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TOI UU MANG MAY TiNH THEO PO TIN CAY VA CHI PHi

HO KHANH LAM

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).

D5 tin cdy (dd sin sing) cda cic hé thdng mdy tinh v&i 99% chwa thé dd ddm bio thda min
nhu ciu x ly thong tin trong nhiéu linh vuc, nhw nghién cidu vi tru, hing khéng, ngan hang va tai
chinh, cng nghiép ché tao mdy..., bdi vi chi s8 99% c6 nghia 13 mit 90 gi& (gin 4 ngiy) trong mét
nim hé thdng tinh dirng hoat ddng. Vi viy, khi thi€t ké mang may tinh cin thiét phidi ddm bio t8i
wu ciu tric mang thda min dwgc dd tin ciy cao nhit trong mic chi phi giéi han. D& gidi bai todn
ndy, duwéi diy dé xuit mét phuwong phép t8i wu véi cdc buéc thue hién tudn tuw nhu sau:

1. BIEU DIEN MANG MAY TiNH BANG GRAPH

LAN: M3i mét nit mang: mdy chd (Server), tram 1am viéc (Workstation) dwoc bi€u dién bing
vong tron, hoic chim tron, hodc hinh chit nhit c6 ghi s8 hiéu theo s8 tw nhién 2 = 0, 1,2, ..., n; trong
dé céc méay chd dwoc dédnh s8 hi€u 1d 05 (5 = 1,2,...,m). Céc lién két giira c4c niit mang dwoc bi€u
dién bing cic cung hay doan thing ndi giira cic nit.

WAN (MAN): Twong tw nhu LAN, nhung néu c6 két ndi qua mang chuyén mach cong cong
thi coi cdc mang chuyén mach 13 giao cda céc lién két. Néu c6 LAN két ndi thi d€ don gidn ta coi
LAN 13 mét nit mang trong WAN (MAN), sau d6 tinh todn chi ti€t riéng LAN véi mét graph riéng.
Cho ring cic mang chuyén mach cé dd tin ciy 1a 100% nén trong graph duwoc biéu dién 13 giao diém
 két ndi céc lién két truc ti€p véi cadc LAN. Ciéc lién két truc ti€p nay 1a cic hé thong ghép ndi mang
twong dng (router, modem) va mdi trudng truyén din giita mang LAN va téng dai chuyén mach.

< ) N ~ 2 . P <
2. BIEN DOI GRAPH MANG THANH MACH KET NOI SONG SONG - NOI TIEP
CAC THANH PHAN MANG
Bién d8i phu thubc vao ciu hinh cda mang, vi viy ta phan biét nhu sau:
2.1. Bién ddi cdc mang cé cau tric co ban, cic cong thire tinh do tin cay
2.1.1. Mang dudng truc (bus P,
Mang duwdng truc 13 mdt ciu tric co bdn cda LAN, P-Dﬁ
vi du nhu LAN Ethernet. Mang dudng truc 1 may chd P,
(SERVER, HOST). Cép dudng truc (Bus) ndi véi céc
NIC cim trong may tinh truc ti€p, nhuw viy, gifta cac D
nit 13 mét doan lién két mang. Khi c6 hw hédng & bit
¢t doan cap nao déu lam cho mang ngung hoat déng.
K&t qué bién d8i mang Bus véi n nit tram va 1 Server

Po Pus

thanh mach cho & hinh 1, tir ddy ta tinh dwore d5 tin ciy TR,
mang Bus, Ppys. | I
Ppuys = PoPLB [1 -TI(- Pi)]: (1)

=1 Hinh 1. Bién d8i mang Bus, 1 Server
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trong d6 Py 12 dd tin ciy cda Server ké cd bing phéi ghép NIC, Pp la d5 tin ciy cda cdp dwdng
truc, P; 13 do tin cdy cda cac nit tram ké cd NIC, 7 =1,2,...,n
Vidu 1. Mang LAN Ethernet véi n = 6 nit tram, 1 nit Server. Céic nit tram c6 dd tin cdy
P; = 0,9966, nit Server Py = 0,9988, d6 tin ciy cia dwdng truc, PLg = 0,8."

