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NGHIEN CU’U, PHAN TiCH VA PANH GIA MOT s6
DICH VU TRIEN KHAI TREN MANG MAN-E TAI BAC NINH

PHAN B. MANG MAN-E VA KET QUA TRIEN KHAI DICH VU
NGUYEN DINH XUAN, HOANG MINH

1. GIGI THIEU

Muc tiéu tiép can cudi cing ctia mang thé hé sau (NGN) toan céu la dap (g doi hoi
“3 any” (any time, any where, any form). Tuy nhién, mat bang chung vé “kinh t&, x4 hoi« khac
nhau dan dén su phat trlen dén dich cudi cia NGN dlen ra khéng dong deu gilia cac vung, mién
lanh thd va giita cac qudc gia. Trén co s vé ha ting vién théng, nhu ciu dich vu vién thong
cling nhu nang luc tai chinh cita minh, Hoi ddng quan tri Tong céng ty Buu chinh Vién thong
Viét Nam (nay la Tép doan Buu chmh Vién thong Viét Nam, VNPT) da dinh huong t6 chic
mang vién thorg dén nim 2010 va dén 2020 (quyet dinh 393Qb/ VI/HDQT). Trong do, tap
trung xdy dung mét co sO ha tang héi tu (cung cap cac dich vu s6 li€u, thoai, da dich vy, ...) trén
mot mang duy nhét (sur dung cong nghé chuyén mach géi) trén mang xuong sono (nhu trlnh bay
trong phan A), v6i ciu tric phan I6p theo chirc nang, sir dung rong réi cac giao dién mo API dé
kién tao cac dich vu ma khong phu thude nhiéu vao cac nha cung cap thiét bi va khai thac mang
[1-3]

Hién nay VNPT tap trung xdy dung mang ndi vung, ndi hat va mang dién rong (MAN) tai
cac do thi va thanh phé (not cén thlet dau tu xay dung, td chirc lai dé dap Gng nhu cau da dang
hoa dich vu, dua dich vu dén gin véi khach hang hon, dam bao viéc két ndi voi khach hang

“moi noi, moi luc, moi giao dién”) [4 - 7]. Tuy, xdy dung mang MAN nhim muc tiéu hoi tu céc
loai hinh dich vu (di léu, tleng noi, truyen hinh,.. )truyen tai trén cing mot co s ha tang mang
voi dudng truc c6 dung lugng kha 16n, dap tmg nhu cau truyén tai luu luong gia tang [8, 9, 12].
Nhung, phan lon cac mang MAN da dugc xdy dung trén co s& cac giai phap trén hé théng
truyén dan SONET/SDH véi cac cAu triic mang dic thu -Ring, hi€u qua thap ddi voi s lieu dang
goi, khong ¢6 céc chuce nang quan |i bang thong mém déo nén hiu suat st dung bang thong
khéong cao va kho trién khai mét sé chie ning dinh tuyen cling nhu mét sb dich vu co sé& duogc
kién tao trong cong nghé chuyen mach géi [10 - 12]. M6t giai phap cong nghé mang dién hinh
hién nay la xay dung mang MAN thé hé maéi dya trén cdng ngh¢ Ethernet goi 18 mang MAN-E
[13,14]. :

Mang MAN-E thuc hién chic ning thu gom luu luong va dap Gng nhu cau truyen tai luu
lugng cho cac thiét bi mang truy nhap (IP DSLAM, MSAN), ¢6 kha nang cung cap két ndi truy
nhap Ethernet (FE/GE) téi khach hang dé chuyén tai luu luong trong ndi tinh, dong thoi két néi
|én mang truc IP/MPLS NGN de chuyen luu lugng di lién tinh, di quoc té. Vai tro va vi tri cua
mang MAN-E trong md hinh téng thé cua mang NGN dugc minh hoa nhu trong hinh I-1 dudi
day.



Hinh I-1. Vai tro va vi tri cia mang MAN-E trong mang NGN

Trong mang MAN-E thudng sur dung cac thiét bj dang chuyén mach Ethernet séng mang
(Carrier Ethernet Switch, CES) tai trung tdm thanh phd, trung tdm huyén va khu vuc trong diém
tao thanh mang chuyén tai Ethernet/IP. Ket ndi gitia cac thiét bi CES dang hinh sao, ring hodc
dau ndi tlep, str dung cac loai cono két ndin x 1 Gbps hoac n x 10 Gbps.

