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Tém tit:

Hién nay, cdc cong nghé mang truyén thong phdt trién rdt nhanh cung cdp cdc dich vu da phwong
tién téc do cao phuc vu nhu cau ciia nguoi sir dung cac dich vu web. Web caching la vng dung ¢ cdp do
routing va phan I6n bang théng ding cho web véi muc tiéu lam tang toc dé dwong truyén va toc do truy
cdp web. Hién nay, ¢6 mot sé phirong phdp khdc nhau d@é danh gid hiéu nang ciia kién tric internet web
caching. Tuy nhién, phwong phdp mé hinh héa sir dung mang Petri cé mau va thoi gian ngau nhién
(SCPN) |& mét phirong phdp hoan toan méi gitip cho viéc xdc dinh va diéu chinh cdc thong sé hiéu ning
lam t6i wu kién tric internet web caching dwa trén 2 théng sé: tré ddp g va chi phi bang théng kénh
truyén dan. Bai bdo nay dwa ra phiong phdp phdn tich hiéu ndng cia kién triic Internet web caching
theo hiromg tiép cdn diea trén mang Petri nham muc tiéu toi wu héa kién tric internet web caching dé cai
thién téc dé truy cdp web va sir dung cdc dich vu da phwong tién trén mang internet.

Tir khéa: web caching, mang petri (PN), mé hinh mang Petri c6 mau va thoi gian ngau nhién (SCPN).

1. it van dé

Ngay nay, cic cong nghé truyén thong déu
c6 két nbi truy nhap Internet dé cung cip cac dich
vu da phuong tién tdc do cao, thoi gian thuc dén
tan ngudi dung dau cudi sir dung cac thiét bi may
tinh, dién thoai thong minh. Khong thé tinh duoc
c6 bao nhiéu dich vu trén Internet da va dang phat
trién dap tmg nhu cdu ngay cang cao cia hang ty
ngudi dung trén toan cau. Hau nhu tit ca cac dich
vu da phuong tién tdc do cao déu dugc truy nhép
sir dung qua cac dich vu web, do d6 nhu cau bang
thong cuia Internet ting nhanh va cip thiét. Internet
can phai dam bao cung cap cac dich vu véi tré nho
nhung trong khi van phai tiét kiém bing théng. D6
1a yéu cau vé hiéu ning cua Internet. Cho dén nay
¢6 3 giai phap kién trac web caching ma da sb cac
ISP ap dung nhim dap Gng dwoc yéu cau hiéu
ning, d6 1a: kién tric phéan cép (hierarchical web
caching architecture), kién triic web caching phan
tan (distributed web caching) va kién tric web
caching két hop (hybrid web caching). Céc nghién

Khoa hoc & Cong Nghé - S6 12/Thang 12 — 2016

ctru danh gia hiéu ning cua hé théng web caching
& cac bai bao [1], [2], [3], [4], [5] déu cho thdy &
timg cAp mang phai c6 nhiing nghién ctru danh gia
riéng do sy khac nhau vé& luu lwong. Tuy nhién,
hién nay cic nha mang déu sir dung kién tric két
hop. Tai timg cdp mang thuc hién kién tric web
caching phén tan, song khong phai ¢ tat ca cac nit
¢6 cac hé thong web cache, vi Iy do dam bao tiét
kiém chi phi, ma chi & nhitng nat c6 yéu cdu bing
thong cao do c6 sb dong dan cu st dung mang
Internet. Va tit ca cac hé thong web cache nhu vay
lién két ngang hang trong mot tang mang (két ndi
P2P) v6i nhau dé ting mirc do sir dung cua hé
thdng web caching & timg cip mang. Kién truc
web cache phén ting két hop & ddy dam bao cac hé
thdng web cache cua cac ting lién két voi nhau,
nhu vay dam bao ty 1& trang web cao khi yéu ciu
ctia cac client chuyén 1én ting mang trén va ciing
lam tiét kién bing thong giita cac ting mang. Hinh
1 1a so dd cua kién triic web caching két hop cua
cac tﬁng mang lién két v6i co 4 cép chinh.
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Hinh 1. Kién tric Internet web caching két hop

