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In this paper, we develop three explicit analytical models for evaluating the request
blocking probability of movie files in VoD systems under three server selection schemes.
The first is exact and the other two are based on fixed point approximations. We show
that the choice of server selection schemes can significantly affect the blocking probability
performance of the systems. We demonstrate by simulation that the models accurately
predict the overall file request blocking probability in the systems and the blocking prob-
ability of the requests for single-copy files. Comparisons among the three server selection
schemes are performed. Observations are presented and intuitively explained.

1. INTRODUCTION

Advances in high-speed networks and multimedia technologies have enabled the prolif-
eration of Video-on-Demand (VoD) interactive services [3,4]. For the purpose of providing
on-demand access to a large variety of movie contents, a typical VoD system is expected
to have a very large disk (or disk array) farm. Each disk normally stores a range of large
movie files encoded in MPEG format. Once a user request arrives, the requested movie
file, in the form of a data stream, is transmitted from its disk to the user. For MPEG-2,
each movie file typically requires 5.5 Mbps I/O bandwidth for transmission. Moreover,
in order to provide VCR-like interactive services, a single I/O stream is allotted to each
user. Note that the I/O bandwidth of commercially available disks is usually in the order
of megabytes per second. Accordingly, the number of I/O streams a disk can provide is
limited, and as a result, in a VoD system, the number of requests a disk can serve concur-
rently is also limited. Due to the large file size and the user interaction, the connection
time of movie files between users and disks is measured in hours. Because of the long-lived
connection, it is not possible to queue the requests. We therefore consider a VoD system
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as a loss system. That is, a user request for a particular movie file is blocked if the system
finds that all I/O streams on the file’s residing disk are fully engaged.

We shall see that such a loss system gives rise to an interesting teletraffic problem of
evaluating the request blocking probability. Since the requests for a movie file in a VoD
system can only be connected to a disk where a copy of the file is stored, the blocking
probability evaluation would be much easier if all movie files have a replica on each of the
disks in the system. In that case, assuming that the requests for each movie file follow
a Poisson arrival process and the connection time is generally distributed, the system is
simply modelled as an M/G/k/k Erlang system, where k is the sum of all I/O streams
on all the disks in the VoD system. However, due to the disk storage capacity constraint,
this is unlikely to be realistic in practice for a VoD system that provides a large library of
movie contents. On the other hand, if each movie file has a unique copy stored on some
disk in the VoD system, each disk is also readily modelled by an M/G/k/k Erlang system,
where k, in this case, is the number of I/O streams on the respective disk. However, to
meet Quality of Service and reliability requirements, it is not enough, for movies of high
popularity, to have a single copy. Therefore, in a VoD system, various movie files together
with their possible replicas are spread over the disk resources of the whole system. The
potential complicated interactions between the requests for different movie files and the
selections of the disk (server) resources to satisfy these requests make the performance of
the system hard to analyze.

In a previous work, Tang et al. [7] studied the blocking probability of a similar problem.
For the ease of analysis, they assume a simple server selection scheme. That is, when a
request for a movie file arrives, one of the disks storing that requested file is chosen at
random. If all the I/O streams on the selected disk are busy, the request will be blocked.
No attempt to retrieve a replica of that file from other disks is made. This is what we
call the Single Random Trial (SRT) server selection scheme. However, the exclusion of
the subsequent retrial mechanism in SRT leads to inefficiency, thus the method of [7] will
significantly overestimate the blocking probability of a system that allows such retrials.

In this paper, we shall demonstrate that the choice of server selection schemes can
greatly affect the overall performance of VoD systems. Among many of them, we specifi-
cally study two efficient server selection schemes, namely, Repeated Random Trials (RRT)
and Least Busy Fit (LBF). Respective analytical models are derived to compare the block-
ing probability of these two schemes as well as SRT. While the blocking probability of SRT
is exactly evaluated by Erlang B Formula, the analytical models for RRT and LBF rely on
fixed point approximations. Note also that the fixed point approximation of LBF involves
certain state dependent elements. The accuracy of the analytical models is validated by
simulation.

