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NGHIEN CUU PANH GIA HIEU NANG GIAO THUC PINH TUYEN
OPEN SHORTEST PATH FIRST TREN NEN IPV4 VOI IPV6
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TOM TAT

Bai bao nay tap trung nghién ctru, danh gia hiéu nang cua riéng giao thirc Open Shortest Path First
(OSPF) trén hai ha tang cong nghé IPv4 v6i [Pv6 dya trén phuong phap m6 phong thyc nghiém va
tir d6 c6 cac két luan dinh lugng vé hiéu ning ciia OSPF trén mdi ha tang cong ngh¢ IPv4 véi
IPv6. Két qua cho thdy, viéc thay ddi gia tri cua bang thong trén cac cong cua bo dinh tuyén da
lam thay d6i két qua tong metric ctia giai thuat, bang thong cang 16n thi metric cang nho. Tong do
tré clia cac gbi tin trén ha ting IPv6 nho hon tong do tré ciia cac goi tin trén ha tang IPv4 (cu thé 1a
nho hon 10.083 ms trong nghién ciru nay). Thoi gian truyén dit liéu sir dung giao thirc OSPFv3
trén ha tang IPv6 nhanh hon so v&i giao thirc OSPFV2 trén ha ting IPv4.

Tir khéa: OSPFV2 va OSPFV3; danh gi; hiéu ning; dinh tuyén; giao thirc dinh tuyén

Ngay nhdn bai: 20/7/2020; Ngay hoan thi¢n: 31/8/2020; Ngay ding: 31/8/2020
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ABSTRACT

In this paper, we focus on researching and evaluating OSPF's own performance on two IPv4
technology infrastructures with IPv6 based on empirical simulation method and thereby making
quantitative conclusions about the performance of OSPF on each IPv4 technology infrastructure
with IPv6. The results show that changing the value of bandwidth on the ports of the router has
changed the total metric results of the algorithm, the larger the bandwidth, the smaller the metric.
The total latency of packets on the IPv6 infrastructure is less than the total latency of packets on
the IPv4 infrastructure (specifically, less than 10,083 ms in this study). Data transmission time
using OSPFv3 protocol on IPv6 infrastructure is faster than OSPFv2 protocol on IPv4
infrastructure.
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1. Gi6i thiéu

Trong qua trinh trién khai thiét ké cac du an
ha t?mg mang, budc lya chon giao thie dinh
tuyén dé thyc thi cdu hinh cai dat cho phu hop
v6i du an cu thé 1a kho va kha phure tap. biéu
nay doi hoi nha thiét ké can c6 hiéu biét va
kién thirc sdu rong ciing nhu kinh nghiém
thue té trong qua trinh van hanh, cai dit cling
nhu quéan tri ha ting mang véi cac giao thic
ma minh da chon lya va quan tri. Tai Viét
Nam, trong giai doan hién nay, chu yéu ha
tang mang cta to chirc doanh nghiép dang sir
dung 13 cong nghé IPv4. Ha ting IPv6 dang
duoc trién khai & mirc giai doan dau, tuy
nhién dugc danh gia 1a s& bung nd trong thoi
gian t6i day boi nhiéu uu viét ma né mang lai.
Tuy nhién, nén tang ha ting va cong nghé
IPv4 dugc du doan, danh gid la van con ton
tai trong giai doan ndy va van phuc vu déc luc
cho moi truong mang Internet cia cac nha
cung cép dich vy mang tai Viét Nam nhu no
d3 ting va dang tiép dién. Khau lya chon giao
thirc cho mdi du 4n thiét k& mang tré nén
quan trong bdi n6 s€ anh hudng tdi hi€u nang
ctia hé théng da duoc thiét ké trién khai mot
cach truc tiép. Viéc nhan dang dac diém, danh
gia hiéu niang, hiéu qua trién khai cta giao
thire dinh tuyén trong du an thiét ké trd nén
can thiét hon bao gid hét. Trong nghién ctru
nay, nhom tac giad tip trung nghién ctru dac
diém va so sanh hiéu ning hoat dong cua giao
thirc OSPF doc 1ap ¢ riéng ha ting mang IPv4
v6i ha ting mang IPv6 nham dua ra cac phan
tich dinh lwong vé wu nhugc diém cua mdi
giao thuc trén cic ha ting cong nghe khac
nhau, didu nay gitp xay dung v kién tham
khao cho cac nha thiét k& mang c6 thém cai
nhin khoa hoc vé tinh ning ciing nhu hiéu qua
dé ap dung trong cac du an thyc té co hiéu
qua cao hon.