Cip cao nhdt cia toan kién trac web
caching két hop 1a hé thong web caching trung tim
(cap thtr nhat) ciia mang tryc Internet quéc gia, ISP
CC (Central Caches). Tai cac mang khu vyuc cua
mang ISP (ISP Regional Network) c6 cac hé thong
Web cache khu vuc (cdp thir hai), RC (Regional
Caches). Cép tiép theo (cap thir ba) 1a cac hé thng
web cache cua ciac mang dia phuong, IC
(Institutional Caches). Nhimg ngudi sir dung dau
cudi (clients) & cip thir 4. Ching két ndi véi cac
mang truy nhap dia phuong. Céc tram vién thong
tinh, thanh ph c6 cac nat POP (Network Point of
Presence) 1a cac nat truy nhdp dia phuong cua
mang Internet. Tai cac POP dit cac hé théng web
cache, IC (Institutional Caches). Cac client c6 thé
la mot may tinh PC, mot dién thoai di dong, truc
tiép hay thong qua mang LAN, két néi voi Internet
qua cac POP bing cac mang truy nhap nhu Dial-
up, ADSL, mang di déng. Cac POP ¢6 cac lién két
truyén dan tdc do cao véi cac mang khu vuc. Cac
client bang trinh duyét web c6 thé truc tiép hodc
gian tiép qua Proxy server cuc bd cia LAN giri
yéu cau vé trang web qua mang truy nhip dén
mang dia phuong. Trong truong hop Proxy server
cuc b khong c6 nodi dung ciia trang web yéu cau,
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thi Proxy server chuyén yéu cau ciia client dén hé
thdng IC ¢ cac POP dia phwong. Néu hé thong IC
¢6 ndi dung ma client yéu cau (IC hit) thi IC
chuyén noi dung yéu ciu vé cho client (dong thoi
Proxy server cuc bg cling luu ndi dung trang web
nay). Khi trugt IC (IC miss) nghia 1a ndi dung
trang web ma client yéu cau khong co tai hé thong
IC, thi tir hé thong IC yéu cau duoc chuyén lén
mang cép trén - mang khu vuc. Tai mang khu vuec,
néu hé théng RC ¢6 noi dung yéu cau (RC hit) thi
n6 chuyén noi dung vé hé thdng IC, tir hé thdng IC
chuyén tiép vé Proxy server va client. Néu truot
RC (RC miss), yéu cau cia client dugc chuyén 1én
hé théng CC ciia mang qudc gia. Néu hé thong CC
¢6 n6i dung thi ndi dung (CC hit) dugc chuyén vé
hé thng RC, r6i hé thong IC, va dén Proxy server,
dén client. Néu trugt CC (CC miss), yéu cdu tir
client dugc chuyén dén Internet qubc té, dén web
server gdc.

D3 c6 nhiéu nghién ciru tp trung vao cai
thién hiéu nang ctia Web duya trén cac thuét toan
thay thé cic trang web va cac giai phap web
caching. Cac yéu cau ndi dung web tir ngudi dung
phai dugc dap tmg voi tré nho nhit & cac tang
mang. Dap img nhanh nhat dbi voi cac yéu cau
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truy nhap web phu thudc vao cac xac suét tring  Internet web caching tdi wu vé hiéu nang dua trén
cache (hit rate). Nhung khi yéu cau trang cic web  hai thong sb: tr& dap Gng va chi phi bang thong
khéng c6 & ting mang thi cic yéu cau phai dugc  kénh truyén dan, bai bao nay dua ra phwong phap
chuyén 1én ting mang trén, nhu vay tré dap tng phan tich hiéu ning cua kién trac Internet web
con phu thudc ca vao cac lién Kkét truyén thong  caching dya trén mang Petri [6].

