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Tal U'U MJ;\NG MAY TINH THEa DC) TIN CJ;\YVA CHI PHI

HO KHA.NHLAM

Abstract. This article presents the optimization method of computer network constructures to obtain
the optimal reliability with a restriction on the cost of the network. This method includes steps:
presentation computer networks with undirected graphs, translation the network graph into schema of
serial-pallalel connected network components to form network reliability equations, and optimization
by the Lagrange multiplier method or Dynamic programming (method Bellman).

De}tin c~y (de}sin sang) ciia cac h~ thong may tinh vo'i 99% chira thg dtl darn bao thoa man
nhu diu xrr ly thong tin trong nhieu linh vue, nhir nghien ciru vii tru, hang khong, ngan hang va tai
chinh, cong nghiep che tao may ... , b6i VI chi so 99% co nghia 111.mat 90 gio- (gan 4 ngay] trong me}t
nam h~_th5ng t inh dirng hoat dfmg. VI v~y, khi thiet H m~ng may tfnh can thiet phai <Urn bao t5i
tru cau true mang thoa man diro'c dq tin c~y cao nhift trong mire chi phi gioi han. D~ gi<iibai toan
nay, dirci day de xuat me}t phirong ph ap toi iru voi cac biroc thuc hi~n tuan t\!' nhir sau:

1. BIEU nlEN M4NG MAY TiNH BANG GRAPH

LAN: M~i me}tnut m ang: may chii (Server)' tram lam vi~c (Workstation) dtroc bigu di~n b~ng
vong tron, ho~c cham tron, ho~c hlnh chir nh~t co ghi s5 hieu theo s5 t\!' nhien i = 0, 1,2, ... , nj trong
do cac may chti diro'c danh s5 hi~u 111.OJ (j = 1,2, ... , m). Cac lien Ht giira cac nut rnang diro'c bigu
di~n b~ng cac cung hay dean thhg noi giii a cac nut.

WAN (MAN): Tirong t\!' nhrrLAN, nhtrng neu co ket noi qua mang chuydn rnach cong cfmg
thl coi cac mang chuydn mach Ill. giao cua cac lien keto Neu co LAN ket n5i thl M do-n gian ta coi
LAN 111.me}t nut rnang trong WAN (MAN), sau do tinh toan chi tiet rieng LAN voi me}t graph rieng.
Cho rhg cac mang chuydn mach co de}tin c~y 111.100% nen trong graph diro'c bigu di~n Ill. giao digm

. ket noi cac lien ket true tiep v&i cac LAN. Cac lien ket true tiep nay Ill. cac h~ thong ghep noi mang

. tuong trng (router, modem) va m6i trirong truyen d[n giira m~ng LAN va t5ng dai chuydn rnach .

..t "" ..." " "., ..t
2. BIEN DOl GRAPH MANG THANH MACH KET NOl SONG SONG - NOI TIEP

, . cAe THANH PHl.N M~NG .

Bien d5i phu thuoc vao cifu hmh cua mang , VI v~y ta phan bi~t nhir sau:

2.1. Bien d<5icac m¥1g co cau true cd ban, cac cong thrrc tinh de? tin c~y

2.1.1. Mang diro'ng tr-ue (bus

Mang diro'ng true 111.me}tcau true co-ban cda LAN,
vi du nhtr LAN Ethernet. Mang dU'ang true 1 may chu
(SERVER, HOST). Cap duo'ng true (Bus) noi v&i cac
NIC d.m trong may tinh h\!,c tiep, nhtr v~y, giii'a cac
nut 111.m9t dean lien ket mang. Khi co hir hong 0- bat
crr doan cap nao deu lam cho m~ng ngirng hoat de}ng.
Ket qua bien d5i m~ng Bus vci n nut tram va 1 Server
thanh mach cho 0- hmh 1, tir day ta tfnh dtro'c di? tin c~y
m~ng Bus, PBUS.

PBUS = POPLB [1 - ,IT (I' - Pi)]'
,=1

(1)
Rinh 1. Bien d5i mang Bus, 1 Server
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trong d6 Po la d{>tin e~y cua Server ki d. bang phdi ghep NIC, PLB la d{>tin e~y ciia cap diro'ng
true, Pi la d{>tin e~y cua cac nut tram ki d. NIC, i = 1,2, ... , n.

