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S MO AU
1. Tinh cap thiét ctaa de tai

Trudce sy bung nd vé nhu cu st dung Internet va sy gia ting cac loai hinh
dich vu phtic tap yéu cau Internet toc d6 cao va dic biét 1a cac loai dich vu di dong
LTE 4G/3G/2G va tién toi 1a 5G yéu cau d6 6n dinh va do tré thap. Van dé dam
bao chit lugng dich vu dang tré nén quan trong hon bao gior hét. Viéc dam bao chat
luong dich vu mang tré nén thiét yéu ddi véi ca ngudi stir dung va nha cung cép dich
vu.

Tinh tin cdy cua dudng truyén 1 mot trong nhitng yéu t quan trong ctia chat
lugng dich vu can phai quan tdm khi str dung Ethernet dé cung cap cac dich vu trén
trong hé thong mang vién thong. Giao thic kinh dién quan 1y vong chuyén mach 1a
STP (spanning — tree protocol) da dugc dé xuét cung véi ky thuat ghép duong (link
aggregation). Co ché nay st dung mot dudng truyén du phong dé bao vé. Khi
duong truyén chinh c6 su cb, hé thong s& chuyén sang sir dung duong dy phong,
tuong tu nhu co ché st dung trong cac hé théng SDH va ATM. Tuy nhién véi yéu
cau thoi gian chuyén mach bao vé va phuc hdi phai dam bao tinh lién tuc cta dich
vu 12 dudi 50ms thi giao thic STP (spanning — tree protocol) khong thé dap ung
duoc.

Cung voi d6, co ché bao vé chuyén mach dang vong ring cho phép tan dung
kha ning cta cap quang theo chuin G.8032 cta Tiéu chuan vién thong - thudc T
chic Vién thong qudc té ITU-T (International Telecommunication Union -
Telecommunication Standardization Sector dd dwogc phat trién va Gng dung trén thé
gidi. Giao thuc ERPS (Ethernet ring protection switching)- Chuyén mach bao vé
vong Ethernet dap tmg dugc kha nang chuyén mach va hoi phuc trong vong 50ms
dam bao tinh tin cdy trong mang truy nhap Ethernet phd bién hién nay cua Tép
Doan Buu Chinh Vién Théng Viét Nam - VNPT (Vietnam Posts and

Telecommunications Group).
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Vi céc 1y do trén em xin chon dé tai ludn vian tot nghiép 1a "Nghién ctru va tng
dung giao thirc ERPS vao viéc dam bdo tinh tin cay cua mang truy nhap Ethernet

thudc Tap doan buu chinh vién thong Viét Nam tai Tinh Thanh Hoéa".

2. Téng quan vé vin dé nghién ciru:

Dé dam bao chit luong dich vu, ngoai cac ki thuat quan 1y va diéu khién luu
lwuong nham giam thiéu tic nghén trén mang thi trudc tién phai dam bao duong
truyén giita cac node mang trong hé théng cua cac nha cung cap dich vu duoc thong
sudt. C6 rat nhiéu ki thuat dugc ap dung dé bao vé dudng truyén trong mot hé thong
mang cua ISP, vi du cic giai phap bao vé chuyén mach quang trong mang 15i
DWDM, céc giai phap dinh tuyén trong mang MAN-E nhu IS-1S, MPLS,VRRP,
cac giai phap bao v¢ vong trong mang truy nhap nhu STP, Smart-pair, ERPS,
ARPS. O Viét Nam ciing dd c6 cac nghién ciru xay dung cac phuong an bao vé
vong va ap dung vao thuc té nhu cac giai phap dua trén STP va RSTP, tuy nhién
chua c6 giai phap nao dap tmg duoc cac yéu cau khit khe vé thoi gian chuyén
mach, hdi phuc duéi 50ms nhu giai phap ERPS (Ethernet ring protection
switching).

Chuyén mach bdo vé vong Ethernet, hodc ERPS 1a mot nd luc cua ITU-T
theo khuyén nghi G.8032 dé cung cap bao vé va phuc hoi duéi 50ms cho luu luong
Ethernet trong cdu trac lién két vong va dong thoi dam bao rang khong c6 vong lap
hinh thanh tai cac 16p Ethernet. ERPS chi dinh cac co ché chuyén mach bao vé va
giao thirc cho cac vong mang Ethernet. Vong Ethernet c6 thé cung cap két néi da
diém trén dién rong mot cach kinh té hon do s6 luong lién két giam. Cac co ché va
giao thirc duogc xac dinh trong khuyén nghi nay dat duogc sy bao vé 6n dinh va dang
tin cdy cao; va khong bao gid hinh thanh cac vong lip, diéu nay s& anh hudng
nghiém trong dén hoat dong mang va tinh sin c6 cta dich vu.

Viéc tim hiéu va 4p dung giai phap ERPS dé bao vé vong trong mang truy

nhap Ethernet cia mot Vién thong tinh truc thuéc VNPT 1a mot hudng nghién ciru
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gop phan vao qua trinh dam bao chét lugng dich vu ctia nganh vién thong Viét Nam
noi chung.
3. Muc dich nghién ctru:

Muc dich cua luan vian d6 1a tim hiéu vé giao thitc ERPS, nguyén 1y hoat
dong cua giao thirc ERPS. Tir d6 c6 thé 4p dung vao mang truy nhap thuc té cua
nha cung cdp dich vu hang dau Viét Nam 1a VNPT. Nham dam bao duong truyén
ludn dugc thong sudt trong mang truy nhap dén cac thué bao dau cudi cta cac dich
vu internet, iptv, voip, cac dich vu di dong nhu 2G/3G/4G yéu cau vé thoi gian
chuyén mach dudi 50ms ciing nhu cac kénh thué riéng, duong truyén sb liéu va cac
dich vu gia tri gia tang khac. Viéc ap dung vao thuc té s& dugc thuc hién tai mot
Vién Thong Tinh/Thanh Phé tryc thuoc VNPT dé danh gia kha ning chuyén mach
bao vé, phuc hdi dam bao tinh tin ciy ctua dudng truyén gép phan nang cao chat
luong dich vu
4. P6i twong va pham vi nghién ctru:

+ Doi twong nghién ciru: Mang truy nhdp Ethernet tai Vién Thong Tinh

Thanh Héa tryc thudc Tap Poan Buu Chinh Vién Thong Viét Nam
(VNPT)

+ Pham vi nghién ctu: Giao thtc ERPS theo chuan G8032 cua ITU-T,
thiét bi switch access dap ung dugc giao thire ERPS va kha ning ap dung
vao mang truy nhap Vién Thong Tinh Thanh Hoa truc thudc VNPT.

5. Phuong phap nghién ctru:

Phuong phap nghién ctru ctiia dé tai 13 phuong phap nghién ciru thuc tién. Tap
trung khao sat, tim hiéu quy mé, tinh chit va nhitng ton tai cia mang truy nhap
Ethernet tai mot Vién Thong Tinh Thanh Hoa tryc thudc Tap Poan Buu Chinh Vién
Thong Viét Nam. Tur d6 tim kiém, thir nghiém céc thiét bi switch hd tro giao thirc
ERPS dé tién hanh do kiém, phan tich va danh gi4 hiéu ning ma tap trung chu yéu ¢
day 1a kha ning dam bao tinh tin cdy ctia dudng truyén dya trén 2 yéu td chuyén

mach bao vé va phuc hoi dudi 50ms cua hé thong.
6. Cau tric luan van

e Chuong 1: Téng quan vé ERPS
e Chuong 2: Nguyén ly hoat dong cua ERPS
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e Chuong 3: Ung dung ERPS vao mang truy nhép ethernet tai vién thong tinh
thanh hoa

e K&t luan va kién nghi huéng phat trién
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CHUONG 1: TONG QUAN VE ERPS

1.1. Giéi thi¢éu chwong:
Gi6i thiéu tong quan mang truy nhip Ethernet cia VNPT va cac khai niém vé giao
thire ERPS ciing nhu cac yéu cau thoi gian chuyén mach cua cac dich vu trong
mang truy nhap VNPT.

1.2. Mang truy nhiap Ethernet ciia VNPT:

1.2.1. Khai niém mang truy nhdp Ethernet

Mang truy nhap Ethernet cia VNPT 1a mot mang két ndi cac router va switch

dua trén chuan Ethernet. Trong d6 cac bd router va switch két ndi thong qua cap
quang. M6 hinh két néi c¢6 thé 1a ring, hinh sao(star), hinh cay. Mot mang truy nhap
Ethernet thuong bao phu mét do thi, nd c6 ban chit 1a mot mang truyén tai Ethernet
hd tro cac két ndi diém diém két ndi da diém.trén moi truong mang do thi
MAN(metropolitian area network).

Vi vay mang truy nhap Ethernet thuong dugc viét tat 13 MEN hay MAN-E.

Y
2G/3G/4G

g

% /SWITCHAGG  SWITCHAG
P eonor [0 e INTERNET

TELEPHONE

Hinh 1.1: Mang truy nhap Ethernet cia VNPT
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Mot mang truy nhap Ethernet cia VNPT cung cip céac dich vu dic trung 13 tap
hop ctia Layer 2 hodc Layer 3. Mang ciing c¢6 cdu trac gdm 3 phén:

- L&i(core): Bao gdm cac router dinh tuyén, 13 mot backbone IP/MPLS hoic sir
dung cac giao thuc dinh tuyén IS-IS, VPLS hay truyén tai MPLS-TP.

- Phan phdi: Bao gdm céac switch layer 2 dang Ethernet transport c6 téc do
1GbE/10GbE

- Truy nhap: Bao gém cac switch layer, Gpon-OLT, cac tram
BTS/NodeB/eNodeB va cac két cudi tai khach hang.

Mang truy nhap Ethernet dugc VNPT trién khai trén toan bd 63 VNPT
Tinh/Thanh phé truc thudc dé hd tro nhiéu loai ung dung va cac loai dich vu ngay
cang da dang.Duéi day 12 mot s dich vu tiéu biéu:

- Dich vu cho doanh nghiép:

Déi v6i khach hang 1a cac doanh nghiép, viéc cung cap cac dich vu va phuong
thire két ndi tbe do cao va 6n dinh 1a rat quan trong vi nhitng khach hang nay can sir
dung rat nhiéu bang thong cho cac hoat dong mang ciia ho. N6 ciing phai tuong
thich vo1 hé théng mang LAN hién hitu cua doanh nghi¢p. MAN-E c6 thé thoa mén
nhimg nhu cau mai ciia doanh nghiép nhu: két nbi cac doanh nghiép véi nhau, két
nbi doanh nghiép véi khach hang va nha cung cap; thiét 14p mang riéng 40; cung
cép cac dich vu da truyén thong bang thong rong; va hd tro cac dich vu ghép kénh
phéan chia theo thoi gian (Time Division Multiplexing — TDM).

- Dich vu Triple Play cho khach hang c4a nhan:

Nhu cau vé thong tin, giai tri cia ngudi st dung ca nhan ngdy cang ting da
khién dich vu Triple Play — truyén tai dir li€u, thoai va phim anh trén mét mang IP
v6i chat lugng cao — tré thanh mot trong nhirng dich vu chi dao ma céc nha cung
cAp nhu VNPT cin phai trién khai dé duy tri va phat trién thi truong da dang nay.
MAN-E dang & tu thé sdn sang théa méan nhitng nhu cau nay cia ngudi st dung ca
nhan voi cac két néi FTTH dya vao cong nghé PON hay AON.

- Dich vu di dong:



Su bung nd cua di dong da dat dén mirc bio hoa va su gia tang canh tranh
trong linh vic ndy di khién cac nha didu hanh mang di dong nhu Vinaphone cia
VNPT phai 1am sao giam chi phi van hanh nhung van phai dam bao dap tng cac
nhu cau vé dich vu da dang, bang thong rong, chét lurong cao cua ngudi tiéu dung.
MAN-E 12 mt trong nhitng giai phap cuc ky phi hop. Véi ha ting truyén din sin
¢6 cia mang MAN-E & cac VNPT Tinh/Thanh phé va giai phap TDM over IP, cac
thiét bi switch layer 2 déng vai trd gom luu luong cac tram di dong nhu mobile
backhaul nhung véi chi phi thdp hon rit nhidu va vin dam bao chat lwong dich vu
dua vao cac giai phap QoS.