Trong bai nay, viéc trién khai mang MAN-E cu thé trong qua trinh NGN ctia VNPT tai Bic
Ninh dugc trinh bay lam co s¢ dé xudt cac dich vu trién khai trén MAN-E d6. Sau do la nhiing
két qua, sé liéu do lwong minh chimg vé kha nang hién thuc hoa cac dich vu trén MAN-E.

2. MANG MAN-E TAI VIEN THONG BAC NINH

Tinh Béc Ninh tach tir tinh Ha Bac cii nam 1997, véi vi tri dia 1i thuan loi (sat Tha d6 Ha
Noi), c6 nhiéu khu céng nghiép, lang nghé nén nhu cau vé dich vu vién thong ngay cang tang,
nhét 13 cac dich vu bang rong, dich vu yéu cau dudng truyen tbe do cao. Viée trién khai NGN
clia Vién thong Bac Ninh duorc thuc hién theo céc nguyén tac va quy trinh tdng thé cia VNPT,
c6 chli y t6i nhimg dac thi cu thé. M6t vai nguyén tac cu thé déi voi Bic Ninh: (i). Khéng mo
rong cac thiét bi chuyen mach kénh ma dau tu cac tram da truy nhap (MSAN, TAM) dé phuc vu
nhu cau phat trién cac dich vu truyén thong (thoai, Fax, ADSL), ¢é thé diu truc tiép vao mang
NGN ma khéng phai dau tu lai. (i). Xay dung mang MAN-E [2] theo 19 trinh chung cua VNPT
dé truyén tai cac dich vu téc d6 cao, bang thong rong va thu gom luu lugng rdi chuyén |én mang
dudng truc.

Céu tric MAN-E tai Bic Ninh mé ta trong hinh II-1, gom 1 vong chinh (Ring Core) va 5
vong truy nhdp (Ring Access), cac thiét bj truy nhap (CES) & cac vong Ring Access dugc noi
vé6i cac CES & Ring Core, qua d6 diu lén mang duomg truc. Mang MAN-E ¢ 13 tram CES
(100% trung tdm cac huyén thl thanh pho duoc lap thiét bi CES) dam bdo cung cap dich vu cho
37.454 cdng ADSL2+, 260 céng SHDSL, 372 cbng VDSL2 va 372 cong Ethernet.
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Hinh II-1. Ciu tric téng thé mang MAN-E tai Vién théng Bac Ninh

Pén 2010, mang MAN-E tai Bic Ninh gém 02 Core CES va 11 Access CES. Nang luc cua
thiét bi Core dat téc do chuyen mach (Swntchmg) dén 90 Gbps va tde db truyén ( Forwardlng)
dén 60 Mpps. Nang luc cua thiét bi Access dat toc do chuyen mach dén 24 Gbps va truyén dén 16
Mpps. S6 liéu chi tiét vé cau hinh mang MAN-E tai Bic Ninh dugc cu thé nhu trong bang I1-1.

3. DPANH GIA CAC DICH VU TRIEN KHAI TREN MANG MAN-E BAC NINH
3.1. Cac dich vu trién khai trén MAN-E [2, 3]

Cac dich vu trién khai trén MAN-E c6 uu diém ndi bat vé tinh than thién véi khach hang
(dé str dung, linh hoat va hi€u qua cao). Dich vu co ban goém: Dich vu diém-diém goi 1a E-LINE
(két ndi gita hai giao dién nguoi su dung va mang, UNI); Dich vu da diém-da diém goi la
E-LAN (két néi hai hay nhiéu UNI v6i nhau, di liéu tir mot UNI t6i nhiéu UNI khéc). Cac UNI
trong dich vu nay dugc két ndi téi mot mang Ethernet a0 (Ethernet Virtual Circuit, EVC) da
diém nham xéc dinh quan Ii cia EVC déi v6i UNI (khi thém UNI mdi thi chi can tao lién két téi
EVC da diém da c06); Dich vu diém-da diém goi la E-TREE (ket ndi Ethernet a0 theo MEF
10.1), c6 mét diém gdoc dé chuyén thong tin qua lai toi nhiéu diém "14". Céac dich vu cu thé tuong
ung voi MAN-E dugc mé ta trong bang I1-2.



