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PHAN TiCH KIEN TRUC NHO PEM WEB KET HOP
CUA MANG INTERNET
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Tap doan Buu chinh-Vién thong, Cong ty Dién todn va Truyén so liéu

Abstract. This paper uses markov chains to analyzes the performance of hybrid web caching archi-
tecture used by most of ISPs. The hybrid caching architecture has combines the avantages of both
hierarchical and distributed caching, reducing the connection time as well as transmission time, helps
ISPs to plan and save network resources at every level optimally. The analysis based on define web
hit time at every network level, and common web hit time for ISP network with levels with hybrid
caching architecture.

Tém tdt. Bai bdo nay st dung cdc chudi Markov dé phan tich hiéu ning cia kién tric nhé dém
web két hop duwoc hau hét cdc nha cung cap dich vu Internet sit dung. Kién trtic nhé dém web két
hop ¢6 céc wru diém cia cé kién tric nhé dém web phan tang va phan tén, gidm thoi gian két noi va
thoi gian truyén, giup cdc nha cung cip dich vu Internet 1ap ké hoach va tiét kiém tai nguyén mang
& tung cap mot cach toi wu. Phan tich dua trén su xdc dinh thoi gian tring web & tirng cAp mang,
va thoi gian tring web chung cia toan mang cia nha cung cip dich vu Internet véi n cAp mang st
dung kién tric két hop nhé dém web.

1. GIOT THIEU

Mot trong nhirng gidi phdp nang cao hiéu niang ciia dich vu web: gidm tré truy nhap web
cho cdc client gidm chi phi bang thong, 1a ¢6 dwoc kién tric web caching phu hop. C6 3
loai kién tric web caching ma da s6 céc ISP &p dung, d6 la: kién tric phéan cap (hierarchical
web caching architecture), kién triic web caching phéan tdn (distributed web caching) va kién
tric web caching két hgp (hybrid web caching). Kién triic web caching phan tang cho phép
cac yéu cau tir nguoi st dung dau cudi dinh tuyén tir mang cap thip (cdp mang truy nhép)
dén cédc mang cap cao hon: cap dia phwong (institutional network), cap khu vie (Regional
network), ¢dp quoc gia (national network) cia mang ISP, néu tat cd cap mang cia mang ISP
deu khong ¢é noi dung web ma client yéu cau thi yéu cau dwoc chuyén lén Internet qudc té.
Nhu vay day 1a triwong hop xau nhat, va né cho tré mang lén nhat dé ¢é diroe mot noi dung
web ma client yéu cau. Pong thoi kién tric nay cho ty 1@ tring cache khong cao & tirng cap
mang, nhung lai yéu cau bang thong 16n gitra cic ciAp mang.

Kién tric web caching phan tan lai ddm bdo cdc hé thong web cache lién két ngang hang
v6i nhau trong tirng cap mang, nhwr vay dam bdo ty s6 trung web cao & tirng cap mang, va
nhuw vay sé tiét kiém bang thong gitra cdc cAp mang. Tuy nhién kién tric nay lai yéu cau dau
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tu chi phi lén cho cdc hé thong web cache & tirng cAp mang: bang thong va cic web server.

Origin
Servers

ISP Regiona
Caches

Hinh 1. Kién triic web caching phan tang cia Internet

Hé théng web caching két hop 14 mot gidi phdp ma cdc ISP thudong st dung, N6 két hop
hai loai kién triic phan tang va két hop. Tai tirng cAp mang thie hién kién tric web caching
phan tan, song khong phai & tat cd cdc mit ¢ cidc hé thong web cache, vi ly do dam bao
tiét kiém chi phi, ma chi & nhimng nit ¢é yéu cau bang thong cao do ¢6 s6 dong dan cur sir
dung mang Internet. Va tat ca cidc hé thong web cache nhuwr vay lién két ngang hang trong
mot ting mang (két néi P2P) véi nhau dé tang mirc do sir dung cla hé théng web caching
& tirng cap mang. Kién tric web cache phan tang két hgp & day ddm bao cdc hé thong web
cache cua cdc tang lién két v4i nhau, nhu vay dam bao ty 1é tring web cao khi yéu cau cia
céc client chuyén lén tang mang trén va ciing lam tiét kién bang thong gitra cdc tang mang.
Hinh 1 13 so do cia kién tric web caching két hop cia cdc ting mang lién két véi ¢é 4 cap
chinh. Cap cao nhit cia toan kién tric web caching két hop 1a hé thong web caching trung
tam (cdp 1) cua mang truc Internet quoc gia, ISP CC (Central Cache). Tai cdc mang khu
vire cua mang ISP (ISP Regional Network) ¢é cdc hé thong Web cache khu vire (cédp 2), RC
(Regional Cache). Cap tiép theo (cap 3) 1a cdc hé thong web cache cia cdc mang dia phwong,
IC (Institutional Cache). Nhirng nguoi sir dung dau cudi (client) & cap mang 4. Ching két
noi véi cdc mang truy nhap dia phwong. Céc vien thong tinh, thanh phd c¢é cac mit POP
(Network Point of Presence) la cdc mit truy nhap dia phwong cua mang Internet. Tai cac
POP dat céc hé thong web cache, IC (Institutional Cache). Céac client ¢6 thé 13 mot may tinh
PC, mot dién thoai di dong, trire ti€p hay thong qua mang LAN, két noi véi Internet qua cde
POP bang cdc mang truy nhap nhw Dial-up, ADSL, mang di dong. Cdc POP c¢6 céc lién két
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truyén dan toc do cao véi cdc mang khu vure.

