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Tém tit: Bai bdo nay gidi thidu mot cach tiép can riéng biét dé thiét ké cong cu phan mém chuyén dung cho dénh gid
hiéu ning mang lién két kich thu6c 16n, nhd dé xuét co ché mo phéng gidn ludc nhung vin dam bio danh gid dudc
nhiing dic tinh chinh clia cdc t6-po va thuat toan dinh tuyén méi. Ching toi dé xuit kién tric tong thé, trong d6 cho
phép thuc hién thi nghiém véi cic t6-pd dudc dinh nghia sin hoic tu dinh nghia, véi nhiéu kich ban hay ciu hinh traffic
khic nhau,va hd trg xdy dung t6-pd hiéu ning cao véi cac tinh ning dinh gid cich trién khai cai dit trén mit san thuc
té cho trudc. V6i ban phin mém cong cu diu tién xiy dung trén kién tric dé xuit nay chiing toi di tién hanh mot s6
thuc nghiém véi mot s to6-pd mang loai méi c6 kich thudc hang chuc nghin node trong khoang thdi gian ngin kha quan,

nhanh hon khd nhiéu 1an so véi khi tién hanh trén cdc cong cu md phong phd quét quen thudc nhu NS3, OMNET++.

Tix khéa: T6-p6 mang, hiéu ning mang, mé phéng mang, mang lién két, cong cu mé phong.

Title:

Abstract:

An Approach to Designing Software Tool Specified for Evaluating Performance of Interconnection Topologies
with Large Sizes

This paper introduces a special approach to designing a software tool that is specified for evaluating performance of
interconnection topologies with large sizes. This is based on a proposed network simulation mechanism that is heavily
reduced (much simplified from the popular network simulation standard) in order to do just enough for evaluating the
performance factors related to topology and routing mechanism characteristics. We propose a general architecture for
such a system that allows to experiment with pre-defined or newly defined topologies by using different experiment
scripts with different traffic patterns, and also to support the designing of new high-performance topologies with features
for evaluating deployment layouts. Using our initial version of this software tool we are able to perform some interesting
experimental evaluation of a few modern topologies with sizes as large as tens of thousands in very encouragingly
short periods of time, multiple times faster than performed in popular general simulators such as NS3 or OMNET++.
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I. GIOI THIEU VAN PE NGHIEN CUU

Nghién citu to-pd' clia cac mang lién két (MLK: Inter-
connection Network) [1, 2] c6 vai tro quan trong trong linh
vuc tinh todn song song va kién tric mang mdy tinh. Mot
gidi phap to-pd hiéu qua s& déng gép quyét dinh vao hiéu
ndng cua cac mang ludi tinh todan 16n nhu cac hé may tinh
hiéu ning cao (HPC: High-Performance Computer) [2] hay
trung tdm du liéu hién dai (TTDL: Data Center) dang ngay
cang trd thanh nhu cau cip nhiét nham phuc vu céc dich
vu tinh toan 16n.

Mot thach thic hién nay dbi véi gidi chuyén mon 1a thiét
ké cdc hé¢ thong MLK hiéu ning cao trong TTDL véi kich

ITopology: Chu triic t& chitc hinh hoc ciia mang mdy tinh.
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thudc 16n, c¢6 thé 1én dén hang trim nghin mdy. Ban than
viéc t6 chiic thuc nghiém dé danh gid hiéu ning mot t6-pd
mang (network topology) dé xudt mdi da la mot vin dé
khong tim thuong vi hau hét cic cong cu mo phéng mang
phé quat hién nay chi dép tng cho kich thuéc mang 1én
dén hang ngan nit.

V6i su phat trién vii bdo clia cic ung dung va dich vu
Internet, cua cong nghé Dit Liéu Lén (Big Data), cac trung
tam dit lién hién dai dang dudc quan tim dau tu nhiéu, trong
d6 mot yéu cau dic thi phuc vu cho xu huéng méi nay 1a
thiét ké MLK nhiam dam bao t6t tinh mém déo (flexibility)
va kha ning mé rong (scalability). Cu thé 1a viéc bS sung
thém cac nit (node) mang, tang/giam kich thudc mang c6
thé thuc hién nhiéu 1an v6i qui mo da dang, nhung van phai
dam bao hiéu ning mang.
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Véi kich thuéc mang cang ngay cang 16n, cdc van dé
vé tiét kiém chi phi thiét bi va cap, tiét kiém ning lugng
khi tai thip, v.v. trd thanh nhiing chi dé rit ding quan
tam. C6 thé thdy diéu nay trong hang loat nghién ciu
trong giai doan gan ddy vé thiét k¢ MLK trong TTDL
HELIOS [3], BCUBE [4], DCELL [5], Scafida [6], MD-
Cube [7], VL2 [8]. Vi vdy cdc dang to-pd truyén thong trd
nén phan nao lac hau, gidi nghién citu dang tich cuc dé
xuét nhiing tiép can, nhiing dang kién tric t6-pd mdi phu
hop hon cho cic yéu cau hién dai, nhu Smallworld Data-
Center [9], JellyFish [10], Space Shuffle [11], FatTree [12],
SKYWALK [13], Dragonfly [14].

Mot trong nhitng thach thic 16n cla dia hat nghién ciu
nay ciing la van dé da dé cap trén: lam sao t& chic danh
gid qua thyc nghiém v6i mot md hinh mang kich thudée 16n,
c6 thé vuot xa cic kich thudc mang truyén thong. DE ddnh
gid mot t6-pd MLK, bén canh cac phuong phap danh gia
dua trén cai dit cac thuit todn chuyén dung d€ tinh toan
céc dic trung hiéu ning (xoay quanh phan tich do thi), thuc
nghiém qua cong cu md phong mang dudc coi la yéu tb
c6 tiéng néi quyét dinh. Tuy nhién viéc thuc hién cai dit
cdc mang kich thuéc 16n dén hang chuc nghin nit tinh todn
trén cic cong cu md phong mang hay hé phan tan phd bién
hién nay nhu NS3 [15], OMNET++ [16], SIMGRID [17],
dugc xem 1a bit kha thi. Tham chi v6i ciu hinh mdy tinh
tan tién hang dAu, cai dit mang 1én dén 1000 nit da 1a kha
kh6 khin?. Kho khin chi yéu 1a do mdi niit tinh toan trong
cédc cong cu mo phong mang phd quét nay dugc thiét ké dé
mo phong diy di cic ting giao thiic nhu céc kién tric phd
bién (md hinh OSI bdy ting hay mo hinh TCP/IP). Khbi
lugng x{ 1y 16n & mdi niit sé giéi han kich thuéc tap hop
cdc dbi tugng mang c6 thé cai dit trong hé mod phong.

Tuy nhién ching t6i nhan thdy ring v6i mo hinh MLK,
cdc nha nghién ctiu chi quan tAm téi cic yéu t6 hiéu ning
xoay quanh viéc thuc hién cic nhiém vu ting giao van va
ung dung khi tai 16n chit khong quan tim thuc sy t6i cac
tang thip. Quan sit ndy md ra mot tiép can méi 1a c6 thé
cai tién 161 hé phan mém mo phéng nham huéng téi mang
kich thuéc 16n hon thong qua viéc rut gon gian luge cac
chiic niing clia cdc ting dudi (ting mang trd xubng). Tham
chi cdc qud trinh truyén tin c6 thé thay thé bing cic md
hinh ngiu nhién tuong tng (md phéng 18i dudng truyén)
d€ sinh do tré phi hop. Viéc gian lugc céc ting dudi duong
nhién la khéng phu hgp cho md phdng mot qua trinh hoat
dong diy di ciia mot hé thdng mang trong thuc té, nhung
lai khong thuc sy anh hudng téi viéc so sanh danh gia gitta
céc to-pd mang v6i nhau theo cac tiéu chi hiéu nang cd ban.

