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Tém tat: Khi trién khai mang noi bo st dung cong nghé mang khong day hinh lui (WMN), mot trong nhiing yéu té nh
hudng 16n nhit dén hiéu ning cta hé thong 1a topd mang. Trong bai bdo nay, ching t6i d& xudt mot thuat todn thiét ké
top6 mang WMN sit dung bai todn quy hoach tuyén tinh nguyén (ILP). Phuong phdp ctia chiing tbi 1a chia ving khong
gian cin thiét ké mang thanh cdc khéi don vi 1a cac vi tri ¢6 thé lap dit cac diém truy cip (AP). Dua trén toa do clia
cdc khbi da chia va cic diéu kién rang budc vé tdng sé6 AP, viing phii séng va do uu tién, ching t6i mo hinh héa thanh
bai toan ILP. Bing cach gidi bai toan ILP, ching t6i tim dudc tong s6 AP yéu ciu cho mot hé théng mang va vi tri dé
lip dit ching. Hiéu qua thuc thi clia thuat toan dé xudt dudc kiém nghiém trén mang ndi bo ciia Truong Cao diang Cong

nghiép Hué.

Tix khéa: Thiét ké t6po, mang khong ddy hinh ludi, quy hoach tuyén tinh nguyén.

When deploying a local area network using wireless mesh network (WMN) technology, one of major factors influencing
the performance of the network is the network topology. In this paper, we propose a topology design algorithm of
WMN using the integer linear programming (ILP) problem. Our method is to divide the spatial area of the designed
network into unit blocks which can be used to place access points (APs). Based on the coordinates of the divided
blocks and the constraint conditions of the number of APs, radio range and priority, we formulate the topology design
as the ILP problem. The number of required APs and their installation location are determined by solving the ILP
problem. The performance of the proposed algorithm is verified on the local area network of Hue Industrial College.
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I. GIOI THIEU

Coéng nghé mang truy nhip khéng ddy da va dang dugc
nghién cdu va tdng dung rong rai trong giai doan hién nay.
Véi md hinh mang khong day hién tai cia hau hét céc
cd quan, doanh nghiép, trudng hoc, topé mang (network
topology) dang dudc st dung phd bién 1a dang hinh ciy
md rong nhu cho thiy trén Hinh 1. Cdc AP dugc két nbi
tap trung vé gateway ctia mang ndi b dé€ truy cap Internet
thong qua céc thiét bi chuyén mach hoic dinh tuyén. Mo
hinh nay c6 nhiéu nhugc diém trong viéc khai thic tai
nguyén mang. Pac biét 1a khi tai lvu lugng trong mang
phat sinh khong dong déu dan t6i tinh trang nghén cuc bd
tai cac di€ém truy nhap thudng xuyén xdy ra va viéc thiét
lap két ndi vao mang la rat khé khin. Mot nhudc diém
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16n khac cia md hinh mang khong day nhu & Hinh 1 la
moi AP can phai c6 mot cong két ndi dén hé théng chuyén
mach ctia mang ndi bd dé€ chuyén tiép dén gateway. Piéu
nay din dén viéc lang phi tai nguyén va khé khin trong
viéc thi cong ha tang, dic biét 1a dbi véi cac hé théng mang
nhiéu 16p va st dung nhiéu AP.

D€ gidi quyét van dé nay, viéc nghién ciu va trién khai
hé théng mang khong diy da ching (Multihop Wireless
Networks) 1a diéu can thiét. Py 1a cong nghé mang khong
day tién tién hién dang dudc nhiéu nha nghién ciu trong
nudc ciing nhu trén thé gi6i quan tim. Mang khong diy
da ching dudc phan thanh bdn loai chinh bao gdm mang
khong day tily bién (Wireless Adhoc Network), mang cam
bién khong day (Wireless Sensor Network), mang khong
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day hinh luéi (WMN: Wireless Mesh Network) va mang
khong diy hdon hop [1]. Trong cdc md hinh d6, WMN dang
ngay cang dudc tng dung rong rii trong nhiéu linh vuc, dic
biét 1a trong hé théng mang noi bd clia cic doanh nghiép,
trudng hoc, cic cd quan nha nudc.

Céu tric téng quat ctia mét mang WMN dugc minh hoa
nhu & Hinh 2, trong d6, cac AP dudc két ndi v6i nhau
qua mdi truong khong day tao thanh mot topd hinh ludi.
Mot niit ctia mang WMN c6 thé chi 1a mot bo dinh tuyén
khong day (MR: Mesh Router), hodic 12 mot bd dinh tuyén
khong day két hop véi gateway (MR/GW: Mesh Router with
gateway) [2]. Trong bai bao nay, cac nit mang WMN dudc
goi chung 1a AP. Céc clients két ndi dén cic AP qua moi
trudng khong day dé truy cip Internet.