Bang II-1. Sé lidu chi tiét vé cAu hinh mang MAN-E tai Bac Ninh

e Tl TR Kt s T
STT | Diadiem | Ring néi Ring | & GE GE | BRAS dén PE | mach | tiép
(Mbps) 10 GE port | POrt port | 10 GE 10 GE | (Mbps) | (Mbps)
I | SudiHoa | Core | 12 2 1 9130 60
2 | Thjtrhn HS| Core 12 2 1 9130 60
3 | Thi tran H6 1106 30 | 38| 4 18017 | 12
4 | Cho Son I 540 1 12 |20 4 18017 | 12|
" 5 | TiénDu 856 40 | 24 | 4 18017 | 12 |
6 Tur Son , 1630 | 41 | 78 | 4 22294 | 15
7 | Yén Phong 1171 54 | 34 | 4 22294 | 15
8 | SubiHoa | 3 2788 1 82 | 110 | 4 23897 | 16
9 Qué V5 A 1661 | 78 | 45 | 4 17211 12
10 | GiaBinh 547 16 | 18| 4 17211 | 12
11 | béngDu 438 s 12| 4 10680 | 7
12 Ngu 5 390 I 0 | 11 ] 4 10680 | 7
13 | Luong Tai 818 14 | 41| 4 10680 | 7
Téng 12525 372 | 431 | 68 371600| 240 |

Bang 1I-2. Céc dich vu cia mang MAN-E

B Dich vut Metro Ethernet

Dich vu gid tri gia ting

E-LINE

- Truy nhép Internet;
- Truy nhap VPN két ndi diém diém, khéng cdn hoc dia chi MAC;
- Thoai, dir liéu, ...

E-LAN

- Truy nhép Internet;

- Truy nhdp trung tdm dir liéu VPN két ndi da diém da diém, phdai
hoc va biét dia chi Mac cua nhau (Céc router duy tri bang Mac va
xu |i thong tin nay, nhung mdi san pham c6 thé bj han ché sé luong
dia chi MAC, vi du Huawei NE40E — 128 K MAC);

- Video On Demand (VOD), HSI, Voice, ...

E-TREE

- Truy nhép Internet

- Truy nhép trung tdm dir liéu VPN két ndi diém da diém, ¢ 1ap trung
nhiey dwong truyén diém diém theo mé hinh hub spoke (cac diém
khéng trao ddi dir liéu qua nhau ma chi trao ddi dén node chu);

- Data, HIS ...




3.2. Panh gi dich vu trién khai trén mang MAN-E tai Vién théng Bic Ninh [2, 13, 14]
3.2.1. Dich vu E-LINE

So db thiét l4p mang phuc vu viéc do kiém danh gia dich vu E-Line dugc mo ta trong hinh
11-2.

BNHOOYPG SH-0 SH-3
| /I 4/0/0 1/0/2 =222 1/0/3 1/0/1 l <—)|
3/0/0 - -
16 km 1/0/11
Port 1 Port 2
SMB

Hinh I1-2. So db mang thiét lap phuc vu viéc do kiém danh gid dich vu E-LINE

Dich vu E-LINE diém diém giri thong tin tir cdng 3/0/0 cua Router BNHOOYPG dén céng
nhan 1/0/11 cua router BNHO3SHA. SMB (thlet bi m6 phong tao ludng dir liéu) phat 100 ludng
dir liéu day vao céng G3/0/0, sau qua MAN-E dén cbng 1/0/11 rdi vao cong nhén cia SMB. Cac
két qua thu dugc nhu dd thi trong hinh I1-3 va II-4 véi cédc budgc thuc hién 1an luot nhu sau.

1). Cau hinh router UPE3 va UPE2 nhu nhiing router bién;
2). Cau hinh chinh xac cac giao dién theo ciu tric mang cho trudc;
3). Kich hoat giao thirc dinh tuyén trong IGB dua trén két ndi mang cé trude;

4). Kich hoat giao thirc dinh t’uyé'n nhan (Label distributed protocol, LDP) dén router hang
xom, thiét 1ap giao thic dinh tuyén nhdn LDP, giao thirc chon dudng-(Label switching path,
LSP),

5). Kich hoat chiic ndng MPLS VPN 16p 2 trén cac PE, tao 100 két ni diém-diém MPLS
L2 VPN, tao 100 cap két ndi trén UPE3 va UPE2 vao 100 duong ndi ao (Virtual Leased Line);

6). SMB1 va SMB2 gia lap 100 duong két ndi ao, mdi cap duong két nbi ao phat 1 dudng
dir ligu 16p 2;

7). Kiém chung cac tham s dich vu nhu d6 mat géi, tré. Hién thi két qua;

8). Kiém chirng nang luc cua Mane chéng han nhu téc d va st dung bd nhd. Hién thi két
qua.