gilra cac tang mang. Do d6 dé c6 mot kién tric

2. M6 hinh mang ciia Internet web caching két hop

Origin Servers (OC)

A
Internet
. X 4
Lién két mang A
qubc gia — quéc t& ISP Central Caches (CC)
A 4

Lién két mang khu vire- quéc gia
ISP Regional Caches (RC)

Lién két mang khu vuc - dia

phuong ISP Institution Caches (IC)

Mang truy nhap dia phuong-
Client

— Y

Proxy caches Clients

Hinh 2. M6 hinh cdy ciia kién triic web caching phén tang

Mb hinh cay cua kién truc Internet web caching két hop cho & hinh 2 va hinh 3 1a d5 thi dién giai

cac tré ma yéu cau HTTP tir cac client dén cac web servers [7].
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Hinh 3. D6 thi thoi gian tré cia giao dich HTTP ciia client trén
mang Internet véi kién triic Web caching két hop

Téng quat, néu kién trac web caching cua
mot mang ISP ¢o N cdp mang, yéu cau HTTP cia

client trugt web & cap mang thir N , trang web & hé
thdng web caching ¢ cip mang th i, man i,

thi dap tmg cta hé théng web caching & cip mang
thiri cho yéu cau HTTP cua client s& bang:

E[RI ] (DnM DnREQ) (Dn M Dn 1REQ)
(Diwn  Direg) E[Ci] Diy ... Dyy D,

o)

Trong d6: Dy - tré do truot web & cip

mang tht N ; Dpreg - tré phu thudce bang thong
kénh truyén din ma yéu ciu HTTP cua client (hay
tir proxy server cuc bd) chuyén tir cip mang

thir N dén cap mang tha N 1; Dy, - tr& tra vé noi
dung web yéu cau cho client phu thugc bing thong

kénh truyén dan tir cAp mang thir N 1dén cép
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mang thir N, va phu thudc kich thudc cua ndi dung
web. Vi kién trac 4 tang thi ta co:

Dy - thoi gian trrgt web cuc bd tai mang

cta client, thoi gian nay phu thudc vao tée do cua
LAN (trong d6 c¢6 proxy server) cua client. Néu
client 1a mgt may tinh don 1€ khong qua LAN thi
thoi gian nay c6 thé bo qua.

Dareo - thdi gian ma yéu cau HTTP cua
client dugc giri dén mang dia phuong/co s& (dén
POP hoic dén Router co s&). Thoi gian ndy phu
thudc vao téc do dudng truyén két ndi client qua
mang truy nhap (dial-up, ADSL, v tuyén, di dong,
duong truyén truc tiép) téi cac nat mang dia
phuong/co so', va phu thude kich thude goi yéu
cau, tré qua cac nit mang truy nhap trung gian cia
ting khu vuc nhu quén, huyén dén cac POP.
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Dy - tr& tra vé client khi tring web & hé
thdng IC (trang web cép 3), phu thudc vao bing
thong kénh truyén dan va kich thudc noi dung web
tra vé tir cAp mang dia phuong dén client & mang
cap 4.

DicH - thoi gian dap ung trung binh cia
hé théng web caching IC khi trung web & IC (IC
hit). Thoi gian ndy bao gdm: thoi gian tong thoi
gian (Dam  DareQ ) , thoi gian dép tmg trung
binh ctia hé théng web caching & cAp mang 3,

E(C3) va thoi gian tra noi dung web Dy .
D D

ICH o 4REQ ) E[C3] D4
(Daw = ) EWoo] E[S:] Dy @)
(Daw  weo ) E[Nso] L D,
D

i - dap img trung binh ciia hé thong web
caching 6 mang khu vuc khi trang RC (RC hit):
Drci (Dav Dareg) (Dsv Dareq) E[C:] Ds Dy
(Diree  Daw) (Dsree  Daw) E[Wio] E[S:] D: Dy (3)
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dap mgtrung binhcua héthéng web
caching & mang qudc gia khi trac CC (CC hit):
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DwsH - dap tmg trung binh cua Internet quic té va

