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Abstract—It is important to accurately model network traffic
when we evaluate Quality of Service (QoS) of networks through
simulations. However, for traffic in real networks, it is a tough
task to select an appropriate traffic model and tune its parame-
ters. Even if the accurate traffic modeling is achieved, it is also
difficult to accurately estimate QoS regarding rare events, such
as a packet loss rate in the modern Internet. In this paper, we
propose a model-less approach to accurately estimate a packet
loss rate through a simulation without directly modeling traffic
including real network traffic. We also show the effectiveness of
the approach in a simple queueing system as a first step in our
development.

Index Terms—Network, Simulation, Importance sampling,
Packet loss rate, QoS estimation

I. INTRODUCTION

When we evaluate Quality of Service (QoS) of networks
through simulations, accurately modeling traffic of real net-
works is important and also difficult task. Many traffic models
that reflect various characteristics have been proposed by priori
works (see [1] and the references therein). However, it is
difficult to select an appropriate traffic model and tune its
parameters for real network traffic (The double arrows in
Fig. 1).

Even if the accurate traffic modeling is achieved, it is also
difficult to accurately estimate QoS regarding rare events, such
as a packet loss rate in the modern Internet. For accurate
estimations of rare events, Importance Sampling (IS) in which
a simulation on a condition where the events occur more
frequently is performed and the result for the original condition
is obtained by the change-of-measure [2]. In the most of
researches regarding IS in networks, the change-of-measure
is analytically calculated based on the traffic model. They are
inapplicable for real network traffic since the applicable traffic
models, topology etc. are extremely limited, e.g. Poisson traffic
model on a single router etc. (Dotted arrows in Fig. 1).

Though there are a few researches regarding IS in trace-
driven simulations without traffic models [3], [4] (Triple
arrows in Fig. 1), they cannot be applied for traffic composed
of a single flow or correlated flows since they randomize
phases of traces. In addition, to the best of our knowledge,
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Fig. 1. The model-less approach and the conventional simulations.

no research on trace-driven IS has been published after the
researches [3], [4], and there is no prospect of expansion of
trace-driven IS to complicated topologies.

In this paper, we propose a model-less approach to accu-
rately estimate a packet loss rate through a simulation without
directly modeling traffic, including real network traffic (The
bold arrow in Fig. 1). In the model-less approach, a simu-
lation with Poisson traffic model is performed, irrespective
of the characteristics of traffic on a network to be evaluated.
Naturally, despite the packet loss rate in the network to be
evaluated does not correspond to the packet loss rate of the
simulation, the estimation result of the loss rate for arbitrary
traffic is obtained by a change-of-measure technique based on
the model-based IS with a frequency distribution of descritized
traffic trace.

II. NOTATION

In this paper, we express the packet loss rate l = {li}i∈N as
a probability function l = f(x(t),y(t)) of the input and output
traffic x(t) = {xi(t)}i∈N and y(t) = {yi(t)}i∈N, where i
denotes flow ID. xi(t), yi(t) and di(t) are respectively defined
as point processes

∑
j=1 δ(t−TIn{i,j}),

∑
j=1 δ(t−TOut{i,j})

and
∑

j=1 δ(t − TLoss{i,j}), where TIn{i,j}, TOut{i,j} and
TLoss{i,j} ({i, j} ∈ N2) are the times when the jth packet in
the ith flow inputs, outputs, and losses, respectively. Note that
δ(t) is Dirac delta function. In addition, let xi,T and yi,T be the
paths {xi(t)}0≦t≦T and {yi(t)}0≦t≦T on [0, T ], respectively.

III. MODEL BASED IS

When IS estimates a loss rate on a single router into which
a single flow streams, the change-of-measure is performed
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based on probability density of a path ωTIn{1,j} of the queue
length process on [0, TIn{1,j}] [2]. Assuming that probability
density of an event A in the original condition and the
modified condition is p(A) and p̃(A), the estimator of IS is
l̂IS = (1/c̃1)

∑c̃1
j=1{1{j∈ϕ1} ·p(ωTIn{1,j})/p̃(ωTIn{1,j})}, where

c̃1 and ϕ1 denote the number of packets and the set of IDs of
lost packets. The change-of-measure p(ωTIn{1,j})/p̃(ωTIn{1,j})
is analytically derived from a traffic model in model-based IS.