Céc client bang trinh duyét web c¢é thé truc tiép hoac gidn tiép qua Proxy server cuc bo
cia LAN giri yéu cau vé trang web qua mang truy nhap dén mang dia phwong. Trong trudng
hop Proxy server cuc bo khong ¢6 noi dung ctia trang web yéu cau, thi Proxy server chuyén
yéu cau cia client dén hé thong IC & cdc POP dia phwong. Néu hé thong IC ¢6 noi dung
ma client yéu cau (tring IC) thi IC chuyén néi dung yéu ciau vé cho client (dong thoi Proxy
server cuc bo ciing lrru ndi dung trang web nay). Truwomg hop tring IC (IC hit) thoi gian dap
trng yéu cau cua client (hay thoi gian tré ddp ng) 14 nhé nhat. Khi trwgt IC (IC miss) nghia
14 ndi dung trang web ma client yéu cau khong c6 tai hé thong IC, thi tir hé thong IC yéu
cau dugce chuyén lén mang cap trén- mang khu vie. Tai mang khu vie, néu hé thong RC ¢é
noi dung yéu cau (RC hit) thi né chuyén noi dung vé hé théng IC, tir hé thong IC chuyén
tiép ve Proxy server va client. Néu trirgt RC (RC miss), yéu cau cia client dwge chuyén lén
hé thong CC ctia mang qudc gia. Néu hé thong CC ¢ noi dung thi noi dung (CC hit) dwge
chuyén vé hé thong RC, roi he théng IC, va dén Proxy server, dén client. Néu trwgt CC (CC
miss), yéu cau cta client dwge chuyén dén Internet quoc t&, dén web server gdc.

2. CAC NGHIEN CUU VE HIEU NANG
CUA CAC KIEN TRUC WEB CACHINH TREN INTERNET

Céc tdc gid Pablo Rodriguez, Christian Spanner,... [1] da dwa ra mo hinh cta céc kién
triic web caching phan tang va phan téan, va phan tich hiéu niang cua cdc kién tric nay véi
thoi gian két noi, thoi gian truyen, tré, va toc do tring cache dira theo 1y thuyét xép hang véi
m6 hinh markov M/D/1. Tuy nhién trong nghién cttu nay céc tdc gid cho rang thoi gian két
noi trung binh & cdc tang mang 1a giong nhau va chi phu thudc vao s6 tang mang. Piéu nay
14 khong chinh xdc vi thue té & moi thng mang bang thong khac nhau, téc do truyen dir liéu
khdc nhau, tré khdc nhau va cdc hé thong web cache cong sudt khac nhau, mirc do két hop
(hgp téc) cing khac nhau, va & ting mang thap nhdt - tang mang truy nhap cting phu thude
rat nhiéu vao cdc cong nghé mang truy nhap, mirc do tap trung dan cw & cdc mit dia phwong
va cac mang dau cudi cua ngudi dung. Piéu nay cting da dwoc cdce tdc gia Guangwei Bai,
Carey Williamson [2] phéan tich cdc dac tinh tai trong kién tric web caching phan tang, hoac
cua cde tdc gid Abdullah Balamash and Marwan Krunz [3] khi phan tich hé thong caching
cho lrru lrong Web. Céc nghién citu ddnh gid hiéu nang cia céc hé thong web caching cia
cac tdc gid & cde bai bdo [4 — 8] déu cho thay & ting cdp mang phai ¢6 nhirng nghién citu
danh gi4 rieng do su khéc nhau ve Iwu lrong. Cong cu chudi Markov diroe sir dung phé bién
dé danh gid phan tich hiéu nang cia cdc kién tric web caching, ciia web Proxy server. Cong
cu chudi markov va cdc mo hinh hang doi phit hop cho cdc ddnh gid phan tich hiéu nang cia
cdc hé thong vién thong. Va noi dung bai bdo nay ciing sit dung chudi Markov dé phéan tich
ddnh gid hiéu nang cua kién tric web caching két hop.
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3. GIAI PHAP

