Giai thuat tham lam giai bai toan toi vu dit tim
trong mang cam bién khong day

Lé Khic Tuén, Nguyén Hai Nam

Tém tit—Mang cam bién khong diy 1 hé thong bao gom
mit tram co' sé va nhiéu nut mang cam blen, trong do cac
cam bién dwoc dit rai rac trén toan khu vue cin lay mau,
thu thip théng tin va giri vé tram co s6 dwge dit ¢ noi dé
theo ddi. Tuy nhién thoi gian séng clia hé thong nay thuwong
bét 6n dinh, do qua trinh truyén giri tin ton chi phi rt 16n
so sanh v6i ngudn ning lwgng tich trir ¢6 han cia cac nit
mang. Bai nghién ciru nay tap trung t6i wu hoa vi tri tram
co s6 nham kéo dai tdi da thoi gian song ciia mang. Hai giai
thuat tham lam két hop (integrated greedy method — IGM)
va giai thuat loang heuristic tham lam két hop (heuristic
integrated greedy method — HIGM) dwogc dé xuat dé tinh
toan ra vi tri téi wu ciia tram co s& trén 30 b dir liéu ngiu
nhién dwgc sir dung trong cac nghién ctru lién quan. Két
qua thwe nghiém cho thay hai phuong phap dé xuit tot hon
cac phwong phap hién tal trén hau hét cac b dir liéu hodc
tot twong dwong trén sb it cac bd con lai.

Tir khéa-- Mang cam bién khong day, téi wu hoa dit tim,
thoi gian song ciia mang, giai thuit tham lam, wireless
sensor network.

1. GIOI THIEU

Trong nhitng nim gan ddy, mang cam bién khong day
(wireless sensor network WSN) ngay cang dugc ap dung rong
rii nhdm dap g nhu cau thu thap thong tin & nhiéu dang va trén
nhiéu loai dia hinh khac nhau.

Mang cam bién khong day bao gdm hai thanh phan chinh Ia
mot tap cac nat cam bién (thu thap thong tin vé nhiét do, rung
dong dia chén, van van) va mot tram co so. Trong khi tram co s&
dugc dat tai cac phong thi nghiém hodc phong diéu khién dé
thuan tién cho viéc theo ddi va xtr Iy bién cb phat sinh; cac nit
cam bién thuong dwoc b tri rai rac trén toan khu vuc can lay
mau. Mdi chu ky, cic nat mang can gui dir liéu truc tiép hodc
gian tiép (thong qua cac niit trung gian) vé tram co s¢. Trén thuc
té, mang cam bién khong day thuong c6 thoi gian song khong 6n
dinh do nat cam bién hoat dong dya vao nguén nang luong han
ché (pin) va qua trinh truyén nhan dir liéu ton nhiéu nang lugng.
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D3 c6 nhiéu tac gia nghién ctru va dé xut thuat giai bai toan
nay trong thoi gian gan day, tuy nhién két qua thoi gian song dat
dugc van chua tdi ru. Trong dé tai nghlen ctru nay, nhom tac gia
quan tam dén viéc glal quyét bai toan toi wu hda vi tri dat tim
trong mang cam bién khong day, qua d6 kéo dai tdi da thoi gian
song clia mang. Xuat phat tir phwong phap tham lam, nhom da
dé xuét hai giai thuat cai tién heuristic 1a IGM va HIGM d¢ giai
quyét bai toan nay.

Hai giai thuat dé xuét da duoc thir nghiém trén cac bo dir liéu
ngﬁu nhién str dung trong cac nghién ctru lién quan va so sanh do
t6t VO'l céc phuong phap dat tam hién tai. Két qua cho thay thoi
gian song dat dugc tuong rng véi hai glal thuat de xuét t6t hon
trén hau hét cac bo dir liéu hodc ngang bang trén s it cac bd con
lai.

