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ABSTRACT
Modern software platforms often depend on networks of
user-generated content. Although such platforms are very
popular, their architectural concepts and underlying sys-
tem dynamics are not yet fully understood. This paper
uses stigmergy, a form of indirect communication and self-
organization, as basis for framing certain groups of software
services in order to propose an architectural concept of stig-
mergic information systems and describe identified key fields
(actor base, architecture, software ecosystem) influencing
them. Thus enabling the creation of better solution stack
configurations needed to support effective and efficient de-
velopment of such services.

Categories and Subject Descriptors
H.3.4 [Information Storage and Retrieval]: Systems
and Software—Information networks; H.3.5 [Information
Storage and Retrieval]: On-line Information Services—
Web-based services; H.5.3 [Information Interfaces and
Presentation]: Group and Organization Interfaces—Col-
laborative computing, Web-based interaction; H.1.2 [Models
and Principles]: User/Machine Systems—Human factors,
Human information processing

General Terms
Design, Human Factors, Theory

Keywords
Collective intelligence, human computation, self-organization,
software architecture, software ecosystems, stigmergy

1. INTRODUCTION
SaaS platforms involving contributions of connected users

have been a hallmark technology of Web 2.0 proofing worth-
while and sustainable. Concepts like crowdsourcing, collec-
tive intelligence, network effects and user-generated content
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thus have subtly transformed our daily life. We follow the
latest news on Twitter1, get smartphone apps via an app
store, stay connected with friends on Facebook1, browse
critiques of local businesses on Yelp1 or look up facts in
Wikipedia1. The inception of these platforms and their wide
adoption among users’ willingness to contribute within these
services have brought an age of collective sharing. Although
these services are very popular, their architectural concepts
and underlying system dynamics are not yet fully under-
stood. The authors observed a conceptual gap when build-
ing such services due to a lack of design principles and an
architectural model that acts as basis for these services. In
order to build more worthwhile and sustainable services and
identify solution stack configurations needed to support ef-
fective and efficient development of such services, there is
a need to better understand the internal processes and in-
volved information structures of systems that shape these
platforms. Aforementioned points provided the impetus for
this paper which introduces stigmergic information systems
(SIS).

The remainder of this paper will propose an architectural
concept of SIS and describe identified key fields influencing
them. Finally, it concludes and illustrates future research
work.
This paper intends to provide first insights into stigmergic
information systems and to show the potential of investi-
gating the software architectural anatomy of these systems
more precisely.

2. SWARM INTELLIGENCE
The term ”architecture of participation”[18] coined a char-

acteristic of software platforms which enabled their users to
create and share content among each other (prosumer com-
munities [20]) with the platform acting as the facilitator of
this process (e.g. Wikipedia, Pinterest1, YouTube1). An
underlying key concept of these systems is self-organization
which describes the phenomenon that ”macroscopic patterns
emerge out of processes and interactions defined at the mi-
croscopic level” [3, p.6]. Self-organization has been exten-
sively investigated in computer science eventually leading to
the research field of swarm intelligence. Swarm intelligence
focuses on studying ”large collections of relatively simple
agents that can collectively solve problems that are too com-
plex for a single agent or that can display the robustness and
adaptability to environmental variation displayed by biolog-
ical agents.” [9]. There are two basic forms of swarm intel-

1www.{name}.com (all URLs last visited 2012/07/15).



Figure 1: The stigmergy meta-process as reciproca-
tion of environment configuration change and trig-
gering of subsequent actor actions.

ligence which are swarm formation and stigmergy. Swarm
formation focuses on the creation of groups and collective
movement e.g. particle swarm optimization [12].

Stigmergy (from Greek stigma: sting, and ergon: work)
is a concept of indirect interaction [3] originally describing
the dynamics of construction task coordination and regula-
tion of termite nest architectures [10]. Bonabeau et al. note
on stigmergy that ”the coordination/regulation of building
activities do not depend on the workers themselves but are
mainly achieved by the nest structure: a stimulating configu-
ration triggers the response of a termite worker, transform-
ing the configuration into another configuration that may
trigger in turn another (possibly different) action performed
by the same termite or any other worker in the colony” [3,
p.14]. Figure 1 shows the stigmergy cycle as indirect inter-
action and communication of individuals by modifying their
environment which in turn stimulates responses by others
[3].
Due to the circumstance that stigmergy does not provide
”detailed mechanisms” by which the coordination has to be
achieved [3, p.16], it can be used as a meta-process model
for explaining situations where indirect interaction between
actors over an environment takes place, and where this en-
vironment has a pro-active regulatory influence over subse-
quent actions of the involved actors, thus leading to emer-
gent behavior of the overall system. Nowadays stigmergy
in virtual space has gained particular importance, since it
can be observed that major ”prosumer”-centred platforms
imbue stigmergic dynamics e.g. Wikipedia, eBay, Amazon
[18, 21]. Architectures of participation find a strong ally in
stigmergy, since stigmergy provides the meta-process model
which is reproduced by these architectures. The authors
suspect that such systems possess definite, characteristic ar-
chitectural traits, which are inevitably necessary to maintain
the stigmergic cycle’s flow, thus proposing the term stigmer-
gic information system (SIS) for software systems imbuing
these traits.
Above paragraphs have introduced to the concepts of self-
organization and stigmergy as a meta-process which can be
found in physical and contemporary virtual environments as
well as introduced the term of stigmergic information system
which will be investigated in depth in the following section.