The remainder of this paper is organized as follows. In Section 2, we describe the VoD
system model and the two server selection schemes RRT and LBF. In Sections 3-5, we
present analytical models for each of the server selection schemes. Finally, in Section
6, we use our analytical models to study a VoD system example. The accuracy of the
analytical results is further verified by simulation. Comparing the results among the
various server selection schemes, we show how a server selection scheme can significantly
affect the performance, and we provide intuitive explanations to their differences.



2. THE VOD SYSTEM MODEL

Consider a VoD system with D disks labelled 1, 2, . . . , D and M distinct movie files
marked 1, 2, . . . , M . Each disk provides a number of I/O streams and stores a range of
movie files. Suppose that disk j can support Nj I/O streams. File m has nm copies, and
those copies are allocated on nm separate disks, which constitutes the set Ωm. The set of
movie files placed on disk j is denoted Φj.

Let the popularity of movie file m, in particular, the probability that it is requested,
be governed by Zipf’s law [5]:

pm =
m−ζ

∑M
k=1 k−ζ

, (1)

for m = 1, 2, . . . , M , and the parameter ζ determines the popularity distribution of the
files. It is easy to verify that

∑M
m=1 pm = 1. Assume that the aggregate arrivals of requests

for all movie files follow a Poisson process with rate λ, and the mean of the connection
time is 1/µ. Since Erlang B Formula is insensitive to service time distribution, we do
not require that the connection time is exponential. We assume that the request arrival
processes of different files are mutually independent Poisson processes. Therefore, the
request arrival rate of each of the M movie files is given by λpm, for m = 1, 2, . . . , M .

When a user request arrives, say for movie file m, we first find out the number of copies
nm of file m in the system. If file m is singular (a unique copy), we straightforwardly
direct the request to its carrying disk. If file m has multiple replicas, we collect the latest
statistics on all disks in the set Ωm where a copy of file m is stored, and then perform
the server selection scheme to satisfy the request. In addition to the simple SRT scheme
described in Section 1, we also consider the following two server selection schemes:

1) Repeated Random Trials (RRT): Under this scheme, the first step is as in SRT.
However, if all the I/O streams on the selected disk are busy, we continue with repeated
random trials among all remaining disks in the set Ωm until we are successful. If after all
disks in the set Ωm have been attempted and we fail to find a free I/O stream on any of
them, the request is blocked.

2) Least Busy Fit (LBF): Based on the latest statistics on all disks in the set Ωm, if no
I/O stream is free, the request is blocked. Otherwise, we direct the request to the least
busy disk in Ωm which has the maximal number of free I/O streams. In the case where
there are more than one least busy disk, the request will be randomly directed to one of
them.

In the following sections, we shall develop analytical models to evaluate the performance
of each of the three server selection schemes.

3. THE SRT ANALYTICAL MODEL

The exact analytical formulas to calculate the request blocking probability for each
individual movie file in the VoD system under SRT are not given in [7]. For the sake of
numerical comparisons with the other server selection schemes, we derive them in this
section.

Since the request arrival process of each of the M movie files is Poisson, if a request
for file m is randomly directed to one of the disks in Ωm, with no subsequent possible



retrials attempted, the request arrival process of file m is simply decomposed into nm

independent Poisson processes, each of which has rate λpm/nm.
For disk j, j = 1, 2, . . . , D, its total request arrival rate yj due to the superposition of

the arrival processes from all files in Φj is

yj =
∑

m∈Φj

λpm/nm . (2)

The probability ξ
Nj

j that disk j is in state Nj, or in other words, it has all Nj I/O streams
occupied, is simply given by the Erlang B Formula [1]

ξ
Nj

j
def
= E

(
yj

µ
,Nj

)
=

(yj

µ
)Nj/Nj!

∑Nj

i=0(
yj

µ
)i/i!

