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Tém tat: Xay dung va phat trién céc trung tam dit liéu (DC — Data Center) kich thudc vira va nhd dang dugc cac doanh
nghiép Viét nam quan tdim. Mot thach thic 16n & day 1a thiét ké to6-po lién két c6 chi phi trién khai thip ma dam bao tinh
linh hoat cao nhu dé mé rong va dap ting diéu kién han ché vé khong gian nhu: két hop nhiéu phong may chi c6 dién
tich san bi gidi han, khong lién ké (déi khi & cdc tang khac nhau trong toa nha). Cic kién tric to p6 mang lién két dudc
ting dung phd bién trén thé gi6i 1a khong thuc sy phi hop cho nhiing diéu kién thuc té dic thit ndy. Trong bai bdo nay,
chiing t6i dé xuit mot gidi phap t6-pd mang lién két dang lai, ky hiéu Bus-RSN, c6 thiét ké dic thu phu hdp cho viéc lap
dit cac DC cd vita va nhé nham théa man cac muc tiéu trén. To-pd dé xuét dudc tao ra bang céach lai két hop to-pd dang
Bus va t6-pd RSN (Random Shortcut Networks)[8], trong d6 thanh phan bus déng vai tro 1a dudng truc két nbi cic viing
mdy chii lién tuc (tuong ting mot phong hay san) ma mdi ving dudc lién két bang mot cau tric RSN, phu hop véi gisi
han khong gian riéng biét cia mdi phong may chii. Qua so sidnh véi cdc gidi phap t6-pd hién c6 dang quan tdim thong
qua thuc nghiém véi cong cu phan mém[1]], ching toi thiy gidi phap dé xuét c6 thé dem lai mot lya chon c6 tinh thuc
tién cao: giam dugc chi phi thiét bi ding ké trong khi yéu t6 hiéu ning quan trong nhit (d6 tré truyén tin) bi 4nh hudng
giam tuong ddi nhd. Ching han v6i mot cu tric khong gian gdm 2 san lap dit riéng biét, Bus-RSN c6 thé tiét kiém chi
phi thiét bi mang dén 26% so véi to po hién dai hang dau 1a JellyFish[2] ma chi thua kém 12% vé do tré truyén tin.

T khéa: 16-p6 mang, mang lién két dang lai, thudt todn dinh tuyén, mang ngdu nhién.

Title:  Bus-RSN: An Interconnect Topology for Medium-Size Data Centers, Saving in Cable and Fitting to Incremental
Expansion to Non-continuous Space
Abstract:  The demand of building Industrial Data Centers in small and medium sizes is growing significantly in Vietnam. One
faces a challenging task in designing interconnection topologies that are flexible and incremental, of initial cheap
cost, and suitable for being deployed in separate rooms. Existing popular interconnect topologies are not good enough
in these mentioned special conditions. In this paper, we propose a hybrid interconnect, dubbed Bus-RSN, that is
specially designed for these mentioned purposes. Simplistically speaking, this interconnect is created by combining a
Bus structure and a random shortcut network (RSN[8]]) wherein the bus is used as a backbone to connect the separate
server rooms while each server room is locally connected by a RSN structure. Using our simulation-based software
tool[1] we compare our proposed interconnect with popular suitable existing ones, including JellyFish[2], and R3[3],
and obtain encouraging results: ours loses a bit in latency (12%) but saves a lot in cable cost (26%) comparing to
JellyFish, the popular for fast communication.

Keywords:  network topology, hybrid-network, routing algorithm, random network.

I. GIOI THIEU nghiép Viét nam dang trd nén phd bién, vi du nhu tai cac
ngan hang, thu vién di lidu s6, trung tim bdo chi. Ngoai

Nhu ciu xdy dung va phat trién riéng cac hé théng DC phuong 4n thué dia diém dit mdy chd tai cdc DC 16n cia
(Data Center, viét tit: DC) cd vita va nhd tai mot sé doanh cdc doanh nghiép cong nghé hang dau nhu Viettel, VNPT,
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FPT ..., cdc doanh nghiép dui 16n ciing dang md rong thém
phuong 4n dau tu xdy dung méi cic DC ¢ nhé (khoang
vai chuc dén vai trim mdy chii), nhdm chi dong trong viéc
dau tu, khai thac hé thong. Ban dau cic DC nay c6 thé
chi phuc vu hoat dong riéng cia doanh nghiép nhung sau
d6 né c6 thé md rong 1én khi doanh nghiép mé rong kinh
doanh va c6 thé két hop cho bén ngoai thué bao khai théc.
Vi thé, nét dic thu ctia xu hudng nay 1a viéc thiét 1ap khong
gian cho DC can mang tinh linh hoat, mém déo d€ c6 thé
md rong dan, thich hop véi viéc cac DC c6 thé ting trudng
kich thuéc lién tuc (tif ¢d nhd, vai chuc dén hang trim may,
1én c6 vua, hang nghin may).

Khéc v6i viée xdy dung cac trung tdm dit liéu 16n thuong
bao gébm viéc xay dung nhiing toa nha hay khu vuc khong
gian biét 1ap véi cac diéu kién ly tudng, viéc phuong dn
xdy dung cdc DC vita va nhé thudng wu tién tinh kinh té
bing cach khai thac cac khoang khong gian con trong hay
dugc chuyén déi chic ning trong cdc tda nha doanh nghiép
da c6 sin. Nhitng khong gian mang tinh huy dong gom lai
nay thudng cé nhiing han ché nhu khong dd rong 16n va
lién tuc, c6 thé 1a su két hop cta nhiéu phong hay mit san
st dung tach roi nhau (thim chi c6 thé ndm trén nhiéu tang
tach biét ctia mot toa nha). O mot sb tinh hudng khéc, mot
DC ¢d nhd ban dau c6 thé dugc phat trién dan dan vé qui
mo va c6 thé “phinh ra” vudt qud su cho phép clia khong
gian thiét k& ban dau. Thudng 1a do kha ning huy dong
nguodn von ban dau, DC c6 thé c6 kich thudc nhd va bd tri
lap dit trong mot khong gian viia phai, nhung néu sau d6
hoat dong hiéu qud, doanh nghiép cé th€ huy dong thém
von vd muébn tim cich md rong kich thuéc DC mot cich
linh hoat. Do d6 khong gian 1dp dit ban diu c6 thé khong
con chd va phai tién hanh xem xét viéc mé rong sang khu
vuc méi (mit sain méi) va can tim phuong dn gidi quyét
viéc két ndi giita 2 khu vuc sao cho hiéu qua nhét.

Cic DC c6 thé dugc md hinh héa dudi dang do thi
G(V,E) vé6i G 1a tap céac dinh biéu dién cho cic niit mang
va E 1a tap cic canh biéu dién cho cic lién két gifta chiing,
dudc tao ra bdi cac ludt lién két dudc dinh trudc. Trong bai
bdo nay, véi N = |V| dinh cho trudc, ching t6i nghién ciiu
tim cach sip xép N dinh nay vao khong gian khong lién tuc
va luat lién két gitta ching dé€ xdy dung mot mo hinh mang
lién két phu hop nhit, tific 1a dat dudc hiéu ning va tinh
kinh té thich hgp, cho dang DC c6 tinh dé md rong ting
ddn ddng thdi c6 thé bé tri ldp ddt trong mét khong gian
thiéu lién tuc, tic 1a c6 thé 1a su két hop clia nhiéu mit san
(khong gian 13p dit lién tuc) tich rdi va c6 khoang cach
nhit dinh giita chiing. Chiing t6i trudc hét khao sit cic mod
hinh mang lién két da dugc dé xuit thuoc thiét ké to-pd
mang lién két hiéu ning cao, tif d6 tim cach phat trién mot
dang t6-pd ki€u mdi phil hop véi thuc trang doanh nghiép
nhd va vua.
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Theo két qua clia mot qud trinh khéo sét tuong dbi cong
phu ching t6i nhan thdy c6 3 céch tiép can chinh trong
thiét ké t6-pd mang lién két ctia mot DC: theo dang to-
pd chudn tic (regular topology), hodc t6 pd mang ngiu
nhién (random network topology), hoac t6-p6 lai (hybrid
topology) 1a su két hop nhiing dic thu tif ca hai dang trudc
do.

Cic t6-pd dang chudn tic phai tuan theo cdc qui udc
nghiém ngit nhu tinh d6i xiing giita cac dinh, hay céc tinh
chét céu triic dic biét riéng nén viéc mé rong qui mo 1a gan
nhu khong thé: néi cach khac, cac mang lién két da dugc
thiét ké theo t6-pd dang chuén tic 12 sé gan nhu déng véi
moi sy thay d6i. Véi céc to6-pd chudn tic truyén théng, néu
nhu bat budc phai thay ddi d€ ting qui md, gan nhu ngudi
ta sé phai xdy dung lai cid hé théng mang. Cac t6-po thé
hé méi, dugc dé xuit gan day nhu Fat-Tree[4][5], c6 mot
s6 cdi thién vé kha ning md rong tuy nhién vin con kém
linh hoat do vin cin dam bdo tinh ddi xing va bac cda
nit mang 12 khd 16n. Mudn mé rong qui mo, doanh nghiép
s& can phai thay thé toan bo cac thiét bi chuyén mach cii
bing loai mdi véi sb cong (port) cao hon, thuvng la dat
tién hon nhiéu, din dén chi phi md rong rit 16n. Ngoai ra
do Fat-Tree c6 bac dinh cao, yéu ciu xay dung DC trong
khong gian 12 két hop clia mot sé mit san roi nhau sé gy
rt tén kém vé cdp mang.