Phan tiép theo clia bai bao dugc té chirc nhu sau. Phan 2 va
phén 3 1an luot trinh bay vé cac nghién ctru lién quan va md hinh
bai toan ap dung trong bai bao. Hai giai thuat dé xuat IGM va
HIGM duoc trinh bay chi tiét & phan 4. Phan 5 trinh bay két qua
thuc nghiém cia giai thuat dé xuit va so sanh véi cac phuong
phép hién tai. Phan cubi cung trinh bay huéng nghién ctru va cac
phép tdi uu trong tuong lai.

2. CAC NGHIEN CUU LIEN QUAN

Di c6 rat nhiéu nha nghién ciru dé xuat phuong phap kéo dai
thoi gian séng ciia mang theo nhiéu huéng khac nhau. Trong [1],
Qunfeng Dong trinh bay su khac nhau giita viéc truc tiép toi wu
hoa thoi gian séng cia mang WSN véi tdi thiéu hoa nang luong
sir dung trong mang nham kéo dai thoi gian séng mot cach gian
tiép

Di theo hudng t6i wu gian tiép, Shelbi F. va dong nghiép da dé
xuit phuong phap giéi han khoang cach truyén géi tin & mot
khoang gia tri t&i wu trong [2], qua d6 giam thiéu dugc 15% dén
40% tong nang lugng hao phi trong mang WSN.

Niam 2004, tac gia ctia [3] 3 dé xudt mot md hinh tuyén tinh
rang budc tham s6 dé xac dinh vi tri dat cac nat va lich truyén tin
trong mang, cac yéu td duoc nhém tac gia ching minh 14 anh
huong déng ké dén thoi gian song ciia cdc mo hinh mang WSN
phd bién.

Trong [12], Cheng va dong nghiép da mo hinh hoa mang cam
bién khong day thanh mét tram co s& ky hiéu 1a o va mét tap nat
mang S gdm N nit cam bién, mdi nut c6 nang luong ban dau 1a
E; va sinh dit liéu & toc do ri. Sau d6 nhém tac gia da dé xuét cac
phuong trinh rang bugc tuyén tinh nhdm thoa man muc tiéu 14 ti
uvu hoa nang lugng ti€u thy, trong d6 ning luong guri goi tin
dugc tinh theo cong thirc E =E,. + gFSdZ dua theo dién nang
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MO hinh nay sau d6 dd dugc ap dung trong cac nghién ciru lién
quan.

Ciing st dung mo hinh bai toan twong tu nhung don gian hoa
bang cach dit tham s6 moi trudng &,, bang 1, nhom tac gia ctia
[15] da d& xuét 4 phuong phap tim tAm cua mang WSN lan luot
la phuong phép trong tim, tong khoang cich nho nhat, tong
khoang cach binh phuong nhé nhét va phuong phap tham lam.
Két qua thuc nghiém cho thay phuong phap tham lam cho két
qua tot nhét.

(@) (b)

(c)
Hinh 1. Giai thuat tham lam.

Nhu vay, c6 nhiéu hudng giai quyét bai toan tdi uvu hoa ning
lwong tiéu thy trong mang WSN. Céac nghién ctru gan day bao
g6m md hinh bai toan duoc dé xuat trong [12] va 4 giai thuat tim
tam trinh bay trong [15]. Trong bai nghién ciru nay, nhom tap
trung tdi wu hoa viéc dit tim trong mang WSN dua trén cac giai
thuat d& xuét va mé hinh bai toan dugc st dung trong [15], qua
d6 kéo dai t6i da thoi gian séng ctia mang.

3. MO HINH HOA BAI TOAN

Bai nghién ctru nay sir dung md hinh bai toan giéng nhu trong
[15], thuc té xuat phat tir mé hinh & [12] dwoc don gian hoa cong
thire tinh nang luong gui goi tin.

