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Abstract. We propose a platform for the rapid prototyping of active
measurement tools to collect network characteristics. The proposed
platform provides its users with basic active measurement primitives
upon which sophisticated active measurement tools can be prototyped
quickly, practically, and efficiently through scripts in the Lua scripting
language. We validate the platform as well as show its flexibility and
accuracy through experiments on a local testbed and also on Planet-lab.
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1 Introduction

Network measurements [1,2] aim at characterizing the performance, behavior,
dynamics, and structure of different kinds of networks. From an implementation
viewpoint, the currently available measurement tools (see [3] for a survey) are
typically coded in low-level programming languages (usually C) to avoid the im-
pact of high-level programming language features—e.g. garbage collection and
exception handling mechanisms—on the accuracy of measurement results. As a
consequence, most of such tools present a potentially high development time. Be-
sides, such tools are based on very low-level network APIs (usually BSD socket-
like APIs), which hinders higher levels of code reuse across tool projects—this
is easily observable in the open-source codes of several publicly available mea-
surement tools. Further, the absence of standards in these tools with respect to
the collection and storage of measurement data brings inconveniences to their
integrated use in the existing measurement platforms.

In this paper, we propose a platform for the rapid prototyping of active mea-
surement tools, i.e. tools based on the sending of probes (packets with the single
purpose of performing measurements) between network nodes, thus allowing
the measurement of network properties along the path linking such nodes. Our
proposal, named FLAME (Flexible Lightweight Active Measurement Environ-
ment),1,2 allows the rapid prototyping of active measurement tools even if the
1 The source code is available at http://martin.lncc.br/main-software-flame/
2 Disambiguation: We recently became aware of a set of tools also called FLAME [4]

to facilitate the manipulation of flow traces, a totally different purpose than ours.
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targeted network metric depends on a cooperative destination node, i.e. a desti-
nation node that hosts (part of) the measurement tool.

The FLAME platform is based on the distribution of measurement agents
among some network nodes. Such agents send and receive probe packets in re-
sponse to commands from a central manager. These agents publish the collected
measurement data in a standardized way on a central repository, simplifying the
management and further analysis of such data.

The FLAME platform offers its users active measurement primitives to be
executed in the agents. Users can prototype active measurement tools upon
such primitives in a rapid, practical, and efficient manner. The central manager
is responsible for deploying such tools and starting their execution in the agents.

Tool prototyping in the FLAME platform is based on the Lua scripting lan-
guage [5]. Lua is adopted in FLAME as an extension language: its interpreter is
embedded as a library into the measurement agents. On the one hand, the Lua
interpreter gives to the scripts running in the agents access to active measure-
ment primitives through a high-level, minimalist API [6]. On the other hand,
the measurement agents and the measurement API are implemented in C, pre-
venting significant overheads in the measurement results due to the execution of
Lua scripts. We validate the platform as well as show its flexibility and accuracy
through experiments on a local testbed and also on the Planet-lab platform.

The remainder of the paper is organized as follows. Section 2 briefly reviews
related work. The FLAME architecture is presented in Section 3. Section 4 de-
scribes the The minimalist, high-level measurement API offered by the FLAME
platform. In Section 5 we give examples of tool prototypes in the FLAME plat-
form and present experimental results conducted using such tools to validate
the platform. Finally, in Section 6 we conclude the paper, also indicating some
possible future work.

2 Related Work

Related work on network measurements generally targets two different kinds
of results: (i) the development or improvement of measurement tools special-
ized in measuring a specific subset of network environment properties—Michaut
and Lepage [3] provide a survey of several existing network measurement tools;
(ii) the deployment of large scale measurement platforms that employ measure-
ment tools (usually developed independently by other projects) to analyze net-
work metrics in a more comprehensive way. Such tools and platforms are de-
scribed in the following subsections.

2.1 Tools for Active Network Measurement

Each active measurement tool typically aims at evaluating network performance
according to a limited set of metrics. The most used metrics and some of the
tools proposed to measure them are pointed out in Table 1, adapted from [3].
This table also indicates which tools depend on the presence of cooperative
destination nodes to work correctly.
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Table 1. Examples of typical active measurement metrics and tools

Tools COP OWD OWV RTT PLR PRO ROT PHC ECP ABW

Iperf [7] � � �
owping [8] � � � �
pchar [9] � �
pathload [10] � �
pathrate [11] � �
ping � �
QoSMet [12] � � � � �
sprobe [13] �
sting [14] � �
traceroute �
traceroute-paris[15] �
Legend:
COP: tools that depend on cooperative destination nodes.