Dua theo két qua nghién citu cia céc tdc gia cia bai bdo [1], & day dé xudt so do mo
hinh cay cia kién tric web caching két hgp (Hinh 2). Céc hinh chir nhéat boi den & tirng téng
mang thé hién s két hgp ngang hang (P2P) cia cac hé théng web cache.

quéc gia -
quocte ___ ¥ _______
Lien két
mang khu
vire- qubc
ga __y____
Lién két
mang khu
ve - dia

Mang truy
nhap dia
phuong-
Client

Proxy
caches

Hinh 2. Mo hinh cay cia kién tric web caching phan tang

Dé nhan thay kién tric web caching két hop lam cho tré truy nhap cdc noi dung web ctia
cac client dwge gidm di néu ty 1é tring web (web hit) cao & tirng ting mang. Nhung néu
trrgt web (web miss) xay ra & nhiéu ting mang thi tré truy nhap web cang 16n.

Pé phan tich hiéu nang cia hé thong web caching két hop, khac véi cadc phwong phép
phan tich ciia cdc nghién ctru truede day, bai bdo nay dwa ra mo hinh xép hang véi chuoi
Markov thoi gian lién tuc (CTMC) cho hé thong web caching. Vi & moi ting mang cdc web
server vé nguyén tac ¢ cau hinh, cong sudt giong nhau, ching lién két ngang hang nhau, va
cac truy nhap dén ching déu cé thé t&i bat ky, do vay moi hé thong web caching & tirng
cap mang c6 thé dwoc coi gom nhieu server két noi song song va dwoce bicu dién bang mot
m6 hinh hé thdng M/M/m/q véi cd mat méat va tré. Cho rang cdc yéu cau HTTP tir hé
thong web caching cia céc client dén doc 1ap véi nhau, va so lwong cde client ¢6 yéu cau phat
sinh HTTP khong bi gi¢i han. Thoi gian gitra cédc yéu cau HTTP dén hé thong va thoi gian
phuc vu cia céc hé thong c¢6 phan bé mu. Hé thong web caching ¢6 m server giong nhau,
m = 1,2, ... Ching ¢6 dung lwgng nhé dém (cache) bi gidi han dwge mo hinh nhw cdc hang
doi nhan cdc yéu cau HTTP véi do dai 1a ¢. Vi do tré truyén dan do moi trwong mang &

tirng cap mang khéc nhau nén ta cho rang toc do dén trung binh cia cdc yéu cau HTTP &
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tirng cap 1a \;, ¢ = 0,1,2,...,ntrong d6 n 1a cdp mang, va toc do phuc vu trung binh cia cdc
hé thong web caching (server) & tirng cdp mang 1a p;, i = 0,1,2,...,n. Mitc do sit dung cia
tirng web server 1a U = \;/p;. Tong quat néu, néu hé thong web caching & tirng ting mang
gom c6 m server két néi song song va c¢é q cho trong hang doi thi ta c6 do thi trang théi cla
CTMC cho & Hinh 3.

m server — trang thai q ché trong hang doi

Hinh 3. Do thi trang thdi CTMC cia hé théng web cache M/M/m/q

Déi véi chuoi CTMC nay cac ding thitc can bang luong dwoc théoa man nhir sau:
+ Khi0<k<m:

Aipio = Mipi1, Pi1 = Uibio
U2
AiPi1 = 2ipi2, Pi2 = 7’191‘0
U2 Uk
Aipi2 = 3uipi3, piz = F’pio = pip = k—"pio, Vk=1,2,3,....,m. (1)
Uk '
AiDik—1 = kpipix, pik = kf’,pio
‘rTm

AiDim—1 = MUiDim, Pim = L,pio
\ m!

trong déd, p;o 1a xdc suat ma yéu cau HTTP cia client dén khi tring web & cap mang 4 va hé
thong web cache dang & trang thai roi.

pir 1a xdc suat ma yéu cau HTTP cia client dén khi tring web va hé thong web caching
cla cdp mang i dang & trang thai k (dang phuc vu k yéu cau HTTP).