1.2.2. Cong nghé trong mang truy nhdp Ethernet
Mang truy nhap Ethernet c6 thé chia lam 3 loai chinh dya vao cac cong nghé
ma no st dung nhu sau:
- Mang truy nhap Ethernet dya trén SDH
- Mang truy nhap Ethernet dya trén MPLS
- Mang truy nhap Ethernet thuan chi sir dung layer 2.
Trong d6 mang truy nhap Ethernet dua trén MPLS va mang truy nhap Ethernet

thuan chi sir dung layer 2 da va dang dugc VNPT trién khai manh mé.

Pseudowire
Carrier Ethernet Emulation (PWE)
Services
MPLS-
Transport Profile
(MPLS-TP)

LTE 4G/ 3G/ 2G Business /Femtocell Residential HetNet / 5G
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Hinh anh thudc Juniper

Hinh 1.2: Céng nghé truyén tai trong mang truy nhap Ethernet
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Déi twong nghién ciru chinh cua ludn van 1a mang truy nhap Ethernet thuin
chi sir dung layer 2 chuyén mach cho tat ca cac cau tric bén trong ctia nd. Céu triic
nay cho phép thiét ké don gian va chi phi thip va cdu hinh don gian. Véi cac k¥
thuat st dung ciac mang Virtual Lans nhu Point to Point hodc Multipoint to
multipoint két hop cing cac dic tinh méi nhu Vlan stacking (Vlan tunneling) va
vlan translation(vlan mapping), mang nay c6 kha nang tach biét luu lugng cua
khach hang v6i nhau tir 6 ap dung cac chinh sach chat luong cho tung loai dich vu

Tuy nhién mang truy nhap Ethernet thuan chi st dung layer 2 c6 nhiing han

ché nhu sau:

- Theo thiét ké, layer 2 chuyén mach sir dung cic bang mac-table dé dinh
huéng luu luong dya trén dia chi MAC ciia dau cubi. Khi mang phat trién rong,
khéi lugng dia chi MAC trung chuyén qua mang vuot qua dung luong ciia chuyén
mach cua thiét bi. Néu mac- table bi day, két qua nghiém trong 1a mang ngiing hoat
dong do tran ngdp cac goi tin trén toan b cau triic mang.

- Phan luu lugng rat han ché. C6 it cong cu dé quan 1y topo mang ciing nhu sy
chuyén tiép phai nhay timg budc mot, cong thém kha ning quang ba cac goi tin don
tuyén 1am cho du bao mau luu luong thuc su rat kho khan. Co nhiing k¥ thuat cho
phép diéu khién céc duong luu lugng uvu tién, ky thuat nay phu thudce vao viéc st
dung multiple spanning trees hodc "per VLAN spanning trees” va duoc két ndi chat
ch€ vdi cac giai phap dé hoan thién su 6n dinh va kha nang phuc hoi trén mang.

- Su 6n dinh cua mang kh4a mong manh, dac biét néu so sanh vai mang SDH
va MPLS tién tién hon. Thoi gian phuc héi cho chuan STP/RSTP trong khoang 1
dén 10 gidy, cao hon nhiéu so véi nhitng gi cic mang thay thé (thuong chi mot phan
ctia gidy).Khong thé dap umg duoc cac dich vu yéu cau do tré thap nhu cac dich vu
truyén hinh hoi nghi, IPTV, Streaming va dic biét 1a cac dich vu di dong LTE
4G/3G/2G yéu cau thoi gian chuyén mach thap hon 200ms dé dich vy khong bi gidn
doan. Chinh vi vay,IEEE va ITU-T d ¢ gang ra mot s6 dinh nghia dé giam thiéu
van dé nay. Khéo 1éo dung chuan hoa cua IEEE va ITU-T s& cho phép mang su 6n

dinh va kha nang mau phuc hdi tét, diéu nay doi hoi cau hinh phirc tap hon. Va giao
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thire ERPS 12 giai phap dap tng duoc van dé nay. Vong Ethernet chuyén mach bao
vé, dugc dinh nghia trong khuyén nghi ITU-T G.8032, cung cap mot phuong tién dé
dat dugc mot cach dang tin cay yéu cau ddi véi clu trac lién két Ethernet tao thanh

mot vong khép kin.

1.3. Giao thirc ERPS

Cong nghé Ethernet dang nhanh chéng tré thanh mot giai phap thong tri cho
mang ctia cac nha cung cap dich vu vién thong trén thé gidi va VNPT ciing khong
ngoai 1&. Ethernet nhu mot cong nghé truyén tai song mang tiép tuc dat duoc nhiing
tién bo dang ké trong viéc cung cip céc ung dung dich vu ngdy cang da dang [3].
Hién tai cac nha cung cip dich vu (ciing nhu cac doanh nghiép) can khoi phuc
nhanh chéng va tinh san sang cao cua cac dich vu Ethernet. Trong d6, mot nhom
nghién ciru cua ITU-T SG15/Q9 da phat trién mot phuong phéap kha thi vé mat k¥
thuat, kinh té va c6 thé mo rong dé cung cip véi chi phi thap va khoi phuc dich vu
nhanh chong. Kha ning phuc hdi kiéu SDN/SONET vdi chi phi thip sir dung giao
tiép Ethernet cho cic ng dung mang vira va nho. Su ra doi cta khuyén nghi
G.8032 da duoc cac nha cung cép dich vu rat hoan nghénh [4], nguyén nhan la
Ethernet dang 1a cong nghe chii dao cung cap dich vu va chi can 2 dap tng noi trén

d 1am cho no wu viét hon rat nhiéu so v&i STP va RSTP.

Bao vé vong Ethernet (ERP) dugc dinh nghia béi G.8032 duoc phat trién dya
trén nguyén tic sit dung cic co ché ké thira tir cic chirc ning Bridge va Mac-
Ethernet truyén théng. Muc tiéu la chuyén mach bao vé nhanh, dé dat dugc diéu do
thi can tich hop cac cong nghé Ethernet mot cach hoan hao nhu quan tri va bao tri
(OAM) cung voi giao thirc chuyén mach bao vé tu dong (APS) don gian cho mang
vong Ethernet.

Ngoai ra, ERP duya trén Ethernet ti€u chuin nén no co thé tan dung t6i da loi thé ddi
vGi cac chuan bang thong Ethernet khac nhau nhu 1GbE, 10GbE, 100GbE, v.v.
Ngoai ra vi Ethernet 1a mdt tap hop cac cong nghé LAN (LAN technologies) nén no

hd tro duoc bt ky co sé ha ting khac nhau cua cac nha cung cip dich vu, d& dang
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trién khai va hiéu qua kinh thé cao hon so véi cac mang Ethernet sir dung MPLS

hay SDH ciing nhu uu viét hon céc giai phap truyén théng nhuw STP,RSTP.

Giao thurc ERPS duogc dinh nghia bdi G.8032 duogc t6i wu hoa cho céac cau tric
lién két dang vong (ring) va dugc phét trién nhu mot su thay thé dugc tiéu chuan
hoa cho giao thirc Spanning Tree(STP) dé chuyén nhanh trang thai céng ma khong
can tinh toan phtrc tap, nhdm muc dich chuyén mach bao vé nhanh hon (dudi
50ms). STP 1a mot giao thire kinh dién dé chuyén mach bao vé két ndi. STP dung
chung dugc cho tit ca cac md hinh mang ludi, tuy nhién vi n6é dung chung dugc hét
nén khong co bat ky ky thuét t6i wu hoa nio cho cac cau truc lién két dang vong.
STP can nhiéu thoi gian dé xdy dung lai cau truc lién két khi trang thai lién két ban
dau bi 16, nguyén nhan 1a do STP can trao ddi thong tin cho tt ca cac thanh vién
trong cau trac lién két dua vao cac gia tri chi phi (Cost) cling nhu d6 wu tién
(Priority). ERPS duogc dinh nghia bai G.8032 duoc tap trung dé tao ra quy trinh tbi
uu héa xir Iy bao vé lién két dang vong va phai dugc thuc hién tot hon tat ca cac
bién thé ctia STP, bao gdm giao thirc Rapid Spanning Tree (RSTP) va MSTP (Multi

spanning tree) trong ciu trac lién két dang vong.

SwwitchiT

i RPPL owrier
- =Pl neighbour

Hinh anh thuéc Huawei

Hinh 1.3: Cau triic lién vong co ban ciia ERPS
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Khuyén nghi G.8032 duoc chap thuan vao thang 2 nim 2008, sau qua trinh 2
nam tir khi viéc nghién ctru dugc ITU-T phé duyét [4].

5.8032 Proposals
and Contributions

5.8032 Recommendation \
Conzent |I
5.8032 Objective,

|
Principles. and
Requirements Setting

!
5.8032 Converged Proposals |
5.8032 ERP Work
Tfem Approved in
ITU-T

|
|
|
¥
@ o o 2 e d @ o @ % 4
I

A
=

=)

j]a
1

Hinh 1.4: Cac c6t mdc trong qua trinh hinh thanh khuyén nghi ERPS
(G.8032)

Khuyén nghi nay dinh nghia co ché ciia giao thitc chuyén mach bao vé tu
dong (APS) cho cac ciu triic lién két dang vong Ethernet. Trong d6, néu rd cac dic
diém, dang kién triic bao vé va giao thirc APS.

1.4. Két ludn chwong
Tom lai, G.8032 ERPS duogc phat trién dé dap tmg cac muc tiéu sau [8]:
- Cung cip két nbi mang hiéu qua.

Cung cap kha ning khoi phuc dich vu nhanh chéng (dudi 50ms).
HJ tro nhiéu dich vu Ethernet (vi du: E-LINE, E-TREE, E-LAN).

Khong can phéan biét 1a giao dién client (may khach) hay Server (mdy chu).
G.8032 ERPS c6 thé hd trg (hau nhu) bat ky 16p vat Iy / may cha nao ciing nhu c6
thé thong qua (hau nhu) bat ky may khach Ethernet ndo.

Co6 thé ap dung trén céc thiét bi c6 hd tro phan ctimg IEEE 802.1 Bridging va

IEEE 802.3 MAC hién cé. Vi viy, don gian chi cin nang cAp phdn mém trén thiét bi
chuyén mach Ethernet hién co.
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- HO tro trién khai linh hoat c&c md hinh, c6 thé ing dung trong mang Access,
Metro va Core.

- Tan dung duoc bang thong vat 1y cua mang Ethernet nhu 1/10/40/100GbE.
Chi phi va thoi gian trién khai giam khi sir dung cac lién két dang vong co bang
thong lon.

- Puoc chuan hoa boi ITU-T SG15 / Q9.
- Giam chi phi hoat dong OPEX va chi phi ddu tr CAPEX cho nha cung cap dich

VUL
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CHUONG 2: NGUYEN LY HOAT PONG CUA ERPS

2.1. Giédi thiéu chwong
Chuong nay dé cap dén nguyén cic nguyén tic co ban ciia ERPS. Di sau vao

tim hiéu nguyén 1y hoat dong cia ERPS. Do kiém, phan tich danh gi4 hiéu ning cia
mot hé théng mau.
2.2. Nguyén tic hoat dong ciia ERPS
2.2.1. Ciu tric lién két dang vong Ethernet

Céu trac lién két vong Ethernet c¢6 thé 1a mot vong duy nhat, nhu duoc mo ta
trong phién ban G.8032 v1, nhung da dugc mé rong dé dap ung duoc véi hé thong
nhiéu vong lién két trong phién ban G.8032 v2. Mdi nat mang thudc vong lién két
c6 hai cong két ndi dén cac nat mang khac trong mot vong lién két vat 1y khép kin.
Tiéu chuan IEEE 802.3 MAC dinh nghia Ethernet yéu ciu, phai tranh vong lip
logic trén mot vong lién két vat 1y dé tranh viéc luu luong bi lap (loop) trong vong
vat Iy. Vi trudong thoi gian t6n tai (TTL) khong dugc xac dinh trong mot khung
Ethernet nguyén ban nén viéc luu luong bi loop duoc xir Iy bang cach chin luu
lugng tai mot trong cac cong két ndi giita cac nut mang trong vong lién két. Do do,
mot vong lién két vat 1y s& dugc duy tri theo mot vong lién két logic khong bi lap lai
dé d¢am bao tiéu chuan IEEE 802.3 MAC dua trén sy quan 1y cta giao thirc chuyén
mach bao vé vong tu dong R-APS. Cac khuyén nghi G.8032 khong gi6i han sd
luong nit mang trong mot vong lién két nhung khuyén nghi né nam trong pham vi
tr 16 dén 255 nit dé dam bao hoat dong on dinh. Dé ciu trac lién két vong Ethernet
hoat dong dua trén giao thirc ERPS thi can ngan chan giao thirc STP trén tAt ca cac
nit mang thudc vong lién két. Hinh 2.1 thé hién cac dang lién két vong Ethernet.
Phién ban G.8032 v1 hd trg cac vong don nhu cau trac (A) va (B). Trong khi d6
phién ban G.8032 v2 dinh nghia Major Ring va Sub Ring dé hd trg cac dang lién

két da vong c6 cac lién két va cac nut dung chung nhu cu tric (C) va (D)
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Hinh 2.1: Cac cau tric lién két vong c6 thé ap dung;

(A) vong don, (B) 2 vong don vé6i 1 nat dung chung, (C) 2 vong véi lién két va nat

dugc chia sé, (D) Da vong 10ng nhau véi ciu triic lién két phan tang.