C6 nhiéu nghién ctru trude d6 ciing da thuc
hién danh gia hiéu ndng cua giao thirc dinh
tuyén OSPF [1]-[7]. Tuy nhién, céc nghién
ctru nay thuong 1a so sanh hi€u nang cta giao
thic OSPF v6i hiu ning cua mot sé giao
thire khac nhu véi RIP, EIGRP,... hodc danh
gi4 hiéu ning cua riéng OSPFv2 (trén ha ting

IPv4) hodc la danh gia hi€u nang cua riéng
OSPFv3 (trén ha tang IPv6). Trong nghién
ciru nay, tap trung danh gia hi€u nang cuia
giao thirc OSPF trén hai ha ting coéng nghé
riéng biét (trén IPv4 va trén IPv6) dua vao di
lidu dau vao (input) dé tim ra két qua danh gia
dau ra (output) thong qua mo phong thuc
nghiém va tir d6 ¢o cac két luan dinh lugng vé
hiéu ning cua OSPF trén mdi ha ting cong
nghé IPv4 véi IPvo.

2. Co sé phan tich, nghién ciru

2.1. Giao thirc OSPF

Giao thuc OSPF [1] dugc dinh nghia trong
RFEC 2328, 1a mot giao thic dinh tuyén noi
dugc st dung dé phan phdi thong tin dinh
tuyén trong mot AS (Autonomous System).
Giao thuc OSPF dugc xdy dung dua trén
trang thai duong két ndi (Link-State). OSPF
sir dung thong tin trang thai lién két dé dua ra
quyét dinh dinh tuyén, thuc hién tinh toan
tuyén duong bang thuat toan dudong din ngin
nhat (SPF) dau tién (thuat toan Dijkstra). Mdi
bd dinh tuyén khi chay OSPF gui di cac ban
tin quang céo trang thai lién két trén toan AS
hodc khu vyuc ¢6 chira théng tin vé bo dinh
tuyén dugc gan cong két noi va cac sO lidu
dinh tuyén. Mdi bo dinh tuyén sir dung thong
tin trong cic quang cao trang thai lién két nay
dé tinh toan duong di v6i chi phi thip nhat
cho mdi mang va xdy dung bang dinh tuyén
cho giao thirc. OSPF dinh tuyén cac géi IP chi
dua trén dia chi IP dich co trong tiéu dé goi
IP. OSPF nhanh chong phat hién céc thay doi
vé so dd mang, chang han nhu khi cic cong
cua bo dinh tuyén khong kha dung va tinh
toan cac tuyén duong di khong c6 vong lap
M6i mdt cach nhanh chong va t6i thiéu luu
lwong truy cdp dinh tuyén. Giao thirc OSPF
c6 thé phat hién cac thay dbi trong ciu triic
lién két ciia mang, chang han nhu 16i lién két
va hoi tu trén ciu tric dinh tuyén khong co
vong ldp moi trong vai gidy.

2.2. Thugt toan cho OSPF

OSPF st dyng thudt toan Shortest Path First
(Dijkstra) dé xay dyung va tinh toan duong di
ngin nhét t6i mang dich. Cac dic diém chinh
ctia thuat toan bao gdm:
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- Khi khoi tao hodc do co bat ky thay ddi nao
trong thong tin dinh tuyén, router s€ tao ra
thdng tin quang ba trang thai lién két. Qua
trinh nay dai dién cho tap hop tat ca cac trang
thai lién ket trén router do.

- Tat ca cac router trao doi trang thai lién két
bang cach tao lii lut (flooding) ban tin. Moi
router nhan dugc ban tin ndy s€ cdp nhat trang
thai lién két va luu trit mot ban sao trong co
so0 dir liéu trang thai lién két cia nod, sau do
truyén ban cap nhat dén cac router khac.

- Sau khi co so dir liéu ciia mdi router hoan
tat, nd s€ tinh toan dudng dan ngan nhat dén
tat ca cac dich trong mang. Cac diém dén, chi
phi lién quan va budc nhay tiép theo dé den
cac diém dén do tao thanh bang dinh tuyén

- Trong truong hop khong c6 thay dbi nao
trong mang OSPF xay ra, chang han nhu chi
phi cia mot lién két hoac mdt mang duogc
thém hodc x6a. Moi thay doi xay ra déu duoc
truyén dat thong qua cac trang thai lién két va
thudt toan Dijkstra dugc tinh toan lai dé tim ra
con dudng ngan nhat trong so d6 mang.

2.3. OSPF Cost

Gia tri Cost (con goi 1a metric) ciia mot cong
interface trong OSPF cho thay chi phi can
thiét dé gui cac goi tin qua mot interface nhat
dinh. Cost cua mot interface ty 1€ nghich véi
bang thong cua interface d6. Néu bang thong
cang cao thi Cost s¢ cang thap. Gia tri Cost
tong ctia mot tuyén duong la tong cua tat ca
cac Cost ¢ out interface (cong ma cac router
s€ day gai tin ra). Tuyén duong nao co gia tri
tong cost bé hon la tuyén duong tot nhat.
Cong thuc dugc str dung dé tinh chi phi la:
Metric = cost = 10%/Bandwidth (don vi bps)
Voi:

+ Ethernet (BW = 10Mbps) — cost = 10

+ Fast Ethernet (BW = 100Mbps) — cost=1

+ Serial (BW = 1.544Mbps) — cost=64 (bo
phan thdp phdn trong phép chia).