Vi du 1. Mang LAN Ethernet v&i n = 6 nut tram, 1 nut Server. Cac nut tram e6 d{> tin e~y
Pi = 0,9966, nut Server Po = 0,9988, di? tin e~y cua drrong true, PLB = 0,8. '

PBUS = (0,9988)(0,8)[1':'- 0,9966)6] = 0,7990.

Di nang eao d{>tin c~y, e6 thi m1e them mi?t nut Server du phOng, nhir v~y, trong mach ket
qua hai Server se dau song song voi nhau, do do di? tin e~y cua m,!-ng se la:

n

PBUS = [1- (1- Po1)(1- P02](Pr.B) [1- II(l- P;)],
i=l

(2)

L
trong d6 POI, P02 la. di? tin e~y hai Server.

Cho gia tr] cu thi theo vi du tren, ta co: ~us = [1- (1- 0,9988)2](0,8)[ 1- (1-0,9966)6] ~ 0,8.
T5ng quat, trong m9t rnang Bus v&i m Server, n tram, 1 dirong true, se eho ta di? tin e~y la

m n

PBUS = (PLB) [1 - II (1- POi)] [1 - II (1 - Pi)] .
i=l i=l

2.1.2. Mang hinh sao (Star)

Nut trung tam cu a rnang hmh sac co thi
la mi?t may tinh chu, chuyen mach, la mi?t
HUB thu di?ng. Gia str, rnang co mi?t Server,
va n nut tram, str hir hong cua Hub ho¥;
Server lam hong roan m ang. Hong mi?t nut
tram, hoac cao noi voi t irng nut tram deu
kh6ng anh huang den 51!' heat di?ng cii a mang,
VI v~y, ta co ket qua bien d5i a hlnh 2, trong
d6 Po la di? tin e~y cua Server, PLO la di? tin
e~y cii a lien ket noi Server va Hub, PHUB la.
di? tin e~y cua Hub, PLi la di? tin e~y cti a cac
lien ket noi cac tram (i = 1,2, ... , n), Pi la di?
tin e~y cua tram,

Di? tin e~y cu a rn ang Star:

Pll P,

PHUB

PLn Pn

Hinh 2. Bien d5i m<;LngStar

n

PSTAR = POPLOPHUB [1- II (1- PLiP;)].
i=l

Neu m ang co m Server, thl di? tin e~y se la:
m n

PSTAR = (PHUB) [1 - II (1- PLOiPO;)] [1 - II (1- PLiPi)]'
i=l i=l

(3)

(4)

(5)

trong do PLOi la di? tin e~y cu a cac lien ket noi v&i cac Server, POi la di? tin e~y cua Server,
i = 1,2, ... , m (m so hrong Server).

Vi du 2. Mangco 6 nut tram, 1 Server. Gia tri di? tin e~y cii a cac lien ket la 0,8. Di? tin e~y cua cac
nut tr arn va cua Hub la 0,9966, cua Server laO,9988. Ta e6:

PSTAR = (0,9988)(0,8)(0,9966)[1-1 -0,9966.0,8)6] = 0,7963.

Ta co thi thay PSTAR < PBUS. Neu di? tin e~y cua Hub eao, vi du, dat mire bhg di? tin e~y ciia
Server (0,9988) thl PSTAR = 0,7980, v[n nho ho'n PBUS.
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2.1.3. Mang yang (Ring) 3 nut
Trong mang vong kep (full-duplex)' m6i lien kgt dtng thOi cho hai chieu thOng tin, m6i nut

rnang co thg chuygn goi tin do hai chi'eu). Ta chi xet de? tin c~y cua loai nay. Mang vong 3 nut diroc
sU-dung nhieu trong xay dung cac rnang MAN ho~c WAN. Co thg ap dung cac phuong phap sau
day M tinh de? tin c~y: .