Paus = (0,9988)(0, 8)[1 — 0,9966)°] = 0,7990. |

Dé ning cao dd tin ciy, c6 thé mic thém mot nit Server du phong, nhuw vay, trong mach két
qud hai Server sé dau song song véi nhau, do dé do tin ciy cla mang sé la:

Ppys = [1— (1 — Po1)(1 — Poz)(PLp) [ ﬁ ] (2)

trong dé Poi, Poz 14 d6 tin ciy hai Server.
Cho gid tri cu thé theo vidu trén, ta c6: Ppys = [1—(1—0,9988)2](0,8)[1—(1—0,9966)°] ~ 0,8.
Téng quét, trong mdt mang Bus véi m Server, n tram, 1 dudng truc, sé cho ta do tin cdy la

Pyus = (Pus) [1- _I_"i(l = p)[1- [T - P)- (3)

1=1
2.1.2. Mang hinh sao (Star)

Nit trung tam cda mang hinh sao c6 thé

134 mét mdy tinh chd, chuyén mach, 13 mot _] I I

HUB thu ddng. Gid s&, mang cé mét Server, PLs P,

vd n nat tram, sy hu hdng cia Hub hoic _D_D__
) 3 5t 1l Po P Prus

Server lam héng toin mang. Hdng mét nit

tram, hodc cdo néi véi timg nit trq.r.n déu M P P.
khéng 4nh hudng dén sy hoat ddng cda mang, -—D_L‘DL—
0y ~ ’ < oA A

vi vy, ta cé két qud bi€n d6i & hinh 2, trong
dé Py 1a dd tin ciy cda Server, P 1d d6 tin
ciy cida lién két ndi Server va Hub, Pyyp 13 —D'—D_
dd tin cdy cda Hub, Pp; 1d 43 tin ciy cda cac Pin Py

lién két ndi céc tram (+ = 1,2,...,n), P; 14 48
tin ciy cda tram.

Hinh 2. Bién d8i mang Star
D5 tin cdy cia mang Star:

Pstar = POPLOPHUB[ H - PriF) ] (4)
Néu mang cé m Server, thi dd tin ciy sé 1i:
Pstar = (Puus) [1 — H(l - PLOiPOi)] [1 - H(l = PLiH)]; (5)
. t=1 =1

trong d6 Pro; 12 dd tin ciy cda cdc lién k&t ndi véi cac Server, Py; 1a d6 tin ciy cda Server,
1=1,2,...,m (m s8 lwong Server).

Vi du 2. Mangcé 6 nit tram, 1 Server. Gid tri dd tin cdy cda céc lién két 12 0,8. DJ tin cdy cda cac
ntt tram v cda Hub 14 0,9966, cia Server 14.0,9988. Ta cé:
PsTar = (0,9988)(0,8)(0,9966)[1 —; —0,9966.0,8)¢] = 0,7963.

Ta c6 thé thiy Pstar < Ppus. Néu db tin ciy cda Hub cao, vi du, dat méc bing dd tin cdy cda
Server (0,9988) thi PsTar = 0,7980, vin nhé hon Pgys.
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2.1.3. Mang vong (Ring) 3 nit ,

Trong mang vong kép (full-duplex), mdi lién két dong thoi cho hai chigu théng tin, mdi nit
mang c6 thé chuyén géi tin ca hai chiéu). Ta chi xét d6 tin ciy cda loai ndy. Mang vong 3 nit dwgc
st dung nhiéu trong xiy dung cic mang MAN hoic WAN. Cé thé 4p dung cic phwong phip sau
day dé tinh d6 tin ciy:

Phuong phép xéc suit c6 didu kién (conditional proba.bility)

Phlrorng phép dwdng din phin cich cung (arc-dlsjomt paths)

Dé thuc hién cic phwong phip nay, phdi xac dinh nit ngudn (Source) va nit dich (Sink) cﬂa.
théng tin. D6 13 cic nit tip trung chd yéu luwu lwong thong tin cda mang va nim trén dwdng lién
két truc (t8c dd va dd tin cdy cao).

