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TOM TAT

Cong nghé Mang diéu khién bing phan mém (Software Defined Networking) hiva hen mé ra mét twong lai tuoi
sang ma&i cho mang IP. Hién nay, cé rat nhiéu nghién ctu dang dwoc tién hanh. Tuy nhién, chi co mot sé it
framework ho tro' sw gia Iap va thuc hién @& danh gia két qua nghién clu. Trong s6 dé, Mininet 1a mét trong nhirng
cong cu phd bién nhéat bdi tinh m&, mién phi va hé tro ddy du giao thirc Openflow phién ban méi nhét. Mac dinh,
Mininet gilip tao mét mang SDN dién hinh chay doc 1ap cling vé&i cac may tram yéu chi ¢é cac chirc nang co' ban.
Trong bai bdo nay, ching téi dong gép nhitng chirc ndng mé rong cla chlirc nang gid lap hinh trang mang trong
Mininet dwa trén Virtualbox. Nhitng chirc nang dwoc mé réng bao gém: h& tro két ndi Internet, cac may tram cai hé
didu hanh doc lap véi Mininet, bo didu khién dinh tuyén chuén va log qua trinh xir ly ludng di¥ liéu tw dong. Cac chirc
nang bd sung nay sé mang dén s don gian va thuan tién cho cac hoat ddng nghién ctru va dao tao vé& cong nghé
mang SDN.

Tir khoa: Mang digu khién bang phan mém, Mininet, hinh trang mang.
Function Expansion of Network Topology in Mininet

ABSTRACT

The Software Defined Networking technology promises a bright future to IP network. Many researches have
been being conducted. However, until now there are only a few frameworks supporting emulation and implementation
to verify the research. Mininet is one of the most popular tools because of the openness, cost effectiveness, and full
Openflow support. By default, Mininet helps to create a standalone typical SDN network along with lightweight clients.
In this paper, we explore the extended functions of network topology emulation in Mininet based on Virtualbox, such
as Internet connection, independent OS clients, standard routing controller, and automatic flow logging. Therefore, it
brings about an easier and convenient facility to research and training.

Keywords: Mininet, Openflow, SDN.

cho 1a ting cli vién sang gia dam bao dugce cac

1. GIOI THIEU

Cong nghé théng tin va truyén théng dua
loai ngudi dén cudc song tién nghi hon va ngude
lai nhiing yéu cAu cta loai ngudi thic ddy cong
nghé phat trién nhanh chéng. D& théa man
nhiing yéu ciu cao vé chat lugng dich vu, cong
nghé mang phai ¢6 kha ning hé trg mot co sé ha
taAng c6 toc @6 nhanh, an toan, linh hoat va kinh
té. Cho dén nay, Mang diéu khién bang phin
mém (SDN) cung véi giao thiic Openflow dudc

yéu cAu nay. Céng nghé SDN va giao thic
Openflow da anh hudng t6i tat ca khia canh cua
mang IP: tit tdng truy cap dén tang 16i, th moi
truong hd gia dinh dén doanh nghiép, tit khia
canh quan ly dé&n an toan thong tin. Tuy nhién,
cong nghé SDN hién van chua hoan chinh, con
rit nhidu dy an dang tiép tuc dugc nghién ctu.
Vi vay, cac cong cu danh gia c6 vai trd rat quan
trong d6i véi cac nha nghién ciu dé kiém tra két
qua trude khi cong bd cong trinh ctia minh.
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Mot trong nhiing cong cu phd bién nhat 1a
Mininet. D6 124 mot chuong trinh gia lap c6 kha
ning tao mang SDN nhanh chéng. Mininet hd
trg tit ca cac tac vu thuc t& can cho hoat dong
nghién cdu, phat trién va hoc tap. Dua trén
nhan Linux 2.2.26, né st dung sy ao héa theo
tién trinh dé cung c&p cac tién trinh doc 1ap cho
cic may tram, thiét bi chuyén mach, b didu
khién va cdc lien két do. Ma that c6 thé duge
chay ma khong cin bat ky sy thay déi nao.
Mininet hé tr¢ cai dit dé dang toan bd thi
nghiém mang trong méi trudng ao héa cua cac
cong cu nhu VMWare hay Virtualbox cho hé
diéu hanh Mac/Windows/Linux. Tuy nhién theo
mic dinh, b thu vién minh hoa ctia Mininet chi
c6 cac tép tinh ning riéng ré. Vi vay, rat khoé cho
ngudi khong chuyén hiéu duge va tiy chinh theo
yéu cAu. Mat khéc, cac may tram yé&u c6 thé
khong du dap ting trong cic trudng hgp doi hoi
nhiéu tinh ning.