IV. MODEL-LESS APPROACH

Our goal is to accurately estimate a packet loss rate
through a simulation by the change-of-measure based on traffic
trace of x(t) and y(t) in a real network without assuming
any traffic model. To accomplish this goal, we rewrite the
estimator of model-based IS as l̂IS = (1/c̃1)

∫∞
0

d1(t) ·
p(x1,t ∩ y1,t)/p̃(x1,t ∩ y1,t)dt using the notation shown in
Section II, where A ∩ B is a event that paths A and B
occurs simultaneously. There is no way to strictly obtain
p(x1,t ∩ y1,t)/p̃(x1,t ∩ y1,t) except to analytically calculate
assuming a traffic model like model based IS.

In the model-less approach, in order to obtain the change-
of-measure from traffic trace of xi(t) and yi(t), we discretize
xi(t) and yi(t) into ∆ as Xi(n) =

∫ n∆

(n−1)∆
xi(t)dt and

Yi(n) =
∫ n∆

(n−1)∆
yi(t)dt (n ∈ N). In addition, di(t) in a sim-

ulation is similarly discretized as D̃i(n) =
∫ n∆

(n−1)∆
di(t)dt.

Using these descritized traffic, we estimate the packet loss
rate by

l̂i =
1

c̃i

∞∑
N=1

D̃i(N)
P (XN,k ∩ Y N,k)

P̃ (XN,k ∩ Y N,k)
, (1)

where P (A) and P̃ (A) denote the probabilities that event A
occurs in the traffic trace and the simulation, respectively.
XN,k = {Xi,N,k}i∈N and Y N,k = {Yi,N,k}i∈N are discritized
version of x and y, respectively. Xi,N,k and Yi,N,k are
defined as {Xi(n)}N−k<n≦N and {Yi(n)}N−k<n≦N , respec-
tively. k is a parameter and we assume that the effect of
{Xi(n)}n≤N−k and {Yi(n)}n≤N−k on packet losses at time
N is negligible. When we assume a single router and a single
flow, in the limit as ∆ → 0 and k → N , our estimator
converges to that of model based IS.

Our approach can estimate a packet loss rate without the
restrictions of the conventional IS. Because of the discretiza-
tion, P (XN,k ∩Y N,k) directly obtained from arbitrary traffic
trace of x(t) without modeling the traffic. In our method,
we perform a simulation using the simple Poisson traffic
model irrespective of the traffic trace. Therefore, it is easy
to analytically obtain P̃ (XN,k ∩ Y N,k). By expressing the
estimator by input and output traffic instead of a queue length
process, (1) is applicable for multiple flows on a network with
complicated topology.

V. EXPERIMENTS

As a first step in the development, we investigate the case
when the packet loss rate of an MMPP/M/1/K system is
estimated from an M/M/1/K simulation. MMPP of the arrival

0.0
5.0× 10−6
1.0× 10−5
1.5× 10−5
2.0× 10−5
2.5× 10−5
3.0× 10−5

E
[l̂
1
]

Theoretical Value
Model-less Approach

10−12

10−11

10−10

10−9

10−8

10−5 10−4 10−3 10−2 10−1

V
ar
[l̂
1
]

Packet Loss Rate of Simulation Network

Model-less Approach
Trace Driven

Fig. 2. Comparison between the estimators of the model-less approach and
the trace-driven simulation.

process in the original system has 2-states with traffic intensity
100 [packet/s] and 339 [packet/s]. The transition rate of each
state is 1 times per second. For both of the original system
and the simulation, the mean service time is 0.001 [s] and the
queue size is 10 [packet]. The simulation time is 2000 [s],
∆ = 0.025 [s], and k = 2. In these systems, since the
packet arrivals and a service time are independent, it is as-
sumed that P (Y1,N,k|X1,N,k)/P̃ (Y1,N,k|X1,N,k) = 1. There-
fore, the change-of-measure can be expressed as P (X1,N,k ∩
Y1,N,k)/P̃ (X1,N,k ∩ Y1,N,k) = P (X1,N,k)/P̃ (X1,N,k).

By changing the loss rate in the simulation through the
traffic intensity, we performed the simulation 30 times for
each loss rate. Then the average of the estimator with 95%
confidence intervals and the variance of the estimator were
calculated. The result is compared with the trace-driven simu-
lation in Fig. 2. According to the figure, we can find the region
in which the model-less approach can estimate the packet loss
rate of the original system. Additionally, we can confirm that
the variances of the estimators are about 1/3 in the region,
compared with the estimator by the trace-driven simulation.

VI. CONCLUSIONS AND FUTURE DIRECTIONS

We proposed the model-less approach to accurately estimate
a packet loss rate through simulation with traffic trace without
traffic models. Though our approach is applicable to arbitrary
trace on arbitrary network with a complicated topology, we
only confirmed its effectiveness on a single router with a
single flow in this paper. We will verify the applicability of
our approach to the various trace on various networks in our
future works.
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