web server ngudn:
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0

Nhu vy, truong hop xau nhat 1 khong tring web

yéu cau ¢ tat ca cac cap mang cua ISP trong quoc
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gia va chi tring web trén cip mang Internet qudc
té & web server ngudn. Cong thirc (5) 1a cong thirc
tong quat dé tinh tré truy nhap web cho truong hop
x4u nhat nay. Céac cong thirc trén day [7] cho thiy
su phu thudc vao ting hé théng web caching &
timg cAp mang: cac lién két ngang hang, sb luong
nit hé thdng web caching, giao thic thay thé web
cache, cac lién két ciia cac hé thong web caching
clia cic ting mang v&i nhau, va so luong tang
mang.

3. M6 hinh SCPN kién tric Internet web

caching

Mang Petri ¢6 mau va thoi gian ngiu nhién
chung SCPN (Stochastic Colored Petri Net)  duoc
dinh  nghia boi 9 bo thong sé  [6]:
SCPN (P,T,A ,N,C,E G,1I);trong do6: P—tap
hop cac vi tri co mau (cé dic tinh dit lidu) duoc ky
hiéu bang cac vong tron vai cac thé (ddu cham
den); T —tap hop cac chuyén tiép (c6 thé 1a ham
thoi gian) hodac khong c6 thoi gian (kich hoat  ngay
khi thoa man didu kién cac vi tri vao cua chung
déu c6 the), duge biéu dién 14 cac thanh chir nhat
trang (c6 thoi gian) hodc thanh den (khong c6 thoi
gian); A tip hop cac cung thoa  man:

PTP AT A ; tap hop hitu han
clia cac tap hop mau xac dinh trong SCPN. Tap

hop nay chira tit ca cic mau co thé thé, cac phép
toan va cac ham duoc st dung trong SCPN; N-

ham nat, dugc x& dinh tr A vao trong
PTTP : C —ham mAu, duoc xac dinh tir P
vao trong‘ va anh xa cac vi tri pP véo’ trong
cac mau trong tip hop dugc  viét la

C : P; G - ham giam sat (guard function);
G 4anh xa timg chuyén tiépt T vao biéu

thirc giam sat. Biéu thirc giam sat phai c6 gia tri
boolean true hay false, va duoc viét la:
t T: Type(G(t)) BooleanType(Var(G(t)))

Trong d6 Type(Vars)  chitap hop cac

kiéu Type (v) |v Vars Vars la tip  hop cac

bién, Vars (G(t)) chi cac bién sir dung trong g(t).
E- ham biéu thirc cua cung. E 4nh xa timg

cung a A vio trong biéu thire E. Cac kiéu cta
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vao va ra cua cac biéu thirc cung phai tuong ting
v6i kiu cia cac nut dugce noi boi cung:

A Type(E(a))  C(p(a)ws

Trong @6, P(a) 1a vi tri trong A(a) va C( p)ms
1a tap hop hitu han cac multiset.

a

Type(var(E(a)))

| —ham Kkhéi tao. | anh xa tirng vi tri p vao

trong cac biéu thirc khoi tao (khong co cac bién)
nhu rang:

p P:Type(l (p)) C(pws Var(l (p))

Dbi v6i chuyén tiép c6 thoi gian, khi duoc
phép (néu cac vi tri vao ctia n6 déu cé thé), né bat
du kich hoat, léy cac thé ra khai cac vi tri vao.
Tuy nhién cac thé chi dugc dua vao cac vi trira
ctia chuyén tiép ngay khi tré két thuc. Cac thé bi
“giil trong chuyén tiép” trong khoang tré kich hoat.

