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Estimation of maximum object size satisfying mean response time
constraint in web service environment
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Abstract One of the economical ways to satisfy the quality of service desired by the user in a web
service environment is to adjust the size of the object. To this end, this study finds the maximum size
of objects that satisfy this constraint when the mean response time is given below an arbitrary threshold
for quality of service. It can be inferred that in the steady state of system, the mean response time in
the deterministic model by using the round-robin will be the same as that of the queueing model
following the general distribution. Based on this, analytical formulas and procedures for finding the
maximum object size are obtained. As a service distribution of web traffic, the Pareto distribution is
appropriate, so the maximum object size is computed by applying the M/G(Pareto)/1 model and the
M/G/1/PS model using exponential distribution as computational experience. Performance evaluation
through numerical calculation shows that as the shape parameter in the Pareto distribution increases,
the M/G(Pareto)/1 model and M/G/1/PS model have the same maximum object size. The results of this

study can be used to environments where objects can be sized for economical web service control.
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[Fig. 1] Mean waiting time in the deterministic
model

d

i

R

A

E(TD) _ (p_l)(22q_1)7'

+E(x) )
M/G/1 Bdo|A B 35 AZHE())L 4] Q= F

o]AtH1,2]. B(x) AH¥|A BEx9] 23} mHlEolL)

pE(xQ)

A1) = 50wy

+ E(x) 2

AlAHo] AAF AlE(steady state)o]]l U&= AL,
E(7p) = E(DE 25T <= ok wgka] 4 (DT 4 (2)
ZHE pol disfl Felotd 4 3)& e

pE(acQ)
1—p)(2¢—1) E(x)7

p=1+ ( 3)

Little®] B4l0] Jef A|2go] 9l B AHgAte) 4

EWN)= JE(De1B= 2] (4)9F 2},



Z[ x| 3719 =4 3

A2sdlo] g A, pot E(Vo] 2ot Aoz
228 4 Uk g & Q)7 A @=3H oo Hal
Helstel 4 (52 At

2pE(2*)
—2(1—p)*} Blz)7

1
oAl Wt A Z7](mean object size)E #, T
M IHE F7](maximum segment size)E S& £OH
g = Z/PIt}. WEtA ¢& 4 (5)°f st Aelstd
4] () At

2pE(z%)

©

oA, AL ke Wt 3 ATHS T2 Fou
A @I (D) € Tolek. 4] ( ) EGOR] sl Bt
w4 () Pk

7. —FE
o) < 2 p>(; (x)) o
A 08 4 O A9 45} U B2 &

i
>,
=g
mlo
ﬁ 4=

S5} 20 2] 27l 4] (B2 ZolAr,

s 27, ~ F(r))
s T -a-p| ©

3. # MH|A 2O mE
3719 £X

Z{TH 2

2414 AN A @) olsto] A 2] Z71E
Fotel S48 W AN 2D Apgaior gk o] 3
o Al= M/G/1/PS E@3}t G7} Pareto #3231 M/G/1
BYg TR

3.1 M/G/1/PS 2%
o] 2 tofe] YIEYIoNA AgA AHls BY

o7 Ag3l= Ao [Fig. 1] BARE w5l 7]wte] 2}
-2y AAZYT 9ABI E3], M/G/1/PS 29
RS W A Aol A AR £t pRl
-2 M/M/1 2204 FIFOR AB|Ag o] ARgA}e] 4=
7} P2 =1} ZoH11). II}EW M/M/1 29 ARgs}
o 511‘41 AA 2718 7 5 Ak
EE(M) & U g 4 (99 23, 1A
8 *4 (10)3 Ztt,

mlo F{o

flay = =20 ©
)= (10

A (100 4] (8)°] tiYsto] Hajsh ALl B
3% AIke] Ao} 27 WEBl Hef A4 2712 ¢
et

2(pT,—1)
Gz —D == |V

~ S
%J/G/l/PS = 3 1+

3.2 M/G(Pareto)/1 22

4 Edfg E49] A5 B3l & BEeAo ot E
Y mjElo] A7]-FAH(self-similar) o2 B F ot
[3.4]. 3] ¥ H2k9-AE ON/ OFF &A= Hdsh
golg &2 g4 mEtu|El(shape parameter)”} 1.16
oA 1.5 Afe]9] ZrS Zk= Pareto XS WETH4]

wahA] o] HofA= AH|A BIE(G)7} Pareto £2E
whEi= M/G/1/FIFO BEof|A] .thH A 2715 A3

Pareto £X29] & Uk 35 4] (122 Lot o=
P gErEoll, x,Z XRlgolch

axﬂl,
flz)= Lt T =z, (12)
Asigke 4 (13)3F 2k
a:I;TVL

4 (1312 4 @1 Hgstol Felskal AgAe) W
Y ARHY Ak 240 WS A A7) 2718 o
o



N
>~
o
ro
m
»E
010
E9l
Hu
Pl
>
©
rH
>
[
Job
N
o
N
w

IIIM/ G(Pareto)/1 =

5 Q{T( —1) axm,}amm/(a—l)
{p azm)—(l—p)a:ﬂm}T

4.1 M/G/1/PS E2H

(Table 1> 4] (11)& AH&sto] M/G/1/PS Zdo
Uepditt. ojrf A8d 85 mEE= dmaximum
segment size)=536B, (link capacity)=100Mbps, 7
(time slice)= $x8/C, E(x)=ro]c}.