Ngoai ra, ¢6 hai cong cu dang ké khac 1a
EstiNet va ns - 3. Estinet 12 mot phin mém
chuyén dung gia lap va moé phong mang SDN.
N6 cho phép ngudi st dung khéng chi tao cac
hinh trang mang bdng tinh ning kéo tha dé
dang ma con danh gia hiéu ndng mang mot cach
c6 hé théng théng qua giao dién d6 hoa. Tuy
nhién, EstiNet 12 mot san phdm thuong mai va
hon nita 14 mét ing dung khong hoan toan cung
c&p mi ngudén md, nén khé khan trong mé rong
céc chitc ning hodc stia ma ngudn. Nguge lai, ns
- 3 12 mot cong cu di ¢6 uy tin trong cong dong
nghién ciiu moét thdi gian dai. Dua trén kién
tric md dun héa, ns - 3 cung cdp md dun
Openflow dé mé phéng mang SDN bén canh céc
cong nghé mang khéac. Thuc t& tai thoi diém
hién tai ns - 8 khong duge st dung rong rii vi
né van chi ditng lai hd trg giao thiic Openflow
phién ban cii 0.8.9 (phién ban méi nhat 1a 1.3.4)
va rat khé trong viéc lap trinh mang.

Trong bai bao nay, ching t6i xdy dyng mot
s6 chitc nang md rong cho viée gia lap hinh
trang mang trong Mininet nhu: hé trg két néi
Internet, cic may tram cai hé diéu hanh doc lap
v6i Mininet, bo diéu khién dinh tuyén chuén va
luu vét qué trinh xt 1y ludng di liéu tu dong.
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T4t cd cic tinh ning duge tich hgp chung trén
mot kién tric mang méd phong théng nhat. Mo
hinh lién két néi dude dua trén sy hé trg cta
Virtualbox. Do vay, kién tric nay cai thién uu
diém va lam giam nhiing han ché ctia Mininet.

2. CAC NGHIEN CUU LIEN QUAN

Véi nhiéu vu diém 16n, Mininet 1a cong cu
phé bién nh&t duge st dung rong réi trong
nghién citu va dao tao vé cong nghé mang SDN.
DPé dap tng cac muc dich khac nhau, Mininet
dugc tiy chinh tao ra nhiéu phién ban phit hgp.
Wette et al. da phat trién MaxiNet bang cach
md rong Mininet dé c6 thé cai dit Mininet chay
song song trén nhiéu may chu vat 1y MaxiNet c6
thé gia 1ap cac mang trung tAm dit liéu rat 16n
doi héi bang théng cao va mot lugng 16n cac host
trong kich ban gia lap. MaxiNet thich hop véi
cac hoat dong nghién ctu trong danh gia hiéu
nang mang trung tam di liéu.

V6i muc dich khac, OpenNet duge gidi thiéu
bdi Chan et al., 1a su k&t hop gitia Mininet va ns
- 3 dé gia 1ap mang cuc bd khong day diéu khién
bing phan mém (SDWLAN). Han ché cta
Mininet trong viéc hé tr¢ két néi khong day
duge bir dip khi két hgp véi tinh ning mé phong
ctia ns - 3. K&t qua cung cadp mot framework tot
hon dé danh gi4 nghién ctu cac giao thic va
cong nghé SDWLAN.

Véi cach ti€p can khac, Kim et al. da trién
khai Openflow/SDN trén cac bo mach Raspberry
Pi dé cung cap bo cong cu thuc hanh c¢6 hiéu
nang cao hon véi chi phi tiét kiém. Raspberry Pi
1a mot may tinh mini hd trg mot s6 cong két néi
cd ban trén mot bo mach nhd, st dung hé diéu
hanh Raspbian (dya trén Debian core). Tuy
nhién, Raspberry Pi chi c6 t6i da 2 cong két nsi
Ethernet, né khong thé chay nhu mot bo chuyén
mach nhiéu céng dé thuc hién cac chiic nang ctia
thiét bi chuyén mach trén thuc t&. Vi vay, bo
cong cu nay c6 han ché véi mot s truong hgp cu
thé. Hon niia, sy 6n dinh va dé& dang cai dat
cling can dugc xem xét.