Phtro'ng phap xac suil:t co dieu ki~n (conditional probability).
Phuong phap dirong dh phan each cung (arc-disjoint paths). ,
Dg thirc hi~n cac phucng phap nay, phai xac dinh nut ngubn (Source) va nut dich (Sink) ciia

thOng tin. Do Ill. cac nut t~p trung chu yeu hru hrong thong tin cua mang va nlm tren dtrong lien
ket true (toc de? va de? tin c~y cao).

a. Phuong philp xac suat co cHeu ki~n
Phtrcmg phap nay can goi Ill.phuong phap trign khai theo thanh phan trong yeu, thanh ph'an

trong yeu CCRI Ill. thanh phan ngan don m~ng phan ra thanh h~ thong noi tiep - song song. Khi do

PRING3 = PCRI p+CRI + (1 - PCRr) p-CRI
, (6)

trong do PCRI Ill. de? tin c~y ciia thanh phan trong yeu, p+CRI Ill. de? tin c~y cd a mang khi thanh
phan trong yeu heat de?ng tin c~y (noi t~t), p-CRI Ill.de?tin c~y cua rnang khi thanh phan trong yeu
heat de?ng khOng tin c~y (h6- mach],

Cho rhg nut 1 Ill.nguon, nut 2 Ill.dich, thi nut 3 Ill. thanh phan trong yeu, ta co bien d5i:

1 L12 2 I
P, LV23 +

nut 3 noi tat

= (l-P,) 1 L122l· ·ho mach

De? tin c~y cua rnang vong 3 nut theo ket qua bien d5i nay Ill.:

PRING3 = P3{P1P2[1- (1- PL12)(1- PL23PL13)]} + (1- P3)P1P2h12

= P1P2PL12 + P1P2P3PL23PL13 - P1P2P3PL12PL23PL13. (7)

Cho gia tri cu thg nhir 6- vi du 1, ta co: PRING3 = 0,9243.·

b. Phuong phap duo-ng dan phan each eung, duang dan phan each nut
Giii:a hai nut 1 va 2 co de? ket noi cung Ill. 2. Hai dirong dh giira hai nut diro'c goi Ii phan

each cung neu khOng co cung (lien kih) chung, cluing co thg co cac nut chung. Neu co ba dirong dh
phan each giira hai nut ngubn va dich thi me?t t~p hop co toi thigu 3 thanh phan htr hong (lat c~t
toi thigu). Ta co de? tin c~y cua mang vong 3 nut nhir sau neu cho 1 Ill. nut nguon, va 2 Ill. nut dich
va hai dtro'ng dh phan each cung Ill.: {L12}, {L13, 3, L23}

PRING3 = P1P2 {1 - (1 - PL12)(1 - P3PL23PL13)}

= P1P2PL12 + P1P2P3PL23PL13 - P1P2P3PL12PL23PL13' (8)

Ket qua hai phirong phap xac suil:t co di'eu ki~n (7) va
duong dh phan each cung (8) Ia giong nhau.

2.1.4. Mang yang n nut (n > 3)
Gia sU- d~t nut 1 va nut i Ill. hai nut trong ygu cua

mang vong n nut (n > 3). Khi do, noi gifra hai nut 1
va i Ill. hai dirong phan each cung (song song) vci nhau la:
{L1, 2, L2, ... , Li-lJ i}, {Ln, n, Ln - 1, n - 1, ... , i + 1, Li}. Ta
ciing thtrc hien bign d5i theo ba phirong phap

2

" L3iI-------e
n-l Lin-l i

Hinh 9. Mang vong n nut
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a. Phuong phap cac iluang d;n phan each eung
Cong thu-e to'ng quat tfnh de;.tin c~y cho mang yang n nut 111.:

FRINGn =
P1Pi [1- (1-PL12PL23",PLi-liP2P3"'~-2~-1)(1- PLlnPLn-ln",PLii+lPi+1Pi+2",Pn-1Pn)]' (9)
Truong hop rieng , mang yang 3 nut, voi nut 1 Ii dich vi nut 2 111.nguon, thl tic cong thrrc (9) ta co
thg nhan dltq-e cong thirc (7). Trirong hop rnang yang 4 nut (n = 4), va cho rhg nut 1 111.nguon,
nut 3 Ii dfch, ta co:

PRING4 = P1P3{1- (1- PL12PL23P2)(1 - PL14PL34P4)}·

= P1P2P3PL12PL23 + P1P3P4PL14PL34 - P1P2P3P4PL12PL23PL14PL34. (10)

Cho gia tri cu thg, ta diroc:

PRING4 = 2(0,9988)3(0,8)2 - (0,9988)4(0,8)4 ~ 0,8678.

b. Phuong phap xae suilt co ilieu ki~n
D5i v6i. m~ng vong n nut (~ > 3) doi hoi trign khai theo cac thanh phan trong yeu cho den

khi nao mach ket qua. bien d5i chi can Ii mach song song - noi tiep cac th anh phan. Trong mang
yang 3 nut, chi can trign khai theo me;.t thanh phan trong yeu du d~ tao ra mach song song - n5i
tiep. Nhirng d5i v&i mang vong 4 nut, phai can tri~n khai theo hai thanh phan trong yeu n~m tren
cac dirong d[n giii'a hai nut nguon (1) va dich (3), do 111.cac nut 2 va nut 4:

= P2

= P2..P4

1~~3
L1~v L34

+ (1-P2)

+ (1-P,l< lV3)

. Ta co ket qua nhir sau

PRING =P1P2P3P4[1- (1- h12PL23)(1- PL14PL34)] + (1- P4)(P1P2P3)(h12PL23)

+ (1 - P2) (P1P3P4) (PL14PL34)

=P1P2P3PL12PL23 + P1P3P4PL14PL34 - P1P2P3P4PL12PL23PL14PL34 . (11)

Ta nh~n thay rhg de;.tin e~y cua m~ng yang tinh theo phirong phap xac suat co dieu ki~n (10) va
dircng d[n phan each eung luon giong nhau (11).

2.1.5. Mang hinh diy
Trong mang di~n re;.ng, mang truy nhap cue be;.111.nhirng mang hlnh cay, giii'a hai nut rnang

chi co duy nhitt me;.t diro'ng dh (lien ket), di'eu nay co nghia la, Sl,l" lnr hong cua me;.t nut hay m9t
lien ,ket se loai bo nhanh cay khoi rnang. Mang khOng ton t~i khi nut g5c bi htr hong.

Vi du 9. Cho m9t graph bi~u di~n mang hlnh cay 0- hmh 4. M6i nut tram co de;.tin c~y 0,9966, nut
may chu 0,9988. Cac lien ket co d9 tin c~y Ii 0,8. Thirc hi~n bien d5i graph mang hmh cay nay
thanh mach cho Ct hmh 5.
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o LOO
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Hinh 4. Graph ffi<;tnghlnh cay

Ket qua bien d5i & hmh 5 cho ta cong thtrc tinh di? tin c~y cua hlnh cay:

PTREE = PoPLoo[l':" [PLOIP:~[l- (1- PL14P4PL46P6)(1- PL15P5)1]
x (1 - h02P2)(1 - PL03P3P37P7 )]. (12)

Cho gia tri C\l th~ theo vi du 1, ta diroc: PTREE R! 0,7836.

2.2. BH:!ndo'i cac m~g co diu t.ruc plnrc tap, cac cong thirc tinh de?tin c~y

Ta lilY mdt so m ach phirc tap thOng dung.

2.2.1. Mang lien ket hro-i n nut, n + 1 lien ket (PCOMP)

a. Phuong philp xac suat co dieu ki~n
D~ tinh di? tin c~y theo phirong ph ap xac suilt c6 di"eu kien, coi nut 1 va 3 la cac nut nguon va

dfch, ta thirc hi~n tu'an t\l· nhir sau:
BIrGe 1. L~p danh sach cac nut trong yeu la Kl {2, 4}, VI nut 2 va nut 4 deu c6 so lien ket phat sinh
tren chung la Ian nhfit.
BIrGe 2. Thuc hi~n tri~n khai mang l'an hrot theo nut 2 va 4 ta c6 ket qua sau day:

11>3., <V}+C1-P,l {'./} =

=P,P, {<J>}+(1-P~P,{~} +(1-P,){'./}=
=P,P, {<>}+C1-P')P2{~} +(1-P,){'./}

Den day, ta thay rhg, ta dii duyet het cac nut trong yeu va cac ffi<;tngket qua la nhimg ffi<;tngc6
cilu true w ban (song song va lien tiep) do d6 ta dirng qua trlnh tri~n khai & day va chuyen sang
thirc hi~n biroc 3.
BIrGe 3. Di? tin c~y cua mang lien ket hroi 4 nut, 3 lien ket b~ng:
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PCOMP =(P1P2P3P4)[1- (1- PL12PL23)(1- PL14PL34)]+ (1- P4)(P2)(PIP3PL12PL23)
+ (1 - P2)(Pl.P3P4PL14Jt34)

=P1P2P3Jt12PL23 + P1P3P4PL14PL34 - PIP2P3P4PL12PL23PL14PL34' (13)

b. Phuong phap cac dl10ng dIn phiin each cung
Ta coi nut 1 la. ngudn va 3 Ill.dfch giong nhir (y phuong phap xac suat co di'eu kien, va chirng

minh diroc kgt qui giong nhir corig thu-c (13).
Ngu coi nut 2 Ill.nguon va. 4 la. dich, ta cling chtmg minh diroc tinh dung dh ciia hai phiro'ng

phap nay. Cho gia tri cu thi ta co PMESH= 0,9509.

2.2.2. Mang lien ket toan be'}n nut, n(n - 1) lien ket (PCOMP)

a. Phuong phap xac "suat c6 iJi'eu ki~n
Cac nut co s5 lien kgt nhir nhau va. diro'c cho rhg deu Ill. cac nut trong ygu, neu coi nut 1 la.

nguon va 3 l3. dich thi ta co bien d5i nhir sau:

Brrac 1. Danh sach cac nut trongydu Kd2, 4}.
Btrac 2. Thu-c hi~n tri€n khai rnang ngufm theo qic 'nut trong yeu 2 va 4 cua Kl

1~3 ~ P2t W3 } + (1-P2) {1.~~73}=

=P2P.f$3} +(1-P.)P2{1~3}+(1-P+v3}
= (P2·P.•){P~4} + (1-P2)(P4){P-4} + (1-PZ){P-2} , '

=(P2P.J{ 1~3} + (1-P.)(P2{ ~3} +(1-P,){P.,NG3)
Den day, khong con mang dtr thira nira, chuydn sang bU"<1C3.
Brrac 3. Tinh d9 tin c~y cu a m~ng:

4

PCOMP =(g Pi) [1- (1- PL13)(1- PL12PL13)(1- PL14PL34)]

+ (1- P4)(P1P2P3)[1- (1- PL13)(1- PL12PL23)]
+ (1 - P2)(P1P3)[ 1 - (1 - PL13)(1 - P4PL14PL34)]

=PIP3PL13 + PIP3P4PL14PL34 + PIP2P3PL12PL23 - PIP3P4PL13PL14PL34
- PIP2P3PL12PL13PL23 - PIP2P3P4PL12PL14PL23PL34
+ PIP2P3P4PL12PL13PL14PL23PL34' (14)

'b. Phuong £ha.p.;;ac duong dIn phiin ca.ch cung
Ciingchon nut 1 va 3 Ill. cac nut nguon va dich tiro'ng img, ta co cac dU'ang dh phan each

cung giu-a hai nut 1 va. 3 la.: {L13}, {L12,2,L23}, {L14,4,L34}, cling chirng minh dircc d9 tin c~y
cila mang b~ng cong thirc (14). Cho gia tr] cu thi theo vi du 1, ta co PCOMP ~ 0,9716.

V~y ta co thi l~o cong thirc t5ng quat tinh d9 tin c~y ciia rnang lien ket toan b9:
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PCOMP =

PI Pi [1- (1- PLI2PL23 ... PLi-liP2P3 ... Pi-2Pi-I)(1 - PLlnPLn-In ... Jtii+IP.+IPi+2",Pn-IPn)]. (15)

2.2.3. Mang h.r6'i n nut 2(n - 1) lien ket

a. Phuong phap xac suat co cJi'euki~n

Buac 1. Gii su: chon mang (a)' nut 1 la ngubn, nut 3 la dich, ta nhan thay nut 5, ncri t~p trung
nhieu lien kgt nhat, la nut trong ygu cua mang, v~y ban dau chon KI = {5}.
Buac 2. Thuc hien trie'n khai theo 5 nut, ta co kgt qui bidn d5i nhir sau:

Danh sach KI da kgt thuc, mang pH chira cho phep tinh ngay diroc d(>tin c~y. Dgn da.y, l~p danh
sach cac thanh phan trong ygu cho m~ng p-s va pH va tiep tuc thirc hi~n trie'n khai theo chung.
Tuy nhien, mang vong 4 nut p-s co the' lay ngay kgt qui theo cong thtrc (10), do d6 chi can trie'n
khai cho mang pH vo'i danh sach cac nut trong ygu la {2, 4} ho~c thirc hi~n tlm dirong dh phan
each cung:

PMESH =PIP3PS[ 1 - (P2JtI2PL23)(1- PLISPL3s)(1 - P4PLI4PL34)]

+ (1 - PS)(PIP3)[P2PLI2PL23 + P4PLI4PL34 - ~2P4PL12PL14PL23PL341
=PIP2P3PLI2PL23 + PIP3P4PLI4PL34 + PIP3PSPLISPL3S - PIP2P3PSPLI2PLlSPL23PL3S

- PIP3P4PSPLI4PLISPL34PL3S + PIP2P3P4PSPLI2PLI4PLlSPL23PL34PL3S

- PIP2P3P4PLI2PLI4PL23PL34. (16)

b. Plutang phap Quang d~n phan each cung

Cling chimg minh diro'c cong thirc d(>tin c~y giong nlnr (16).
V6i gia tri cu the' theo vi du 1, ta co PMESH R! 0,9508. V6-i Ht qui nay, ta nhjin thay d(>tin

c~y cua m~ng IU'6i n nut, 2(n - 1) lien ket vh nho ho'n de? tin c~y cu a mang lien ket toan b(>, ma
chi phi lai 16-nhen.

3. THIET L~P BAI ToAN TOI UU CAU TRUC M~NG MAy TiNH
vA GIAI BAI ToAN TOI UU

3.1. Plnrcrng phap nhan ttr Langrange

Xet m~ng LAN cau true BUS. Bai toan d~t ra la ph ai tang so hro'ng Server len bao nhieu cho
dir phong d(>ng ki~u nh6m (duster) (trong khi so hrong va t5ng chi phi cho cac tram giii' co dinh,
tti'c la n = const) de' dim bao chi phi cua h~ thong may chii khOng viro't qua gi6i han CQUI DINH va
rnuc tieu dat dtroc la d(>tin c~y ciia h~ thong Server phai PSER ~ 0,9998.

Giii: Cho r~ng ta tang len them me?t Server nira, khi d6 chi phi cua cac Server 01 va 02 diro'c
cho tuong irng la 50PI, va 30P2 va dieu kien rang buoc t5ng chi phi ~ 74 (vi du, 74000 USD). D(>
tin c~y va chi phi ciia h~ thong la: f(X) = PSER = PI + P2 - PIP2; CSER = 50PI + 25P2.

Bai toan co the' diro'c phat bie'u nhir sau:

TIm X = {:~ } = {~~ } de' C~'Cdai ham f(X) = PSER = PI + P2 - PIP2, v6-i rhg bU9C:

L(X) = 50PI + 25P2 - 74 = O.



42 HO KHANH LAM

Ta l~p h~ phiro'ng trlnh Lagrange:

af(X) 1- P2-- = 1 - P2 + 50). = a ~ ). = ---
aPI 50

af(X) 1- PI-- = 1 - PI + 25). = a ~ ). = ---
ap2 25

L(X) = 50PI + 25P2 - 74 = 0,

trong do ). = nh Sn Lagrange. Tir day, ta t inh diroc:
1- P2 1- PI

). = -- = -- ~ P2 = 2PI - 12 1
50PI + 25(2PI - 1) - 74 = a ~ PI = 0,99; P2 = 0,98
PSER = PI + P2 - PIP2 = 0,99 + 0,98 - 0,99.0,98 =0,9998.