2.2.2. Kénh R-APS va niit mang trong lién két vong

Dé giam sat va diéu khién cac nlit mang trong vong lién két Ethernet, ERPS st
dung mot kénh truyén xuyén sudt gilta cac nut mang duogc dinh nghia 1a kénh
chuyén mach bao vé vong tir dong (R-APS).

Céc ban tin R-APS yéu cdu mot kénh truyén doc 1ap va duoc xac dinh 13 kénh
R-APS dé xir 1y va ngan ngira 1ap kénh dich vu. Kénh R-APS duoc tach biét ra khoi
kénh luu luong dich vy, nhung ca kénh R-APS va kénh luu luong dich vu déu duoc
truyén qua cac két ndi trén cac nat mang thudc vong lién két, va quan trong déu bi
chin (block) trén cing mét vi tri két ndi trong vong lién két.

Kénh R-APS duoc ciu hinh béng cach st dung mot VLAN duoc chi dinh
riéng biét, dé ban tin R-APS c6 thé duoc xur Iy khac vé6i luu lwong dich vu. Kénh R-
APS bi chidn bdi qua trinh loc dinh danh Vlan (VID) theo dinh nghia boi IEEE
802.1Q-2005. Kénh luu lugng dich vu ciing bi chin bang cach loc VID [5].
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MEP : Maintenance entity group end point (Y.1731)

ETHDi : Ethernet diagnostic function for MEG intermediate point
ETHDI/ETH  : ETHDi and Ethernet MAC adaptation function

ETH_CI_RAPS : Ethernet MAC characteristic information of R-APS messages

ETH ClI S5F : Ethernet MAC characteristic information of MEP server signal fail
VID Tilter : Filter based on Ethernet VLAN identifier

Hinh 2.2: Cau triic mdt nit mang va kénh R-APS

Hinh 2.2 thé hién md hinh ctia mot nat mang trong vong lién két va viéc chan
céng két ndi cua no. O day mdi lién két vong chi chdn mdt nhém vlan dugc dinh
nghia trong cdu hinh ERPS. Nhom Vlan nay bao gém cac vlan dich vu va tat nhién
bao gdm ca vlan quan 1y di duoc chi dinh cho vong lién két. Mot niit mang c6 mot
cong két ndi bi chan thi viéc chuyén tiép kénh luu lugng dich vu va kénh R-APS s&
duogc truyén qua két ndi con lai trong vong lién két. Tuy nhién, cac ban tin R-APS
dugc tao boi mot bd xuir Iy ERP control c6 thé duoc chuyén tiép dén ca 2 céng két
ndi. ERP control kiém soat viéc chuyén tiép luu Iuwgng dich vu va ban tin R-APS, va
d6ng thoi ciling xir 1y ban tin R-APS va cac ban tin bao hiéu trong quy trinh quan 1y

hoat dong va bao tri tir may chu (OAM) [6].
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2.2.3. Dinh dang khung ciia bdn tin R-APS
ERP control sit dung ban tin R-APS dé quan 1y va diéu phdi viéc bao vé
chuyén mach. R-APS va cac trudng gia tri OAM duogc dinh nghia trong Y.1731.
Hinh 2.3 mé ta dinh dang don vi dit li¢u (PDU) giao thirc R-APS cua G.8032 .

1 2 3 4
8|7]6|s|4]3]2]1]s]7]6]s]a]3]2]1]8]7]6]5]4]3]2]1]8]7]6]5]4]3]2]1

1 | MEL | Version (0) [OpCode (R-APS = 40) Flags (0) TLYV Offset (32)
N
5 R ¢ Status
jg?:f; Reserved 1 = Node ID (6 octets)
6 &| 2| Status Reserved

7 Node ID

Reserved 2 (24 octets)

Y
R-APS Specific
Information (32 octets)

37 [optional TLV starts here; otherwise End TLV]

last End TLV (0)

Dinh nghia bdi G.8032 Dinh nghia bdi Y.1731 Khéng dwoc chi dinh

Hinh 2.3: Pinh dang R-APS PDU

Cac gia tri dugc dinh nghia trong Y.1731 (Pinh dang Ethernet OAM-PDU) [6]
- MEL: chi dinh muc bao tri cia nhom (MEG) cac nit mang trong vong lién
két ma R-APS PDU. MEL c6 gia tri tir 1 dén 7.
- Version: Phién ban, ERP control s€ bo qua khi nhan
- Opcode:dugc dinh nghia 1a 40 trong Y.1731
- Flags: Co - 00000000, ERP control s€ bo qua khi nhan
- TLV offset:Phan bu TLV chira gi4 tri caa phan bu vao TLV déu tién va gia
tri cia n6 duogc xac dinh la 32.
- End TLV: Phén két thac TLV va gia tri bang 0, ERP control s& bo qua khi
nhan.
Dbi v6i phan thong tin cu thé R-APS goém 32 octet duge dinh nghia trong
G.8032
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- Request/State: 4 bit dau tién danh cho théng tin Yéu ciu/ Trang thai, trong
do gia tr1 ‘1011° dai dién cho tin hi¢u khong thanh cong (SF) va ‘0000’ dai dién cho
thong diép khong c6 yéu cau. Cac gia tri khac duoc dung cho cac phién ban tir
(G.8032 v2 va hon nfra.

- Reservedl: gdm 4 bit, v6i phién ban G.8032 v1 dugc dit gia tri ‘0000 va
duogc danh riéng cho viéc thé hién cac yéu cau hodc cac diu hiéu bao vé tir phién
ban (G.8032 v2 va hon nira.

- Status: 8 bit thé hién thong tin trang théi trong d6
+ RB: 1 bit — Dat khi két ndi bao vé vong (RPL) bi chin. S& duoc str dung khi RPL
bi chan
+ DNF: 1 bit — Pat khi khong can thiét loc dir dir liéu (FDB) (Sir dung cho tuong
lai
+ 6 bit con lai du phong cho tuong lai
- Node ID: gdom 6 octets chira dia chi mac ctia niit ngudn

- Node ID va Reversed 2: Dy phong cho tuong lai.

Bang 2.1: Céc yéu cau chuyén mach bao vé

Request Type Priority
local SF Local highest
local clear SF Local |

R-APS (SF) Remote |

WTR Expires Local |

WTR Running Local |

R-APS (NR, RB) Remote |

R-APS (NR) Remote lowest

Béng 2.1 liét ké tat ca cac yéu cau chuyén mach bao vé duoc sap xép theo thir
tu vu tién. Khi mgt nat mang trong lién két vong nhan dugc cac yéu cau cung lac,

thi n6 chi trd 161 yéu cau nao c6 mure dd wu tién cao nhat.
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2.2.4. Cdc yéu cau vé chuyén mach béo vé
Co ché chuyén mach bao vé caa ERPS theo chuan G.8032 duoc kich hoat boi

cac yéu cau R-APS, dugc chi dinh trong cac ban tin R-APS, va cac yéu cau do cac
su kién tai chinh nit mang do. Bén su kién tai tai chinh céac nuit mang dugc xac dinh
la:

- Local SF: Thong bao tin hi¢u khong thanh cong gui di tir 1 trong 2 cong két
nbi vong trén niit mang.

- Local clear SF: Thong bao tin hi¢u khong thanh cong gui di tr 1 trong 2
cong két ndi vong trén nit mang da duoc loai bo.

- WTR Exprise: Thong béo hét han thoi gian chd dé khoi phuc trang thai vong
lién két.

- WTR running: Thong bao vong ring dang trong thoi gian chd dé khoi phuc
trang thai vong lién két.

Ngoai cac ban tin dugc phat hién va thong bdo tai chinh cdc nit mang trong
vong lién két. G.8032 dinh nghia thém 3 loai ban tin APS khac tir khuyén nghi
G.8031 (Bao vé tuyén tinh) nhu sau:

- R-APS (SF): dugc gui boi nit phat hién 15i lién két. N6 s& dugc truyén ngay
lap tc qua két n6i khong bi 18i con lai dén cac nut mang khac trong vong két ndi.
Qua trinh truyén dinh ky ctia né luon dugc duy tri cho dén khi sy kién lién két phuc
hoi duogc phat hién.

- R-APS (NR): duoc truyén dinh ky boi nut phat hién su kién lién két dugc
khoi phuc cho dén nhan dugc ban tin R-APS(NR,RB) tir nlt mang s& hitu lién két
bao vé két ndi (RPL-Owner)

- R-APS (NR,RB): duoc giri tir RPL-Owner va thong béo bang vong lién két
da khoi phuc va két ndi RPL bi chin. Thong bao nay dugc truyén dinh ky trén vong
dé cho biét trang thai vong lién két binh thuong.

2.2.5. Phdt hién két néi khong thanh cong
Chuyén mach bao vé xay ra khi phat hién 15i trén mot lién két gitra cac nat

mang trong vong duoc giam sat boi chire ning kiém tra tinh lién tuc cua Ethernet
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(ETH-CC). Céc tinh trang 16i cta 16p vat Iy duoc thong bao cho bd ERP control.
Hai cong két ndi cia mot lién két tao thanh MEG va mot bo chirc ning MEG (MEP)
duogc thiét 14p tai mdi cong thudc lién két ring. Ban tin kiém tra tinh lién tuc (CCM)
dugc trao doi dinh ky giita cic MEP d¢é theo ddi tinh trang lién két. MEP dinh nghia
16i khi né khong nhan duogc ban tin CCM trong 3,5 1an chu ky truyén dugc thiét lap
mic dinh. M6t nit mang 16i duoc coi 1a 15i tai hai lién két thude vong lién két cua
n6 bi 15i. Hai nit mang lién ké két ndi dén nit mang 16i phat hién duoc lién két bi
16i va kich hoat chuyén mach bao vé.

O trang thai binh thuong, mot lién két bao vé vong (RPL) dugc chi dinh va
chan luu lugng Ethernet dé dam bao vong khong bi 1ap. RPL-Owner c6 mot cong
gan vao RPL, dugc chi dinh thyc hién viéc chdn luu lugng va do d6 nd chan toan bd
cac luu luong dich vu dugc gui tr RPL. RPL-Owner déng mot vai tro rat quan
trong trong G.8032, vi nd chiu trach nhiém st dung RPL dé chuyén mach bao vé
vong lién két. Khi xay ra 161, mdi nat mang phat hién 15i s& chan lién két bj 16i va
gui cac ban tin R-APS voi thong bao SF, tirc 1a ban tin R-APS(SF). Khi RPL-
Owner nhan dugc R-APS(SF), n6 s& bo chin trén RPL dé thay d6i cau tric lién két
nham két ndi duogc tdi da cac nut trong vong. Cudi cung, lién két bao vé vong RPL
chan kénh R-APS va luu lugng dich vu chuyén tr RPL-Owner sang c4dc niit mang
phét hién 16i tai no.