Trong nghién ctu nay, chung tdi gi6i thiéu
mot kién tric hgp nhat dya trén Mininet va



Virtualbox dé hd trg nhiéu hon cac tinh ning
gia lap hinh trang mang. Uu diém ctia n6 1a c6
thé dé& dang cai dat va thuc hién mot hinh trang
két noi day da trong moét may tinh ca nhan cho
muc dich nghién ctiu va/hoac hoc tap.

3. NHUNG TINH NANG MO RONG

Kién trdc hgp nhat gébm mot may ao
Mininet vd mot s may ao khach cai hé diéu
hanh doc lap két noi véi nhau trén nén ctua
framework Virtualbox (Hinh 1).

Trong may ao Mininet, ching t6i tao mot
hinh trang chuén gom bé diéu khién, bo chuyén
mach va mot s6 may khach yé&u (s6 lugng c6 thé
tiy chinh theo yéu cau, tit 1 d&n hon 4000 may).
Bo diéu khién  duge khai la
RemoteController dé sin sang 14ng nghe bo diéu
khién POX da dugc chung toi stia d6i (sé duge
mo ta ¢ phan sau).

¢0 = net.addController(‘c0’,
RemoteController)

trién

controller =

May ao Mininet danh riéng mét card mang
cho c&u hinh Host - only Adapter véi muc dich
quan tri. Phan con lai dugc tich hgp vao Open

Dao Nhw Ngoc, Pham Quang Diing

vSwitch nhu cic cong cia né. Dua trén céc két
néi nay, bd chuyén mach c6 thé giao tiép véi cac
may 4o khach cai hé diéu hanh doc lap va c6 thé
truy cap Internet.

_intf = Intf(‘eth1’, node = s1)

Tit ctia s6 dong 1énh Mininet CLI, hinh trang
mang da stia doi c6 thé duge thuc hién béi lénh:

$sudo python modified_topology.py

A. Ké&t néi Internet

Két néi truy cap Internet duge hd trg bdi cau
hinh chic nidng mang NAT cua Virtualbox.
Adapter da cau hinh tich hgp truc ti€p vao Open
vSwitch, né hoat dong nhu mét gateway cia mang
SDN dé lién lac véi bén ngoai. Card mang NAT c6
thé cung cAp mot s ting dung hiiu ich nhu cac
dich vu DHCP, NAT va giao thic IPv6. Dé xéac
nhan cac mang NAT kha dung, dung lénh:

$vboxmanage list natnetworks

T4t ca cac may khach nén thugc cing mang
con (subnet) cua adapter, cac dia chi IP duge ciu
hinh ty dong bdi dich vu DHCP trén may chu hoéc
duge cdu hinh thu eong. Mic dinh thi 16p dia chi
IP duge sti dung 1a trong dai IP riéng.

: Mininet VM !
Internet NAT I
- network Controller :
o ! T |
[ i i
| I i
Host-only ! I !
Adapter Y Switch !
- - I
[ 1 2 ] I
! [
! [
1| Internal Internal _ | Internal |_
network 1 | | network 2 network 6
Client VM| |Client VM. Client YM

Hinh 1. Kién trac két néi tdng thé dya trén Virtualbox
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B. Cac may khach cai hé diéu hanh
doc lap

Céac may ao khach két ndi véi Open vSwitch
théng qua card mang cta ching. Cac card mang
tich hop vao bd chuyén mach nhu céc cdng. Mbi
may 4o khach ddi hoi cau hinh card mang riéng
tuong tdng. Cac lénh can thyc hién nhu sau:

$vboxmanage modifyvm Mininet - nicl

intnet

$vboxmanage modifyvm Mininet - intnetl
“intnet01”
Mininet -

$vboxmanage  modifyvm

nicpromiscl allow - all

Vi cac may khach khong phu thudc vao su
cai dat hinh trang SDN, chiing c¢6 thé duge chay
bét ky loai hé diéu hanh diy da tinh niang nio
nhu Windows, Linux, hay tham chi Mac hodc
Android. Tinh ning mé réng gidp trién khai d&
dang mét mé hinh mang SDN hoan chinh gém
cdc may tram, may chi web, may chi email,
may chu DHCP,...