V6i cong nghé WMN, tinh trang nghén cuc bd tai cac
diém truy cap sé dudc gii quyét nhd chiic ning cin bing
tai, diéu khién luu lugng va dinh tuyén tai méi nit. Piéu
nay cho phép giam thiéu s6 yéu cau thiét lap két ndi bi tur
chéi, hiéu qua st dung thi nguyén mang dugc nang cao. Mo
hinh WMN cho phép gidm thiéu sé cdng két nbi tir cic AP
dén gateway, nghia 12 giam thi€u chi phi dau tu cho viéc
ldp dit co sd ha ting.
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D& trién khai mang WMN mot cdch hiéu qua, viéc nghién
ctiu cac phuong phap, thuat toan thiét ké mang 1a diéu can
thiét. Noi dung cla bai bdo tip trung nghién ctu van dé
nay. Cac muc tiép theo ctia bai bao dudc bd cuc nhu sau:
Muc II trinh bay cdc cong trinh nghién ctiu di cong bd
lién quan dén cic giao thiic diéu khién va quy trinh thiét
ké mang WMN. Muc III trinh bay mét phuong phap xic
dinh s6 lugng AP va vi tri 1dp dit do ching toi dé xuit.
Muc IV trinh bay cic két qui thuc thi thut toan trén mo
hinh mang thuc ctia Trudng Cao ding Cong nghiép Hué.
Cudi cung 1a két luan va dé xuat hudng phat trién tiép theo,
dugc trinh bay trong muc V.

II. CAC CONG TRINH NGHIEN CUU LIEN QUAN
PEN VIEC THIET KE MANG WMN

D& nang cao hiéu qué trién khai mang WMN trong thuc
té, trong thoi gian gan day di c6 nhiu nhém nghién ciu
trong nudc ciing nhu trén thé gidi tp trung nghién ciu
vé cong nghé nay. C6 nhiéu hudng nghién ctiu da dudc
trién khai nhu cédc ky thuat dinh tuyén ti uu, k§ thuat can
bing tai, chit lugng dich vu, quy trinh thiét ké va trién
khai mang. Trong cac hudng nghién ctu dé, huéng nghién
ciu vé quy trinh thiét ké va trién khai mang WMN dudc
nhiéu nha nghién ctiu quan tAm trong thoi gian gan day.
Nhom tac gid trong [3] dd nghién ctiu bai todn bb tri céc
nit trong mang WMN sao cho hiéu qua vé mit chi phi
(CeNP: Cost effective Node Placement). D€ phan tich bai
toan CeNP, cac tac gia da dinh nghia cac ham muc tiéu,
cdc diéu kién rang budc va mo hinh bai todan CeNP thanh
bai toan quy hoach tuyén tinh nguyén. Sau d6, cic tic gia
da dé& xuit mot phuong phap b tri nit mang hidu qua cé
tén CeNP LSA, trong d6 cé chic nang lga chon cac nut
lam geteway, cac niit lam bo dinh tuyén (Mesh Router) phu
hgp. Hiéu qua thyc thi cia phuong phap CeNP LSA dugc
danh gia bing mo phong, két qua da cho thiy ring phuong
phap CeNP LSA mang lai hiéu qua cao trong viéc bd tri
nit mang WMN. Mot cong trinh nghién ciu khac da tap
trung vao cic hé thong mo phong bai todn bd tri niit trong
mang WMN [4], cic hé théng md phdng dudc xem xét 1a
WMN-SA [5] va WMN-PSO [6]. Thong qua Két qua md
phodng, cic tic gia da két luan rang, WMN-SA thuc thi t&t
hon WMN-PSO, tuy nhién, khi kich thuéc mang 16n thi
WMN-SA cin nhiéu thsi gian tinh todn hon.

Mot huéng nghién ciiu khic v& mang WMN ciing da
dugc trién khai 1a tap trung vao viéc thiét ké va trién khai
mang. Nhém tic gid trong [7] da dé xuit mot phuong phap
thiét ké va trién khai mang WMN gdm c6 10 budc v6i muc
tiéu giam thiéu chi phi dau tu. Céc budc thiét ké bao gdom
phan tich khu vuc, x4c dinh yéu cau, xdc dinh ting dung va
dich vu, uéc lugng chit lugng dich vu, uéc ludng do cao,
xdc dinh vi tri 1ap dit thiét bi bén trong, Iua chon cong



nghé mang, xic dinh vi tri 1ap dit thiét bi bén ngoai, quy
hoach mang va uéc lugng tdng chi phi. Trong [8], bai toan
sap xép nit trong mang WMN dugc md hinh héa thanh bai
todn toi uu da muc tiéu. Cac muc tiéu dugc xem xét bao
gdm cuc dai héa sb luong két nbi trong mang va ving pht
séng dbi v6i ngudi st dung. Cac téc gia cling phan tich su
phu hgp cuia cac phuong phap khac nhau sit dung cho viéc
gidi bai toan tdi uu trong mang WMN.

