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Abstract

HTTP or audio/video streaming services are good candidates for future centralized navigation system and
in order to provide stability for such services, service providers use a cluster of web servers. In this paper,
we provide the criteria for web server cluster design of vehicular users with consideration of differentiated
access per different user classes. Several feasible scenarios are examined and their performance analysis using
queueing theory is presented to provide the foundation for web server cluster design using traffic load balancer.
Through the thorough analysis, efficient criteria for traffic load balancer design is derived. In order to satisfy
users' service requirements, priority services controlled by traffic load balancer are considered and analyzed.
We also provide the evaluation of the accuracy of the analytical model through simulation.
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E 124 MuoMe HAXAE, TEE, AFEE
Table 1. Average delay, arrival rate and utilization in each type of servers
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Table 2. Average delay per service class with consideration of priority for non preemptive policy
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Table 3. Average delay per service class with consideration of priority for preemptive policy

— . Nﬂh_)‘h(l_Pf)
Whonfp = g, (N, — 2, (1= Py))

NX (N, —Ay)
—2X, (1= P;)) < (N, — 2X,)

Whtp™ (N.uh

— N
w =
s Ny, =2\, A, X P ) (1= Py)
_ Np,

Wotr ™ (N, — 200, F A, X P ) (1= P)) (N, — 201, + Xy, X P))

S5 AT HITPSE 22239 AHl2 F79 -
—e— High Priority User (With Exclusive Priority Server)
[q'l—‘q- 1:]—% @:ﬂ]—% E ?_]_ E]— —=— Low Priority User (With Exclusive Priority Server)

0.08 | . withoutPriority Service
—— High Priority User (With Non-Preenptive Priority)
0.025 | —%—Low Priority User (With Non-Preenptive Priority)
—e—High Priority User (With Preenptive Priority)

—+— Low Priority User (With Preenptive Priority)

0.02
k)
73
o
0.015
0.01
0.005
—e—without exclusive server
) . 0
—=—with exclusive server 100 150 200 250 200 350
(Free) A
. p rrival Rate
-~ with exclusiver server
(Non—Free) g
7t A
S LS LSS (a) XI91 A[ZE HTTP M2
PN S AN AN S
Queue Length 042,
—e— High Priority User (With Exclusive Priority Server)
= = . —=— Low Priority User (With Exclusive Priority Server)
(a) 2 EE;OI' HTTP AMH|A 01 * Without Priority Service

—— High Priority User (With Non-Preenptive Priority)
—%—Low Priority User (With Non-Preemptive Priority)
—e—High Priority User (With Preenptive Priority)
—+— Low Priority User (With Preenmptive Priority)

3

—e—without exclusive server

—=—with exclusive server

Probability
© o o0 oo o0 o O
- N W ke OO N 0 ©

(Non—Free)
o \EVith e)XCIUSive server ¢ 100 150 200 250 300 350
F
0 e Arrival Rate
500 1000 1500 2000 2500 3000 3500 (b) X4 A|ZE AEE|A MH|A
Arrival Rate 1—%! 3 X|°._=| gl% _E_&'
(b) & 227 AEZY Mu|A Fig. 3. Delay performance analysis
a8 2. 3 22 E 24
Fig. 2. [l blocking pr ili nalysi - -
0. 2. Call blocking probability analysis thest Al QoA A9 Azl el AES T

A4 H9on d458 19 34 =4 Sf4h =2



LT, 498 MY AEF R MHIAE AT o]FA 4 MH FeLH AA 675

$AESS ABATE B 245 ABAE)
WA % o e A A7k 7

AN G
F 9tk B4E P07, NS 10 2 N, £
52 7HgE o] o]Fo] Atk 27 4= FIH B B
W3 AFE 2o A vl ATE HoFe Ao
2 AFE ZA A5 g A B4 B A
I grEel 79 dAshs 2e & & lth AFH &

4"‘54—0— a9 13 22 AAS U2 FEstd
sttt LA FNA ARE EFET] AHI~
%1_ ARG A ARE 3t 5L o] AE-E
Atk ok, AR A dr1dE Aot 544
A 24 A9 geo ot Jv o] A AFE B
o)A o M= A% AAIZ} (preemptive resume) 73
o] AL&-H wWhHel| 8k A REloM= 414 bl
(preemptive repeat) & o] ARE-E|L7] w0l

e

—+—High Priority (Non-Preemptive)

