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Collective Adaptive Systems (CAS) consist of a large number of spatially distributed heterogeneous entities with

decentralized control and varying degrees of complex autonomous behavior that may be competing for shared

resources even when collaborating to reach common goals. It is important to carry out thorough quantitative

modeling and analysis and verication of their design to investigate all aspects of their behavior before they are

put into operation. This requires combinations of formal methods (e.g. stochastic process algebras and associated

verication techniques, like quantitative model checking) and applied mathematics (e.g. mean eld/continuous

approximation and control theory) which moreover scale to large-scale CAS.

In this context, the FORECAST workshop on FORmal methods for the quantitative Evaluation of Collective

Adaptive SysTems—held in Vienna (Austria) on July 8, 2016 as a satellite event of the 4th federated event on

Software Technologies: Applications and Foundations (STAF 2016)—was organized to raise awareness in the

software engineering and formal methods communities of the particularities of CAS, and the design and control

problems which they bring. The guest editors of this special issue served as co-chairs of the workshop’s Program

Committee and were responsible for its proceedings [4]. FORECAST was sponsored by the FP7-ICT-600708

European project QUANTICOL (A Quantitative Approach to Management and Design of Collective and Adaptive

Behaviours), that ran from 2013 to 2017 [3, 5, 7]. We thank the project’s participants and in particular its

coordinator, Jane Hillston, for entrusting us with the workshop’s organization.

Following this highly successful workshop, an open call was announced for the submission of papers either

related to the papers presented at FORECAST or unpublished high-quality papers related to the themes of

FORECAST on the crossroads of formal methods, applied mathematics and software engineering. As a result,

six papers were submitted, equally distributed over the two types of submissions sought for, all of which were

peer-reviewed by three reviewers. One paper was rejected, while all others underwent two rounds of reviews.

We have three papers that have undergone the Replicating Computational Results (RCR) review process [1, 6, 10].

Their respective RCR reports are included in this special issue [2, 8, 11].
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The article by Aldini [1] proposes a process-algebraic framework for modeling and verifying trusted CAS.

To favor reuse, the system and trust models can be specied separately, only to be integrated at the semantic

level. Through a combination of behavioral equivalence checking and model checking against branching-time

temporal logic with trust predicates, the framework allows comparative analyses of dierent trust models as well

as analyses of the eects of attacks to the trust models. The applicability of the formal framework is illustrated

by means of two representative use cases: the security analysis of a trust-incentive service management system

and a comparison of two dierent reputation systems. The RCR review by Maurice ter Beek [2] arms that it

was straightforward to replicate all (model-checking) experiments described in the article in reasonable time

using a standard laptop machine.

The article by Galpin et al. [6] uses Carma (Collective Adaptive Resource-sharing Markovian Agents), a

specication language recently introduced for modeling CAS, to model spatially-distributed systems where the

desired model lies between an individual-based (microscopic) and a population-based (macroscopic) spatial model.

The impact on the system dynamics of changes to the topology of paths is studied via simulation. The provided

experiments show that it is dicult to predict the eect of changes to the network structure and that even small

variations can produce signicant eects. The RCR review by Michele Loreti [8] concluded that the experiments

could be correctly replicated and the obtained results are compatible with the ones presented in [6].

The article by Marin et al. [9] presents a novel resource allocation scheme for bandwidth assignment in wireless

sensor networks (WSNs), called Fair Allocation Control Window (FACW), together with a product-form queuing

network model of the protocol capable of predicting the network model’s performance in polynomial time by

means of a convolution algorithm. Hence it can be used to tackle the problems of the state space explosion

typical of CAS. The proposed model is studied with several what-if analyses, each one focusing on dierent

system parameters. The model solutions are validated against performance indices obtained with discrete event

simulation of the FACW protocol in WSNs, to which it compares favorably.

The article by Sebastio et al. [10] proposes a novel holistic approach to task scheduling in volunteer clouds.

Volunteer clouds are decentralized cloud systems based on collaborative task execution, where clients voluntarily

share their spare computational resources to overcome the scalability limitations of cloud computing. By using

simulation-based statistical analysis techniques, in particular statistical model checking, the authors show that

in case of computation-intensive workloads their approach outperforms existing distributed task scheduling

algorithms in terms of perceived quality of service, due to its collective, decentralized, collaborative and self-

adaptive nature. The analysis considered a realistic workload benchmark provided by Google. The RCR review by

Andrea Vandin [11] focuses on the prototypical tool implementation used in the article to perform such analysis

and it states that the software was straightforward to install and use, and a representative part of the experimental

results from the article could be reproduced in reasonable time using a standard laptop machine.

The article by Viroli et al. [12] presents an approach to aggregate computing based on the eld calculus

(and associated toolchain) as computational model. Aggregate computing supports the design of complex and

large-scale software systems by focusing on the global behavior of a collection of devices, thus abstracting away

from their individual behavior. The authors propose a methodology to engineer resilient CAS by specifying

self-stabilizing systems in a spatial-temporal domain using a macro-programming language. With the aim of

providing reusable blocks of distributed behavior that are correct and smoothly composable, they study the

possibility of substituting blocks by functionally equivalent ones that are more ecient in terms of performance

or have more desirable dynamics, without aecting the overall system behavior and resilience, i.e. guaranteed to

eventually attain a correct and stable nal state despite any transient perturbation in state or topology.

Preparations for this special issue began soon after the FORECAST workshop took place, and it has taken

roughly one and a half years for the articles to be ready for publication. A rigorous peer-review process has

ensured that the selected papers represent cutting-edge research on formal methods for the quantitative evaluation

of CAS. This would not have been possible without the contributions of numerous reviewers, whom we would
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like to thank for preparing detailed referee reports and respecting the timelines of this special issue. We also

thank all contributing authors for their hard work both in presenting their research as well for revising their

articles according to the reviewers’ comments in time. Finally, we thank ACM TOMACS’ editorial assistant,

Holley Cornetto, for her management and its editor-in-chief, Adelinde Uhrmacher, for having agreed to publish

this special issue and for her encouragement and support throughout the process.
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