(Table 1> @M/GH/ g satisfying 7r in M/G/1/PS model

P 7= 0.1 7,=05 7, =0.7 =1
0.1 5649 5632 5631 5630
0.2 2953 2949 2949 2948
03 2056 2065 2065 2065
0.4 1609 1608 1608 1608
0.5 1340 1340 1340 1340
0.6 1162 1161 1161 1161
0.7 1034 1034 1034 1034
0.8 938 938 938 938
0.9 864 864 864 864
s 1953 1953 1953 1956

Max. Object Size (M/G/1/PS)
6000

5000 mTr=0.1
| Tr=0.5
=07

4000 9 mTr=1

3000

2000

- HHH”"”
02 03 04 05 06 07 08 09

p

[Fig. 2] Maximum object size satisfying 7r in
M/G/1/PS model
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oA M/G(Pareto)/1 HEof|A Foix] Bt SEAIZE
(771.00& W0l 2 AA Z71& A4ls] B4t o]
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(Table 2)= 4] 14E AH&ste] 34 m=hE(2)7}
1.1691A41 1.5 Ate]9] 3t 2= Pareto BEE AStst
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(Table 2 !:/M/Gu)m,eto)/l satisfying 7; = 1.0 for varying
@ in M/G(Pareto)/1 model

Yoy clrureto) 1
o 12 13 14 1.5 5000
0.1 32503 23534 19053 16367 5631
0.2 16365 11890 9654 8312 2949
0.3 10994 8014 6524 5630 2055
0.4 8311 6076 4959 4289 1608
05 6702 4914 4021 3484 1340
0.6 5629 4140 3395 2948 1162
0.7 4863 3586 2948 2565 1034
0.8 4288 3171 2613 2278 938
0.9 3841 2849 2352 2055 864
g 10388 7575 6169 5325 1953

[Fig. 31 (Table 2)& 1¥Oo& HAIS Aot} &
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. . 0.3 2055 5630 | 2055 2055 5630 2055
Max. Object Size (M/G(Pareto)/1)
25000 0.4 1608 | 4289 | 1608 1608 | 4289 | 1608
05 1340 | 3485 | 1340 1340 | 3484 | 1340
30000 ——a=1.2 a=13
0.6 1161 2048 | 1162 1161 2048 | 1162
a=14 a=15
25000 0.7 1034 | 2565 | 1034 1034 | 2565 | 1034
—s—a=5000
20000 08 938 2278 | 938 938 2078 | 938
09 864 2055 | 864 864 2055 | 864
15000 ma | 1953 | 5327 | 1954 | 1953 | 5325 | 1953
10000
5000 \\-_* ojA] o9 Aol&E HYditt.
0 ‘ - . h —~ —~
0 02 04 06 08 1 Yoy arureron ~Yananes
P diff = ——= X100 (%) (15)

[Fig. 3] Maximum object size satisfying 7r =1.0 for
varying @ in M/G(Pareto)/1 model
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(Table 3) Comparison of ¥y amureto)r a0d Yyycnyps
for varying Tr

Yy a1/ 5|y crueto) | Oy a1y ps| Yoy Glareto) 1
=01 7-05
b - 15 | 5000 - 15 | 5000
0.1 | 5649 | 16537 | 5650 | 5632 | 16385 | 5633
02 | 2053 | 8350 | 2083 | 2049 | 8316 | 2949
03 | 2086 | 5644 | 2057 | 2085 | 5631 | 2055
04 | 1609 | 4296 | 1609 | 1608 | 4290 | 1608
05 | 1340 | 3483 | 1341 | 1340 | 3485 | 1340
06 | 1162 | 2080 | 1162 | 1161 | 2048 | 1162
07 | 1034 | 2566 | 1034 | 1034 | 2565 | 1034
08 | 98 | 2279 | 938 938 | 2278 | 938
09 | 84 | 2085 | 864 864 | 2085 | 64
ma | 1983 | 5362 | 1956 | 1963 | 5328 | 1954
Yy ey ps|Yay et 1| Yy crry ps| Yoy clpureto) /1
7.=07 =10
b - 15 | 5000 - 15 | 5000
01 | 5631 |16375| 5632 | 5630 | 16367 | 5631
02 | 2049 | 8314 | 2049 | 2048 | 8312 | 2040

M| G(Pareto)/1
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