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TOM TAT

Hién nay, mang néi bd ngay cang duoc str dung réng rai trong cac doanh nghiép va céc tb chirc vi nhirtng
loi ich thiét thwe ma né dem lai cho quan ly. M6t hé théng mang ti wu cho doanh nghiép doi héi khéng chi téi wu
vé mat ky thuat ma con doai hai s t6i wu vé& chi phi 1ap dat. Trong khi cac nghién ctru trong qua khiv tap trung
vao viéc s dung cac thuat toan co ban (nhw thuat toan heuristic, thuat toan di truyén hay thdm chi la thuat toan
cay bao trum téi thiéu) vén gap khoé khan khi md ta cac rang budc tlr phia ngwdi duing, bai bao nay trinh bay mét
hwéng tiép can mai vé ti wu hoa hé théng mang, huéng tiép can béng quy hoach tuyén tinh. Ngoai ra, trong khi
cac phwong phap téi wu trwdc day tap trung vao yéu td ky thuat cla thiét k& mang, bai bao nay trinh bay qua
trinh ti wu hoa véi tiéu chi la gidam thidu chi phi mét thiét k& mang nhwng van dam tinh cac yéu cu ky thuat cta
hé théng mang.

Tir khéa: tdi wu hod; quy hoach tuyén tinh; thiét ké mang; mang cuc bo

ABSTRACT

Nowadays, the LAN is widely used in business and organizations because of its advantages for
management. A optimal network design not only requires technical details but also needs an optimal deployment
cost. While recent studies focus on the basic algorithm (such as heuristic algorithm, genetic algorithm or even
mimimal spanning tree algorithm) which presents difficulties in describing the user constraints, this paper
proposes a new approach to the topological design of this network by using the linear programming method.
Besides recent studies addressing to the technical optimization, this paper deals with the way to use the linear
programming to optimize the LAN topological design in terms of reducing the deployment cost but satisfying all
the technical requirements.

Key words: optimization; linear programming; topological design; local area networks

< A X mot thiét ké mang cuc bd (vi tri dat cac switch va
1. Pat van dé ) L e A B
cach di day) voi gia thanh thap nhat.

Ngay nay, cong nghé thong tin ngay cang

duoc tmg dung rong rii trong quan 1y, vi thé mang
cuc bo ngay cang dugc st dung rong rai trong cac
t6 chirc ciing nhu cac doanh nghiép dé dam bao
viée lién lac va trao ddi thong tin. Mot hé thong
mang cuc bd mudn hoat dong t6t can dam bao cac
yéu cau k¥ thuat (yéu cau thong sudt, yéu ciu vé
dam bao bang thong). Tuy vdy, chi phi lip dat
ciing 14 mot yéu t6 can quan tam khi xdy dung mot
hé thdng mang cho doanh nghiép.

Trong khi phan 16n nghién ctru tép trung
vao viée toi wu hoa cac yéu to ki thuat thi bai bao
ndy trinh bay qua trinh t8i vu hod v& mit chi phi
cia mot thiét ké mang bang cach sit dung quy
hoach tuyén tinh. Trong truong hop nghién ciru cu
thé cua bai bao nay, bai toan dit ra la lam thé ndo
dé tir mot thiét ké dia 1y cia mot t0a nha dwa ra
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2. Két qua nghién ciru va khao sat

2.1. Sir dung thudt todn heuristic dé toi wu thiét
ké mang

Huéng tiép can c¢b dién nhét 1a st dung
thuat toan heuristic dé t6i vu thiét ké. Tir nam
1991, tac gia Khalil [1] d trinh bay huéng tiép
can heuristic trong viéc t6i wu thiét ké cua hé
théng mang cuc bd. Hudng tiép can cb dién nay
thé hién yéu diém co ban d6 1a hoan toan dwa
vao ham danh gi4 heuristic von khong dua bai
toan vé két qua tdi wu. Ngoai ra, hudng tiép can
nay ciing dd kéo theo vi¢c kho khan trong vigc
dac ta cac rang budc thuc té dbi véi mot hé
théng mang (vi dy: tai mot s6 vi tri cu thé (khu
vuc s& lap dat server) thi can thiét 1ap nhidu hon
mot switch).
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2.2. Sir dung thudt todn di truyén dé t6i wu hod
thiét ké mang