Tiép can t6-pd dang mang ngau nhién ra doi chinh nham
muc dich ddm bio khi ning md rong qui md ting dan
(incremental growth), trong d6 t6-pd JellyFish[2] la mot
dién hinh va dugc gidi hoc thuat quan tim nhiéu. Tuy nhién
cdc t6-pd dang ndy van it nhiéu c6 tinh d6i xing va bic
dinh cao (JellyFish 1a mot d6 thi ngiu nhién c6 bac dinh
héng s6 r cho trudc) nén ciing doi hoi huy dong cap mang
rat 16n néu khong gian lip dit khong 1a mot mit san lién
tuc duy nhét.

Mot nhém cic gidi phap to-pd lai ciing da dugc dé xuit,
v6i t0-pd dua trén cAu tric siéu khdi (hyper-cube) va thuc
hién dé quy d& mé rong, vi du R3[3], BCN[6], DCell[7].
Do dua trén ciu tric siéu khéi, nén mot han ché ding ké
clia cdc dang to6-pd nay chinh 13 sy mé rong, vi du, néu bd
sung thém mot vai nit mang trong mot t6-pd thanh phan,
thi cic t6-po thanh phan khac ciing phai dugc bd sung thém
s6 lugng nit tuong ting d€ dam bao tinh chuén va tinh dé
quy. Diéu nay c6 thé giy ra su du thiia niit mang, gia ting
khong can thiét vé& chi phi thiét bi va trién khai cai dit mé
rong. Hon nifa, cdc to6-pd thanh phan phéi dudc trién khai
trén cdc phong mdy chii c6 khong gian dong déu nhau.

Theo khi khio sit k§ cic t6-pd mang lién két da biét
theo cd 3 nhém tiép cin néi trén, dic biét chi y khao sat
cac dai biéu clia mdi nhoém 12 Fat-Tree[4], JellyFish[2] va
R3[3]], chiing toi rit ra két luan 1a cac thiét ké t6-pd mang
dugc dé xuit trudc day hudng t6i viéc xiy dung cic DC



¢4 16n va mic du khong dé cap dén van dé khong gian lap
dit ctia cdc phong mdy chi, c6 mot gia thiét ngdm dinh 1a
cdc co sd vat chit (khong gian 13p dit) dude xay dung sao
cho phut hgp véi thiét ké t6-pd mang tuong ng. Do d6 hau
hét cic t6-pd mang phd bién, bao gdm ca cac td-po lai loai
hién dai hudng t6i tinh mé rong, sé gap khd khan 16n trong
viéc trién khai trén mot dia ban c6 tinh chét thiéu lién tuc
va khong dong nhit nhu dé cap trén.

Trong bai bdo nay, ching t6i dé xuit Bus-RSN, mot
mo hinh t6-pd lai (hybrid topology) nhu la mét giai phap
chuyén dung, dé xuit riéng cho bai todn xiy dung DC véi
nhiing yéu t6 dic thu néi trén. Kién triic nay 1a su két hop
hai dang t6-po: 1) Bus — c6 dién va tbi gian, va 2) RSN
(random shortcut networks)[8]; su ra doi ctia né 1a xuét
phét tif nhiing quan sit thuc té phat trién DC trong nudc
cia ching t6i. V6i mdt trung tdm DC cG via hodc nhd,
c6 thé 1ap dit trong khong gian hgp thanh tif nhiéu phong
(san) 1di rac; cac ung dung khai thac ciing thudng yéu cau
mot s6 lugng mdy chd phuc vu khong 16n, phu hop trién
khai trong mdt phong may chd nao dé. Vi vy giao thén
qua lai cia mot ung dung khai thic thudng xuyén sé la
gilta cac mdy chu cung phong, 1a khong 16n. Do do, chung
t6i dé xuét st dung céu tric Bus nhu 1a mot “dudng xuong
séng” dé lién két cac phong mdy chi, di cho cdc nhiém
vu quén ly, kiém soat mang ddng thoi thiét kiém chi phi
cap mang va thiét bi lién quan. P6i véi mi phong may
chii, ching toi 4p dung mo hinh lién két ngdu nhién RSN
(phéi hop gilta cAu tric ludi va cic lién két ngiu nhién)
dé€ lam gidm dudng kinh mang va van cho phép tiét kiém
cap mang. Bén canh do6, chiing toi ciing thém vao thiét ké
mot dang lién két ngiu nhién giita cdc phong mady, dudc
b sung vao cic mit mang dic biét (goi 1a bus-node) giit
nhiém vu nhu cdc nit trung tim ctia cac khoi don vi thanh
phan clia cdc mit san phong mdy lién tuc (ching toi dung
cdc thuat ngit block va zone d€ goi cic ciu thanh mang
néi trén). Nhiing lién két ngu nhién loai nay cho phép rut
ngan dudng kinh mang (graph diameter) va dam béo rang
ngay ca khi cdc tng dung trién khai trén nhiéu hon mot
mit san (zone) thi vin dudc phuc vu hiéu qua.

Thong qua danh gid bing thuc nghiém, ching toi thiy
BUS-RSN dat dugc nhiing hiéu qué tot hon dang khich 1&
khi so sanh vé6i nhiing t6-p6 cu thé dai bi€u quan trong clia
cac nhom néi trén (Fat-Tree[4]][S], JellyFish[2]], R3[3]) khi
cung thiét 1ap vé6i nhiing diéu kién dic thu cu thé da dé cap.
Chéng han nhu d6i v6i mot yéu cau thiét 1ap mang 128 niit
chuyén mach (switch), 13p dit trén 2 mit san (zone) biét 1ap
(cach nhau 15 mét) mbi san cé 4 khdi don vi (block), Bang
[ cho théy, thiét 1ap theo JellyFish (JE-KSPR-2) s& dat dugc
hiéu ning cao nhit vé do tré udc luong (estimated latency)
nhung hon thiét 1ap theo BUS-RSN (BR-HRA-2-4) diing

1Sy di chuyén ciia cdc gi tin giita cdc niit mang
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thd hai chi khodng 12%; trong khi d6 BR-HRA-2-4 1a tiét
kiém nhét vé cdp mang, chi 1a 18% khi so v6i JF-KSPR-2,
va do d6 tdng gia thanh du kién chi 12 74% ctia JF-KSPR-2.

Bang I
KET QUA THUC NGHIEM BUS-RSN PUQC THIET LAP
2 ZONE, MOI ZONE 4 BLOCKS TREN MANG 128 NUT.

128 nit mang | ARPL | Latency Cable Total cost
BR-HRA-2-4 2,95 326,45 | 1528,20 | 731.804,30
JE-KSPR-2 2,90 289,89 | 8273,20 | 986.491,50
R3-SPR-8 4,78 534,62 3605.2 | 826.216,60
RSN-SPR-2 3,12 344,28 | 3813,00 | 784.523,55

R rang nhiing két qua thuc nghiém nhu thé nay cho thiy
gidi phap dé xuit cla ching toi 1a rit ding dudc xem xét
va ¢6 thé€ 1a mot lua chon hitu ich cho céc doanh nghiép
trong nudc dang xem xét thiét ké DC véi cac diéu kién dic
tha dé cap.

Phan con lai ctia bai bio dudc t& chiic nhu sau: phin
trinh bay cic nghién ctiu lién quan, phin trinh bay
gidi phdp chinh, phan [[V|trinh bay cdc két qua thuc nghiém
cung v6i mot sb thiét 14p mang cu thé theo diéu kién dic
thi quan tdm va phan két luan dugc trinh bay trong phan
S

II. CAC NGHIEN CUU LIEN QUAN
1. T6-p6 mang lién két

CAu triic t6-pd thé hién su sap dit cac niit me_m va cac
lién két gilta chiing. Trong pham vi bai bdo nay, chiing toi
tap trung vao t6-p6 ap dung cho DC ma trong d6 cac may
chti dugc két ndi v6i nhau théng qua ciu triic mang chuyén
dung, sao cho dam bio cic muc tiéu thiét ké cu thé nhu
12 chi phi thiét bi thip, kha ning dép ting cao, va mé rong
nhanh chong.

Cic to-pd truyén thdng trudc diy dudc dé xuét dp dung
cho DC véi kich thuéc mang nhd, vi du Grid, Torus,
HyberCube . Ciac dang t6-pd nay dudc goi la cac td6-pd
chudn tic vi cdc quy tic chit ché vé mat két nbi va dam
b4o bac dinh déu trén moi miit. Tuy nhién, khi kich thudc
mang (s6 mit mang) ting 1én nhanh chéng do su phat trién
manh ctia DC, cdc t6-pd truyén théng trd nén kém hiéu
qua khi khong dap dng dugc kha nidng md rong va tinh
mém déo. Cu thé 1a viéc bd sung thém cic mit mang,
tdng/giam kich thudc mang c6 thé dugc tién hanh thudng
xuyén, nhiéu 1an v6i quy md da dang, nhung van phai dam
béo hiéu nang mang. V4i kich thuGc mang ngay cang tang,
tinh mém déo doi hoi cao thi cac vAn dé nhu tiét kiém chi
phi thiét bi va cdp két ndi, tiét kiém ning luong khi tai
thip, trd thanh nhiing chii dé ding quan tim. C6 thé thiy

2vi dy nhu cdc mdy tinh todn hoic cic thiét bi chuyén mach — switch
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vAn dé nay dudc dé cap trong hang loat nghién ctu gan day
vé viéc thiét k& mang lién két trong DC nhu HELIOS[9],
BCube[10], Dcell[7]], Scafida[l1], MDCube[12], VL2[13]].
Do vay, cdc nha nghién ciu tich cuc dé xuit nhiing dang
kién tric t6-pd mé6i phu hgp hon cho cic yéu cau hién
dai nhu Smallworld DataCenter[/14]], JellyFish[2], Space
Shuffle[15]], Fat-Tree[4][5], SkyWalk[16], Dragonfly[17].

