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Abstract— This paper addresses the issue of (meta) manage-
ment of the efficiency in the realm of applications relying on
Mobile Data Analytics (MODA). We postulate that considering
the efficient execution of the tasks of gathering, storing/retrieving
and querying spatio-temporal data separately from the efficiency
of executing control and decision-making (or, for that matter,
even model-selection) algorithms may not be the most beneficial
avenue in MODA settings. We argue that an important compo-
nent is the management of the dynamics of the different trade-
off(s) and, more importantly, linking them when orchestrating
the processes of the data management and analytics. Towards
that end, we present the DNA2 (Data’s Natural Associations with
Analytics) hypothesis for coupling the data and control aspects
in MODA contexts. We discuss in detail the role of uncertainty,
along with some aspects of declarative specifications for merging
the reactive and the pro-active behavior in MODA.

I. INTRODUCTION

Miniaturization of computing and sensing devices, along
with the advances in networking and communications, have
provided a technological foundation for generating extremely
large volumes of location-in-time data. According to a McK-
ensay report from 2011, the size of location data of smart
phone users is in the order of Peta-Bytes per year – not
including location data inferred from cell-tower triangulation
because such locations are relatively imprecise: ”Including
those data would have increased our estimate of the size of
personal location data 400-fold, given that the nearest cell-
tower signals are determined every seven seconds” [1].

The management of (location,time) information of mobile
entities is essential for a variety of applications domains,
ranging from navigation and efficient traffic management,
through emergency/disaster rescue management, environmen-
tal monitoring, fly-through visualization, and various military
applications (e.g., radar data, troops tracking) [2]. Essentially,
every application requiring some form of Location Based
Services (LBS) [3] needs efficient techniques for storage,
retrieval and query processing of spatio-temporal data – topics
studied in the field of Moving Objects Databases (MOD) [4].
Intelligent use of such data could have significant impact –
e.g., it is estimated that by 2020, more than 70% of mobile
phones will have GPS capability, up from 20% in 2010. In
addition, the number of automobiles equipped with dashboard
GPS devices will continue to grow. The potential global value
of smart routing [5], [6] in the form of time and fuel savings

could be about $500 billion by 2020. This is the equivalent of
saving drivers 20 billion hours on the road, or 10 to 15 hours
every year for each traveller, and about $150 billion on fuel
consumption1.

In addition to the sheer (location,time) values, many appli-
cations related to routing – e.g., optimizing the multi-modal
fleet management [7], [8], [9] may require values from other
types of sensors to be correlated with location data. As an
extreme example, the U.S. Xpress gathers 900 to 970 data
elements of various engine/component reading [10] that are
used to plan the load and servicing regimes of its trucks fleet.

From a complementary (and broader) perspective, trends
such as Big Data Analytics and Embedded Predictive Analyt-
ics have become the “grail-quest” of many enterprises seeking
to optimize their profit, and have spurred the development of
a plethora of Business Intelligence tools [11]. Regardless of
the platform/technology and paradigm used, most of the ap-
proaches do have some common stages and, more importantly,
have feedback(s) between certain stages. For example:
(1) The modules for storing prediction-models and ”feeding”
them into the OLAP modules are used to adjust the mining
models and couple them with real-time observations. However,
based on the data in the modules that monitor the effectiveness
of the prediction(s), the dynamic behavior may be changed
to adhere to a different model. This, in turn, necessitates a
feedback into the module managing the prediction-models.
(2) The monitoring module typically provides a feedback into
the OLAP module for the purpose of analyzing the reasons
for bad prediction KPIs (Key Performance Indicators).

Given current trends in Big Data Analytics, the evolution
of Mobile Data Management and MOD, the central issue
addressed in this paper is: what are the possible roles of spatio-
temporal data management in MODA (Mobile Data Analytics)
contexts? Namely, in the recent years:

∙ Efficient processing of various spatio-temporal queries
(e.g., range, (k) nearest neighbor, skyline), for both his-
toric trajectories and streaming moving objects data has
been addressed in many existing works works [4], [12],
[13], [14], [15], in both ”crisp” as well as uncertainty-
aware settings [16], [17], [18], [19], [20], [21].

1Which, in addition, translates into an estimated reduction in carbon dioxide
emissions of 380 million tonnes, or more than 5% a year [1].



∙ Efficient clustering and mining techniques for trajectories
data have been proposed [22], [23], [24], [25], [26], [27],
along with approaches for warehousing spatio-temporal
data [28], [29], [30], [31], [32].