OWD: one-way delay; OWV: OWD variation; RTT: round-trip time;
PLR: packet loss rate; PRO: packet reordering; ROT: route tracing;
PHC: per-hop capactity; ECP: end-to-end link capacity;
ABW: available bandwidth.

An important point to highlight in the active measurement tools such as
those in Table 1 is the low (if none) code reuse, even for those tools devel-
oped in the same research group (e.g. pathrate and pathload) or with very
similar functionalities and purposes (e.g. traceroute and traceroute-paris).
Another key point to remark is that generated results are provided in an ad hoc
format (e.g. consider the extreme case of popular tools as ping and traceroute,
which provide different outputs in different operating systems), making it dif-
ficult to manage this data and eventually analyze measurement results in an
integrated way. As an example, although there exists some proposals to stan-
dardize log formats [16,17], few active measurement tools (e.g. pathrate and
pathload) do use these standards to present the results of their measurements.

2.2 Platforms for Active Network Measurement

NIMI [18] and ETOMIC [19] are large-scale active measurement platforms that
apply restrictive, domain-based trust models among measurement managers and
agents. Both platforms use third-party active measurement tools as plug-ins
in the measurement agents, which hinders code reuse across tools, making it
harder the implementation of innovative measurement techniques. Besides, nei-
ther NIMI nor ETOMIC provides a central result repository, making it more
difficult to analyze measurement results in an integrated way.

DIMES [20] goes in a different direction by employing an approach similar
in concept to projects on voluntary computing (such as SETI@home [21]), ren-
dering a potentially high coverage of the platform. The main goal of DIMES is
to make available a detailed connectivity graph of the Internet. DIMES offers
a XML-based language, called PENny, for the specification of the experiments.
This language is rather limited in its expressiveness, however, only offering prim-
itives for measurement of bidirectional delay and route tracing, which constrains
the flexibility of the DIMES platform.
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ANEMOS [22] and Flexmon [23] focus on the provisioning of central result
repositories. ANEMOS allows the definition of rule-based alarms according to
the measured network performance, whereas Flexmon is able to constrain probes
according to the resources available at the measurement agents. Like NIMI and
ETOMIC, ANEMOS and Flexmon employ third-party active measurement tools.

ATMEN [24] and NetQuest [25] aim at reducing the overhead of active
network measurements. ATMEN avoids wasted measurements by judiciously
reusing measurement results. NetQuest employ inference algorithms that se-
lect data collected in a measurement experiment to maximize the amount of
information gathered about the properties of certain network paths, given the
set of constraints about the experiments (e.g. the maximum allowed amount of
issued probes). Like most of the aforementioned platforms, ATMEN uses third-
party active measurement tools. The way such tools are implemented/used in
NetQuest is not presented in [25].

Scriptroute [26] is the approach we regard as closest to ours. In this platform
active measurement tools are specified in Ruby, a fully object-oriented script-
ing language, whereas measurement agents, which interpret the Ruby scripts,
are implemented in C. Like Flexmon, Scriptroute is able to constrain probes
according to the resources available at the measurement agents. Nevertheless,
the flexibility of Scriptroute is limited by the impossibility of implementing tools
that depend on cooperative destination nodes. Furthermore, Scriptroute does not
have a centralized repository in which the measurement results are stored. Thus,
the gathering and output of results must be explicitly coded in the Ruby scripts
that implement the tools. This approach renders scripts that tangle probing and
data output functionality, hindering higher levels of reuse.

3 FLAME Architecture

The FLAME architecture is presented in Figure 1. The communication between
the components of the architecture—namely the user console, the measurement
manager, and the measurement agents—is performed through the XMPP pro-
tocol [27]. An XMPP service (comprising one or more XMPP servers, either
dedicated or public ones) acts as a message bus among FLAME components.
We describe the role of each FLAME component in the following.

Users issue measurement sessions to the measurement manager using a text-
based console application. The measurement manager is responsible for initi-
ating the issued measurement sessions—called experiments in FLAME—in the
measurement agents and for storing the results obtained in these sessions in a
central repository (a relational database in the current version of platform). The
measurement agents are responsible for executing the experiments, caching the
collected measurement results and sending them to the manager at the end of
these experiments—such delay is to avoid remote repository updates to interfere
with the experiments.

