gian dap tng dich vu
thap nhét va sir dung may chi it nht trong tit ca cac kich ban md phong.
Mat khéc, céc thuat toan truyén thdng ciing c6 thé chap nhan duoc bang
c4c quy tic phan bd dua trén thuat toan sip xép don gian.
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1. Giéi thigu

Sy phét trién bung nd caa cac dich vu mang Internet va cong nghé truyén théng hién dai da
mang dén cho ngudi ding nhitng trai nghiém tét hon. Chinh vi vy, ha ting mang Internet khong
nging duoc cai tién dé duy tri va dap tng tét hon nita nhu cau ngdy cang ting cao ciia ngudi
dung cudi. Ngay nay, mang Internet chii yéu duoc xay dung tir nhitng thiét bi phan ciing trung
gian nhu bd dinh tuyén, tuong ltra hay can bang tai. Nhiing thiét bi phan cing nay thuong duoc
lip dat tap trung trong trung tAm may chu va hoat dong dong bo vai nhau. Di liéu ra vao duoc xur
ly tuan ty tai mai thiét bi trude khi dwoc gui dén thiét bi cia nguoi dung. M3i thiét bi trén dugc
goi la mot chirc nang mang hay network function. Mot chudi cac chirc nang mang nay két hop véi
nhau dé cung cap mot dich vu nao d6 duoc goi Ia chudi chirc nang dich vu hay Service Function
Chain (SFC) [1], [2]. Trén thuc té, cac chudi chuc ning nay duoc xay dung bang céc thiét bi
phan cing va né cd nhidu han ché nhu su ddng bo hoa cua chudi kho thay ddi, kho thay thé thiét
bi, chi phi dau tu, van hanh va bao tri 16n, thoi gian lap dat, trién khai phan cing thuong kéo dai
va mét nhiéu cong doan kiém thir trude khi duoc van hanh, khé c6 kha niang mé rong, diéu nay
dan dén sy cham tré trién khai dich vu méi dén nguai ding.

Dé khic phuc nhitng han ché nay, mot cong nghé mang méi va thong minh hon da ra doi
duoc goi 1a Network Functions Virtualization (NFV) [3]-[5]. Khai niém vé NFV lan dau tién
duoc gidi thigu trong hoi nghi “Software - Defined Networking (SDN) and OpenFlow” vao thang
10 nam 2012. NFV hudng t6i muc tiéu giai quyét nhiing van dé trén bang cach ng dung cong
nghé ao hoa. NFV la mét cach tlep can moi trong mo hinh klen trdc cua mang truyen théng, trong
d6 cac chirc nang mang dugc phan mém hda va co thé trlen khai déng & hau hét cac vi tri trong
mang may tinh, thay thé cé4c thiét bi mang chuyén dung ndm & céc vi tri dugc dinh trudc. Cac
phan mém nay duoc goi 12 Virtual Network Function (VNF). Y tuéng chinh caa mé hinh nay 1a
tach cac chuac nang mang (VNF) khoi phan ctng vét ly caa ching. Cac chic ndng mang duoc
trién khai boi cac phan mém cé thé chay dong thoi trén nhiéu chung loai phan cung may chu, co
kha nang di chuyén, khai tao & cac vi tri khac nhau trong mang theo yéu cau ma khéng can phai
lip dat thiét bi phan citng méi [6], [7]. Pac biét, nhiéu chuc ning khac nhau c6 thé dé dang két
hop tao thanh chudi SFC dé phuc vu nhiém vu nao dé.

Céc dich vu duoc trién khai dudi dang chudi chirc nang dich vu SFC la sy két hop cia mot s6
chirc ning co ban, thudng chay trong mot sé dang méi trudng ao (may 4o hoic Docker?). Vé co
ban, mot SFC tuong tng véi mot chudi cac VNF, théng qua chudi nay, mat ludng luu lwong dir
liéu c6 thé di qua tir ngudn dén dich caa nd. Hién nay, nhiéu ciu hinh mang 4o héa c6 thé ciing
ton tai trén cing mot co s ha tang vat ly. Véi cong nghé NFV, cac SFC dua trén phan mém cé
thé duoc khoi tao, kiém soat, cap nhat dé dang bang cach cai dat truc tiép trén may chu, diéu d6
lam giam thiéu thoi gian phan hoi caa dich vu. Nguoc lai, mot chudi chirc nang phan cing muén
nang cap thuong phai thay thé thiét bi va cau hinh lai cAu tric vat ly mot cach thi cong [8], [9].