Ky hiéu V 14 tp cac nit mang cam bién véi kich thude N
(V = {5;... s\}), va tram co sé duoc ky hiéu bang So. L dai dién
cho tap céc lién két L(i,j) giita hai niit mang i va j cich nhau mot
khoang d;;. Khi d6, mt mang WSN dugc mé hinh héa dudi
dang mot d6 thi vo hudng G = (V,L). Mdi nit mang c6 ning
lwong ban dau 1a E; va sinh ra dit lidu & toc d6 r;. Trong mdi chu
ky, 1u'u lugng dit lidu truyén qua lién két L(i,j) 1a ;. Goi T 1a thoi
gian sdng cia mang WSN. T dugc tinh tir khi mang bat dau hoat
dong cho dén khi niit mang dau tién hét nang luong.

Nhu vay, bai toan dat tam cua mang WSN dugc mo hinh nhu
sau:

Piu vao:

- Tong s6 nat mang N

- Vi tri cia N ntit mang tao ngau nhién V = {s;...sy}
Piu ra:

- Vi tri dat tram co s& tbi vu

Muc tiéu:

- Tdi da thoi gian song T clia mang

Rang bugc:
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Xo, Yo, T: CAC bién so

4. GIAI THUAT BPE XUAT

Qua thyc nghiém, nhoém nghién ciru nhan thy gia tri thoi gian
song trong [15] van chua t6i wru. Vi vdy, nhom dé xuét giai thuat
tham lam két hop - IGM (Integrated Greedy Method) véi ¥
tuong két hop cac phuong phap trinh bay trong [15], thira ké
diém t6t ctia cc giai thuat riéng 1¢ dé cai thién chét luong két
qua. Sau do, nhom ap dung phuong phéap loang heuristic 1én bo
k tram co s& tinh boi IGM, goi 1a gidi thuat HIGM (Heuristic
Integrated Greedy Method), dé loang dan vé phia két qua ti uu
trong mién toa d hai chiéu.

4.1. Giadi thudgt IGM

Giai thuat IGM 4p dung phuong phéap “chia dé tri” trén tp
cac nat mang ban dau bang cach ghép timg tap niit mang con
thanh mot nut méi trong tap cha ban dau. Qua trinh s& dugc lap
lai cho dén khi chi con lai 1 nat. Vi tri tram co s cudi cung duogc
danh gi4 thong qua mot cong cu tuyén tinh hd trg trong thu vién
Gusek cong cu nay sé& tra vé gia tri tval dai dién cho thoi gian
song ctia mang (tval cang 16n thi cang tét). Dé loai trir tinh bat
on cua giai thuat IGM giy ra do s dung cac tham s ngiu
nghién, nhém s€ thyc hién nhiéu lan gidi thuat IGM va chon ra
két qua tot nhat. S4 1an chay duoc chon theo thuc nghiém va ghi
trong bang tham sb & phan 5.

Trudec tién, ta dinh nghia dai lugng trong s6 clia mot tap cac
nat mang bang sb lugng cac niit mang chira bén trong tap dé (niit
mang riéng 1é 1a mdt tap chira chinh nut do). T tap 30 nat ban
déu, mot tap con cua cac nit mang dugc hinh thanh, théa man
diéu kién cac nit c6 trong sd thap dugc vu tién va kich thude cua
tap con khong vuot qua 20% tong sé nut mang, nhdm dam bao
tinh tong quat ctia giai thuat. Sau d6, mot trong 4 phuong phap
trinh bay ¢ tai liéu [15] dugc ap dung dé tim tam dai dién cho tap
con dang xét. Dé ti wu hoa két qua, nhom da didu chinh theo