Khi chuyén mach bao vé dugc kich hoat, luu luong s& dugc dinh tuyén lai
trong bang chuyén tiép dia chi MAC dua trén co ché FDB flust. FDB flush 1a hoat
dong loai bo tat ca cac dija chi MAC d3 hoc cua cac céng trén cac nut mang thudc
vong tir co s& dir liéu chuyén tiép (FDB) [7]. Khong gidng nhu G.8031 va SDH,
thuc thé bao vé khong duoc dinh cau hinh trudc trén vong Ethernet. G.8032 tan
dung co ché hoc tap dia chi va flush bridging cta Ethernet. FDB duogc xa mot cach
ngay lap tirc va cuc ky nhanh va do d6 dich vu ¢ thé dugc duy tri ma khong bi gian
doan. Mot duong dan chuyén tiép luu luong moi duoc thanh 1ap boi chirc nang tu
hoc dia chi MAC. FDB flush chi thuc hién trén nhoém Vlan duge dinh ciu hinh
ERPS trén cic nit mang thudc vong lién két. G.8032 dinh nghia mot sb quy tic
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chung dé xac dinh xem mot nut c6 nén kich hoat FDB cua nd hay khong tuy thudc
vao nhiing trang thai sau:

- Néu khéng c6 yéu cau nao khac ngoai trir ban tin SF trén nit thi s& kich hoat
FDB

- Néu khong cd yéu cau nao khic ngoai trir R-APS(NR,RB), viéc nhin duoc
ban tin R-APS(SF) sé& kich hoat FDB; viéc nhan duoc cic ban tin SF tiép theo s&
khong kich hoat thém FDB ké céc cic nat nhan duogc ban tin SF tai nd.

- O trang thai bao vé, khi b dinh gid WTR hét han va RPL-Owner chin RPL
thi RPL-Owner s€ x6a FDB

- O trang thai bao v¢, viéc nhan ban tin R-APS(NR,RB) ban dau s& kich hoat
FDB trén tit ca cac nht ngoai trr RPL-Owner; vi¢c nhan dugc ban tin R-
APS(NR,RB) tiép theo s& khong kich hoat FDB nira.

Sau khi khoéi phuc tat ca cac 16i, RPL trd lai trén céng cua RPL-Owner. Vi vi
tri cia RPL ¢6 thé t6i wu hoa viée sir dung tai nguyén mang nén viéc hoan nguyén
vé trang thai RPL trén RPL Owner nén dugc kich hoat. Tuy nhién, né co thé 1am tac
dong dén luu luong dich vu. Dé tranh viéc chuyén mach sai ¢6 thé gay gian doan
dich vu thi by dinh thoi WTR duogc sir dung. Khi RPL-Owner nhén ra viéc khoi
phuc 16i bang cach nhan duoc ban tin R-APS(NR) tir mot nat & mot dau cia lién két
duoc phuc hoi, né khoi dong bo WTR. Néu bat ky 16i ndo duoc phat hién trude khi
bd WTR hét han thi qua trinh hoan nguyén s& bi huy bo. Khi hét han, RPL-Owner
chin RPL va hudng din cac nit con lai két ndi véi lién két da khoi phuc dé xoa

trang thai chin bang cach giri mot ban tin R-APS(NR,RB).
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SF / clear SF_| Local Defect ‘ETH_CI_SSF (E)
Local — Local Top Erionity Logic (E)
Requests ——— Priority Local Request . ’
(operator) —»|  Logic SF / Clear SF | Local Defect ETH_CI_SSF (W)
| Logic (W)
¥ Y
. Validity | Request/State Request/State _
ETH_CI RAPS (E) Check + Status Guard | +Stams | Priority _WTR Rumning | WTR
Timer Logic WTR Expire Timer
ETH_CI RAPS (W E [
| Top Priority Request
Start/ Stop
Start/S
R-APS
R-APS Request/State + Status RLADS ETH_CI_RAPS (E)
Request
ot o ——| T [seprenare | Mo lem o narsy
" Block/Unblock ring ports
—> Flush FDB

Hinh 2.4: So' @6 nguyén 1y ciia mdt niat mang ERPS

2.2.6. Méu kich ban bdo vé chuyén mach va phuc hoi
Ta xé6t mot vong lién két Ehernet bao gdm 6 nut mang, st dung giao thic

ERPS theo chuan G.8032 dé chuyén mach bao vé.

A. Trang thai Idle State (Trang thai binh thuong - khéng c6 15i)

- Vong Ethernet c6 mdt nut
mang dong vai tro chu s¢ hiru RPL
la RPL-Owner. Nt mang c6 cong
két nbéi v6i RPL-Owner qua lién
két RPL ra dinh nghia 1a RPL-
Neighbor. O trang thai ban dau lién
két RPL déu duoc chin tai céc
cong két ndi téi RPL trén ca RPL-
Owner va RPL-Neighbor dam bao
vong khong bi 1ap

- MGi lién két s& duoc giam
sat boi 2 nat 1an can bang cac ban

tin ETH-CC
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- Vé mat vat ly, vong van kin,

cac lién két khong bj 16

- Luu lugng dugc chuyén tiép

theo mo hinh logic

M6 hinh vat 1y

O—0D ©

O——C

Mo hinh logic

B. Trang thai Protection Switchin

' — Lién két bij 16i (Chuyén mach bio vé)

- Lién két hodc c6 thé nat
mang 16i dugc phat hién boi cic
nut lan can

- Céc niit 1an can 15i giri/nhan
ban tin SF bao hiéu lién két khong
thanh cong va guri di cac ban tin R-
APS(SF) dén cac nat khac trong
vong

- Khi nhan dugc ban tin R-
APS(SF) tir cac nat 1an can 10i thi
RPL Ower bo chin lién két RPL va
tat ca cac nut kich hoat FDB.

- Khi d6 toan b cac nut mang

R-APS(SF)
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déu & trang thai bao vé protection

state.

- Lién két giira nt 4 va 5 bi
16i vi vady mod hinh vat ly duogc
chuyén dbi thanh chan lién két giita
4 vab

- Mo hinh logic ciing chuyén

dbi theo dé chuyén tiép luu luong.

@0 90@

ﬂ @D—3 9 D6
Chuyén d6i mé hinh vat ly

D—0 ©® o0 ©

—@—3 —@ G
Chuyén d6i mé hinh logic

C. Protection Switching — Phuc

hdi 16i (Chuyén mach hdi quy)

- Khi lién két 16i duoc phuc
hoi, luu luong truy cap sé bi chan
trén cac nat lan can lién két da
phuc hdi

- Céc nut 1an can lién két phuc
hdi giri ban tin R-APS(NR) cho
biét hién chung khong co lién két
16i ndi bo.

- Khi RPL-Owner nhian duogc
ban tin R-APS(NR) né bat dau kich
hoat by dinh tho1 WTR

- Khi bd dinh thoi WTR hét
han, RPL-Owner s& chan lién két

R-APSIMNR, RE)

2—0—© 2 0@
el ol
O— @5l —@—O
Chuyén d6i mé hinh vat 1y

O—0—~@©® O—0 ©

=
O—® ® 06 @ 6
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RPL va truyén ban tin R- | Chuyén d6i mé hinh logic
APS(NR,RB)

- Céc nut trong mang nhan
dugc ban tin R-APS(NR,RB) thuc
hién kich hoat FDB va bd chan

cong trudce do.

- Ring tr¢ lai trang thai Idle

Béng sau thé hién chi tiét trang thai thiét bi voi cac tin hiéu dau vao nhan duoc va
cach thirc xur ly tuong Ung.
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Bang 2.2: Cac trang thai nat mang

Inputs Outputs
Trang  thai | Cac yéu cau wu | Row | Cach xir Iy twong tng Trang
nat mang tién cao # thai  ké
tiép cua
nut mang
- Dung hen gio bao vé
(guard timer)
- Dung hen gio WTR
Khoi tao (khi lan - Néu 1a RPL-Owner:
dau tién ciu hinh 0 Chin céng RPL va B
dinh nghia vong khong chan cong con
lién két ERPS) lai. Truyén R-
APS(NR,RB)
- Céc nat mang khac:
chin ca 2 cong.
A — Trang - Chan céng bi 16
thai binh - M¢ cong khong bi 15i
thuong- cac | Local SF 1 con lai. B
nat mang - Truyén R-APS(SF);
khong  phét - Flush FDB
hign lién két | Local clear SF 2 - Giit nguyén A
16i - Mé cong khong bi 16i
(dle — RpL | R-APS(SF) 3 |. Dimg trﬁyén RAPS | B
bi chan va| WTR hét han 4 - Gilr nguyén A
cac cong | WTR kich hoat |5 - Giit nguyén A
khac bo chéin - M6 chin cong khon
dé  chuyén | R-APS(NR-RB) |6 ohdi o RPL & IONE | A
ﬁfgng) ou | o APS(NR) 7 |- Giitnguyén A
B- Trang thai - Chan cong bi 16i
bao vé - khi - Mé cong khong bi 16i
c6 mot lién | Local SF con lai. B
két bi 16i - Dimg WTR
trong  vong - Truyén R-APS(SF)
(Protection - - Bat dau thoi gian bao
Lién két 18i bi | Local clear SF vé B
chin con - Truyén R-APS(NR)
RPL va cac - Dung WTR
lién két | R-APS(SF) - M6 chin cong khong | B

khong bi 13i

bi 16i
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Inputs Outputs
Trang  thai | Cic yéu cau wu | Row | Cach xir Iy twong tng Trang
nat mang tién cao # thai  ké
tiép cua
nit mang
dugc mo dé - Dumng truyén R-APS
chuyén tiép - Chan cong RPL
luu lugng) - Mo chan cong khai
WTR hét han phai 1a RPL A
- TruyénR-APS(NR,RB)
- Flush FDB
WTR kich hoat - Gilt nguyén B
- Néu nut mang
khong phai la RPL-Owner
R-APS(NR-RB) thi m& chan ca 2 port, A
dimng truyén R-APS
R-APS(NR) - Néu 1a RPL-Owner B

thi bat dau bo WTR

2.3. Céu hinh, do kiém mét hé¢ thong miu

Hién tai, trén mang truy nhap Ethernet cua cac VNPT Tinh/Thanh ph6 truc

thudc VNPT str dung rat nhidu cac L2 Switch dé thyc hién gom Iuu luong ciing nhur

cung cip cac dich vu truc tiép. Trong d6 sé luong L2 Switch ma hiéu Lightsmart

V2224G-OP do Céng ty c6 phan cac hé théng vién thong VNPT-FUJITSU (VFT)

cung cap chiém sb luong chii yéu. S6 luong trén toan mang VNPT xap xi 20.000

switch.

Ethernet Switch Lightsmart V2224G-OP 1a thiét bi chuyén mach 16p 2 hd tro

SFP cam roi dé da dang cac thué bao FTTH ciing nhu két ndi ti cac tram di dong

dé gom luu luong [10].

Vi yéu cau tao nén mot vong lién két Ethernet c6 kha nang chuyén mach bao

vé v6i thoi gian chuyén mach <50ms. D& xuat mo hinh thir nghiém sau day.

2.3.1. Théng tin thiét bi

¢ Cau hinh phan cirng

- Thiét bi Lightsmart V2224G-OP hd tro 88Gbps Switching Fabric.
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Giao dién két ndi d cb dinh trén thiét bj bao gdm:24x 100/1000Mbs BaseX SFP
Hai khe cam mé rong cho két ndi tdi Uplink:

Két ndi Uplink véi toe do 2x 10/100/1000Mbs baseT, 100/1000Mbs SFP.
Két ndi toi Uplink véi tbe dd 2x 10Gbs BaseX SFP

Két ndi toi Uplink voi toe do 1a 2x GPON port hay GEPON port

% Chirc nang cia port Ethernet 16p 2

HO tro chirc ning Store va Forward goi tin theo chuan Ethernet

S6 ID cia VLAN va s Vlan hd tro trén Switch 1a 4K (1-4096) theo 802.1Q

HO6 tro cdu hinh céng theo Vlan theo E-LAN, E-LINE, E-TREE tuan thu theo
tiéu chuén CE 2.0 va tuan tht hoan toan theo tiéu chuan cua MEF 9/14.

Hb trg Vlan private hay Port Isolation dé tich kiém Vlan ciing nhu ¢6 1ap luu
lugngkhach hang ma st dung chung cung mot Vlan.

Ho trg Vlan Stacking, Vlan Translate, QinQ, Flexible QinQ, GVRP

HO tro tu dong hoc MAC theo VLAN va theo cong Switch.

H) trg gop dung luong vat Iy thanh mot dudng Logical tuan thi hoan toan theo
giao thirc IEEE 802.3ad Link bundlink.