. (3)

The probability Bm that a request for file m is blocked is calculated as

Bm =
1

nm

∑

j∈Ωm

ξ
Nj

j , (4)

and the overall request blocking probability B̄ of all files in the system is obtained from

B̄ =
M∑

m=1

pmBm . (5)

4. THE RRT ANALYTICAL MODEL

If file m is not singular, and if subsequent repeated random trials are performed, the
request arrival process of file m directed to disk j, j ∈ Ωm, is not a Poisson process with
rate λpm/nm. The latter is only part of this arrival process. In this case, we must also
include requests overflowed from disks in Ωm other than j.

To ease the bookkeeping of these overflowed requests, we define Ψ(Ωm − j, x) as the
set of all possible permutations of arranging x disks out of (Ωm− j) (i.e., all disks in Ωm

except j), for x = 1, 2, . . . , nm − 1. By s ⊂ Ψ(Ωm − j, x) and s = { s1, s2, . . . , sx },
we say that s is one such possible permutation, and s1, s2, . . . , sx are the ordered disks
enumerated in s. Then, the rate of overflowed requests for file m originally blocked by disk
s1, and subsequently blocked by s2, s3, . . ., sx, and finally offered to disk j is calculated
by

λpm

nm

x∏

i=1

ξ
Nsi
si

nm − i
. (6)

Taking into account all the possible permutations from Ψ(Ωm − j, x) and all x, the
aggregate rate of overflowed requests for file m from disks in Ωm except j is given by

λpm

nm

nm−1∑

x=1

∑

s⊂Ψ(Ωm−j,x)

x∏

i=1

ξ
Nsi
si

nm − i
. (7)



For simplicity we assume that these aggregate overflowed requests to disk j form a
Poisson process. Then, the rate of overall requests that disk j has to serve for file m is
given by

ym
j =

λpm

nm

[
1 +

nm−1∑

x=1

∑

s⊂Ψ(Ωm−j,x)

x∏

i=1

ξ
Nsi
si

nm − i

]
, (8)

and the rate of total requests offered to disk j for all files is

yj =
∑

m∈Φj

λpm

nm

[
1 +

nm−1∑

x=1

∑

s⊂Ψ(Ωm−j,x)

x∏

i=1

ξ
Nsi
si

nm − i

]
. (9)

Thus, the probability ξ
Nj

j of disk j being in state Nj is given by

ξ
Nj

j
def
= E

(
yj

µ
,Nj

)
=

(yj

µ
)Nj/Nj!

∑Nj

i=0(
yj

µ
)i/i!

. (10)

Combining equations (9) and (10) yields the following Erlang fixed point equations:

ξ
Nj

j = E


 1

µ

∑

m∈Φj

λpm

nm

[
1 +

nm−1∑

x=1

∑

s⊂Ψ(Ωm−j,x)

x∏

i=1

ξ
Nsi
si

nm − i

]
, Nj


 , (11)

for j = 1, 2, . . . , D. Resolving ξ
Nj

j s from (11), and by the fact that for a request for file
m to be blocked, it would need to be denied at all nm disks in Ωm, we therefore have

Bm =
∏

j∈Ωm

ξ
Nj

j , (12)

and the overall request blocking probability B̄ of all files in the system is obtained by

B̄ =
M∑

m=1

pmBm . (13)

5. THE LBF ANALYTICAL MODEL

As discussed, under this scheme, when a request for file m arrives, it will be directed
to the least busy disk in Ωm. In the case where there are more than one least busy disk,
the request will be randomly dispatched to one of them.

Let ~ξj =
(
ξ0
j , ξ1

j , . . . , ξ
Nj

j

)
denote the vector of stationary probabilities that disk j is

in state i, i = 0, 1, 2, . . . , Nj, and ~ξ =
(
~ξ1, ~ξ2, . . . , ~ξD

)
.