Mot cai tién tir hudng tiép can heuristic d6
la viéc st dung thuét toan di truyén duoc dé xuit
boi Elbaum [2]. Hudng tiép can nay wu viét hon
hudng tiép can heuristic & chd viée t6i wu hoa
duoc thuc hién béng cach mo phong lai qua trinh
tién hoa trong d6 céc tiéu chi dau vao cua thiét
ké mang dugc dai dién bdi mot ma hod cua bd
gen con ham danh gid dugc dai dién boi ham
thich nghi cta ca thé co bo gen d6. Mic du
hudng tiép can nay di c6 nhitng cai tién nhung
yéu diém cua nd van 1a sy phu thudc hoan toan
vao ham déanh gia nhu thuat todn heuristic.

2.3. Huéng tiép cidn cy bao trim

Mot hudng tiép can khac mang lai wu
diém rd rét vé do phirc tap d6 1a sir dung ciy bao
trum [3]. Hudng tiép can nay xem cac vi tri lip
dat thiét bi dau cudi dinh ctia d6 thi. Va bai toan
tré thanh x4y dung cdy bao trum tbi thiéu qua dd
thi da cho.

Huéng tiép can nay thé hién 16 su t6i uvu
d6 1a thiét ké thu duogc s& co chi phi lién két t6i
uu. Cu thé 1a néu ching ta sir dung khoang cach
dia 1y giita cac diém lam trong s cta do thi thi
két qua thu duoc tir thudt toan nay sé 1a mot thiét
ké ma téng do dai day dan 1a thip nhit. Tuy
nhién, d6 khong phai 13 chi phi ti thiéu vi tai
cac diém giao nhau cia diy dan, bit budc phai
lap dat switch ma chi phi cho switch thi kha 16n
so v&i chi phi cho day dan.

2.4. Thanh twu gan day vé quy hoach tuyén tinh

Gan day, cung voi sy phat trién cla
framework cho phép gidi cac bai toan quy hoach
toan hoc (nhu opensource GLPK hay IBM
CPLEX), cac nha khoa hoc dan dua cac bai toan
t6i uu vé quy hoach toan hoc. Cu thé 14 trong cong
trinh ctia Chevaleyre [4], quy hoach toan hoc dugc
str dung dé t6i wru hoa viéc lap dit bién bao dan
dudng cho viéc di tan khi xay ra song than.

Thanh tyu nay da hudng nhom tac gia dén
viée st dung quy hoach tuyén tinh cho viéc tbi
wu thiét ké mang cuc bo.

3. D& xuét giai phap
3.1. Cac dinh nghia

3.1.1. D6 thi dic td hé thong mang

Goi G=(V, E) 1a @6 thi mé ta hé théng
mang. V6i V 1a tdp cac dinh. V = {V,.., Vi,
Vist,.., Vi}; Vi 1a s6 nat trén hé thong mang.
Mbi dinh Vi(Vix, Viy) dai dién cho mét diém dau
cudi hodc diém nbi cua hé théng mang, trong do
(Vix, Viy) 1a toa do cta diém d6. Va E 1a tap cac
canh E = {Ejj, 0 <i, j < n}; Mdi canh Ej dai dién
cho két nbi gitra Vi va V. Gia tri caa Ej chinh 1a
khoang cach tir Vi d&én V;, voi Ej < 100 mét
(theo quy dinh vé& gi6i han diy dan cho mang
cuc bd IEEE 802.3u)

3.1.2. Tdp hop CAC miit cé thé lién két

Goi CA: = {Vi, Vj, Vi,...} 1a tap hop dai
dién cho mot nhom nhiing nut ma gitta chiing ta
c6 thé di day. Sau do, goi CA = {CA,, CA,..}
1a tp cac nhém ma trong mdi nhém ta c6 thé di
day gitra cac vi tri. Trén thyc té, tuy vao thiét ké
clia co s& ha tang (thiét ké cuia ca khu nha hoic
kién tric cu thé cta timg toa nha) noi thiét lap
hé¢ théng mang ma c6 nhitng diém nat ma ta
khong thé di day. Nguoc lai, ciing s& c6 nhimng
nat ma ta c6 thé di day. Do do, néu ICAeCA
ma VieCA va V; € CA( thi V; va V;j c6 thé ndi
v6i nhau.
3.1.3. Tdp cac switch dwoc swr dung

Goi Sx = {Sox,.» Swn1x} la tdp hop
nhimg switch c6 x cong duoc lip dat
(x € X; X dai dién cho ) céng cua cac loai
switch X = {4, 8, 16, 24, 32}). Trong d6 Six chi
c6 2 gia tri: gia tri 1 néu nat Vi dugc lip dat
switch hodc gia tri 0 néu khong c6 switch
duoc lap dat tai Vi. Vi du Sig = 1 nghia la mot
switch 8 cong dugc lap dit tai nat thir 1.