—=— Low Priority (Non-Preemptive)
High Priority (Non-Preemptive)-Simul

008 - —¥— Low Priority (Non-Preemptive)-Simul

o —%— High Priority (Preemptive)

S 006 - —— Low Priority (Preemptive)

a — High Priority (Preemptive)-Simul

—— Low Priority (Preemptive)-Simul

100 150 200 250 300 350 400 450
Arrival Rate

(a) M5 HS: HTTP Mu|A

—+— High Priority (Non-Preemptive)
035 F| s~ LowPriority (Non-Preemptive)

03 F High Priority (Non-Preemptive)- Simul
—%— Low Priority (Non-Preemptive)-Simul
—*— High Priority (Preemptive)

—*— Low Priority (Preemptive)
015 —— High Priority (Preemptive)-Simul
—— Low Priority (Preemptive)-Simul

Delay
(=3
(33

100 150 200 250 300 350 400
Arrival Rate

(b) M5 ZB: AE2|Y AH|A
8 4. ARH 2oy ot M5 HS
Fig. 4. Performance evaluation through computer
simulation

rfe

H.a

Sl

o

to

e

ug

o

> O
e

o
e o,
( ob
o
£
R
oL
i
o = -d
of m¥ ro
ofN
ol ST

odk
ol
i)

I
i
&
[~
)
= o = rx

)
opl
i
2
p
uj
o2
ok
e
o)
[
)
2 ol
e o
fr 3@ oM tlo O oo mxt

ok
S
ol o2
iz f:“
8
to o tilo
)
oo
ot
Y 2z
e
2
M
o
(i
&
o to M

nr &
N

e
oo
o,
off
< O
1 S 1
>
ML
1
of
ol

s

H

H

o

o

[

[m

A

o,

tllo

o

oo =

£
=, £ {rrt
M ML I

1%

o (o

N

>

s o

B u

u)

~
=,

oo

>

ol

il

o

FiF

flo

>~

el

o

>

- 2
R0

ol

R

s

[

2

o
fm
in
%2,
2
ol
B

053
. oE
(o]

%
S
e
41
X
=
“©
=
ol
)
2
)
%
>
rlr
=
=

o 0_1_4
off
Mo
1%
o
>
>
of
ol
tlo mo 1% 12 @ o

¥o o Mz o

-

st TATAE A9Ae) drase s3H9
(IITA-2008-C1090-0801-0038)

2 Q7E AN 2 AUENATAFAY
o
=

il

LD 2

[1] D. A. Menasce, “"Trade-offs in Designing Web
Clusters™, IEEE Internet Computing, vol 6, Issue
5, Sept.-Oct. 2002

[2] V. Cardellini, M. Colajanni, P.S. Yu, “"Dynamic
Load Balancing on Web-Server Systems™, IEEE
Internet Computing, vol 3, Issue 3, May.-June. 1999

[4] Dutta, K.; Anindya Datta; VanderMeer, D.; Thomas,
H.; Ramamritham, K., “"ReDAL: An Efficient and
Practical Request Distribution Technique for

Application ~ Server  Clusters,”™ Parallel and



676

Distributed Systems, [EEE Transactions on , vol.18,
no.11, pp.1516-1528, Nov. 2007

[5] L. Kleinrock, “"Queueing Systems Vol I: Theory™,
Wiley, 1975

[6] Albert Leon-Garcia, “"Probability and Random
Processes ~ for  Electrical ~ Engineering”",
Addison-Wesley, 1994

[7] Schroeder, T.; Goddard, S.; Ramamurthy, B.,
“"Scalable Web server clustering technologies,”
Network, IEEE , vol.14, no.3, pp.38-45, May/Jun
2000

4 & = (&)

19981 d . <l sl AxEdl}
(&b

2003 ARl W71 AARE
83} (FSH4AD

2005 ~&A - A A7
Z}Ef“ﬂr A

. BUROE : A o]FFA A

g, ZA e, HE Moi T4, UESE 29

49 8 (k)

1991 A& AxEE
(F8Ah

1993 Adigta HAFsta)
(&8 HAh

2000%d : The University of Texas at
Austin 7] 9 H¥FEH T4
(F3F uhAh

19981 ~ 20003 : Telcordia Technologies 17

20001 ~ 2005 : ANt W71 AAE S Zag

2005 ~ A Ao A7 AR R

TAEOF A o] FFAl AILEL AAUIEY, =
= g AM ESA

ge)ets] =74 A13¢ A5E 2009 10