Given that disk j is in Ωm, it is useful to define Υ(Ωm − j, x) as the set of all possible
combinations of choosing x disks out of (Ωm − j), and s ⊂ Υ(Ωm − j, x) is one such
possible combination. For file m, when disk j is in state i, the probability that, among
the other nm − 1 disks containing file m, h − 1 disks also have i I/O streams occupied,
and the remaining nm − h disks have more than i I/O streams occupied is

Pj(h, i) =
∑

s⊂Υ(Ωm−j,h−1)

∏
u∈s

ξi
u

∏

v∈(Ωm−j−s)

Nv∑

k=i+1

ξk
v , (14)



for i = 0, 1, . . . , Nj and h = 1, 2, . . . , nm. Note that if nm = 1, we simply set Pj(h, i) = 1.
Hence, when disk j is in state i, its file m request arrival rate is

ym
j (i) =

nm∑

h=1

(
λpm

h

)
Pj(h, i) , (15)

and its total request arrival rate due to all files is

yj(i) =
∑

m∈Φj

ym
j (i) . (16)

Let ~yj =
(
yj(0), yj(1), . . . , yj(Nj − 1)

)
and ~y =

(
~y1, ~y2, . . . , ~yD

)
. Thus, equations

(14) to (16) define a function F that can be used to obtain ~y from ~ξ:

~y = F(~ξ) . (17)

On the other hand, let us model the state transition process of disk j as a birth-
death process with the birth rate yj(i), i = 0, 1, . . . , Nj − 1 and the death rate iµ,
i = 1, 2, . . . , Nj. From the steady-state equations of a birth-death process (e.g., [1] page
31), we have

ξi
j =

Nj!

i!
∏Nj−1

k=i
yj(k)

µ

ξ
Nj

j . (18)

By normalization, we obtain

Nj−1∑

i=0

Nj!

i!
∏Nj−1

k=i
yj(k)

µ

ξ
Nj

j + ξ
Nj

j = 1 . (19)

Therefore, for disk j, j = 1, 2, . . . , D, equations (18) and (19) define a function G that

can be used to obtain ~ξ from ~y:

~ξ = G(~y) . (20)

The system of equations (17) and (20) composes the following set of fixed point equa-
tions:

~y = F(~ξ) ,
~ξ = G(~y) .

(21)

Now assume that a request for any file m that has being denied at disk j is independent
of other requests for file m that have been denied at other disks in Ωm. By this indepen-
dence assumption and having obtained ~ξ by solving the fixed-point equations (21), the
blocking probability of requests for file m is then given by (12), and the overall request
blocking probability B̄ of all files in the system is obtained from (13).



Figure 1. Placement of movie files in the 20-disk VoD system.

6. NUMERICAL EXAMPLES AND OBSERVATIONS

To compute the blocking probabilities for RRT and LBF schemes based on the derived
analytical models, we need to find the fixed point solutions for (11) and (21). These
fixed point equations can be solved most efficiently by the successive relaxation method
[6]. Though the proof of existence of solutions for such a teletraffic problem in all cir-
cumstances is beyond the scope of this paper, for the numerical example studied in this
section, the iterations have always stabilized at a fixed point.

In our numerical example, one selected from among many, we consider a VoD system
of 20 disks and 200 distinct movie files. All disks have the same I/O stream capacity of
size 30. The popularity distribution of these 200 movie files are produced by (1) with
ζ = 0.271. Without loss of generality, the mean connection time of all movie files are
normalized to 1.

For the sake of our example, we specifically allocate four copies for each of the first
three movie files in the system, three copies for files 4 to 25, two copies for files 26 to 50,
and one single copy for the remaining 150 movie files. The placement of the 200 movie
files as well as their multiple replicas is specified in Figure 1.

To validate the corresponding analytical results, under both RRT and LBF schemes,
we perform a discrete event simulation process. Each random event represents either an
arrival of a movie file request or a termination of a movie file connection. By accumulating
the number of request arrivals and the number of request losses for each of the movie files,
we obtain their individual request blocking probabilities. The overall file request blocking
probability is computed by dividing the total number of request losses by the total number
of request arrivals for all files.

