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TOM TAT - Mang tuy bién di dong MANET véi cac thanh phan chinh la cac nit mang di chuyén tir do, méi miit mang vira
dong vai tro la nut nguon, mit dich vira déng vai tro la mit trung gian chuyen tiép ‘trong mang. Tinh todn dg tin cdy ciua mang nay
gdp rdt nhiéu khé khan do anh hieéng ciia nhitng yéu té sau: khong cé kién triic ¢6 dinh, cdc mit ¢é nguon nang luong va nang lec
xik Iy han ché, dnh hudng cia nhiét do doi voi dg tin cdy nit, sw suy hao nang lirong theo khodng cdch két néi...Hién nay cé nhiéu
gidi phdp dé tinh todn do tin cdy ciia mang nay trong dé phiwong phdp tinh dira trén cdu hinh mang véi hai tham sé chinh la d@é tin
cdy ciia ban than nit va dg tin cdy ciia lién két giita cde mit la gidi quyét dwoe can ban nhitng khé khdn trén. Bai bdo siv dung
phwong phdp mé hinh héa cdu hinh ciia mang theo tung thoi diém thanh mé hinh @6 thi va tinh todn dé tin cdy cua ca hé théng
mang duwa trén timg cdu hinh cia mang nham dwa ra dirge cdc gidi phdp ndng cao dg tin cdy ciia toan hé théng. Bai bdo sir dung
cdc két qua nghién ciru vé anh hudng cia nhiét dp doi véi dé tin c¢dy ciia cdc niit mang va dp dung phwong thirc ndng cao dé tin cdy
cua mang theo cac phwong phap dw phong cho nut trung tdm.

Tir khéa - D¢ tin cdy, Chdt lwong dich vu, Mang tity bién di dong, MTTF.
I. MO PAU

Mang tiy bién di dong (mang MANET) ¢ nhiéu © ng dyng trong linh vyc an ninh quéc phong, y té, méi truong,
thién tai, tham hoa... ddc tinh cua mang nay la tinh phi cau trac ciia mang vdi céc thanh phan 1a cac nut (node) di dong
vira déng vai tro 1a tram cudi (giri/nhan) xir 1y thong tin vira dong vai tro 1a tram chuyén tiép (router) thong tin. Kién
trac mang thay d6i lién tuc do tinh di dong cua ting nut trong mang. Hiéu nang cua mang nay phu thudc rat 16n vao
cac yéu tb chinh nhu: tai nguyén (néng luong, céng suét, nang lyc xu 1y...) cia mdi nat mang, kién tric mang va moi
truong truyen dan. Do d6 viéc tinh toan do tin cdy clia mang dit ra nhiéu thach thue, tir d6 dan dén viéc kho khan trong
viéc dua ra cac giai phap nang cao do tin cdy noi riéng va chat lugng dich vu ciia mang néi chung.

Bai bao trinh bay cac n6i dung lién quan dén viéc s dung mé hinh toan dé moé hinh hoéa kién trac clia mang
trong thyc té, dua ra huong tinh toan d¢ tin cdy cua mang theo cau trac mang, anh huong cua moéi truong doi voi cac
nut mang va dé xuat phuong phép nang cao d6 tin cay cua mang dua trén cac phuong phap du phong c6 tinh dén anh
hudng ctia moi trudng.

II. PAT VAN PE
D¢ tin cdy

Céac nat di dong tham gia qua trinh truyen thong dir liéu da phuong tién trong moi truong khong day doi hoi

nang lyc xir Iy va nguon ning luong 16n trong diéu kién truyén bi anh huong nhiéu boi yéu té modi trudng rat d& anh

hudng dén kha nang hoat (j(_)ng cua toan mang. Thoi gian hoat dong khong 16i cua thiét bi 1a dai lvong dac trung cho
kha nang khong 16i cia thiét bi trong khoang thoi gian t.

b tin cay P(t): cua phan tir hodc cta hé thong 14 xac suit dé trong sudt khoang thoi gian khao sat t, phan tir 6
hodc h¢ thong d6 van hanh an toan.

P(t) dugc dinh nghia nhu biéu thirc sau: P(t) = P{ty>t}, trong d0 t, 1a thoi gian van hanh lién tuc cho dén luc hong.
P(t) 1a ham xéc suat c6 phan bb mii [7]:

P(t)=et, A la cudng d6 hong cua ddi twong dang xét. )

Goi Q(t) 1a xac suat dé phan tir hodc hé thong bi hong, khi d6 ta co Q(t)=1- P(t).