3. STIGMERGIC INFORMATION SYSTEM
Over the last decade there has been some amount of re-

search in the field of virtual stigmergy, but not with regards
to aspects of software architecture. This section describes

the architectural concept and essential elements of stigmer-
gic information systems which remodel the stigmergy cycle
within digital information systems.
A stigmergic information system is a software platform, which
facilitates the building of an information network by allow-
ing actors to create/modify network elements and thereby
share information among each other. Hence a SIS is a com-
bined communication system [14] and information regula-
tion system. The central principle behind SIS is harnessing
collective intelligence by stimulating, aggregating, leverag-
ing, and distributing user contributions.
A stigmergic information system consists of the three big key
fields actor base, architecture and software ecosystem. Fig-
ure 2 illustrates the architectural concept: The actor base
is responsible for contributing data into the system. The
architecture instruments the actors’ contributions in order
to stimulate a subsequent action by other actors. This in-
terplay leads to the flow of a typical stigmergy cycle. The
architecture provides interfaces to allow external software
services to work with the data in the information network
in a limited way. SIS provide benefits for five major self-
organization concepts as described by Floreano et al. [9]:
(believe) aggregation [7], division of labor, clustering [1],
collective construction and foraging.

Figure 2: SIS architectural overview and stigmergy
cycle: actor base (3.1) contributions are stored
in the information network (3.2.1) and percolate
through various control services (3.2.2) in order to
be triggered back to the actor base. Software ecosys-
tem (3.3) elements (dependent-symbiotic services /
platforms) support components of the architecture.

3.1 Actor Base
The actor base is the collectivity of all, predominantly hu-

man, actors using a SIS in a consuming or producing man-
ner. The circumstance that human actors are the actual
workforce of the system makes a SIS a textbook example
of the human computation paradigm, which states a com-
putational problem solving approach where the computer
relies on humans to perform certain processing tasks [22].
However other than ordinary human computation services



in the narrower sense (e.g. Amazon Mechanical Turk2), SIS
use human actors to aggregate, select [13] and contextualize
a structurally limited and quantitatively unlimited amount
of information.
An actor uses a SIS primarily, because she seeks to rely on
the contribution of others or share her own. Key motiva-
tors for contributing to collective systems according to Mal-
one et al. [16] are recognition, enjoyment, socializing with
others, contributing to a larger cause, improvement of pro-
fessional reputation and promise of financial gain. Another
important point is that users expect that they still own their
contributed data, unless not explicitly stated otherwise, and
are able to decide how it is processed (informational self-
determination).
An important technical aspect with regards to the actor base
are user profile models which are used to describe users, their
relationships to objects and each other. Popular specifica-
tions include Friend-Of-A-Friend3 (FOAF), XHTML Friends
Network4 or OpenSocial5.

3.2 Architecture
The architecture is the operational locus of any SIS and

consists of an information network and a set of control ser-
vices operating on the network.

3.2.1 Information Network
The information network continuously stores all user con-

tributions as well as information about the usage behavior of
every single user, thus over time becoming to the most valu-
able asset in the system. The information network is orga-
nized as a self-organizational, scale-free network. Barabási
et al. [2] identified two key characteristics of such networks:
(1) the network continuously grows by the addition of new
vertices and (2) a new vertex is more likely to be linked
to highly connected existing vertices (preferential connec-
tivity).
By these characteristics an information network can be re-
garded as a textbook example for big data which describes a
collected mass of data sets that cannot be managed and pro-
cessed in a usual way [8]. New generated data sets are also
captured continuously so that the system can never com-
plete the process which requires to focus on parts of the
data set [8]. Often data sets contain heterogeneous data e.g.
images, videos, geographical movements and communica-
tion. The generated amounts of structured and unstructured
data provide a lot of insights when executing, usually time-
consuming, analyses. In order to address the time-intensity
of analysing there is an emerging trend of big data analytics
in the cloud e.g. Google Big Query6. Besides the challenges
of storing, managing and analysing, there exist ethical and
privacy concerns such as analyses of anonymously collected
data [5].

2https://www.mturk.com (last visited 2012/07/15).
3http://xmlns.com/foaf/spec (last visited 2012/07/15).
4http://gmpg.org/xfn (last visited 2012/07/15).
5http://docs.opensocial.org (last visited 2012/07/15).
6http://cloud.google.com/products/big-query.html (last
visited 2012/07/15).