The results from both the analytical models and the simulation processes for RRT
and LBF schemes are presented in Tables 1-3 for light, medium, and high loads (λ =
450, 500, 550) respectively. For the sake of numerical comparisons, the computational
quantities for SRT scheme are also tabulated. Due to the limited space, we particularly



Table 1
Movie file request blocking probabilities of the 20-disk VoD system under respective server
selection schemes for λ = 450.

SRT RRT LBF
Computation Computation Simulation Computation Simulation

File 1 0.034615 0.000002 0.000000 ± 0.000000 0.000000 0.000000 ± 0.000000
File 4 0.022004 0.000013 0.000031 ± 0.000079 0.000000 0.000000 ± 0.000000
File 5 0.022758 0.000010 0.000000 ± 0.000000 0.000000 0.000000 ± 0.000000
File 6 0.039942 0.000061 0.000138 ± 0.000178 0.000000 0.000035 ± 0.000090
File 7 0.030073 0.000031 0.000073 ± 0.000119 0.000000 0.000037 ± 0.000095
File 26 0.018178 0.000306 0.000203 ± 0.000259 0.000000 0.000000 ± 0.000000
File 27 0.022819 0.000565 0.000777 ± 0.000532 0.000006 0.000052 ± 0.000134
File 28 0.021795 0.000544 0.000465 ± 0.000530 0.000002 0.000053 ± 0.000136
File 29 0.023758 0.000624 0.000575 ± 0.000426 0.000007 0.000105 ± 0.000170
File 30 0.014909 0.000260 0.000756 ± 0.000637 0.000001 0.000000 ± 0.000000
File 31 0.029738 0.000987 0.001133 ± 0.000553 0.000011 0.000216 ± 0.000176
File 32 0.029864 0.001054 0.001095 ± 0.000608 0.000012 0.000000 ± 0.000000
File 51 0.028722 0.031142 0.031910 ± 0.003093 0.006662 0.008114 ± 0.002092
File 52 0.030945 0.032780 0.031562 ± 0.004403 0.006358 0.006680 ± 0.000948
File 53 0.027204 0.029437 0.031084 ± 0.004154 0.002008 0.003538 ± 0.000559
File 54 0.028505 0.030431 0.030927 ± 0.002627 0.005227 0.006104 ± 0.002489
File 55 0.031131 0.033773 0.032579 ± 0.002406 0.007156 0.008613 ± 0.001027
File 56 0.016960 0.018228 0.019957 ± 0.003590 0.003427 0.003803 ± 0.001462
File 57 0.060349 0.062132 0.060711 ± 0.003421 0.032591 0.033544 ± 0.003394
File 58 0.007576 0.008344 0.008502 ± 0.002150 0.000668 0.001022 ± 0.000548
File 59 0.030945 0.032780 0.033281 ± 0.007343 0.006358 0.008544 ± 0.001640
File 60 0.031007 0.033851 0.034288 ± 0.006935 0.001821 0.002075 ± 0.001065
File 61 0.028505 0.030431 0.030899 ± 0.004497 0.005227 0.007006 ± 0.002556
File 62 0.017522 0.018997 0.018380 ± 0.002521 0.001580 0.002111 ± 0.000690
Overall 0.027176 0.019900 0.019888 ± 0.000571 0.005246 0.005803 ± 0.000324

select files 1, 4-7, 26-32, and 51-62 to display the performance of files that have four copies,
three copies, two copies, and one single copy in the entire system. The radiuses of the
95% confidence interval ([2], page 273) for all the simulation results are also reported in
the tables.