Thiét bi hd trg 1én t6i 15 Trunk Group tinh va 8§ nhom LACP.

Cac cong Logical duoc khoi tao sé chia tai theo dia chi ngudn va dich MAC hay

ngudn va dich dia chi IP.

Duong Trunk logical nay s€ hoat dong bao v¢ la 1+1 hay 1:N.
Ho tro bao vé ring theo G.8032(ERP), STP, RSTP (2004 edition), MSTP,
PVSTP,PVRSTP.

j—— I'_'L__'EE='!'E=I painin

N=1= = 2l - ]  — H=EE=

Hinh 2.6: So' d6 miit sau thiét bi Switch VV2224G-OP
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Ta xét mot mo hinh mang gdm 4 switch Lightsmart V2224G-OP duoc két ndi

nhu sau:

L

3‘

RPL Neighbor

RPL Owner

East
.1

Eastl 2

¥ v2224G-0r W

RPL WGSE-

2 1West

N v2224G-0p BB

#4 West

103/3

‘ RPL Next-neighbor

101/4

#3

East

Hinh 2.7: M6 hinh két ndi thir nghiém sir dung Switch V2224G-OP

- 4 Switch V2224G-OP duoc két ndi thanh mot vong lién két khép kin

- Giao dién két ndi gitta cac switch 13 giao dién quang toc d6 1Ge

- MBOi switch duge két ndi voi mot may do ethernet ky hiéu tir 101/1 dén 101/4.

Bing 2.3: Thong tin phién ban va hé thong Switch V2224G-OP

R1

R2

V2224GOP_1# show ver
NOS version 3.15 #0038
V2224GOP_1# show system

SysInfo(System Information)
Model Name 1 V2224G-0OP
Main Memory Size : 256 MB
Flash Memory Size : 32 MB
H/W Revision : DS-C4-38E-Al

V2224GOP_2# show ver
NOS version 3.15 #0038
V2224GOP_2# show system

SyslInfo(System Information)
Model Name : V2224G-0OP
Main Memory Size : 256 MB
Flash Memory Size : 32 MB
H/W Revision : DS-C4-38E-Al
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H/W Address
18:d0:71:0f:c5:6f

RTC Information

Serial Number
MF6RRRG150A0005

S/W Compatibility : 4,3

NOS version: 3.15 #0038

B/L Version : 01.17.0003

- M41T11

H/W Address
00:d0:cb:f4:a6:6f

RTC Information

Serial Number
ME7RRRG031A0964

S/W Compatibility : 4, 3

NOS version: 3.15 #0038

B/L Version : 01.17.0003

s M41T11

R3

R4

V2224GOP_3# show ver
NOS version 3.15 #0038
V2224GOP_3# show system
SyslInfo(System Information)
Model Name 1 V2224G-0OP

Main Memory Size : 256 MB
Flash Memory Size : 32 MB

H/W Revision : DS-C4-38E-Al
H/W Address

00:d0:cb:f4:a6:3b
RTC Information :M41T11

Serial Number
ME7RRRG031A0912

S/W Compatibility : 4,3
NOS version: 3.15 #0038

B/L Version : 01.17.0003

V2224GOP_4# show ver
NOS version 3.15 #0038
V2224GOP_4# show system
SysInfo(System Information)
Model Name : V2224G-OP

Main Memory Size : 256 MB
Flash Memory Size : 32 MB

H/W Revision : DS-C4-38E-Al
H/W Address

18:d0:71:0b:40:ec
RTC Information : M41T11

Serial Number
MF3RRRG150A0113

S/W Compatibility : 4,3
NOS version: 3.15 #0038

B/L Version :01.17.0003

Ta str dung cu hinh sau ddy cho cac switch thir nghiém

Bang 2.4: Cau hinh thir nghiém ERPS ciia Switch V2224G-OP

R1

R2

VV2224GOP_1# sh run
I

hostname V2224GOP_1
I

time-zone GMT+7
|

ntp 212.26.18.41
!

VV2224GOP_3# sh run
I

Hostname V2224GOP_3
I

time-zone GMT+7
|

ntp 212.26.18.41
!
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syslog output info local volatile
syslog output info local non-volatile
syslog output debug console

|

bridge

vlan create 100,200

!

vlan add default 4-43 untagged
vlan add br100 1-3 tagged
vlan add br200 1-3 tagged

|

port nego 1-3 off
!

interface lo

no shutdown

!

interface mgmt
no shutdown

ip address 10.72.202.81/24
!

interface default
no shutdown

I

ethernet oam enable

|

ethernet oam r-aps 1 level 5 vlan 100
traffic-vlan 1-4094

ethernet oam r-aps 1 wait-to-restore 1
ethernet oam r-aps 1 ringports east 1
west 2

ethernet oam r-aps 1 rpl east owner
ethernet oam r-aps 1 enable

|

I-End

syslog output info local volatile
syslog output info local non-volatile
syslog output debug console

|

bridge

vlan create 100,200

!

vlan add default 4-43 untagged
vlan add br100 1-3 tagged
vlan add br200 1-3 tagged

|

port nego 1-3 off
I

interface lo

no shutdown

I

interface mgmt
no shutdown

ip address 10.72.202.82/24
I

interface default
no shutdown

I

ethernet oam enable

!

ethernet oam r-aps 1 level 5 vlan 100
traffic-vlan 1-4094

ethernet oam r-aps 1 wait-to-restore 1
ethernet oam r-aps 1 ringports east 1
west 2

ethernet oam r-aps rpl west neighbour
ethernet oam r-aps 1 enable

!

End

R3

R4

VV2224GOP_3# sh run
I

Hostname V2224GOP_3
I

time-zone GMT+7
|

ntp 212.26.18.41
!

2224GOP_4# sh run
I

hostname V2224GOP_4
I

time-zone GMT+7
|

ntp 212.26.18.41
!
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syslog output info local volatile
syslog output info local non-volatile
syslog output debug console

|

bridge

vlan create 100,200

!

vlan add default 4-43 untagged
vlan add br100 1-3 tagged
vlan add br200 1-3 tagged

|

port nego 1-3 off
!

interface lo

no shutdown

!

interface mgmt
no shutdown

ip address 10.72.202.83/24
I

interface default
no shutdown

I

ethernet oam enable

!

ethernet oam r-aps 1 level 5 vlan 100
traffic-vlan 1-4094

ethernet oam r-aps 1 wait-to-restore 1
ethernet oam r-aps 1 ringports east 1
west 2

ethernet oam r-aps 1 enable

!

End

syslog output info local volatile
syslog output info local non-volatile
syslog output debug console

|

bridge
vlan create 100,200

!

vlan add default 4-43 untagged
vlan add br100 1-3 tagged
vlan add br200 1-3 tagged

|

port nego 1-3 off
I

interface lo

no shutdown

I

interface mgmt
no shutdown

ip address 10.72.202.84/24
I

interface default
no shutdown

I

ethernet oam enable

!

ethernet oam r-aps 1 level 5 vlan 100
traffic vlan 1-4094

ethernet oam r-aps 1 wait-to-restore 1
ethernet oam r-aps 1 ringports east 2
west 1

ethernet oam r-aps 1 rpl east
ethernet oam r-aps 1 enable

!

End

Mot s6 khai niém trong cau hinh cia switch Lightsmart V2224G-OP

Bing 2.5: Y nghia cic ciu 1énh cAu hinh ERPS ciia Switch \V2224G-OP

Cau Iénh

Y nghia ciu Iénh

hostname V2224GOP_1

Dit lai tén thiét bi

vlan create 100,200

Khéi tao 2 vlan 100 va vlan 200
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Cau lénh

Y nghia ciu Iénh

vlan add br100 1-3 tagged

Gan cac céng 1,2,3 vao vlan 100

vlan add br200 1-3 tagged

Gén cac cong 1,2,3 vao vlan 200

port nego 1-3 off

Tat tinh ning auto negotiation trén

céng 1,2,3.

ethernet oam enable

Kich hoat tinh ndng OAM trén switch

ethernet oam r-aps 1 level 5 vlan 100
traffic-vlan 1-4094

Khoi tao R-APS

id: 1

meg-level: 5
Control-vlan: 100
Traffic-vlan: 1-4094

ethernet oam r-aps 1 wait-to-restore 1

Khéi tao bo dinh thoi WTR va thoi
gian hét han 1a 1 phut

ethernet oam r-aps 1 ringports east 1

west 2

Dinh nghia 2 cong thudc ring R-APS:
Cong 1: east

Cong 2: west

Luu y quan trong 13 cac cong két ndi
giita 2 niit mang ludn ludn phai két nbi

giita 2 cong dinh nghia east va west.

ethernet oam r-aps 1 rpl east owner

Dinh nghia switch la RPL-owner va

link RPL trén cong east

ethernet oam r-aps 1 rpl west neighbour

Dinh nghia switch 1a neighbour va link

RPL trén cong west

ethernet oam r-aps 1 rpl east next-

neighbour

Dinh nghia switch 14 next-neighbour
(switch c6 cong két ndi cong con lai

cua RPL-Owner khac véi RPL)

ethernet oam r-aps 1 enable

Kich hoat R-APS
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Ta c6 mo hinh két ndi sir dung 4 switch két ndi véi nhau thanh mot vong lién két

Ethernet. Cac switch khai bao cdu hinh R-APS (ERPS theo chuan G.8032) dé bao

v€ vong lién két.

Cac céng 1, 2 trén cac switch thugc vong lién két duge dinh nghia la east va

west.

Meg-level: Mién bao tri hay mién hoat dong ¢6 gia tri 1a 5

B dinh tho1 ¢6 thoi gian hét han 1a 1 phut

Vlan-control la vlan 100, vlan dich vu la vlan 200
Switch ¢ hostname V2224GOP_1 déng vai trd 1 chu sé hitu lién két RPL
(RPL-Owner)

Switch c¢6 hostname V2224GOP_2 dong vai tro 1a hang x6m cia chu s¢ hitu

lién két RPL (RPL-Owner)

Céng 3 trén cac switch két ndi voi may do ethernet sir dung vlan dich vu 200

2.3.3 Két qua thir nghiém

Thir tw | Cac bwéc tién hanh Két qua mong doi
1 - Show port - Tat ca cic nit mang trong
- Show ethernet oam r-aps trang thai binh thuong (Idle)
thai binh
thuong ‘ ‘
(dle) ’ :
RPL Owner llEaSt W“tll RPL Neighbor
2 |East

Eastl2

&Y Vv2224G-0p B!

2 1West

1Y v2224G-0p B

LIS \\/ o st

103/3 e

RPL Next-neighbor

East RS

e 101/4
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V2224GOP 1#
V2224GOP 1# show port 1-3

TYPE BVID COS STATUS MODE FLOWCTRL INSTALLED
(ADMIN/OPER) (ADMIN/OPER)
Ethernet 1 0 up/up Force/Full/1000 oOff/ Off Y
Ethernet 1 0 Up/up Force/Full/1000 oOff/ off Y
Ethernet 1 0 Up/up Force/Full/1000 oOff/ off Y
V2224GOP 24
V2224GOP_24# show port 1-3
TYPE BFVID COS STATUS MODE FLOWCTRL INSTALLED
(ADMIN/OPER) (ADMIN/OPER)
Ethernet 1 0 up/up Force/Full/1000 Off/ Off Y
Show Ethernet 1 0 up/up Force/Full/1000 oOff/ Off Y
ort Ethernet 1 0 up/up Force/Full/1000 oOff/ Ooff Y
p V2224GOP_3#
V2224GOP_3# show port 1-3
TYPE BFVID COS STATUS MODE FLOWCTRL INSTALLED
(ADMIN/OPER) (ADMIN /OPER)
Ethernet 1 0 Up/up Force/Full/1000 off/ off Y
Ethernet 1 0 up/up Force/Full/1000 oOff/ off Y
Ethernet 1 0 Up/up Force/Full/1000 off/ off Y
V2224GOP A#
V2224GOP 4# show port 1-3
TYPE BVID COS STATUS MODE FLOWCTRL INSTALLED
(ADMIN/OPER) (ADMIN/OPER)
Ethernet 1 0 up/up Force/Full/1000 off/ off Y
Ethernet 1 0 up/up Force/Full/1000 off/ off Y
Ethernet 1 0 up/up Force/Full/1000 off/ off Y
v2224c0P 1#
V2224GOP 1# show ethernet oam r-aps
Ring-ID Control-VLAN Traffic-VLANs Ring State Bridge Role East Port West Port
1-4094 A (Idle) RPL-Owner 1 Blocking 2 Forwarding
v2224GOP_2#
V2224GOP_24# show ethernet oam r-aps
Ring-ID Control-VLAN Traffic-VLANs Ring State Bridge Role East Port West Port
ShOW 1-4094 A (Idle) Neighbour 2 Forwarding 1 Blocking
ethernet _
V2224GOP_3#
Oam r- V2224GOP_3# show ethernet oam r-aps
a{)s Ring-ID Control-VLAN Traffic-VLANs Ring State Bridge Role East Port West Port

2 Forwarding

Ring-ID Control-VLAN Traffic-VLANs Ring State

1-4094 A (1dle)

V2224GOP_4#
V2224GOP_4# show ethernet oam r-aps
Bridge Role

East Port

Next-Neighbour 2 Forwarding

West Port

1 Forwarding
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2 - Truyén luu luong gitta 101/4 |- Thiét bi hoc dwoc MACs

va 101/1. va luu luong khong bi rét

goi.
Ché do
101/1 101/3
Idle
RPL Owner ST 1222 G.0P Neighbor
103/3 Ef v222:G0p B 101/4
RPL Next-neighbor , )

- Trang thai binh thuong: Luu lugng dugc chuyén tiép qua 3 nit
mang 1,4,3. Puong di cua luu lugng dugc thé hién qua duong
mau xanh la.