a. Phuong phép xdc sudt cé diéu kién

Phuong phép niy con goi 1 phuwong phép tri€n khai theo thinh phin trong yéu, thanh phin

trong yéu Cgg; 12 thanh phin ngin cdn mang phan ra thinh hé théng néi ti€p - song song. Khi dé

Prings = Pori PYO®! + (1 — Pgori) P ORI, (8)
trong d6 Pcrr 13 dd tin ciy cda thinh phin trong yéu, PTCRI 13 d§ tin cdy cda mang khi thanh
phin trong yéu hoat ddng tin ciy (ndi tit), P-°F! 13 46 tin ciy cda mang khi thanh phin trong yéu
hoat d6ng khéng tin ciy (hd mach).

Cho ring nit 1 13 ngudn, nit 2 13 dich, thi ndt 3 13 thanh phin trong yéu, ta c6 bién dai:

1 L12 2 1 L12 2
L1 L2 = P;yL13 L23( + 1-POY 1. L12 2
3 3 (1-Pp
3 nit 3 ndi tat hG mach

D3 tin c3y cda mang vong 3 nit theo két qud bién d8i nay la:

Prings = Ps{PyP2[1 — (1 — Pp12)(1 — Pr2sPr1s)]} + (1 — Ps)PiP; Pris
= PP, P13 + PiP2 P3P o3 P13 — PP, P3PLia PLosPras. (7

Cho gid tri cu thé nhw & vi du 1, ta c6: Prings = 0,9243.

b. Phuong phip dudng dan phan cich cung, dudng din phan cdch nit

Gifra hai ntt 1 va 2 c6 d6 két ndi cung 13 2. Hai dudng din giira hai nit dwoc goi 13 phan
cach cung néu khong cé cung (lién két) chung, ching cé thé cé cdc niit chung. Néu ¢é ba dudng din
phin cich giira hai ntit ngudn vi dich thi mét tip hop c6 t3i thi€u 3 thanh phin hu héng (14t cit
t6i thi€u). Ta c6 d6 tin cdy cia mang vong 3 niit nhu sau néu cho 1 13 nt ngudn, va 2 13 nat dich
va hai dwdng din phan cich cung la: {L12}, {L13,3,L23}

Prings = PiP2{1— (1 — Pu12)(1 — PsPu2sPLis)}
= PyPPris + PyPP3Pos Priz — PyP; PsPriaPrasPras. (8)

Két qué hai phuong phip x4c sudt cé dieu kién (7) va 1 L12 2
dudng din phéan cach cung (8) 14 gidng nhau.

2.1.4. Mang vong n nit (n > 3)

Gid st d¥t nit 1 va ndt < 13 hai nit trong yéu cda
mang vong n nit (n > 3). Khi d6, néi giita hai nit 1
va 1 13 hai duwdng phén cdch cung (song song) véi nhau la:
{L1,2,L2,...,L;—y,1}, {Ln,n,Ln— 1,n —1,..,2+ 1,Li}. Ta
ciing thwe hién bién d8i theo ba phwong phép

n-1 Lin-1 i

Hinh 8. Mang vong n nit
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a. Phuong phap cic dudng dan phan cich cung
Céng thirc tdng quat tinh dd tin ciy cho mang vdng n mit la:

PriNGn = .
PyP;[1-(1-Pu12PLas...Pri—1i PaPs..Pco P;1)(1- Puin Pun—1n--Priit1Pit1 Pig2. . Pac1Pa)]. (9)
. Trudng hop riéng, mang vong 3 nit, véi ndt 1 13 dich va nit 2 13 ngudn, thi tir céng thic (9) ta cb
thé nhian dwoc cdng thirc (7). Trwdmg hop mang vong 4 nit (n = 4), va cho ring nit 1 13 ngudn,
niat 3 1a dich, ta cé:
Pringa = PiPs{1— (1 — PL12PL23P2)(1 — PL1sPL3sPs)}
= Py P, P3PL13P 33 + Py P3Py P14 PL3s — PyPy P3Py P12 ProsPrL14PrLas . (10)

Cho gi4 tri cu thé, ta dwoc: _
Prince = 2(0,9988)3(0,8)% — (0,9988)*(0,8)* ~ 0,8678.