+ Khi m < k nhung khong gian trong hang doi ¢é tir 1 dén g¢:

A U
AiPim = MUiPim1)s Pitme+1) = — —Pim = W(E)pio

AiDi(m+1) = MEiDi(m+2)s Pi(m+2) =

/\ipi(m—i-k—l) = MUEUiPi(m+k)s Pi(m+k) = m_/:pi(m+k—l) = W(E)kpio
i !

urm U
= pz(m+k) = ﬁ(ﬁ)kpl(]v Vk = 17 27 3) s q.
+ Da6i véi mo hinh M/M/m/q nay diéu kién binh thwong héa phai dwge thoa man, dé la
tong cac xac suat phai bang 1:
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m+q 2 3 m—1 m m m m
1—;p,k—p10<1+U+ +?+ +ﬁ+ I m'(m)—i—‘*—m'(a)q)
0
Ta c¢o:

Suy ra:

m k m 9 ) _
pio = % = ( (]iz, + vi Z(%)k> ; (2)
k=1

+ Khi toan bo m server va cd ¢ cho trong hang doi ciia hé thong web caching cta tirng
cap mang déu ban thi yéu cau HTTP mdi dén hé thong sé bi khéa (khéng dwoc dwa vao
hang dgi). Pay chinh 1a trueomg hgp nghén tai tang mang ¢ khi toan bo hé thong web caching
v&i m server da qua tai. Trang thai nay duoc xdc dinh bang xéc sudt khéa hay xdc sudt mat
mét tai cdp mang i va bang Bi = pj(m-q),

(Y 3)

Nhw thé xdc suat khach hang méi dén phai chd doi chinh 1 xdc sudt ma m server ban

Bi = pmiq = ]

va hang doi con ¢6 cho trong 12 pj(, g v6i 1 <k <gq.

Theo dinh luat Zipf va Internet [9], ta c6 thé xdc dinh s6 lwrgng truy nhap trén s6 dong
dan cur tai cdc dia phwong. Phai ¢6 thong ké dir bdo dan cur truy nhap & tirng khu vue, va
dira vao két qua nay xay dung cdc hé thong web caching véi cde server cong suat t6i wu (CPU
va dung lrgng nhé) dam béao cho gid tri q chita dwge t6i da s6 lwgng cdc yéu cau HTTP.

Vé&i mo hinh M/M/m/q nay ta cé thé tinh cdc thong s6 hiéu nang cho hé thong web
caching cho tirng cap mang i nhur sau:

1) S6 lwong cdc yéu cau HTTP ¢6 trong hang doi cia hé thong web caching cia tang
mang i, E[N;g] :

m

q
Um Ui U
= kPitmir) = pio~ v ((E)+2(
k=1 '

m

B a())) = pro i K

! m
k=1
(4)
2) Thoi gian chd doi trung binh ctiia mot yéu cau HTTP & hé thong web caching cua tang
mang i dé duge phuc vu E[W;q] duge xéc dinh theo luat Little:
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E[Wiq] = % = %(po%;k(%)k) (5)

3) Thoi gian ddp ing trung binh E[C;] cia hé thong web caching & tirng cdp mang i:
Pay 1a thoi gian trung binh ma mot yéu cau HTTP cua client (ndi dung web) dwge xir
Iy trong hé thong web cache (gom thoi gian chy & hang dgi va thoi gian dwge phuc vu (noi
dung web dugce tim ra):
ElNigl | 1 (6)
Ai 1
Tong quat, néu kién tric web caching ctia mot mang ISP ¢6 n cdp mang, yéu cau HTTP

E[Ci| = E[Wio]l + E[S;] =

cla client trwot web & cap mang thit n, tring web & hé théng web caching & cap mang thi
¢ ma n > 7 thi ddp ng cia hé thong web caching & cdp mang thit ¢ cho yéu cau HTTP cia

client sé bang:

E[Ri] =(Dnpm + Dpreg) + (Dn—1m + Dp—1rEQ) + - + (Digim + Divireg) + E[Ci]+
Diy1+ ...+ Dno1+ Dy, (7)

trong do:

Dy, - tré do trirgt web & cap mang thit n.

DyrEq - tré phu thudc bang thong kénh truyén dan ma yéu cau HTTP cua client (hay
tir proxy server cuc bo) chuyén tir cAp mang thit n dén cdp mang thir n — 1.