2Mbi lan thuc hién mot thuc nghiém theo mot kich ban mé phéng co
ban c6 thé 1a hang gid trong khi can thyc hién hang trim thuc nghiém
dé so sinh danh gia mot sé t6-pd mang véi nhidu ché do hoat dong
va khai thac.

28

Trong bai bdo nay chiing t6i dé xuit mot tiép can mdi:
thiét k& phan mém danh gid t6-pd MLK théng qua thuc
nghiém c¢6 md phdng, trong dé tap trung gian lugc hoa cac
tang thip (chi yéu 1a dia ban d€ xiy dung céc thuat todn
dinh tuyén méi khi can) va tap trung vio t3 chiic céc thi
nghiém chuyén dung cho MLK & cic tang trén (giao van
va ting dung). Thong qua tiép can mdi ndy, ching ta c6 thé
danh gia mot d& xudt méi bang viéc so sanh v6i cic giai
phap di c6 trén nhiing cAu hinh mang kich thuéc 16n ma
trude kia chua thé thuc hién dudc.

Bai bdo nay trinh bay nhiing nét chinh ctia tiép cin méi
trén va d& xudt mot kién tric co sd cho hé cong cu phan
mém danh gid t6-pd MLK theo huéng nay. Dua vao kién
triic co s& nay, chiing toi xay dung nhiing mod-dun nén méng
dau tién, cho phép thuc hién cic danh gid so sanh t6-pd
trén cac tiéu chi hiéu ning co ban lién quan dén thong sb
dd thi va dinh tuyén. Cac déng gép cu thé nhu sau:

« D& xuét thiét ké tdng thé cong cu danh gia hiéu ning
MLK, két hop tinh todn theo md hinh va md phéng
gian luge (SSiNET). Cong cu nay cho phép ngudi dung
tao cdc to-pd mang méi, cai dit véi cac tham sd cho
truée (kich thude 16n dude hd trg co ché tu dong sinh
theo mau) thif nghiém vé6i cc thuat toan dinh tuyén
6 sin va cii méi. Tir d6 danh gia hiéu ning theo céc
tiéu chi co ban va nang cao, hd trg thiét ké mit san
(layout) cho trudc va tinh toan gia thanh.

o Thuc hién cic md-dun cd ban cho phép tinh toan cac
thong sb dd thi va dinh tuyén.

o Tao cd ché cho viéc cai dit thuit toan dinh tuyén va
cai dit sin mot s to-pd da biét (vi du: 2-D Torus [9],
Fat-tree [12], Kleinberg Small-world [9]) va thuat toan
dinh tuyén da biét (vi du: Shortest Path Routing [1],
Two-level Table [12], Compact Routing [18]).

« V6i ban phan mém cong cu dau tién, tién hanh thuc
nghiém dé danh gid so sinh mot s to6-pd mdi dang
dugc quan tAm va thuit todn dinh tuyén tuong tng dé
danh gia do tré truyén tin (latency).

Noéi dung chinh dugc t§ chifc nhu sau. Muc II trinh bay

cdc nghién cdu lién quan. Muc III dé xuét thiét ké SSiNET.
Muc IV nghién cidu danh gia thit nghiém.

II. CAC NGHIEN CUU LIEN QUAN

D€ nghién ciu va thiét ké mot MLK hiéu qué, cdc nha
nghién ciiu tp trung vao hai vin dé chinh: (i) thiét ké t6-po
mang; (ii) xdy dung thut toan dinh tuyén, dé khai thac t6i
da céc tinh chét dic thi clia to6-pd tuong dng.

Céc céch thuc hién c6 thé theo ba hinh thic nhu sau: (i)
chi xy dung t6-po va sit dung cdc thuit toan dinh tuyén
da ton tai; (ii) chi xAy dung thuit todn dinh tuyén cho cic
t6-po da biét; (iii) xay dung méi ci t6-pd va thuit toan dinh
tuyén tuong ting.



1. To-pd va thuét toan dinh tuyén

Mot t6-pd mang, tiic cu tric hinh hoc clia mang, dudc
biéu dién bang d6 thi G = (V,E), mdi thiét bi chuyén
mach (switch) hodc mdy tinh toan (host) trong mang may
tinh thuc t& dudc bi€u dién bdi mot nit mang (node) trong
dd thi G. Tap hop cac switch hodc host trong mang dugc
biéu dién béi tap dinh V trong d6 thi G va tap hgp cdc lién
két (link) giita cdc switch hodc host dugc biéu dién bing
tdp canh E.

Cic t6-pd va thuat toan dinh tuyén (RA: Routing Algo-
rithm) da dugc nghién ciu tir 1au, nhiéu t6-pd trong sb d6
da dugc trién khai 4p dung phd bién trén thuc té. Vi du, to-
pd siéu khdi co s k, sb chiéu n (k-ary n-cube hypercube)
dinh tuyén theo giao thiic Duato [1] dugc st dung trong
cac si€u may tinh nhu la BlueGene/L Anton-2 hodc Cray
XT5 [19]. Gan day, céc to-pd truyén thong dugc xem la
khong déap tung dudc cac ti€u chi hiéu nang hién dai nhu
do tré truyén tin thp va tinh co gidn qui md.

Vi vay nhu 12 mot tiép cAn méi, thiét ké t6-pd mang dua
trén mo hinh do thi ngiu nhién [9] di dugc quan tdm va
dem lai nhiéu cai tién hiéu ning ndi bat. To-p6 ngau nhién
(RSN: Random Shortcut Network), dugc cu tric dua trén
mot t6-pd c¢o ban nhu 1a Mesh, Torus, Hypercube, Flattened
Buttery, v.v. va b sung thém cic lién két dai gitta cdc nit
& xa nhau. Cac lién két dai dudc tao ra bdi viéc st dung
mot phan bd xdc suit ngiu nhién nao d6. Cac RSN di dugc
cong b6 nhu 1a Jellyfish [10], Small-world [9].

Mot s6 tiéu chi co ban ctia hiéu ning mang dudc danh
gia dua trén viéc tinh todn cic tham s chinh nhu dudng
kinh mang (diameter), do dai trung binh dudng dinh tuyén
(ARPL: Average Routing Path Length), d tré truyén tin [1],
kich thudc bang dinh tuyén (RTS: Routing Table Size). P
tré truyén tin 12 khoang thoi gian goéi tin bat dau dugc khai
tao tai niit ngudn (source node), gti di trén kénh truyén va
nhin dudc tai nit dich (destination node). Po tré dat gia
tri thAp 12 dAu hiéu ctia hiéu niing cao. Do tré ly thuyét tbi
thi€u c6 thé dudc tinh toan thong qua mo hinh héa mang
nhu mot cip do thi va thuét toan dinh tuyén cho trudc.