An experiment is specified as a script that describes the prototyped tools to
be adopted in the experiment and the commands that invoke such tools. Such a
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Fig. 1. FLAME architecture

script has access to the basic primitives of the measurement API implemented
by the agent (see Section 4 for further details about such primitives). Both the
script and the corresponding collected measurement results from an experiment
are published in the central repository. This allows for better data provenance,
since the prototyped tools and the commands that invoke them can be later
analyzed (for instance, concerning their correctness and accuracy) based on the
collected results.

It is worth noting that measurements may be performed between sets of mea-
surement agents, or between measurement agents and ordinary hosts (i.e. hosts
that do not have a measurement agent but may reply to probes, for instance
a host answering ICMP requests), as depicted in Figure 1. In the case of mea-
surements between sets of agents, besides two way (TW) measurements such as
those performed between agents and ordinary hosts, it is also possible to have
one-way (OW) measurements.

The use of XMPP presence controls permits the measurement manager to ask
agents to perform an specific experiment in exclusive mode, meaning that the
XMPP service will make such agents temporarily unavailable for other experi-
ments. This functionality allows carrying out experiments that would otherwise
be disturbed by concurrent experiments in the same set of agents.

4 The Minimalist, High-Level Measurement API

In the FLAME platform, experiments are specified in the Lua scripting lan-
guage [5]. We chose Lua to prototype active measurement tools due to the fol-
lowing convenient characteristics it presents:

– Lua has a simple (procedural) syntax and a high abstraction level, thus hav-
ing a great potential to reduce software development time. In the FLAME
platform, the combination of Lua and a central repository allows the devel-
oper of measurement tools to focus more on the probing techniques than on
the particularities of lower-level languages (e.g. memory management) and
data output functionality;
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– Lua presents extensible semantics (e.g. allowing the use of threads in differ-
ent collaboration levels [28]) and a reduced memory footprint,3 thus mak-
ing measurement agents deployable on nodes with diverse levels of resource
availability.

Each measurement agent in the platform hosts an adapted Lua interpreter that
provides a sandboxing environment (like the Scriptroute platform) for the con-
trolled execution of Lua scripts. The agents make the measurement primitives
available to the Lua scripts through an API in C that is exported to the Lua
interpreter with the name lamp (Lua Active Measurements Primitives).

The names of the probing operations offered by the lamp API follow the
send[protocol][type](. . .) structure, where protocol indicates the protocol
used for sending probes (in the current implementation, UDP, TCP, and ICMP
are available), and type indicates if the probes are bidirectional (TW – Two
Way), unidirectional (OW – One Way), or sent in a burst (PT – Packet Train).
The TW operations do not depend on cooperative destination nodes and the
results obtained with these operations are collected in the source of the experi-
ment. In this case, the source node is responsible for sending the results to the
measurement manager. The OW and PT operations depend on cooperative des-
tination nodes. In this case, a destination node is responsible for collecting the
results and sending them to the measurement manager. Such operations, how-
ever, also instruct the destination nodes to send the collected results back to the
source node after the operation execution. This is important when the developer
needs to implement active measurement tools that rely on successive iterations
based on the feedback from the cooperative destination nodes to properly mea-
sure certain network characteristics (as in the case of pathload, for instance).

All probing operations of the lamp API return a Lua table4 containing the
collected results, in case of success. Such probing operations are extensibly
parametrized, but without impacting significantly on the usability gained with a
minimalist API, given that several parameters are optional and, when omitted,
receive default values.

Besides probing operations, the lamp API also offers other operations, such
as sleep(...) (to suspend the execution of a script for a certain amount of
time), and a set of operations for querying the central repository, allowing the
reuse of previously implemented tools—and collected results, like the ATMEN
platform—in the context of other experiments (due to space restrictions we omit-
ted in this paper a detailed explanation of such operations).

3 A comparative benchmark study, available at
http://shootout.alioth.debian.org, points out an average memory consumption
530%, 260%, and 190% larger than Lua for Ruby, Python, and Perl, respectively.