Tuy nhién, mot trong nhitng van dé chinh lién quan dén viéc trién khai SFC la viéc xac dinh
va &p dung céac cau hinh SFC 1a kha phuc tap. Thir nhat, mdi chirc ning mang don 1¢ VNF trong
mat chudi SFC cd thé phai phan b tai cac may chu vat Iy khac nhau trong mang dan toi chiéu
dai cua chudi tang 1én. Piéu ndy tryc tiép lam tang do tré truyén di liéu trong toan bo chudi gay
giam hiéu nang mang. Tht hai, cac VNF thudc cac chudi khac nhau cé thé duoc trién khai trong
cling mot may chu va chiém tai nguyén may chu ndy, tuy nhién mot s6 VNF khdng ton tai lién
tuc ma c6 thé duoc tit di va khai tao nhiéu 1an dan téi viéc tdi vu hoa tai nguyén may chua 1a mot
van dé quan trong. CAc van dé trén cho thay can phai giai mot bai toan tdi uvu hoa sy phan b cac
VNF trén mét hoac nhiéu may cha khac nhau dé dam bao d6 tré téi thiéu hozc sir dung téi da tai
nguyén may chu tranh lang phi.

2. Phuong phap nghién ciru va thuét toan

! https://www.docker.com
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2.1. Djc tinh ky thudt ciza chudi SFC

Dé giai bai toan t6i uu hoa do tré dau cudi va téi uu héa tai nguyén méy chu, tac gia di nghién
ctru va xay dyng bén thuat toan bao gdm hai thuat toén sip xép don gian c6 tén 1a: “Sdp xép tdp
trung - Centralization” v “Sdp xép diéu phoi - Orchestration”, va hai ham muc tiéu thugc mo
hinh tinh toan téi wu dwa trén quy hoach tuyén tinh sb nguyén (Integer Linear Programming -
ILP). Céc thuét toan nay duoc thiét k& nham muc dich phan b tu dong cac VNF trong cac may
chu dé giam thiéu do tré toan bo chudi hoic tdi vu tai nguyén may chu. Bé thuc hién mé phong
céc chudi SFC ¢ 3 VNF thanh phan, giai bai toan ILP tw dong va so sénh tinh hiéu qua cua cac
thuat toan trén, tac gia da cai tién phan mém mod phong EdgeNetworkCloudSim [10] dé tich hop
cong cu giai bai toan ILP bang md-dun CPLEX Optimizer.

2.2. C4c thugt toan phan bé vj tri chudi chiee ning mang SFC

Trong phan nay tac gia gioi thi¢u bdn thuat toan phan bd vj tri chuol chue nang mang SFC, do
Ia thuat toan sap xép tap trung Centralization (CEN), thuét toan sip xép diéu phdi Orchestration
(ORC), t6i wu hoa thoi gian dich vy Service Time Optimization (STO) va téi wu hoa tai nguyén
Resource Optimization (RO).

2.2.1. Thugt toan sdp xép tdp trung Centralization Algorithm va sdp xép diéu phoi Orchestration

Thuét toan sap xép tap trung (CEN) cb gang dat tat ca cac may 4o cia mot chudi SFC cang
gan nguoi dung cang tét, nghia 1a thuit toan nay c6 do tré thap nhét giita cAc may 4o va nguoi
dung. Thuat toan CEN hitu fch trong dién toan dam may co dién, noi cac may ao doc lap cua
ngudi ding phai duge dit gan ngudi ding nhit. Tuy cac may a0 c6 thé gin ngudi dung nhét,
nhung do dai ciia chudi co thé 1a diém yéu lon nhét ciia thuat toan nay.

Thuat toan sip xép diéu phdi (ORC) khac véi thuat toan sap xép tap trung CEN, trong do6 chi
may ao dau tién trong chudi dugc ch gang dat Cang gan ngu’ol dung cang tot Cac may ao tlep
theo dugc dit cang gan may do trude do cang t6t. Dya trén diéu ndy, ORC cé gang rat ngan do
dai caa chudi dé giam do tré trong chudi.