b. Phuong phdp x4c suat c6 diéu kién

D&i véi mang vong n nit (n > 3) ddi héi tri€n khai theo cic thanh phin trong yéu cho dén
khi ndo mach két qua bi€n ddi chi con 13 mach song song - ndi tiép cic thanh phin. Trong mang
vong 3 nit, chi cin trién khai theo mét thinh phin trong yéu dd d€ tao ra mach song song - ndi
tiép. Nhung d8i véi mang vong 4 nit, phai cin trién khai theo hai thanh phin trong yéu nim trén
cac dudng din giira hai nit ngudn (1) va dich (3), dé 13 cac ndt 2 va nit 4:

2
L12 23 L12 L23
1 3 = Pz 1 3 + (1'P2) 1 3
L13 L34 L12N L34 L1 L34
4 | 4 4
= PP, <1 3% +(1-R)P, 1A\.3 + (1-R)¢ =

L1 L34

'Ta c6 két qud nhu sau

Pring =P1PP3Py[1 — (1 — PL12Pi2s)(1 — PrisPrsd)] + (1 — Pa)(PLP2Ps)(Pr12Pr2s)
+ (1 — Py)(P1Ps Py)(Pr14PL34)
=Py P,PsPy12PL2s + Py Ps PyPL1aPrss — PIP2 P3Py PL12PL2sPriaPrss . (11)

Ta nhan thiy ring dé tin ciy cia mang vong tinh theo phuwong phip xic sudt cé diéu kién (10) va
duwdng din phan cich cung luén gidng nhau (11).

2.1.5. Mang hinh cay

Trong mang dién réng, mang truy nhip cuc b 13 nhitng mang hinh cdy, gifra hai nit mang
chi c¢6 duy nhit mdt dwdng din (lién két), dieu ndy cé nghia 13, sy hu héng cda mét nit hay mdt
lién két s& loai bé nhanh cay khéi mang. Mang khéng ton tai khi nit géc bi hw hdng.

Vi du 8. Cho mét graph bi€u dién mang hinh ciy & hinh 4. M3i nit tram c¢6 dé tin ciy 0,9966, nit
may chd 0,9988. Céc lién két c6 dd tin ciy 13 0,8. Thuc hién bién ddi graph mang hinh ciy nay
thanh mach cho & hinh 5.
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LO1 1 L14 4 . L46 6
3 L37 ’ 2
L03 ¢
0 LO2 -
Lo1 { v B
L14 L46 W
1 4 6 L3 3 L7 7
Hinh 4. Graph mang hinh ciy Hinh 5. Mach bién d38i
K&t qud bién d8i & hinh 5 cho ta cdng thirc tinh do tin c3y cia hinh ciy:
Prree = PoPLoo[1 N [PL01P1.[1 — (1 — Pu14aPsPrLscPs)(1 — PL1sPs)]]
X (1—PL02P2)(1—PL03P3P37P7)]. (12)

Cho gid tri cu thé theo vi du 1, ta dwoc: Prreg ~ 0,7836.

2.2. Bién ddi cic mang cé cdu tric phic tap, cic cong thive tinh dé tin cay
Ta 14y mét s6 mach phic tap thong dung.

2.2.1. Mang lién két luéi n nit, n + 1 lién két (Pcowmp)

a. Phuong phdp x4c suit cé diéu kién

Dé tinh do tin ciy theo phwong phip x4c suit c6 dieu kién, coi nit 1 va 3 1a cac nit nguon vi
O ay en,

dich, ta thuc hién tuan tu nhu sau:

Buéc 1. Liap danh sich cdc nit trong yeu 13 K;{2,4}, vi ntt 2 va nat 4 déu c6 s lién két phét sinh

trén ching 13 16n nhit.