2.4. So sdanh dic diém OSPFv2 va OSPFv3
Giao thitc OSPFv3 la phién ban méi cua
OSPFv2 dugc xay dung dé thuc hién dinh
tuyén cho cac hé thong mang trén nén IPv6,

dugc dinh nghia trong RFC — 2740 ctua IETF.
V& mat hoat dong, OSPFv3 gilr lai rat nhiéu
dic diém trong nguyén tic hoat dong cia
OSPFv2 (chay cho IPv4) nhu [1]-[3]:

- Ciing van 1a mot kiéu giao thirc Link — state
dién hinh giong nhu OSPFv2: Céc thong tin
dinh tuyén duoc trao dbi la cac ban tin LSA;
sir dung giai thuat Dijkstra dé tinh toan tim ra
duong di t6i vu dén moi dich dén trong mang.
- Trén router Cisco, OSPFv3 ciing su dung
gia tri AD 1a 110, metric van duoc tinh theo
gia tri cost tich lily trén cac interface.

- Sir dung cac loai géi tin/ban tin giéng nhur
voi OSPFv2: Hello, Database Description
(DBD), Link State Request (LSR) va Link
State Update (LSU).

- M6t s6 co ché khac nhu: cac network — type,
area — type, thiét 1ap neighbor,... cling van
duogc gilr nguyén.

Tt nhién, khi chuyén sang hoat dong trén nén
[Pv6, OSPFv3 s€ phai c6 mdt so khac biét nhu:
- Dia chi multicast dugc st dung trong trao
d6i thong tin dinh tuyén hién nhién phai la
cac dia chi IPv6 dang: FF02::5 va FF02::6.

- Cac dia chi IPv6 khong con xuit hién trong
header cuia cac go6i tin OSPFv3 nhu véi
OSPFv2 nhu mo ta tai hinh 1.

< 32 bit » < 32 bit »
“Version ‘ Type ‘ Packet “Version # ‘ Type ‘ Packet
#=2 Length =3 Length
Router ID Router 1D
Area ID Area ID

Checksum ‘ Authentication

Checksum Instance 0
Type

1D

Authentication OSPFv3

Authentication

OSPFv2
Hinh 1. So sdnh phan Header trong géi tin
OSPFv2 va OSPFv3

- Hon nira, vi mét link cia mt mang IPv6 co
thé duoc gan nhiéu dia chi IP nén céc ban tin
LSA type 1 va type 2 khdng mang theo cac dia
chi IP trén cac link gidng nhu v6i IPv4 ma chi
mang theo théng tin vé ban than cac link dé
phuc vu cho viéc tinh toan Dijkstra ndi vung.

- T d6, dé cap nhat dugc thong tin vé cac dia
chi IP trén cac link sau khi tinh toan dinh
tuyén xong, mot loai LSA méi duoc dua ra
chi dé van chuyén thong tin vé cac subnet IP
trong ndi bd mot Area la LSA type 9 — Intra
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Area Prefix LSA. LSA type 9 chi lan truyén
trong ndi by Area.

- Bén canh LSA type 9, mdt loai LSA mdi
khéac ciing dugc thém vao la LSA type 8-
Link LSA. Pay la loai LSA dung d¢ cung cap
thong tin v€ dia chi link — local trén link cia
mot router cho tat ca cac router khac cung keét
nodi vao cung mdt link véi router ay. LSA type
8 chi lan truyén trén ndi bd mot dudng link.
Ngoai hai loai LSA mdi nay, cac LSA khac
van dugc gitt nguyén giong nhu véi OSPFv2
(LSAtype l,2,3,4,5va7).

- Cubi cung, giao thirc OSPFv3 sir dung tinh
nang IP Sec cta [Pv6 véi cac header mé rong
AH va ESP deé thyc hién xac thuc dinh tuyén,
thay vi phai dua ra cac co ché xac thyc riéng
nhu véi giao thirc OSPFv2.

Ngoai ra, ¢6 thé tom tit sy khac nhau giita
OSPFv2 va OSPFv3 nhu trong bang 1.

3. Trién khai thue nghiém, danh gia

3.1. Pt vin dé

Ban than OSPF la giao thirc dinh tuyén theo
trang thai duong lién két, no s& chon duong
c6 gia tri cost nho nhat 1am duong di toi dich.
Tur cong thue tinh Cost (metric cua OSPF) &
trén ta thdy, bang thong (bandwidth) co anh
hudng rat 16n t6i viée tinh toan metric nén nd
cling ¢6 anh hudng rat 16n t6i viée dinh tuyén
tim duong di t6t nhat trong giao thirc dinh
tuyén OSPF. Vi vy & céc budc tiép theo, ta
tién hanh thyc nghiém thay do6i gia tri bang
thong trén cong dé 1y sb lieu dinh luong
nham so sanh hiéu niang cia giao thic OSPF
trén nén cong nghé IPv4 vai IPv6 [4]-[7].
Nghién ctu da sir dung nhiéu miu so dd
mang (Topology) khic nhau trién khai két
hop ha ting IPv4 va IPv6 két qua thuc
nghiém trién khai cho thdy c6 su trung hop
v6i so @6 mang trong hinh 2.