4 Lua offers a single type of data structure, called table, that implements associative
arrangements of the kind {k1 = v1, . . . , kn = vn}, i.e. each value vi stored in the
structure is associated to a key ki. Keys and values can assume any type, even
though numbers and strings are the most common types of keys. Values are indexed
by numeric keys in the form table[key] and by alphanumeric keys in the form
table[‘‘key’’], or simply table.key.

http://shootout.alioth.debian.org
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5 Experimental Validation

To validate the FLAME platform as well as to illustrate its flexibility and ac-
curacy, we conducted a set of measurements on two experimental scenarios: the
Planet-lab platform and a local testbed. We stress that these experiments are
intended to validate the FLAME platform and not to provide a performance
evaluation of FLAME.

The following subsections describe these experimental scenarios and compare
a set of measurements collected in such scenarios with publicly available tools and
equivalent tools prototyped on the FLAME platform. In the case of the publicly
available tools, the measurement results were obtained by post-processing the
textual output of such tools. In the case of our prototyped tools, the measurement
results were obtained by querying the central repository of FLAME directly
and post-processing the returned data. It is important to emphasize here that
this approach to data collection encourages the untangling of probing and data
output functionality, which can be observed from the compactness and neatness
of the prototype sources presented in the following subsections.

5.1 Experimental Scenarios

The Planet-lab platform was used for RTT and route tracing experiments. For
such experiments, we employed six nodes spread throughout the globe, one node
(S1) working as the source and the other five nodes (T1, ..., T5) as targets. Such
nodes are presented in Table 2.

Table 2. Source and target nodes of the Planet-lab experiments

IP address Domain name

Source
S1 200.19.159.34 planetlab1.pop-mg.rnp.br

Targets
T1 130.83.166.198 host1.planetlab.informatik.tu-darmstadt.de

T2 128.112.139.80 alice.cs.princeton.edu

T3 132.65.240.100 planet1.cs.huji.ac.il

T4 130.216.1.22 planetlab-1.cs.auckland.ac.nz

T5 131.112.243.102 node2.planet-lab.titech.ac.jp

Our local testbed was used for one-way delay and link capacity experiments. It
comprises four Linux nodes (Ubuntu distribution) connected in a row topology;
the two nodes at the edges of the row working as the source and destination
nodes and the other two nodes as intermediate routers. For this scenario we
adopted two link configurations. In the first configuration, the three links worked
at 10 Mbps (referred to in this section as the “10-10-10 topology”). In the second
configuration, the link in the middle of the row topology worked at 100 Mbps
(the “10-100-10 topology”).

planetlab1.pop-mg.rnp.br
host1.planetlab.informatik.tu-darmstadt.de
alice.cs.princeton.edu
planet1.cs.huji.ac.il
planetlab-1.cs.auckland.ac.nz
node2.planet-lab.titech.ac.jp
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5.2 RTT Measurements

For our RTT experiments in Planet-lab, we used the ping tool available in node
S1 and prototyped an equivalent tool (flamePing) using the lamp API, deploying
it in the FLAME measurement agent running on node S1. The code in Listing 1
illustrates our flamePing prototype.

1 function flamePing( params)
2 -- Ping params (and corresponding defaults)
3 local _target = params.target or " 127.0.0.1"
4 local _size = params .size or 56
5 local _interval = params.interval or 250000 -- microsecond resolution
6 local _npackets = params.npackets or 10
7 local _protocol = params.protocol or "icmp"
8 local _timeout = params.timeout or 5000000 -- microsecond resolution
9 local _ttl = params.ttl or 30

10

11 for i = 1,_npackets do
12 local _response
13

14 -- Choose probing protocol (for UDP and TCP primitives ,
15 -- since port is not indicated it is randomly chosen above 1024)
16 if _protocol == "icmp" then
17 _response=lamp.sendICMPTW{ip=_target , size=_size ,
18 timeout =_timeout , ttl=_ttl}
19 elseif _protocol == "udp" then
20 _response=lamp.sendUDPTW{ip=_target , size=_size ,
21 timeout =_timeout , ttl=_ttl}
22 elseif _protocol == "tcp" then
23 _response=lamp.sendTCPTW{ip=_target , size=_size ,
24 timeout =_timeout , ttl=_ttl}
25 else
26 print("INVALID PROTOCOL :", _protocol)
27 return
28 end
29

30 -- Check host/net unreachability
31 if _response and _response.loss == ICMP_HOST_UNREACH then
32 print("DESTINATION UNREACHABLE: ", _target )
33 return
34 end
35

36 -- Wait time between probes
37 if type(_interval) == "number" then
38 lamp.sleep( _interval)
39 elseif type( _interval) == "table" then
40 lamp.sleep( _interval.func(_interval. params))
41 end
42 end --for i
43 end