thyc nghiém ti 1€ st dung 4 phuong phéap cia bai [15] sao cho
phuong phép tham lam (hién tai 1a phuong phap t6t nhat) xut
hién vai ti 1¢ ap dao, trong khi cac phuong phap con lai it xuat
hién hon va dong vai tro gay dot bién trong giai thuat. Bang cach
6, tam dai dién cho tap con vira tao s& tot trong duong hoic tot
hon so v&i két qua ctia phuong phap tham lam. Tam vira tao c6
trong s6 bang kich thudc cua tap con da xét, sau d6 dugc nap lai
vao tap cha. Qua trinh nay duoc 1ap di 1ap lai cho dén khi chi con
mot nlt con lai, nit nay chinh 1a tram co sé ciia mang WSN.
Ma gia cua giai thuat IGM dugc trinh bay ¢ dudi, trong do
SSN 1a tap 30 nat mang cam bién ban dau dugc sip xép theo
chiéu trong sb ting dan, take_out 1a s6 luong niit mang duoc lay
vao mot tap con, ratio 1a ti 1€ chon giai thuat va MAX_LOOP la
s6 1an lap lai phuong phap IGM. Dya trén thuc nghiém, nhém
nhan thdy ti 1¢ chon phuong phap (ratio) téi uu 1a 10:10:10:70,
tuong tng v6i 4 phuong phap thanh phan cia giai thuat IGM.

Giai thuit 1: Intergrated Greedy Method

Piu vao: Tap cac nit mang S
Piu ra: Tam dai dién cta tram co s6 (X, Y)
begin

1. fori=1to MAX LOOP

2 while size_of subset > 1

3 take_out = rand()

4 if (take_out < threshold)

5. switch (ratio)

6 case 0% — 10%: (x, y) = CentroidMethod()
7 break

8 case 10% — 20%: (x, y) = STDMethod()

9. break

10. case 20% — 30%: (X, y) = STSDMethod()
11. break

12 case 30% — 100%: (x, y) = GreendyMethods()
13. break

14. end switch

15. end if

16. add (x, y) into S

17.  end while

18.  if SSN.getFirst is better than bestNode
19. then bestNode = SSN.getFirst
20. end for
21. return (X, )
end

Hinh 2 mé ta hoat déng cua phuong phap IGM, trong do
cham den 1a ntit mang riéng 1¢ (c6 trong s6 bang 1) con chim
xam la cac nat mang dai dién cho mét hodc nhiéu tdp nit mang
con va c6 trong s6 16n hon 1. M1, M2, M3, M4 lan luot 13 bdn
phuong phéap tim tdm trinh bay trong [15] dugc st dung lai trong
giai thuat IGM. Giai thuat két thuc khi chi con lai mot nat mang
duy nhét, duoc biéu thi bing chim den 16n.
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4.2. Gidi thudt HIGM

Nhim t6i wu két qua vé phia can trén, nhom nghién ciru giai
thuat HIGM cai tién tir giai thuat IGM bang cach 4p dung
phuong phap loang heuristic trén mién khong gian hai chiéu.

Trong phuong phap HIGM, mdi tram co s& chira thong tin vé
toa do, gia tri tval tinh theo bd test topo mang tuong Ung va
khoang céch loang r. Gidi thuat bat dau véi mot tap k tram co so
duoc tao ra béng cach ap dung giai thuat IGM k lan trén bo dit
lidu co s& gdm 30 nut mang; goi tap nay 1a S. Phuong phép tim
kiém loang heuristic dugc thyc hién trén tdp tram co s& S nhim
tim kiém vi tri méi tot nhat trong vi tri xung quanh ciia cac tram
duoc xét. Trong mdi giai doan, giai thuat s& xem xét 8 tram co
so 1an can nam trén ludi vuéng xung quanh tram tbt nhat trong
tap S. bo tdt cua cac tram nay (dai dién boi gia tri tval) so véi
tram tot nhat s& thay d6i khoang cach lan ciia chinh cac tram do,
qua d6 dinh huéng loang vé phia khu vuc t6i wu nhat. Qué trinh
nay tiép tuc cho téi khi mot sd diéu kién dung dugc théa man
nhu khoang cach loang du nho, hodc qua MAX_ITER lan khong
tim duoc tram 14n can tdt hon gia tri tdt nhét hién tai. Tram cudi
cung duoc tra vé 1a tram c6 thoi gian sdng lau nhit trong céac
tram da xét. Két qua cua giai thuat HIGM dugc dam béo ludn
ngang bang hoic tot hon két qua cho boi giai thuat IGM (dwoc
dai dién boi k tram co sé trong tap S ban dau).