Dinh tuyén 13 qui trinh dinh huéng cho mot géi tin di
chuyén tir niit ngudn S dén niit dich T trong mang. Cac thuét
toan dinh tuyén lua chon va xdc dinh dudng di (path) dé
g6i tin truyén tif nguodn tdi dich trong mot MLK x4c dinh.
Thuit todn dinh tuyén dudng di ngin nhit (SPR: Shortest
Path Routing, con goi la Minimal Routing) [1] dudc st
dung trong cic mang dang chuin tic (regular). Minimal
Routing ddm bao yéu t6 stretch—13 [20]. Vi du: 2-D Torus,
3-D Torus [1], FatTree [12], Hypercube st dung SPR. Cac
thuat toan dinh tuyén tity chon (Custom Routing) dudc thiét

3Ti 1é gitta chidu dai dudng dinh tuyén véi chidu dai ngin nhét trén
t6-pd mang gilta cip dinh bét ky trong mang.
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ké riéng cho ting loai t6-p6 cu thé (con goi 1a Non-Minimal
Routing), véi stretch-3 [18, 21], thong thudng la cic mang
dang khong chuin tic (irregular). RSN sit dung thuit todn
SPR hodc TZ (Thorup & Zwick [18]), JellyFish [10] st
dung k-SPR.

2. Cong cu md phéng mang

Hién nay cdc nha nghién citu thudng tu phat trién phin
mém tinh ton dic trung va danh gid cac t6-pdo MLK (va
thuat toan dinh tuyén), va khi can thuc hién thuc nghiém
mo phong cé thé st dung cidc phan mém md phong mang
phd quit, phd bién hién nay nhu NS2 [22], NS3 [15],
OMNET++ [16], SIMGRID [17].

Hé cong cu NS2 [22] thudng dudc st dung thuc nghiém
dbi v6i cac mang khong ddy. NS2 c6 nhugc diém la qua
trinh md hinh héa mang kha phiic tap va ton nhiéu thoi
gian va bd nhd. Ngoai ra, n6 ciing khong dinh nghia sin
cdc thiét bi nhu switch, router va khdng c6 giao dién ngudi
st dung (GUI: Graphic User Interface) d& hién thi két qua.
La thé hé doi sau, NS3 [15] ciing md phong hé théng bing
cich cu hinh cic node mang mot cach day di, do dé6 NS3
cling chi thuc thi dugc v6i mang kich thude nho tu vai tram
t6i nghin nut.

OMNET++ [16] ho tr¢g m6 phong song song thong qua
viéc st dung céc thu vién MPI (Message Passing Interface),
thuc hién mo phdng luu lugng trong mang, tao mé hinh cac
giao thic, xay dung mo hinh cic hang dgi trong mang, xay
dung cdc bd vi xi ly da nhiém va cdc hé thdng phan tin
khéc, kiém tra lai kién tric phan cting, danh gid khia canh
vé hiéu suit cla cdc hé théng phan mém phiic tap.

SIMGRID [17] 1a mdt cong cu cung cip cic chic ning
co ban d& md phdng céc ting dung phin tdn quy md 16n
nhu Grid, P2P hay Cloud. Cong cu md phéong SIMGRID
c6 thé dudc st dung d€ danh gia thuat toan dinh tuyén, cic
ting dung MPI. Kich thuéc mang dudc st dung dé€ ddnh gia
chi dat khoang 256 niit d6i v6i mdy tinh toan thong thudng
va dat 1024 d6i v6i mdy tinh todn c6 ciu hinh manh.

Nhin chung, cic phan mém trén c6 tinh phd quat cao,
tap trung mo phong cac thiét bi va cic giao thiic mang mot
cach chi tiét va day di. Nham dam bao phan anh tuong dbi
tron ven cédc qud trinh va yéu tb ky thuit da dang trong thuc
tién, cdc hé nay tap trung md phong chi tiét. Lép mang véi
thu vién ciu hinh déi tugng phan cip phic tap, mé phdng
rit sat thuc té cac qua trinh truyén tin. Do vy, lugng thong
tin dugc luu trit va khdi lugng tinh toan tré nén dd sd va
thuong kho thuc thi duge v6i mang kich thude 16n (tham
chi 1a rit khé khin khi kich thu6c dat dén hang nghin nit).
Trong khi d6, viéc khao sat danh gia cac MLK thutng chi
doi hoi thuc nghiém danh gia cac dic trung dd thi (cAu hinh
mang) va tinh todn cdc hiéu ning giai thuit dinh tuyén, va
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(a) Mo hinh diy di: NS2, OMNET++

Hinh 1.

néu st dung md phdng giao thic thi chi 14 mic twong dbi
don gian nham danh gia mot vai dic trung tong thé nhu
thong lugng mang.

. CONG CU PHAN MEM SO SANH VA DANH
GIA TO-PO MLK SSINET

1. Kién tric tong quan

1) Y tuéng co bdn:

Nhu di dé cip, cac hé cong cu md phéng phd quat 1a
khong kha thi khi dua vao md phdng nhitng mang kich
thu6c tuong dbi 16n, vi cic dbi tugng dudc xiy dung phiic
tap. Hinh 1(a) cho minh hoa mot dbi tugng nit mang véi
céc thudc tinh chi tiét vd cdc phuong thiic truyén tin, két
ndi mang.

Nhiam md rong kha thi viéc danh gid cic td-pd mang
16n (c6 thé hang chuc nghin, hay 1én dén trim nghin niit),
phuong phdp ctia ching t6i 1 tim cich gidn luge céu tric
thong tin ctia di tugng nit mang va cac phuong thiic hoat
dong co ban, chi giit lai cic yéu tb chi chdt can thiét. Tat
nhién, hé cong cu gian lugc sé khong con kha nang dap
ting cdc yéu cau da dang ctia mo phéng mang, nhung tap
trung viia di vio cdc thanh phan can thiét d&€ vin khong
4nh hudng dén viéc danh gia cic tiéu chi hiéu ning co ban
cia MLK.

Cac hinh 1(a) va 1(b) liét k€ va so sanh cac thudc tinh
cAu hinh nit mang trong NS2 [22] va c4u hinh niit mang do
chiing t6i dé xuit. Theo tiép can mo6 phong gian ludc nay,
chiing t6i nhan thiy dé€ théa man dam bio viéc danh gid
hiéu nang co ban cta cac t6-p6 MLK, mdt hé md phdng
gian lugc chi can tap trung vao thuc hién cic yéu t6 cbt 16i
sau day.
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(b) M6 hinh gian luge

CAu triic node mang.

o Cdu triic thong tin do thi va thudc tinh vdt Iy: Thé hién
dugc su lién két giita cdc miit mang, tic cAu tric thong
tin dang dd thi, va cic thudc tinh co ban vé mit vt
ly va khong gian ctia cdc nit va dbi tuong lién quan
(ning luong, tbc dd, biang thong dudng truyén, do dai
cap nbi. v.v).

o Thudt todn va cdu triic thong tin dinh tuyén: thé hién
dugc kha ning khai thac lién két mang d€ ddm nhiém
cdc nhiém vu dinh tuyén va truyén tin theo cic thuat
toan va giao thiic dugc thiét l1ap sin.

o M6 phdng hoat déng truyén tin mang co bdn: thé hién
thu phat géi tin theo mo hinh thiét 1ap truéc, thiét 1ap
lich trinh su kién (discrete event scheduler), cd ché
nhat ky va diéu khién thoi gian tuong dbi (relative
timing).

e M6 phdng hoat dong tuong tdc va canh tranh tai
nguyén giita cdc niit mang: th€ hién hién tugng tranh
tai nguyén khi c6 sd luong nhiém vu truyén tin ddng
ké (traffic mang 16n va phiic tap), dong xép hang géi
tin phat hoac nhan chs xa@ ly.