Listing 1. FLAME ping prototype

It is worth noting in Listing 1 that our flamePing prototype is pretty sim-
ple, yet provides functionality for sending UDP and TCP probes besides ICMP
probes (lines 14-28), and for spacing probes according to arbitrary functions
(lines 36-41). In Table 5.2 we illustrate two different sets of commands that issue
the execution of flamePing on node S1 in Planet-lab, the first one with probes
uniformly spaced (as the original ping tool does) and the second one with probes
exponentially spaced.
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Table 3. Commands to execute flamePing over Planet-lab nodes

Probes uniformly spaced Probes exponentially spaced

local targets = {
"130.83.166.198",
"128.112.139.80",
"132.65.240.100",
"130.216.1.22",
"131.112.243.102"

}

for k,v in ipairs(targets ) do
flamePing{target=v}

end

local function expdist (lambda )
local r = 0
repeat r = math.random () until(r ~= 0)
return math.floor(-math.log(r)/lambda)

end

local targets = ... -- same as left

for k,v in ipairs(targets ) do
flamePing{
target =v,
interval ={ func=expdist , params =1/10000000 }

}
end

Figure 2 illustrates some RTT measurement statistics collected in Planet-lab
with ping and flamePing (both uniform and exponential distributions). Such
statistics comprise, for each target in Table 2, 36 interleaved executions of each
tool spaced by 10 minutes, to minimize the effect of traffic synchronization. For
each tool, one execution sent out 10 probes of 56 bytes for a total of 360 samples
per tool and a total of 18 hours of measurement collections. The error bars in
the figure show for each tool the 05- and 95-percentiles among the 360 samples,
and the data points show the corresponding averages. It is important to note
how similar the ping and flamePing tools characterized the network behavior
with regard to RTTs among the used Planet-lab nodes.

 0
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Targets for the RTT measurements
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flame ping
flame ping exp

Fig. 2. RTT measurement statistics in Planet-lab

5.3 Route Tracing

For our route tracing experiments in Planet-lab, we used the traceroute tool
available in node S1 and prototyped an equivalent tool (flameTrace) using the
lamp API, deploying it in the FLAME measurement agent running on node S1.
The code in Listing 2 illustrates our flameTrace prototype.

It is worth noting the similarity between Listing 1 and Listing 2, which be-
comes more apparent as the FLAME design encourages the separation between
packet probing and data output/processing functionality. For triggering route



FLAME: Flexible Lightweight Active Measurement Environment 535

1 function flameTrace( params)
2 local _target = params.target or " 127.0.0.1"
3 local _size = params .size or 60
4 local _interval = params.interval or 250000
5 local _npackets = params.npackets or 3
6 local _protocol = params.protocol or "udp"
7 local _timeout = params.timeout or 5
8 local _maxhops = params.maxhops or 30
9

10 for h = 1, _maxhops do
11 local _response
12

13 for i = 1,_npackets do
14 -- Choose probing protocol (for UDP and TCP primitives ,
15 -- since port is not indicated it is randomly chosen above 1024)
16 if _protocol == "icmp" then
17 _response=lamp.sendICMPTW{ip=_target , size=_size ,
18 timeout =_timeout , ttl=h}
19 elseif _protocol == "udp" then
20 _response=lamp.sendUDPTW{ip=_target , size=_size ,
21 timeout =_timeout , ttl=h}
22 elseif _protocol == "tcp" then
23 _response=lamp.sendTCPTW{ip=_target , size=_size ,
24 timeout =_timeout , ttl=h}
25 else
26 print("INVALID PROTOCOL :", _protocol)
27 return
28 end
29

30 ... -- same as lines 30 -41 in flamePing
31 end --for i
32

33 -- Is current node the target?
34 if (_response.remIP == _target ) then break end
35 end --for h
36 end