Mot vai dé xuit gan day d6i v6i cac mang dung ludng
cao khai thic cu triic cu thé cho t6-p6 va thuit toan dinh
tuyén tuong ting. Chiing bao gom folded-Clos (hay con goi
1a Fat-Tree)[4][5][13][18], mot vai thiét ké c6 sit dung cdc
mdy chii trong viéc chuyén tiép g6i tn[7][10][12]] va céac
thiét ké st dung cong nghé mang két ndi quang[9][19]]. Pbi
v6i mot s6 to-pd cu thé, viéc bd sung thém sb lugng may
chd trong khi phadi dam bao cédc thudc tinh chat ché cua
cAu tric sé phai thay thé mot sd lugng 16n cic thanh phan
mang ciing nhu thuc hién lai viéc thi cong lai tuyén cap.
MDCube[12] cho phép mé rong mang thém vai nghin may
chd, trong khi DCell[7] va BCube[10] cho phép md rong
dén céc kich thuéc mang du kién, nhung phai thiét ké bd
sung cic cong két n6i du phong, diéu nay din dén su du
thita va chi phi 1ap dit ting Ién.

Trong s6 cac dé xuit, Fat-Tree[4][5] dudc xem la mot
trong nhitng mo hinh hiéu qua d6i véi DC c6 kich thude
mang 16n (vi du, c6 thé hd tro két ndi 1én dén 65536 mdy
chi véi thiét bi switch c6 64 cdng) v6i viéc td chic ciu
triic mang thanh 3 tang riéng biét, bao gdm tang 16i (core
layer), tAng trung gian (aggregation layer) va ting két ni
truc tiép cac host (edge layer). Miic du bac dinh ctia cc niit
mang trong md hinh Fat-Tree khong déu nhau, tuy nhién,
xét trong cling mot ting, cac niit c6 cling bac dinh va ching
dugc két ndi véi nhau theo quy luat mot cach chit ché. Do
vay, Fat-Tree dugc xem 1a mot regular topology thé hé sau
so V6i céc regular topology truyén thdng (vi du nhu Torus,
Grid, HyperCube). Thiét ké clia Fat-Tree dam bdo tham sd
oversubcription dat 1:1, c6 nghia 12 ddm bao tét ca cac host
c6 kha ning két nbi t6i bat ky host khac véi bing thong
dudng truyén két nbi dat tdi da. Mic du Fat-Tree c6 nhiéu
uu diém nhu dudng kinh mang thip, do tré truyén tin thip,
oversubcription| dat 1:1, tuy nhién, n6 ciing ton tai mot sb
han ché ding ké. Do céu tric chit ché, nén kha ning md
rong ctia Fat-Tree phu thudc vao sb6 cong thiét bi switch
dugc st dung trong viéc két ndi mang. Vi du, kich thudce
3456, 8192, 27648 va 65536 tuong tng vSi s6 cong switch
1a 24, 32, 48 va 64. Trong trudng hop gid dinh c thé st

3Cac thiét ké DC dé xuét oversubcription nhu 1a mot tham sé dé lam
giam tdng chi phi ctia thiét k& d6. Oversubcription 1a ti 1& gifta tdng
bing thong, trong trudng hop tdi nhit, c6 thé dat dugc gilta cic hosts
dbi véi tong bing théng cuc dai ciia mdt cAu tric t6-pd cu thé. Vi du,
gia tri oversubcription 5:1 c¢6 nghia la bang thong ctia host chi dat 20%.
Thong thuong, cac DC dugc thiét ké oversubcription tir 2.5:1 (tuong duong
400Mbps) dén 8:1 (tuong ducng 125Mbps) dbi véi biang thong dudng
truyén 1a cho mang st dung switch thong thudng Ethernet
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dung switch 50 cdng, c6 thé€ bd sung thém 3602 mdy chi
nhung phai thay thé toan bo céc thiét bi switch ban dau (48
cong). Pay chinh 12 han ché vé khi ning md rong va lam
gia ting chi phi thiét bi ca Fat-Tree.

Mot cich tiép can méi va hip din gan day la st dung
cdc md hinh mang ngau nhién trong viéc thiét ké cac t6 mod
mang lién két ma c6 thé dat hiéu qua dé cung cép chét luong
hiéu ndng quan trong nhu la tinh linh hoat (flexibility),
tinh md rdng (scalability) va tinh thich nghi (adaptivity)
ma chiing 13 cdc doi hdi quan trong dbi véi cac to po DC
hién dai nhu da dugc dé cap. Thong thudng, td6 pd ngiu
nhién dugc xdy dung biang viéc bd sung thém cic lién két
ngiu nhién d6i v6i mot do thi co ban don gidn va chinh
tac nhu dang luéi 2-D; céc lién két ngau nhién dudc tao ra
bdi modt phan bd xic suit nao d6, nhung thudng la phan
bd déu. Vi du nhu d6 thi lién két ngiu nhién RSN, dudc
tao ra bdi viéc bd sung cic lién két ngiu nhién giita cac
nit trén do thi co sé dang 1uéi (grid). Mo hinh xiy dung
mang nay dudc chi ra tai[8]], c6 thé dat dugc duong kinh
dd thi (va do tré truyén thong) giam dang ké so véi cac to
pd mang truyén thdng (véi cling kich thudc va cung bac
dinh). Hon nifa, c4c tinh chit quan trong clia viéc mé rong
mot cich tu nhién v6i méd hinh mang ngiu nhién, do do,
noé hﬁp dan d6i véi mang DC Jellyfish[2]], Scafida[l11]. bé
xuét JellyFish st dung mo hinh mang ngiu nhién dé hd trg
md rdng mang va gia tri oversubcription dat ti 1& 1:1. Tuy
nhién, JellyFish phai st dung thuit toan dinh tuyén -SPR
v6i kich thudc bang dinh tuyén 16n va st dung cic switch
c6 bac dinh cao (vi du, 48 cdng).

Mic du ca Fat-Tree[4][5] va JellyFish[2] déu dat dugc gia
tri oversubcription 1:1, tuy nhién, bic dinh cuia hai dai dién
nay kha cao, din dén chi phi thiét bi mang cao. Fat-Tree
con ton tai bat Igi trong viéc md rong mang trong khi vin
phai dam bdo cic tinh chét chit ché cia cu tric mic du
c6 lgi thé trong viéc thuc hién dinh tuyén dé dang. Ngugc
lai, JellyFish c6 nhugc diém vé viéc xdy dung luat dinh
tuyén do tinh chit ngiu nhién cta cac lién két, tuy nhién,
JellyFish lai c6 kha ning hd tr¢ mé rong mang (ddm bao
tinh co gian quy md). Vay c6 ton tai mot md hinh t6-pd cé
thé két hop va khai thac dugc nhiing wu diém ctia nhiing
t6-pd trén (regular va ir-regular), dong thoi han ché nhiing
nhugc diém cda ching?

Mot dang md hinh véi y tudng dua trén t6-po lai dang
dugc quan tdm hién nay 1a dd thi hon hop (compound
graph). Compound graph cip 1 G(G1) 1a mang lién két
dudc tao ra bdi 2 regular graph G va G1, bing céch thay
thé cdc niit ctia G bing G1 va cac lién két ctia G dugc
thay thé bdi céc lién két méi gilta 2 ban sao cla G1 tuong
ting v6i 2 niit ca G ma né thay thé. Compound graph cip
cao hon c6 thé dudc tao ra tif cac compound cip thip theo
phuong phap dé quy. Ngoai viéc gilt dudc tinh chit ban dau



ctia G, compound graph dudc bd sung céc thudc tinh tét
ctia G1. Vi vy c6 nhiéu DC dugc dé xuit theo hudng st
dung mo hinh nay, vi du BCNJ[6], DCell[7], R3[3]... Trong
d6, R3 1a to6-pd dang chi y khi c6 chu tric kha phit hop
vdi bai todn ma ching t6i dua ra.

R3 1a t6-pd dudc tao ra dya trén mo hinh compound
graph, bang cach két hop 2 t6-pod: generalized hybercube
(GHC) va random r-regular graph (RRG, trong R3 dugc goi
la cluster). V6i GHC, R3 kha linh hoat trong viéc xay dung
quy md DC véi sd mit mang cho trudc. Ngoai ra, RRG la
to-po6 c6 ddc tinh dudng kinh mang nhd, linh hoat trong
viéc mé rong... Trong khi s& hitu cic tinh chit trén, R3
van ton tai mot s6 nhuge diém. Do dudc tao bdi GHC nén
R3 can c6 su ddnh ddi gilta duong kinh mang va bac cda
nit. Hon nita, do cAu tric random ctia RRG va phai lién két
nhiéu RRG theo chu tric cia GHC, nén viéc truy vét cac
lién két clia to6-pd nay kha khé khin. Néu dp dung R3[3]
dé gidi quyét bai todn da néu trong phan [I| thi c6 thé din
dén chi phi ding cho switch va cdp mang ting cao cung
v6i kho khan trong qud trinh cai dat va bao tri.