As expected, in comparison with SRT, both RRT and LBF schemes have shown sig-
nificant improvement on the overall file request blocking probability in the VoD system.
Being privileged the subsequent random retrials (in the case of RRT) or the selection of
a least busy disk (in the case of LBF) among the set of disks where a multi-copy movie
file is stored, requests for the multi-copy file have gained remarkable reduction of their
probabilities of being blocked. The point is also clearly illuminated by equations (4) and
(12), where in both RRT and LBF, the request blocking probability of a multi-copy file
m is expressed as the product of the probabilities that each disk in Ωm is in its maximal
state; while in SRT, it’s the average.

It is interesting to observe that, requests for singular files under RRT suffer even more
blocking than under SRT. This is because that the overall traffic load on each disk under
RRT is higher, and since the requests for any singular file have no extra chances to find
an available server, the additional load affect them adversely. This is also conceivable
by looking at equations (2) and (9). However, it is not the case in LBF, where, by



Table 2
Movie file request blocking probabilities of the 20-disk VoD system under respective server
selection schemes for λ = 500.

SRT RRT LBF
Computation Computation Simulation Computation Simulation

File 1 0.068201 0.000033 0.000085 ± 0.000138 0.000000 0.000000 ± 0.000000
File 4 0.047814 0.000168 0.000427 ± 0.000398 0.000002 0.000154 ± 0.000190
File 5 0.048259 0.000143 0.000098 ± 0.000173 0.000000 0.000000 ± 0.000000
File 6 0.075150 0.000525 0.001197 ± 0.000552 0.000030 0.000382 ± 0.000167
File 7 0.060998 0.000301 0.000356 ± 0.000114 0.000026 0.000253 ± 0.000266
File 26 0.040256 0.001981 0.002873 ± 0.001579 0.000022 0.000151 ± 0.000265
File 27 0.049138 0.002999 0.002842 ± 0.000841 0.000229 0.000630 ± 0.000427
File 28 0.047358 0.003062 0.004513 ± 0.002106 0.000119 0.000879 ± 0.000733
File 29 0.050501 0.003359 0.003957 ± 0.000703 0.000261 0.000636 ± 0.000305
File 30 0.035163 0.001714 0.002879 ± 0.001027 0.000055 0.000428 ± 0.000344
File 31 0.060263 0.004768 0.006735 ± 0.002314 0.000386 0.002430 ± 0.000831
File 32 0.060969 0.004929 0.005247 ± 0.001636 0.000391 0.000599 ± 0.000262
File 51 0.059151 0.067516 0.068824 ± 0.001419 0.029626 0.032930 ± 0.003215
File 52 0.062688 0.069356 0.069347 ± 0.003985 0.027553 0.029101 ± 0.002800
File 53 0.056696 0.065307 0.068004 ± 0.003426 0.013792 0.018288 ± 0.004928
File 54 0.058802 0.065918 0.062795 ± 0.005925 0.024536 0.027595 ± 0.004460
File 55 0.062981 0.071633 0.072366 ± 0.007157 0.030320 0.033913 ± 0.003482
File 56 0.039077 0.044439 0.046599 ± 0.004183 0.017532 0.019717 ± 0.003025
File 57 0.104926 0.110163 0.109187 ± 0.011623 0.076423 0.076773 ± 0.005740
File 58 0.020420 0.024494 0.024470 ± 0.002522 0.006127 0.009280 ± 0.004166
File 59 0.062688 0.069356 0.071350 ± 0.004581 0.027553 0.030620 ± 0.004610
File 60 0.062787 0.073004 0.072649 ± 0.010075 0.013193 0.014487 ± 0.002220
File 61 0.058802 0.065918 0.066046 ± 0.004924 0.024536 0.028010 ± 0.004990
File 62 0.040102 0.046438 0.046650 ± 0.004186 0.011294 0.013904 ± 0.001196
Overall 0.055517 0.042480 0.042588 ± 0.000750 0.017861 0.019698 ± 0.000696

smartly selecting the least busy disk to serve the requests for multi-copy files, more free
I/O streams on a particular disk can be reserved to the connection requests for singular
files. Therefore, under LBF, while the efficiency on requests for multi-copy files is still
maintained, the system can handle significantly more requests for singular files than both
SRT and RRT.

