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Abstract. In this work, a vulnerability in iterative servers is described
and exploited. The vulnerability is related to the possibility of acquiring
some statistics about the time between two consecutive service responses
generated by the server under the condition that the server has always re-
quests to serve. By exploiting this knowledge, an intruder is able to carry
out a DoS attack characterized by a relatively low-rate traffic destined to
the server. Besides the presentation of the vulnerability, an implementa-
tion of the attack has been simulated and tested in a real environment.
The results obtained show an important impact in the performance of
the service provided by the server to legitimate users (DoS attack) while
a low effort, in terms of volume of generated traffic, is necessary for the
attacker. Besides, this attack compares favourably with a naive (brute-
force) attack with the same traffic rate. Therefore, the proposed attack
would easily pass through most of current IDSs, designed to detect high
volumes of traffic.

1 Introduction

The impact of Denial of Service (DoS) attacks in current networked systems
is awesome, posing a very serious problem in many environments, both in eco-
nomical and in performance sense [I]. The threat is specially overwhelming in
Internet, with millions of interconnected systems and a practical lack of en-
forcement authorities. Furthermore, the possibility of performing the attack in
a distributed way (DDoS, Distributed DoS) according to various methodologies
[2], increases the risks and makes even more difficult the adoption of preventive
and/or corrective measures. Recent incidents involving large-scale attacks that
affected important Internet sites [3] [4] [5] demonstrate the vulnerability of the
networks and services to this kind of attacks and its pernicious effects.

DoS attacks try to exhaust some resources in the target system with the aim of
either reducing or subverting the availability of a service provided by the target.
The intruders usually achieve their goal either by sending to the victim a stream
of packets that exhausts its network bandwidth or connectivity, or exploiting a
discovered vulnerability, causing an access denial to the regular clients [2].
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Close to the evolution of the DoS attacks, many proposals have also appeared
for preventing and detecting them. Many of the preventive measures are appli-
cable to mitigate DoS attacks, like egress or ingress filtering [6] [7], disabling
unused services [§], changing IP address, disabling IP broadcasts, load balanc-
ing, or honeypots [9]. However, although prevention approaches offer increased
security, they can never completely remove the threat as the systems are always
vulnerable to new attacks. On the other hand, it is advisable to establish an
intrusion detection system (IDS) [10] capable of detecting the attacks. Although
various approaches described in the bibliography [IT] [12] [13] try to discover
DoS attacks, most of them rely on the identification of the attack with tech-
niques that are based on the hypothesis that a high rate flooding is going to be
received from the intruder or intruders.

In this paper, a vulnerability in iterative servers is detected and exploited.
This vulnerability allows an intruder to carry out an application level DoS at-
tack [14] characterized by the use of a low-rate traffic against a server. Due to
this fact, the attack would be capable of bypassing the detection mechanisms
that rely on high-bandwidth traffic analysis. An attack with similar rate charac-
teristics is described by Kuzmanovic et. al [I5]. Although the attack presented
here resembles in some aspects the previously cited one, there are key differences
between them. First, both attacks take advantage of a vulnerability caused by
the knowledge of a specific time value in the functioning of a protocol or ap-
plication, allowing an ON/OFF attack that results in low-rate traffic but with
high efficiency in service denial. However, the attack presented in [I5] is TCP-
targeted, while the proposed here threatens the application layer. Furthermore,
Kuzmanovic’s attack generates outages in a link, trying to trigger TCP’s con-
gestion control mechanism, while ours simply tries to overflow a single service
running in a server. In other words, no noticeable effect on network traffic is
expected. On the other hand, the proposed attack would not affect other ser-
vices or users within the same network or host, as Kuzmanovic’s does. There
are also differences in the vulnerabilities exploited in both attacks. In the TCP-
targeted low-rate case, the knowledge of the RTO timer for congestion control
implemented in TCP is exploited, whilst in the iterative server case the inter-
output times are the key to build the attack, as it will be presented in Section
Bl But the main difference between both attacks lies in the fact that during
the TCP-targeted attack, the link is only busy in the outages periods, while in
the new proposal the server is always busy in processing service requests from
the intruder, causing the legitimate users the perception that the server is not
reachable. This last feature is similar to the behaviour of the Naptha attack [I6],
although the main difference is that Naptha is a brute-force attack executed with
high rate traffic, while this attack uses low-rate traffic.