3.2.2 Control Services
The control services are responsible for keeping the stig-

mergy cycle flowing, that is the information exchange from
the actors to the platform and vice versa, as well as the in-
formation exchange to external services and other SIS. Be-
sides generic services which are required to provide common
CRUD functionality, the following special service types can
be identified:

1. Assimilation services: They assist in linking external
content into the information network. They are nor-
mally connected with low friction plugins/tools which
allow users to share easily content on-the-fly (e.g. shar-
ing buttons, bookmarklets).

2. Access control (AC) services: Control services also
grant restricted access to the information network to
external dependent-symbiotic services by providing ded-
icated APIs. It can be assumed that a well-rounded
set of AC service endpoints is crucial for establishing
a solid ecosystem of dependent-symbiotic services in
the medium term (e.g. Twitter API7, Facebook Open
Graph API8).

3. Meta-heuristic services: They are responsible for con-
trolling and adjusting the stigmergy flow, especially
stimulating directly the actor base to contribute con-
tent (e.g. reviews or rates). Northrop et al. [17] de-
fine meta-heuristics as ”a class of (often biologically
inspired) search techniques that iteratively seeks an
optimum solution within a landscape of possibilities
that may be extremely complicated and even discon-
tinuous”. Common examples of meta-heuristics are ge-
netic programming, simulated annealing, greedy algo-
rithms and ant-colony optimization. A typical exam-
ple of a meta-heuristic service is the friend recommen-
dation functionality in social networks [6, 19].

4. Mining and analyzing services: Their task is to ana-
lyze data stored in the information network in order
to provide knowledge about actor contributions. So-
lutions often consist of multiple components forming
analysis stacks with Hadoop9-based solutions as a pop-
ular choice [15].

3.3 Software Ecosystem
The third key field is the software ecosystem (SECO) pop-

ulated with services and cooperation-willing SIS which sur-
rounds the architecture and the actor base. A SECO is de-
fined as ”a set of actors functioning as a unit and interacting
with a shared market for software and services, together with
the relationships among them. These relationships are fre-
quently underpinned by a common technological platform
or market and operate through the exchange of informa-
tion, resources and artifacts.” [11]. Stengths of SECOs lie in
increased platform ”stickiness”, ability for open innovation
thus shared cost of innovation and reduced TCO [4].

7https://dev.twitter.com (last visited 2012/07/15).
8http://ogp.me (last visited 2012/07/15).
9http://hadoop.apache.org (last visited 2012/07/15).



Figure 3: Pyramide of participation in a SIS.

Dependent-Symbiotic Services / Platforms
Dependent-symbiotic services describe third-party software
services which are extensively dependent on accessing the
information network of a host platform in order to function
properly. By providing functionality which is not available
at the host platform, dependent-symbiotic services are key
for enriching the utility or reducing drawbacks of the host
platform for the actor base. An example of such a service
ecosystem is the Twitter ecosystem which has services for
trend analyses, stream management, image hosting and re-
lationship management. Some of these services eventually
got reimplemented and so integral part of the host platform.

Platforms represents other connected SIS that have a benefit
when accessing the information network of a host platform
in order to utilize the actor base contributions for them-
selves. An example would be to allow posting of Twitter
tweets also in Facebook, thus cascading actor contributions
in Twitter also to Facebook.
Figure 3 depicts a theorized four step participation model
of a SIS. The largest contribution amount comes from the
actor base, followed by content from services around close
vicinity of the platform. Moderate inbound traffic could be
expected from collaborating SIS and few new content is ex-
pected from control services (mostly digests, rankings and
trend analyses).

4. FURTHER RESEARCH
AND CONCLUSIONS

This paper provided first insights into stigmergic infor-
mation systems as well as an architectural concept of these
systems and described its three key fields: actor base, archi-
tecture and software ecosystem. Discussion of these areas
highlighted the importance of better understanding the in-
terdependencies between those platforms, users and services.
Hence, next research steps include conducting (1) a survey
of existing SIS and their characteristics as well as (2) an ex-
pert interview study to better understand the anatomy and
behavior of them. Based on the results the architectural
concept will be constantly refined to address the identified
gaps. The long term perspective should be to establish a
software architecture perspective used to describe platforms
with stigmergy-like systems dynamics in order to:

• investigate the software architectural anatomy of these
systems and the related software ecosystems thus pro-

viding insights into their strengths and areas for po-
tential improvements,

• better understand the information models which con-
stitute the created networks, and

• support a classification and comparison of different SIS
in a generic manner to have the perspective to draw
conclusions that go beyond of each ecosystem.

The proposed architecture, like any self-organization-based
model, assumes that complex behavior of user communities,
as it is facilitated by some software architectures, may be
explained ”in terms of simple interaction processes” [3, p.6].
The stated assumptions will then be gradually refined, so
if ”an explanation fails that more complex assumptions will
be put into the model” [3, p.6]. Thus this work provides the
seed for an architectural agenda which itself grows continu-
ously in depth and width: a control single service becomes
a SOA compound, a platform matures to a web within the
web. We think that the incomplete understanding about in-
volved models of information structures as well as internal
system dynamics combined with the mix of current research
areas, is making the scientific investigation of SIS a chal-
lenging and yet promising undertaking.
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