Ta co th~ chirng minh dircc rhg di? tin c~y cua toan bi? h~ thong SERVER nay theo phircng
phap tfnh di? tin c~y clia h~ thong song song:

PSER = 1- (1- Pd(l- P2) = 1- (1- 0,99)(1- 0,98) = 0,9998.

Tirong tu, neu ta phai xet toi iru di? tin c~y / chi phi cho khdi cac tram lam viec, gia sli' ta co
4 tr arn lam viec co di? tin c~y va chi phi khac nhau. Trong do, ham chi phi can phai nho hon ho~c
b~ng 60 (vi du, 60000USD): L(X) = Cws = 10PWSI + 9Pws2°+ 8Pws3 + 7PWS4
va ham di? tin c~y la: f(X) = Pws = 1- (1 - Pwsd(1 - Pws2)(1 - Pws3)(1 - PWS4).

L~p h~ phircng trlnh dieu ki~n v a giii, tinh gia tri cu th~:

P
10PWSI - 1 lOPWS1 - 2 10PWS1 - 3

WS2 = 9 ; Pw S3 = 8 ; Pw S4 = 7

10PWS1 + (10PWS1 - 1) + (10PWSI - 2) + (10PWS1 - 3) - 33 = O.

Suy ra: Pws: = 0,9750; PWS2 = 0,9722; PWS3 = 0,9688; Pws4 = 0,9643.
Pws = 1 - (1 - 0,9750)(1 - 0,9722)(1 - 0,9688)(1 - u,9643) = 0,99999926.

T5ng quat, vci n tram lam viec (n thanh phan song song) t.a cling thirc hien t iro'ng tl).". Ro
rang di? tin c~y cd a khoi cac tram lam viec rat cao, do do, di? tin c~y cua LAN phu thuoc vao khdi
SERVER v a BUS. Chi phi t~p trung chu yeu & khoi 'jERVER.

3.2. P'hiro-ng phap qui hoach dc?ng

Mang may t.inh, sau khi diro'c bien d5i tro- thanh mi?t m'lLng ket noi lien ket cac cum th anh
phan noi song song theo di? tin c~y co th€ diro'c coi nhu m9t qua trinh nhi"eu giai dean.

Bai toan toi iru qua trlnh nhieu giai dean diroc phat bi~u nhir sau:
Tim X = {XI,X2"",X;"",Xn-I,XnV, chien hro'c toi iru, d~ circ ti~u ham muc tieu F(X)

(vi du, t5ng chi phi]:
F(X) = h(X) + fz(X) + ...+ fn(X) ~ min

(ho~c cu'c d ai ham ml;lc tieu F(X), vi du, di? tin c~y), v&i: S; = S;(Si+1, Xi+l); i = 0,1,2, ... , n; va
c ac rang buoc tren Xi va Si (i = 0,1,2, ... , n).

Qui hoach di?ng thirc hien toi iru tirng giai dean, Mt dau voi giai dean cuoi cling [danh so thrr
tl)."la 1), cho den giai doan dau [danh so thii tl)."n). Ta co phirong trlnh truy toan cua qui hoach
dfmg:

F~(Sn) = min [fn(Xn, Sn) + F~_dXn-l' Sn-dl·
Xn

(17)

Vi du 4. Mang LAN Etherner sau khi bien d5i co dang & hmh 1. Gii srr, trong cau hinh nay chi co
mi?t Server va 6 tram lam viec, di? tin c~y, chi phi cac thanh phan cho trong bang 1. T5ng chi phi
clit m~ng se la:
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CNET = LCjnj = 100.1 + 2.1 + 6.7 = 444
j=l

(18)

va d9 tin c~y cua mang:

PNET = [PRPNIC](PBUS)[l- (1- PWS1PNIC)(1- PWS2PNIc) ... (1- PWS6PNIC)]

= [0,9999.0,9966][0,9] [1 - (1 - 9,9977.0,9966)6] = 0,8968. (19)

Bdng 1. £>9 tin c~y / chi phi cua cac thanh phan cua LAN'
v&i m9t Server va 6 tram lam vi~c