3.2.2. Dichvu E-LAN-

So db thiét ldp mang phuc vy do kiém danh gla dich vu E-LAN duoc md ta nhu trong hinh
11-5. Trong d6, két ndi dich vu E-LAN da diém-da diém tr cbng 4/0/0, 3/0/0 Router
BNHOOTDU dén 1/0/, 1/0/3 router BNHOOSHA; 1/0/1, 1/0/11 router BNHO3SHA; 3/0/0, 4/0/0
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router BNHOOYPG. SMB (thiét bi tao ludng dir liéu) phat 100 Iuong vao 3/0/0BNHO0TDU,
3/0/0BNHO0YPG, 1/0/11 router BNHO3SHA sau qua MAN E trao dbi dit liéu v6i nhau. Céc
budc thuc hién nhu sau.

1). Cau hinh router UPE3 va UPE2 nhu nhiing router bién;
2). C4u hinh chinh x4c cac giao dién theo ciu truc cho trude clia mang;
3). Kich hoat giao thic dinh tuyén trong IGB dua trén két ndi mang co trudc;

4). Kich hoat giao thuc dinh t,uyén nhin (Label distributed protocol, LDP) dén router hang
xom, thiét lap giao thic dinh tuyén nhian LDP, giao thirc chon dudng (Label Switching Path,
LSP),

5). Kich hoat chiic ning MPLS VPN 16p 2 trén PES, tao 100 két ndi diém-diém MPLS L2
VPN, va tao 100 cdp ket noi trén UPE3 va UPE2 ghép vao 100 duong noi do (Virtual Leased
Line);

6). Céu hinh giao dién két ni t6i cac PC trén cac Router bién, PC1 dén PC2 va PC3. Két
qua dugc hién thi;

7). Tao 100 dudng chuyén mach két néi ao (Virtual Switch Instance, VSI) & 16p th 2 trén
router UPE1 va UPE3, tao 100 c3p thué bao trén UPEL, UPE3 gan vao 100 VSI;

_ 8). Ké ndi SMBI, SMB2 t6i UPEL va UPE3. SMBI va SMB2 mé phéng 100 cép thiét bi
dau cudi (CE) va méi cdp phat ra 1 ludng dir liéu & I6p 2 trong mang E-LAN;

9). Kiém ching cac tham s6 dich vu nhu do mét g6i, tré. Hién thi két qua;
10). Kiém chting kha ning cia Mane nhu toc d6 va bé nhé. Hién thi két qua.
Két qua duoc biéu dién & cac dd thi trong hinh 11-6 va I1-7.

Packet loss vs Frame size
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Hinh I1-3. D6 thi biéu dién ti 16 mit géi theo kich thude Frame (dich vu E-LINE)



Max Latency vs Frame size
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Hinh I1-4. Cuc dai Latency theo kich thudc Frame (dich vu E-LINE)
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Hinh II-5. So d6 thiét 1ap phuc vu viéc do kiém danh gia dich vu E-LAN

Packet loss vs Frame size
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Hinh I1-6. D6 thi biu di&n ti 1& mét géi theo kich thuéc Frame (dich vu E-LAN)



3.2.3. Dich vu E-TREE

So db thiét [ap mang phuc vu do kiém danh gia dich vu E-TREE m6 ta nhu hinh II-8.
Trong d¢, két ndi dich vu diém da-diém tir cong 1/0/1 router BNHOOSHA dén céc router
BNHO0TDU, BNHOOYPG. SMB tao 100 ludng dir liéu giri dén céc router, router BNHOOSHA
trao ddi dir liéu véi BNHOOTDU, BNHOOYPG. Trong trudng hop nay BNHOOTDU va
BNHOOYPG khéng trao ddi duoc dir 1iéu cho nhau.

Céc budce thuc hién lan luot nhu sau.