The rest of the article is structured as follows. Section 2] describes the scenario
of the attack and the hypothesis about its behaviour enabling the vulnerability.
Next, a validation of the hypothesis backing up the claimed vulnerability is
presented. Section 3 describes the details and phases of the proposed attack,
which is evaluated both by means of simulations and in a real environment in
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Section[dl Besides, Section @lshows the comparison of the proposed attack with a
brute-force attack with the same rate of attack packets. Finally, some conclusions
and further work to be carried out are compiled in Section Bl

2 Scenario and Vulnerability Analysis

The scenario to be considered for the analysis is a generic client-server configu-
ration in which the server is going to receive aggregated traffic from legitimate
users and from intruders. From our point of view, an iterative server is a black
box system which acts in the usual way, that is, the server receives requests from
the clients and responds them after some processing. Only after the processing
of a request will the processor take a new petition (iterative operation). Thus,
the existence of a finite length queue in which incoming requests are queued up
while awaiting for the server to process them in a FIFO discipline is assumed.
Therefore, the overall behaviour is that each request packet emitted by a client is
first queued in the server and, after some time, processed and responded by the
server. The possibility of rejecting an incoming request due to a queue overflow
is also considered. Whether the rejection of a request packet is observable or not
is irrelevant for our experiments.

The main objective of a DoS attack in this scenario is to keep the queue full of
request from the attacker. This fact will avoid the acceptance of request packets
from other (legitimate) users, thus causing a denial of service to these users.
Usually, the DoS event is carried out by means of a so called brute-force attack,
that is, the intruder or intruders send as many requests as they can with the aim
of either obtaining the bulk of the queue positions or saturating the network.
Our objective will be similar: to ”capture” all the queue positions, but emitting a
reduced number of requests, what is done by choosing the key instants at which
they should be sent.

Therefore, the key to succeed in our approach of attacking the service is by
forecasting the optimum instants at which a request should be made in order
to acquire a just freed position in a previously full queue. This way, the attack
would eventually capture all the positions and generate a denial of the service to
legitimate users. Obviously, a main question remains unanswered: is it possible
to forecast the instants at which the server is going to get a request from the
input queue and, therefore, generate a free position? Our hypothesis is that,
under certain circumstances, and by simple inspection of the outputs generated
by the server, this is possible. In fact, this is the argued vulnerability.

2.1 Timing of the Outputs

In order to predict the instants at which a position is freed and, therefore, is
available for the first request received, we need to review the operation of an
iterative server in a more formal way, as follows.

A service request enters the system. If the service queue has free positions, the
request is queued. Otherwise, an overflow event occurs and a denial of service is
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perceived by the user. The request will stay in the service queue during a queue
time, tq, awaiting for its turn to be served. Afterwards, it will be processed
by the service module during a service time, ts. This time would have been
employed in parsing the data, in a complex calculation or simply in building up
the answer. Finally, once the processing is completed, the corresponding answer
to the input request is generated and sent. Following, the next request in the
queue is obtained to be processed. At this point, a free position in the queue is
generated.