D,, - tré trad vé noi dung web yéu cau cho client phu thuoc bang thong kénh truyen dan
tir cap mang thit n — 1 dén cdp mang thit n, va phu thuoc kich thuwée cia noi dung web.

Dien gidi twong tu cho cdc ting mang cia cau tric mang Internet ciia hau hét cdc nha
cung cip dich vu (ISP), ta c6 mot do thi biéu dién thoi gian tré cla giao dich HTTP & Hinh
4. Trong do thi nay ta c6 cdc thoi gian nhir sau:

Dy - thoi gian truot web cuc bo tai mang cia client, thoi gian nay phu thudce vao toc
do cia LAN (trong dé ¢6 proxy server) cua client. Néu client 1a mot médy tinh don 1& khong
qua LAN thi thoi gian nay cé thé bd qua.

Dyppg thoi gian ma yéu cau HTTP cua client dwgce giri dén mang dia phwong/co s
(dén POP hoac dén Router co s&). Thoi gian nay phu thudce vao tée do duwong truyén két
noi client qua mang truy nhap (dial-up, ADSL, vo tuyén, di dong, dwdong truyén truc tiép)
t¢i cdc nit mang dia phwong/co s& , va phu thugce kich thude géi yéu cau, tré qua cdc nit
mang truy nhap trung gian ctua tirng khu virc nhwr quan, huyén dén cdc POP.

Dy - tré tra veé client khi tring web & hé thong IC (tring web cap 3), phu thudc vao bang
thong kénh truyén dan va kich thwée noi dung web tr vé tir cdp mang dia phwrong dén client
& mang cap 4.

Doy - thoi gian dép ttng trung binh cia hé thong web caching IC khi tring web & IC
(IC hit). Thoi gian nay bao gom: thoi gian tong thoi gian (Dyy + Dagrpg), thoi gian dép
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ng trung binh cua hé thdng web caching & c¢dp mang 3, F(C3) va thoi gian trd noi dung web
Dy.

. ' ' ' ' ' ' ' I . Origin
Client (4) IC(3) RC (@) CcC ) Servers (0)
A A ARDyy .
Client recuest
Dyreg
3M Request to
= EW3p) RC
= D
a 3REQ

. Contert to Client 1531 D

i E[WZQ] M Request to

i v D CcC

A 4 E[sy)  Parep
Content to IC
m Dijpr  Requestto
8 E[WIQ ] Web Server
. D
A Contert to Client 3 El5)] Direg
Content to RC
Bl | Dy oo
Content to IC )
[a Content to CC ElSps]
Content to Client D
Content to RC
\4 Dy
Content to IC
Contert to Client
A 4
v v v v

Hinh 4. D6 thi thoi gian tré cia giao dich HTTP cuia client trén mang Internet
véi kién tric Web caching két hop

DicH :(D4M + D4REQ) + E[Cg] + Dy = (D4M + D4REQ) + E[WgQ] + E[S3] + Dy
E|N: 1
ElNsol L 1\ p, (9)

= (Dyp+ D +
(Dam AREQ) e 1

Dprop - thoi gian ddp ting trung binh cia hé thong web caching & mang khu vue khi
tring RC' (RC hit):

Dicr =(Day + Darpg) + (Danv + Digrpg) + E[Co) + D3 + Dy
= (D4M+D4REQ) (D3M+D33EQ)+E[ ]+E[52]+D3+D4
B[Ny

]+—+D + Dy. (10)
A2 K2

= (Dam + Darpg) + (Dsm + Dagpg) +

Doy - thoi gian dép ttng trung binh ctia hé thong web caching & mang qudc gia khi tric
CC (CC hit):
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Dccrn = (Dam + Darpg) + (D3 + D3peg) + (Dan + Darpg) + E[Ch1] + Do+ D3+ Dy

= (Dap + DyrEqg) + (Dspr + DgREQ) + (Do + Dorpqg) + E[W1Q] + E[S1] + D2 + D3 + Dy

E[Nygl 1
= (Dam + Dare@) + (Dsy + D3rpq) + (Do + Darpg) + ——— + T + Do+ D3+ Dy.