Show
mac
3 - Truyén luu lugng gitra 101/1 va | - Luu lugng dugc chuyén

101/4 tiép qua switch 2
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- Thuc hién ngat két ndi cong 2 |- Thoi gian chuyén mach

trén switch 4 <50ms
Ché do
protect
RPL Owner RPL Neighbor
RPL Next-neighbor
- Luu lwong dugc chuyén tiép ngay lap tac tir switch 1 sang
switch 2 dén switch 3 va nguoc lai.

- Lién két giira Switch 1 va switch 4 bj block.
Thoi

All Ports 1799997 1797648 115199808 115049472 51,200 51.133 nfa 1163
gian 101/1->101/4, R1--->R3 1799997 1797648 115199808 115049472 51,200 51.133 2349 11,63

101/1->103/3, R1--->R4 [ ] ( 0,000 a0
chuyén 101/4->101/1, R3-->R1 : 0 0 0 0000 0,000
103/3->101]1, R4---3R1 | | ' 0.000 .000

mach o . . )

Thoi gian chuyén mach dugc may do thé hién xap xi 23.49ms

<50ms
4 - Dung truyén luu luong - Tat ca cac nut mang tro

- Bat lai cong 2 trén switch 4 lai trang thai idle sau

- Clear Mac thoi gian 1 phat

- Show ethernet oam r-aps
show V2224GOP_1#

V2224GOP_1# show ethernet oam r-aps

ethernet Ring-ID Control-VLAN Traffic-VLANs Ring State Bridge Role East Port West Port
oam r- |, T
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aps

V2224GOP_2#
V2224GOP_2# show ethernet oam r-aps
Ring-ID Control-VLAN Traffic-VLANs Ring State Bridge Role East Port West Port

1 100 1-4094 A (Idle) Neighbour 2 Forwarding 1 Blocking

V2224GOP_3#
V2224GOP_ 3# show ethernet oam r—aps

Ring-ID Control-VLAN Traffic-VLANs Ring State Bridge Role East Port West Port
1 100 1-4094 A (1dle) Normal 1 Forwarding 2 Forwarding
V2224GOP_4#

V2224GOP_4# show ethernet oam r-aps
Ring-ID Control-VLAN Traffic-VLANs Ring State Bridge Role East Port West Port
1 100 1-4094 A (Idle) Next-Neighbour 2 Forwarding 1 Forwarding

- Truyén luu luwong giita |- Thiét bi hoc dugc MACs va

103/3 va 101/1. luu luong khong bi rét goi.

Ché d6
Idle

101/3

RPL Owner RPL WeStF RPL Neighbor

2 |East

West

2
1§ v2224G-0p B
s 101/4
East #3

Trang thai binh thuong: Luu luong dugc chuyén tiép qua 2 nut

RPL Next-neighbor

mang 1,4. Puong di cia luu luong duge thé hién qua dudng mau

xanh la.

Show
mac

V2224GOP_1# show mac

vid port mac addr permission status in use
200 eth02 00:00:00:03:00:03 OK dynamic 13.21
200 eth03 00:00:00:01:00:01 OK dynamic 13.21

V2224GOP_4# show mac

vid port mac addr permission status in use
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200 eth02 00:00:00:01:00:01 OK dynamic 13.21
200 eth03 00:00:00:03:00:03 OK dynamic 13.21
6 - Truyeén luu luong gitta 101/1 | -  Luu luong dugc chuyeén tiep
va 103/3 gua switch 3 va switch 2
- Thuc hién ngat két ndi cong Thoi gian chuyén mach
2 trén switch 4 <50ms
Trang
thal 101/1 101/3
protect '
L 3
RPL Owner —nblock RPLWLSE—- RPL Neighbor
WestT2 D |East
Eastage? 4 |West
{1 D 1 u| V -
103/3 ¢ ———% e V22245:0p [E 101/4
W- = -
RPL Next-neighbor
- Luu lugng dugc chuyen tiép ngay lap tac tu switch 1 sang
switch 2 qua switch 3 dén switch 4 va nguoc lai.
- Lién két giira Switch 1 va switch 4 bj block.
ThO’l Al Ports 1699997 1697763 108799808 108656832 51.200 51.133 njfa 10,06
gian 101/1->101/4, R1---3R
chuyén 101/1->103/3, R1--->R4 1699997 1697763 108799808 108656832 51.200 51.133 2234 10.06
mach OLA->I0 )
Thoi gian chuyén mach duoc may do thé hién xap xi 22.34 ms
<50ms
7 - Truyeén luu luong gitra 101/1 | - Luu lugng dugc chuyén tiep

va 103/3 9
Thuc hién bat lai cong 2 trén
switch 4

tryc tiép gitra switch 1 va 4
Thoi gian chuyén mach
<50ms
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i - -
101/1 101/3
thai Idle
RPL Owner RPL Neighbor
21 West
e 1Y v22246-0r NN i
East W&
RPL Next-neighbor
- Luu luong dugc chuyén tiép ngay lap tac tir switch 1 sang
switch 4 va nguoc lai.
- Lién két giira Switch 1 va switch 2 bj block (RPL)
- Trang thai vong lién két tro lai binh thuong sau khi bo dém
WTR hét han (Idle)
Thoi Al Ports 1799997 1797513 115199808 115040832 51200  51.129 nfa 10.28
|an 101/1-»101/4, R1--->R3 0 0 1] 0 0.000 0.000 0
g 101/1-=103/3, R1---=R4 0 I 0 { 0.000 0.000 1]
Chuyén 101/4->101/1, R3 R1 0 I 0 I 0,000 0.000 1]
103/3->101/1, R4-—->R1 1799997 1797513 115199806 115040832 51.200 51.129 2484 10,28
mach i 2 , 2 A e s
: Thoi gian chuyén mach dugc may do thé hién xap xi 24.84 ms
<50ms

2.3.4. Két lu@n thir nghiém

Véi cac tiéu chi c6t 16i cia mot vong lién két Ethernet, mo hinh thir nghiém

lién két 4 switch Lightsmart V2224G-OP di dap tng tét, cu thé nhu sau:
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Bang 2.6: Két qua thir nghiém ERPS ciia switch V2224G-OP

Tiéu chi Két qua thir nghiém

Tao mot vong lién két Ethernet Dap tng

HO trg giao thuc ERPS theo chuan | Dap tmg
G.8032

Khong c6 hién tuong lap (loop) dir li¢u | Bap ung

trong vong lién két

Tin hiéu dugc chuyén tiép binh | Pap Gmg
thuong, khong c6 16i o trang thai binh
thuong (Idle)

Tin hiéu duoc chuyén mach khi vong | Pép Gng

lién két phat hién su cd

Thoi gian chuyén mach <50ms Dép ting

2.4. Két luan chwong
ERPS thuc sy 1a mot giai phap hiéu qua vé mit kinh té, trién khai nhanh chéng

dé cung cap kha ning chuyén mach bao vé lién két Ethernet ma khong can thay doi
cac chtrc ning chuyén tiép luu lugng, loc dir lidu san c6 trén mang Ethernet. ERPS
theo chuan G.8032 don gian chi tan dung kha ning sin c6 ciia mang Ethernet va b
sung phan mém hd trg giao thitc ERPS (hay con nhiéu tén goi khac nhu ERP, R-
APS). ERPS hd tro tit ca cac giao dién vét 1y chudn Ethernet nhu 100M/1Ge
/10Ge/100Ge, vi vay co thé dé dang nang cap dung luong ctia vong lién két, nang
cao viée sir dung bang thong mot cach c6 hiéu qua. Kha ning chuyén mach nhé hon
50ms dap ung duoc viéc cung cip cac loai dich vu yéu cau do tré thap nhu

LTE4G/3G/2G.
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CHUONG 3: UNG DUNG ERPS VAO MANG TRUY NHAP
ETHERNET TAI VIEN THONG TINH THANH HOA

3.1. Gidi thiéu chwong
Tim hiéu mang truy nhap Ethernet tai Vién Thong tinh Thanh Hoa. Xdy dung

mo hinh ERPS ting dung vao mang truy nhap Ethernet tai Vién Thong tinh Thanh

Hoa. Theo ddi, danh gia hiéu ning cta hé thdng trude va sau khi ap dung ERPS.

3.2. Mang truy nhip Ethernet Vién Thong Tinh Thanh Hoéa
Thanh Hoéa 1a mot tinh 16n ctia Bic Trung Bo, ¢6 1anh tho rong 16n: 11.129,48

km?2, 1a tinh c6 dién tich 16n thtr 5 trong ca nude. Pia hinh Thanh Hoa kha phtec tap,
chia cit nhiéu va thip dan theo hudéng T4y - Pong. Tir phia Tay sang phia Pong c6
cic dai dia hinh nui, trung du, dong bang va ven bién. Trong tong dién tich
11.129,48 km2 thi dia hinh nui, trung du chiém 73,3%; dong bang 16% va ving ven
bién 10,7% [1].

Theo Nién giam Théng ké Thanh Hoéa nim 2014, tinh Thanh Hoa c6
3.496.600 nguoi, 14 tinh c6 s6 dan dong tht ba trong ca nudc (sau thanh phd H6 Chi
Minh va thu do6 Ha Noi) va la tinh dong dan nhat so véi sau tinh Bac Trung Bo.
Thanh Ho4 1a tinh ¢4 nhiéu don vi hanh chinh nhét ca nuéc véi 27 don vi hanh
chinh cip huyén va twong duong, c6 579 x4, 30 phuong, 28 thi trdn va 6.031 thon,
x6m, ban lang; trong d6 c6 184 xa mién ndi va 12 thi trdn mién ndi (s6 liéu nam
2014). Tinh c6 6 huyén, thi xa thugc ving ven bién, 11 huyén thudc vung nti va 10
huyén, thi x3, thanh phd thudc viing dong bang [1].

Vi diéu kién dia 1y va xa hdi nhu vay, VNPT Thanh Hoéa 1a mot trong nhiing
tinh c6 sb lugng khéach hang 16n nhat ca nudc. Véi sy da dang vé cac loai hinh cung
cap dich vu:

- Dich vu dién thoai: bao gém thoai ¢6 dinh, di dong va cac loai hinh gia tri gia
tang khac.

- Dich vu internet: cap quang fiber VNN.

