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INTRODUCTION 

Many real-world systems are complex not only because 
they consist of a huge number of constituents, but also 
because a collection of interaction between those con-
stituents could lead to the emergence of macroscopic 
patterns. Macroscopic patterns in physical, biological, 
and social phenomena have been described by long-
range spatiotemporal correlations and heavy-tailed 
distributions of observables [1]. These scaling behaviors 
are often characterized simply by scaling or power-law 
exponents. Although complex systems intrinsically have 
a number of factors, not every factor is relevant to mac-
roscopic or scaling behaviors. Consequently, systems hav-
ing very different origins might show surprisingly similar 
macroscopic patterns or universality if they have common 
relevant factors. Each combination of relevant factors 
can lead to the corresponding universality class, i.e., 
equivalence class in terms of scaling behavior. Therefore, 
by identifying and classifying universality classes one can 
show which factors are (ir)relevant to macroscopic pat-
terns. Then, irrelevant factors can be filtered out to con-
siderably reduce the complexity of systems, which would 
enable us to better understand the connection between 
microscopic and macroscopic properties of complex sys-
tems, namely, micro-macro link.
 
Prominent examples of complex systems include epi-
demic outbreaks of diseases and bursty diffusion of infor-
mation in a population. For understanding the structure 
and dynamics of such systems it is crucial to properly 
characterize the interaction structure. For this, we adopt 
the well-known concept of a graph or network, where nodes 
and links represent constituents and interactions between 
them, respectively [2]. In many cases, the topological 

properties of interaction networks already can tell, e.g., 
which properties can account for the emergent collective 
dynamics on such networks. More recently, the temporal 
information of interactions has been analyzed for more 
detailed understanding of the collective dynamics in 
complex systems. Thus, for considering both topologi-
cal and dynamical aspects simultaneously, we take the 
emerging framework of temporal networks, in which a link 
between nodes is considered existent only at the moment 
of interaction [3]. See Fig. 1 for a schematic diagram.
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Fig. 1: Schematic diagram for the interaction structure of a complex system with 
overlapping communities and bursty temporal patterns.
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The Asia Pacific Center for Theoretical Physics (APCTP) is an international scientific organization which pursues
the highest quality research in all areas of theoretical physics and promotes cooperation among scientists from its
member countries or Asia Pacific regions and beyond. With these goals, APCTP invites proposals for programs of
the fiscal year 2018 (from March 2018 to February 2019) as detailed below. Proposals and feedbacks from
scientific community are crucial for determining activities of APCTP, and the selected proposals will constitute its
core activities.

Any types of short-term and long-term programs are acceptable as APCTP programs. They are categorized as
follows.

Category-1: Conferences, workshops, and schools
Category-2: Focus (intensive) research programs
Category-3: Topical research programs
Category-4: Activities in member countries and MOU-based joint programs

APCTP Category-1 programs are designed to initiate international research activities through conferences,
workshops, or schools. In general, the duration of these programs is shorter than one week, and these programs
shall discuss frontier research topics, foster young scientists, and contribute to forming research cooperation
networks among diverse physics groups and organizations.

APCTP Category-2 programs are intensive research programs which typically last one week or longer. These
programs enable researchers to collaborate and have profound discussions on focused research topics at the
headquarters of APCTP, and the number of participants is limited.

APCTP Category-3 programs are topical research programs that are held throughout the year for selected
research topics and discussions on recent hot topics through a series of mini-workshops and/or seminars. These
programs enable local research groups and communities to develop international collaborations and to integrate
into Asia-Pacific communities.

APCTP Category-4 programs are activities that will take place in member countries or jointly with the institutes
under MOU. These programs aim to promote scientific activities in member countries. The application should be
followed by the supporting letter issued by a general council member or partnership institutions unless it is an
MOU-based program.

Program organizers are kindly asked to submit proposals through APCTP website from July 1, 2017, but no later
than September 30, 2017. The selected proposals will be announced in late December. Please note that the
application deadline for Category-4 programs is the same as the other programs. For better communication
between the organizers and APCTP, we recommend that proposals include Korean liaison(s) if the program will be
held outside Korea. If unavailable, please contact APCTP before submitting the proposal.

APCTP also hosts short and long-term visits by researchers or small research groups from, but not limited to, the
Asia Pacific regions as well as renowned scholars. Visitors are expected to collaborate with APCTP research groups
and to participate in the scientific activities such as seminars and workshops at APCTP.

More details on the application and running programs can be found at https://www.apctp.org.
Should you have any question, please contact sec@apctp.org.
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COMPLEX INTERACTION STRUCTURE

Topological structure
Recent empirical analyses of large-scale datasets on 
networks have revealed several common features or  
stylized facts, such as broad distributions of network quan-
tities, existence of communities, assortative mixing, and 
weight-topology correlations. As for the mesoscopic 
picture, real-world networks have a rich community 
structure. Communities are groups of nodes with high 
link density within groups and low link density between 
groups [4]. It has been observed that the activity on the 
link, or link weight, is correlated to the topology. How-
ever, as each individual may belong to multiple com-
munities, communities are not necessarily separated but 
overlapping. This implies that the global structure of 
networks can be better described by a continuum of over-
lapping communities. To test this hypothesis, more work 
needs to be done with larger datasets.

Dynamical structure
The link weight plays a crucial role in understanding 
the effects of weight-topology correlations. It has been 
defined as the frequency of interaction events between 
nodes. The temporal information encoded in the exact 
timings of events enables us to study temporal inhomo-
geneities or bursts that are rapidly occurring events within 
short time-periods alternating with long periods of low 
activity [5]. Thus bursts have been characterized in terms 
of heavy-tailed or power-law distributions of inter-event 
times, where the inter-event time is the time interval be-
tween consecutive events. Examples for bursts include a 
unified scaling law for the inter-occurrence time of earth-
quakes, 1/f frequency scaling for inter-spike interval distri-
butions in neuronal activities, and heavy-tailed inter-event 
time distributions in human communication patterns. 

In order to understand the origin of these dynamical scal-
ing behaviors, a number of empirical datasets have been 
analyzed using various measures like inter-event time 
distribution, burstiness parameter, bursty train size dis-

tribution, and autocorrelation function. In particular, the 
strong interdependency between consecutive inter-event 
times is called correlated bursts. In addition, if informa-
tion about the contexts of events is available, the contex-
tual bursts can be defined and studied. However, the ori-
gin of dynamical scaling behaviors in natural and social 
phenomena is not yet fully understood, despite its crucial 
importance, e.g., for preventing disease spreading and 
for the efficient design of infrastructure for the society.

Interplay between topological and dynamical 
structures and their effects on dynamical processes
Communities and bursts are key features for character-
izing the temporal networks, which are closely entangled 
to each other. For deeper understanding of the interplay 
between communities and bursts, a simple model was 
studied by extending well-known link formation mecha-
nisms into the temporal dimension. Based on this, one 
can better characterize dynamical processes on such tem-
poral networks. Recently, much effort has been devoted 
to clarify how individual bursty dynamics influences the 
spreading speed of infectious disease in a population. 
There were conflicting results for the role of burstiness 
on the initial spreading speed. We analytically studied 
the Susceptible-Infected spreading dynamics to find that 
individual bursts speed up spreading in an early stage [6]. 
As a future work, we aim to study the correlated and con-
textual bursts and their effects, when combined with the 
overlapping community structure, on various dynamical 
processes in complex systems.
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