Tur cic két qua nghién cdu da dugc cong bd nhu da dé
cap & trén, ching toi nhan thdy ring, viéc nghién ctu vé
cong nghé WMN di dudc trién khai theo nhiéu huéng khac
nhau, tr viéc nghién ctiu cac giao thic diéu khién, dinh
tuyén dé cai thién hiéu ning, chit lugng dich vu, chit lugng
tin hiéu truyén din cho dén cic quy trinh thiét ké mang.
DPE€ c6 thé trién khai mang WMN mét cach hiéu qua, viéc
nghién ctu cdc van dé lién quan dén thiét ké mang 1a diéu
can thiét. Trong bai bdo nay, chiing toi tiép tuc phat trién
huéng nghién ctiu ndy, cu thé 1a tip trung vao bai toan thiét
ké topd mang. Muc tiéu clia cong trinh nghién ctiu nay l1a
xdy dung mot mang WMN dat hiéu qua t6t nhat v6i cac
diéu kién vé thiét bi va vé co s ha tang cho truéc. Ching
t6i dé xudt mot phuong phap thiét ké topd mang WMN st
dung bai todn quy hoach tuyén tinh nguyén (ILP) v6i ham
muc tiéu 1a cuc tiéu héa tdng s6 AP can thiét cho mot hé
théng mang. Cac diéu kién rang budc dudc xem xét sao
cho ngudi st dung luén dugc pha séng khi & trong vung
khong gian dién tich dang xét. Sau khi giai bai toan ILP,
két qua thu dugc 1a tdng sb AP yéu ciu, dong thoi vi tri
cu thé dé 1ap dit méi AP ciing dugc xic dinh thong qua
gia tri clia cac bién trong bai toan ILP. Chi tiét vé phuong
phap nay dugc trinh bay trong cic muc tiép theo.

III. THUAT TOAN XAC PINH SO LUGNG AP VA
VI TRI LAP PAT

1. Mo hinh héa thanh bai toan ILP

Xét bai toan can trién khai hé théng mang nodi bd cho
mot cd quan, doanh nghiép sit dung cong nghé WMN. Vén
dé dit ra dbi voi ngudi thiét ké hé thdng 1a véi mot dia hinh
cho trudc, can phai xic dinh dudc tdng s6 AP tdi thi€u can
cung cép, céc vi tri 1ip dit AP sao cho ving phii séng 1a
t6i wu theo nghia & bét ky vi tri nao trong co quan, ngudi
st dung déu c6 thé st dung dudc cic dich vu trong mang
nodi bo, truy cap dugc Internet qua hé théng mang khong
day. Hién nay, viéc lua chon cic vi tri dé Iip diat AP hau
hét 1a theo cim tinh, phu thudc vio y kién chi quan clia
ngudi thiét ké. Vi viy, topd mang dudc xiy dung hoan toan
khong c6 co so khoa hoc. Téng sb thiét bi AP can thiét cho
mot hé théng mang 12 do ngudi thiét ké tu chon, din dén
c6 liic thiéu, c6 lic thita ma ngudi thiét ké khong hé hay
biét. Trong phan nay, ching toi dé xuit mot phuong phap
xdc dinh tdng s AP yéu cau t6i thi€u cho mot md hinh
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P Vi tri kha thi voi AP va ngudi dung
(P Vi tri kha thi véi nguoi ding

Hinh 3. M5 hinh héa viing khong gian 1dp dit mang WMN thanh
cac khoi chic nang.

mang va vi tri cu thé dé lip dit tit ca cic AP d6. Thuat
toan dugc dé xuit dua trén bai toan ILP.