C. Bb diéu khién dinh tuyé&n chuin

Vé co ban, cac thiét bi 16p 3 dinh tuyén cac goi
tin dya trén dia chi IP nguén va dich. File cAu hinh
mic dinh ctia bo diu khién 13 Jearning rit phtc
tap 61 v6i nguoi méi tim hiéu vi né khong chi xét
cac dia chi 16p 3 ma con xét tat ca thong tin trong
phan tiéu dé (header) ctia géi tin dén. Vi vay, chiing
to1 x4y dung lai mét bo didu khién chuyén tiép 16p
3, chay nhu mot bo dinh tuyén chuén dé tao ra cac
lubng xt 1y dit liéu tudng minh hon véi Open
vSwitch (Hinh 2).

Cac g6i tin ARP va echo dugc chuyén tiép
khéng cin chinh sich nao. Cac géi tin TCP/IP
duge theo ddi dé tao cac ludng hop 1y trong cac
bang dinh tuyén. Lénh “$sudo ovs - ofctl dump -
flows s1” hién thi danh sach ludng cla chuyén
mach s1 trén ctia s6 lénh CLI.

Gia sti c6 n may khach két néi vao mang.
Ky hiéu s6 két n6i ma may tram i thiét lap téi
may dich jla ky, trong d6i={1, 2,.., n}.

S6 ludng dinh tuyén duge tao ra bdi b didu
khién I3_learning duge xéc dinh la:

N, = 2?:121%' (1)

Vi bo diéu khién dinh tuyén chuéin khong
quan tdm dén thong tin 16p 4, s8¢ ludng dinh
tuyén khong phu thuje vao k;, do d6:

N, = 2n(2)

Vi vay, s6 ludng dinh tuyén c6 thé loai bé la:

N,—N, =Y, 2(kij—1) ludng(3)

Hay
Ny _ n A <
e —inﬂki]_phan tram(4)

D. Luu vét qua trinh xt& 1y luéng di
liéu ty dong

Mbt trong nhiing chtic ning han ché quan
trong nhat ctia Mininet 14 danh gia hiéu nang.
Mininet chi cung c&p mot s& lénh dé kiém tra
trang thai ctia bd chuyén mach va bo diéu khién
mot cach thi cong. N6 c6 thé c6 ich cho hoc tap
nhung khéng du cho nghién ciu vi cac nha
nghién ctiu muén nhan théng tin mot cach c6 hé
théng va chinh xéac.

1 actions = []

Z actions.append{of.ofp action output (port = prt))

3 msg = of.ofp flow mod(command=of.0FPFC ADD,

4 idle timecut=FLOW IDLE TIMEOUT,

5 hard timeout=FLOW_HARD TIMEOUT,
buffer id=event.ofp.buffer id,

Y

actions=actions, )

oo

msg.match.dl_type = 0x800
msg.match.nw src = srcaddr
mag.match.nw_dst = dstaddr

1002
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Hinh 2. Poan ma vi du ctia bd diéu khién dinh tuyén chuin



Trong kién tric dé xuat, ching téi phat
trién mét chic nang luu vét (logging) qua trinh
xt ly luong dii liéu c6 thé xuat trang thai chinh
clia cac ludng dinh tuyén trong bo chuyén mach
va cac yéu cau ludng dén bo diéu khién mot cach
dinh ky. C4c ban tin yéu ciu thong ké duge gui
t6i bo chuyén mach sau mdi khoang thoi gian
dinh truéec.

body = of.ofp_aggregate_stats_request()

body = of.ofp_flow_stats_request()

Cac ham xt 1y duge lap trinh dé bdt cac
thong diép bao cao thong ké. Dit liéu thu thap
duge xti 1y dé xudt thong tin hiiu ich vao tép tin
ghi vét.

def _handle_AggregateFlowStatsReceived(self,event)
def _handle_FlowStatsReceived(self,event)