Két qua nghién ctru trong [7], [8] ¢6 dé xuat
sir dung mang hang doi dé phan tich hiéu nang ciia
kién tréic Internet web

online_data_IC_request_time := 30

nen_online_data_IC_receive_time := 30
online_data_IC_receive_time := 40

o

T_non_online = #1C_web_access/(non_online_data_IC_request_time-+non_online_data_IC_receive_time)
T_online = #IC_web_access/(online_data_IC_request_time+online_data_IC_receive_time)

(@)

nay dé xuét st dung SCPN dé mé hinh hé théng
web caching va phan tich hi¢u nang cua h¢ thong
web caching; TimeNET la phan mém dugc sit
dung dé mé phong mo hinh d& xuat trén.

Hinh 2(a) 1a m6 hinh SCPN hé thong

Internet web caching ¢ 16p IC va kich ban cho rang

http client yéu cAu ndi dung web c6 ngay & IC,
nghia 1a c6 IC-hit. Vi tri client_request voi 2 loai
thé: thé 1: thé hién loai dir liéu khong online
(non_online_data) va thé 2: thé hién loai dit liéu
online (online_data). Hinh 2(b) va (c) 1a két qua
xéc dinhcac théng s6 T non_online va T online =
(s6 Iwong truy nhap IC)/(tré trung binh & cip mang
IC)theoms (toa d§ Y) vachay trong khoang 9
seconds v6i sb 14n kich hoat thé hién s yéu ciu
web tir client (toa d6 X) ddi v6i non_online_data
va online_data.

caching két hop. Bai bao

El T_online<Result:Mean>,<-ConfMin>,<+Conf... u'( =@ E

0.0z

|—T_online<Resulr.:Mean>] (17946 points)

0.015

0.005

T T
80 80

(b)

0.015

0.005

Hinh 4. (a) mang SCPN ciia cdp webching cache IC khi ¢é IC-hit
(b) Tré nhén néi dung web véi non-online-data, (c) Tré nhdn néi dung web véi online-data
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Hinh 5. (@) mang SCPN ciia hai cdp webching cache IC-RC khi ¢6 1C-miss va RC-hit
(b) Tré nhdn néi dung web véi non-online-data, (c) Tré nhén ni dung web véi online-data

Hinh 5 (a) 14 m6 hinh SCPN hé thdng
Internet hai cdp web caching IC-RC khi IC-miss
va RC-hit, trong d6 vi tri RC-request thé hién mo
hinh SCPN con cho RC (hinh 5(b)). Hinh 5(c) va
(d 1a két qua xac dinh cac thong sb
T non_online_IC to RCvaT online IC to RC
= (s6 lugng truy nhap IC)/(téng tré trung binh ctia
cap mang IC va RC) theo ms (toa do Y) va chay
trong khoang 64 seconds vdi s6 1an kich hoat thé
hién sb yéu cdu web tir client (toa do X) dbi véi
non_online_data va online_data.

C6 thé b?mg cach tuong ty xac dinh duogc
cac mo hinh SCPN cho hé théng 3 cip web
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caching IC-RC-CC khi c¢d IC-miss, RC-miss, CC-
hit, va hé théng 4 cip web caching IC-RC-CC-OC
khi IC-miss, RC-miss, CC-miss, va OC-hit.

4. Phan tich va két luan

V6i mét cp web caching, vi du IC (hinh 4),
két qua mo6 phong phu thude vao sb yéu ciu web tir
client va tré trung binh & cac cip web caching. Déi
voi dit liéu online, thong thuong cé d6 dai 1on nén
ching c6 chi phi tré trung binh 16n hon so véi dit
liéu non-online (thé hién & cac thong s6 dat trude
trén cac hinh 4(a) va 5(a)). Do d6 théng sé hiéu
nang T online <T non_online nhén dugc ndi
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dung web yéu ciu 1a nho nhat. Véi hai cap
webcaching IC-RC khi IC khéng san sang ndi
dung (vi tri IC_content not ready c6 thé) két qua
mo phong & hinh 5(c) va (d) cho thdy ban dau vi ty
s6 IC-miss va noi dung web can dugc 1ay tir cap
RC v6i tré truy nhap 16n nén gia tri
T_online_IC_to_RC < T_online_IC va
T non_online IC to RC < T non_online. Véi su
ting s6 thé tr RC dn vi
IC_web content_ready, ty s6 IC_hit cao 1én, do dé
tré truy nhap giam, khi d6 T online IC to RC >
T_online_IC va T_non_online_IC_to_RC >

Tai li€u tham khao

T_non_online. Nhu vay, voi sd cip web caching
tang ta co thé giam tré truy nhap Internet, trong khi
khéng can phai ting dung luong bing thong cua
timg cAp mang.