2.2.2. Thudt todn toi wu héa thoi gian dap iing dich vu Va téi wu héa tai nguyén

Bang 1 trinh bay cac ky hiéu dugc str dung dé xay dung bai toan téi uu hoa.
Bang 1. Tom tat cac tham sé duoc sir dung trong md hinh ILP

Tham s6 M0 ta

Tap hop cac thanh phan cua &ng dung
Tap hop cac kénh gitra cac thanh phan cia tng dung, C €T x T
Tap hop cadc may chu trong mét trung tm may cha
Tap hop cac lién két giita cac may chi, L €H x H
Tap hop cac thanh phan cua tng dung ngudi ding dwoc cip phat tinh, S T
Tap hop cac may ciia ngudi dung dé chira cac thanh phan ang dung ngudi ding
HScH f:S— HS| vh' eH, &' €S:h' =f(t") (fissubjective)
R Tap hop cac tai nguyén caa may cha
R Tap hop cAc tai nguyén cua cac lién két
M Tap hop cac tiéu chi giam sat tai nguyén tai may cha
M Tap hop céc tiéu chi giam sat tai nguyén tai cac lién két
a
i,
.
h

TorTO-A
w

Luong tai nguyén r duoc yéu cau bai thanh phan ang dung t
Dung luogng tai nguyén r tai may chu h
Luong tai nguyén r san sang tai may chu h

mk Gia tri do duoc cua tiéu chi k tai may chu h

cly Luong tai nguyén r dwoc yéu cau boi kénh (s, d)
br, Luong tai nguyén r c6 san tai lién két (u, v)

uk Gi4 tri do dugc cua tiéu chi k tai lién két (u, v)
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Dua trén cac ky hiéu da trinh bay tai Bang 1 va thudc tinh cua chudi SFC, bai toan tbi wu hoa
duogc xay dung nhu dudi ddy. Tai nguyén may chu duoc dinh nghia, bao gom:
R ={CP U, Memory}
= {Bandwidth}
Ham muyc tiéu 1: Thoi gian dap wng dich vu (STO) caa chudi dich vu 1a nho nhit:

Objectivel = Z Tp.sa e ™, V(u,v) € L. (1)
(s,d)ec N .
Ham muc tiéu 2: Str dung tai nguyén (RO) cua chuoi dich vu la nho nhat:
100 CPU
Objective2 = Z (mln{z Oher 1} ﬁu —). (2)
 h€H ,teT

Muc tiéu (2) nham muc dich t6i wu hoa sb luong may Chu duoc sir dung tai mot vi tri va ty 1é
v6i CPU kha dung. Quy trinh t6i wu hoa nay s& c¢b géng sip Xep cac may ao trong mot may chu
nhung s& ¢ uu tién ddi v6i mot may chi dang duoc sir dung va van con tai nguyen thtra. Do do,
cac may chu dang khong sir dung s& khong duoc kich hoat cho dén khi cac may chi khac da duoc
str dung hét. Bang cach nay, cac may chu khong sir dung c6 thé dugc dat & trang thai cho dé tiét
kiém nang 1u’0’ng Tuy nhién, tai ltc khéi tao, tat ca c4c may chu s& ¢d cling Xac suat duoc chon.

Diéu kién va rang bugc:

Typsqa €10, 1}, (s,d) €C, (U, v) EL. (3)
Trong phuong trinh (3), 7,,,, 54 12 bién quyét dinh va bang 1 néu kénh dit liéu (s, d) duge dinh
tuyén tur lién két (u, v), nguoc lai 12 bang 0.

0,: €{0,1},heH  teT. 4)
Trong rang budc (4), oy, 1a mét bién quyét dinh va bang 1 néu nhiém vu t duoc gén cho may
cha h, nguoc lai la bang 0.
z oy =1, VEE T, (5)
heH

o, =1,h€ HS t€S, (6)
z o, =0, YhE€ HS, ()

teT \S

Rang budc (5) dam bao rang mét tac vu (hodc thanh phan tng dung) chi duoc gan cho mot
may chu. Vi tri tinh cua tac vu nguoi dung dugce dinh nghia trong phuong trinh (6) dugc dua ra
nhu mot dau vao cho bai toan va khong duoc quyét dinh. Trong khi, rang budc (7) chi ra rang cac
ung dung cta nguoi dung chi dugc dat trong cac may chu da dugc chi dinh trude do.