4. CAI AT

Chung t6i cai dit kién tric dé xud't dya trén
Mininet 2.2.0 va framework Virtualbox 4.3.20.
M6 hinh gom mdt may ao khach cai Windows
XP SP2, m6t may ao khach Ubuntu Desktop
14.10 va hai host ao hl va h2. Dai IP la
10.0.10.1/24 véi gateway mic dinh 10.0.10.1
(Hinh 3). Bo diéu khién dung chic nang dinh
tuyén chuén trén nén POX. N6 ciing xuét thong
tin ludng dinh tuyén vao tép tin luu vét mot

Controller
Switch
Windows Linux
Client Client
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cach ty dong. Cac 1énh sau duge thyc hién dé
khdi chay:

$sudo python modified_topology.py

$sudo python pox.py standard_routing

Pau tién, ching t6i danh gia cac chiic niang
két ndi cua may khach yéu. Trong ctia s6 lénh
Mininet, chiing t6i Ping ti hl dén 10.0.10.10
(dia chi IP cia may cai Windows) va 8.8.8.8 (dia
chi IP cia may cht DNS Google). Hinh 4a mé ta
su thanh cong khi truy cap LAN va Internet tir
hl. Vi d9 tré truyén tin, thoi gian dap tng cta
hai géi tin d4u tién tir 8.8.8.8 1a bang nhau. Tuy
nhién, ching ta c6 thé thay su khac nhau ro
rang khi so sanh hai géi tin héi dap dau tién ti
dia chi noi b 10.0.10.10.

Tiép theo, ching t6i kiém tra céc chiic nang
két néi cuia may khach Ubuntu. Hinh 4b cho
thay ctia s0 trinh duyét Firefox véi trang chu
IEEE va két qua Ping thanh céng dén
10.0.10.15 (dia chi IP cia may ao h2). Khong ¢
han ché& nao vé kha nang lién két néi. May
khach khéng chi truy cap Internet tu do trén
trinh duyét ma con c6 thé thuc hién bt ky tng
dung nao theo yéu ciu. Ngugc lai, cac may
khéach yé&u ctia Mininet chi cung cip cac chiic
nang han ché co ban tham chi khi n6 duge khai
dong trong ché @6 d6 hoa xterm GUI.

Internet
Virtual Virtual
Client hl Client h2

Hinh 3. M6 hinh cai dat
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PING 8.8.8.8 (8.8.8.8) 56(84) bytes of data.

€4 bytes from 8.8.8.8: icmp seg=l ttl=51 time=34.7 ms

€4 bytes from 8.8.8.8: icmp seg=2 ttl=51 time=35.5 ms

e

——— 8.8.8.8 ping statistics ———

2 packets transmitted, 2 received, 0% packet loss, time 1002ms
rtt min/avg/max/mdev = 34.705/35.150/35.596/0.483 ms

mininet> hl ping 10.0.10.10

PING 10.0.10.10 {10.0.10.10) 56(84) bytes of data.

64 bytes from 10.0.10.10: icmp segq=l ttl=128 time=27.2 ms

64 bytes from 10.0.10.10: icmp seq=2 ttl=128 time=2.89 ms

e

——-10.0.10.10 ping statistics ———

2 packets transmitted, 2 received, 0% packet loss, time 1002ms
rtt min/avg/max/mdev = 2.896/15.061/27.227/12.166 ms

mininet>

(a). Truy cap LAN va Internet trong may khach ao h1

e

Machine View Devices Help

Terminal

@ B IEEE-Theworld's lar... x

| € ) @ www.ieee.org/index.html » & | |8~ coogle qQ » =

—

<IEEE ,

Advancing Technology
for Humanity

The world’s largest professional association for the advanc

client@5@PCO5:~5 ping 10.0.10.15
PING 16.0.10.15 (10.0.10.15) 56(84) bytes of data.