Cac thanh ph~n £>9 tin c~y Chi phi S5 hrong

May chu (Server) 0,9999 100 1

Cap mang (Bus) 0,9000 2 1

Tram lam vi~c (Workstation) 0,9977 50 6

Bang. phdi ghep mang (NIC) 0,9966 6 7

C~n phai nang cao d9 tin c~y cua mang d~t t5i rmrc t5i da nhirng voi rang buec nhir sau:

{

PNET ~ 0,9

~ c.« :::;450 (20)

Thirc tg, khOng thg tao nen m9t diro'ng cap dir phong dau n5i song song v6i. dtro'ng cap chinh,
nghia la khOng thg nang cao d9 tin c~y cii a mang len cao virct qua d9 tin c~y cii a chinh dmrng cap
dong true (BUS). £>g gia.i bai toan d~t ra, ta co hai each:

Cach I: B5 sung m9t NIC tai Server (tu-c la trong Server co 2 NIC n5i song song), va n5i v6i. NIC la
m9t duong cap dong true (trrc la t ao nen m9t dtrong cap dong true du phong voi dufrng cap chinh).

Cach II: B5 sung m9t may vi tinh chii ket noi v&i cac may tram b~ng h~ thong phdi ghep khac: NIC
va cap. V&i hai each nay ta tun phirong an t5i U'U. Mach bign d5i la cau true 3 giai doan (3 t~ng),
ta danh s5 thrr t'!' giai doan 1 la Server, giai doan 2 la Bus, va giai dean cu5i la cac tram lam vi~c.
Cac gia tr! t5i thigu ban dh M ap dung qui hoach di?ng cho d bang 1.

3
Sti: dung phircng trinh truy toan (17) va ham rnuc tieu: PNET = Il {1 - (1 - Pdn;} -> rnax

i=l
v6i. rang buoc (20).

Toi uu tang thu nhit i = 1 (tang Server)

Cach I:
h(X1,Sd = h(nl,C1) = 100.1+2.6= 112;
PNET (X) = [0,9999.(1 - (1 - 0,9966)2)] [0,9] [1- (1 - 0,9977.0,9966)6] = 0,8998996.

Cach II:
fdX1, Sd = fdnl, Cd = 100.2 + 2.6 = 212;
PNET (X) = [1 - (1 - 0,9999.0,9966)2] [0,9] [1 - (1 - 0,9977.0,9966)6] = 0,899989.

So sanh d. hai each, chon:
F~(Sl) =min[Jdnl,C1)] = 112.
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Toi ttu ding 2 va 1 (Bus va Server)

Cach I:
F2(X2,82) = h(n2, C2) + h(nl, Cl), nl :2: 2, n2:2: 1;
nl = 2, n2 = 2 : F2(X2,82) = 112 + 2.2 = 116;
PNET = [0,9999(1- (1- 0,9966)2)] [1- (1- 0,9)2] [1- (1- 0,9977.0,9966)6] = 0,989889.

Cach II:
F2(X2,:82) = h(n2, C2) + h(nl,Ct), nl :2: 2, n2:2: 1;
nl = 2, n2 = 2 : F2(X2, S2) = 112 + 2.2 = 116;
PNET = [1 - (1 - 0,9999.0,9966)2] [1 - (1 - 0,9)2] [1 - (1 - 0,9977.0,9966)6] = 0,989889.

So sanh hai each, ta chon each 1, vi:
F;(82) = min [h(n2,82) + F;(nl,8d] = 116; PNET = 0,989889.

Toi uu giai aoipl cuoi cimg
V6i. t'ang 3, n3 = 6, m~i thanh ph'an c6 dij tin c~y Ill.0,9977 thi cho du c6 tang them tram lam

vi~c (tu-c them th anh ph'an noi song song I:J t~ng 3) thi dij tin c~y se khOng thay d5i dang k~, vi v~y,
khOng din phai tang chi phi cho giai dean nay (khOng thay d5i n3). Do d6, ke't qua. toi tru d~ng tho'i
giai doan 3, 2 va 1 va cling Ill.ket qua. gia.i bai toan toi iru theo qui hoach dijng Ill.:

F;(83) = min [h(n3,C3) + F~(n2,82)] = 50.6+ 112 = 412 < 450;
PNET ~ 0,9899> 0,9.

Ta chon bi~n phap nang cao de?tin c~y cila LAN theo each 1.
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