Z One @ < B, Vr € R, Yh e HS. (8)
teT . \
Codng thie (8) rang budc rang may chu h phai co du tai nguyén dé cap phéat thanh phan cho
uwng dung t.

Z(u meL Tyhsd T Ons = Z(h el Thy,sd T Ond (9)

Rang budc (9) thé hién trong mot phuong trinh cac noi dung sau:
* Rang budc luong khong thé phan chia: Mot kénh sir dung mot lién két di duy nhat tir nguon
va mot lién ket dén duy nhat tai dich va khong phan chia,

Tyh,sd = 1 lf ous = 1,
(u,h)€EL
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MThy,sa = =1 lf Opya = 1'
’ 7 (h’U)EL ’ \
e Su sap xep cac nhiém vu: Khdng bat budc phai c6 duong truyen trong truong hop ca s va d
duoc gan cho cung mot may chu (va khéng c6 kiém tra dung luong),
Ohs = Oha»
. Tyu,sd = 0’
* Rang bugc bao toan luong: Khong c6 luu lugng nao duoc luu trit trong mot nut trir khi nit
nay la nguon hoac dich hodc nguon va dich duoc sap xép,

Tyh,sd = Thy,sd
(u,h)€EL (h,v)EL
VhEHZO‘hSZO,O'hdZO.
z Ghsnuh,sd =0. (10)
- (u,h)€EL _ )
Rang budc (10) dam bao rang khéng c6 vong lap nao trong duong dan trude khi dén dich,
Tyv,sd = Tyu,sdr (S d) (d S) € C (u 1]) (17 u) € L. (11)

Nhu duoc xac dinh trong Cong thire (11), giao tiép hai chiéu gitta hai tac vu duoc dinh tuyén
thdng qua ciing mot dudng hai chiéu. Thém vao do6, ngudn va dich cua ludng khong duoc dinh
tuyén riéng biét.

z( dec Ty,sa Csa < buvs v(u,v) € L. (12)
S,

Rang budc (12) dam bao rang lién két (u, v) phai co du tai nguyén bang thong theo yéu ciu
cua cac kénh (s, d).

3. Phwong phap mé phéng
3.1. M6 hinh dién todn bién

Nhu di trinh bay trong phan trudc, tc gia huéng téi mé hinh dién toan bién cho céc kich ban
mo phong. DPién todn bién [a mot mo hinh dién toan phan tan, dua viéc xur 1y tinh toan va luu tri
dir liéu dén gan vi tri can thiét hon dé nang cao toc do va tiét kiém bang thong (Edge Computing)
[11]. Bién toan bién la mot mang ludi c&c trung tdm xir 1y va luu tri dix liéu cuc bo trudce khi di
licu duoc giri dén trung tdm dir liéu hoic dua 1én dién toan dam may (cloud). N6 t6i wu hoa cac
hé thong truyén dan dé tranh gian doan hogc 1am cham viéc giri va nhan dir ligu. Moi thir dugc
tinh toan dé xu ly ngay tai cac bién (edge) cua h¢ thong mang. Nhu vay, mo hinh c6 thé loai bo
phan 16n hién tuong tic nghén ‘mang va giam rat nhiéu do tré dau cudi thuong thay trong cac mo
hinh dién toan dam maéy truyén thong. Trong nghién ctu ndy, tac gia xay dung kich ban mo
phong thiét bi ciia ngudi dung két ndi truc tiép véi méay chua dién toan bién.