64 bytes from 10.0.10.15: icmp_seq=1 ttl=64 time=1.91 ms
64 bytes from 10.0.10.15: icmp_seq=2 ttl=64 time=0.930 ms
64 bytes from 1 .10.15: icmp_seq=3 ttl=64 time=3.23 ms
Gi64 bytes from 10.0.10.15: icmp_seq=4 ttl=64 time=1.34 ms
m 64 bytes from 10.0.10.15: icmp_seq=5 ttl=64 time=0.846 ms
dm bytes from 10.0.10.15: icmp_seq=6 ttl=64 time=1.52 ms
o Firef64 bytes from 10.6.10.15: icmp_seq=7 ttl=64 time=0.911 I'"!J
that/64 bytes from 10.0.10.15: icmp_seq=8 ttl=64 time=0.815 ms

) @ #P ] v [ | @ (8] right Contral

(b). Truy cap LAN va Internet trong mdy khach Linux

Hinh 4. Lién k&t néi day du trong cac may khach

K& tiép, ching t6i so sanh cic luéng dinh h2 ping h1: h2 goi dich vu ICMP t6i h1 bing
tuyén ctia bd diéu khién Mininet 13 _learning véi  1énh ping.
bo didu khién dinh tuyén chuén dé xuét cia h2 wget - O - h1: h2 goi dich vu TCP & céng

chiing t6i (Hinh 5). Hai tac vu dugc thyc hién gém: 80 t6i h1 bang lénh wget.
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cookie=0x0, duration=2.248s, table=0, n_packets=11, n_bytes=840,
idle_timeout=10, idle age=2, priority=65535,tcp,in_port=2,vlan_tc
i=0x0000,dl_src=c2:8a:89:2d:22:57,dl_dst=ba:21:69:59:d9:95,nw_src=
10.0.0.2,nw_dst=10.0.0.1,nw_tos=0,tp_src=51254,tp dst=80
actions=mod dl dst:ba:21:69:59:d9:95,output:1

cookie=0x0, duration=2.246s, table=0, n_packets=11, n_bytes=2259,
idle_timeout=10, idle_age=2, priority=65535,tcp,in_port=1,vlan_t
ci=0x0000,dl_src=ba:21:69:59:d9:95,d1l _dst=c2:8a:89:2d:22:57,nw_src
=10.0.0.1,nw_dst=10.0.0.2,nw_tos=0,tp_src=80,tp_dst=51254
actions=mod dl dst:c2:8a:89:2d:22:57,output:2

cookie=0x0, duration=11.664s, table=0, n_packets=9, n bytes=882,
idle_timeout=10, idle_age=3, priority=65535,icmp,in_port=2,vlan_tc
1=0x0000,d1 src=c2:8a:89:2d:22557,d1l, dst=ba:21:69:59:d9:95,1W srec=
10.0.0.2,nw_dst=10.0.0.1,nw_tos=0,icmp_type=8,icmp_code=0
actions=mod_dl_dst:ba:21:69:59:d9:95, output:1

cookie=0x0, duration=11.663s, table=0, n_packets=9, n bytes=882,
idle_timeout=10, idle_age=3, priority=65535,icmp,in_port=1l,vlan_tc
i=0x0000,dl_src=ba:21:69:59:d9:95,dl_dst=c2:8a:89:2d:22:57,nw_src=
10.0.0.1,nw_dst=10.0.0.2,nw_tos=0,icmp_type=0,icmp_code=0
actions=mod dl dst:c2:8a:89:2d:22:57, output:2

(b). Trong bo diéu khién 13 _fearning clia Mininet

cookie=0x0, duration=14.249s, table=0, n_packets=22, n_bytes=1918,

idle_timeout=10, hard_timeout=60,

idle_age=7,

ip,nw_src=10.0.0.2,nw_dst=10.0.0.1 actions=output:1
cookie=0x0, duration=14.238s, table=0, n_packets=16, n_bytes=2749,

idle_timeout=10, hard_timeout=60,

idle_age=7,

ip,nw_src=10.0.0.1,nw_dst=10.0.0.2 actions=output:2

(b). Trong b didu khién dinh tuyén chudn cla kién tric ching t6i d& xuét

Hinh 5. Mot vi du vé cac thong tin dinh tuyén trong cac luéng

Trong hinh 5a, man hinh hién thi 4 luéng
tuong ng véi 2 dich vu ma h2 da goi. Diéu d6 c6
nghia 12 b diéu khién 13 learning khong chi xét
phén tiéu dé géi tin 16p 3 ma con xét cic thong
tin 16p 4 nhu tp_sre, tp_dst, tep protocol. Nguge
lai, bd diéu khién dinh tuyén dé xuat chi tao ra
2 ludng dya trén phan tiéu dé géi tin 16p 3
(Hinh 5b). Cac truong théng tin chinh dugc xem
xét 14 nw_sre, nw_dst va cac action.

