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Tém tit: Ngay nay, ha ting mang Internet khong ngling dugc cai thién dé dap tng nhu ciu st dung ngay cang cao clia
ngudi ding. Viéc lap dit cac thiét bi phan ciing trong trung tim mdy chii clia mang gip phai nhiéu han ché nhu: kho thay
thé thiét bi; chi phi du tu, van hanh I6n,... Cong nghé 4o héa cic chic ning mang (Network Function Virtualization -
NFV) ra doi da khic phuc cdc nhugc diém néu trén. Trong cong nghé nay, cic phan ciing chuyén dung sé dudc trién khai
thay thé bing cic phian mém chay trong moéi truong 4o hoa. Phan bd tai nguyén 1a mot van d& quan trong trong NFV.
Viéc phan bé tai nguyén hop 1y c6 thé gidp ting chit lugng dich vu va gidm chi phi trién khai. T6i uu viéc phan bé tai
nguyén c6 thé dugc thuc hién théng qua viéc dit cac chiic ning mang 4o (VNF) trén cdc mdy chii va tim duong dinh
tuyén hop ly cho cac dich vu mang. Bai bdo nay nghién cifu bai todn dit cic chic ning mang 4o va dinh tuyén cho céc
chudi dich vu dé dap ting hai muc tiéu: i) gidm chi phi trién khai; ii) gidm do6 tré ctia cac chudi dich vu. Téi wu da muc
tiéu dugc chuyén vé tdi uu don muc tiéu (SO-VPTR) bing cich tiép can tdng c6 trong s6. Nghién citu dé xuit mo hinh
quy hoach tuyén tinh nguyén hén hop (MILP) d€ giai t6i uu hoa don muc tiéu ndy. Mo hinh MILP c6 thé dua ra 13i giai
chinh x4c cho cdc bd dif liéu c6 kich thudc nhd. DE tim 15i gidi cho cac bo dit liéu c6 kich thuée 16n hon, nghién citu dé
xuét thuat toan di truyén dé€ gidi bai todn. Két qua thuc nghiém trén cic bd dif liéu khac nhau da chiing minh hiéu qua
cia thuét todn dé xuit.

Tir khéa: do hda chiic ning mang, thudt todn di truyén, phdn bo tai nguyén.

Title:  Genetic Algorithm for Optimizing the Virtual Network Functions Placement and Traffic Routing Problem.

Abstract:  Recently, the Internet infrastructure is constantly being improved to meet the increasing needs of users. Installing
hardware devices in the network server center faces many limitations such as: difficulty in replacing devices; large
investment and operating costs,... Network Function Virtualization (NFV) technology was invented to overcome the
disadvantages. Specialized hardware will be replaced by software running in visualized environments in this technology.
Resource allocation is an important problem in NFV. Reasonable resource allocation can increase service quality and
reduce network deployment costs. Optimizing resource allocation can be accomplished through placing virtual network
functions (VNFs) on servers and finding appropriate routing for network services. This research explores the network
resource allocation to achieve two objectives: i) reduce deployment costs; ii) reduce the delay of the service chain
in the network. We transfer the multi-objective problem to single-objective problem (SO-VPTR) by the weighted-sum
approach. This research proposes a mixed-integer linear programming (MILP) model to solve the single-objective
optimization problem. The MILP model can provide accurate solutions for small datasets. In order to find solutions
for larger sized datasets, the research proposes a genetic algorithm to solve the problem. The experimental results on
different datasets demonstrated the effectiveness of the proposed algorithm.

Keywords:  network function virtualization, genetic algorithm, resource allocation.

I. GIOI THIEU NFV duya trén cdc ki thuat 4o hod dé€ cho phép céc chiic
niing mang 4o c6 thé dugc trién khai dong trén ha ting clia

Ao héa cic chiic ning mang (Network Function Virtual- NFV ma khong can lap dit cic thiét bi phan ciing méi.
ization - NFV) la mot khai niém trong linh vic mang mdy Mang 40 hod vé co ban dua trén cic cong nghé 4o hod
tinh, nham t&i wu hoéa, cai tién va don gian kién tric mang. dd c¢6 nhu cdc cong nghé da phat trién cho dién todn dam
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may, bao gdm ba thanh phan chinh: cic chiic ning mang
4o (Virtual Network Function - VNF), ha ting mang 40 hoa
(Network Function Virtualization Infrastructure - NFVI) va
hé thdng quén tri 40 hod chiic ning mang (Network Function
Virtualization Management - NFVM). Hinh 1 trinh bay tdng
quan hé théng mang 40 hod.