Vé6i phuong phap mé hinh héa bang SCPN
va dua vao cac dic tinh vé dit liéu cho céc loai thé
trong cac vi tri nhu mirc wu tién, d6 dai dix liéu
(hay s lugng cac géi tin), va thay doi cac thong sb
vé tré trung binh cua cac cAp mang web caching, ta
¢6 thé xac dinh cac thong sd hiéu niang khac dé
danh gia hiéu niang cua kién tric Internet web
caching.

Carey Williamson, Mudashiru Busari: Simulation Evaluation of Web Caching Architectures,
M.Sc. Thesis, June 2000, Department of Computer science, University of Saskatchewan,

Haohuan Fu, Pui-On Au, Weijia Jia, 2004. Performance Evaluation of Replacement Algorithms In
Hierarchical Web Caching. Book series Lecture notes in computer science, Publisher “Springer

A. Rousskov, “On Performance of Caching Proxies”, In ACM SIGMETRICS, Madison, USA,

M. Deshpande, G. Karypis, “ Selective Markov models for pedicting Web page access”. ACM
Ho6 Khanh Lam, “Mang Petri: Iy thuyét va tng dung". Truong Dai hoc Su pham K§ thuat Hung

Ho Khanh Lam, Nguyen Xuan Truong, “Performance Analysis of Hybrid Web Caching
Architecture”. American Journal of Networks and Communications. 2015; 4(3): 37-43.Published

Ho6 Khanh Lam, Nguyén Xuén Truong, "Str dung mang hang doi phan tich anh huong cua cac

client proxy server trong kién triac web caching". Tap chi Khoa hoc va Cong nghé - Pai hoc Thai

[1].
http://www.cs.usask.ca/faculty/careyi/.
[2].
Berlin/Heidelberg”, ISSN 0302-9743(print) 1611-3349 (online), volume 3129/2004.
[3].
September 1998.
[4]. C. Maltzahn, J.Richardson, “Performance Issues of Enterprise Level Web Proxies”, 1998
[5].
Transactions on Internert technology, May 2004.
[6].
Yén, NXB KHKT, 2015.
[7].
online April 24, 2015 (http://www.sciencepublishinggroup.com/j/ajnc). doi:
10.11648/j.ajnc.20150403.13.1SSN: 2326-893X (Print); ISSN: 2326-8964 (Online)
[8].
Nguyén Tap 137, s6 07, 2015. ISSN: 1859 - 2171.
96 Khoa hoc & Cong Nghé - S6 12/Thang 12 — 2016

Journal of Science and Technology



ISBN 2354-0575

ANALYSIS PERFORMANCE OF INTERNET WEB CACHING BASED ON USED PETRI
NETWORK MODEL HAS COLORS AND RONDOM TIME (SCPN)

Abstract:

At present, the communication network technology developed rapidly provide high speed
multimedia services to serve the demand of web services 's users. Web caching is an application-level
routing and bandwidth for most of the web with the goalsare increasing the line speed and the web access
speed. Currently, there are several different methods to evaluate the performance of internet web caching
architecture. However, modeling methods use colored Petri network and random time (SCPN) is a
completely new method helps to identify and adjust parameters to optimize performance of internet web
caching architecture based on two parameters: delay and cost to meet the transmission bandwidth
channel. This paper gives a method for analyzing the performance of Internet web caching architecture
oriented based approach Petri net aims to optimize web caching architecture to improve web access
speed and use multimedia services on the internet.

Keywords: web caching, Petri network (PN), Petri network model has colors and random time (SCPN).