Listing 2. FLAME route tracing prototype

tracing experiments in Planet-lab using FLAME, we issued the commands below
on node S1:

local targets = {" 130.83.166.198", "128.112.139.80",
"132.65.240.100", "130.216.1.22", "131.112.243.102"}

for k,v in ipairs(targets ) do flameTrace{target=v} end

Like the RTT experiments, the route tracing experiments were conducted using
the traceroute and flameTrace tools in an interleaved way for a total of 18
hours. Figure 3 shows a graph representation of the paths linking the Planet-
lab nodes used in the experiments, as identified by both the traceroute and
flameTrace tools. The results of both tools were again quite similar, showing no
changes on such routes during the experiments. The only perceived difference was
on the process of route tracing between S1 and T1 nodes. In Figure 3, the dashed
loop arrow on T1 indicates that in most of our experiments the traceroute tool
couldn’t realize it had arrived at the destination node, continuing to increment
the TTL field of probing packets until its maximum value (30 hops). This sit-
uation didn’t happen with the flameTrace tool in any of the experiments. We
attribute this phenomenon to an unexpected situation that traceroute couldn’t



536 A. Ziviani et al.

163.117.253.2

193.145.14.22
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130.83.166.198 (T1)
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130.206.250.21
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62.40.112.25

62.40.112.70 132.65.240.100 (T3)

6

62.40.125.18 131.112.243.102 (T5)

5

128.112.139.80 (T2)

6

130.216.1.22 (T4)

9

Fig. 3. Graph representation of traceroute and flameTrace results. The numbered
edges indicate the number of omitted hops between the corresponding nodes.

sort out. With the rapid prototyping facilities offered by FLAME we expect such
kind of situation to be easily identified and corrected by the tool developer.

5.4 One-Way Delay Measurements

Unlike the tools used for the RTT and route tracing experiments, the tools we
used for one-way delay measurements depend on cooperative destination nodes.
To minimize clock synchronization errors, these experiments were conducted in
our local testbed with the source and destination nodes synchronizing on a local
NTP server. For these experiments, we installed the owping tool in the source
and destination nodes and prototyped an equivalent tool (flameOWD) using the
lamp API, deploying it in the FLAME measurement agent running on the source
node (in these experiments we also ran a management agent on the cooperative
destination node). The code in Listing 3 illustrates our flameOWD prototype.

The single command flameOWD{target=‘‘10.0.2.2’’, npackets=200} was
used for issuing the execution of flameOWD on the source node in our testbed.

Table 4 illustrates some one-way delay measurement statistics collected in
our local testbed using the 10-10-10 and 10-100-10 topologies with owping and
flameOWD. Such statistics comprise, for each topology, 200 probes of 56 bytes.
The table shows for each tool and topology the median, 05- and 95-percentiles
among the 200 samples. It is important to note that in both topologies the
flameOWD prototype provided lower one-way delays, but the NTP estimated
synchronization error (the same for both tools) rendered statistically equivalent
results between the two tools.
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1 function flameOWD (params)
2 local _target = params.target or "127.0.0.1"

3 local _size = params.size or 56
4 local _interval = params.interval or 750000

5 local _npackets = params.npackets or 5
6 local _protocol = params.protocol or "udp"
7 local _timeout = params.timeout or 5000000

8 local _port = params.port or nil
9

10 for i = 1,_npackets do
11 local _response

12

13 -- Choose probing protocol (if port is not indicated the destination node
14 -- chooses a port above 1024. In any case , for OW operations ,

15 -- the source and destination nodes agree on the used port
16 -- through XMPP messages)

17 if _protocol == "udp" then
18 _response=lamp.sendUDPOW{ip=_target , size=_size ,
19 timeout =_timeout , port=_port}

20 elseif _protocol == "tcp" then
21 _response=lamp.sendTCPOW{ip=_target , size=_size ,

22 timeout =_timeout , port=_port}
23 else

24 print("INVALID PROTOCOL :", _protocol)
25 return
26 end

27

28 -- Check port unavailability and host/net unreachability

29 if _response then
30 if _response.loss == ICMP_HOST_UNREACH then
31 print("DESTINATION UNREACHABLE: ", _target )

32 return
33 elseif _response.loss == PORT_ALREADY_IN_USE then

34 print("DESTINATION PORT ALREADY IN USE: ", _target , _port)
35 return

36 end
37 end
38

39 ... -- same as lines 36 -41 in flamePing
40 end --for i

41 end

Listing 3. FLAME one-way delay measurement prototype.