2. Thuét toan dinh tuyén

Mot van dé quan trong trong viéc dé xuét thiét ké t6-po
12 xdy dung thuit toan dinh tuyén tuong dng dé€ khai thac
t6i da dic tinh t6-p6 nhim dam bao cdc yéu t6 hidu ning
mang. Qua trinh dinh tuyén xic dinh dudng truyén tin giita
céc ciip nguodn — dich trong mang. Cac thuit toan dinh tuyén
SPR st dung thuit toan Dijkstra hodc thuat toan tham lam
dé x4c dinh duong di ngin nhit gilta cic cip ngudn dich.
Do tinh chit ché clia ciu tric, cic t6-pd dang chudn tic
thuong dé dang 4p dung céc thuat todn SPR, vi du, 2-D
Torus, 3-D Torus, Fat-Tree[4]. Tuy nhién, d6i v6i cac to-pd
ngﬁu nhién, vi du RSN, JellyFish, cac thudt toan SPR to
ra kém hiéu qua v6i dudng kinh 16n. D€ khic phuc nhugc
diém d6, cac thuit todn rit gon (compact routing) dugc
dé xuét 4p dung cho cdc dd thi ngdu nhién, vi du, thuat
toan TZ cuia tac gia Thorup & Zwick[20], CORRA[21] véi
viéc khai thac thong tin dinh tuyén dudc luu tri¥ tai cac niit
mang (bang dinh tuyén tai cdc mit mang). Vi du, thuit todn
TZ[20] khai thac thong tin cta nit dai dién (landmark) cia
tap cdc nit trong ving ma né dai dién, bang cach dinh
tuyén tlf niit ngudn t6i nit dai dién gan nhét ciia nit dich,
va sau d6 chuyén tiép géi tin t6i nit dich; hodc thuit todn
CORRA[21]], st dung céc lién két dai nhu 12 céc ciu ndi
gilta cdc vung niit d& chuyén tiép thong tin. Cac thuat todn
Compact khong tuan theo dinh tuyén ngin nhét, ma né
khai thic cdc lién két giita cdc niit xa nhau, tif d6 1am giam
dudng kinh mang va gidm trung binh do tré truyén tin.

Mot van dé khd khé khin trong cAu tric t6-po lai chinh
12 1am thé nao dinh tuyén géi tin gilta cc nit mang trong
né. V6i modi dang t6-po thanh phan sé c6 kich ban dinh
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tuyén tuong tng nham dim bdo cic tham sb hiéu ning
mang. Tuy nhién, viéc dua ra dudc luat dinh tuyén chung
cho cu triic t6-po lai trd nén khé khi ma cdc to-pd regular
thudng dp dung céc thuat todn dinh tuyén theo chiéu DOR
hoac st dung giao thic Duato[22], trong khi d6, cac t6-pod
ngu nhién té ra hiéu qua dbi véi kich ban dinh tuyén rit
gon (CANDAR[23]], CORRA[21]], TZ[20]. Céc thuét toan
SPR t6 ra kém hiéu qua ddi véi cic t6-po lai khi phai st
dung qud nhiéu tai nguyén (bd nhé tai mdi switch). Trong
truong hop ap dung kich ban dinh tuyén rit gon trén toan
bd chu tric td-pd lai, viéc dinh tuyén trd nén khé khin
khi khong xdc dinh dudc luat dinh tuyén chung. Trong ca
hai trudng hop, viéc dinh tuyén khong mang lai hiéu qua
tbt. Mot chién luge dinh tuyén R3[3]], dudc dé xuit nhim
ap dung hiéu qua trén dang to-pd lai. Y tudng chinh ciia
cach tiép can nay 1a két hop céc thuit toan dinh tuyén khac
nhau d€ t6i uu hiéu ning mang va cong viéc dinh tuyén
cling dugc chia ra thanh cac truong hgp riéng biét. Theo do,
R3 dugc dinh tuyén véi 2 truong hop: dinh tuyén noi viing
(intra-cluster, dinh tuyén giita c4c nit mang trong cling mot
viing) va dinh tuyén lién ving (inter-cluster, dinh tuyén gitta
cdc mut mang thudc hai vung khac nhau). Trong trudng hop
intra-cluster, 2 nut thudc cung 1 cluster, géi tin dugc dinh
tuyén bang thuat todn k+ algorithm[24] (12 thuat toan st
dung ham muc tiéu heuristic hiéu qua nhat hién nay, dugc
p dung dé€ tim kiém k dudng di ngin nhit). D6i véi inter-
cluster, 2 nut thudéc 2 cluster khac nhau, thuét toan dinh
tuyén dugc két hop bdi cic k¥ thuat khac nhau: Thuat todn
Dijkstra va thuat toan dinh tuyén dua trén toa do cda céc
nt.

Chiing to6i xem xét k§ hon va dp dung cach tiép can két
hop nhiéu thuét toan khac nhau khi dinh tuyén trong mo
hinh Bus-RSN. Trong d6, chiing t6i 4p dung luat dinh tuyén
2 giai doan tuong tu nhu thuit toan dinh tuyén riit gon[20]
cho Bus-RSN. Giai doan 1, géi tin dudc dinh tuyén dén
bus-node gan nit dich nhat va giai doan 2 1a géi tin dudc
dua dén dich, chi tiét thuit todn dudc md ti tai phan m

III. GIAI PHAP TO-PO LAI PE XUAT

Xét bai todn xay dung DC v6i quy md ban dau nhd, dudc
lap dit tai nhidu phong/san riéng biét, sao cho né cé kha
ning linh hoat trong viéc mé rong ma dam bao thong sb
hiéu nidng cao hgp ly.

Y tudng co ban ctia chiing toi 1a két hop lai giita to-pd
dang Bu va RSN sao cho khai thic uu diém clia ching
mot cach phit hop. Trude hét ching toi du dinh két ndi céc
phong/san bang t6-pd dang Bus do c6 thé dap ting dugc
viéc dinh tuyén va lap dit dé dang va hon nita lai linh hoat
trong viéc mé rong DC trong luong lai: dé dang trién khai

4Mang lién két véi cdc nit duge két nbi v6i nhau nhu 1 dudng thing,
lién ket véi cac nit lien ke v6i nd, ngoai tru nit dau va nit cudi cung.
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thém cic phong mdy chii bang viéc thém cdc niit mang dai
dién ctia cac phong d6 vao 2 dau cta dudng Bus, nhu Hinh
a. Tit nhién, t6-p6 nay khong cho hiéu ning mang cao,
do dudng kinh mang qud 16n, bén canh d6, méi phong lai
¢6 kich thudc khac nhau, ¢6 sb lugng nit mang khéac nhau;
do d6 chiing toi lua chon kién triic RSN (minh hoa nhu
Hinh [1}b) cho t5-pd lién két ndi b mdi phong dé vita dam
bao tinh linh hoat vira ¢c6 dudng kinh mang du nho.

Node

Direct link

“ T~ Random link

(a) (b)

Hinh 1. a. Bus topology v6i 5 node
b. RSN 4x4 tao bdi grid graph va random link

1. Kién truc

Phan coi 12 “bus” trong t6-pd Bus-RSN tao thanh mot
truc doc “bus-way” lién két nhiéu san (khong gian lap dit
ctia mdt phong may chi) phan biét c6 kich thude khac nhau.
Cac san dugc ky hi€u 1a RSN; (vi du nhu RSN; va RSN,,
trong Hinh{2), ma & m&i san do thi lién két ndi bo tao
thanh mot t6-pd RSN (nhu trinh bay & muc 1a két hop
ctia 1uéi vé6i tap cac random linkﬂ tiic lién két ngiu nhién),
trén d6 c6 mot s6 miit dudc chon dé tao ra truc “bus” dudc
goi 1a bus-node (trinh bay duéi diy). Cac RSN; dudc két
ndi v6i nhau théng qua Bus-way, dudc tao bdi danh sich
céc bus-node. Mot géi tin di chuyén tir cac nit thudc RSN
dén cac niit thuoc RSN, sé can phéi di qua nhiéu bus-node
trén Bus-way. D€ tao ra két ndi chit hon giita cac san (tir
d6 ha thip dudng kinh dd thi mang), mé hinh t6-pd nay
cho phép bd sung cic random link (lién két ngiu nhién)
gitfa cac bus-node trén Bus-way. CAu triic hoan thién cia
t6-pd dudc chiing t6i trinh bay sau day.

Mot cach khéi quat, Bus-RSN dugc biéu dién nhu do thi
G =G, UGyU...UG,,,, mdi @b thi G; = (V;, E;) 1a mot
to-p6 dang RSN dudc goi la zone thi i, ky hiéu z;, ung véi
mdi san — khong gian lién tuc biét 1ap. Mdi zone dugc chia
thanh k khéi c6 kich thudc giébng nhau dudc goi 1a block.
Trong mdi block, mdt mit dudc chon 1am niit dai dién cho
cac niit khac, dudc goi 1a bus-node, nam & vi tri trung tim
block. Céc bus-node dudc lién két 1an ludt v6i nhau dé tao
nén Bus-way. Sau khi Bus-way dudc tao ra, cic random
link c6 thé dugc tao bd sung giita 2 bus-node bét ky.