- Dich vu ndi dung: nhu S6 lién lac dién tu, hop thu tu dong 8011, 1080...
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- Dijch vu IDC: bao gdm domain, web hosting, mail-online. ..
- Dich vu truyén dir li¢u: nhu megawan, kénh thué riéng lease line, metronet,
truyén hinh hdi nghi, dich vy truyén sb liéu chuyén ding.
- Djch vu MyTV: trén ha ting cap quang va cap dong [2].
Tinh dén thang 8 nam 2020, ) luong khéach hang str dung cac dich vu chu dao nhu
Sau:
- Dich vu Internet: > 200.000 thué bao
- Dich vu dién thoai ¢ dinh: >27.000 thué bao
- Dich vu MyTV: > 100.000 thué bao
Vé di dong s6 luong thué bao tra sau > 110.000 thué bao va > 1.000.000 thué
bao tra trude voi s lugng cac tram di dong phu séng 99% dia hinh toan tinh.
- S luong tram 2G: > 800 tram
- S luong tram 3G: > 900 tram
- S6 luong tram 4G: > 700 tram
So luong théng ké dua trén s liéu thuc té nhung dé dam bao an toan thong tin

thi c4c gid tri trén mang tinh twong ddi.
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Hinh 3.1: M6 hinh mang truy nhiap Ethernet cia VNPT Tinh Thanh Hoéa

Mang truy nhap Ethernet tai VNPT Tinh Thanh hoa cé thé chia lam 3 16p

chinh:

Ring IP core 130G bao gdm cac Router Juniper, két ndi dén cac server cung cap
dich vu VoD(MyTV), dén Bras cung cdp xac thuc Internet 7 tham s,
4G/RNC/BSC cho di dong va cac server cung cip dich vu khac. Giao thic dinh
tuyén la MPLS va IS-IS

Ring IP sub gém cac Ring router Juniper dung lugng tir khoang 30G dén 100G
bao dung dé gom luu lugng tir phia mang ethernet thuan layer 2. Giao thtc dinh
tuyén 1a MPLS, 1S-IS hoic VRRP.

Bao gdm toan bo céc thiét bi tir 16p switch aggregation (gom), switch access, cac
thiét bi OLT, DSLAM, cac tram di dong dén dau cudi khach hang. Pay 1a 16p
mang truy cdp Ethernet thuan layer 2 c6 thé a4p dung nhanh chong giao thirc

ERPS theo chuan G.8032 vao viéc chuyén mach bao vé. Ta c6 thé goi 16p nay la
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mién truy nhip clia mang truy nhp ethernet boi vi cac két cudi cia mang nim &
16p nay.

Trong mién truy nhdp, ta co thé thiy duoc cac switch AGG(Aggregation)
dong vai tro v ciing quan trong trong viéc chuyén tiép luu luong. N6 vira c6 thé
dong vai tro 13 switch access cung cap dich vy, vira c6 thé 1a thiét bj mobile
backhaul cho di dong va ciing c6 thé déng vai trd diing nhu tén goi Aggregation 1a
gom luu luong layer 2 dé chuyén tiép 1én ting cao hon.

Céc switch AGG trén mang VNPT Tinh Thanh Hoa bao gom nhiéu chung loai
Cua cac hang cung cép thiét bj nhu VFT, Huawei,ZTE, Cisco... Trong do sb luong
switch do VFT cung cap chiém 70% véi hon 600 switch phil khip cac tram trén dia
ban VNPT Tinh Thanh Hoa. Tuy nhién, cic giai phdp chuyén mach bao vé déu dua
trén cac thao tac thi cong ctia ngudi van hanh, khai thac khi phat hién su c¢d. C6
mot vai vong lién két st dung STP hay RSTP nhung chua dap tng dugc yéu cau
dich vu can do tré thap. Pay 1a mot méi trudng 1y tudong dé trién khai thir nghiém
ciu hinh ERPS theo chuan G.8032 dé chuyén mach bao vé layer 2 nham nang cao
do tin cay cua h¢ théng ma yéu td dic biét chu trong & day la bao v¢ duong truyén,

dam bao tinh lién tuc cua dich vu.
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L&p Ring Ethernet gdm cac Router IP cor.

L&p Ring Ethernet gébm cac Router bién .

L&p Ethernet thuan layer 2 -

n

LAPTOP TELEVISION TELEPHONE

Thia

2G /3G /4G MULTIMEDIA CAMERA

Hinh 3.2: Mé hinh phan cip mang truy nhap Ethernet cia VNPT Tinh Thanh
Hoéa

3.3. Cac md hinh dé xuét thir nghiém
Tir viéc tim hiéu cau tric mang cua mang truy cap Ethernet tai VNPT Tinh

Thanh Hoa ta c6 thé ap dung mot s6 mo hinh co ban sau day.
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3.3.1. M6 hinh Ring ERPS c6 mt dwong uplink lén Router

3

RPL Next-neighbor

East West

1 1

PL-BLOC

West East

RPL Owner RPL Neighbor
Hinh 3.3: M6 hinh thir nghiém Ring ERPS c6 m§t duwong uplink 1én Router

3.3.2. M6 hinh Ring ERPS co hai dwong Uplink lén ciung mgt Router

West

RPL Owner RPL Neighbor

Hinh 3.4: M6 hinh thir nghiém Ring ERPS c¢6 hai duwdng uplink 1én mgt Router
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3.3.3. M0 hinh Ring ERPS c6 hai dwong Uplink lén hai Router

RPL
West

bor

1 1

West East

RPL Owner RPL Neighbor

Hinh 3.5: M6 hinh thir nghiém Ring ERPS c¢6 hai duwdng uplink 1én hai Router

Trén day 1a ba mo hinh khép Ring dé dang ap dung ERPS trén mang truy nhap
VNPT Tinh Thanh Héa. V&i cac két ndi Point to Point va Point to Multipoint gitra
cac switch V2224G-OP trén mang, ta c6 thé dé dang khép ring bang viéc bo sung
thém céc két ndi trén cac dudng quang sin c6, hoic bd sung mot duong quang méi
ma khong can nang cip thiét bi.

Trong c4a ba mo hinh noi trén ta cé thé théiy viéc chon vi tri RPL ¢6 thé tbi wu
hoa bang thong trong Ring mdt cach hi¢u qua. Viéc chon RPL sao cho khi & trang
thai Idle thi luu luong s& dugc cic switch chuyén tiép trén hai hudng khic nhau
trong Ring, dam bao bang thong trén cac két ndi khong bi nghén. Duy nhét, mé hinh
trong hinh 3.3 c6 thé nghén do chi c6 mét dudng uplink 1én Router. Viéc ndy c6 thé
gay mat dich vu toan bo Ring néu Switch két ndi 1én Router khong hoat dong. Ta co

thé thdy mo hinh trong hinh 3.5 13 t6i wu nhat trong 3 mé hinh trén do c¢6 2 dudng
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uplink 1én 2 Router riéng biét. Co thé tdi wu hoa bang thong theo 2 hudng uplink
khac nhau. Khi ¢6 su cb tai mot switch két ndi truc tiép Ién Router thi luu lugng
trong Ring khong bi mét toan bo ma chi bi mat trén switch bi 13i.
Tir qué trinh thir nghiém va cac két qua trong viéc kiém tra tinh nang ERPS,
VNPT Tinh Thanh Héa da b tri thuc hién thi diém ca ba md hinh két ndi trén nhim
danh gia tinh hi¢u qua trén mang truy nhap Ethernet cia VNPT Tinh Thanh Héa.
Vi cac md hinh thi diém tai mang truy nhap cia VNPT Tinh Thanh Hoa.
Moi truong thir nghiém dugc thuc hién tai khu vuc Pong Son thude thanh phé
Thanh Hoéa. Khu vuc Dong Son hién tai co 4 switch V2224G-OP két ndi véi nhau
thanh mo hinh cay. Céac switch V2224G-OP tai khu vuc nay dong vai tro 1a switch
gom luu luong di dong, dich vu bang rong FTTH va cac dich vu khac. Dé trién khai
thir nghiém, viéc dau tién sé thiét 1ap duong truyén cap quang dé két ndi 4 Switch
thanh dang vong lién két nhu hinh 3.6. Tiép d6 s& thong ké luu luong trén cac
switch dé dua ra cach lwa chon chirc ning cho timg switch.Viéc str dung 4 switch
V2224G-OP dé khép ring nham muc dich thir nghiém trén mot Ring nho, sé luong
nat mang vira da dé khai bao cau hinh cac nut chirc ning
- RPL-Owner: Chu s hitu lién két RPL. Ludn chin lién két RPL & trang thai Idle
va m& chan khi Ring phat hién su cd

- RPL-Neightbor: Két ndi truc tiép v6i RPL-Owner qua lién két RPL. Ludn chin
lién két RPL ¢ trang thai Idle va md chin khi Ring phat hién sy cd

- RPL-Next neightbor: Két ndi truc tiép voi RPL-Owner qua lién két khong phai
RPL con lai trén RPL-Owner. Luén mo ca hai hudng lién két dé chuyén tiép luu
lugng & trang thai Idle.

- Va mot nat mang khong can dinh nghia chirc ning lién quan dén RPL.
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2 OLTBONG HUNG.
@]

2

P2 P2

Hinh 3.6: Mo hinh két noi hién trang tai vi tri thi diém ERPS

Do c4u hinh giao thic ERPS trong ca ba mé hinh trén déu nhu nhau nén trong
thoi lugng cua ludn van chi trinh bay viéc cAu hinh thir nghiém mo hinh c6 2 dudong
uplink I&n 2 Router kh&c nhau nhu mo6 hinh trong minh 3.5.

Lién két giita cac switch va Router 1a lién két quang dung luong 1Ge. Luu
lwong sau khi dugc chuyén tiép dén cac Router s& dugc boc phan mao dau Layer 2
dé dinh tuyén theo Layer 3 dén céc dia chi ip dich cua goi tin.

S6 lugng thué bao va nhu cau bang thong hién tai nhu sau:

Bing 3.1 Thong ké nhu cau bing thong ciia mé hinh thir nghiém

- 72thuébao |- 2tram4G - 12 thué bao
- 1tram 2G/3G | - 1 kénh thué

riéng

Switch
Dong Van
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BW: 216Mbps

BW: 50Mbps

BW: 46Mbps

312Mbps

- b0thuébao |- 1 tram4G - 16 thué bao
Switch - 1 kénh thué
Dong Vinh riéng
BW:150Mbps BW: 20Mbps BW: 58Mbps 228Mbps

787Mbps

Tong bang thong

Yéu cau dugc dit ra 1a cau hinh Ring Ethernet chuyén mach bao vé bang

ERPS theo chuan G.8032. Thoi gian chuyén mach, bao vé dam bao dich vu khong

gian doan theo c4c tiéu chi sau:

Dbi v6i Internet: Kiém tra bang cach dit ping dén dia chi 8.8.8.8. Yéu cau ti 1&
1ot goi < 10E-9 trong thoi gian chuyén mach bao vé ciing nhu hoan nguyén.

DPbi voi MyTV: Kiém tra bang cach xem mdt kénh truc tiép, dam bao kénh
khong bi gian doan. Chat lugng hinh anh tét

Ddi voi thoai: Khong bi gian doan cudc goi

Dbi voi dir liéu di dong: Kiém tra bang cach vao game online, dam bao qua trinh
choi game online khong bi gian doan.

Véi 3 mé hinh tmg dung ERPS dua ra ¢ trén thi dé toi uvu hoa bang thong, ta

chon RPL 1a lién két gitta Switch Pong Phti va Pong Vinh.

Thong tin cau hinh nhu sau:
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Bang 3.2: Thong tin ciu hinh ERPS ciia mé hinh thir nghiém

R-APS id 1 1 1 1

Vlan-control Vlan 2 Vlan 2 Vlan 2 Vlan 2

Wait-to-

1 phat 1 phut 1 phat 1 phat
restore

West

Khi thyc hién viéc ap dung cu hinh ERPS cho céc switch dang hoat dong trén

mang can tudn tha triét dé cac budce sau dé giam thiéu thoi gian gian doan dich vu.
< Buwéc 1: Dung md hinh két néi, 1ap bang thong tin ciu hinh

- Duyng mo6 hinh két ndi, xac dinh dugc cac lién két con thiéu dé khép Ring

- Tinh toan bing thong can thiét khi cAu hinh ERPS. Pam bao bing thong khong
bi nghén trong moi truong hop

- Lap bang thén tin c4u hinh, xac dinh cac chirc ning ting nit mang, dia chi cong
két n6i, mién bao tri, vlan-control....
< Budc 2: Két noi cac lién két vat Iy con thiéu dé khép ring

- Disable cong can két ndi quang trén cac switch can lién két voi nhau dé tranh tao
thanh vong 1ap. Thong thudng ta s& disable cong dinh nghia 1a RPL trén RPL-

Owner.
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Trong mé hinh thi diém nay thi s& disable cong 1 trén switch Dong Phu va sau

d6 tién hanh két ndi quang giira cong 1 switch Pong phu va Cong 1 switch Pong

Vinh. Diéu nay tuyét déi quan trong khi khai bao ERPS. Trang thai cong 1 trén

switch Péng Phu sé& ludn disable trong sudt qua trinh khai bao cau hinh.