Ma gia cua giai thuat HIGM duoc trinh bay ¢ dudi, trong do
gia tri tval dugc ky hiéu bang t, con r chi khoang cach loang tinh
tir mot tram co s6. Giai thuat ndy bét dau véi hai tap SBS — dai
dién cho tap S chira k tram co s duge tinh tir giai thudt IGM, va
tap SBS_Selected chira cac tram da dugc xét.

Giai thuit 2: Heuristic Intergrated Greedy Method

Piu vao: Tap cac nit mang S
Piu ra: Tam dai dién cia tram co sd (X, Y)
begin
SBS_Selected = ¢
fori=1to MAX_ITER
bestBase = argmax, {X | X € SBS USBS _ Selected }

2
3
4. base=argmax, {X | X e SBS}
5
6
7

=

SBS = SBS \{base}

SBS_Selected = SBS_Selected U {base}
createBasesNeighbourhood(base)



8. if 34 neighbour | neighbour.t > bestBase.t
9. then iter=0

10. end for

11. result= argmax, {X|X € SBS

or X € SBS _ Selected }

12. return result
end

D@ thdy, hai tap SBS va SBS_Selected dugc duy tri dong thoi
va xuyén sudt giai thuat HIGM. Trong mdi vong lip, bestBase
duoc chon 1a nut tdt nhat trong ca hai tap tram co s& trén, con
base 1a tram tot nhat tinh riéng trong tap SBS. Sau khi xac dinh
dugc tram base, nd s& duoc léy ra khoi SBS va dua vao
SBS_Selected. Tam tram 1an cén cta base trén ludi vudng 3x3
kich thudc 2r xung quanh tram base dugc dénh gia chat luong
dua trén gia tri tval. Khoang cach loang cta ting tram 1an cén
clia base s& thay ddi dua trén do tét clia tram d6 so voi base va
bestBase theo giai thuat chi tiét trinh bay & phan ma gia ctia ham
createBaseNeighbours. Sau cung, cac tram lan cén c6 toa do
khong trung 1ap vdi cac tram da xét s€ dugc dua lai vao tap SBS
dé tiép tuc qué trinh loang vé sau. Giai thuat s& két thuc sau
MAX_ITER lan khong tim dugc tram t6t hon base, hodc khi
khoang cach loang nho hon Epsilon nhu thé hién trong mi gia
duoi day.

Ham: createBasesNeighbourhood()

Pau vao: Toa dd cua mot tram co s&
Chirc nang: Thém 8 tram 1an can ctia tram dau vao va thay

dbi gié tri r cho phu hop
begin
1. forh=1to SZH

createBaseNeighbourhood(base, HX[h], HY[h])
. hewBase.X = base.X+ hx* base.R

2
3
4. newBase.Y = base.Y+ hy* base.R
5. newBase.T
= ILP_Programing(newBase.X,newBase.Y)
if newBase.T>base.T
then newBase.R= base.R
else newBase.R= base.R/2
if newBase c SBS or newBase c SBS_Selected
10.  thenreturn
11. if newBase.r < Epsilon
12.  thenreturn
13. SBS = SBS U {newBase}
end

Nhu duge mo ta trong ma gia, néu tram l4n c4n t6t hon tram
base thi khoang cach loang &g véi né dugce gitt nguyén; ngugc

lai, khoang cach loang ctia tram giam di mot nira néu no khong
t6t bang tram base. Ky thut nay ngoai nhim muc dich giap
loang sau vao khu vuc téi uu thay vi loang rong trén toan khu
vuc, con giﬁp giam thiéu ti 1¢ trung 1ap toa dd cac tram lan can
vé sau. Bang cach giam dan khoang cach loang, phuong phap
nay ciing giam thiéu do sai s6 cuia két qua cudi ciing (t(n gia tri
Epsilon), hay n6i cach khac, nang cao d6 tdi wu ciia két qua.
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Hinh 3. Giai thuat HIGM.

