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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
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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
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=07
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[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]
o ARSEH 45 TEEE 2= 1.1, 1.2, 1.3, 1.4, 1.5,
5000, Smaximum segment size)=536B, link
capacity)=100Mbps, {time slice)=5%8/C, E(x)=r
ojct.

(Table 2)= 4] 14E AH&ste] 34 m=hE(2)7}
1.1691A41 1.5 Ate]9] 3t 2= Pareto BEE AStst
o ¢ = 1.2904 & = 1.571A] HIAHEZ o o 24
3718 AKXt Aol

M/G(Pareto)/1 BEHoA 27} W AX= H$E
7145t 2 = 500081 Ak AL =, oltfe] X
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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} &
L3t o G T 2 ghol AR FHd AA9] 27]= 2ot
AL, Lt 2 L W o ghol ARE Hdf A 271=
= Hapt Qo



A MHA SHOA TF ST AT HAXAS PEste 20 2y 7|9 &4 5
. . 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

4.3 M/G/1/PS 221t M/G(Pareto)/1 22| H|w
(Table 3)2 Hd &9 ARKNY ®slo] wE
M/G/1/PS Z@3}+ M/G(Pareto)/1 L9 Ztf A
37| H|wgk Aot
(Table 3)0lA H%o] WE 7] thsf M/G/1/PS &
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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
T=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 | e312 | 2040

M| G(Pareto)/1

(Table 3)9] 7 Zlol 4] (15)% #g3kd A B2
diff= 2597} el £ wde] Fr) AF 2719 Fjol7k
DARS $3T 5 Uk 2L, A A ) A5
sfetelElgto] o] are WomE o] Auko] Azl

& Fopt wasi,

5. 22

£ dAFolMes thF ARATE BAlol ¥ AHol] M
oo B S AR AL FEE TESke U A
A 2715 Foeh A ALS flf Aus ExE
M/G/1/PS 23} M/G(Pareto)/1 Bh& ARESto] |
of A 271& A4St B3t Pareto 29 F4F Tt
ujEjgto] Aol wiet = RHo] v AH| 3717} Zot
A AT = Aot &2 A9 A= A AElA F
AE wEste AAY 2718 24dske H AMe7MssH
Yo 29 AFoM= BF ALY = nd9] Jfdo]
=ikl

REFERENCES

[11 M. Hachol-Balter, Performance Modeling and Design
of Computer Systems, pp.13-15, Cambridge Press,
2013.

S. Ross, Introduction to Probability and Statistics for
Engineers and Scientists, pp.538-540, Academic Press,
2012.

[3] M. E. Crovella and A. Bestavros, “Self-similarity in



6 AEQEUgSE==X HM9F M3F, 2023

(4]

(5]

(el

(7

8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

World Wide Web Traffic: Evidence and Possible
Causes”, IEEE/ACM Transactions on Networking,
Vol.5, No.6, pp.835-846, 1997.

W. Stallings, High-speed Networks,
Prentice Hall, 2002.

pp.182-198,

V. Paxson and S. Floyd, “Wide Area Traffic: The
Failure of Poisson Modeling,” IEEE/ACM Transactions
on Networking, Vol.3, No.3, pp.226-244, 1995.

V. Paxson, ‘End-to-End Routing Behavior in the
Internet,” ACM SIGCOMM Communication Review,
Vol.36, No.5, pp.41-56, 1996.

J. Reeds and M. Jorgensen, “The Double Pareto-
Lognormal Distribution- A New Parametric Model for
Size Distributions,” Communications in Statistics- Theory
and Methods, Vol.33, No.8, pp.1733-1753, 2004.

Y. M. Tripathi, C. Petropoulos, and M. Jha,
“Estimation of the Shape Parameter of a Pareto
Distribution,” Communications in Statistics- Theory
and Methods, Vol.47, No.18, pp.4459-4468, 2018.

R. Khayari, R. Sadre and B. R. Haverkort, “Fitting
World-wide Web  Request Traces with the
E-M-algorithm”, Performance Evaluation, Vol.52,
No.2, pp.175-191, 2003.

A. Riska, V. Diev and E. Smirni, “Efficient Fitting of
Long-tailed Data Sets into Hyper-exponential
Distributions,” in Proceedings of the IEEE Global
Telecommunication Conference, Vol.3, pp.3513-2517,
2002.

H. Lee, Queuing Systems for Engineers, Hong-Reung,
2008.

Y. Lee, “Mean Object Size Comparison of M/G/1/PS
and TDM System,” ICIC Express Letters, Vol.12, No.5,
pp.417-423, 2018.

Y. Lee, “On the Comparison of Mean Object Size in
M/G/1/PS Model and M/BP/1 Model for Web Service,”
International Journal of Internet, Broadcasting and
Communication, Vol.14, No.3, pp.1-7, 2022.

Y. -J. Lee, ‘Mean Object Size considering Average
Waiting Latency in M/BP/1 System’, International
Journal of Computer Networks and Communications,
Vol.12, No.5, pp.73-80, 2020.

Y. Lee, “Maximum Web Object Size satisfying M/G/1
Queueing Delay constraint in Multiple User Access
Environment”, The Journal of Korean Institute of
Information Technology, Vol.12, No.6, pp.119-124,
2014.

0| 8 ZI(Yong-Jin Lee) ENEE!
200549 9% ~ A : P

o 71Enadt 24

GRELY
Qe 1%, mok BEY, 58t