∙ Exploitation of cloud environments, along with MapRe-
duce — based query processing has also been addressed
more recently for spatio-temporal data [33], [34], [35],
[36], [37].

So, one question that naturally arises is what are the links
between the Data part and Analytics part in MODA? Could
there be that the “D” part is only a service-provider for the
“A” part? In the rest of this paper, we try to argue that
this need not be the case. After a preliminary discussion in
Section 2, which serves the purpose of motivating the thoughts
behind the hypothesis of this paper, in Section 3 we will
focus on two scenarios involving large-scale spatio-temporal
datasets and decision processes. In Section 4, we present
the main postulates of our hypothesis, called DNA2 (Data’s
Natural Associations with Analytics) in MODA contexts and
we identify some research challenges. We conclude the paper
in Section 5 with a couple of observations regarding the
applicability of the proposed hypothesis.

II. SMALL-SCALE OBSERVATIONS

We now present two scenarios: one from the domain of
mother-nature but extensively used in the domains of image
processing and vision, and a correlated one from the topic of
tracking in Wireless Sensor Networks (WSN).

A. Foveation

Fig. 1. Image Foveations

Eagles are one of the species that have the highest visual
acuity and coordination with the muscular activities of all
the animals. For instance, the Bald Eagles can focus on a
swimming fish from hundreds of meters in the sky and have
a fast (and successful) dive of 200mph to capture it [38].
Interestingly, unlike humans, eagles have two fovea in each
eye, thus being able to focus on tracking a prey and simultane-
ously tracking a rival bird/animal, and adjusting their actions
accordingly. In addition to the binocular vision – and more
important for the issues addressed in this work – eagles have
the ability to adapt/accomodate the muscular focusing of the
fovea [39] (cf. Figure 1). Such accommodations are based on

the detection of a particular event of interest – e.g., if the
distance of a rival bird is decreasing faster than the distance
to the prey, the peripheral selectivity is augmented.

The foveation phenomenon has been extensively used in
computer vision (active vision and visualization) and image
databases retrieval. For example, to compensate for a lack of
peripheral vision, varying the points of interest in different
foveated images may be used [40]. Similarly, a sequence of
foveated images from a single high-resolution one, can yield
better bandwidth utilization [41], [42]. In the context of this
work, an important question is

Q1: What is the analogue of foveation in MODA settings?

B. Tracking in Sensor Networks

Tracking of moving entities is considered to be one of
the canonical problems in Wireless Sensor Networks (WSN)
research [43], [44], [45], [46]. For the purpose of this paper,
one particular facet of the tracking problem illustrates a small-
scale trade-offs revealing a possible link between “D” and “A”
in this context.

Typically, during tracking, the sensor nodes are organized in
(hierarchial) clusters [47], [48] according to their geographical
positions. A designated sensor node is elected as the tracking
principal of each cluster, acting as a temporal data fusion
center and coordinator of the tracking process which involves
both localization [49], [50] and monitoring data like speed, ac-
celeration and moving direction. Tracking principles combine
together such measurements [45], [51], but another important
task of an on-duty tracking principal is the selection the next
principal, to be handed off the target tracking information [52],
[53]. To cater to the stringent energy constraints and provide
certain quality of service in WSN, the selection of the next
tracking principal has two main (complementary) aspects:
(1) Maximize the extent of trajectory coverage per principal.
(2) Minimize the number of changes/hand-offs between prin-
cipals.

Fig. 2. Energy Savings in Tracking

Clearly, these tasks require some form of a prediction, based
on the (near-past) history of the tracked object’s motion, for
which some form of Kalman filters – most often, particle
filters [54] – are used. In our recent work [55] we postu-
lated that a simple spatio-temporal location query under a



dead-reckoning policy (cf. [56]) would provide a comparable
accuracy of the tracking while saving a substantial amount
of energy by avoiding the computation-heavy calculations
involved in particle filters. Figure 2 from [55] shows that the
energy savings when using the where at spatio-temporal query
in the prediction could be over 50% when compared with the
use of particle filters. The trade-offs (cf. [55]) were less than
10% of a location-estimation error, providing further energy
savings due to reduced communication. Based on the above
observation, we have a variation that can be phrased as:

Q2: Could there be a coupling of spatio-temporal queries
and control algorithms that would provide trade-offs between:
acceptable (preferably bounded) error vs. overall efficiency of
the process of (combining the data with the) control-based
prediction?