3.1.4. Tap cac canh dwoc s dung dé noi day
Goi A = {Aj, 0 <, j <n} la tap hop

nhiing canh duoc di day. Trong d6 Ajj chi nhan 2

gia tri: gia tri 1 néu c6 day duoc lip dit dé ndi

nat Vi va V; hodc gié tri 0 néu khong lap dat day

gitra Vi va V.

3.1.4. Chi phi cho thiét bi

Goi Px (usd/unit) 1a gia ciia mot switch ¢o
x cong va Pl (usd/m) 13 gia cia mot mot mét day
dan. Trong tinh hubng nay chung ta hoan toan ¢
thé st dung don vi cla tién té Viét Nam nhu
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ngan dong/1 switch hodc ngan dong/1 mét day.
3.2. M6 hinh hoda vé bai todn téi wu hod
3.2.1. Ham muc tiéu

Muc tiéu ciia bai toan 1a giam thiéu chi phi
lap dat hé théng mang. Chi phi nay duoc tinh
bang tong chi phi di diy va tong chi phi cho tat
ca cac switch sir dung

n-1n-1
f = min(Pl Z Z AyE + Z Z SkcPy)
i=0 j= XEX

3.2.2. Cac rang bugc
bl. Tong s6 switch khong dugc vuot qua

sO luong dinh
(22

0 xEX
b2. Tai mot nat chi co thé thiét lap tdi da 1

switch
Vk € [0,n) = (Z skx> <1

XEX
b3. Nhiing nit khong cung nhém thi
khong dugc nbi véi nhau
{ Vi,j € [0,n)
Ak(i € CAx Nj € CAy)
b4. Nhitng nut c6 nhiéu hon mot két nbi
bét budc phai c6 switch
Vi € [0,n)

n-1 n-1 ZS

—1 =
D Ayt ) | > 1 g
j=0 k=0

b5. Tai mdi nat, tong sd lugng két ndi
khong vuot qua so cong cuia switch dugc thiét
1ap tai ntt do.

Vi e [0,n) = ZAU+ZAM <xZSlx

XEX

b6. Diéu k1¢n bao tram, tit ca cac nat déu
phai noi vai it nhat mot canh

n—-1 n—-1
Vi e [0,n) = ZAi,-+ZAki >1
=0 k=0

b7. Didu kién ctia mot cdy, tong sd canh
phai bang n-1
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Z U=n—1
i=1j

4. Thwe nghiém va danh gia

IIMI

4.1. Ap dung déi véi Trwong Cao ding Cong
nghé Thong tin, Pai hoc Pa Ning

Dé danh gia su hiéu qua cua giai phap dwa
ra, chiing t6i tién hanh thyc nghiém véi kién trac
that ciia Truong Cao dang Cong nghé Thong tin,
Pai hoc Pa Nang voéi try sd, & Hoa Quy, Thanh
phd Pa Ning (Hinh 1 1a ban d6 dwoc chup tir
Google Map). Pau vao cua bai toan bao gdm:

* Ban d6 thong tin dia 1y: ban d6 nay md
ta cic tod nha, cac phong, cac dia diém can dat
thiét bi dau cudi (Hinh 2 mb ta kién tric cua céac
toa nha).

Hinh 1. Ban do Truong Cao dang Cong nghé
Thong tin, Pai hoc Da Nang (nguoén Google Map)

Hinh 2. Kién triic cdc toan nha ciia truong Cao dang
Cong ngh¢ Thong tin, Dai hoc Da Nang
(Ket qua thu dwroc tie chwong trinh moé phong)
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* Gia thanh cta day dan: Trong nghién
ciru nay, sir dung gid cia day dan la 1000
vnd/mét.

* Gi4 thanh cta cac loai switch 4 cong, 8
cong, 24 cong lan lugt 1 100 nghin dong, 150
nghin dong, 350 nghin dong.