% Buéc 3: Khai bio ciu hinh nhung khéong kich hoat R-APS

Ta tién hanh khai bao céc cau lénh sau, nhitng cAu 1énh nay s& khéng lam anh

huong dén viéc hoat dong cua switch. Trur khi kich hoat R-APS.

Bang 3.3: CAu hinh ERPS trén cac switch ciia mé hinh thir nghi¢ém

V2224G-OP#DONG VAN

ethernet oam enable

!

ethernet oam r-aps 1 level 7 vlan 2 traffic-
vlan 3-4094

I

ethernet oam r-aps 1 wait-to-restore 1
|

ethernet oam r-aps 1 ringports east 24

west 2
|

ethernet oam r-aps 1 rpl west next-neighbor

V2224G-OP#DONG HUNG

ethernet oam enable

!

ethernet oam r-aps 1 level 7 vlan 2 traffic-
vlan 3-4094

I

ethernet oam r-aps 1 wait-to-restore 1
|

ethernet oam r-aps 1 ringports east 2 west 24
!

V2224G-OP#DONG PHU

ethernet oam enable
|

ethernet oam r-aps 1 level 7 vlan 2 traffic-

vlan 3-4094
1

ethernet oam r-aps 1 wait-to-restore 1
I

ethernet oam r-aps 1 ringports east 24 west 1
I

ethernet oam r-aps 1 rpl west owner

V2224G-OP#DONG VINH

ethernet oam enable
|

ethernet oam r-aps 1 level 7 vlan 2 traffic-

vlan 3-4094
1

ethernet oam r-aps 1 wait-to-restore 1
I

ethernet oam r-aps 1 ringports east 1 west 24
I

ethernet oam r-aps 1 rpl east neightbor

mang

Luu y phai dong bd cau hinh vlan gilta cong east va cong west trén mdt nut

Khai mdt kénh L2VPN cho vlan-control cua Ring thong gitra 2 Router

% Budrc 4: Lap ké hoach xin tac déng mang lwéi dé kich hoat R-APS
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Ding ky tac dong mang lu6i vao thoi gian luu luong thip diém (Thuong sau
23h)

Can c6 can bd k¥ thuat truc tai tram dé phé)i hop

Ta tién hanh kich hoat R-APS bang cau 1énh: ethernet oam r-aps 1 enable.
Nguyén tic 1a kich hoat switch xa trudc gan sau(xa, gan & ddy 1a thir ty két ndi
tinh tir Router)

Sau khi kich hoat R-APS, c6 thé s& lam gian doan dich vu trong vong 1 phut.
Kiém tra tat ca cac dich vu dang khai thac trén toan bo switch thuoc Ring. Néu
tat ca cac dich vu binh thuong, theo ddi tiép thém 15 phat. Néu dich vu bi gian
doan hon 2 phut can tit nguén cac switch va bat lai (khi khoi dong lai switch thi
tr¢ lai trang thai chua kich hoat R-APS). Sau d6 ra soat lai c4u hinh va thuc hién
kich hoat lai R-APS.

Khi dich vu 6n dinh trong vong 15 phut. Ta kiém tra trang thai R-APS trén tat ca
cac switch. Néu trang thai R-APS trén cac switch déu protection thi Ring da hoat
dong (Do lién két RPL dang disable trén RPL-Owner)

Ta tién hanh enable cong RPL trén RPL-Owner. Sau thoi gian 1 phut, kiém tra
trang thai cac switch déu chuyén sang trang thai Idle, trang thai RPL bi
block(chan Iuu lugng) trén RPL-Owner va RPL-Neighbor

Khi trang thai ciia Ring 14 Idle, ta tién hanh kiém tra kha niang chuyén mach bao
vé bang cach disable/enable lan luot cac két ndi gitta switch trong vong ring.
Néu dich vu khong bi gian doan thi Ring d3 dap tng duoc yéu ciu chuyén mach
bao v€ dung theo cac tiéu chi da duogc dat ra.

Budc cudi cung, ra soat lai toan bd dich vu dang khai thac trén cac switch thudc
Ring. Néu van on dinh thi ta d4 hoan thanh cdu hinh mot Ring Ethernet chuyén

mach bao vé bang giao thirc ERPS theo chuin G.8032.
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-—LZVPN-VIa n2(Vla n-control)—-

Hinh 3.7: Mé hinh két ndi thir nghiém ERPS tai VNPT Tinh Thanh Hoéa

3.4. Theo dbi, danh gia hiéu ning hé thong trudc va sau khi ap dung
ERPS
Sau khi thi diém ap dung ERPS trén mang khu vuc Dong Son thudc Thanh

Phd Thanh Hoa. VNPT Tinh Thanh Hoa da theo ddi va thong ké sb lidu trudc va

sau khi ap dung véi thoi gian 1 thang. Két qua nhu sau

- Pbi véi Internet: Kiém tra bang cach dit ping dén dia chi 8.8.8.8. Yéu cau ti 16
rét g6i < 10E-9 trong thoi gian chuyén mach bao vé ciing nhu hoan nguyén.

- Pbi véi MyTV: Kiém tra bing cach xem mot kénh truc tiép, dam bao kénh
khong bi gian doan. Chat luong hinh anh t6t

- Dbi véi thoai: Khong bi gian doan cudc goi

- Pbi véi dir liéu di dong: Kiém tra bang cach vao game online, dam bao qua trinh

choi game online khong bi gian doan.
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Bang 3.4: Bang so sanh cac chi tiéu truwéc va sau khi ap dung ERPS
ctia mo hinh thir nghiém tai VNPT Thanh Ho6a

Cac tiéu chi Tiéu chuin Trwéc khi ap Sau khi ap dung
dung ERPS ERPS
Hi¢u qua st dung | < 70%  bang | < 50% < 50%
bang thong thong t6i da cua
két ndi
Cac tham sb chat |- Lost of Frame |- Lost of Frame |- Lost of
luong dich vu: < 10E-6 < 10E-6 Frame< 10E-7
- Lostof Frame, |- Latency - Latency <15ms | - Latency<10ms
- Delay, <15ms - Jitter< 5ms - Jitter<2ms
- itter. - Jitter< 5ms

S6 luong dich vu

S6 lugng thué bao:

S6 lugng thué bao:

mat  lién  lac 17/201 2/201
(FiberVNN, Ti 1¢: 8,45% Ti 1€: 0.99%
MyTV)

Tong thoi gian mat 16 phut 0 phut

lién lac do cap

quang (tinh cho

tram di dong)

Do hai long khach 99,60% 99,95%

hang

Dya vao bang 3.4, ta co thé thiy ERPS di cai thién dang ké thoi gian gian

doan dich vu bing rong va thoi gian mét lién lac tram di dong, tir d6 gop phan nang

cao chat lugng dich vu cia mod hinh thi diém tai khu vuc bong Son — Thanh phé

Thanh hoa. V61 quy mo thi diém 4 switch cho mot khu vuc nho di cai thién rat

nhi¢u kha nang dam bao dich vu va dd tin cay ctua hé thong. Vi vay, néu dugc ap

dung trén toan bd mang truy nhap Ethernet véi sé luong switch V2224G-OP 1én t6i

hon 600 thi hiéu ndng ctia toan mang s¢ dugc nang lén nhicu lan.
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Sau khi thtr nghiém thanh cong ERPS tai khu vuc dong son, thi dén thoi diém
thang 10/2020, VNPT Thanh Héa da trién khai dén 100 vong lién két trén cac
switch V2224G-OP sir dung giao thitc ERPS trén mang truy nhdp Ethernet gop
phan dam bao tinh tin cdy cua duong truyén va giup nang cao chat lwong dich vu.

DPdi véi mang truy nhap Ethernet tai cac tinh thanh khéac thuoc VNPT, viéc ap
dung ERPS trén cac switch déu c6 thé d& dang trién khai dua theo cac budc nhu
trén.

MB3i tinh s& c6 mot mo hinh két ndi cac switch khac nhau, vi vay diéu dau tién
truéc khi ap dung ERPS 13 can thiét 14p cac dudng truyén cip quang giita cic
switch thanh mot vong lién két dé co thé 4p dung ERPS. Sau d6 1a thong ké luu
lugng trén cac switch dé chon vi tri cac nat chic nang trong vong ERPS mot cach

hop 1y dé bang thong khong bi nghén.

3.5. Két luan chwong
Véi viéc ap dung thanh cong mo hinh thi diém ERPS ciing nhu tir hiéu qua

cua né mang lai ddi voi viée dam bao dich vu va do tin cdy cua hé théng vé phuong
dién chuyén mach bao v¢. VNPT Tinh Thanh Hoa da nhan rdng mo hinh trién khai
trén toan bd mang truy nhap Ethernet noi tinh.

bam bao céc trinh tu kich hoat R-APS trén switch V2224 dugc hudng dan va
nguyén ly hoat dong cia ERPS, b0 phan van hanh khai thac mang cia VNPT Tinh
Thanh Hoéa da tu lam chu duoc phﬁn khai bao, van hanh, xtr 1y 16i trén md hinh
Ring ERPS, tir d6 giam duoc thoi gian xir 1y 16i cua k¥ thuat vién tai dia ban, nang

cao chat lugng phuc vu khach hang.
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KET LUAN

Cic két qua ciia ludn vin

Qua qué trinh tim hiéu va thir nghiém giao thirc ERPS véi cac kha ning ma
mot Ring ERPS mang lai nhu ngdn chan vong lap, chuyén mach bao v€ duoi
50ms,... , thi ERPS thuc sy 1a mét giai phap tdi wu cho viéc dam bao tinh tin cay
ctia duong truyén, dam bao do lién tuc cua dich vu ciing nhu cac yéu cau khét khe
vé chat luong.

Véi viée thi diém thanh cong mo hinh Ring ERPS bang switch Lightsmart
V2224G-OP cua Cong ty cb phan ciac hé théng Vién thong VNPT-FUJITSU tai
VNPT Thanh Hoéa da chung to kha ning ap dung ERPS vao thyc té mang truy nhap
hién tai cia VNPT. V61 kha nang trién khai nhanh chéng, tan dung cac co ché
chuyén tiép luu lugng san c6 trén nén Ethernet ma khong cin nang cép phan cing,
ERPS gitip giam thiéu chi phi dau tw, van hanh, khai thac,xir 1y 18i cho cac nha cung
cép dich vu.

Kién nghi hwéng phat trién

Tiép tuc tim hiéu, nghién ctru cic md hinh tng dung cia ERPS.Pham vi cia
luan van hién tap trung vao vi¢c ap dung ERPS trén cac Ring Ethernet don 1¢. Tuy
nhién, hién tai véi ITU-T di chia G.8032 thanh 2 phién ban, G.8032 version 1 hd
tro Ring ERPS don 1¢ (single-ring) va phién ban G.8032 version 2 hd trg da Ring
ERPS (multi-Ring) [9], v6i kha ning linh hoat khi ap dung vao nhiéu mé hinh thuc
té phirc tap hon v6i cac mo hinh c6 nat mang duoc chia sé, c6 lién két giita cac nut
mang dugc chia sé.

Tiép tuc dao siu nghién ctru tdi wu cac chirc ning cia giao thirc ERPS nhu
FDB flushing, hd tro chuyén dbi thu cong (Manual switch), chuyén dbi vi tri RPL...
6 thé gitp nguoi van hanh khai thac b tri sir dung luu luong mot cach hiéu qua
hon, cting nhu ddm bdo trong qua trinh bao tri mang luéi.

M0 rong cac tiiy chon nit mang trong vong lién két bang cach tim hiéu thém
nhiéu thiét bi ctia cac nha cung cp khac nhau hd trg ERPS dé ning cao kha ning ap
dung trén mang truy nhap Ethernet cia VNPT. Phat trién hé théng quan 1y tap trung

dé quan 1y va khai thac cling nhu xir 1y 16i mot cach dong bd va hiéu qua
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