Bang 1. Su khdc nhau giita OSPFv2 va OSPFv3

Pic diém giao thirc OSPFv2 OSPFv3
Distance Vector / Link State Link State Link State
Routed Protocol Supported IPv4 IPv6
VLSM Support Yes Yes

Router ID
Metric Value
How DR and BDR are elected

value and
OSPF multicast all routers IP address 224.0.0.5
OSPF DR and BDR multicast IP address  224.0.0.6

32 bit Binary 1D
Cost (Based on Bandwidth)
Based on highest priority

32 bit Binary ID
Cost (Based on Bandwidth)
Based on highest priority

“R2
PC-1

vecs)

~

\Ethernetswitch-l

2001:db8:cafe:a001::/64

2001:db8:cafe:a002/64
192.168.10.0/

2001:db8:cafe:
R1

Ether@-s

192.168.0.0/24

2001:db8:cafe:a0Q3::/64
192.168.20.0/24

192.168.60.0/24

R3

then highest RID  value and then highest RID
FF02::5
FF02::6
PC-2
vecs|
fggfz:ﬁf&eﬂo""/“ 2001:db8:cafe:a006:/64
Ethernﬂsw' -2
:a007::/64 /
R4
i \ 192.168.50.0/24
T;efs_vyitch-4
2001:db8:cafe:a005::/64 \
192.168.40.0/24
PC-4
e

Hinh 2. So' @6 mang tong thé két hop ha tang mang IPv4 va ha tang mang IPv6

Trong so d6 mang & hinh 2 sir dung 4 thiét bi router, 2 thiét bi switch va 4 may tinh. Két ndi gitra
cac thiét bj nay st dung 5 dudng serial (WAN) va 4 duong Ethernet (LAN). So db ciing s& ap
dung giao thirc dinh tuyén OSPFv2 va OSPFEV3 trén ca hai ha tang IPv4 va IPv6 dé thuc nghiém.
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Tién hanh cau hinh cho so db ‘mang hoan
chinh st dung OSPF trén ca ha tang IPv4 va
IPv6, luc nay hé thong mang da thong nhau
hoan toan va tat ca cac router dd co thong tin
vé dich dén, cac PC co thé Ping thanh cong
t6i tt ca cac dich trong so d6 mang.

3.2. Thwe nghiém, danh gid

3.2.1. Truong hop 1: So sanh giita Hello
Packet trén OSPFv2 va OSPFv3

Céc kich ban truyén goi duoc thuc hién bang
cach guri cac goi ICMP cho céc goi IPv4 va
ICMPv6 cho IPv6 dudi dang gbi PING. IPv6
c6 cac cai tién hon han IPv4, cic cai tién
khong chi bao gdm trong tiéu de g06i [Pv6 ma
con trong giao thirc dinh tuyén. Co6 mot sy
don gian héa trén giao thirc dinh tuyén bén
trong, ddc bi¢t la trén OSPFv3. Nhu trong
OSPFv2, ¢6 mot goi tin Hello duge truyén
theo dlnh ky. Hinh 3 va hinh 4 cho thdy su so
sanh gita Hello Packet trén OSPFv2 va
OSPFv3. Cac sb liéu cho thiy OSPFv3 cb
dinh dang don gian hon.

- open shortest Path First
-} OSPF Header

OSPF version: 2
Message Type: Hello Packet (1)
Packet Length: 48
Source OSPF Router: 192.168.60.1 (192.168.60.1)
Area ID: 0.0.0.1
Packet Checksum: 0xf344 [correct]
Auth Type: Null
Auth pata (none)

OSPF Hello Packet
Network Mask: 255.255.255.0
Hello Interval: 10 seconds

# options: Ox12 (L, E)
Router Priority: 1
Router Dead Interval: 40 seconds
Designated Router: 0.0.0.0
Backup Designated Router: 0.0.0.0
Active Neighbor: 192.168.60.2

OSPF LLS Data Block
Checksum: 0xfffé
LLS Data Length: 12 bytes

# Extended options TLV

Hinh 3. Hello Packet ciia OSPFv2

Tir Hello Packet bi bat, tong chiéu dai cia
khung mang goi tin Hello trén OSPFv2 la 90
byte. Kich thudc cua goi tin Hello 1a kich
thudce cua khung trir di d6 dai cua ti€u dé IPv4
va tiéu d& 16p Lién két dir lidu 1a 48 byte.
Nguoc lai, d6 dai cuia khung chta Hello
Packet trén OSPFv3 ciing la 90 byte va kich
thudce cua Hello Packet 1a 40 byte

Tir phan tich di n6i ¢ trén vé kich thudc g01
Hello, OSPFv3 phéi nhanh hon OSPFv2 vé
mit truyén ba ban tin Hello Message den cac
bd dinh tuyén lan cin. Dé lam rd dleu nay,
cac thir nghlem da dugc thuc hién bang cach
giri mot sb 1énh PING tir PC3 dén PC4. Lénh

PING dugc thyc thi sau khi dinh cau hinh
dinh tuyén thanh cong. Hinh 5 1a tom tat vé
thdng bao PING trén IPv4 va hinh 6 la thong
bao PING trén IPv6.