III. LARGE-SCALE MOBILE DATA AND ANALYTICS

We now proceed with a discussion of a domain that can be
considered as a classic: traffic management. The main reason
for selecting this particular domain is that it brings about a few
issues that are at the core of the hypothesis stated in Section
IV. Namely, efficient traffic management certainly involves
large quantities of moving objects’ locations-in-time data.
Complementary to it, a decision-making process is involved
that is based on some analytics tool (e.g., game theory or
control theory). Lastly, there are ever-present constraints: e.g.,
if determining the ideal regime for changing the traffic signal
(optimizing, say, the average fuel consumption) takes too long,
it may simply be invalid for the state of the traffic at which it
is finally applied. Hence, one may wish to trade a sub-optimal
control behavior, at the expense of timeliness.

The importance of the Automatic Traffic Management
(ATM) has been recognized since the early 1900’s - for
instance, Ghiglieri’s automatic traffic signals with red and
green lights were introduced in California in 1917, and the
first computer-based synchronized traffic lights in the US
emerged in the 1970’s. In the 1990’s, the Federal High-
way Administration (FHWA) established the Adaptive Control
Software (ACS) research program [57], [58]. In 2004 the
US Department of Transportation (US-DOT) launched the
Vehicle Infrastructure Integration (VII) initiative [59] with a
vision of deploying a communications infrastructure on the
roadways and in all production vehicles. Methodologies, tools
and systems addressing different aspects of the problem of
efficient traffic management abound. However, existing best-
practice approaches [60], [61], [62], [63] rely on models which
base their decision on past observations augmented with recent
traffic-related information (e.g., traffic flow) in limited spatial
regions. This, in turn, prohibits the full exploitation of the
knowledge of different spatio-temporal correlations among
traffic data patterns, thereby limiting the spectrum of control
algorithms that can be used in a network context. Typically,
ATM system receives data from various sources: roadside
vehicle identification sensors, inductive loop-detectors below
the road surface, drivers who voluntarily provide location-in-
time information via on-board GPS equipment, vehicular ad-

Fig. 3. Information Fusion and Decisions

hoc network, video detectors over roads, etc. [60]. Such data
is used for: (1) traffic control performed by adaptive traffic
signals and phase timings [64], [65], [66]; and (2) traffic
advisory, ranging from roadside message signs and radio,
through pre-trip and en-route guidance and navigation (e.g.,
Navteq [67], Roadnet [68]).

A plethora of projects, prototypes and software tools exist
(e.g., OPAC, RHODES, RTACLL, SIDRA [60], [65]) deployed
for controlling traffic lights at intersections, generally aiming
to optimize different traffic-related-metrics: average delay at
signals, average trip-time, etc.. A generic diagram, illustrating
the basic predictive paradigm for adaptive traffic management
is illustrated in Figure 3, (cf. [60]). Under these settings the
real-time information is used for prediction of the demands –
e.g., duration of the green-light interval over a given horizon.
Another paradigm used in traffic management is the reactive
one, where the real time detection of pre-defined events
triggers the execution of corresponding actions that implement
a particular optimization policy. However, both paradigms are
mostly model-based, without fully exploiting the wealth of
historic information that can be fused at different levels of
granularity and its use in distributed control algorithms.

Vehicle to Vehicle (V2V) and Vehicle to Infrastructure (V2I)
paradigms [61], [62] view vehicles as a system that distributes
the control, obtaining data by sensing the environment and
communicating the individual parameters with the traffic-peers
[69] in order to improve the operational efficiency in terms
of fuel consumption and CO/HC emission [63]. Assistance
can range from drivers-advisory to automatic control of ve-
hicles (e.g., speed, distance from the other vehicles, etc).
Several V2V/V2I control-frameworks and architectures have
been proposed (e.g., PATH [70], Dolphin [71]), and actual
projects have developed: – CarTALK, aiming at organizing the
vehicles in an ad-hoc network for cooperative driver-assistance
[72]; – SAFESPOT, aiming at improving safety and advanced
detection of dangerous situations [73].

Despite the wide variety of centralized and distributed



algorithms for optimizing different parameters of relevance for
efficient traffic management, e.g., such as signal control [74]
and road pricing [75], there is a lack of intelligent triggering
mechanisms that will enable balancing the trade-off between
local vs. global control-decisions – and, most importantly for
this work: their coupling with the data gathering process.
As an observation – V2V/V2I paradigms, have advantages
in terms of data-freshness and low communication latency,
but they have drawbacks in limited spatio-temporal horizon
of validity. For instance, reacting to an event notifying of a
traffic congestion, may cause a re-routing action that, within
short time may bring the vehicle in a region with yet another
traffic congestion. The discussion of the issues related to the
problem of efficient traffic management lead to the following
questions:
Q3: Could there exist some unified view of the mobile data
and control/analytics in settings in which there are trade-offs
among constraints at various levels of granularity and across
different dimensions:

∙ Quality assurances – e.g.:
– yield of the desired optimization function such as
average travel time.
– horizon of validity for a selected control-model.