A2
(11)

Dw sy - thoi gian ddp tng trung binh ciia Internet qudc té va web server nguon:
Dwsu = (Dan + Darpg) + (Dav + D3rpg) + (Dam + Darpg) + (Div + Dirpg)+
E[Cl] 4+ Do + D3 + Dy

= (Dam + Dargpg) + (Dsm + Dsrpg) + (Dam + Darpg) + E[Wig] + E[S1] + D2 + D3 + Dy

E[N 1
Nal Ly p, 4 pytoDa
A1 0

(12)

= (Dam + Dare@) + (Day + D3reg) + (Do + Darpg) +

Nhu vay, treomg hop xau nhat 14 khong tring web yéu cau & tat ca cdc cdp mang cua ISP
trong quoc gia va chi tring web trén cap mang Internet qudc té & web server nguon. Cong
thirc (12) 13 cong thirc tong quat dé tinh tré truy nhap web cho truomg hop xdu nhat nay.
Cong thirc nay cho thiay su phu thudc vao tirng hé thong web caching & tirng ciAp mang: céc
liéen két ngang hang, so lwong nit hé thong web caching, giao thirc thay thé web cache, céc
lién két cia cdc hé thdng web caching cia cdc ting mang véi nhau, va sé lwong tang mang.

Tinh todn minh hoa mot s8 théng s cda mo6 hinh M/M/m/q

Cdp mang 4: Cho rang, hé thong web caching ¢c6 m = 5 server; hang doi (s6 cdc yéu cau
HTTP) ¢ = 10. bé dat dwoc mitc do st dung cia hé théng web cahing & cdp mang 4,
Uy = 2—: = 1 thi t6c do dén trung binh cta cdc yéu cau HTTP phai bang téc @6 phuc vu
trung binh ctia hé théng web caching & cdp mang 4. Nhuw vay, tir bieu thitc (2) ta suy ra
pao = 1. Xéc suat khoa khi toan bo 5 server cia hé thong web caching & tang 4 sé 1a vo cling
nho, nghia 13 it ¢6 khd ning nghén & ting mang 4, va bang:
1.1
Bi=53

Néu chi tang m - s6 lwong server két néi cia hé théng web caching clia ting mang (gitr

)10(1) ~ (0,008)(1,024)10~".

nguyén gia tri ¢), hodac tang cd ¢ va m nguyén thi xdc suat khéa sé tién nhanh dén 0. Nhuw
vay theo cdc cong thite (4) va (5) s6 lwong trung binh cdc yéu cau HTTP & trong hang doi
va thoi gian cho doi sé bang 0. Vay céc cong thire (2), (3) va (4) gitip cdc nha thiét ké va
qui hoach mang xac dinh s6 lwong céc server va dung lwrgng bo nhé twong ting cia hé thong
web caching cla tang mang. Theo cong thite (6) ta nhan thdy trong trwong hop xdc sudt
khéa bang 0 thoi gian ddp trng trung binh cia hé thong web caching ciia tang bang chinh
thoi gian phue vu trung binh cia tat ca céc server trong hé thong.
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Cdc cdp mang con lai: Cing véi phan tich twong tu ta ¢ thé tinh dwgce cdc thong s6 hiéu
nang theo céc cong thire (2),(3),(4),(5),(6) cho tirng ting mang véi cde hé thong web caching
trong tmg. Va tong quat theo cong thite (7) ta tinh dwgce ddp tmg trung binh cia hé thong
web caching ctia tang i.

K&t luan. Bai bdo nay dé xuat 4p dung mo hinh M/M/m/q cho kién tric web caching két
hop cua Internet véi cde két qua cia mo hinh nay 1a cde cong thite nhan dwoce (1), (2), (3),
(4), (5), (6), (7) gitip cho céc nha thiét ké qui hoach mang mot cong cu dé tinh toan hiéu
nang ctia cac hé thong web caching can xay dung néu c6 cic gid tri vé céc kénh truyén dan,
s6 nit mang, thong ké du bdo s6 nguoi ding & tirng dia phwong, khu vie. Céce két qua dua
ra khong giong véi cac nguyén ciru twong tu trude day [1] & cho né chi tiét dén tirng cip
mang véi cdc thong sé vé thoi gian tré cia truyén dan, cia tirng hé thong web caching. Va
né dé dang & chd chi can dp cdc gid tri cu thé ciia mang Internet dinh thiét ké hay dang khai
thac ¢6 thé xdc dinh cédc gid tri hiéu nang cin thiét. Nhimg két qua nay chwra diwroc cong bo
& bat ctr tap chi khoa hoc nao.

Hudéng nghién citu tiép sé 1a mo hinh chudi markov M/M/m/q duge 4p dung dé tinh
toan cu thé cho tirng hé thong web caching riéng biét cho mot sé dich vu biang thong rong
trén Internet nhu Game-online, IPTV, web conferencing, Internet telephony;...
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