3.2. Phan mém mé phéng

Trong nghién ciru nay, tac gia sir dung phan mém EdgeNetworkCloudSim dé mé phong mot
cau trac lién két mang c6 dinh trong mo hinh dién toan bién. Trong d6, cac may chu cé thé duoc
phan bd tai cac vi tri dia ly khac nhau gan nguoi ding va dugc thiét 1ap dé sin sang van hanh céac
chu6i dich vu SFC duogc thiét lap truéc bao gom Video streaming, Database hoac dich vu Web,
mdi dich vu nay duoc dic trung bai tai nguyén may chu no can nhu s lugng CPU va bg nhé
RAM. Nguoi dung duoc md phong giri cac yéu cau ngau nhién téi chudi dich vu bao gém ba
VNF duoc dit trén cac may chu khac nhau. Cac thuat toan phan b vi tri VNF sau d6 tinh toan va
tu dong dat cac phan mém nay tai cac may chu kha dung dé tdi wu do tré hosc tai nguyeén.

http://jst.tnu.edu.vn 275 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

TNU Journal of Science and Technology 226(16): 271 - 279

Hinh 1 biéu dién md hinh két ndi cua chudi SFC trén phan mém mo phong bao gom 3 may 4o
c6 tén 1a VM-1, VM-2, VM-3 cic may nay dugc cai dat dé chira cac chirc ning mang 40 hoa
VNF. Bang 2 trinh bay cac ciu hinh méy ao khac nhau can cr theo nhu ciu sir dung tai nguyén
cua cac VNF, cac cau hinh may 4o nay duoc tao theo tiéu chuan caa Amazon EC2 Cloud?.

““Service Function Chain (SFC) " Béng 2. Cau hinh cac may do trong mé phong
v |—[ VM2 s | NIVES U RAM
] - yBe
User T2Nano 1 1024MB
e " T2Small 2 2048MB
Hinh 1. M6 hinh ket noi cua cac VNF trong chuoi SFC T2Large 4 4096MB

Theo m6 hinh két néi & Hinh 1, dit liéu yéu cau cua ngudi dung dwoc truyén theo chiéu miii
tén dén lan luot cAc méay 4o chira VNF dé xur ly tuan ty, dit liéu phan hdi tir dich vu ciing duoc
truyén nguoc lai lan luot qua cac VNF dén nguoi dung. Cau hinh nay hoan toan tuong ty nhu ciu
hinh tai cai may cha va chac ning mang vat ly trén thuc té [1].

3.3. Kich ban md pheong

Trong chuong nay, gia dinh ring mot hé thdng camera giam sat giao théng thong minh duoc
trién khai tai mot sé khu vuc c6 mat do giao thdng 16n bao gom 4 don vi hanh chinh thudc dia
phan tinh Thai Nguyén, bao gdm thanh phé Thai Nguyén, thanh phb Séng Cong, thi x4 Phd Yén
va huyén Phi Luong. Mdi khu vuc trong hé thdng camera gidm sét giao théng nay bao gém
nhiéu camera, cac thiét bi nay dwoc quan ly béi may tinh théng thuong va lién tuc gui dir lidu
Video, Database va Web Ién cac trung tdm may chu dién toan bién la DC PHULUONG, DC
THAINGUYEN, DC PHOYEN va DC SONGCONG. Hinh 2 thé hién ciu trac lién két trong md
phong (topology). Trong topology nay, cac may 4o caa SFC dwoc phan phdi trén cac may chu
cuia dién toan bién tly thugc vao tai nguyén san co caa ching.

KV4 - PHULUONG DC PHULUONG DC THAINGUYEN KV1 - THAINGUYEN CITY

EEE Display
2 Admin

Admin PC

KV3 — PHOYEN DC PHOYEN DC SONGCONG KV2 — SONGCONG CITY

Hinh 2. Cdu tric lién két dién toan bién trong mé phaong
3.4. So sanh céc thugt toan phan bé vi tri vé dé tré dau cudi

Hinh 3a cho thay thoi gian dap ung dich vu trung binh ciia ba SFC véi cac thuat toan phan bd
vi tri khac nhau. Truc x cho biét ba dich vu, truc y thé hién thoi gian phan hdi trung binh cua dich
vu tinh bang mili gidy. Céc cot trong biéu d6 véi cac mau khac nhau thé hién cho thoi gian phan
héi trung binh cua dich vu theo tirng thuat todn phan b vi tri khac nhau véi do tin cay 95%.

Hinh 3a cho thay viéc gui nhiéu doan video 1am ting thoi gian phan hdi trung binh ciia mot
chudi dich vy Video Streaming [12]. Nguoc lai, dich vu Database c6 thoi gian phan hoi trung
binh thap nhat khoang 250ms. Vi n6 yéu cau tong kich thudc cua tat ca cac may 4o thap hon, céc
thuat toan phan bd vi tri c¢6 co hoi cao dé dit cac may ao trong mot may chi mong muén, diéu
nay 1am giam thoi gian phan héi dich vu téng thé.