Hinh 3 mo6 ta mot giai doan cua giai thuat HIGM, trong d6
chdm xam 1a tram thudc tap SBS, cham den la tram méi duge léy
ra khoi tap SBS va dang duogc xét, chdm bi gach la tram da xét va
duogc dua vao SBS_Selected, con cac tham sb duoc thé hién dudi
dang (tval, r). Cu thé, ta xét tram base c6 gié tri tval bang 205 va
khoang cach loang r bang 1. D& thdy, tram 1an can & gdc trén trai
ctia ludi tbt hon base nén c6 r giit nguyén 14 1, con tram gitta bén
phai khong t6t bang tram base nén ¢ r giam con mot nira
(bang Y%).

5. KET QUA THU'C NGHIEM
Trong phan thyc nghiém, nhém nghién ctru str dung bo 30 test

ky hiéu 1a TPk v&i k = 1...30. Mdi b test bao gdm 30 dong, mdi
dong chira hai s6 thuc 1a toa d0 hai chiéu ciia mot nut mang.

5.1. Cai dat thuc nghiém

Céc tham sb thuc nghiém dugc cai dat nhu trong bang sau:

Bang 1. Bang tham s6 thuc nghiém.

Parameter Value

The network size 100m x 100m
Number of sensor nodes — | 30

Initial energy of each node — E 1)

Repetition time k in IGM 500 times

k times repeating IGM as the 10 times
initializing step in HIGM

MAX_ITER in HIGM 50

SZH in HIGM 8

Epsilon 107

Energy model

Eeec =50 *107°
g, = 10 * 102 J/bit/m?
€mp = 0.0013 * 10" J/bit/m*




5.2. Két qua thuc nghiém

Béang 2 mo ta do t6t ctia cac tram co sé twong tmg véi phuong
phap IGM va HIGM trong twong quan véi két qua thu duoc véi
bdn phuong phap trinh bay trong bai [15] khi ap dung trén bo 30
test dugc sinh ngau nhién. Sau phuong phap lan luot 1a phuong
phap trong tam, phuong phap tong khoang cach nho nhat,
phuong phap tong khoang cach binh phuong nhé nhét, phuong
phap tham lam, phuong phép IGM va phuong phap HIGM lan
luot tra vé cac két qua ghi trong sdu cot ctia bang 2 theo thir tyr
tuong ung.

Bang 2. Két qua tram co s& dugc tinh boi sau phuong phap:
phuong phap trong tam, tong khoang cich nho nhat, tong
khoang cach binh phuwong nho nhat, phuong phép tham lam,
phuong phap IGM va phuong phap HIGM — tuong ting voi sau
c6t BS1, BS2, BS3, BS4, BS-IGM va BS-HIGM trén 30 b0 test.

Dit liéu thyc nghiém cho thdy hai phwong phap IGM va
HIGM cho két qua tram co s& kha gin nhau trén hau hét cac
truong hop, va ciing twong d6i gan véi két qua cho boi phuong
phép tham lam. Nhin chung, vi tri tram co s& tinh bdi sau
phuong phap c6 khac biét dang ké, thé hién tinh da dang trong
cach tiép can cua bai toan toi wu dit tim trong mang WSN.

Béang 3 thé hién két qua tval dai dién cho thoi gian séng cua
mang tng voi vi tri tram co s liét ké trong bang 2. Két qua nay
dugc tinh théng qua cong cu gidi tuyén tinh hd trg boi thu vién
Gusek. Cac két qua tot nhat duge t6 mau xanh dé dé theo doi.