∙ Limited response time – e.g., in terms of changing the
model used to control the traffic signals – within accept-
able bounds from a desired level of quality assurances.

∙ Minimizing the use of other resources – e.g., bandwidth,
energy, etc.

Q4: Are there existing results in the field of MOD that could
contribute towards the desiderata in Q3 – and, if so, what are
the directions to be taken?

IV. THE DNA2 OF MODA

We now discuss the main hypothesis of this paper, provide
some guidance towards addressing the questions Q1–Q4 and
try to identify research avenues along those lines.

To better motivate the discussion, consider the scenario
shown in Figure 4, illustrating the roadmap of Chicagoland.
Assume that the objective is to minimize the number average
number of “stop-and-go” patterns for the vehicles in the
vicinity of the Midway airport. To achieve such objective, there
may be several applicable control-models for traffic lights in
the near-by streets, and the selection of a particular model –
or, for that matter, tuning the parameters within a given model
– is performed based on detection of certain patterns in the
traffic data. Specifically, consider the following request:
Req1: When the average speed of flocks containing at least 10
vehicles, between County Line Rd. exit and Pulaski Rd. along
I-55 inbound has declined by > 30%, if the average speed on
the road-segments that have entry to I-55 has not decreased by
> 10%, then decrease the duration of the green-light interval
on the nearest intersection to the ramp by 10%. Subsequently,
when the density of vehicles on the streets within 2 miles along
I-55 has increased by > 10%, if the average speed within 1
mile from the loop has dropped by > 40%, decrease by 15%

Fig. 4. Spatio-Temporal Correlations

the duration of the green-light interval on every intersection
within 1 mile along I-55.
Req1 is a verbalized example of applying the concept of evolv-
ing triggers – i.e., a trigger forking children-triggers based on
the evolution of the environment [76] – to traffic management
settings. Specifically, after detecting a particular event(i.e.,
average speed of flocks ≥ 10 vehicles...) and condition (i.e.,
average speed on the road-segments along I-55...): (1) Not only
is the action executed “...decrease the duration of the green-
light interval on the nearest intersection to the ramp by 10%”,
but also (2) another trigger is spawned. For the purpose of this
section, there are a few important observations:

∙ Intuitively, one would subscribe the following statements
to the Action part of a given trigger:
– ”...decrease the duration of the green-light interval on
the nearest intersection to the ramp by 10%.” and
– ”...decrease by 15% the duration of the green-light
interval”
However, in reality, the decision about ”10%” and ”15%”
is likely to be generated as an output from some control
module, based on the current state (and historic ones),
for a given objective function(s).

∙ One could argue that the estimation of the ”average speed
of platoons...” should be part of a state-description and
tasked to the control module. However, based on the
discussion in Section II – we postulate that it may be
more efficient to have them processed as spatio-temporal
queries (over streaming data).

∙ It is likely that even the values of the parameters for the
respective events and conditions in the triggers may be
generated as outputs of the (observations of the) state of
a given control module.

The above observations bring the following question which,
in a sense, subsumes the ones identified so far:
Q5: Which responsibilities should belong to data management



and which ones belong to control/analytics in MODA?

Fig. 5. The DNA2 Hypothesis’ Model

We believe that a possible answer to Q5 is offered by, what
we call, the DNA2 hypothesis. As illustrated in Figure 5,
the hypothesis postulates that for every activity in the con-
trol/analytics module, there exists some data-management ac-
tivity that could improve its computational efficiency. Clearly,
different applications will have certain context-dependent
properties – to say the least, the technologies involved will
be one determining factor. However, the hypothesis postulates
that the impact of the “A” part on the roles and responsibilities
of the “D” part – and vice-versa – should not be ignored. The
main question is how to categorize such ”mutual impacts”?
Figure 5 illustrates this by showing a few different labels
associated with the “D” part and the “A” part along the links
between corresponding strains. One specific example that we
address as “postulate” is related to the role of the uncertainty
in the DNA2. Namely, the extent of “foveation” (cf. Q1) in the
collaboration between “D” and “A” parts will always involve
some degree of uncertainty. Its unique nature in the context of
the DNA2 is addressed in more detail the sequel.