Dau ra clia bai toan 1a chi phi thiét 1ap hé
théng mang cung véi thiét ké twong tng. Bai
toan dugc giai bang platform t6i wu hoa CPLEX
ctia IBM két hop voi platform mé phong GAMA
[5]. Trong d6 CPLEX thyc hién viéc phan tich
mo hinh toan hoc quy hoach tuyén tinh dé dua ra
giai phap t6i vu con GAMA thyc hién viéc mo
phong hé két qua thu duoc tir CPEX dong thoi
kiém tra tinh lién thong ctia hé théng mang.

Hinh 3. Thiét ké mang t6i wu thu duoc tir
hwong tiép cdn quy hoach tuyen tinh

Hinh 3 13 két qua cuta thiét ké mang t5i wu
thu dwoc tir hudng tiép cin quy hoach tuyén
tinh, trong do: cac diém tron dai dién cho cac
céng ndi voi thiét bi dau cudi; cac hinh vuong
dai dién cho cac switch (v&i hinh vuéng nho dai
dién cho switch 4 cdng, hinh 16n hon dai dién
cho switch 8 cdng); cac doan thing dai dién cho
day dan ndi truc tiép dén switch. Chu ¥, modi
switch déu co thém 1 cong ra (ngoai sb cong
Lan) dé két ndi voi switch khac va cac thiét b
dau cudi chi nbi véi switch ma khong nbi voi
nhau.

4.2. So sanh véi huéng tiép cin cdy bao trim
16i thiéu

Dé c6 dugc danh gia khach quan, ching
t6i ap dung giai phap cdy bao trim tdi thiéu voéi

cung mot dir lidu dau vao voi giai phap dé xuat.
Sau d6 so sanh két qua. Két qua thu duoc tir thyuc
nghiém cho thay su uu viét ciia giai phap dé ra.

Trén Hinh 4, huéng tiép can cdy bao tram
ti thiéu dwa ra mot két qua rat tiét kiém day
dan. Chi phi cho day dan ctia huéng tiép can cay
bao trum tbi thiéu nhé hon han huéng tiép can
ctia quy hoach tuyén tinh. Tuy nhién, chi phi cho
switch ctia hudng tiép can cdy bao trim 1a rét
16n. Piéu nay lam cho tong chi phi ciia hudng
tiép can cdy bao trim 16n hon han tong chi phi
dugc tinh toan bang hudng tiép can quy hoach
tuyén tinh. Nguyén nhan co ban cia sy chénh
léch nay 1a do hudng tiép can cdy bao tram t6i
thiéu chi tap trung vao t6i wu hoa cac két ndi
giita cac diém bang cach giam thiéu day dan ma
b6 qua yéu td switch von yéu ciu chi phi cao
hon han day dan.
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Hinh 4. So sanh chi phi ciia 2 thiét ké doi voi
cung mot kién truc

5. Két luan

Bai bao d trinh bay giai phap tdi wu hoa
thiét ké mang cuc bd bang quy hoach tuyén tinh.
Giai phap nay dua ra dugc mot thiét ké vai chi
phi nhé nhit tir mot mo ta bang dit liéu thong tin
dia ly. Giai phap nay di dwoc ap dung dbi véi dix
ligu that va da thé hién dugc sy uvu viét so voi
giai phap cdy bao trum ti thiéu ddi voi chinh dix
lidu that 4y. Ngoai ra, v6i huéng tiép can quy
hoach tuyén tinh nay, nguoi thiét ké hé théng
mang dé dang thém vao cac rang budc tuy y dua
theo diéu kién hodc chinh sich bao mat cta kién
tric toa nha (Vi dy, tai mot vi tri ndo d6 bat budce
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phai thiét 1ap mot switch dé sau nay tir d6 c6 thé  mang. Mot cach cu thé, bai toan tdi uu thiét ké
dat thém céac server). mang cuc bd da dé xuét nay s€ mo ra viéc tdi wu

V& mat phat trién, bai bdo ndy mé ra mot ~ noa mang dién rong, t6i uu hoa mang phirc tap

huéng nghién ciru méi d6 1a Gng dung quy (tropg do co su tham gi’a ctua céc thiét bi dinh
hoach tuyén tinh vao céc bai toan t6i wu thiét k&  tuyen, cac thiét bi giao tiép khong day).
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