Though as a trade-off, requests for some multi-copy movie files under LBF may have to
tolerate a slightly more blocking than under RRT when the traffic load is high, the balance
of efficiency on all files undoubtedly make LBF the most appropriate server selection
scheme among the three schemes discussed.

Finally, we see that the computational results for the overall file request blocking prob-
ability obtained from the fixed point approximation models of both RRT and LBF are
very close to those from the simulation. Moreover, the approximation is successful in
predicting the blocking probability of the requests for singular files. Though the approx-
imation has not been very accurate in predicting the blocking probability of the requests
for multi-copy files, considering that requests for singular files, by their nature, are more
prone to be blocked, and consequently account for the majority of the overall blocked re-
quests in VoD systems, we thus make the conclusion that the analytical models proposed
in this paper can be a useful tool to design and dimension VoD systems.



Table 3
Movie file request blocking probabilities of the 20-disk VoD system under respective server
selection schemes for λ = 550.

SRT RRT LBF
Computation Computation Simulation Computation Simulation

File 1 0.110069 0.000277 0.000498 ± 0.000379 0.000028 0.000189 ± 0.000218
File 4 0.083182 0.001102 0.002100 ± 0.000538 0.000130 0.002062 ± 0.000414
File 5 0.082831 0.000998 0.001477 ± 0.000705 0.000053 0.000593 ± 0.000591
File 6 0.117852 0.002463 0.003992 ± 0.001540 0.000611 0.003313 ± 0.000605
File 7 0.100708 0.001575 0.002169 ± 0.001077 0.000504 0.002312 ± 0.000312
File 26 0.071615 0.008046 0.009767 ± 0.002254 0.000854 0.003051 ± 0.000997
File 27 0.084930 0.010219 0.010668 ± 0.001714 0.002926 0.004993 ± 0.001285
File 28 0.082456 0.010915 0.013976 ± 0.003242 0.002225 0.006995 ± 0.001411
File 29 0.086560 0.011455 0.012567 ± 0.002079 0.003349 0.006129 ± 0.001113
File 30 0.065251 0.006972 0.008421 ± 0.001565 0.001357 0.004213 ± 0.001225
File 31 0.099555 0.014906 0.019708 ± 0.002051 0.004424 0.013635 ± 0.001495
File 32 0.100949 0.015027 0.016900 ± 0.002867 0.004265 0.006701 ± 0.001553
File 51 0.098585 0.117674 0.121166 ± 0.004922 0.081013 0.082279 ± 0.007300
File 52 0.103186 0.119167 0.121204 ± 0.009935 0.077089 0.078301 ± 0.007648
File 53 0.095356 0.117060 0.116582 ± 0.005234 0.054263 0.061257 ± 0.006366
File 54 0.098128 0.115343 0.114966 ± 0.006166 0.072061 0.073293 ± 0.009478
File 55 0.103564 0.122852 0.121099 ± 0.008269 0.081673 0.083296 ± 0.005296
File 56 0.071084 0.085571 0.087372 ± 0.005108 0.056032 0.058801 ± 0.005206
File 57 0.154446 0.165270 0.160474 ± 0.010909 0.138209 0.134934 ± 0.011224
File 58 0.042290 0.055456 0.054254 ± 0.004696 0.030433 0.036658 ± 0.005916
File 59 0.103186 0.119167 0.119487 ± 0.006648 0.077089 0.078358 ± 0.005553
File 60 0.103313 0.127696 0.129242 ± 0.009944 0.052641 0.055872 ± 0.004026
File 61 0.098128 0.115343 0.112572 ± 0.005906 0.072061 0.074951 ± 0.008675
File 62 0.072557 0.089853 0.089938 ± 0.002838 0.045601 0.049017 ± 0.003723
Overall 0.092671 0.074767 0.074780 ± 0.000652 0.046760 0.049820 ± 0.000623
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