2 https://aws.amazon.com/ec2/instance-types
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Hinh 3. Thoi gian ddp img dich vi trung binh va x4c suat phan bé cia cac SFC

Vé thoi gian phan hoi dich vu dwoc tao ra bai céc thuat toan phan b vi tri khac nhau, STO dat
dugc thoi gian phan hoi dich vu thdp nhat trong tat ca cac dich vu, tiép theo 1a ORC, CEN va RO.
Vi du, khi str dung STO lam thuét toan phan bé vi tri cho dich vu Web, ta chi mét 272,8ms tir khi
ngudi dung yéu cau dich vu cho dén khi nhan dwoc phan hdi ciia né. Trong khi d6, bang cach sir
dung céc thuat todn ORC, CEN hoic RO, mét lan luot 1a 277,8ms, 328ms va 327,1ms cho mdi
phan héi. Biéu nay khong kho hiéu vi thuat toan STO duoc thiét ké dé tinh toan vi tri cho muc
tiéu giam thiéu thoi gian dap tng dich vu bang cach sir dung md hinh ILP va xem xét trang thai
toan hé théng. Luu y rang, trong topology cua ching ta chi c6 bbn trung tam di liéu, nén thoi
gian xu ly cia md-dun CPLEX Optimizer 1a khong dang ké. Tuy nhién, véi cau tric lién két
mang l6n hon, khong gian nghiém duoc tao béi trinh t6i vu héa CPLEX ciing 16n, thoi gian tim
ra vi tri phan b tdi wu trong chudi c6 thé 1am ting thoi gian phan hdi dich vu tdng thé. Vi vay,
thoi gian giai bai toan ILP c6 thé anh hudng tiéu cuc t6i tdng thoi gian phan hdi dich vu, béi vi
mo hinh ILP trong pham vi bai bao nay mot dang bai todn NP-khé.

Chinh vi vay, cac phuong phap tiép can dua trén kinh nghiém ciing phai dugc nghién cau,
ching han nhu ORC dat thoi gian dap (ng dich vu thap tha hai cho cac dich vu Streaming va
Web. Thuat todn ORC ¢ géng giam thiéu do dai caa chudi, tat ca cac may ao trong chudi dugc
dat sao cho khoang cach gitra chiing ngan nhét. May 4o dau tién trong chudi dwoc dt cang gan
nguoi dung cang t6t. Trén thyc té, giai thuat ORC phai kiém tra tat ca cac may cha véi nhiéu
vong lap dé tim vi tri tét nhat cho cac may ao. Cac may chu dugc chon ciing phai c6 du tai
nguyén cho tat ca cac may ao. Thao tac Kiém tra nay dugc thyc hién mdi 1an cho mot dich va méi
dugc yéu cau khai tao. Do d6, véi s6 luong yéu cau ngay cang tang tr nguoi dung, n6 cling anh
hudng dén thoi gian phan hdi dich vu tong the.

Trén thuc té, vi tri Iy twong cho thoi gian phan hdi dich vu thap nhat Ia khi tat ca cac may 4o
trong chudi duoc dit trong mot may chu. Trong truong hop nay, do tré giita ba may ao trong
chudi bang 0, diéu nay lam giam dang ké thoi gian phan hoi dich vy tong thé. Hinh 3b cho thay
X&c suat xay ra tinh hudng nay. Truc x cho biét ba loai dich vu, truc y cho biét xac suat cd thé dat
toan bo chudi vao mot may chi. CAac cot VSi cac mau khac nhau dai dién cho gia tri trung binh
cua céc thuat toan khac nhau véi khoang tin cay 95%.