C6 thé néi véi tiép can mod phong gidn lugc nay, ching
toi chi quan tim danh gia va so sanh cac MLK nhu la bao
gdm hai yéu t6: thanh phan co ban dd thi to-po va hoat
dong truyén tin theo thuit todn dinh tuyén cho truéc. Do
d6 chiing toi thuc thi mo phong véi cic diéu kién ly tudng,
nhu: truyén tin khong 16i, khong xi ly stia 16i truyén tin,
khong xdy ra nhiéu trén mang, khong tién hanh gti lai géi
tin va thoi gian thiét 1ap kénh truyén khong ding ké. Hé
cOng cu tap trung vao trong tdm chinh 1a mo ta phan dng
clia cdc ddi tugng mang khi thay d6i phuong thiic dinh
tuyén va danh gi4 hiéu ning mang tuong ting. Khi thay ddi
thuat toan dinh tuyén, ching toi gidm sit co ché bién ddi



trang thai cla cic dbi tugng (cic nit mang) va viéc luu
trit thong tin dinh tuyén tai mdi node mang, cap nhit trang
thdi toan mang. Chinh do nhiing yéu t6 rit gon ly tudng
ndy nén chiing toi tam goi phuong phap tiép cin nay 1a mé
phdng gidn lugc. C6 thé néi phuong phap thuc nghiém nay
s& thua kém mo phéng diy di khi ching ta can khao sat
chi tiét viéc van hanh trong mot diéu kién thuc t& gia dinh
nao dé, tuy nhién sé vin dam bao hd trg tét viéc danh gia
so sanh gilta cac giai phap, vi du nhu so sanh hiéu nang
gitfa hai thuit todn dinh tuyén khac nhau hay hai thiét ké
t0-pd khac nhau, v.v.

Sau day ching tdi di sau trinh bay vé dé xuét kién triic
tdng thé clia hé cong cu thuc nghiém hé tr¢ danh gia
hiéu ning MLK dang dugc xdy dung theo cich tiép can
da phan tich trén.

Hé cong cu nay dudc ching toi diat tén ngin gon
la SSINET (Simplified Simulation of the interconnection
NETwork) v6i muc tiéu chung 1a cung ciAp mot phan mém
chuyén dung cho viéc thiét 1ap, so sianh va danh gia c6
thong qua md phdng gian luge dbi véi cac t6-pd MLK c6
kich thuéc 16n.

2) Kién triic mé-dun chiic ndng va giao dién ciia
SSINET:

Hé SSiNET c6 ba khdi chiic nidng chinh. Hai khéi chic
ning dau xac lap cic nén tang thda man dudc bén yéu td
thanh phan chinh trong mo phoéng gian lugc ma chiing toi
da néu trén. Khoi chiic ning thi ba dugc xdy dung nhu
mot ting trén d€ ngudi st dung truc tiép dinh nghia, xdc
lap va t6 chiic mdt cAu hinh t6-pd mang phiic tap va tién
hanh cdc thuc nghiém didnh gia theo cic dang/thé loai thi
nghiém da dugc hd trg xdc lap trudc.

Khéi chitc ning mé ta ciu tric va thiét 1ap ciu hinh
mang: cho phép dam bao cic thao tic thiét lap ddi tuong
nit v cu triic mang co ban (tdc 1a cAu tric thong tin dd
thi va thudc tinh vat ly) v6i cac chic nang sau day.

o Tao t6-pd mot cach linh hoat, véi kich thude mang 16n
(1én t6i hang chuc nghin nit hodc hon nita).

« Cung cép thu vién thiét 14p sdn gom céc cu tric t6-po
¢ ban nhu Ring, Grid, Torus, Mesh.

« HO trg ngudi st dung (NSD), 1a nha nghién ciu, dé c6
thé khai bdo va tao ra cic to-pd mang mdi theo mot
quy luat nao doé.

Khdi chitc niing cai dit dinh tuyén va md phéng gian
luge: théa min ba yéu td con lai trong bdn néu trén nhd
d6 xdc 1ap co ché dinh tuyén va mo phong gian luge. Cac
chifc ning cu thé 1a:

o Thiét 13p sdn mot sb thuat toan dinh tuyén co ban (nhu
Minimal Routing).

« Hb trg xay dung cac thuét todn ty dinh nghia (Custom
Routing) d€ 4p dung cho mot td-pd cu thé.

31

Tap 2019, S6 1, Thdang 9

o MO0 phong qua trinh thu phét va x@ ly gai tin.

« B0 14p lich va quan ly su kién rdi rac (Discrete Event
Scheduler).

« Kiém sodt tuong tranh kénh truyén va quan ly dong
xép hang.

Khbi chitc ning t§ chic quan ly thue nghiém:

e Quéan ly thuc nghiém vé phan tich dd thi (graph
analysis): cung cAp cong cu dé NSD xiy dung cic
bai thi nghiém thyc hién danh gid cac ti€u chi hi€u
ning lién quan dén dd thi (nhu dudng kinh mang, do
dai duong di dinh tuyén trung binh, d tré truyén tin
theo md hinh).

 Quén ly thuc nghiém vé giao thong (traffic-related):
cung cip cong cu dé xdy dung céc bai thuc nghiém
ddnh gi vé stic tai (capacity) va thong luong (through-
put) mang.

« Quén ly thuc nghiém vé trién khai thiét bi mang trén
mat san (layout design support) va danh gia gia thanh
(cost evaluation).

Céu tric ba khéi chic ning co ban ctia SSINET dudc
minh hoa tai hinh 2. Tai diy ching t6i chon thé hién minh
hoa bing mot céu tric td chitc ba chiéu dé lam rd thém
cdc mit quan trong khic clia hé théng tong thé.

O mit chinh ching t6i minh hoa khai quat ba khdi chiic
ning chinh ctia hé théng: mo ta ciu tric va thiét lap ciu
hinh mang (NSC: Network Structure and Configuration),
cai dit dinh tuyén va mo6 phdng gian lugc (RI&SS: Routing
Implementation and Simplified Simulation) va t8 chiic quan
ly thuc nghiém (EM: Experiment Manager). C6 thé thiy
kién tric nay phan ndo thé hién tu duy phan tang thudng
thiy: khi dbi chiéu v6i md hinh OSI bdy tang thi NSC
s& gili vai trd mo phong tang 1 (physical), RI&SS md
phdng “gian lugc” cdc tang tir 2 dén 4 (data link, network,
transport). Con lai, EM 12 tuong dng véi ting 7 (application)
hé trg NSD khai thac hé cong cu (theo céc bai thuc nghiép
chuyén dung).

O mit trén, ching t6i thé hién ba khia canh co ban trong
viéc khai thdc hé cong cu dé danh gia (va so sanh) cic to-
pd MLK. Nhu da biét, n6i dén hiéu ning mang (network
performance) 12 n6i dén hai loai tiéu chi hiéu ning chinh,
trong d6 loai thi nhit 1a theo phuong phéap phan tich do
thi nhu: dudng kinh d6 thi, ARPL, do tré truyén tin. Loai
tiéu chi thit hai 13 thé hién c4c hiéu ning mang trong hoat
dong c6 tai (traffic, with load) thudng dugc thuc nghiém
bing phuong phap mod phéng nhu: thong ludng, cong suét
tiéu thu (power consumption), stc tai. Chung t6i cling mé
rong thém mot khia canh thi ba nita, bit dau dugc gidi
nghién ciiu quan tim gan day, d6 1 vé hiéu qua b tri trién
khai mat san (layout deployment) va gid thanh. Mot cach
tém tit, chiing t6i dua ra ba dang thuc nghiém chinh ma hé
théng hd trg: topology (cho phan tich db thi), throughput
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Hinh 2. So do thiét ké tdng quan.