1). Cau hinh mét két ndi E-Tree kiéu mé hinh chi t& mang dich vu riéng ao (Virtual Private
Lan Service, VPLS), trong d6 Route PE-AGG1 14 nod hub, UPE1 va UPE2 la hai hang x6m;

2). Tao 100 duong kidu két ndi ao (Virtual Switch Instance, VSI) & 1ép thir 2 trén router
UPE1 va UPE3, tao 100 cap thué bao trén UPEI, UPE3 gan vao 100 VSI;

_3). Két ndi SMBs t6i UPEI, UPE2 va PE-AGG1 (SMBs mé phong céc thiét bi dau cui,
moi SMB tao 100 két n6i);

4). Cac SMB tao cac ludng dir liéu hai chiéu I6p 2 qua E-Tree, 50 hudng dir liéu gitra
SMB1 va SMB3, 50 gita SMB2 va SMB3. 50 gitta SMB1 va SMB2;

5). Kiém tra viéc nhan luu luong cua SMB, va hién thj két qua;
6). Kiém chirng cac tham sb dich vu nhur d6 mat géi, tré. Hién thi két qua;
7. Kiém ching nang luc ciia Mane nhu téc d6 va bo nho. Hién thi két qua.

Két qua thu duoc ¢6 db thi trong cac hinh 11-9 va II-10.
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Hinh [I-7. Gié tri cuc dai Latency theo kich thudc Frame (dich vu E-LAN)
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Hinh I1-8. So d6 mang thiét lap phuc vu do kiém danh gia dich vu E-TREE

Packet loss vs Frame size
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Hinh 11-9. Db thi ti 1& mit goi theo kich thuéc Frame (dich vu E-TREE)



Max Latency vs Frame size
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Hinh 11-10. Cuc dai Latency theo kich thudc Frame (dich vu E-TREE)

3.2.4. Nh¢n xét vé céc dich vu MAN-E trién khai thir nghiém

So sanh voi céc gid tri do ludng theo tiéu chuan ITU 4p dung déi v6i cac dich vu MAN, két
qua do thuc té cia cac dich vu MAN-E trién khai tai Bic Ninh (biéu dd trong hinh 11-3, 11-4 déi
voi MAN-LINE; trong hinh 11-6, 11-7 déi v6i MAN-LAN; trong hinh 11-9, 11-10 déi véi MAN-
TREE) cho thay tAt ca cac dich vu MAN-E trién khai thit nghiém déu dép (g cac yéu ciu ky
thuat nhin tir phuong dién xac suét ton that goi tin (ti 16 mét goi tin) cling nhu d§ tré t6i da cho
phép.

Céc biéu do ve ti 16 mét goi tin (xac sudt ton that géi tin) cla dich vu (hinh 11-3 déi voi
MAN-LINE, hinh 1I-6 déi voi MAN-LAN, hinh [1-9 déi v6i MAN-TREE) c¢ hinh dang, gia tri
rat gan nhau va déu ciing c¢é xu thé tiém can t6i gla tri yeu ciu khl leh thudc frame tang 1én cao
hon 2500Bytes. Diéu nay c6 nghia Ia ddi voi yéu cau vé xac suét tn that goi tin, khi kich thuéc
frame nhé hon 2000Bytes thi mét s6 luong 16n hon cac dich vu 6 thé trién khai so véi MAN.

Céc biéu dd trong truong hop do tré téi da cho phep clia cac dich vu (hinh 11-4 déi véi
MAN-LINE, hinh [1-7 dbi véi MAN-LAN, hinh 11-10 déi véi MAN- -TREE) ciing ¢6 hinh dang
va gia tri rat gan nhau nhung khéng thay xu thé tiém can giira gia tri do ludng thuc té véi gié tri
yéu cau. Diéu nay chi c6 thé giai thich rang nang luc cua mang thir nghiém (toc d6 dap (g cua
cac thiét bi, bang théng hiéu dung, v.v...) qua Ién so véi yéu cau tha nghlem theo hai nghta. Thua
nhat mang cho phép trién khai s6 Iuong cac dich vu 16n hon so véi yéu cau thir nghiém; nghia la
néu lay gié tri do ludng tidu chuan ITU 601 véi cac dich vu trién khai trén MAN thi MAN-E cho
phép s6 luong 16n hon céc dich vu truyén théng. Thi hai, déi véi cac dich vu MAN-E trién khai
trén mang NGN ¢6 thé phai xac dinh nhiing diéu kién kiém nghiém, gia tri do luong ITU méi
(thém vao) so véi cac dich vu MAN-E.
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4. KET LUAN

Cho dén nay, viéc trién khai mang NGN tai vién thong Béc Ninh dang theo ding tién do, 16
trinh cua VNPT dé ra. Sau khi hoan tit viéc trién khai mang MAN-E, nhiéu dich vu mai, tbe do
cao, dich vu bang rong nhét la cac mang riéng ao, dich vu IPTV duogc cung cap cho khach hang.