A. Uncertainty and Controllability/Observability

Consider the following (generic) equation2:

x(𝑘 + 1) = Ax(𝑘) +Bu(𝑘)

Typically, it specifies the transition of a state of a discrete
control system at time-instant (𝑘+1), based on the state at 𝑘
and the impact of input-values at that time (u(𝑘)). A is an 𝑛×
𝑛 matrix, the coefficient of which may be determined based
on some (e.g., optimality) desideratum, and B is an 𝑛 × 𝑟
matrix capturing the ”weight” of different input values [77].

2While we are fully aware that the equation is overly-simplistic for traffic
management scenarios, its purpose is solely to provide a basis for the
subsequent observations/arguments.

Now, consider the question:
Q𝑐: Is the given system controllable?

”Controllability” denotes a desirable property of traversing
the entire configuration space of a given system or, in other
words, ability of an external input to move the internal state
of a system from any initial state to any other final state [78].
The mathematical tool for determining the controllability is to
check whether the matrix 𝒞 = [AABA2B . . . An−1B] has a
rank(𝒞) = 𝑛. However, the problem is that the computational
complexity of determining the rank of a matrix is at least
Ω(∣𝒞∣), where ∣𝒞∣ is the number of non-zero elements in 𝒞 [79].
Note that this could be a computationally expensive operation:
imagine if every recorded data value (e.g., from every single
road sensor or every camera) needs to be considered in the
state-description. Hence, we have the following observation:
O1: If one is to apply data reduction, what would be the impact
on the correctness/error of the controllability test?
In [80] we demonstrated that applying trajectories’ simplifica-
tion method in MOD settings provides a guaranteed bound on
the error of the answers to some popular queries (e.g., range
and nearest-neighbor). Subsequently, in [81] we correlated the
bound with the one obtained in streaming-settings (i.e., the
reduction is applied to (location,time) data as it arrives in
the server. These are but small examples that indicate that
it may be possible that in more general settings, applying
data reduction techniques [82], [83] may yield benefits in the
efficiency of the analytics/control modules execution.

The mathematical-dual of controllability is the observability
– a measure for how well internal states of a system can
be inferred by knowledge of its external outputs [77]. In
other words, the system is said to be observable if it is
possible to determine the behavior of the entire system based
solely on its outputs. In the context of traffic management,
this would entail that using road-side sensors, one would be
able to judge whether a particular operating regime of the
traffic signals satisfies the desired control law(s)3. Similarly
to controllability, the test for observability again involves
determining the rank of a corresponding (large-size) matrix.
In a similar spirit to O1, we have the following observation:
O1𝑑: If one is to monitor ”clusters” of trajectories instead
of tracing individual object’s trajectories, what would be the
impact on the correctness/error of the observability test?

Fig. 6. Moving Clusters and Convoys

3Otherwise, the regime may need to be changed so that the overall traffic
”behavior” is brought to another state.



As indicated in Section I, several recent works have addressed
the problem of clustering trajectories [22], [23], [24], [26], [27]
(see [25] for a recent survey). Each of them differs in the def-
inition of the distance/proximity which, in turn, determine the
boundaries of the respective clusters. As an example, Figure 6
illustrates two different clustering policies: moving clusters
from [26] and convoys from [24]. Assuming that one could
couple the distance and the density requirements in a manner
that satisfies particular application requirements (cf. Q3), the
argument that we make is in support of the observation O1𝑑.
Namely, the size of the observability matrix could be signif-
icantly reduced, thereby speeding up its rank computation.
We note that there is a weaker notion of observability –
namely, detectability. A system is considered detectable iff
all its unobservable states are stable. Arguably, this may be a
more appropriate concept to be used in the context of traffic
management, bringing the inference of ”semantic features” in
the overall picture [84]. However, such investigation is beyond
the scope of this paper.

B. The Flip-side of Uncertainty

A we mentioned in Section I, the impact of the location
uncertainty – e.g., due to imprecision of the positioning
technologies – on the various kinds of spatio-temporal queries
has been subject of quite a few works over the past decade
(see [21] for a survey). However, in the context of this paper,
there is another perspective of the uncertainty and its role in
spatio-temporal data management in MODA context. Namely,
the sources of uncertainty will no longer be restricted to
the imprecision of the positioning devices – they will also
be dictated by the restrictions originating in the “A” part
of a particular application. This, in some sense, provides an
affirmative answer to Q3.