(cho danh gia hiéu nang khi c6 tai) va layout (cho danh gia
bd tri mit san va trién khai). Dudi ddy phan tich cu thé
hon vé tiing loai thuc nghiém.

Layout Experiments: Thuc nghiém vé bd tri va sap xép
cdc mit mang trén san v6i dang khai bdo, 1a mét san thuc
té 1ap dit cac niit trong server-room. Ldp thuc nghiém va
ddnh gid nay ndy sinh tir thyc tién xdy dung TTDL c¢G viia
va nhd trén cac mit san khong chuin (khong gan nhau,
vi du nhu nhiéu phong trong cling mot tdoa nha), ma mot
van dé ky thuat quan trong thudng dua ra 1a 1am thé nao
d€ 4p dung to6-pd da chon trén cdc mit sin d6. Nhu minh
hoa bdi dudng nét diit s6 (1) trong hinh 2, phan hé Layout
Experiment dugc thuc thi dua trén cac quan hé lién két giita
céc niit (trén do thi), va cic thong sb toa do trén mit san,
ta cAn tinh todn phuong 4n cai dit dé cac thiét bi mang
dugc bd tri phit hop trén mot dién tich cu thé (Physical
Properties, dugc tao ra trong khoi chiic ning NSC). Doi
khi c6 thé c6 yéu cau bd tri trén nhiéu mit san khac nhau,
vi du: dau vao 1a tip cdc san L; véi cu tric hinh hoc va
dién tich cla san thd i cho trudc. Pay la 16p bai todn ma
chiing t6i mong mudn nghién ctiu mé rong sau nay.

Topo Experiments: Thuc nghiém nhim danh gia bang
phuong phdp phan tich d6 thi d€ dua ra cic thong s6 hiéu
nang mang theo nhém nay. Phuong phap nay khong doi hoi
thuc su tién hanh mo phdéng truyén tin giffa cic cip node
trong mang, ma & ché do khong tai (zero-load), chi yéu
xac dinh va tinh todn d6 dai duong di gitta moi cdp nut
dua trén clu tric t6-pd va co ché dinh tuyén da xac lap
(thuat todn dinh tuyén da chon). Trong hinh 2, chiing t6i
minh hoa su lién két truc tiép giita md-dun phan mém nay
véi cdc mo-dun tuong ting & ting dudi thong qua dudng nét
dit s6 (2). Céc thuc nghiém t6-pd can st dung cic thong
tin do thi (Graph Info) trong khéi chic ning NSC va dudc
ap dung thuit todn dinh tuyén, thong tin bang dinh tuyén
(Routing Mechanism) trong khéi chiic ning RI&SS.

Throughput Experiments: Thuc nghiém dé tinh thong
lugng va cic cic yéu tb sic tii, danh gid hiéu ning mang
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trong ché do c6 ti. Trong thuc nghiém nay, cic géi tin
s& dugc glii dong loat gitta moi ciip nit (s,7) bat ky trong
mot chu ky thdi gian. Pudng nét dit sd (3) thé hién su
lién két gitta cac khdi chic ning d€ thuyc nghiém thong
lugng. Céc thong tin do thi dugc st dung ciing vdi thong
tin bang dinh tuyén. Cic tham sb nhu s géi tin glii/nhan
(Tx/Rx packet), cac su kién va cd ché quan ly hang doi géi
tin (queue control) dugc cai dit dé tién hanh giii gitta cac
cap nguén—dich. Thuyc nghiém thong lugng sé danh gia ti 1€
giita s6 lugng géi tin dudc giii di tir tip nguodn S (s € S) va
s6 lugng goi tin nhan dudc tai tip dich T (r € T) trong mot
chu ky thoi gian quan sat. Khi thuc hién lién tiép nhiéu thi
nghiém v6i yéu ciu giao thong ting din, thong s6 nay sé
hoi tu dén gia tri cuc dai (thoi di€ém bao hoa), qua do ta
danh gid stc tai ctia mang.

O chiéu thii ba (mit bén ciia khdi 1ap phuong & hinh 2)
chiing t6i chi nham néu bd sung mot khia canh don gian
ma khong di sau. D6 13, hé cong cu can c6 hd trg GUI
d€ biéu dat va dién gidi nhiéu dang thong tin va két qua
chuyén biét, nhu: biéu dién do thi (cd 16n can c6 qui hoach
phan 16p v6i co ché thu phéng thich hop), biéu dién bd tri
mdt san, bi€u dién traffic va thong lugng.

2. Thiét ké chi tiét

Du6i day ching toi sé& trinh bay bd sung thém chi tiét
thiét ké ctia mot s6 thanh phan quan trong.

1) Khéi chitc ndng mé td cdu triic va thiét ldp cdu hinh
mang:

Khbi chiic ning nay c6 nhiém vu hd trg NSD dé c6 thé
nhanh chéng dé dang khai bio va md ta ciu tric do thi
clia t6-pd can khao sat va cac thong sd vat 1y cla ciu
hinh niit tinh toan. Dya vao cdc tham sb ciu tric t6-po,
phan mém sé& tao ra t6-pd dudc luu trit dudi dang tép tin
Graph.edges (Graph Info) luu trit lién két gifta cic miit
mang va Graph.geo (Physical Properties) luu trit cac toa
do cua céac nut trong mang.

Chu tric dd thi cta to-p6 mang, ky hiéu G = (V,E), c6
thé dudc xdc dinh véi kich thudéc mang N = |V|, X_size
va Y_size xdc dinh kich thuéc ctia mbi chiéu cta do thi G
(trong hau hét trudng hop thuc tién, cic niit tinh todn dugc
bd tri nhu cic dinh nit cda mot lugi vudng trén thuc dia).
To-pd theo tiép can mang ngiu nhién s& c6 thém tham s6
Number_of _random xéc dinh s6 luong lién két ngau nhién
tai mdi niit mang. Céu tric do thi dudc chon trong mot tap
thu vién cai dit sin, hodc dugc xay dung méi véi mot sb
diéu kién can théa man.

La mot thanh phin co ban ctia khéi chiic ning, mo-dun
chic ning tao t6-pd (Topo Generating) sé hd tr¢ viéc xay
dung mdt t6-p6 c6 kich thude 16n thong qua viée khai bao
kiéu dang va cac tham s6 co ban. Pau vao cia chic ning
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Hinh 3. Luu dd tao t5-pd mang

ndy bao gdbm cic tham s6 nhu di dugc dé cap trong muc
I11.1.1.Dya trén tinh chét dic trung ctia mdi loai to6-pd (vi
du nhu dang 1uéi, dang ngiu nhién, dang c6 ciu tric) hé
théng tao ra dif liéu cho t6-pd do; dit liéu nay dugc luu trit
tai tép tin Graph.edges (luu trit danh sich cic canh ké cla
moi niit trong dd thi), tip tin Graph.geo (luu tri vi tri cla
moi nit trong do thi) va bang dinh tuyén (s € S) dudc luu
trit tai mdi nit trong d6 thi. Hinh 3 13 so do chi tiét cta
qué trinh khai bdo va sinh du liéu t6-pd nay.