Our main hypothesis is that the service time is a random process, T that
can be modeled by a distribution function. At this point, some studies suggest
behaviours that depend upon the nature of the service [17]. Furthermore, various
authors report different distributions even for the same service, depending on
the network and other additional factors [I8]. Nevertheless, it is not necessary
to know the overall statistics of the service to carry out the proposed attack.
The only needed knowledge concerns the statistics related to the processing and
responses to the requests made by the intruder. In this context, if all the packets
sent by the intruder contains the same request, it would be expectable to re-
quire the same service time. Obviously, many factors external to the service but
related with the server itself will introduce some degree of variability. We lean
on the central limit theorem [19] to characterize the model of this behaviour in
a sufficiently complex system, e.g. a computer running a server, where a lot of
variables are involved, as a normal distribution. Anyway, as the purpose of this
paper is to show the existence of the vulnerability, which is solely based on the
possibility of estimating the expected value for the service time, E[t ], and ac-
cording to the central limit theorem, we use a normal distribution N (¢, var(ts])
to check our hypothesis. This approach allows us to consider the effects of the
variance due to different CPU loads, occupation in the service network, etc. The
behaviour of the queue time is irrelevant from our point of view, as will be argued
hereafter. On the other hand, as it will be pointed later on, the attack procedure
includes a mechanism to resynchronize its timing, which reduces the impact of
the requests made by the legitimate users on the evolution of the attack and the
relevance of the real distribution function of the service time. That is to say, we
only need to model the distribution of the service time for the attack packets
jointly with a mechanism to recover from mistakes.

The potential exploit that allows an intruder to carry out the attack is based
on the knowledge about the statistics of the inter-output time of the server, 7,
defined as the time elapsed between two consecutive outputs or answers provided
by the server. With the knowledge of this time, the intruder can evaluate the
timing at which free positions are generated.

For clarity, let us examine a case of study in which fixed service times are
considered. Although, at first glance, this could seem a very restrictive case, it
will be shown that the results are valid for more complex cases in which the
service time is a random variable, as discussed above.

The scenario of interest is that in which the queue is always kept occupied
with, at least, one pending request. Under this consideration, the behaviour of
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Fig.1. Time diagram for the processing of the requests carried out by the server
(bottom) and the associated timing of the generated outputs (top). In black, processing
time; in gray, queue time.

the inter-output time, assuming fixed service times, can be described as follows
(Fig. ). Let us suppose a queue with N positions which is initially full of re-
quests. At time t = 0, one of the pending requests is extracted from the queue
and processed by the server. After ¢, an output is generated (vertical bar in
the time diagram) and the next request is selected for its processing. Again,
after t5, a new answer is provided and the process is repeated while there are
pending requests in the queue. Therefore, for this scenario, the time between two
consecutive outputs from the server is equal to the service time, ts. This rate of
outputs will be maintained under the single condition that there always exists a
pending request in the queue.

If, as previously hypothesized, the service time responds to a normal distri-
bution, the inter-output time, 7, will behave as

7= N(ts,varlts]) (1)

As it can be seen, the queue time is not relevant, as it does not influence the
timing of the outputs.

The distribution of the inter-output time could be estimated by a potential
intruder by sending various requests close enough in time so as to occupy contigu-
ous positions in the buffer. In a first approach, the time between two consecutive
responses received by the attacker would provide the required information. By
repeating this procedure, the potential attacker can collect enough information
as to characterize the inter-output time distribution. Anyway, an effect that has
not been previously considered appears in this mechanism. Both the requests
and the answers must traverse the network to reach its destinations. Therefore,
the round trip time (RTT) plays a role in the determination of the timings. Con-
cretely, the variability of the RTT can produce deviations in the inter-output
times. This way, the variance of the inter-output time perceived by a user, 7,ser,
will be affected by the variance of the RTT. Assuming that the service times and
RTT are statistically independent variables, and that RTT can also be described
by a normal distribution function, the perceived inter-output time will be:

Tuser = N (ts,var[ts] + var[RTT)) (2)
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Experimental Validation by Simulation. In order to validate our hypothesis
concerning inter-output time distribution, various simulation experiments have
been carried out. For this purpose, Network Simulator (NS2) [20] have been used
to check whether the assumption that inter-output time approximates to Eq. (2))
is correct or not.