Hinh [3| minh hoa Bus-RSN gdm 4 zone, mdi zone dudc
chia thanh cac block c6 kich thude bang nhau. Cac niit dugc

SRandom link (lién két ngdu nhién) 12 cic lién két két ndi giita 2 niit
mang ngiu nhién trong mang lién két
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Hinh 3. M5 hinh chi tiét cia Bus-RSN

chon 1am dai dién cla cdc block dugc danh sb thit tu tir 1
dén 12 va tao thanh Bus-way. Ngoai cic bus-link, 1a cdc
lién két co ban gitta cac bus-node, con cé cac random link
két ndi 2 nit bat ky trén bus-node. Qua trinh tao thanh mot
t6-pd dang Bus-RSN dugc md ta dudi day cd kem ma gia
(pseudo-code) minh hoa bdi Algo [I]}

Algo. (1|12 thi tuc dudc minh hoa trong Hinh 4| d€ khéi
tao mang lién két Bus-RSN véi M zone. Kich thuéc clia
cdc zone va s block clia zone d6 dudc luu tri tai mang
A[] va B[] tuong tng. Vi du zone-i c6 kich thude 1a A[i]
va c6 sb block 1a B[i]. Céc tham sb ddu vao déu la cdc sb
nguyén duong va 1a boi sb cia 2.

Qua trinh tao t6-pd Bus-RSN ¢6 thé dugc chia thanh 4
giai doan nhu sau:

o Khdi tao t0-p6 RSN (GenerateRSN(A[i]): cac to-pd



Thuét toan 1: Thuét todn xay dung mang lién két
theo mo hinh Bus-RSN

Dau vao: int M, sb lugng zone ctia dd thi;
int A[],luu trit kich thuéc cia M zone;

. int B[],luu trit sé block ctia M zone;

Pau ra : T6-p6 Bus-RSN

i=0;

BusNodes «— @;

//khéi tao danh sach bus-node cua t6-pod

for i =0;i < M;i++){

Zone; = GenerateRSN(Ali]);

Blocks = DivideBlock(Zone;, B[i]);

BusNodeSelection(Blocks);

Update(BusNodes);

LR B U
N

—
<

BuildBusWay(BusNodes);

RSN véi kich thude cho trudc duge khdi tao bdi thu
tuc tai dong 4 cua Algo. RSN dugc tao ra bang
céach thém cac random link (cho cac cdp nut dugc lya
chon ngiu nhién theo phan bd dong nhit) cla to-pd
co s6 dang ludi. Giai doan nay tuong dng véi Hinh
E}a, RSN chua dudc chia block va cac bus-node chua
dudc chon.

o Phdn chia t6-pé thanh cdc khéi: Sau khi dudc khdi
tao tai giai doan 1, Zone; ciia mang dudc chia thanh
B[i] block c6 kich thuéc lusi X*Y bang nhau. Cic
kich thuéc dudc chia sao cho X va Y 1a boi s6 cia 2
va | X —Y/| 1a nho nhét. Vi du: Zone c6 kich thuée 128
¢6 4 block c6 kich thuéc 1a 4*8.

e Lua chon bus-node: Ngay sau khi zone dudc chia

thanh cdc block véi kich thuc gidng nhau, cic bus-

node sé dudc tién hanh chon va dudc luu tri¥ vao
mang BusNodes[]. Cac bus-node la nuit § trung tam
cua block, dudc thuc hién bdi BusNodeSelection() nhu

Hinh c. Néu bus-node, 12 nit dugc chon, cé chuia

random link v6i nut khac dugc tao trong qua trinh

sinh RSN, link nay sé€ bi x6a bd. Sau do, cic bus-
node mdi dugc thém vao danh sach BusNodes qua thu

tuc tai don 7.

Xdy dung Bus-way va tao random link giita cdc bus-

node: dua trén danh sach BusNodes[], dugc thuc hién

bdi thu tuc BuildBusWay(BusNodes) dugc minh hoa &

Hinh [@}d. Sau khi ¢6 dugc danh sich cdc bus-node

tlt cac zone, cdc bus-node dudc lién két 1an ludt véi

nhau theo dang t6-pd bus. Sau d6, cac random link
dugc thém vao giita 2 bus-node bt ky theo phan bd
ddng nhét, nghia 1a cdc bus-node c6 bac bing nhau

Niit va lién két giira cdc nit

Bus-RSN c¢6 2 loai niit: cic bus-node da dé cip va cic
nut con lai, goi la non-bus-node. Do c6 cAu tric co sé 1a
t6-pod dang 1udi, mot non-bus-node c6 4 lién két ludi tic
grid-link gidp lién két v6i 4 niit xung quanh, nhu Hinh
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(d)

Bus-link

<> Bus-node

Hinh 4. Qua trinh RSN dudc chia thanh cac block, chon bus-node
va tao Bus-way

—-——-— Edge

////’—_—\\\\\ Bus-way link

Grid link

Random link (bus-node)

Random link (non-bus-node)

Bus-node Non-bus-node

Hinh 5. Chi tiét vé& Non-bus-node va Bus-node

Ngoai ra, non-bus-node con ¢ r-random link lié€n két véi
cdc nit bat ky cling zone v6i né. Chiing t6i khuyén nghi
st dung non-bus-node véi =2 random link d€ bac clia céc
nit khong ting 1én qud cao. Trong cic t6-pd khuyén nghi
nhu thé bic clia cic non-bus-node 1a 6.

Trong pham vi zone, bus-node ciing ¢6 thé dudc coi 1a
mot non-bus-node. Ngoai nhiém vu nhu mdt non-bus-node,
bus-node gitip cic zone lién két v6i nhau, tao su lién thong
trong dd thi véi 4 grid link, 2 random link. Tuy nhién, 2
random link nay chi két ndi t6i cac bus-node khac. Néu mot
random link cé 2 mit la 2 bus-node thudc cing médt zone
thi né sé tham gia tich cuc vao dinh tuyén ndi viing, ngudc
lai, né gitip 1am gidm dang k€ do gidi duong di (hop-count)
trong dinh tuyén lién viing. Ngoai ra, bus-node con c6 céc
bus-way link, dung dé lién két cic zone véi nhau, tao su
lién thong cho mang va thuc hién cic nhiém vu diéu khién,
giam sat. Do viy, bic cua bus-node 1a 8, nhu Hinh

Khuyén nghi st dung trong thuc tién

Bus-RSN dudc dé xuét cho cac DC ¢ nhd va vira phu
hop méi xu huéng phat trién linh hoat va tiét kiém trong
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nudc, nén véi nhiing diéu kién bdi canh cu thé d6 chiing toi
ciing khuyén nghi 1a cdc ing dung thué bao mdy chd trén
DC nén dudc gan v6i nhom cac mdy thudc cung mot san.
Diéu nay 1a kha phlt hop vi cac khach hang cta DC loai
ndy ciing thudng c¢6 nhu ciu khong qua 16n. Do d6 lién két
gitfa cac san du chi thuc hién han ché trén Bus-way ciing sé
van dam bao dudc nhu ciu truyén tin phuc vu cho quén ly,
kiém soat diéu khién hé théng (vbn giao thong cé ty trong
rit nhé so véi giao thong dit liéu ung dung). Viéc st dung
kién triic bus t6i gian nhu thé gitip gidm thiéu chi phi lién
két giita cic san c6 thé & khd xa nhau. Trong trudng hop
c6 ting dung yéu cau s6 lugng mdy chi tuong ddi nhiéu
va bit budc phai trién khai trén nhiéu hon 1 san, hé théng
sé c6 thé b sung cac random link gifta cdc zone phu hdp
sao cho dam bao yéu cau ma khong tén kém (muc IV-2 sé
trinh bay chi tiét thong qua mot case-study cu thé). Pay c6
thé coi 1a wu diém chinh ctia giai phap t6-p6 dé xuit nho
vita ddm bao tiét kiém chi phi thiét bi va cdp mang vira
linh hoat d4p ting dugc yéu ciu cao hon phat sinh.

2. Giai phap dinh tuyén cho Bus-RSN

Algo. [1| gidi quyét vin d& sinh mang két n6i Bus-RSN,
tuy nhién dé c6 thé hoat dong dudc, can c6 thuit todn dinh
tuyén dudc gidi quyét tai Algo. 2|14 thid tuc tim dudng di
gitfa 2 nit mang bat ky ctia Bus-RSN. Dau vao clia thuat
toan dinh tuyén 13 2 niit mang, dau ra dudng di tli nit ngudn
dén nit dich. Puong di gita 2 nit mang 12 danh sich cdc
niit mang cia t6-pod, dudc sip xép theo thi tu goi tin di qua
tlf nit ngudn dén nit dich.

Bang 11
PINH NGHIA MOT SO KI HIEU bUGC SU DUNG
Ky hiéu | Dién giai
Zi Dinh danh zone id cta nut i
b; Dinh danh block id ¢
i Node id cta nut {
bn; Bus-node i
cbn; Bus-node gin niit i nhét
nBlock | S6 block trong mot do thi RSN

V6i cich t§ chifc kién tric Bus-RSN da dudc trinh bay,
la md hinh huéng dén ciac DC dugc xdy dung trén khong
gian 13i rac (nhiéu phong, nhiéu ting khac nhau), nén trong
md hinh nay st dung cic random link dé thu nhd dudng
kinh mang. CORRA la thuat toan dinh tuyén wu tién st
dung cac random link. Vi vdy CORRA c6 thé tin dung diic
diém ctia mo hinh mang dé€ c6 mot DC ¢6 cdc tham sb hiéu
ning t6t. Cc két qua dudc thé hién trong Phan [V| Céac ky
hiéu ching tdi st dung dugc chu thich trong Bang

Dia chi cia mot nit trong Bus-RSN bao gdm 3 thanh
phan: dinh danh ving Zone;4(z;), dinh danh cta khoi
Blockiy(b;), Node;4(i), dudc cu tric thanh v(z;, (b;,1)).
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Nut v(1, (1,8)) trong Hinh 3|1a nit thudc z1, by va c6 i=8.
Tham sb z; ctia mot nit duge quyét dinh bdi zone quan 1y
nit dé, dugc dung d€ phan biét cdc nit thudc zone nao. Vi
du, v6i 2 niit u va v, néu c6 Zone,;4 gibng nhau thi ching
cung thudc 1 zone, ngudc lai, chiung thudc 2 zone khic
nhau. Trong Hinh [3] hai nit u,v € z1,7 € 7. Trong cling
mot zone, cAn phan biét cic block thudc zone d6. Hai niit
u,s € 71, nhung u € by cho nén b, 1a 1, con s € b3 nén
bg 1a 3. Cubdi cing 12 Node;; dudc ding dé phan biét cic
nut trong cung mot block. Trong Hinh |3} 2 nit u va v cung
thudc by, z1, c6 Node;q 1an lugt 1a 2 va 8. Nhu vay, toa
dd ctia mdi nit 1a riéng biét, tf d6 hd tr¢ qua trinh dinh
tuyén trén DC.