Qua kiém tra danh gia cac dich vu trién khai trén mang MAN-E déu dép ang dugc cac chi
tiéu ky thuét dat ra. Pay la két qua quan trong phuc vu viéc trién khai mang MAN-E trén pham
vi toan quéc noi chung.

Ngoai phat hién méi thong qua cac két qua do ludng thuc tién trén cac dich vu MAN-E
trién khai thi sw chuyén dich cong nghé tir lién két ky thuét gitia 3 linh vuc Vién théng, Tinh
toan va Diéu khién (Communication, Computation and Control) goi tit la 3C sang tich hop
ching (C*) dang la thach thirc rat I6n déi véi linh vuc Pién tir - Tin hoc - Vién thong cua Viét
Nam nhin trén moi phuong dién tur dich vu, cong nghiép, dao tao dén quan li diéu hanh. Nhung,
nhin tir phuong dién trién khai, khai thac mang vién théng thé hé méi NGN cua Viét Nam ma
noi thi con nhiéu chi dé lién quan dén dbi tuong nghién ciru thude linh vuc Dién ti - Tin hoc -
Vién thong.
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SUMMARY

ON EVALUATION OF DIFFERENT SERVICES
ON MAN-E NETWORK BY BAC NINH DIVISION: A CASE STUDY

The paper with the above entitled consists of two main parts, A and B. In the previous
article “NGN of Vietnamese Posts and Telecommunication” (NGN of VNPT), different results
are reported w.r.t developing NGN of VNPT on the basis of existent telecommunication network
of VNPT by a suitable change from classically electronic switch with Time Division Multiplexer
(TDM) to the Internet Protocol Packed Electronic Switch (MPLS/IP) in two steps.

In the first paragraph of part A, different principles and criteria were reported for
developing NGN w.r.t conditions of VNPT so that (i). Existed network and the next one are
simultaneously working together and (ii). NGN is to be opened for carrying out different further
developments. All these require different stepwise methods of changing from basically TDM to
MPLS/IP for readily moving from wide area network (MAN) to MAN-E. Second paragraph of
the article was for different proposals in details w.r.t the second step of developing the NGN of
VNPT. The last paragraph was for conclusions and directions for dealing with shortcoming of
MAN by MAN-E which would be the issues in the coming article (part B).

This paper, part B, consists of 4 paragraphs. In the first paragraph, a brief on different
shortcoming of MAN in NGN, a introduction in brief on the roles of a modern MAN known as
MAN-E to overcome the mentioned shortcoming of MAN the in NGN are addressed. The
second one is for the introduction of Bac Ninh's MAN-E network on general structure, on
specified data also at the whole located nodes (bandwidths, ring loops, users, etc.). The third one
is for reporting on the estimation of different known MAN-E services, i.e. point to point
(E-LINE), multipoint to multipoint (E-LAN) and point to multipoint (E-TREE) services. For
each service, a diagram scheme for collecting data, stepwise measurement procedure are
established and two plots w.r.t the packet loss and maximum latency vs. frame size are obtained.
From the experimental data, the most important conclusions drawn are: (i). All trailed services
are satisfied the reruirements of technical specifications on both, packet loss and maximum
latency; (ii). With the frame size smaller than 2000 bytes, MAN-E can provide a larger number
of services than that of MAN from the packet loss point of view; (iii). However, the (ii)
conclusion is not happened to be from the maximum latency view point which demands for
further investigations including some different criteria to be set up wurt the ITU
recommendations for MAN services. The fourth part of the article is for different remarks and
conclusions w.r.t the development of NGN of VNPT in the trend of technology transferring from
aligned 3C fields (communication, computation, Control) to integration of those in c*.

Pia chi: Nhdn baingay 22 thang 3 ndam 2009
Hoc vién Céng nghé Buu chinh Vién théng, )