Xét ving dién tich clia co quan, doanh nghiép can trién
khai hé théng mang WMN chifa cic toa nha, vin phong la
noi c6 thé lap dit ciac AP. Viing dién tich nay c6 thé dugc
mo hinh thanh mot khong gian 3D véi chiéu cao 1a do cao
clia toa nha cao nhét. Chia viing khong gian nay thanh ting
khbi don vi véi thé tich a (m?), a chinh 1a sai s6 chon vi tri
trong thuit toan cla ching t6i. VGi phuong phap nay, mot
viing dién tich chifa cdc toa nha cin lap dit cac thiét bi AP
ctia mang WMN dugc md hinh thanh mét khong gian 3D
1a tap hop clia cac khdi c6 thé tich a (m?) nhu cho théy trén
Hinh 3. Céc khbi don vi c¢6 thé tich a (m?®) nay dudc goi 1a
cac vi tri kha thi. C6 hai loai vi tri kha thi trong m6 hinh
nay. Loai vi tri thii nhét 13 vi tri ¢6 thé 1ap diat AP, dong
thoi c6 thé xuét hién ngudi sit dung (cac khdi mau tring
trong Hinh 3). Céc vi tri nay chi c6 thé nim trong céc toa
nha vi cac AP trong trudng hgp nay la loai indoor, chi c6
thé 13p trong nha. Loai vi tri thit hai 1a cdc vi tri chi kha
thi v6i ngudi st dung (cic khdi mau den trong Hinh 3),
nghia 1 chi ¢6 céc ngudi st dung c6 thé & cdc vi tri nay,
con AP khong thé lap dit tai day. Cac vi tri nay thudng la
& ngoai san, via he. D€ xdc dinh vi tri nao dugc lap dit AP
trong tdng s& cdc vi tri kha thi vdi AP, ching t6i gdn cho
moi vi tri kha thi véi AP 1a mot bién x(xy, v, 2x), VOi Xy,
yx Va z, 12 toa do ctia vi tri x trong khong gian 3 chiéu.
Pé xdc dinh gia tri ctia tit ca cac bién x(xy, Y, Zx), ching
toi dinh nghia mdt ham chon vi tri nhu sau:

1, néu (xy, yx zx) dudc lip AP,

1
0 ey

x(xy, Yxs Zx) = {

trong trudng hgp khac.

Goi X = {x(xx, yx» zx)} 12 tAp tht c4 c4c bién dugc gan cho
tAt ca cac vi tri ¢6 thé 13p dit AP trong ving khong gian
3D dang xét. VGi ham chon vi tri dudc xac dinh bdi (1), bai
toan xic dinh t6ng s6 AP yéu cau ti thi€u va vi tri d€ 1ap
dit AP dugc mé hinh héa thanh bai todn t6i uu ILP nhu sau:

minimize X(Xxs Yo» Zx)s )

V(X Yx,2x ) €EX

v6i céc dicu kién rang budc sau day.
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1) Rang budc vé ving phii song:

Dé dam bdo ngudi diung cé thé sit dung cdc dich vu cia
mang noi b va truy cip Internet & bat ky vi tri ndo trong
co quan, tai mdi vi tri kha thi dbi v6i ngudi st dung (céc
kh6i mau den trong Hinh 3) phai ndm trong viing phii séng
ctia it nhit mot AP. Goi U = {u(xy, yu, 2.,)} 12 tap tit ca cic
vi trf kha thi v6i ngudi st dung. Khi d6 diéu kién rang budc
viing phd séng cho méi vi tri kha thi u(x,, y,, z,) dudc xac
dinh theo phuong trinh sau:

3)

a (u(xy, Yus Zu ) X (X, Yx» 7)) = 1,
Vx(Xx,yx.2x)€EX

trong d6 @ (u(Xy, Yu» Zu ) X(Xx, Yx» 2x)) 14 mOt ham xdc dinh
pham vi phd séng tif vi tri x(xy, yy, 2x) dén vi tri ngudi st
dung u(xy, yu, z,). Ham nay dugc xac dinh nhu sau:

a (u(xy, Yus Zu), X(xx, Yx» ) =

1’
01

trong d6 D la ban kinh vung phu song cua loai AP
dang xét, d (u(xu, Yu» Zu), X(Xx, Yx, Zx)) 12 khoang cach tu
Vi tri Xx(xy, yx, 2x) €O thé dit AP dén vi tri ngudi st dung
u( Xy, Yu> Zu)- Khodng céch nay dugc xac dinh bdi

néu d (u(Xus Yus 2u)s X(Xxs Y 2x)) < D, @
trong trudng hgp khac,

d (u(xu, Yu, Zu)’ X(Xx, Vx> Zx)) =

\/(xx - xu)z +(x — yu)2 + (2x — Zu)z-

&)

2) Rang budc nguyén:

Cic bién trong tip X chi nhan cdc gid tri nguyén 1 hoic
0 tuong ung vdi cac truong hop vi tri dang xét dugc chon
hoic khong dude chon dé 1ap dit AP theo phudng trinh (1),
nén diéu kién rang budc nguyén dudc xac dinh bdi

0 < x(xx, Yx, 2x) < 1, Vx(xx, yx, 2x) € X. (6)
3) Rang buoc vé dung luong ciia mdi AP:

Véi mbi AP, tai mdi thai diém chi ¢ thé cho phép mot sb
luong ngudi st dung két ndi dong thoi dén AP, gid tri nay
nam trong khoang tit 25 dén 50 tuy theo loai AP. P& dam
béo chit lugng dich vu cho ngudi st dung, rang budc nay
phai dugc xem xét trong hé théng mang WMN. Goi M la
s6 ngudi st dung cho phép két nbi dong thdi dén mdi AP,
C 1a tdng s6 ngudi sit dung dong thdi trong hé théng mang,
khi d6 rang budc vé dung luong AP dudc xac dinh bdi