Goi MTTF la thoi gian hoat dong trung binh, hay thoi gian hoat dong ctia phan tir hodc hé théng dén lic hong,
khi d6 MTTF la ky vong toan cua bién ngiu nhién t,. Vay MTTF= foooP(t)dt. Vay mdi niit di dong trong mang
MANET c6 d96 tin cdy la P(t) dugc theo cong thirc (1).

Dé thi héa ciu hinh mang

Mang MANET (& hinh 1) ¢6 kién trac hdn don gdm n nut trong mot khong gian hitu han; cac nit nay di chuyén
ty do vi vay viéc xac dinh d¢ tin cay cia mang phu thudc vao kién tric mang nay tai tirng thoi diém. Mot giai phap
duoc cac tac gia [1,2] d€ xuat 1a st dung ly thuyét do thi dé tinh toan d6 tin cay ciia mang.
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GoiG(N,L)la dd thi thé hién n nat trong mang MANET va cac két ndi trong mang giira cac nut; do tin cdy cua
toan mang tai mot thoi diém phu thudc vao do tin cay cia ting niit mang va trang thai lién két (cau hinh mang) gitra
cac nut.
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Hinh 1. Céc nut trong mang MANET

Nhoém nghién ctiu [3] goii=1,2...n1a sb thu tu trong tap N ntt; gia tri n;(t) thé hién trang thai cua nut thir i tai
thoi diém t, néu ny(t)=1 thé hién nut d6 dang hoat dong hodc dang trong ving két ndi ciia mang; n;(t)=0 thé hién nit d6
da roi khdi mang hoac bi hong. L thé hién lién két gilta cdc nat trong mang; gia str c6 2 nativaj (ij = 1,2,..n) dat ly(t)

thé hién cho trang thai lién két gitra 2 nat nay I;(t)=1 néu c6 lién két, (=0 néu khong co lién két.

Do tin cdy cua lién két giita hai nat i, j trong mang phu thudc vao gia tri vij(t) thé hién gia tri xac suat c6 thé cia
lién két lij(t) ton tai (vii(O)=P1;()=1)).
Dinh nghia C 14 tap cac cAu hinh mang c¢6 thé c6 ctia mang véi n nut, khi d6 ta tinh C theo cong thirc sau
C= 2n*(n—l)/2 (2)
Do tin cdy cua h¢ théng Py s& dugc tinh theo cong thure sau:
Py = Y=q P * Ly &)
Py 1a @6 tin cay cta cac ntt trong cu hinh k; L, 1a d6 tin cay cua lién Kkét gilra cac nut trong cAu hinh k, tam coi
c4c niit mang 14 ddng nhat va c6 cing do tin cdy P(t) (cong thire (1.1)) ta cé:
Ly = 1™« (1-1(®)"™ )

Trong d6 n; la sb cap lién két co thé co gitta cac nlt, van, 1a ) cap lién Kkét khong co tron g cAu hinh k; 1(t) 1a
xac sudt ddc trung cho kha nang lién két gitra cic cdp trong cau hinh k c6 thé coi 1a d6 tin cdy cua lién két giira cac cap.

III.ANH HUONG CUA PIEU KIEN MOI TRUONG DPEN PO TIN CAY CUA THIET BI BAN DAN

Céc nit mang 1a thiét bi ban dan hoat dong trong diéu kién méi truong ngoai troi chiu anh hudng cia cac yéu to
nhiét do, 6 am, tia birc xa, bui, gi6...nhing yéu t6 nay anh huong rat 16n dén tudi tho va hiéu sudt hoat déng cua cac
nat mang do do bai toan tinh do tin ciy ciia mang nay ciing can duoc dit trong sy anh hudng ciia cac yéu t6 trén.