- open Shortest Path First

-] OSPF Header
OSPF version: 3
Message Type: Hello Packet (1)
Packet Length: 40
source OSPF Router: 4.4.4.4 (4.4.4.4)
Area ID: 0.0.0.1
Packet Checksum: 0x03d4 [correct]
Instance ID: 0 (IPv6 unicast AF)
Reserved: 0

-] OSPF Hello Packet
Interface ID: 8
Router Priority: 1

# options: 0x000013 (R, E, V6)

Hello Interval: 10 seconds
Router Dead Interval: 40 seconds
Designated Router: 0.0.0.0
Backup Designated Router: 0.0.0.0
Active Neighbor: 1.1.1.1

Hinh 4. Hello Packet ciia OSPFv3

Hinh 5. Ping khi sir dung giao thitc OSPFV2 trén IPv4

Hinh 6. Ping khi sir dung giao thirc OSPFv3 trén IPv6

O hinh 5 1a két qua cta viéc ap dung lénh
PING khi st dung giao thuc OSPFv2 trén
IPv4 cho thiy c6 5 goi tin dugc giri di nhung
c6 2 goi dau tién bj request timeout (bj mat
trong qua trinh truyén). Nguoc lai, & hinh 6
cho thay khi PING trén IPv6 thi vin nhan
duge ddy du cac goi (5/5 goi) khong bi mét
bat ki goi nao.

Phan tich noi trén cho ca kich thudc goi va
tom tit thong bao PING cho thay viéc truyén
g6i IPv6 nhanh hon va 6n dinh hon so voi
IPv4. Két qua nay 1a do tiéu dé IPv6 don gian
hon tiéu dé IPv4, mic du kich thude cua tiéu
dé chinh IPv6 1én hon tidu dé co ban cia
IPv4. Hon nita viéc cai tién giao thirc dinh
tuyén trong IPv6, dic biét 1a trong OSPFv3 ¢6
d6 dai ctia tiéu dé nho hon OSPFv2. Tiép theo
ta s& xét dén cac truong hop xem viée thay
d6i bang thong trén cbng c6 anh hudng nhu
thé nao téi dinh tuyén trén OSPFv2 va
OSPFvV3.
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3.2.2. Truong hop 2. Giwr nguyén bang thong
mdc dinh trén cac céng Serial cua router R1
Bing thong mic dinh trén cac cong Serial cua
router trong so do 1a 1544 Kbit nhu hién thi
trong hinh 7.

Hinh 7. Bang thong mdc dinh trén cong Serial 0/0
cua router R1 (cong Serial 0/1 va 1/0 con lgi ciing
tuong tu)

Vi bang thong dé mic dinh nhu trén ta c6

thong tin bang dinh tuyén nhu trong bang 2:

Bang 2. Théng tin bang dinh tuyén trén nén IPv4

voi IPv6
1Pv4 1Pv6
0 192.168.30.0/24 2001:db8:cafe:a004::/64
[110/128] via [110/128]

192.168.60.2, Serial
1/0

[110/128] via
192.168.10.2, Serial
0/0

via FE80:C002:2FFF:FEBC:0,
Serial 0/0
via FE80:C004:30FF:FE9C.0,
Serial 1/0

0 192.168.40.0/24
[110/128] via
192.168.60.2, Serial
1/0

[110/128] via
192.168.20.2, Serial
0/1

2001:db8:cafe:a005::/64
[110/128]

via FE80:C003:20FF:FEC4:0,
Serial 0/1

via FE80:C004:30FF:FE9C:0,
Serial 1/0

0 192.168.50.0/24
[110/74] via
192.168.60.2, Serial
1/0

2001:db8:cafe:a006::/64 [110/74]
via FE80:C004:30FF:FE9C:0,
Serial 1/0

Tir théng tin bang dinh tuyén trong bang 2
cho thay luu luong di tir ngudn (PC1, PC3) di
dén dich (PC2, PC4) s& di qua dudng két ndi
giita cong Serial 1/0 cua R1va Serial 11/0 cta
R4. Sir dung WireShark dé tién hanh bat goi
tin ICMP cuta IPv4 va ICMPv6 cua IPv6 khi
thuc hién Iénh Ping, ta co biéu dd thé hién
trong hinh 8 va hinh 9:

200

100

LA R e | LA - LA N LN B A B
2205 2405 2605 280s 3005 3205

Hinh 8. Luu luong byte/gidy cua bai mé phéng
trén IPv4

2000

1000

IS B O B et B B B
0s 205 A0s Gls 80s 100s
Hinh 9. Luu luong byte/gidy cuia bai mé phong
trén IPv6
Hinh 8 va hinh 9 mé ta biéu d6 thé hién luu
luong byte/gidy di qua dudng truyén khi thuc
hién 1énh PING trén hai ha tang IPv4 va IPv6.
Trén hinh phan dugc danh dau mau do thé
hién cho 1 1an thyc hién 1énh PING.
Két lugn trwong hop 2:
- T bang dinh tuyén ta thay, giao thuc
OSPFv2 cho IPv4 va OSPFv3 cho IPv6 co
thong tin dinh tuyén dén cac mang dich giong
nhau vé metric va cong ra trén router R1.
- Khi PING thi trén ha tang IPv4 (hinh 8)
xuit hién tinh trang request timeout (bi mat
goi tin duge danh dau 6 vudng mau do). Con
PING trén ha tang IPv6 (hinh 9) thi khong
xuét hién tinh trang nay.

- Trong qua trinh PING, v6i IPv4 viéc gui 5
g01 tin ICMP va doi phan hoi lai hét mét thoi
gian kha lau (khoang 5 gidy); con IPv6 thi
nguoc lai qua trinh nay dién ra rat nhanh
(khoang 1-2 giy).

- Qua biéu d (hinh 8, hinh 9) ciing cho thay,
khi thyc hién 1¢nh PING gitra hai may tinh thi
s6 luong byte/gidy di qua dudng truyén trong
MmO hinh thuc nghiém véi IPv6 16n hon nhiéu
so voi IPv4 (cu thé 1a IPv6: 1100 byte/glay,
[Pv4:190 byte/giay). Phan duoc danh dau 6
vudng mau xanh thé hién cho 1 1an thyuc hién
1énh P1ng thanh cong. Con phan dugc danh
diu 6 vuéng mau d6 thé hién viéc Ping bi mat
goi (request timeout).

3.2.3. Truong hop 3: Tang gdp doi bang
thong trén cdc cong Serial cua router R1

Luc nay bang thong trén cic cong Serial ciia
router R1 s€ 1a 3088 Kbit nhu hién thi trong
hinh 10.

Hinh 10. Thay déi bang théng mdc dinh trén cong
Serial 0/0 ciia router R1
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Vi bang thong thay d6i nhu trén ta c6 thong
tin bang dinh tuyén nhu trong bang 3:

Bang 3. Théng tin bang dinh tuyén trén nén IPv4

voi IPv6
1Pv4 I1Pv6

0 192.168.30.0/24 2001:db8:cafe:a004::/64

[110/96] via 192.168.60.2, [110/96]

Serial 1/0 via FE80:C002:2FFF:FEBC:0,

[110/96] via 192.168.10.2, Serial 0/0

Serial 0/0 via FE80:C004:30FF:FE9C:0,
Serial 1/0

0 192.168.40.0/24 2001:db8:cafe:a005::/64

[110/96] via 192.168.60.2, [110/96]

Serial 1/0 via FE80:C003:20FF:FEC4:0,

[110/96] via 192.168.20.2, Serial 0/1

Serial 0/1 via FE80:C004:30FF:FE9C:0,
Serial 1/0

0 192.168.50.0/24 2001:db8:cafe:a006::/64

[110/42] via 192.168.60.2, [110/42]

Serial 1/0 via FE80:C004:30FF:FE9C:0,
Serial 1/0

Tu thong tin bang dinh tuyén (mo ta trong
bang 3) cho thay luu luong di tir ngudn (PC1,
PC3) di dén dich (PC2, PC4) s€ di qua duong
két ndi giira cong Serial 1/0 cia Rlva Serial
11/0 ciia R4. Str dung WireShark dé tién hanh
bt goi tin ICMP cua IPv4 va ICMPv6 cua
IPv6 khi thyc hién 1énh Ping, tir d6 ta co biéu
do sau:

200

100

I LA B e el A S s B et e e e i
40 60s 80s 1008 1205 1405

Hinh 11. Luu lwong byte/gidy ciia bai mé phong
trén IPv4

2000

WW\/\/\[W\/WWD
1T T 0

0s 205 40s 60s 80s

Hinh 12. Luu lwong byte/gidy ciia bai mé phong
trén 1Pv6

Két qua trong hinh 11, hinh 12 1a biéu do the
hién luu luong byte/gidy di qua dudong truyén
khi thyc hién 1€nh PING trén hai ha tang IPv4
va IPv6. Trén hinh phan duge danh ddu mau
d6 (khung vuong) thé hién cho 1 1an thuc hién
lénh Ping.

Két lugn trwong hop 3:

- Mic du da thay doi bang thong trén cong

nhung tu bang dinh tuyen ta thay giao thirc
OSPFv2 cho IPv4 va OSPFv3 cho IPv6 co

thong tin dinh tuyéq dén cac mang dich gidng
nhau vé metric va c6ng ra trén router R1.