In a first set of experiments, an scenario with fixed service time has been
considered. As expected, the distribution of the inter-output time, 7, behaves as
predicted while there is at least one pending request in the queue.

In a second set of simulations, some scenarios in which the service time ¢,
and the round trip time RTT are modelled with normal distributions have been
considered. The obtained results show low deviations in the behaviour of the
system from that predicted theoretically.

As an example, Fig. @ shows the results of one of the simulations in which the
queue is always full of requests, what is achieved by sending request packets at
a higher rate than the service rate of the server. The service time and RTT are
supposed to be (1.5 s, 0.02 s) and N (0.6 s,0.02 s), respectively, so that the
inter-output time distribution is expected to be AN(1.55,0.04) (see Fig.[2la). The
simulation results provide a mean value of 1.52 seconds and a variance of 0.041
seconds for the inter-output time, with a distribution that can be approximated
by a normal distribution (Fig.[2lb). This fact have been tested through goodness
of fit tests as the Kolmogorov-Smirnoff test [21].

On the other hand, Fig. B shows the results of another example in which the
queue can become momentarily empty. The inter-output times and the occupa-
tion of the buffer are represented in the main axis and in the secondary axis
(dashed lines), respectively, in Figure Bla. For the same input parameters as in
the previous example, the mean value obtained for the inter-output time is 1.536
s with variance 0.114. The deviation from theoretical results is greater than in
the previous experiment due to the values generated when the buffer has no re-
quests. In fact, the goodness of fit tests provide poor estimators for the obtained
distribution when compared to a normal distribution. It is easily tested that
the periods with no requests in the queue result in higher values for the inter-
output times, greatly modifying the distribution of the samples. Therefore, the
inter-output times becomes unpredictable if the queue becomes empty and the
scenario of interest is that in which the queue has always at least one pending
request, as previously stated.

These experiments show that, even in simulated scenarios where the service
time is variable, the inter-output time could still be predictable in some circum-
stances for a possible intruder to build up an attack based on this knowledge.

3 Low-Rate Attack Specification

As previously stated, the objective of the denial of service attack is to maintain
the input queue of the target server full of requests coming from the attacker
or attackers. This way, legitimate users are not going to be able to queue their
requests, thus experimenting a denial of the service given by the server appli-
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Fig. 2. Simulation of inter-output time with flooded service buffer: a) inter-output time
values, and b) histogram of the samples

cation. This is achieved by making a prediction regarding the instants at which
the server is going to answer the requests, that is, when an output is going to
be generated. The intruder will flood the service queue only during a short pe-
riod of time around the predicted output time, resulting in an overall low-rate
flood experienced by the destination network. Therefore, the attack will follow
an OFF/ON scheme, as described next.

The proposed attack strategy consists in the succession of consecutive periods
composed by an interval of inactivity, offtime, followed by an interval of activ-
ity, ontime, as depicted in Fig. @l The attack waveform is characterized by the
following parameters:

— Estimated mean inter-output time (E[Tyser]): it is an estimation of 7ser
made by the intruder.

— Interval (A): period of time elapsed between the sending of two consecutive
attack packets during ontime.

— Ontime time (tontime): time during which an attempt to flood the service
queue is made by emitting request packets, at a rate given by 1/A. The
duration of ontime should be proportional to the variance of Tyser. It is
centered around E[7yser].
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Fig. 3. Simulation of inter-output time with the possibility of empty queue: a) Inter-
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— Offtime time (tof frime): time during which there is no transmission of attack
packets. Its duration should be

tofftime = E[Tuser} - t(mi&ime/2 —RTT -6 (3)

where § is equal to 0 if no response is received (a previous failure of the
attacker in a seizure or loss of a packet) and 1 otherwise. This accounts for
the delay among the emission of a packet and the reception of the response.