Trong mo hinh Bus-RSN, cé 2 trudng hop dinh tuyén:
dinh tuyén noi ving (intra-zone) va dinh tuyén lién ving
(inter-zone). Khi 2 miit ngudn dich & trong cling mot zone
(intra-zone), ching toi trién khai ap dung thuit todn dinh
tuyén CORRA[21]. CORRA 1a mot thuit todn rit gon
(compact routing), nén bang dinh tuyén cta cdc nit s&
khong phai luu qua nhiéu thong tin. Ngoai ra, v6i dic trung
ctia minh, CORRA tin dung tbi da c4c random link nhu 1a
cdc cau ndi gilta cidc ving hang xém, tif d6 cai thién cdc
tham s6 hiéu ning ctia mang. Khi sit dung thuit toin dinh
tuyén nay, non-bus-node sé thu thip thong tin cic nit ciing
v6i cac random link trong vung hang xoém cda né la tip
hgp cac nit cach ndt dang xét la 2 nit trung gian (hop)
néu di chuyén bing grid-link.

Trong trudng hop thi 2, khi cip niit ngudn dich & 2 zone
khéc nhau, géi tin can di qua bus-way. Bus-node c6 nhiém
vu gitdp cic zone lién két v6i nhau nén chiing can luu thong
tin ctia cac bus-node khéc. N6i cich khéc, bang dinh tuyén
cta non-bus-node u can luu thong tin cta cac nit, random
link trong ving hang xém cia u va cac bus-node c6 trong
mang. Bang dinh tuyén ctia bus-node can luu thong tin cla
cac nit trong block ma né dai dién cung véi cac bus-node
khéc cé trong mang.

Hai truong hop cé thé duge diic ta nhu sau.

Dinh tuyén néi ving: Intra-zone: 1a khi ning xiy ra
khi hai nit cing nam trong mot zone. Vi du, cip niit ngudn
u,v € z; trong Hinh [3] Ching t6i st dung thuit toan dinh
tuyén CORRA[21]] khi dinh tuyén 2 niit trong cung 1 zone
d€ c6 thé st dung téi da cac random link, tif d6 hiéu ning
clia mang lién két cling dugc gia ting.

Dinh tuyén lién ving: Inter-zone: xiy ra khi cip nit
ngudn dich thudc 2 zone khac nhau, vidu S € z; va T € z,
trong Hlnh Tuong tu thuat toan dinh tuyén TZ[20], chiing
t6i chia qud trinh dinh tuyén cho trudng hop nay thanh 2
giai doan. Giai doan 1, géi tin tif nit nguon dudc dinh
tuyén dén bus-node gan niit dich nhét. Giai doan 2, géi tin
tlf bus-node gan véi nit dich nhét di chuyén dén niit dich.



Thuét toan 2: Thuat todn dinh tuyén cho md
hinh Bus-RSN
Piu vio: Bus-RSN;
source node S(z;, (b;,i));
destination node T'(zj, (b, j));
Piu ra : Routing path from S to T
1 if (GetZoneld(S) = GetZoneld(T)){
2 | IntraZone(S,T);
3}
4 elsef
5 Phasel (S, cbnr);
6 Phase2(cbny,T);
7}

IV. PANH GIA BANG THUC NGHIEM

Dé thuén tién cho céc ddc gia chuyén nganh ching t6i
tiép tuc st dung cdc thuat ngi k¥ thuat phd bién trong tiéng
Anh (c6 chd gidi tiéng Viét trong xuét hién 1an dau).

Bang III
CAC KY HIEU TRONG CAC HINH MINH HOA THUC NGHIEM
To-pd Thuit toan dinh tuyén | Ky hiéu
Bus-RSN | Hybrid BR-HRA-2-4
JellyFish K-shortest path JF-KSPR-2
R3 Shortest path R3-SPR-2
RSN Shortest path RSN-SPR-2

Chiing t6i tién hanh khdo sat cic tham sé hiéu ning
co ban ctia mang lién két, bao gdm diameter (dudng kinh
do thi), average routing path length — ARPL (d6 dai trung
binh dudng dinh tuyén), average latency (do tré truyén tin
trung binh gitta mot cdp nut), routing table size (kich thudc
béng dinh tuyén), total cable length (t6ng do cai cap mang),
network cost (chi phi thiét bi va cai dit mang), cla to-
pd Bus-RSN clng v6i cic td-pd quan trong di dé& cap:
JellyFish[2]], RSN[8], R3[3] thong qua cong cu phan mém
danh gid c6 md phong SSINET(1].

Ching t6i st dung va giai thich cac ki hiéu dugc st dung
trong cac hinh minh hoa nhu tai Bang Mai ky hiéu bao
gdm tén to-pd, thuit todn dinh tuyén tuong dng, sb zone
dugc sap xép. Riéng Bus-RSN c6 thém tham sb cubi 1a sb
lugng block trong mdi zone, vi du 4 c¢6 nghia 1a mbi zone
dugc chia thanh 4 khéi. To-po6 R3[3]] dudc t6 chiic thanh 8
zone d& dam bao ciu tric hyper-cube clia né va cé sb nit
mang tuong duong véi cdc to-pd con lai. Cac mang lién két
ciing dugc mo phong dit vao cac phong (san) cé dia diém
khac nhau, cach nhau 15m.

1. Panh gia hiéu niing mang lién két

Trong phan niy, ching t6i trinh by vé cic tham s hiéu
nang cua cac to-po sau khi dugc khao sat theo 2 kich ban.
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a. buong kinh mang

64 128 256 512
Kich thuéc mang 1lién két

~#-R3-SPR-8 JE-KSPR-2 BR-HRA-2-4 RSN-SPR-2

b. P4 dii trung binh dudng di dinh tuyén

64 128 256 512
Kich thuéc mang lién ket

~#4-R3-SPR-8 JF-KSPR-2 BR-HRA-2-4 RSN-SPR-2

c. DS tré truyén tin

64 128 256 512
Kich thuéc mang lién két

—#-R3-SPR-8 JE-KSPR-2 BR-HRA-2-4 RSN-SPR-2

Hinh 6. Panh gia tham s6 hiéu ning mang bang phén tich db thi
theo kich ban 1

Trong kich ban thd nghiém 1, cac t6-pd dudc thuc hién
khao sat véi cung kich thudc: 64, 128, 256, 512, dudc lép
ddt 6 2 zone cach nhau 15m. Céc zone cta t6-p6 Bus-RSN
dudc chia thanh 4 block.

Hinh |§|-a 1a biéu dd so sanh diameter giita cdc mang lién
két. C6 thé thiy JellyFish c6 két qua t6t nhét, khi & ci 4
kich thuéc, JellyFish cho diameter thip nhit, dao dong tir 4
dén 6 hop, tiép theo d6 1a RSN-SPR va Bus-RSN. Piéu nay
c6 thé 1y gidi duge bdi vi cAu tric mang cla JellyFish 1a
hoan toan ngiu nhién cuing thut todn dinh tuyén k-Shortest
Path nén diameter (Hinh [6}a) va do dai trung binh dudng
dinh tuyén (Hinh |§|—b) ctia JellyFish 12 thip nhat, trong moi
kich thude. To-pd RSN véi kich thude nhd nén khi st dung
thuat todn dinh tuyén SPR cho diameter kha nhé (xip xi
JellyFish). R3 cho diameter cao nhét vi td6-pd c6 chu triic
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hyber-cube, nén sé can nhiéu hop hon khi géi tin di chuyén.
Bus-RSN st dung thuat toan CORRA, thut toan dinh tuyén
uu tién st dung random link, nén dudng kinh mang cta né
ciing kha nhé, dao dong trong khoang 5.0 dén 7.7 khi kich
thuéc mang thay ddi tir 64 dén 512.

Do céu tric mang JellyFish bao gdm hoan toan 1a lién
két ngiu nhién, ngoai ra nhd st dung thuit toan dinh tuyén
k-Shortest Path, nén JellyFish c6 do dai trung binh dudng
dinh tuyén 1a thip nhét trong 4 t6-pd. Bus-RSN va RSN cho
két qua xAp xi JellyFish & cic kich thu6c thi nghiém khi
kich thudc mang ting tif 64 1én 512. Két qua trong Hinh E]-b
cho théy, dbi véi cic kich thuéc dudc thir nghiém, JellyFish
khong qua vuct trdi so véi Bus-RSN. Yéu t6 chinh khién
do dai trung binh dudng dinh tuyén ctia Bus-RSN khong
qua thua kém so vdi JellyFish dén tif kich thudc ctia mang
két nbi.