- Khi PING trén ha tang IPv4 (h1nh 11) ta lai
thdy xuét hién tinh trang bi mét goi tin (phan
dugc danh dau khung vudng mau do).

Qua 2 biéu d6 & h1nh 11 va hinh 12 ta thay,
toc do phan hoi va sd lugng byte truyen qua cua
IPv6 vuot trdi hon nhiéu so véi IPv4. Phan
duoc danh ddu 6 vuéng mau xanh thé hién cho
1 1an thyc hién 1énh Plng thanh cong, Con phan
duoc danh dau 6 vudng mau d6 thé hién viéc
Ping bi mat goi (request timeout).

3.2.4. Truong hop 4: Tang bang thong trén
cac cong Serial cua router R1 lén 10000 Kbit

Lic nay bang thong tai céac cong Serial trén
router R1 duoc thiét 1ap 12 10000 Kbit.

inh 13. Bang thong mac dinh trén cong Serial
0/0 ciia router R1 (cong Serial 010 va 1/0 con lai
cling twong tu)
Vi bang thong thay d01 nhu trén hinh 13 ta c6
thong tin bang dinh tuyén nhu trong bang 4.

Tu thong tin bang dinh tuyén (nhu trong bang
3) cho thay, luu lugng di tir ngudn (PC1, PC3)
di dén dich (PC2, PC4) s& di qua duong két ndi
giita cong Serial 1/0 ciia R1va Serial 11/0 cua
R4. Sur dung WireShark dé tién hanh bat goi
tin [CMP cua IPv4 va ICMPv6 cua IPv6 khi
thyuc hién 1énh Ping, tir d6 ta cé biéu do sau:
Bang 4. Thong tin bang dinh tuyén trén nén IPv4
voi IPv6

IPv4 IPV6

0 192.168.30.0/24 2001:db8:cafe:a004::/64 [110/74]

[110/74] via via FE80:C002:2FFF:FEBC:0,

192.168.60.2, Serial Serial 0/0

1/0 via FE80:C004:30FF:FE9C:0,
Serial 1/0

0 192.168.40.0/24 2001:db8:cafe:a005::/64 [110/74]

[110/74] via via FE80:C003:20FF:FEC4:0,

192.168.60.2, Serial Serial 0/1

1/0 via FE80:C004:30FF:FE9C:0,
Serial 1/0

0 192.168.50.0/24 2001:db8:cafe:a006::/64 [110/20]
[110/20] via via FE80:C004:30FF:FE9C:0,

192.168.60.2, Serial /0 | Serial 1/0

200

—————————— T ——— T —— 7 °
Os 20s 405 60s 80s 100s

Hinh 14. Luu lwong byte/gidy ciia bdai mé phong
trén IPv4
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2000

1000

— B 0
3005 3205 3405 360s 380s. 400s

Hinh 15. Luu luong byte/gidy cua bai mé phong
trén IPv6

Ket qua hlen thi trong hinh 14 va hinh 15 Ia
biéu dd the hién luu lugng byte/gidy di qua
duong truyen khi thyc hién 1énh PING trén
hai ha tang IPv4 va IPv6. Trén hinh phan
dugc danh diu mau do (khung vudng) thé
hién cho 1 1an thuc hién 1énh PING.

Két lugn trwong hop 4:

- Tir 3 lan thay 601 gia tri bandwith, thong
qua bang dinh tuyén ta thay duoc viéc dinh
tuyén tim duong di cua giao thirc dinh tuyén
OSPFv2 trén IPv4 va OSPFv3 trén IPV6 la
glong nhau, déu sir dung gia tri metric dé dinh
tuyen dén dich (chon dudng co6 metric nhod
nhat). Tuy nhién, ¢ truong hop voi bandwidth
trén cac cong Serial la 10000 thi tai bang dinh
tuyen cia OSPFv2 cho IPv4 tuyén duong tbt
nhit duoc chon lai (dung 1 duong duy nhat di
qua cong Serial 1/0) con tai bang dinh tuyén
cua OSPFv3 cho IPv6 thi cac tuyén dudng
van dugc gilt nguyén.

- Qua 2 biéu dd the hién trong hinh 14 va
hinh 15 ta thay, téc do phan hdi va sb luong
byte truyen qua ciia IPv6 vuot troi hon nhidu
so voi IPv4. Phan duoc danh diu 6 vudng
mau xanh thé hién cho 1 lan thyc hién 1énh
P1ng thanh cong. Con phan dugc danh dau 0
vudng mau do thé hién viéc Ping bi mét goi
(request timeout).