Theo [6], Goi A, la cudong d¢ d6 héng cta niit mang tai nhiét o t:
A; = A e Ea/KDT ®)
Kb 14 Hang s6 Boltzmann=8.61 x 10™ eV/K
T 1a nhiét d6 (theo thang do Kelvin)
E, 14 ning lugng ngudn; A 1a mot hang sb.
D6 tin cdy ciia nut tai thoi diém t (A, 12 hing s6 tai nhiét do 1) la:

p, = eAt ©)

Khi d6 cong thirc (3) tinh d6 tin cay ctia hé thong s& 1a: Py, = Y, Prye * Ly @)
Xét mé hinh don gian cia mang véi 03 niit c6 topo nhu [2] nat 1 14 nut ngudn, nat 3 1a nat dich, nat 2 1a nat

trung gian.
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Hinh 2. Topo mang gdm 3 niit

Gia str d6 tin cdy cua duong két ndi giira cac nut 1a mot hang sé Le trong moi trudng hop c6 két noi truc tiép
gitra cac nut. Theo cac cong thuc (3, 4, 7) ta co:

Bing 1. Tinh d6 tin ciy ciia hé thong theo timg cdu hinh

L Py Li* Pax

L e—2T+t L3 * e 27t

L2 * (1 =Lt | e 2t L2 (1= Lot « e~2Aret
L2 * (1 =Lt | e 34t L2 % (1 — Lo)t « e3¢
L2 * (1 =Lt | e At L2 (1= Lot « e~2Aret
L'+ (1—Le)? |0 0

L+ (1= Lo)? | e et Lol s (1= Lg)? « e~ 2217t
Lt # (1= Le)? 0 0

(1-L¢)? 0 0

Do tin cay cua hé thdng theo cong thirc (7) 13: Pyy = 25_1 Py * Ly,

Pyr =Lc3 % e 22 [ 2 (1 — L)t w2 4 [ 2w (1 — L)t % @321 £ [ 25 (1 — L)t e 24t
Let# (L= Le)? x e 22t=L o w @24t 4 [ 25 (1 — L) % e 3417t ®)
Ta tinh thoi gian hoat dong ciia hé thong dén lic hong 1a:

o0 L Lc?*(1-L
MTTE=[)” Py ()= + %TC) 0)

Xét hé théng & hai nhiét do T,=55°C (328K), T,=125°C(398K), Ea=0.45¢V [6], A=1000 gi& [5],

0.45 0.45

Ari=1000 * e_(8-61*10‘5*328)=12*10'5, Ar=1000 * e_(8-61*10“5*398)=19.8”‘10'4

Lc | MTTFy | MTTFq, 4400
(gio) (gio) 4000
0.1 ] 4411 26.8 3600
3400
02| 9209 55.9 g 2%
03 | 1423.0 86.3 i 2800
04 | 1930.7 117.1 = % o MTTFT1
05| 24272 | 1472 E% 8 MTTFT2
0.6 | 2896.0 | 1757 1400
0.7 | 33204 | 2014 1900
08 | 36838 | 2234 400 -
T @
0.9 | 3969.5 240.8 0 01 02 03 04 05 06 07 08 09 1

Hinh 3. D6 thi gia trj cia MTTF & hai nhiét d6 khac nhau

IV. PHUONG AN DU PHONG CHO NUT TRUNG TAM
Trong mang MANET cdc nat ¢ vi tri trung tdm cliia mang ngoai nhan vira xtr 1y nhiing ludng thong tin giri dén
no6 con lam nhiém vu chuyén tiép cac luéng thong tin cho cac nit khac trong mang, do d6 d6 tin cy cua meng chiu sy
anh huong 16n vao kha ning phuc vu cua nhitng nat nay, theo [3] cling dé cap toi ky thudt phan cum mang va tach cau
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hinh mang theo tirng cum va khi tinh d¢ tin cdy cua mang c6 tinh dén cum 16i cia mang. Trong pham vi tai bao nay
chung t61 str dung topo mang don gian nhu hinh 2 d€ sir dung hai phuong an du phong cho nut trung tam.

Dw phong lanh

Dy phong lanh: 1a cac nat 1am dy phong khéng dugc st dung cho dén khi thanh phan dugc dy phong bi 16i can
dugc thay thé, n6 s& phit hgp véi nhimg nit mang c6 ngudn ngin luong han ché.

Str dung két qua ctia [4] vé du phong lanh, gia su viéc sir dung cac nat dy phong la tirc thoi va cac nut du phong
la ddng nhat voi nit duge du phong vé tinh chat co ché dy phong dua trén viéc niit du phong sé chi hoat déng khi nat
duoc du phong (trong truong hop nay 1a nat s6 2-hinh 4) bi hong. Do tin cdy cta nit 2 13 pyjam(t) voi m 12 sé nat dy

phong: pajann(t)= (1 +Apxt+ Aret? o Ar"et ) x e~ ATt 10

2! m!

Trong do6 A; tinh theo cong thic (5), xét truong hop nut trung tdm cd 1 nit du phong (m=1) ta c6 Bang 2.