Do tré trung binh (tinh theo ns- nano second) phu thudc
kha nhiéu vao 2 yéu t6: duong kinh mang va do dai trung
binh dudng dinh tuyén. Trong mo hinh tinh toan, do tré
truyén tin dudc tinh bang tdng do tré tai cdc mit mang
(tinh theo s6 hop-count) va tdng do tré trén quing dudng
dinh tuyén (tinh theo mét). Gid tri do tré thip dudc xem
la hiéu qua. Nhu da trinh bay trén vé dudng kinh va do
dai trung binh dudng dinh tuyén, nén JellyFish c6 do tré
thdp nhét, tiép dén 1a Bus-RSN. O kich thudc 64, do tré
cta JellyFish khoang 250 , trong khi d6 Bus-RSN khoang
256 . Nhin chung, Bus-RSN c6 do tré cao hon Jellyfish,
nhung trung binh dd tré toan mang 13 chip nhan dugc, vi
du Bus-RSN ¢6 do tré trung binh cao hon 12,61% so véi
JellyFish & kich thuéc mang 1a 128. Két qua do tré truyén
tin trung binh gitta mdt cdp nut cua cac td-pd dugc trinh
bay trong Hinh [6}c.

Sau khi thuc hién khao sat cac t6-po6 véi kich ban 1,
ching tdi tiép tuc khao sat véi kich thudc 16n hon: 128,
256, 512, 1024. Trong kich ban nay, cic t6-pd dudc lap dit
tai 8 zone, cach nhau d6i mot 15m. Cac zone cua to-pd
Bus-RSN dudgc chia thanh 4 block.

Hinh [7}a 12 két qua chi tiét v& duong kinh mang ciia cdc
t6-po. Ta c6 thé thiy ring 3 to6-pd Bus-RSN, R3, RSN véi
cdc thuit todn dinh tuyén dugc st dung c6 dudng kinh mang
x4p xi nhau, dao dong tit 4 dén 7. RSN va JellyFish sit dung
cdc thuat toan dinh tuyén ma ban chét 1a st dung dudng
di ngan nhit nén khong bat ngd khi 2 t6-pd nay cé dudng
kinh mang nhd. Bus-RSN st dung thuit toan CORRA, la
thuat toan dinh tuyén vu tién st dung cic random link. Véi
cAu tric cia Bus-RSN, cic lién két ngiu nhién xuét hién &
moi node trong t6-p6 lam cho dutng kinh mang cla mang
nhd lai. R3 c¢6 dudng kinh mang thip vi cdc node mang
clia t6-pd nay thudc nhiéu zone khac nhau. Nén khi dinh
tuyén, chiing phai di qua nhiéu nit bién trong R3), khién
cho dudng kinh mang ctia R3 16n hon cac t6-p6 con lai.
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a. buong kinh mang

128 256 512

Kich thuéc mang lién ket

1024

~#-R3-SPR-8 JF-KSPR-8 BR-HRA-8-4 RSN-SPR-8

b. P& dai trung binh dudéng dinh tuyén

128 256 512

Kich thudc mang lién két

1024

~4—-R3-SPR-8 JF-KSPR-8 BR-HRA-8-4 RSN-SPR-8

& truyén tin

Thoi gian tré (ns)

256
Kich thuéc mang lién két

512

-#~R3-SPR-8 JF-KSPR-8 BR-HRA-8-4 RSN-SPR-8

Hinh 7. Panh gia tham s hiéu ning mang bang phan tich db thi
theo kich ban 2

Khi chia mang két nbi thanh nhiéu zone cic nhau, Bus-
RSN cho thiy Igi thé ctia minh véi cu triic nhiéu lién
két ngiu nhién va thuit todn uu tién st dung chiing. Piéu
nay thé hién trong hinh 5, khi do dai trung binh dudng dinh
tuyén ctia Bus-RSN thap nhit trong 4 t6-pd, dao dong trong
khoang tir 1.8 dén 2.5 véi kich thudc mang tir 128 dén 1024.
Trong diéu kién han ché cip mang, sé luong két ndi giam
xubng din dén bac ctia cdc nit mang trong mang JellyFish
giam xubng khién mo hinh nay mét 1gi thé. d6 dai trung
binh dudng dinh tuyén ctia JellyFish hon Bus-RSN khoang
60% & kich thuée 128 va 20% & kich thude 1024. RSN ¢6
do dai trung binh dudng dinh tuyén xip xi JellyFish. Do
cAu triic mang da dugc gidi thich & phan dudng kinh mang,



R3 c6 do dai trung binh dudng dinh tuyén thip nhit trong
cac t6-po véi cac kich thuée duge thit nghiém.

Hinh [7}c 1a két qua thit nghiém chi tiét do tré truyén tin
trung binh gitta mot cip nit cla cic t6-pd. PO tré truyén
tin trung binh gifta mot cip nit 1a thong s6 phu thudc vao
dudng kinh mang va do dai trung binh dudng di dinh tuyén,
nén khong khé hiéu khi Bus-RSN c6 do tré truyén tin trung
binh giita mdt cip nut t6t nhit trong cac t6-pd véi cac kich
thudc thit nghiém tir khoang 200ns & kich thudc 128 dén
400ns & kich thuéc 1024. C6 thé thdy, véi cac kich thude
nho, Bus-RSN c6 Igi thé dbi véi JellyFish.

2. Panh gia chi phi trién khai

Sau khi khéo sit cac tham s6 hiéu ning, chi phi dé xay
dung cac DC theo cac m6 hinh t6-p6 trén dugc ching toi
danh gid theo 2 kich ban da dugc dua ra.

Véi kich ban 1, cac t6-pd dudc thuc hién khao sat véi
cung kich thude: 64, 128, 256, 512, dugc lép dat 6 2 zone
cach nhau 15m. Céac zone cia t0-pd Bus-RSN dugc chia
thanh 4 block.

Tong chiéu dai cap (Total Cable length) 1a 1¢i thé dic thu
ctia Bus-RSN. Do ciu triic ctia Bus-RSN 12 céc zone tich
biét dugc két ndi thong qua 1 bus-way, cho nén khi DC
dugc lap dit tai cac phong khac nhau sé chi ton thém chi
cdp ndi cho viéc lap dit bus-way. Nhung dbi véi JellyFish,
khi xay dung theo mo hinh niy, cic lién két ngiu nhién sé
bi kéo dai khi DC phai 13p dit tai cic phong (san) riéng
biét.

Két qué trong Hinh a cho thiy 16 su bét 1gi vé sb luong
cap nbi khi mo hinh JellyFish[2] phai 1dp dit tai cac DC
nhu vdy. Thir nghiém cho thiy Bus-RSN c6 két qua tét
nhét khi st dung it cdp nbi va thip hon JellyFish, thip hon
81,53% & kich thuéc mang 128 nut.

Chi phi dau tu cho thiét bi mang chiém mot phan quan
trong trong chi phi cai dit mang lién két. D€ don gidn héa
mo hinh tinh todn, chiing toi Iua chon chi phi cho mot thiét
bi chuyén mach & mitc 500$ cho mdi céng (port) dua trén
khéo sat trong[25]. Mdi c6ng tuong dng véi mot lién két
ctia thiét bi chuyén mach dé trong mang lién két. Chi phi
cai dit mang con bao gdm cé chi phi cho cic dy nbi tiic
cap mang (cable) dung dé€ lién két cic thiét bi v6i nhau.
Chi phi danh cho mot két néi bang gid tri ciia diy ndi dé
(bao gdm chi phi diy ndi, va chi phi diu két ndi) cong
thém 25% chi phi trung binh danh cho nha san xuét (chi
phi sén xuét, phan phéi, tién 1ai) va chi phi d€ 1ap dt thuc
té (installation cost).

Cable_cost = (Cable_length = Cost_per_m+

Connector_Cost) % 1.25 + Installation_Cost
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a. Téng s6 cap mang
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Hinh 8. Tdng chiéu dai cdp va tdng chi phi trién khai két ndi theo
kich béan 1

Chi phi trung binh cho viéc cai dit cic két ndi giita hai
niit mang bén trong mot ti mang yéu cau chi phi 2.5$ va
6.5$% dbi v6i két nbi gitta hai niit mang & hai ti mang khac
nhau. Chi phi cho mbi mét cdp quang la Cost_per_m =
10/m, va mdi dau nbi Connector_Cost = 1888. Viy chi
phi cho két ndi nay dugc tinh bing (105+188%2)%1.25+
6.5 = 539%. Tong chi phi d€ xay dung DC dudc tinh theo
cong thuc:

Total_Cost = Cable_cost+

switch_port = 500 x network_size

Sau day chiing toi thit khio sat chi phi cho mot s6 trung
hop ting dung c6 thé gip trong thuc tién (case studies). Dau
tién ta khao sat truong hop nhu da dé cap ¢ muc (phan
khuyén nghi st dung), khi ma c6 ting dung khai thac yéu
cau st dung vuct qua sb lugng mdy chi trong mot phong,
vi du nhu can tit ca cdc mdy chii tai viing z; va mdt phan
mdy chu trong vung z. Trong truong hgp do, Bus-RSN
cung cip khi ning linh hoat trong viéc két ndi gitta hai
viing xic dinh biang cach thay doi mot sb két ndi trong
ving z; t6i mot s& mit mang trong ving z,. Bang cich
thay thé cic thiét bi switch (chuyén mach) tai cac bus-node
tir loai 8 cong 1én 12 cdng, 1am gia ting cic cau két nbi tSi
cdc bus-node khic trong ving z,. Pong thdi ciu hinh lai
dia chi cua cac nit duge chon trong vung do, sao cho tucong
ddng véi cac dia chi cdc nit trong ving nhung khong can
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thay ddi vi tri (dia ly) clia cdc nit d6. C6 thé thdy 16 1a,
viéc thay thé switch ciing nhu chi phi cho ciap mang so véi
tdng chi phi xdy dung DC la khong ding k& va cac switch
dugc thay thé c6 thé tan dung lai trong viéc mé rong DC
sau ndy. Vi du, yéu cau tinh todn can zone z; va block bs,
bg, thudc zone z. Véi tinh linh hoat cia Bus-RSN, hiéu
suit tinh toan c6 thé ting 1én bang cach thém lién két giita
cac bus-node thudc zone z; va bus-node cta block b5 va
be. Nhu vy, chiing ta chi can thay 2 switch c¢é 8 port, 1
switch tuong ting véi bus-node thudc zone z—1 va 1 switch
tuong ting véi bus-node clia bs hoic bg, bang loai switch
12 port. V&i ciu hinh hién tai, mdi bus-node khi lién két
dén zone khac can 15m cdp mang. Chi phi cho su thay
ddi nay 1a: 12*#500%2 + 15*%10 = 12.150 (USD), so véi chi
phi xdy dung ban dau la chi ting thém khoang 2,2% — kha
khiém ton!