Trong NFV, c4c dich vu dugc yéu cau dudc thuc hién
bdi mot chudi VNF cé thé dudc chay trén ciac may chi
bing cach tin dung cong nghé 4o héa. Cac VNF nay dudc
thuc hién véi thi ty xdc dinh trudc va duge goi 1a chudi
chuic nang dich vu (Service Function Chaining - SFC). Hay
néi mdt cach khac, mot SFC tuong dng v6i mot chudi cac
VNF, thong qua chudi nay, mot ludng luu lugng di lidu
c6 thé di qua tif ngudn dén dich ctia né. Hinh 2 minh hoa
mot chudi dich vu di qua 3 VNF la: tudng lta (Firewall
- FW), hé théng phat hién xam nhap (Intrusion Detection
System - IDS) va can bﬁng tai (Load Balancer - LB). Hién
nay, nhiéu ciu hinh mang 40 héa c6 thé cling ton tai trén
mot co 6 ha tang vat ly. Cac SFC dua trén phan mém c6
thé dugc khéi tao va cap nhat dé dang biang cach dit truc
tiép trén mdy chi thay vi st dung cAu tric vat ly mot cich
thi cong néu mudn nang cip cdc phan ciing. Nhu vay, cé
thé thiy ring NFV phan bd tai nguyén mang mdt cch linh
dong hon.

T nhitng wu diém ma NFV mang lai, mot cau héi dugc
dit ra 12 1am nhu thé nao d€ phan bd nguodn tai nguyén
cho cdc SFC dugc yéu cau? Piéu nay phu thudc vio viéc
gidi quyét hai bai todn: dinh tuyén cho cdc chudi dich vu
(Traffic Routing Problem - TRR), bai toan dat VNF va dinh
tuyén (VNF Placement and Traffic Routing - VPTR) va céc
bién thé clia hai bai todn nay. Muc tiéu clia cdc bai todn la
dit cac VNF trén mang va dinh tuyén gifta cic VNF sao
cho cic rang budc vé kha ning cia mdi nit va bing thong
trén céac lién két dugc thda man.

Do céc dic tinh sin c6 va cdc nguyén tac thiét ké ciia
NFV, bai toan VPTR ciing c6 mdt s6 khic biét so véi cac
bai todn da c6: bai toan dinh tuyén va dit dich vu trong
nghién ctiu [1], bai toan dinh tuyén va dit cic mdy 4o trong
nghién citu [2, 3]. Vi du, khi cic VNF yéu cau dugc dit
trén mang, tuyén dudng di qua timg VNF sé theo mot thi tu
xdc dinh trudc. Ngoai ra, cac tham sé nhu chit lugng dich
vu (Quality of Service - QoS) ciing dudc xem xét trong bai
toan VPTR. Vi du, néu ching ta coi do tré dau cubi clia cic
g6i di qua m6i VNF trong mot SFC 1a mot thude do danh
gia chét lugng dich vu cia NFV, d€ dam biao mot mang
dap ting dich vu, cic nha cung cp dich vu cin phai thiét
ké mang sao cho do tré nam trong modt ngudng cho phép.
Bén canh do tré, kha ning phuc hoi ciing 12 mot tham s
quan trong khéac dé do chit lugng dich vu. Khi ning phuc
hdi xdc dinh mifc d6 ma dich vu dugc cung cip c6 thé ton
tai khi gip su cd. Néu mot niit hodic mot lién két trong SFC
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bi 16i, toan bd SFC khong thé hoat dong va do dé, dich vu
dugc cung cép sé bi tam ngling. C6 thé thiy ring, bai todn
VPTR va céc bién thé clia bai todn nay sé trd nén phiic tap
hon khi tham s chit lugng dich vu dudc xem xét. Nghién
clfu nay sé tap trung vao gidi quyét cac bai todn tdi wu héa
viéc phan bd tai nguyén trong NFV c6 xem xét dén chét
lugng dich vu ctia mang. Nghién ctiu ciing d& xut cac giai
thuat gan ding (xip xi, heursitic v metaheuristic) dé giai
quyét cic bai toan dugc dua ra.

Phan con lai cta bai bio dudc td chic nhu sau: Phan II
trinh by mot sd nghién ctiu lién quan dén bai todn dit va
dinh tuyén trong mang 4o héa. Phan III trinh bay mo hinh
hod bai todn va dua ra mé hinh quy hoach nguyén hén hop
cho bai toan. Thuit todn dé xuit va thuc nghiém dudgc trinh
bay 1an lugt trong phan IV va Phan V. Cudi cung, phan VI
sé tong két lai mot s6 két qua dat dugc cta bai bdo ciing
nhu trinh bay mot s6 hudng nghién ctiu trong tucng lai.
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Hinh 2. Minh hoa mot chudi chic ning dich vu véi FW, IDS va
LB.

II. CAC NGHIEN CUU LIEN QUAN

Bai todn phan bd tai nguyén trong mang NFV di va dang
nhan dudc sy quan tdm cia cic nha nghién cdu trong va
ngoai nudc trong thdi gian gan day. Hau hét cdc nghién
citu dbi v6i bai toan nay déu quan tim dén cic tham sd
chét luong dich vu khac nhau nhu chi phi, do tré, tinh sin
c6, nang luong,... Trong phan nay, nghién ciiu sé khao sat
dua trén céc bai todn tdng quit di dugc trinh bay & phan
trén: bai toan VPTR, bai toan dat VNF (VNF Placement -
VNFP) nhu hinh 3 va bai toan TRR.

Ma va cac cong sy trong nghién ctu [4] nghién ctu bai
toan VPTR véi muc tiéu cuc tiéu héa gid tri tai 16n nhat cia
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