Mx(xy, yx, 2x) = C.
VX (Xx,Yx:2x)€EX

(N

4) Rang budc vé cdc ving uu tién (néu cd):

Trong trudng hop c6 mot sd vi tri clia ngudi st dung trong
cO quan can phéi dudc vu tién do dic thi cong viéc, diéu
kién rang budc vé cdc viing uu tién can phai dudc xdc dinh
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trong thuét toan. Goi P 1 tip tit ca cdc vi tri cAn dudc uu
tién, khi d6 diéu kién rang budc nay dugc xac dinh bdi

2

Yu(xy,Yu,2u)EP

@ (U(Xys Yus Zu)s X(Xxs Yxs 2x)) 2 N, (8)
trong d6 @ (u(xy, Yu> Zu), X(Xx, Yx, 2x)) dudc xdc dinh theo
cdc phuong trinh (4) va (5), N 1a s6 séng uu tién cho céc
vi tri clia ngudi st dung trong tip P.

Bing cich gidi bai toan quy hoach tuyén tinh nguyén
theo (2) véi cac diéu kién rang budc tir (3) dén (8) ta thu
dugc tip nghiém {X}. Dua trén toa do clia cdc bién xdc
dinh vi tri trong tap {X}, sé tim dudc tap vi tri can Iip dit
AP thda man cic diéu kién rang buoc tir (3) dén (8). Ngoai
ra, gid tri cia ham (2) thu dudc chinh 13 téng sb AP yéu
cau tbi thiéu thda man diéu kién bai toan. Mic du (2) la
bai todn t6i vu mot muc tiéu, tuy nhién két qua thu dugc
c6 thé xem nhu hai muc tiéu: mot 1a téng s6 AP yéu cau
toi thi€u cho mot hé théng mang (gid tri ctia ham (2)), hai
la vi tri d& 1dp dit mdi AP (toa do clia cac bién x c6 gia
tri bang 1). Pay 1a uu diém cta phuong phap d& xuit va
sé& dugc chiing minh béi cdc két qui thuc nghiém & muc
tiép theo.

2. Thuét toan xdc dinh sb lugng AP va vi tri 1ap dat

Thuit toan xac dinh tdng sé6 AP theo yéu cau va vi tri cu
thé dé 1ap dit ching dugc thuc thi theo luu dd ¢ Hinh 4.
Khi gidi bai todn ILP theo (2), tlly theo diic diém ctia viing
khong gian can trién khai mang WMN ma c6 truong hop
tim dudc tdp nghiém {X}, nhung cling c6 truong hgp khong
tim dudc tip nghiém {X} théa min cic diéu kién rang budc
tir (3) dén (8). Céc trudng hop khong tim dudc tip nghiém
{X} 1a ving khong gian can trién khai mang WMN c6 cic
toa nha 3 xa nhau. Trong trudng hgp nay, khoang cach cla
cac toa nha 16n hon 2D (D la ban kinh ving pht song cla
loai AP dang xét), nén céc vi tri § gifta cua 2 toa nha khong
dugc pht séng. Hay néi cach khac, diéu kién rang budc (4)
ctia bai toan ILP khong théa man. Khi d6, ky thuat tbi uu
dudgc st dung d€ tim nghiém, cu thé 12 ting gid tri D trong
diéu kién rang budc (4) mot khoang AD sao cho bai todn
ILP theo (2) tim dudc nghiém. Bing phuong phép chia ddi,
chiing ta s& tim dugc AD 1a gid tri nhd nhét can ting thém
cho D v6i dd chinh xac € cho truéc sao cho bai toan ILP
theo (2) c6 nghiém. Phuong phap chia déi d€ tim AD dugc
trinh bay & luu d6 thuit toan Hinh 4, cu thé nhu sau:

o Xét truong hgp khi giai bai toan ILP theo (2) véi cac
diéu kién rang buoc tir (3) dén (8) khong tim dudc
nghiém. Khi d6, can ting gid tri D trong rang budc (4)
mot khoang AD;

o Goi Dpyx la khoang cach 16n nhét gitia cac toa nha
trong ving khong gian can trién khai WMN, khi d6
AD 1a mdt gia tri ndm trong nita doan (0, Dyay];



M® hinh héa viing khéng
gian mang WMN thanh cac
khéi chirc nang theo Hinh 3

v

Xéay dung bai toan ILP (2) véi
céc rang budc tir (3) dén (8)

v

AD=0;D" =0
D* = Dinax; € = 1073

v

Giai bai toan ILP (2) véi cic
rang budc tir (3) dén (8)

Tim duoc
tap nghiém {X}?