Both offtime and ontime are adjusted so that the generation of the output by
the server and the reception of the requests from the intruder are synchronized.
For this, the round trip time (RTT) has to be considered, as it represents the
delay in the transmission from the server to the client and viceversa. Therefore,
two points-of-view (server’s and intruder’s) should be considered in order to
establish the timings and synchronization of the sendings. The descriptions made
up to now have considered the server’s point-of-view, i.e. all the events and
sequences of events are timed according to the server’s local clock. However,
the communication among the server and the intruder will experience a delay
due to the RTT which can make observation of the sequence of events slightly
different. As an example, if an attack packet is due in the server at a given time,
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Fig. 4. Attack specification: Attack waveform and parameters

the intruder has to provide for it in advance (the packet should be sent RTT/2
time units before). Those effects will be considered in the following explanations
concerning the attack execution.

The attack presents two phases. In the first phase, an attempt to capture all
the positions in the queue is launched. After that, the attack tries to keep all the
captured positions by sending a new request in such a way that it arrives at the
server in the minimum time after the position becomes free, which is achieved by
using the attack waveform in synchrony with the outputs from the server, as will
be explained in the next paragraphs. For the first phase, a brute-force attack could
be used although the same results can be achieved by using the attack mechanism
proposed in the next paragraph. This alternative will achieve the aim in a longer
time but reduces the chances of detection by an IDS rate-based mechanism.

The attack is composed by a continuous sequence of the attack waveform
previously described, plus a mechanism to resynchronize the ontime periods or,
equivalently, to restart the offtime period, just in case a response is received.
Therefore, the execution of the attack can be explained as follows (Fig. [). Just
after the reception of an answer packet from the server (A1), the intruder sends
a request packet (R1) and the offtime period starts. At the end of this period,
the ontime period starts by emitting a new request packet (R2). While in the
ontime period, another request packet is sent every interval (R3 and R4). At
the end of the ontime period a new offtime starts inmediately, considering 6 = 0
in Eq. Bl On the reception of an answer packet during offtime (packet A2), a
request packet is sent (R5) and the offtime period is restarted with the value
given by using 6 = 1 in Eq. Bl If an answer packet had been received while in the
ontime period, an additional request packet would have been sent, the ontime
period would have been finished and the offtime period would have been started
with 6 = 1 (not depicted in Fig. Bl). This way, a request packet is sent whenever
an answer is received. This is done to reduce the probability of losing the free
position due to its capture by a legitimate user.

Finally, two comments about the behaviour of the attack should be pointed
out. First, according to the described attack procedure, the intruder will flood
the service queue only during a short period of time around the predicted output
time, resulting in an overall low-rate flood experienced by the destination net-
work. On the other hand, the behaviour during the flooding (ontime period) is
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designed to send packets that must arrive at the server at the precise time. Obvi-
ously, this can be made from a single attacker or in a distributed way, becoming
a DDoS in the last case.

4 Experimental Results

In this section, the attack behaviour is evaluated and its impact analyzed. The
attack has been tested in a simulated scenario, by using Network Simulator 2,
as well as in a real environment.

Prior to the evaluation of the attack, some indicators are going to be defined
in order to measure the attack performance.

4.1 Performance Indicators
The parameters of interest are:

— Percentage of seizures (S): percentage of the seizures in the server that
corresponds to the attacker.

— Effort of the attack (E): percentage of request packets emitted by the in-
truder, related to the total number of packets that can be accepted by the
server.

— User success percentage (U): percentage of seizures made by the legitimate
clients related to the total number of requests generated by them.

— Owverflow percentage (O): percentage of unattended requests due to full queue
condition related to the total number of received requests.

It should be noticed that not all the parameters are observable by the agents
in the scenario. For example, only the effort of the attack is observable by the
intruder during the attack due to the fact that only the server knows the total
number of packets and seizures generated in the observation period.

The aim of the attack should be to minimize the user perception of the avail-
ability of the server (U). This can be achieved by maximizing S, due to the fact
that if the server is engaged more time with intruder requests, the user success
percentage (U) will be lower. Besides, in order not to be detected by any active
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intrusion detection system, the attack should also minimize its effort E. Mini-
mizing E will contribute to a lower overflow O in the server, thus making the
attack more undetectable.