2) Cdc qud trinh xu 1y chinh:

Hinh 4 mo ta so do cac ludng diéu khién va qud trinh x&
ly chinh trong SSiNET. Vé co ban dé€ so sanh va danh gia
cac to-pd, chuing ta c6 hai loai thuc nghi€ém chinh, thuc
nghiém phan tich db thi (Topo Experiment), trong dé céc
thong s6 dua trén dd thi td-pd dudc danh gia ma khong can
quan tdm dén traffic (khong tai) va thuc nghiém cé traffic
(Throughput Experiment) trong d6 ta mong muén danh gia
stc tai cia MLK d6i v6i nhitng mau traffic khac nhau. Qua
trinh xi 1y phéan tich d6 thi dugc thé hién qua nta trai véi
ky hiéu (2) trong hinh v€, con qua trinh danh gia stc tai
dudc thé hién qua ntia phéi véi ky hiéu (3). Ca hai qua
trinh nay déu khai thic day dd phan hé NSC.

Phin xdy dung co ché dinh tuyén 12 mot ciu thanh dic
biét ma vé hinh thic thi c6 thé xem nhu nim trong NSC
vi né cho phép NSD ding ky lua chon thudt toan da cé
san trong thu vién va khai bdo cic thong sb can thiét. Tuy
nhién cAu thanh nay ciing c¢6 cho phép NSD xay dung thuat
toan dinh tuyén riéng ctia minh (theo miu va huéng din)
va bo API theo chuin qui dinh réi dua vio cai dit trong hé
théng. Tt nhién, vé ban chit su cai dit b sung cac thuat
toan dinh tuyén mdi nay 1a & ting 2, RI&SS. Qua d6, khi
mot thuat toan dinh tuyén dudc chon st dung, né sé dudc
ap dung vdi to-pd dudc tao ra dé€ chuin bi cho qua trinh
thuc nghiém mo phdng.
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Hinh 4. So dd thiét ké chi tiét.

Luu y thém la nhan (2) trong hinh 3 tuong tng véi dudng
s6 (2) trong hinh 2, thé hién qud trinh thuc nghiém Topo
Experiment dé cho ra danh gi cac thong s hiéu ning mang
nhu dudng kinh, do tré truyén tin, ARPL, RTS. Nhan (3)
tuong ting véi dudng sd (3) trong hinh 2 thé hién qua trinh
Throughput Experiment d€ danh gia sic ti va thong lugng
ciia mang.

3) Xdy dung co ché dinh tuyén:

Mo-dun nay xic dinh thong tin dinh tuyén luu trit tai moi
nit mang va dugc thuc hién tai moéi ndt nay (phan tan).
Tuy thudc vao quy tic dinh tuyén (routing rule) dudc ap
dung, chuong trinh sé cAp nhit thong tin dinh tuyén tai
cdc nit khéc trong bang dinh tuyén cia mbi nit (RS,cv),
st dung céac phuong thic nhu CAM [23] hay TCAM [24].
Cic bang dinh tuyén tai mdi nit lvu cdc thong tin co bin
nhu dinh danh nit dich (Destination_id), dinh danh nut tiép
theo (Next_node), cong ra tuong dng (Output port).

Quyét dinh dinh tuyén: thong tin mit dich T dugc cip
nhét vao phan tiéu dé géi tin (header packet). Tai mdi nut
trung gian u = (S,uy,uy,...,T), mot ky thuét tra ciu tuong
thich dai nhét (Longest Prefix Matching Lookup Table) [25]
dugc st dung d€ so sanh dinh danh nit dich trong phan tiéu
dé goi tin v6i cic dinh danh miit dich dudc luu trit trong
bang dinh tuyén ctia nit u. Quyét dinh dinh tuyén dugc
thuc thi sau khi xdc dinh nit tiép theo va cdng ra tuong
ung tai ndt u, dugc mo ta tai hinh 5.

4) Thiét ké 16p chi tiét:

Mang thuc t& dudc ciu tric bdi cdc thiét bi chinh nhu
switch, router, host, wire. Hinh 6 mo ta thiét k& chi tiét
cdc thanh phan ctia géi mang thuc té. D€ gia 1ap dudc hoat
dong ctia mang, ta cin tritu tugng héa cdc thanh phan cda
mang (nhu host, switch, link, packet) nhu mo ta tai hinh 6.
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Hinh 6. Thiét ké ky thuat chi tiét cia SSiNET.

o Host: may chi trong TTDL, ¢6 chic nang gii va nhian
cac goi tin.

o Switch: thiét bi lién két cic mdy chii v6i nhau, can
dua vao mo-dun dinh tuyén dé tim dudng di giita cac
switch trén mang.

o Link: dudng lién két gilta cac thanh phan diu
cubi cuia mang (network terminal), mdi lién Két c6
bang thong riéng.

3. Cic van dé dang hoan thién

Pay 1a mot du 4n dang tiép tuc dudc thuc hién va trong
bai bao nay ching toi trinh bay nhiing két qua da dat dugc:
cach tiép can, kién tric téng quan hé théng va mot sb mo-
dun 161, tap trung vao nhom cac thuc nghiém danh gia t6-po
trén cc hiéu ning dic tinh do thi va dinh tuyén. Ching t6i
dang tiép tuc hoan thién phin cic thuc nghiém sic tai va
thong lugng (traffic related) véi trung tAm 1a cdc vin dé vé
Xt ly tuong tranh va dong ddi, va du dinh sé cong bd céc
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két qua méi trong mot bai bao trong tuong lai. D€ hoan
thién bic tranh thiét k& tdng quan, ching toi gidi thiéu &
day mot sb nét y tudng chinh.

1) Ddnh gid hiéu ndng lam viéc khi cé tdi:

Véi phuong chim md phong gian lugce, ching t6i chi quan
tam quan ly cac su kién roi rac (discrete event) xung quanh
viéc phat va thu nhin cic go6i tin. M6 hinh thu phét cho
phép xac dinh thdi gian ky vong phat hay thu mot goi tin
theo do dai da biét, tir d6 mdi 15i goi phat hay thu géi tin
sé lam tao ra, bdi bo 1ap lich diéu khién sy kién, mot géi
tin su kién theo céu triic cho trudc véi thai diém kich hoat
su kién tinh truéc dugc va duge dua vao dong xép hang.
Nh& c6 nhan thoi gian (thoi diém can x{ 1y néi trén) dong
su kién sé dugc xau chudi giip md phong mdt qua trinh
thu phat ctia mot hé phan tan. Sy han ché vé bing thong
ctia mbi lién két, hay khi ning xit ly tiép nhan tai mdi
switch s€ dugc mo phdong bdi viéc thanh 13p va quéan ly
cdc dong xép hang cla cdc yéu cau (request) giii dén. Cac
dong xép hang 1a c6 kich thudc cho trudc nén khi day c6
thé tir chdi nhan thém yéu cau. Viéc xdy dung cic thanh
phan dbi tugng cbt 16i néi trén sé ddm bao viéc mod phong
gian lugc mot hé théng mang phan tan trong d6 cic chudi
Xt 1y thu phat tin sé dudc xau chudi hop ly d€ tao ra dong
thoi gian xi 1y sy kién, phan 4nh dudc thuc tién mot cich
hop ly. Nhiing nghién ciu tiép theo du dinh sé cho phép
xdy dung cong cu dam bao danh gia trung thuc cac tiéu
chi hiéu niing lién quan dén tai giao thong nhu stc tai va
thong lugng cia MLK.