Lap dat AP tai toadd cha cac |
diém x € {X} co giatri bang 1

Hinh 4. Luwu dd thut toan xédc dinh téng s6 va vi tri dé 13p dit AP.

o Goi D* va D~ 1a hai gia tri ma khi ting thém cho rang
budc (4) thi bai toan ILP (2) c6 nghiém va khong c6
nghiém. O trang thai khéi tao, ta gan D~ la gia tri nhd
nhét (D~ = 0) va D" 1a gia tri 16n nhit (D* = Dp);

o Chon AD = (D~ + D%)/2, ting gia tri D cia rang
budc (4) mot khoang AD (D = D + AD), sau d6 tién
hanh giai lai bai toan ILP;

o Néu khong tim dudc nghiém thi ving tim kiém AD
dudc giGi han trong nta doan (AD, Dpx], ti d6 gan
D~ = AD va giai lai bai toan ILP;

o Néu tim dugc nghiém nhung sai sb giita AD va D™ 16n
hon d6 chinh xdc € cho trudc thi viing tim kiém dugc
gi6i han trong ntia doan (D™, AD], tit 6 gan D™ = AD
va gidi lai bai toan ILP. Ngudc lai, AD & thdi diém
hién tai 12 gia tri nhd nhét véi d6 chinh x4c € can tim.

IV. KET QUA THUC NGHIEM

Chiing t6i da 4p dung phuong phdp dugc dé xuit &
muc III vao viéc trién khai hé théng mang khong day theo
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£P Vi tri kha thi voi AP va nguoi dung

@ Vi tri kha thi v6i nguoi dung

Hinh 5. M6 hinh héa viing dién tich ctia Trusng Cao dang Cong
nghiép Hué thanh ving khong gian 3D 1a t5 hop ciia cdc khdi
chitc ning c6 thé tich 5 mS.

cong nghé WMN tai co s3 1 clia Truong Cao ding Cong
nghiép Hué. Viung dién tich tai co s nay c6 chiéu dai
mit trudc (cOng chinh) 1a 183,5 m, mit sau (cdng phu) 1a
195,8 m, chiéu rong phia duong Hai Ba Trung 1a 129,3 m
va phia duong Nguyén Truong To 13 183,7 m. C6 tat ca 17
toa nha tai ¢o sG nay, tinh ca nha khach va khu ky tic xa.
Chia ving dién tich ny va céc tda nha thanh cic khéi chic
ning véi thé tich 5 m? ta dugc mot md hinh khong gian
3D nhu & Hinh 5. Trong trudng hop nay, sai s6 Vi tri trong
thudt toan cua ching t6i 1a 5 m. Tr md hinh nay, ching
t6i tién hanh xay dung thanh bai todn quy hoach tuyén tinh
nguyén ILP theo cic phuong trinh tit (1) dén (8) nhu da
trinh bay & muc II. Tién hanh giai bai toan ILP nay ching
ta thu dudc téng s6 AP yéu cau tdi thiéu cho hé thbng mang
WMN tai Trudng va vi tri cu thé dé 13p dit cic AP do.

Chiing t6i da cai dit thuat toan trén phan mém Matlab
R2010b, st dung cdc ham tbi uu dugc cung cip trong phan
mém nay d€ giai bai toan ILP. Céc gia thiét dau vao dugc
thiét 1ap nhu sau:

o Pham vi pht song cia AP: 40 m (gia tri D trong rang
budc (4)), diy la vung pht séng dam bao cho ngudi
st dung truy cip mang tot;

o Sai sb vi tri: 5 m;

o S6 ngudi st dung c6 thé két ndi dong thdi dén mbi
AP: 40 (gia tri M trong rang budc (7));

o Tong sb ngudi s dung trung binh tai méi thdi diém
cua toan truong: 1137 (gia tri C trong rang budc (7),
tham sd nay dudc chon dua trén qué trinh thdng ké
luu lugng trén hé thong mang ctia Nha trudng);

o Khong thiét 1ap cdc viung uu tién (rang budc (8)).

Két qua thuc thi phuong phiap dé xuit dudc so sinh véi
phuong phap lip dit theo kinh nghiém ma ching toi da
trién khai trén hé thong mang khong day ctia Truong Cao
dang Cong nghiép Hué trudc day. Véi phuong phéap lap dit
theo kinh nghiém nay, vi tri ldp dit cac AP dugc xdc dinh
theo Iuu dd thuit toan & Hinh 6. P& dam bio ving phi
song cho toan khudn vién Trudng va dip tdng luu lugng
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BAt dau

Xéc dinh céc vi tri ¢ thé |ap dat
AP dyatrén so db cac tdoanha

A\ 4
thoi cac AP

Lap dat tam

Phan tich d6 pha song tai tat
ca cac vi tri cuangudi sir dung

binh vi lai
vi tri cta AP

Hinh 6. Luu d6 thuit todn chon vi tri 1z‘ip dat AP cho mang khong
day theo kinh nghiém.

Dat yéu ciu?