4.2 Simulated Scenario

We are interested in discovering how effective the low-rate DoS attack can be-
come. For that, a set of attacks has been analyzed in the simulator. The obtained
results are really worrying due to the high effectiveness demonstrated.

As an example, in what follows the results obtained from one attack simulation
composed by 1332 outputs are discussed. The attack has been launched against a
server with t5 = 3.0 seconds and var(ts) = 0.2 seconds. The traffic generated by
the user is enough by itself to keep the server busy all the time. The parameters
of the attack for this example are: tontime = 0.6 S, tof frime = 2.7s, and A = 0.3 s.
Round trip time has been set to A(0.6s,0.2). As expected, a very high efficiency
is obtained: S = 94% and U = 9%, which implies that only a 9.04 percent of
the user requests are attended by the server. On the other hand, the overflow
percentage O = T77% indicates that the traffic offered to the server by both
the legitimate users and the intruders is about four times its capacity. In other
words, only 22.9% of the requests are attended.

It is possible to adjust the effort of the attack (F) and, therefore, the ability to
bypass an IDS system able to detect attacks on a given rate, by reducing ontime
time and/or increasing interval at the expense of decreasing the effectiveness of
the attack. In this context, Fig. [0l shows the variety of obtained vaules for the
user success percentage and the effort for 25 possible settings for the attack to
the previously defined server.

4.3 Comparison with a Naive Attack

The proposed attack strategy has to be measured not only in terms of effective-
ness, according to the proposed indicators, but also in comparison with a naive
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attack. By naive attack we mean an attack with the same objective (to seize
all the positions in the buffer) but carried out by simply sending packets in a
fixed rate or randomly. Therefore, a naive attack is, in some sense, a brute-force
attack, as it lacks any intelligence about the server’s behaviour and is based in
the exhaustion of the server’s capabilities. However, we prefer the term ”naive”
as opposed to ”"brute-force” due to the fact that we are considering relatively
low-rates for the attack.

The proposed attack would become useless if its figures does not improve
those from the performance of a naive attack with a similar rate. The experi-
mental results (Fig. [[l) suggest an important impact in the expected behaviour
when using the knowledge of the estimated inter-output time. As shown, the
user success percentage of the proposed attack is about 20% lower, in absolute
terms, when compared with the naive attack for the same effort of the attack.
That’s to say, the same rate of attack packets provides better results in denying
requests from legitimate users when using the proposed dynamics for the attack.
Furthermore, the difference for U between the naive and the proposed strategies
increases as the attack rate (effort) decreases. This is an expected result; when
using high rates both kinds of attacks should get the same performance due to
the fact that the rate of arrivals at the server will be enough to saturate the
capacity by itself (becoming, in this case, a brute-force attack).

4.4 Real Scenario

The proposed attack has been also tested in a controlled real environment to
check its validity. The selected server is an Apache web server that keeps the
condition of serving requests in an iterative way ("ThreadsPerChild= 1"). Al-
though we positively know this is not a realistic scenario, as most of web servers
are concurrent instead of being iterative, there exist some reasons for considering
it. First, the argued vulnerability is present in every iterative server under the
single condition of a predictable time distribution of the inter-output time or,
equivalently, of the service time. In our opinion, this makes the iterative web
server valid to test the behaviour of the proposed attack. Second, our interest is
to extend this kind of study to concurrent servers, mainly to web servers, which
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Table 1. Real and simulated attack performance

ts ta u O S E
3 3.5 Simulated 10.4 71.4 90.5 260.8

Real 9.8 69.4 91.4 239.7

5 6 Simulated 5.7 67.7 94.2 213.1

Real 7.8 67.6 92.5 212.4

10 12 Simulated 3.0 64.4 97.2 198.3
Real 6.4 65.5 94.3 201.6

15 17 Simulated 3.0 66.6 96.8 197.5
Real 2.5 65.6 97.7 198.2

20 22 Simulated 3.0 65.0 97.2 197.5
Real 4.3 65.1 96.0 196.2

25 28 Simulated 1.8 64.6 98.0 197.9
Real 1.8 65.4 98.3 197.9

makes the iterative web server an interesting starting point. Furthermore, the
next steps in our research, still in preliminary stages, confirm the existence of
the vulnerability in concurrent servers.