Buréc 2. Thue hién trién khai mang I3n lwot theo nit 2 va 4 ta c6 két qud sau day:

2

1 8 =P, +(1-Py) .\/' =

4

= PPy l+(1-P4)P2 ./\. +(1-P) \/
=PePy + (1-P,)P, ./\.l +(1-P2)<\/

L N

I}

Dén day, ta thiy ring, ta di duyét hét cic ndt trong yéu vi cdc mang két qud 13 nhirng mang cé
ciu tric co bdn (song song vi lién ti€p) do d6 ta dirng qud trinh tri€n khai & day va chuyén sang
thuc hién budc 3.

Buéc 3. D6 tin ciy cia mang lién két luéi 4 nit, 3 lién két bang:
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Pcomp =(P1PaP3Py)[1 — (1 Pui2Pr2s)(1 — PuiaPuad)] + (1 — Ps)(P2)(PLPsPrizPras)
+ (1 — P2)(P, P3Py PL14PL34)
=Py PyP3Pr12Pras + PLP3PyPL14Puss — PLP; PsPyPL12PLos PLis Prag. (13)

b. Phuong phap cdc dudng dan phan cich cung

Ta coi niit 1 13 ngudn va 3 13 dich gidng nhu & phuwong phip x4c sudit c6 didu kién, va chimng
minh dwoc két qud giéng nhw céng thic (13).

Néu coi niit 2 13 ngudn v 4 1a dich, ta ciing chimg minh dwoc tinh ding din cda hai phwong
phép nay. Cho gi4 tri cu thé ta c6 Pygsu = 0,9509.
2.2.2. Mang lién két toan bé n nit, n(n — 1) lién két (Pcowmp)
a. Phuong phdp x4c sudt cé diéu kién

Cic niit c6 s8 lién két nhw nhau va dwoc cho ring déu 1a cic nit trong yéu, néu coi nit 1 13
2 [ - 73 N , . e
ngudn va 3 13 dich thi ta c6 bién ddi nhu sau:

Buéc 1. Danh sich céc nit trong yéu K;{2,4}.
Buéc 2. Thuc hién trién khai mang ngudn theo céc nit trong yéu 2 vi 4 cda K;

2

1 3 2 Pt 3%+ (1-P,) {1 v3
4 4
=P;P4 1 3 +{1-P,)P, 1.4:.3 +(1-P, <1 3

= (P.PO{P™} + (1-P)(P{ P} + (1-P,){P?}

=(p2p4) 1 3 + (1-P4)(P2) 1 A. 3 + (1 'Pz){ pRlNG3}

Dén day, khéng con mang duw thira nira, chuyén sang buéc 3.
Buéc 3. Tinh d6 tin ciy cda mang:

Pcomp =(H Pi) [1 - (1= PLia)(1 = PLi2Pris)(1 — PLisPras)]

i=1
+ (1= Py)(PPP3)[1 — (1 — Ppys)(1 - Pp12PL2s)]
+ (1. — PZ)(PIPS)[l — (1= PL13)(1 — PyPL14Prss))
=P P3Py13 + Py P3Py P14 Pr3q + PLPy P3PLi2 PLos — PyPs PyPrLi3PL1a Pras
— PPy P3Ppy3 PLi3PLos — PLPaP3PyPLio PriaPrasPrag
+ PyP; P3Py P12 P13 Pris PLasPuss (14)

. Phuong phip cdc dudng din phan cich cung

Ciing chon nit 1 v 3 13 cdc nit ngudn vi dich twong ¥ng, ta cé cic dwong din phin cich
cung gifra hai ntt 1 va 3 la: {L13}, {L12,2,L23}, {L14,4,L34}, ciing chirng minh dwgc d6 tin ciy
cia mang bing cdng thirc (14). Cho gid tri cu thé theo vi du 1, ta ¢c6 Pcomp = 0,9716.

Viy ta c6 thé lio cong thic tdng quat tinh d6 tin ciy cda mang lién két toan bd:



TOI UU MANG MAY TINH THEO PO TIN CAY VA CHI PHI 41

Pcomp = ,

PiP;[1—(1— Poi2Puos...PLi-1iPaPs...Pia Piy)(1 — PuinPrn-in--Puiit1Piv1 Pig2.. Pa Pn)]. (15)
2.2.3. Mang luéi n nit 2(n — 1) lién két

a. Phuong phdp xac suat cé dieu kién

Buéc 1. Gid st chon mang (a), nit 1 13 ngudn, nit 3 13 dich, ta nhin thdy nit 5, noi tip trung
nhiéu lién két nhit, 1a nit trong yéu cda mang, viy ban diu chon K; = {5}.