L4p dat cb dinh AP
tai vi tri hién hanh

ctia hé thdng mang noi bd, chiing toi da 1ap dat 38 AP. Véi
phuong phép dugc dé xuit trong bai bao niy, sé lugng AP
va vi tri 1ap dit ching dua trén két qua ciia viéc giai bai
toan ILP nhu da trinh bay & trén.

Sau khi chay chuong trinh t6i uu dudc cai dit trén phan
mém Matlab, két qua thu dugc nhu & Hinh 7. Nhan thiy
rang, két qua ctia ham cuc tiéu héa theo (2) 1a 36, nghia
la can tbi thiéu AP d€ lip dit mang WMN tai Trudng
Cao ding Cong nghiép Hué sao cho tit ca cdc vi tri trong
khudn vién ctia Nha truong déu thu dugc séng trong ving
pht 40 m (day 1a pham vi dé hoat dong t6t). Vi tri dé lip
dit 36 AP nay la tai toa do cta cdc bién c6 gia tri biang 1
nhu & Hinh 6. Vi du, AP dau tién dugc lap dit tai toa do
(20, 25, 5). Ddi chiéu v6i mo hinh & Hinh 4, toa do nay
thuoc nha El, lap dit tai vi tri cich 20 m tinh tif bia trai
sang, cach 25 m tinh tit mit trudc va do cao 5 m. Vi tri lip
dét cac AP khac dudgc xac dinh hoan toan tuong tu. Bang I
mo ta chi tiét vé cdc vi tri dé 1ap dit toan bd 36 AP.

D€ thiy r6 hiéu qua ing dung clia phuong phap dé xuit,
chiing t6i phan tich do pht séng dén tit ci cic vi tri clia
ngudi st dung trén mit dat va ting 1 trong cédc tda nha,
két qua thu dugc nhu cho thiy trén Hinh 8 va Hinh 9. Két
qua phan thich cho thiy rang, véi phuong phap lap dit theo
kinh nghiém (két qua trén Hinh 8), mot s6 vi tri clia ngudi
st dung c6 dén 15 AP c6 thé phd séng dén, nhung cling
c6 mot s6 vi tri khong c6 AP nao phi séng dén, chang
han nhu vi tri ¢6 toa dd x = 5 m va y = 100 m. Dbi véi
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36

Gia trf cia ham muyc tiéu
(S8 AP tdi thiéu céan cd)
exitflag |=
1 <J:Exig‘?ag =] < Péitim
duge mét gidi phip 181 weu
CaC VI TRI LAF DAT A ' of giar phap

x(20,25,5)
x(40,20,5)
x(55,20,5)
x(45,30,10)
x(100,20,5)
x(105,25,5)
x(70,40,5)
x(145,25,5)
x(170,30,5)
x(155,30,10)
x(10,65,5)
x(15,85,5) /
x(35,90,5)
x(55,80,10)
% (80,80,5)
x(105,80,10)
x(125,85,5)
x(150,85,20)
x(170,85,10)
®(190,85,10) |
x(195,85,10) -
x(25,130,5)

ﬁ£ ?:[35,130,5] v

e fAN ATE BN

Céc bisn cd gid tri bang 1
(cac vi i ldp dat AP)

Hinh 7. Két qua gidi bai todn ILP trén Matlab tim tdng sb6 AP
yéu cau va vi tri lap dét chung.

g phu song

S6 AP trong viin:

Hinh 8. D6 pht séng dén céc vi tri clia ngudi st dung trén mit
dat va tang 1 cua cdc toa nha trong trudng hgp lap dit 38 AP
theo kinh nghiém.

phuong phap dugc dé xuét (két qua trén Hinh 9), mic du
vi tri ¢6 nhiéu AP phi séng nhit khong dat bang phuong
phép kinh nghiém, nhung tit ca céc vi tri déu c6 AP phii
séng dén. Diéu nay dic biét quan trong trong viéc dam bio
tinh lién tuc dbi véi viéc cung cip dich vu cho ngudi st
dung. D€ thiy r6 hon do phii séng dén cic vi tri, ching toi
vé biéu dd trén Hinh 10. Tir biéu dd nay ta thiy ring, cé
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KET QUA XAC PINH VI TRi LAP DAT AP CGEaI\I}I%AI{IG WMN sU DUNG PHUGNG PHAP PE XUAT
STT x (m) x (m) x (m) Day nha STT x (m) x (m) x (m) Day nha
1 20 25 5 El 19 170 85 10 DI
2 40 20 5 L 20 125 85 5 D2
3 55 20 5 L 21 150 85 20 D2
4 45 30 10 L 22 170 85 10 D2
5 100 20 5 1 23 190 85 10 D2
6 105 25 5 1 24 190 85 10 X1
7 115 20 5 1 25 195 85 10 X1
8 70 40 5 C 26 25 130 5 TDTT
9 145 25 5 A 27 35 130 5 TDTT
10 170 30 5 A 28 40 135 5 TDTT
11 155 30 10 A 29 35 90 5 B
12 160 40 10 A 30 90 145 5 N
13 10 65 5 K1 31 105 140 5 M
14 15 85 5 K2 32 115 140 5 M
15 55 80 10 D1 33 165 135 15 X2
16 80 80 5 DI 34 180 140 10 X2
17 105 80 10 DI 35 150 135 5 X2
18 70 80 15 D1 36 195 85 10 X0