We have considered that a client’s petition consists in a connection request.
The attack establishes connections and sends no messages on them, letting the
web server to close the connection after a timeout period specified by the Apache
directive "Timeout", which corresponds to the service time, ts, in our model.
Although it could be argued that there is no variance in the service time, it is
not true due to two main reasons: there still exists some variability due to the
processing of the connection request and, mainly, due to the variability in the
RTT.

The real scenario is analogous to that one considered for the theoretical
analysis. The user traffic has been generated following a Poisson process. A
piece of software launches the attack from a single source. Both legitimate user
and intruder traffic flows traverse a WAN network to reach the server, with
a round trip time N(17 ms,0.05 ms). Traces on the users and the intruder
side have been issued for collecting the necessary data to calculate the attack
indicators.

Table [l shows some experimental results with a comparison among real and
predicted values for different service times (¢s) and user traffic arrival rates (¢,).
These rates have been selected in such a way that there is no congestion on the
server if the attack is not carried out. The parameters of the attack have been
tuned to tontime = 0.4 s and A = 0.4 s for all the experiments.

We can even obtain better results in efficiency (lower U and higher S, with
lower O) for the attack in a real environment in some cases. Two conclusions
can be derived from these results: a) All the experiments we have made un-
der simulation seem to provide results that are good approximations of the be-
haviour in real environments, and b) the real impact of the attack can be very
high, showing that these vulnerabilities could be easily exploited in iterative
servers.
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5 Conclusions

In this work, a vulnerability present in iterative servers is described. It consists
in the possibility that a potential attacker becomes aware about the statistics
of the inter-output time of a given server. This vulnerability allows an intruder
to perform a denial of service attack against an iterative server. The attack
could be designed to nearly or completely saturate the capacity of the target
system but, as a difference from the generalized brute force DoS attacks, it uses
a relatively low-rate traffic to achieve its goals. Moreover, it is possible to tune
the attack parameters in order to select the appropriate values for efficiency
and load generated in the server. This distinctive characteristic could allow the
attack to bypass, in many cases, existent IDS systems based on rate thresholds,
becoming a non-detectable threat.

As a difference from other existent low-rate DoS attacks, this one threatens
the application level, maintains the server engaged serving intruder requests and
gets advantage of the knowledge of the inter-output time of the target server.
This is opposed to the TCP-targeted low-rate attack defined in [15], that relies
on selectively saturating the link in order to trigger TCP’s congestion control
mechanism. However, it has some common features with [I5], what points out
the existence of a new family of DoS attacks, characterized by the fact that they
rely on vulnerabilities that consist in the a-priori knowledge of one timer of a
protocol or end-system behaviour, and that allow the intruder to carry out the
DoS attack with a low-rate traffic.

The fundamentals and details of the design of a possible exploit have been
explained. We have demonstrated that this attack can be easily carried out and
that it can obtain very efficient results. The potential risk presented by the attack
is really worrying, due to the fact that it could behave very similar to legacy
users, bypassing IDS systems and possibly affecting many services in a server.

The extension of this kind of attacks to concurrent servers is being researched
jointly with a mathematical framework able to model the described behaviour.
The preliminary experimental results obtained up to now show evidences of the
existence of a analogous vulnerability in concurrent servers. On the other hand,
the mathematical model under study points out some possible improvements in
the proposed attack, which makes the associated threat more awesome.
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