Buéc 2. Thuc h1en trién khai theo 5 nit, ta c6 két qud bién ddi nhu sau:

D+ [ - on ] e

Danh sach K; di két thic, mang P*® chwa cho phép tinh ngay dwoc dd tin ciy. Dén diy, l4p danh
sich cic thanh phin trong yéu cho mang P~% vi P*5 vi ti€p tuc thuc hién tri€n khai theo chiing.
Tuy nhién, mang vong 4 nit P~° ¢6 thé 14y ngay két qud theo céng thirc (10), do d6 chi can trién
khai cho mang P15 véi danh sich cdc nit trong yéu 13 {2,4} hodic thuc hién tim dwong din phan
cach cung:

Pugsu =P P3 Ps[1 — (PaPu12PLas)(1 — PuisPuas)(1 — PaPriaPrss)]
+ (1 — Ps)(P1Ps)[P2PL12PLas + Py P14 Pras — BzP4PL12PL14PL23PL34]
=Py Py P3P, 2P 23 + Py P3Py P14 Pr3g + Py P3PsPL15 PrLas — PiPa P3PsPriaPrLis PuasPuss
— PyP3PyPsPL14PL1sPLsa Puss + PiPy P3Py PsPL12 PL1aPLisPuasPLasPuss
— PP, P3PyPy 12 PL14 PLo3Prag . (16)

b. Phuong phdp dudng dan phan cich cung

Cling chirng minh dwoc céng thic df tin cdy giéng nhu (16).

V&i gid tri cu thé theo vi du 1, ta ¢6 Pygsa =~ 0,9508. V&i két qud ndy, ta nhin thiy do tin
ciy cla mang luéi n nit, 2(n — 1) lién k&t vin nhé hon 46 tin ciy cda mang lién két toan bd, ma
chi phi lai 16n hon.

3. THIET LAP BAI TOAN TOI UU CAU TRUC MANG MAY TINH
VA GIAI BAI TOAN TOI UU

3.1. Phuong phdp nhin t Langrange

Xét mang LAN cau tric BUS. Bii todn dit ra la phdi ting s6 lwong Server 1én bao nhiéu cho
dy phong dong ki€u nhém (cluster) (trong khi s8 lugng va tdng chi phi cho céc tram gii ¢8 dinh,
tic 1 n = const) d€ ddm bdo chi phi cda hé thdng miy chd khéng vuot qui giéi han Cquiping va
muc tiéu dat dwgc 13 d6 tin ciy cda hé thdng Server phidi Psggr > 0,9998.

Gidi: Cho ring ta ting 1én thém mot Server nira, khi dé chi phi cia cac Server 01 va 02 dugc
cho twong Wng 13 50P;, va 30P, va diéu kién rang budc tdng chi phi < 74 (vi du, 74000 USD). Ds
tin cdy va chi phi cda hé théng la: f(X) = Psgr = P + P> — P1P;; Csgr = 50P; + 25P;.

Bai todn cé thé dwgc phéat biu nhu sau:
Tim X = {zl } = {f,l } aé cuc dai ham f(X) = Psgr = P1 + P, — P Py, véi ring budc:
2 2
L(X) = 50P, + 25P, = 74 =0.
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Ta lap hé phuong trinh Lagrange:

af(X) 1=
b oy R TR - — e 02
3E, 2 +50A =0 = A =

af (X) 1- P,

=1- P, 250 =0 A= —
3P, 1+ = 25

L(X) = 50P1 +25P2 —74 =0,

trong d6 A = nhdn Lagrange. T diy, ta tinh duoc:
1- P, 1-P,

A= 22= 11=>P2:2P1—1

50P; + 25(2P1 = 1) —74=0 > P1 =0,99, P2 = 0,98

Psggr = P, + P, — PP, = 0,99 + 0,98 — 0,99.0,98 = 0,9998.