Bang 3. Thoi gian song ciia mang WSN tng véi tram co s&
BS1, BS2, BS3, BS4, BS-IGM va BS-HIGM dugc tinh boi sau
phuong phéap: phuong phép trong tim, tong khoang cach nho
nhét, tong khoang cach binh phwong nho nhét, phuong phap
tham lam, phuong phap IGM va phuong phap HIGM.

s, BSL BS2 BS3  BS4 BS-IGM ﬁféM
(x-y) (xy)  (xy)  (xy) (x-y) (x-y)

TP1  55.2-39.9 54-37 55-40 53.1-505 58.4-40.9 57.2-41.8
TP2  39.9-553 36-60 40-55 40.6-54.8 29.0-58.0 26.8-55.5
TP3  55.3-426 55-41 55-43 52.6-53.0 585-42.1 58.4-422
TP4  42.6-56.2 40-62 43-56 42.1-551 44.0-61.0 53.4-60.9
TP5  56.2-423 57-39 56-42 52.1-53.4 60.8-43.9 62.1-43.4
TP6  42.3-56.4 39-61 42-56 41.8-550 43.0-70.0 40.9-65.3
TP7  56.4-429 58-40 56-43 53.3-546 61.9-440 61.5-43.7
TP8  42.9-56.8 39-63 43-57 44.7-53.6 365-50.1 35.9-50.6
TP9  56.8-41.3 59-36 57-41 54.1-53.7 629-41.6 63.0-415
TP10 41.3-584 36-64 41-58 459-545 36.0-49.0 34.8-49.9
TP11 58.4-420 62-38 5842 545-535 56.7-46.9 55.0-39.0
TP12 42.0-58.7 36-64 42-59  46.1-549 354-51.4 34.1-50.1
TP13 58.7-39.9 61-36 59-40 57.4-43.3 589-40.1 55.8-39.9
TP14 39.9-59.9 36-65 40-60 46.1-48.9 32.8-52.0 33.4-50.3
TP15 59.9-38.3 62-35 60-38 58.1-41.9 56.7-40.2 48.1-355
TP16 38.3-59.9 36-64 38-60 38.5-54.2 29.0-52.0 31.8-50.7
TP17 59.9-385 62-35 60-39 58.1-42.3 60.7-38.6 51.9-37.5
TP18 38.5-61.2 3566 39-61 38.9-550 33.8-50.7 31.7-50.8
TP19 61.2-405 64-37 61-41 52.1-40.2 59.2-41.4 54.1-40.4
TP20 40.5-59.6 36-64 41-60 47.0-58.4 33.0-52.0 33.7-50.1
TP21 59.6-40.3 62-37 60-40 57.6-43.4 54.6-39.5 53.8-385
TP22 40.3-58.2 36-64 40-58 47.0-57.7 37.0-50.3 34.3-49.1
TP23 58.2-39.0 60-34 5839 56.8-43.1 553-39.8 55.3-39.4
TP24 39.0-55.9 35-63 39-56 45.9-56.3 41.0-49.0 40.4-49.0
TP25 55.9-39.4 58-35 56-39 53.9-443 550-38.0 54.8-38.1
TP26 39.4-546 36-59 39-55 46.2-550 457-51.2 45.8-51.6
TP27 54.6-415 56-38 55-42 53.6-455 56.0-40.0 55.3-39.4
TP28 415-53.2 39-55 42-53 47.3-540 47.2-51.3 47.1-51.8
TP29 53.2-39.4 54-35 53-39 539-456 52.1-41.8 52.4-38.8
TP30 39.4-505 37-51 39-51 459-52.6 450-49.7 44.9-515