C6 thé thay rang, thuat toan RO thé hién ti 1é dat toan bo chudi vao mot may chu cao hon so
Véi cac thuat toan khac, vi né duoc thiét ké dac biét dé toi wu hoa tai nguyén. Piéu nay duoc mo
ta chi tiét hon trong phan tiép theo. Vé céc thuat toan khac, hinh 3b cho thdy STO c¢6 gi4 tri cao
hon dang ké so véi cac thuat toan ORC va CEN. Trong dich vu Streaming, giai thuat STO c6
52,44% kha ning dat toan bo chudi dich vu vao mot may chi, trong khi con s ndy ¢ ORC va
CEN lan Iuot 1a 36,86% va 32,29%. Xu hudng niy cling gap phai trong dich vu Database va
Web. Diéu nay 1a hop ly vi giai thuat STO tinh toan sip xép SFC duya trén tong do tré ti thiéu.
Do d6, viéc dat tat ca cAc may 4o trong mot may cha 1a mot tly chon c6 muac do wu tién cao nhat.

3.5. S0 sanh céc thugt toan phan bé vi tri vé mikc dé sir dung tai nguyén may chi
Nhu d trinh bay trong phan truéc, muc tiéu thir hai caa mo hinh ILP la giam thiéu viéc su
dung tai nguyén (thuat toan RO) trong viéc xac dinh vi tri phan bo caa mot SFC. Hinh 3b trong
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phan trudc chi ra ring RO ¢6 xac suét dit tat ca cac may 4o cua mot SFC vao mot méy chii cao
hon khi so sanh véi céc thuét toan khac. Dé dat dugc muc tiéu nay, ham muc tiéu o ging giam
thiéu sé luong may chu duoc st dung cho SFC lién quan dén tai nguyén sin c6 caa chung. Diéu
nay c6 nghia la thuét toan RO s& ¢b gang dat cang nhidu SFC cang tdt trong mot may chi va nd
s& uu tién lya cdc may chu dang duoc st dung va van con tai nguyén thira. Bang cach ny, cac
maéy chu khong sir dung c6 thé duoc dat & ché do du phong hoic tit dé tiét kiém ning lwong.

Dé danh gia hiéu suat cua thuat toan phan bé vi tri ndy, ching ta tinh toan sé luong cac may
chu da st dung cing véi s6 lwong SFC dugc khai tao dong thoi. O day, mot may chu duoc coi la
duoc str dung khi it nhat mot CPU dugc cip cho mot may 4o cia mot SFC. Hinh 4 cho thiy méi
tuong quan giita sé lwong may chu va sb luong dich vu ciing chay dong thoi. Truc x hién thi sb
lwong dich vu dong thai, truc y cho biét s lwong trung binh cua cac may chi duoc sir dung twong
g, c6 nghia 1 ty 1& st dung méy chu. Cac dudng cd mau khac nhau thé hién ty 1& sir dung may
chu trung binh duoc tao ra bai cac thuat toan phan b vi tri khac nhau.

ORC
STO

s0 luong may chu
P
R
N
/.
/ |
2

RO

H

4] S i 10 15 20 25
s0 luong dich vu

Hinh 4. S6 lirong may chui va dich vu sir dung dong thoi

Hinh 4 cho thiy ring cac thuat toan phan bé vi tri STO, ORC va CEN tao ra ty 18 s dung
may chu tuong t nhau, tat ca cac méay chi duoc sir dung khi ¢6 nhiéu hon 10 SFC duoc khoi tao
ddng thoi. Diéu nay 1a hop ly, vi cac thuat toan nay c¢b giang giam thiéu thoi gian phan hoi cua
dich vu bing cach chon cac may chi gan nhit véi ngudi ding. Vi ngudi dung dang gui yéu cau
tir c4c vi tri khac nhau nhu da thé hién trong topology, cac may chi gan nhit nhanh chéng duoc
str dung. Tuy nhién cac thuat toan ORC, CEN va STO chiém dung may chu nhiéu hon nhiéu so
véi RO, thuat toan phan bd vi tri RO ¢6 ty Ié chiém dung may chu thap hon nhiéu, ti 1¢ nay dugc
biéu thi bang duong mau vang riéng biét trén biéu d6 Hinh 4. C6 thé thay rang, dé khoi tao trung
binh 10 dich vu ddng thoi, thuat toan RO chi sir dung 3,6 may chua. T4t ca cac may cha duoc sir
dung hét chi khi c6 tir 21 dich vu duoc khai tao cting mét Idc. Bé khai théc hét s6 méy chu thi s6
lugng dich vu dugc khei tao ddng thoi boi RO cao gap ddi cac thuat toan phan b vi tri khac.
Diéu nay la do RO la thuat toan ludn uu tién sip xép cac may 4o trong mot may cha truéc khi
xem xét cac may chu khac. Hon ntta, khi mot SFC da hoan thanh nhiém vu va giai phong tai
nguyén may chu, méay chu ndy c¢6 mic d6 uu tién dugc chon cao hon cho dich vu dén tiép theo so
v6i nhitng may chi dang khong st dung. Dua trén diéu nay, s6 lugng méy chii can ding s& duoc
giam thiéu va cac may chu khac co thé duoc dit & trang thai cho. Diéu nay cé the giam dang ké
mic tiéu thu dién nang va tiét kiém nang luong. CO thé thay rang cac thuat toan sap Xep don gian
dya trén kinh nghiém STO, ORC va CEN da trinh bay cho thay mot hiéu suat toi wu vé thoi gian
dap tng dich vy, nhung van can cai thién vé viéc sir dung tai nguyeén.