Ciu hinh song song
. Nut chinh
. NGt du phong

Hinh 4. Dy phong cho nut trung tam

Bang 2. Tinh d6 tin cay trong truong hop c6 du phong

k L P Lyi* Py
1 LC3 e_Z).T*t LC3 * e—ZAT*t
2 | L (A—Lg)t | et Le?x (1= Lo)t xe”24rt
3 LCZ *(1— LC)l PZ(t)*e_ZAT*t LCZ *(1— Lc)l * pzlanh/nong(t) * @ 2AT"t
4 | L (A —Lo)t | e7?Art Le? % (1= L)t » e~
5 L+ (1 —Lg)* | 0 0
6 | Letx(1—Lp)? | e At Lt x (1= Lp)* x em2Mt
7 Lt *(1—L)?| 0 0
8 |(1-L? 0 0

Do tin cdy cua hé thong Pnpy, theo cong thic (7): Pignnur =Lc> * e AT+ L2 % (1 — L)t v e 21t +
Le? # (1= L)t #p2() » et + Le? % (1 — L)t w e M4 Lot w (1 — L)% x em 241t
Pyr =L v et L2 x (1= L)t x e 240 + Lo % (1 — L)t # p2(6) e 240 + L2« (1 — L)t x e 2270
Letx (1= Le)? v e 24t s
Véi pa(t)=(1 + Apt) * e Ar*t=e ATt )t x g =AT*t
Prannnz =Lc® # @217+ Le? 5 (1= L)t w e 21 4 Le? x (1= Le) o+ (€7 4 Apt x e 77170) w e 724170 4 L2
(1= L)t v et Ll (1= Le)? x e 2AT=Le % 72T (1 4 Lo (1 — Le)(1 + Ap) % e7277F)

Ta tinh thoi gian hoat dong ciia hé thong dy phong lanh dén lac hong la:

Lg. L12(1-L¢) | 8LA(1-L¢)+9Lc
+ +
221 3AT 1841

MTTF o= f Piannuc () dt= f [Le* e 2 (14 Le(1— Le)(1 + Ap) x e A0)]dt =

Xét hé théng & hai nhiét do T,=55°C(328K), T,=125°C(398K), Ea=0.45¢V [6], A=1000 gid [5],

0.45 0.45

Ar1=1000 * e_(8.61*10_5*328)212*10_5’ A1r:=1000 * e_(8.61*10‘5*398):19,8*10'4
Dw phong néng

Du phong néng: 1a cic nat 1am du phong hoat dong dong bd véi thanh phan dwoc du phong va sin sang thay
thé bat cr lac nao khi thanh phan dy phong bj 16i.
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Theo tac gid [4] viéc du phong ndng cho nut 2 (hinh 4) (40 tin cdy ctia nit 2 1 payene(t)) v6i m 1 s6 nat dy phong:

Panong(t)=1 — (1 — e—/lT*t)m+1 ”
Véi m=1 ta cod

Panang(1)=1 = (1 — e747"¢) =2e At g=2Aret (12)
Tuy nhién trong trudng hop nay tac gia [4] chua dé cap t6i xac suat dé ca 2 nit (nut 2 va nit du phong cia nd)
cung hong. Vi vay ching toi dé xuat mot gia tri a, (0<a, < 1 1a xac suat hong cia cip nay [8].
Khi d6 cong thire (12) s€ 1a:
pZnong(t):2a2 * e—/lT*t(l _ e—/lT*t) + e—ZA.T*t (13)
Prongir =Lc® % €T+ L (L= L)t % e 4 L2« (1—Lo) * (2% ap»e (1 — e™M1°0) 4 e 724770 )
e™rt L2 x(1— L)t we Mt Lol x (1= Le)? xe 21t= [ 2w e 241 4 2a,) (L% — LGP) e 347t 4
(1= 2ay) * (Le® = L) » et .
Ta tinh thoi gian hoat dong cua hé thong duy phong noéng dén luc hong la:
MTTFaongr=; Prongre(Ddt=[) [Lc® % €722 + 2a5(Le? = L) * 7347 + (1 = 2a) * (Le? = L) *

_ Lc? | 2apl%2(1-L 1-2a3)L%(1-L
e 4/1T*t]dt — L_l_ 2L¢( c) ( 2)L¢( c)
2AT 3AT 4T

Xét hé thong & hai nhiét d6 T,=55°C(328K), T,=125°C(398K), Ea=0.45¢V, A=1000 gid [5],

0.45 0.45

Ar1=1000 * e_(8-61*10‘5*328)=12*10'5, Ar>=1000 =* e_(8A61*10‘5*398)=19.8*10'4, a,=0.8 [8].