2

g phu son

34 AP trong vin,

SDT o X (m

Hinh 9. Do phli soéng dén céc vi tri clia ngudi st dung trén mat
dat va tang 1 cta cdc toa nha trong trudng hgp lap dat 36 AP
theo phuong phap de xuat.

4 vi tri khong c6 AP nao phii séng dén trong trudng hop
trién khai theo kinh nghiém. Véi phuong phap dé xuét, tat
ca cdc vi tri déu nhan dugc séng ctia cac AP. C6 1 vi tri
chi ¢c6 1 AP phi séng dén, 3 vi tri c6 2 AP phii séng dén,
cdc vi tri khic c6 tir 3 dén 12 séng phii dén. Ngoai ra, véi
phuong phép kinh nghiém, tdng s6 AP dudc chon dé lip
dit 1a 38. Trong khi d6, v6i phuong phap dé xuét, gia tri
nay dudc tim ra 12 36. Nhu vay, v6i sd lugng AP it hon
nhung vin diam bao viing phi séng cho tit ca céc vi tri clia
ngudi su dung.

Trén Hinh 11, ching tdi so sanh x4c suét yéu cau thiét 1ap
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két ndi bi tir chdi ciia thuat toan 1dp dit theo kinh nghiém
va thudt toan dé xuit. Cdc do thi trén Hinh 11 da cho thiy
rang, khi s6 ngudi sit dung nhdé hon 700 thi hiéu qua thuc
thi ctia hai thuat todn gin nhu tuong duong nhau, chénh
léch khong dang ké. Khi s6 ngudi st dung ting lén, xdc
sut tir chdi yéu ciu thiét 1ap két nbi clia thuit toan dé xuét
giam mot cach dang ké so vdi phuong phap lip dit theo
kinh nghiém. Cu thé nhu trudng hop tdng s6 ngudi sit dung
12 1200, xdc suét tif chdi ctia phuong phap kinh nghiém 1a
0,075, trong khi d6 gid tri nay cla thuat todn dé xuét 1a
0,045. Nhu vay, thuat todn dé xuit nang cao hiéu qui st
dung tai nguyén mang.

V. KET LUAN

D€ nang cao chét lugng mang khong diy trong cic co
quan, doanh nghiép, viéc nghién ctiu va trién khai hé théng
mang theo cong nghé WMN la diéu can thiét, dic biét 1a
trong trudng hop hé théng mang khong diy c6 ving dién
tich rong, tai luu lugng 16n. Noi dung bai bao da tip trung
nghién citu nhiing vin dé co ban nhit vé& cong nghé WMN.
Tir d6, chiing t6i da dé xuit mot phuong phap xac dinh tong
s6 thiét bi AP yéu cau ti thi€u cia mot hé théng mang,
ddng thoi xac dinh dudc vi tri cu thé dé lip dit cac AP
nay thda man cdc diéu kién rang buodc cho trudc. Ching
toi cling da thyc thi thuat toan trén hé thong mang noi bd
tai co s3 1 cta Truong Cao ding Cong nghiép Hué, da
xdc dinh dudc tdng s6 AP yéu ciu va vi tri cu thé dé lap
dat chung.
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S6 vitr
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7

O Phuong phap kinh nghiém
B Phuong phap dé xuit

8 9 10

SO AP trong viing phit séng

Hinh 10. So sanh sb vi tri dbi v6i s6 AP trong ving phii séng ciia phudng phap ldp dit theo kinh nghiém va phuong phap d& xuit.

—#— Phuong phap kinh nghi¢m

—#— Phuong phap dé xudt

Xac suét két ndi bi tir chdi

500 600 700 800 900

Sb ngudi ding

1000 1100 1200

Hinh 11. So sénh xdc suat thiét 1ap két ni bj tir chdi ctia phuong
phap lap dat theo kinh nghiém va phuong phap deé xuat.

Trong céc nghién cifu tiép theo, chiing t6i sé tiép tuc
phét trién thuat todn dé bS sung cic chiic ning con thiéu
nhu x4c dinh céc vi tri can két ndi gateway, tich hop giao
thic dinh tuyén trong topd mang. Tt d6, tich hop thanh
mot phan mém hoan chinh sit dung cho viéc thiét ké topd
mang WMN.
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