Ta c6 thé chimg minh dwoc ring d6 tin ciy cda toin bd hé thong SERVER nay theo phuwong
phdp tinh d8 tin ciy cda hé thdng song song:

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

Twong tw, né€u ta phdi xét t6i wu dd tin cdy / chi phi cho khdi cdc tram lam viéc, gid st ta cé
4 tram lam viéc ¢4 dd tin c@y v chi phi khéc nhau. Trong d6, ham chi phi can phdi nhd hon hoic
bang 60 (Vi du, 60000USD): L(X) = Cws = 10Pws1 + 9Pws2 + 8Pwss + 7TPwsa
va ham da tin Cé.y la: f(X) = Pws =1- (1 = PWSl)(l = Pwsg)(l = Pwsg)(l = Pws4).

Lap hé phuong trinh diéu kién va gidi, tinh gi tri cu thé:
10Pys; — 1 10Pys; — 2 10Pys; — 3
— 9 i Pwss=—Tp—; PWS4=—7“3

10Pws1 + (IOPw51 - 1) + (10Pw31 - 2) + (10Pw51 - 3) —33=0.

Suy ra: Pws: = 0,9750; Pwsz = 0,9722; Pwss = 0,0688; Pyss = 0,9643.

Pws =1— (1 —0,9750)(1 — 0,9722)(1 — 0,9688){1 — u,9643) = 0,99999926.

T8ng quéat, véi n tram lam viéc (n thanh ph%n song song) ta ciing thuc hién twong tu. R6
rang do6 tin ciy cda khdi cdc tram lam viéc rit cao, do d6, do tin ciy cda LAN phu thudc vio khéi
SERVER vi BUS. Chi phi tip trung chid yéu & khdi JERVER.

Pyso =

3.2. Phuong phdp qui hoach déng

Mang mdy tinh, sau khi dwgc bién d8i tréd thanh mét mang két ndi lién két cdc cum thanh
phin néi song song theo dd tin ciy ¢6 thé dwoc coi nhu mét qué trinh nhiéu giai doan.

Bai todn t8i wu qué trinh nhiéu giai doan dwoc phéat bi€u nhu sau:

Tim X = {X1, X2,..., Xi, ..., Xn—1, Xn}7, chién lwoc t8i wu, d€ cwc ti€u ham muc tiéu F(X)
(vi du, tSng chi phi):

F(X) = fi(X) + f2(X) + ... + fa(X) — min

(hodc cuwc dai ham muc tiéu F(X), vi du, dd tin cdy), véi: S; = Si(Si4+1, Xi+1); 0 =10,1,2,..,n; va
céc rang budc trén X; va S; (1 =0,1,2,...,n).

Qui hoach ddng thuc hién t8i wu ting giai doan, bit diu véi giai doan cudi cing (danh s8 thi
tw 13 1), cho dén giai doan diu (d4dnh s8 thi tuw n). Ta cé phuong trinh truy todn cia qui hoach
dong:

F:(Sn) =Ir)}inn [fn(XmSn)'*'Frt—l(Xn—l’Sn—l)]' (17)

Vi du 4. Mang LAN Etherner sau khi bién d6i c6 dang & hinh 1. Gid si, trong ciu hinh ndy chi ¢6
mét Server va 6 tram lam viéc, db tin ciy, chi phi cic thanh phin cho trong bing 1. Tdng chi phi
cdg mang sé la:
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T
Cner = 9 Cing = 100.1+ 2.1+ 6.7 = 444 (18)

=1
va do tin ciy cda mang:

Pxer = [Pr Pyic|(Psus)[1 — (1 — Pws1Pyic)(1 — Pws2Puic)--(1 — Pwse Pnic)]
= [0,9999..0,9966][0,9][1 — (1 — 0,9977.0,9966)°] = 0,8968. (19)

Bdng 1. DS tin cy / chi phi cda cdc thinh phin cda LAN
v61 mot Server va 6 tram lam viéc

Céc thanh phian D6 tin cay | Chi phi | S8 lwong

M3y chd (Server) 0,9999 100 1

Cép mang (Bus) 0,9000 2 1
Tram lam viéc (Workstation) 0,9977 50 .6
Bing.phdi ghép mang (NIC) 0,966 6 7