Ins. BS1 BS2 BS3 BS4 BS-IGM BS-HIGM
TP1 870 811 867 890 930 930
TP2 809 652 820 836 935 943
TP3 867 845 866 865 915 916
TP4 838 885 837 829 889 904
TP5 878 839 869 877 980 984
TP6 822 832 815 805 881 884
TP7 931 926 925 906 991 991
TP8 739 706 738 746 783 785
TP9 941 910 948 907 1026 1026
TP10 736 700 736 738 824 831
TP11 1044 1041 1044 971 1044 1044
TP12 77 722 7 791 841 868
TP13 1171 1160 1171 1171 1171 1171
TP14 762 739 762 797 868 899
TP15 907 907 907 907 907 907
TP16 762 739 761 812 932 960
TP17 907 907 907 907 907 907
TP18 746 726 747 793 914 956
TP19 893 870 894 907 907 907
TP20 751 695 750 786 854 882
TP21 1020 935 1003 1130 1202 1202
TP22 744 682 745 794 863 878
TP23 1056 943 1065 1124 1186 1190
TP24 695 587 694 746 809 810
TP25 1115 997 1116 1010 1128 1129
TP26 843 741 838 893 921 924
TP27 1040 1048 1038 977 1066 1068
TP28 838 799 845 862 885 886
TP29 988 962 988 952 988 988
TP30 817 789 810 861 878 886




D& dang nhan thay rang két qua cho boi hai phuong phép dé
xudt tot hon rat nhidu so véi bdn phuong phép trinh bay trong
[15] trén hau hét cac bo dir liéu, hodc tdt twong duong trén mot
s it cac bo con lai. Cu thé, HIGM cho két qua t6t nhét trén toan
bd 30 bd test, con IGM 1a giai thuat tdt thtr nhi véi 10/30 bo test
dat két qua tot nhat. Trong khi d6, sb luong két qua tét ciia bon
phuong phap trong tim, tong khoang cich nhé nhét, tong binh
phuong khoang cach nho nhat va phuong phap tham lam lan
luot chi 1a 5, 2, 5 va 4 trén tong s6 30 bo dit lidu test.

Dir liéu thuc nghiém cho thdy HIGM la gidi thuat t6t nhat
hién tai khi tra v& tram co s& cho phép kéo dai t6i da thoi gian
séng cua mang WSN trén toan bd 30 b dir liu test. Mac du chi
xép thir hai vé d¢ tot ciia két qua, phuong phap IGM lai don gian
hon HIGM nhiéu vé d¢ phirc tap ciia giai thuat, do d6 doi hoi it
thoi gian trién khai hon trong khi tra vé két qua tt gan tuong
duong voi giai thuat tot nhat 1a HIGM véi do sai khac khong
dang ké (nhé hon 1% va&i mot s6 bd test). Viéc hiéu duge cac
dic diém nay s& gitp lwa chon phuong phap phii hop nham phat
huy duoc vu diém cua giai thuat khi dung cho cac muyc dich va
hoan canh nhét dinh.

6. KET LUAN VA HUONG PHAT TRIEN TRONG
TUONG LAI

Bai nghién ciru nay dinh huéng kéo dai t6i da thoi gian sdng
clia mang cam bién khong day bang cach téi wu hoa bai toan dat
tam trong mang. Nhom tac gia da dé xuat hai giai thuat tén 1a
giai thuat tham lam két hop (IGM) va giai thuat loang heuristic
tham lam két hop (HIGM) nham chi dinh vi tri tdi wru ctia tram
co s6 trong mang dya vao topo ciia mang. Hai phuong phép dé
xut dugc kiém nghiém trén 30 bo dir liéu khéi tao ngu nhién,
va két qua duoc danh gia thong qua cong cu tinh toan tuyén tinh
duoc hd tro boi thu vién Gusek. Két qua thyc nghiém cho théy
hai phuong phap IGM va HIGM cho thoi gian séng tot hon réat
nhiéu so véi cac phuong phép hién tai. Dé phat trién hon nita bai
toan dat tam, nhoém nghién ciru du kién sé giai quyét bai toan dat
nhiéu tdm va t6i ru hoa lich truyén trong mang.
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