2) Sit dung phuong phdp xdp xi:

Cic thyc nghiém dbi véi to-pd, dic biét 12 qua mod phong,
hién nay méi chi dugc tién hanh gia 1ap trén mot chip tinh
toan (CPU) véi bd nhé (RAM) hitu han. Do d6, rit khé cé
kha nang thuc hién véi mang kich thuéc 16n, ngay ca khi
ap dung phuong phdp gian ludc ma ching toi da dé xuit &
trén. D€ nang tinh kha thi thuc nghiém danh gid cic t6-pd
mang kich thu6c 16n hon nita, ching t6i dé xuéit bs sung
ky thuét tinh todn x4p xi trong danh gia cic dic tinh do
thi. Ky thuat nay khai thic mot dic diém quan sit thiy la
trong cdc MLK ki€u mdi, dic biét 1a cac td-pd dudc tao
theo md hinh ngiu nhién, viéc xdy dung dinh tuyén giita
hai ciip ngudn—dich bt ky 12 hau nhu déc 1ap véi nhau. Vi
du, nhin chung xdy dung dudng di gitta mdt cap nit (i, v),
khong phu thudc vao viéc xdy dung cho mdt cap (u’,v’)
khéc. Tir d6, ta thiy khong can thiét phai c6 mot qua trinh
khéi dau xay dung bang dinh tuyén cho tit ca mit mang, ma
c6 thé tién hanh on-the-fly, tic 12 khi ndo c6 mot nhiém
vu dinh tuyén ndy sinh thi cic bang dinh tuyén cho céc
nit ngudn va trung gian sé dugc xiy dung phuc vu truc
tiép cho nhu cau tai chd (va tich liy cho sau nay). Hon
nita mot s6 dic tinh hiéu ning nhu ARPL c6 thé tinh x4p
xi bang cach: thay vi tinh do dai dudng di cta tit ca cic



cip nit ngud— dich c6 thé rdi liy trung binh, chi can thuc
hién v6i mot ty 1& tuong dbi thip (vai phan trim) céc cip
ngudn—dich. Phan IV dudi diy sé bdo cdo mot sd két qua
thuc nghiém kha quan khi chung t6i t6i khao sat ap dung
ky thuat xip xi nay.

IV. KET QUA THUC NGHIEM

Pay 13 mét du 4n phan mém cé yéu ciu tuong ddi cao
nén chiing t6i mdi thuc hién dudc mot sd khdi chic ning
cd bén, trong d6 c6 khdi chic ning danh gid trén phuong
dién phan tich dd thi. Sau ddy ching t6i trinh bay mot sd
két qua thuc nghiém véi hé cong cu vé phan tich dd thi,
mot trong nhiing yéu ciu danh gia cbt 16i nhat. Chiing toi
cling minh hoa su hiéu qua cia cong cu mo phong SSiNET
bing cich gia lap cac mang véi kich thudc khac nhau, va
so sanh véi thai gian thuc thi cac gia 1ap do trén bd cong
cu NS3 [15].

V6i mdi loai t6-po cu thé, chiing thudng dugc ap dung
mot vai thuit toan dinh tuyén dé€ dénh gid hiéu ning MLK.
Do vay, trong cac muc IV.1 va IV.2, ching t6i thit nghiém
véi cdc td-pd va thuit toan dinh tuyén tuong ting nhu sau:
FatTree [12] — SPR, Kleinberg — Small-world — SPR, 2-D
Torus [1] — Gready, RSN — TZ [18]. Két qua thuc nghiém
khong danh gid cip tham sb t6-pd va thuit toan dinh tuyén
nao hiéu qua hon, ma chi xac dinh kha nang thuc nghiém
ctia SSiNET. Chiing t6i 14n lugt thi nghiém trén cac bo kich
thude 210, 211 212 213 Ngoai ra, do cu trdc déac thu cua
FatTree [12], ching t6i st dung kich thuéc 2000 va 4394
tuong tng véi 2! va 2!2 tuong tng véi cdc t6-pd con lai.

O thdi diém hién nay san phdm cong cu clia ching toi
méi tap trung vao 16p thuc nghiém phan tich dd thi, nén
chua c6 nhiéu thong tin d€ so sanh ddnh gia ning luc thuc
thi v6i cac cong cu khac, ngoai trit mot so sanh thu dugc
khi dang trién khai buc dau phan mo phéng thong lugng
tai muc IV.3.

1. Kich thude bang dinh tuyén)

SPR xay dung bang dinh tuyén véi kich thuéc O(N), v6i
N la kich thuéc mang. Do d6, trong thit nghiém, chiing t6i
khong trinh bay két qua ctia SPR trén to6-pd Kleinberg —
Smallworld. Hinh 7 biéu dién RTS cta 2-D Torus khong
ddi v6i moi kich thuée mang, do tinh chit ciu triic vong
déc thu cta Torus. Trong khi d6, FatTree — SPR ¢6 RTS dat
1,25% va 0,31% kich thuéc mang 2'° va 2'3 tuong tng,
RSN - TZ[18] ¢6 RTS 7,78% va 2,57% tuong tng.

2. Po tré truyén tin (Latency)

Chiing t6i tién hanh thyc nghiém tinh toin do tré véi
cdc tham s6 do tré trén switch 1a 100 nano gidy, do tré
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Hinh 8. D6 tré truyén tin trén mang.

trén dudng truyén cap quang la 5 nano gidy trén mdi mét
dai [1, 13]. Do tré truyén tin toan mang L dudc tinh todn
dua trén cong thic sau:

N N
L= ) > (Pathopi, j) 100 + Pathiengini, ) % 5), (1)
i=1 j=1

trong d6, Pathpep(i,j) 1a sb “hop™* trén dudng di ngin
nhét va Pathiengm(i, j) 1a chiéu dai dudng di ngin nhét gitia
i va j. V6i téng s6 cip duong di Tpair(i,j), do tré trung
binh dugc tinh theo cong thic:

L

Spair(.)) ?

AvgLatency =

Hinh 8 chi ra két qué thit nghiém tinh todn d¢ tré. Trong
d6, véi cAu tric dic thu dang ciy, dudng kinh mang bé,
FatTree [12], dat do tré thip nhit trong moi kich thudc

486 “khoang™ gitta hai nit lién k& trén dudng dinh tuyén.
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16,000

A SSINET NS3

14,000

12,000

10,000

8,000

6,000

4,000

Execution Time (seconds)

2,000

2,000 2,662 3,456 4,394

Number of Network nodes

5,488 6,750

Hinh 9. Thoi gian thuc thi cia SSiNET va NS3.

DUONG KINH MANG VOIBCaE(% ii LE KICH THUGC MANG
Diameter | 1024 | 2048 | 4096 | 8192
1% 6,30 7,00 7,90 8,00
2% 6,80 7,00 8,00 8,00
5% 7,00 7,00 8,00 8,00
10% 7,00 7,00 8,00 8,00
100% 7,00 7,00 7,90 8,00

thit nghiém. Trong khi d6, Torus c6 do tré cao do st dung
dinh tuyén (DOR: Dimension Order Routing [1]), s6 hop
trén dudng dinh tuyén cao hon so véi cic mang ngau nhién
Kleinberg — Smallworld.