Bang 3. So sanh thoi gian MTTF trong cic phuong an du phong

Le Khéng du phong C6 du phong

MTTFq, MTTFr, MTTFannmi MTTFpunt2 MTTFuongr1 | MTTFongr2
0.1 416.1 252 4743 28.8 70.3 43
0.2 832.2 50.5 1039.3 63.0 268.5 16.3
0.3 1248.3 75.7 1656.0 100.4 575.5 349
0.4 1664.4 101.0 2285.7 138.6 972.0 59.0
0.5 2080.5 126.2 2889.5 175.3 1439.0 87.3
0.6 2496.5 151.4 3428.6 208.0 1957.3 118.7
0.7 2912.6 176.7 3864.1 234.4 2507.8 152.1
0.8 3328.7 201.9 4157.2 252.2 3071.3 186.3
0.9 3744.8 227.1 4269.1 258.9 3628.7 220.1
1.0 4160.9 252.4 4160.9 252.4 4160.9 252.4

% —— MTTFT1

E —@— MTTFT2

= —e—MTTFlanhT1
——— MTTFlanhT2
= MTTFnongT1

~@— MTTFnongT2

Le

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Hinh 5. DJ thi so sanh MTTF cua hé théng trong truong hop sir dung 01 dy phong cho nut trung gian
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Két qua do thi ¢ hinh 5 cho thay hé thong s& c6 do tin cay cao hon khi c6 du phong, trong do6 sir dung dy phong
lanh s& cho két qua tét hon phuong an s dung du phong néng voi xac suat hong ca cap 1a a,=0.8, ngoai ra khi L=1
ture 1a khi d6 d¢ tin cay cua hé thong hoan toan phu thudc ban than 3¢ tin cdy cia ting nit tham gia va anh huong cia
nhiét d6 ddi nén cac gia tri ¢ trén déu gap nhau & mot diém.

Qua d06 thi c6 thé dat ra gia thiét trong mot mang véi mat d¢ nut dat mot trang thai dam bao cac két nbi 1a lién
tuc khi d6 do tin cay cua cac lién két trong cong thirc (3) gitra cac cdp nut 1a gia tri t6i han, khi d6 do tin cay cua hé¢
thong phu thudc nhi€u vao ban than cac nit véi cac phuong an dy phong.

V.KET LUAN

Trong bai bao nay da trinh bay phwong phap tinh d6 tin cay cho mang MANET dua trén k¥ thuat d6 thi hoa ciu
hinh cua hé théng, bai bao ciling chi ra sy anh hudng cta nhiét do dén do tin cdy cua tirng nit mang noi riéng va cia
toan mang no6i chung. Bai bao ¢ goi m& hudng hoan thién cong thirc tinh (7) voi do tin cdy cua lién két khong phai 1a
gid tri hang s6 ma 1a mot ham phu thudce khoang cach va ning lugng giita cac cap nut co két ndi truc tiép, ngoai ra khi
d6 thi hoa cu hinh mang c6 tinh dén sy wu tién cta cac cum trung tim véi cac chién luge du phong khac nhau nham
dam bao thanh phan trung tim ciia mang lu6n ¢ do tin cdy cao nhét c6 thé.
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THE EFFECT OF TEMPERATURE ON THE RELIABILITY
OF MANET NETWORK

Le Khanh Duong, Nguyen Van Tao, Le Quang Minh, Nguyen Anh Chuyen, Quach Xuan Truong

ABSTRACT - The Mobile Ad-hoc Network has individual mobile nodes as its main components; each node is designed to be a
source, destination, and intermediary. Reliability analyses of this network face many difficulties due to the following factors: non-
permanent structure, nodes have restrictive power and processing capacity, impact of temperature on node reliability, power
expenditure with distance connection... There are many current solutions to calculate the reliability of the network, in which, the
methods based on network configuration with two main parameters including node reliability and reliability of node combination
will solve those challenges. This paper presents the method of modeling network configuration into graphical model and calculates
the whole network reliability based on each configuration of network in order to propose solutions for improve reliability of system.
This paper uses research results on the effect of temperature on the reliability of network nodes and applied method on improving
reliability of network based on prevention methods for intermediary nodes.

Keywords - Reliability, QoS, MANET, MTTF.