Cuéi cung, ching t6i kiém tra tinh nang
théng ké ludng dinh tuyén dua trén két qua
phan tich dit liéu dugc trich xuat trong tép luu

vét. Trong kich ban nay, chiing téi 4n dinh
khoang thoi gian bao céo 1a 60 gidy. Cti mdi 60
gidy, s6 géi tin yéu cdu (cac yéu ciu ludng) dén
b6 diéu khién va s6 ludng hién tai trong bd
chuyén mach dugc ghi lai (Hinh 6). Vi dy, trong
60 gidy dAu tién téng s6 yéu cAu ludng va s§
luéng hién tai tuong tng la 191 va 46. MGéi
ludng dinh tuyén dugc mé ta rd rang chi tiét: cac
dia chi ngudn va dich, trang thai rdi va hét han,
tap cac hanh doéng. Dua trén di liéu thu thap
dugc, ta d& dang tao dugc cac dd thi, biéu db truc
quan dé danh gia hiéu ning.
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The number of request packets from the switch to the controller: 191

The current number of flows: 46
Flow table in switch:

nw_src=222.255.27.22,nw_dst=10.0.10.25,idle_timeout=10,hard_timeout=60,
actions=[<pox.openflow.libopenflow_0l.ofp action_output object at 0xb583f76c>]
nw_src=123.30.51.197,nw_dst=10.0.10.25,idle_timeout=10,hard_timeout=60,
actions=[<pox.openflow.libopenflow 0l.ofp action output object at 0xb583fccc>]
nw_src=10.0.10.25,nw_dst=74.125.235.164,idle_timeout=10,hard_timeout=60,
actions=[<pox.openflow.libopenflow 0l.ofp action output object at 0xb583fb2c>]
nw_src=222.255.27.194,nw_dst=10.0.10.25,idle_timeout=10,hard_timeout=60,
actions=[<pox.openflow.libopenflow 0l.ofp action output object at 0xb584908c>]
nw_src=222.255.27.185,nw_dst=10.0.10.25,idle_timeout=10,hard_timeout=60,
actions=[<pox.openflow.libopenflow 0l.ofp action output object at 0xb584916c>]
nw_src=74.125.235.164,nw_dst=10.0.10.25,idle_timeout=10,hard_timeout=60,
actions=[<pox.openflow.libopenflow 0l.ofp action output object at 0xb583f44c>]

Hinh 6. Mt phan cta tép luu vét

Bang 1. So sanh cac tinh ning

Tinh nang

Kién tric dé xuét

Hinh trang Mininet mac dinh

Truy cap Internet
Tuwong thich day du HBH khach Cé
Bo diéu khién dinh tuyén chuén Chuén
Banh gia hiéu nang
Mb hinh hop nhét Cco

Bugc tich hop

Theo tép Iwu vét

Riéng biét
Khéng
Phurc tap
Khéng
Riéng biét

5. KET LUAN VA HUONG PHAT TRIEN

Trong bai bao nay, ching t6i d3 dé xudt mot
kién tric hgp nhat hé trg cdc kha ning lién két
ndi ddy da dé gia lap mang SDN. Phin m4 rong
ciing bu dip han ché ctia Mininet trong viéc
danh gia hidu nang. N6 c6 thé hitu ich cho cac
nha nghién ctu dé xem xét y tudng SDN chinh
xéc hon va giip nhiing ngudi méi tiép cin hidu
cong nghé dé dang hon ma khong tén kém chi
phi. Kién tric nay c6 thé duge cai dit dé dang,
tham chi trén mot may tinh xach tay (Bang 1).

Nhuge diém chinh ctia kién tric dé xudt 1a
khong c6 kha ning gia lap mang véi quy md 16n.
Hon niia, ban than Virtualbox ciing c6 mot s6
han ché& vé& hiéu ning. Vi vay trong nghién cu
ti€p theo, bén canh viéc cai tién cac tinh niang
két ndi ctia giai phap va hd trg nhiéu chiic nang
gia lap hon, chiing t6i cAn quan tdm dén kha
nang gia lap mang quy md 16n. Chiic nang luu
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vét tu dong cling nén duge nang cip dé tao ra dd
thi, biéu dd truc quan ttc thoi.
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