One “coupling” of heterogeneous uncertainties was pre-
sented in [85]: the work proposed a model to capture the
impact of the location uncertainty on the travel time un-
certainty in the context of probabilistic NN-queries on road
networks. MODA context is natural ground for requirements
which bind together temporal and/or quality constraints with
spatio-temporal uncertain queries (cf. Q3), by far extending the
link provided in [85]. This is especially true in applications
like traffic management. Specifically, consider the settings of
evaluating a particular control-model used for orchestrating
the traffic signals. In order to determine whether the model
is still valid, one is likely to rely on approaches that detect
anomalies/outliers in the motion of the tracked entities in real
time with respect to the historic data [86], [87]. However,
applying data streams against an entire MOD for detecting
such outliers is likely to be computationally prohibitive and
incur unacceptable delays for the control/analytics modules.
Clearly, some type of clusters of trajectories – thereby imply-
ing a coarser representation – will have to be used [29], [30].
Moreover, instead of checking for outliers using individual
streams, some grouping may need to be performed “on the
fly” [88], [89] and used against an existing OLAP engine.
The extent of the uncertainty introduced will be dictated

by the temporal-limitations or other quality criteria of the
control/analytics module (cf. Q3). However, in the lieu of
Q2, there is one more observation that we would like to
discuss in this section. Consider distributed settings, where the
spatial extents of governance of a particular server executing
a control/analytics module may vary. While it is certainly
desirable to focus local activities of MOD servers to cater to
the geographically corresponding control/analytics modules,
it may pay out to add an “ephemeral” uncertainty in the
following sense:

∙ Let the geographical MOD servers additionally collabo-
rate on selected collections of (moving) range or skyline
queries.

∙ Use the answers to such queries within acceptable bounds
of uncertainty to determine when to start detecting
causality among spatio-temporal patterns across different
locations [90].

The overhead of the collaboration among MOD servers
for queries not directly associated with the control laws
will introduce an extra degree of uncertainty – e.g., due to
additional source of time-constraints. However, in a longer run,
the answers to such may generate a prediction that will reduce
the degree of uncertainty in terms of validity of a particular
control law.

V. INSTEAD OF CONCLUSIONS

We believe to have touched – not quite even scratched –
the surface of something that could generate a productive
research in the alley of spatio-temporal data management
– coupling it with the control/analytics modules in MODA
settings. The intention of the DNA2 hypothesis is to highlight
both the potential and necessity of such couplings. We focused
mostly on the aspect of the uncertainty and its “dual” roles
in the context of the DNA2 hypothesis. However, there are
certain settings of MODA that may shift the balance of
foveation along links between the strands in the DNA2 in
complementary spirits.

Some examples of such setting come from the domains of
biomass monitoring and climate change studies [36], [91]. In
addition to the peta-bytes of data describing complex evolving
shapes, these domains offer extremely large collection of
models of a given evolution – where the actual control aspect
is an ongoing scientific challenge. As pointed in [36], the
expected volume of climate data is expected to reach 350
Petabytes by 2030 (cf. [92]) – off of which half is contributed
by the models, slightly less than a half by remote sensing data,
and the rest from in-situ sensors. However, the in-situ sensors
are likely to become denser in the future, providing even larger
datasets.

A domain that is likely to generate unique perspectives
towards identifying appropriate control laws, is the one of
visual analytics [93], [94], [95], [96]. Visualization has always
been a powerful tool to enable a productive communication
between experts from different domains. It is our belief that
visualizing the different impacts of control strategies on spatio-
temporal phenomena is likely to yield criteria that can greatly



improve the selection of appropriate models to be employed
in real-time settings.

Last, but not the least, we believe that a particularly inter-
esting aspect of MODA is the issue of declarative coupling
between the “D” part and the “A” part. Namely, in Section
IV we mentioned the concept of evolving triggers [76] that
has already been used to increase the energy-efficiency in
terms of juggling the push vs. pull mode between different
queries in WSNs. Projects such as TinyDB [97] have provided
another demonstration that it is possible to have a high-level
syntax that enables a collaboration between sensing (i.e., data
management) and some basic control/actuation. Is it possible
to build on such paradigm so that more complicated control-
laws can become part of the high-level specifications? To
what extent can an end user be provided with a degree of
transparency regarding the details of the technologies involved
– e.g., different activities in overlay networks [98]? Will
there be possibilities to provide categorization of the different
“strands” based on the capabilities to declarative specify their
features and influence the foveation between the “D” and the
“A”? We hope that some of these answers will be answered
affirmatively in the near future.
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