3.2.5. Nhan xét, danh gia chung

Duya vao thong tin bang dinh tuyén cta cac
truong hop thuc nghiém bén trén khi tién
hanh thay dbi gia tri bandwidth ta 1ap duoc
bang 5:

Bang 5. Gia i bang thong ¢ cdc truong hop thuc nghiém

Metric

IS

BandWidth
BIPve mIf

Hinh 16. Biéu d6 so sanh su thay déi ciia metric
trong hai phién ban giao thirc

- Viéc thay 601 bandwidth trén cac cong ciia
router (cu thé 1a trén cac cong Serial cua
router R1) da lam thay doi metric dé router
dung dé xac dinh duong di tot nhat tir ngudn
(cac mang LAN cuia router R1) dén dich (cac
mang LAN cua router R4).
- Tr biéu d6 hinh 16 ta thay voi gia tri
bandwidth cang 16n thi metric cang nho.
- Tir s6 liéu va biéu dd cho thdy OSPFv2 va
OSPFv3 c6 cling cach tinh metric (metric trén
2 giao thic Ung véi mdi lan thay doi
bandwidth 1a bang nhau) dung dé xac dinh
duong di tot nhét tr ngudn dén dich nén suy
ra duong di tur ngudn dén dich trong 2 giao
thirc trén so d6 mang la cung mot du’ong
So sanh thém vé d tré ciia cac goéi tin khi
thwe hi¢n I¢nh PING:
Tlep theo ta s& so sanh vé do tré cua cac goi
tin [CMP khi thyc hién [énh PING trén hai ha
tang IPv4 va IPv6. Tai day st dung do tré cua
10 goi tin ICMP (trong 10 gm khong co goi
nao bi request timeout) trén ca 2 ha ting dé v&
biéu dd so sanh,
Ta c6 bang thong ké do tré cua cac goi tin
ICMP trén 2 ha tang nhu trong bang 6:

Béng 6. B 1ré ciia g6i tin ICMP trén 1Pv4 va trén IPv6

Bandwidth 1544 3088 10000
Metric trén IPv4 74 42 20
Metric trén IPv6 74 42 20

Ttr bang 5 ta tién hanh vé biu do dé s0 sanh
sy thay dbi cia metric khi thay doi bang
thong trong giao thirc OSPFv2 trén ha tang
IPv4 va OSPFv3 trén ha tang IPv6, biéu do
dugc thé hién nhu trong hinh 16:

Goi Do tré goi tin Do tré goi tin
tin ICMPv6 ICMPv4
1 28.296 43.897
2 41.887 38.896
3 41.887 43.754
4 30.917 44.883
5 44.880 36.227
6 62.832 73.804
7 31.916 35.903
8 53.586 35.903
9 43.884 39.890
10 42.883 39.894
Téng 422.968 433.051
d6 tré

Tu s0 liéu thu duoc nhu trong bang 6 ta c6
bi€u d6 vé do treé cua 10 goi tin ICMP trén hai
ha tang [Pv4 va IPv6 nhu sau:
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Hinh 17. Biéu do6 so sanh dg tré trong hai phién

ban giao thirc
Tir bang s liéu (bang 6) va biéu db hinh 17 ta thay:
- Goi tin ¢6 do tré tnép nhit trén ha tang IPv4
la goi thur 1 c6 d6 tre 14 28.296 (don vi ms).
- G6i tin ¢6 do tré thap nhét trén ha tang IPv6
la goi thir 7 va 8 ¢6 d¢ treé cung 1a 35.903 (don
vi ms).
- Ta thay do tre nho nhit trén ha tang IPv6
nho hon do tré nho nhat trén ha tang IPv4

(diéu nay cling twong tw véi goi tin c6 do tré
16n nhat trén ca 2 ha tang).

- Tong d6 tre cua cac g01 tin trén ha tang IPv6
nho hon tong do tré cla cac goi tin trén ha
tang IPv4 (cu thé 1a nho hon 10.083 ms).

4. Két ludn

Viéc ndm 13 duoc dic dlem va danh gia dugc
chinh xac & muc cao nhét cua glao thirc dinh
tuyen OSPFv2 va OSPFv3 rat quan trong,
gitip nha thiét ké mang véan dyung va ap dung
linh hoat trong hé thong cua minh, ning cao
hiéu qua hoat dong va xir Iy su cd hé thong
Bai bao da tap trung nghién curu, danh gia
hi¢u ndng cua riéng giao thirc OSPF trén hai
ha ting cong nghe IPv4 véi IPv6 dya trén
phuong phap m6 phong thyc nghlem va tr do
c6 cac két ludn dinh lu’ong ve hiéu ndng cua
OSPF trén mdi ha tang cong ngh¢ IPv4 véi
IPv6 nhu da trinh bay bén trén. Két qua cho
thy, viéc thay ddi gia trj ciia bang thong trén

cac cong cua bo dinh tuyen da lam thay doi
két qua tong metric cta giai thuét, bang thong
cang 16n thi metric cang nho. Tong do tré cua
cdc goi tin trén ha tang IPv6 nho hon tong do
tré ctia cac g6i tin trén ha tang IPv4 (cu thé 1a
nho hon 10.083 ms trong nghién clru nay).
Thoi gian truyén dur liéu st dyng giao thue
OSPFV3 trén ha tang IPv6 nhanh hon so voi
giao thic OSPFV2 trén ha tang IPv4.
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