Ciac két qua so sanh tuong d6i gilta cac to-pd (va thuat
toan dinh tuyén) néi trén phan dnh khép v6i nhan dinh cta
chiing t6i thu dudc tit nhiing khao sét thong qua [12, 18, 20].

3. Két qua buéce dau vé danh gia thong luong

Cudi cung, ching toi minh hoa viéc gia 1ap ctia MLK Fat
Tree [12] v6i viéc gia tri k thay ddi tir 20 dén 30. D€ do dac
hiéu ndng ctia SSINET, ching t0i sit dung may tinh Intel
Core i7 2,3 GHz v6i bd nhé chinh 8 GB. Hinh 9 cho
thiy thoi gian thuc thi ctia chuong trinh gia 1ap hoat dong
trén SSiNET va NS3 [15], va hinh nay cung cip cho ngudi
doc thiy ro rang ring SSiNET chi mit thoi gian khodng
40 phit (2564 giay) d€ gia 1ap mang Fat-tree véi k = 30 (6
day mang sé c6 k = k * k/4 = 6750 nodes) trong khi NS3
yéu ciu téi khoang 4 gio.

4. Phuong phap xap xi

Trong phuong phip ndy, ching tdi tién hanh liy ngiu
nhién mot sé cip ngudn-dich theo mot ti 1& p% so vé6i
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Béng II
DO TRE TRUNG BINH
AvgLatency 1024 2048 4096 8192
1% 536,80 | 628,24 | 712,59 | 850,08
2% 536,05 | 628,11 712,35 | 850,46
5% 535,92 | 628,13 | 712,40 | 850,48
10% 536,15 | 628,22 | 712,31 850,49
100% 612,85 | 767,49 | 723,18 | 850,41
Bang III
THOI GIAN THUC THI
Kich thuéc mang 1024 8192
Ti 1é thi nghiém 100% 5% 100% 5%
Diameter 7,00 7,00 8,10 8,00
ARPL 4,51 4,52 5,93 5,93
AvgLatency 612,85 | 53592 850,08 850,48
RunTime 5,74 1,02 1083,38 68,24

kich thudéc mang. Tap cic ting vién dugdc tinh toan theo
cong thic (N = (N — 1)) = p%, p=1, 2, 5, 10, v6i N la kich
thu6c mang.

Bang I cho thiy két qua thuc nghiém tinh dudng kinh
mang véi cac ti 18 1%, 2%, 5%, 10%, 100%. Trudng hop
100% 1a tinh toan toan bo cac cip nguodn dich, tic 1a thuc
hién day dd nhu thong 1&. Céc trudng hop 1% va 2% c6 gia
tri duong kinh mang sai khiac 10% va 3% véi truong hgp
100%, tuong tng. Tuy nhién véi ti 1€ 5% va 10% thi su
sai khdc khong c6 hodc tuong déi nhod so véi 100%. Ngay
c& do tré trung binh ciing chi sai khac trén 10%, dic biét
v6i mang kich thuée 4096, su sai khac d6 chi 1a 1% va 2%
tuong ung nhu Bang II.

Véi phuong phap xp xi nhu trén, thsi gian thuc thi ciia
mang gidm dang k€. Vi du, thdi gian thuc thi gidm 82,25%
va 93,70% véi kich thuéc mang 1024 va 8192 tuong tng,
nhu Bang III. Nhiing két qua thuc nghiém nay cho thiy rd
phuong phép thuc nghiém x4p xi da d& xuét 1a hifa hen va
nén dugc trién khai day du.

V. KET LUAN

Trong nghién ctiu nay, ching tdi da dé xuit mot cich
tiép can méi cho viéc thiét ké cong cu thuc nghiém danh
gia cac t6-pd MLK theo phuong chim mé phdng gian lugc
va trinh bay mot ban thiét ké tong quan va chi tiét cho sin
pham cong cu SSIiNET, phat trién theo tiép can nay. Cong
cu cho phép danh gia va so sanh céac t6-pd c6 kich thude
16n trén céc phuong dién truyén théng nhu cic dic tinh do
thi va dinh tuyén va dic tinh khai thac c6 tai. Ngoai ra khi
da hoan thién, cong cu con cho phép tién hanh thuc nghiém



danh gid b tri trién khai trén mit san. Qua d6 cho phép
cdc nha nghién ctu thir nghiém cac thiét ké t6-pd méi mot
cach da dang va linh hoat ma khong phai phat trién chuong
trinh riéng dé€ cai dit cac t6-po6 hodc thuat toan dinh tuyén
c6 sén.

San phdm méi chi dugc thuc hién & phan co ban, nén
trong bai bdo nay ching t6i tip trung gidi thiéu thiét ké
chi tiét cac phan co ban d6 va gidi thiéu mot vai két qua
thyc nghiém lién quan. Trong giai doan phat trién tiép theo,
chiing toi sé tiép tuc hoan thién SSiNET, trong d6 c6 viéc
hoan thién cac chiic nang md phdng cho phép danh gid cac
yéu t hiéu niing quan trong khéac nhu théng lugng mang.
Dong thdi ky thuat va phuong phép thuc nghiém xip xi
sé dugc hoan thién hon d€ nang cao hon nita tinh kha thi
cla cong cu véi viéc danh gia MLK c6 kich thudc 16n
va rit 16n.
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Kiéu Thanh Chung t6t nghiép Ky su Cong
ngh¢ Thong tin ndm 2003 va Thac si Cong
nghé Thong tin ndm 2010 tai Truong Dai
hoc Bach Khoa Ha Nogi. Nam 2016, tac
gia nghién cudu tai Vién Cong nghé Thong
tin Quéc gia Nhat Ban (NII), hién nay la
nghién ctdu sinh tai Vién Cong nghé Thong
tin va Truyén théng (SoICT), Trudng Pai

hoc Béch khoa Ha Noi. Linh vuc nghién ciiu bao gdm: mang lién
két, thuat toan dinh tuyén.

Nguyén Tién Thanh tt nghiégp Ky su
Cong nghé Thong tin nam 2008 va Thac Si
nganh Cong ngh¢ Thong tin ndm 2011 tai
Pai hoc Bach Khoa Ha Noi. Hién nay tac
gia dang la giang vién tai Vién Coéng nghé
Thong tin va Truyén théng, Trudng Dai
hoc Bach khoa Ha Noi. Linh vyc nghién
cifu ciia tic gia bao gdbm: cong nghé phin

mém, kiém chiing mo hinh va mang ty didu khién (self-driving

networks).
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Nguyén Khanh Van t6t nghiép Ky su Tin
hoc tai Truong Pai hoc Béach Khoa vao
nam 1992, Thac s§ Khoa hoc Mdy tinh tai
Pai hoc Wollongong (Uc) vao nim 2000
va Tién si Khoa hoc M4y tinh tai Pai hoc
California-Davis (My) vao ndm 2006. Hién
nay ong la Phé Gido su, giang day va
nghién cudu tai Vién Cong nghé¢ Thong tin

va Truyén théng, Trudng Pai hoc Bach khoa Ha Noi. Céc linh vuc
nghién cifu chinh bao gdm: thuat todn va cidc mo hinh 1y thuyét
trong tinh todn phén tdn va mang mdy tinh (mang lién két, mang
cam bién khong ddy), an toan thong tin.