4. Két luan

Trong mé hinh NFV, viéc st dung cac SFC htra hen s& 1am giam su phuc tap trong viéc trién
khai dich vy. Tuy nhién, viéc phan b vi tri VNF trén cac may chi khac nhau s& lam tang do tré
téng thé va ty Ié sir dung may chu. Trong bai bao nay, tac gia di nghién ciu, xay dung va danh
gia bon thuat toan phan b vi tri trong chudi SFC trong mé hinh dién toan bién. Cac thuat toan
nay nham muc dich t6i vu hoa thoi gian phan héi dich vu hodc téi wu hoa viéc st dung tai
nguyén. Dé danh gia va so sanh hiéu suat ciia cac thuat toan phan bd vi tri ndy, tac gia sir dung
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trinh md phong EdgeNetworkCloudSim m¢é rong. Qua do, cac trung tadm dir liéu duoc dat trong
dién toan bién va cadc VNF cua SFC duoc dat trong cac may chu cua trung tam dir liéu theo mot
thuat todn sap xép vi tri cu thé. Trong khi cac thuat toan CEN va ORC phan b vi tri cac VNF
dwa trén giai thuat sip xép don gian dé tim céc vi tri thich hop, thi 2 thuat toan STO va RO la cac
giai phap duoc t6i vu hoa bang cach giai mot mé hinh ILP.

Vé thoi gian phan hdi dich vu, két qua cho thiy thuat toan STO hoat dong tét hon cac thuat
toan khac trong tat ca cac loai dich vy trong chudi. Biéu nay ching té rang, viéc sir dung md hinh
ILP c6 thé tinh todn mét giai phap t6i wu. Dic biét, xac suat dit tat ca cac may 4o cia mot chudi
trong mot may chu cao hon so véi céc thuat toan CEN va ORC, dan dén giam thoi gian phan hoi
dich vu. Tuy nhién, thoi gian xir ly cua trinh téi wu héa CPLEX 1a mét nhugc diém dang ké do
thoi gian tinh toén cd thé tang 1én khi cau tric lién két lon va phic tap hon.

Muc tiéu thir hai caa mé hinh ILP 1 téi wu viéc sir dung tai nguyén may chu. Vi tri caa SFC
duoc téi wu dé s dung sé lwong may chu it nhat. Két qua cia md phong cho thay rang, trong
truong hop 10 SFC ddng thoi duoc kich hoat, thuat toan RO chi yéu cau mét nira tai nguyén may
chi. Nguoc lai, céc thuat toan khac str dung tit ca cac trung tam dit lidu dé xir ly mot sb lugng
SFC dong thoi twong tng. Nghién ciru ndy c6 thé duoc sir dung lam tai liéu tham khao cho céc
nha nghién ctru cing linh vuc hoidc cac nha phaét trién dich vu dién toan bién, dich vu chudi chuc
nang mang va dac biét la cong nghé NFV.

Loi cam on
Nghién ciru nay dugc hd tro boi dé tai nghién ciru khoa hoc cip co s¢ Truong Dai hoc Cong
ngh¢ théng tin va Truyén thdng — Pai hoc Thai Nguyén (Ma s6: T2021-07-19).
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