Chiing t6i tiép tu khao sat chi phi v6i kich ban 2.

Pugc thiét ké dé€ phu hop v6i cac khong gian phan biét
nén Bus-RSN st dung cdp mang it nhét trong 4 to-pd
mang véi cac kich thuée dude thi nghiém, 1344 m § kich
thude 128 va 14861 & kich thude 1024. Véi kich thuée 128,
JellyFish st dung nhiéu hon 5.89 1an s6 lugng cdp mang
ma Bus-RSN can, con sb nay la 6.5 véi kich thuée 1024.
Két qua chi tiét dugc thé hién trong Hinh [9}a.

Hinh E]-b 1a két qua chi tiét khi khao sit téng chi phi cho
cac to6-pd mang dua trén kich ban thi nghiém. Trong cung
mdt diéu kién (chi phi 13p dit, chi phi vt liéu. ..) Bus-RSN
1a t6-pd c6 chi phi thap nhit. Do cic mang két ndi c6 cing
s6 lugng switch, Bus-RSN sit dung it cdp mang nhat (Hinh
7) nén khong khé hiéu khi Bus-RSN c6 chi phi ldp dit
tiét kiém nhét trong kich ban thit nghiém, khodng 726.573
USD § kich thude 64 va 5.914.163 USD 6 kich thuée 1024.
Trong khi d6, chi phi can cho mé hinh JellyFish hon 38.9%
so v6i Bus-RSN.

Chiing t6i tién hanh khdo sat k§ hon, md phéng viéc lap
dat DC trén cdc san tuong tu thuc té bang 2 ciu hinh. Cau
hinh 1 véi DC dudc trién khai trong 4 zone c6 khodng céch
ddng déu nhau va cach nhau 15 mét. Trong ciu hinh 2, gia
sit rang, ban dau DC dugc 1ip dit 2 zone z; va zp canh
nhau, v6i khodng cach cap két ndi 1a 15 mét (cing tang, vi
du tang 1). Sau d6, DC dudc mé rong véi z3 dudc lap dit
& tang trén (vi du ting 2), cach ting 2 12 15m. Cudi cling,
DC tiép tuc dudc md rong véi z4, 15m cao hon tang 3.

V6i thiét ké 4 zone, tdng chiéu dai cdp ctia Bus-RSN thip
hon nhiéu chiéu dai cap cta JellyFish, chi bang 22,18% va
17,43% véi kich thude 128 va 256 (Bang 4), tuong Ung.
V6i cu hinh 2, khoang cach giifa cdc zone ting 1én ding
ké, thi tdng chiéu dai cap ctia Bus-RSN van duy tri mic
thép hon cda Jellyfish, vi du chi chiém 22,75% tai kich
thuéc mang 256.

Ngoai ra, ching t6i thyuc nghi€m véi 4 san cé kich thude

a. Téng sb cap mang

pé dai (m)

128 256 512 1024
Kich thuéc mang lién ket

~4-R3-SPR-8 JF-KSPR-8 BR-HRA-8-4 RSN-SPR-8
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Hinh 9. Téng chiu dai cdp va tdng chi phi trién khai két ndi theo
kich ban 2

va khoang céach khac nhau, cac mat san c6 kich thudc zj,
72 va z3 lan ludt 1a 32 nit va z4 1a 128, tdng nit toan
mang 14 224 nit. Két qua thuc nghiém cho thiy, Bus-RSN
st dung it cap mang hon 83,19% va dat tdng chi phi thip
hon 11,2% khi so sanh véi JellyFish. Ly do chinh 1a béi sb
luong cap két nbi giita cac nit mang lién ving clia to-pd
nhiéu va to ra bit 10i khi két ndi giita cac phong mdy chii
dat cach xa nhau. Do vdy, md hinh Bus-RSN phu hgp véi
diéu kién trién khai thuc té khi cac phong ldp dit may chi
dudc bd tri ¢ xa nhau va c6 kich thudc khic nhau.

) Bang IV
TONG CAP MANG TRONG TRUGNG HOP KHAC
NHAU VE KHOANG CACH GIUA CAC ZONE

Cau hinh 1 (15 mét deu)

Tong nit | BR-HRA-4-4 | JF-kSPR4 | Ti & %
64 653,95 3.304,90 19,79%
128 1.734,40 7.819,10 22,18%
256 3.145,05 18.042,40 17,43%
512 7.404,80 46.776,40 15,83%

Cau hinh 2 (khoang cich khong déu)
64 798,70 3.422,60 23,34%
128 1.870,25 8.220,60 22,75%
256 3.293,95 19.058,40 17,28%
512 7.563,20 49.048,10 15,42%




V. KET LUAN

Trong bai bdo nay, ching toi d& xuit mo hinh t6-po lai
Bus-RSN nhim giai quyét bai toan xdy dung DC ctia cdc
doanh nghiép nhé va vira. Véi dic thu thiét ké nhim dén
tinh kinh t& va linh hoat, Bus-RSN c6 thé lip dit trong
khong gian gébm nhiéu phong/san phan biét. Ngoai ra, chi
phi diu tu ban dau dé xay dung DC theo md hinh nay phu
hdp v6i cac doanh nghiép c6 ngudn von han hep. Tinh linh
hoat trong kha ning md rong gitip doanh nghiép c6 thé mé
rong DC mot cach dé dang.

Cic két qua thi nghiém dugc ching t6i tdng hop va trinh
bay chi tiét tai phan IV. Véi nhiing két qua dat dudc, c6 thé
thiy rang, Bus-RSN 12 mot mo6 hinh mang tiém ning khi
sd hitu cdc tham s6 hiéu ning t6t va chi phi 1ip dit khiém
t6n.

Trong kich ban thti nghiém 1, cic tham s6 hiéu ning:
duong kinh mang, average path length va do tré truyén tin
trung binh giita mot ciip nit khong phai 12 diém manh Bus-
RSN khi dat gia tri kém hon cua JellyFish nhung khong
phai 12 kém nhiéu, vi du do tré kém 12,61% khi so vé6i
JellyFish & kich thuéc mang 128, nhung dd tré nay la chip
nhin dugc trong cac ting dung nho, DC viia va nhd.

Tuy nhién, khi thyc hién kich ban thit nghiém 2, Bus-
RSN cho thay két qua tot khi cac tham s hiéu ning va chi
phi déu t6t nhat. Vi du: do dai trung binh dudng dinh tuyén
cta JellyFish hon Bus-RSN khoang 60% & kich thude 128
va 20% & kich thuée 1024.

Trong c4 2 kich ban thi nghiém, téng chiéu dai cap va chi
chi thiét bi tiét kiém ctia Bus-RSN déu t6t hon so véi céac
t0-pd trén. Trong kich ban thit nghiém 1, tong trung binh
cdp it hon 81,53% va nho thé téng chi phi giam 23,08%
khi so véi JellyFish & kich thuéc mang 128. Véi kich ban
2, JellyFish st dung nhiéu cdp mang hon 5.89 1an s6 lugng
cdp mang ma Bus-RSN can & kich thudc 128, con sd nay
la 6.5 & kich thuée 1024.

CAu triic mang c6 thé 1ap dit v6i switch thuong mai cling
v6i s6 lugng cap mang nhé din dén chi phi d€ diu tu xay
dung DC theo md hinh Bus-RSN 1a kha tiét kiém so vdi
cdc md hinh khic. Nhu vdy, mo hinh Bus-RSN tiém ning,
pht hgp véi cac DC ¢G vita va nhd, ma trong d6 khong
doi héi téc do tinh todn that cao (chip nhan do tré) nhung
dam bao chi phi 1dp dit thap.

Trong pham vi ctia bai bdo nay, m6 hinh Bus-RSN méi
chi dugdc phan tich va danh gia thong qua céc thong sd hiéu
ning co s6 (yéu td dd thi) ma chua dugc thit nghiém trong
moi trudng gia 1ap thuc té. Trong tuong lai, ching toi du
dinh sé ddnh gia cic yéu t6 hiéu ning nang cao nhu thong
lugng va dién ning tiéu thu clia mang d€ c6 thé dua ra
d4nh gia day dd nhit vé md hinh Bus-RSN.

Ghi nhan
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