Table 4. Measured one-way delay in ms. NTP estimated synch error is ± 0.41 ms

10-10-10 Topology 10-100-10 Topology
P05 Median P95 P05 Median P95

owping 1.28 1.39 1.50 1.10 1.21 1.32
flameOWD 0.87 0.91 0.98 0.46 0.51 0.58

5.5 Link Capacity Estimation

For the link capacity experiments, we employed our local testbed so that we
could have more precise information about the actual link capacities we were
interested in estimating. For these experiments, we installed the pchar tool in
the source node and prototyped an equivalent tool (flameChar) using the lamp
API, deploying it in the FLAME measurement agent running on the source node.
The code in Listing 4 illustrates our flameChar prototype.
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1 function flameChar(params)
2 local _mtu = params.mtu or 1500 -- probe size limit

3 local _increment = params.increment or 32 -- difference between probe sizes
4 local _npackets = math.floor(_mtu/_increment)

5 local _maxhops = params.maxhops or 30 -- maximum number of allowed hops
6 local _repetitions = params .repetitions or 32 -- number of tests per hop
7 local _target = params.target or "127.0.0.1"

8 local _timeout = params.timeout or 3
9 local _interval = param_table.interval or 500000 -- time between probes

10

11 local _sizelist = generateProbeSizeList(_npackets , _increment)

12

13 for h = 1, _maxhops do
14 local _response

15 for t = 1,_repetitions do
16 for i = 1,_npackets do

17 local _response
18

19 -- Choose probing protocol (for UDP and TCP primitives ,

20 -- since port is not indicated it is randomly chosen above 1024)
21 if _protocol == "icmp" then

22 _response = lamp.sendICMPTW{ip=_target , size=_sizelist[i],
23 ttl=h, timeout =_timeout }

24 elseif _protocol == "udp" then
25 _response = lamp.sendUDPTW{ip=_target , size=_sizelist[i],
26 ttl=h, timeout =_timeout }

27 elseif _protocol == "udp" then
28 _response = lamp. sendTCPTW{ip=_target , size=_sizelist[i],

29 ttl=h, timeout =_timeout }
30 else
31 print("INVALID PROTOCOL :", _protocol)

32 return
33 end

34

35 ... -- same as lines 30 -41 in flamePing

36 end --for i
37 end --for t
38

39 -- Is current node the target?
40 if (_response.remIP == _target ) then break end

41 end --for h
42 end
43

44 -- Function to create a shuffled package size list
45 function generateProbeSizeList(npackets , increment)

46 ... -- implementation omitted due to space limitations
47 end

Listing 4. FLAME link capacity estimation prototype.

The single command flameChar{target=‘‘10.0.2.2’’}was used for issuing
the execution of flameChar on the source node in our local testbed.

Figure 4 illustrates some link capacity measurements and related statistics
collected in our local testbed using the 10-10-10 and 10-100-10 topologies with
pchar and flameChar. Such measurements and statistics comprise, for each
topology, a single execution of each tool. For each tool, the execution sent out
32 probes of varying sizes (from 32 to 1472 bytes in increments of 32 bytes) in a
particular topology. The figure shows for each tool and topology the minimum
RTTs per probe size and the “best-fit” lines obtained through the linear least
squares fitting technique. As shown in [9], the slope of such lines is used for
estimating the capacity of each link in both topologies. Figure 4 also shows the
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Fig. 4. Link capacity measurements

capacity estimation per link obtained with both tools (Cpchar and CflameChar).
As can be seen from Figure 4, both tools returned quite similar results.

6 Conclusions

We proposed the FLAME platform for the rapid prototyping of active measure-
ment tools and the execution of experiments using them. Overall, compared with
the main characteristics of previous work, FLAME provides the following con-
tributions: (i) an environment for the rapid prototyping of active measurement
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tools based on a small but comprehensive set of probing primitives, allowing the
implementation of tools that depend or not on cooperative destination nodes;
(ii) a centralized repository for implicitly gathering measurement results in a
common data format, encouraging the untangling of probing and data output
functionality and easing the process of further analysis and comparison among
different result datasets. It is also interesting to highlight the declared future
goal of CAIDA’s newest Ark active measurement infrastructure [29] to provide
a high-level API that eases the challenges of writing measurement tools. Inline
with this trend, we believe our FLAME platform achieves this goal.

As future work, we plan to implement other well-known active measurement
tools to further validate the comprehensiveness of our measurement API. More-
over, we intend to evaluate the performance of the FLAME platform and its
prototypes in face of other platforms such as scriptroute and low-level developed
tools for active measurements. We also intend to port our FLAME platform to
resource-constrained devices such as PDAs and sensors, taking profit from the
low footprint of the Lua interpreter, so that we can collect measurement data
on networks such as cellular, ad-hoc, disruption-tolerant, and sensor networks.
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