Cin phai ning cao d5 tin ciy cia mang dat t8i mirc t8i da nhung véi rang budc nhw sau:
Pyer 20,9

Z Cin; < 450 (20)

=1

Thuc té, khong thé tao nén mét dwdng cip du phong diu ndi song song véi duwdng cap chinh,
nghia 12 khong thé ning cao dd tin ciy cda mang lén cao vuot qui do tin ciy cda chinh dwdng cép
ddng truc (BUS). D€ gidi bai todn dit ra, ta c6 hai cach:
Céch I: B3 sung mét NIC tai Server (tirc 12 trong Server c6 2 NIC ndi song song), va ndi véi NIC 1a
mét dwdmg cip ddng truc (tiéc 13 tao nén mot dudng cédp dong truc du phong véi dudng cap chinh).
Céch II: B3 sung mét may vi tinh chi két ndi v&i cic may tram bing hé théng phdi ghép khic: NIC
va cip. Vé1i hai céch nay ta tim phuong 4n t8i wu. Mach bi€n ddi 1a cdu tric 3 giai doan (3 ting),
ta ddnh s8 thi tw giai doan 1 13 Server, giai doan 2 1a Bus, va giai doan cudi 13 cic tram lam viéc.
Céc gi4 tri t3i thiéu ban diu dé 4p dung qui hoach déng cho & bing 1.

3
St dung phwong trinh truy todn (17) va ham muc tiéu: Pygr = [[ {1 - (1 - P)™} — max
=1

vé1 rang bude (20).
Téi wu ting thit nhidt+ =1 (ting Server)
Céch I

fl(Xla Sl) = fl(nl,C'l) = 100.1+ 2.6 = 112,

Pyet(X) = [0,9999(1 — (1 — 0,9966)2)][0,9][1 — (1 — 0,9977.0,9966)°] = 0,8998996.
Ciéch II:

.fl (Xla Sl) = fl (n]_, Cl) = 1002 + 26 = 212,

Pyer(X) = [1— (1-0,9999.0,9966)%][0,9][1 — (1 — 0,9977.0,9966)°] = 0,899989.
So sdnh cd hai cach, chon:

Ff (Sl) = min [fl (nl,Cl)] = 112.
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TGi wu ting 2 va 1 (Bus va Server)
Céch I

F3(X2, S2) = fa(n2, C2) + f1(n1,C1), n1 22, np > 15

ny =2, ng=2: Fp(X3,S;) =112 + 2.2 = 116;
_ Pxer = [0,9999(1 — (1 —0,9966)2)][1 — (1 —0,9)?] [1 — (1 — 0,9977.0,9966)°] = 0,989889.
Céch I .

F3(X2,82) = fa(na, c2) + fi(n1,C1), n1 > 2, ng > 1;

ny =2, ng=2: Fp(Xs,Sz) =112+ 2.2 = 116;

Pyer = [1 - (1—0,9999.0,9966)%][1 — (1 —0,9)?] [1 — (1 — 0,9977.0,9966)°] = 0,989889.
So sdnh hai cach, ta chon céch 1, vi:

F}(S;) = min [f2(n2, S2) + Ff (n1,51)] = 116; Pygr = 0,989889.

Té1 wu giai doan cudi cling

Véi ting 3, ng = 6, mSi thanh phin c6 d tin ciy 13 0,9977 thi cho di ¢ ting thém tram lam
viéc (tc thém thanh phin ndi song song & ting 3) thi dd tin ciy sé khong thay ddi ding ké, vi viy,
khéng cin phai ting chi phi cho giai doan nay (khéng thay ddi ns). Do d6, két qué t3i wu dong thoi
giai doan 3, 2 v 1 va ciing 13 k€t qud gidi bai todn t8i wu theo qui hoach déng la:

F3(S3) = min [f3(ns, C3) + F5(n2,S2)] = 50.6 + 112 = 412 < 450;

PygT =~ 0,9899 > 0,9.

Ta chon bién phdp ning cao dd tin cdy cia LAN theo cach I.
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