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Populations and Systems 


When approaching statistics we have all met the notion of “population” with reference to some of its relevant properties and global relationships such as means, percentages, probabilities and other functional relationships considered within given distributive contexts -simple or multiple-. One of the main features of the statistical meaning of population is its characterization as a “set” to which a vector of observable variables is associated. Many other elements are latent or residual. However, we observe that individual data, that is the level of relevant variables, may be partly due to a system of interpersonal relationships that connect between them the population components. Individuals’ change may be strictly due to the concrete possibility to communicate, through various languages, information that is relevant for many others. The specialized diffusion of human languages and the dual characterization of populations’ genes have been widely studied and confirmed (see for instance Cavalli-Sforza, 1996). The existence of language-based networks is an important feature of social systems and has much to do with collective learning. An interesting insight on this topic has been offered by the physicist Marchetti (1980): no abstract formulations but simple ideas to be read without prejudices. The absorption of a new idea, a discovery, a new technology by social systems, that cannot be considered as simple statistical populations, is based on the concept of innovation. Innovation implies a change in terms of production and consumption systems: while invention and discovery represent the potential change, innovation is the realization of such a change. 

Complex Systems and Collective Minds 


The diffusion of an innovation –technological or cultural- in a social system is characterized by specific dynamics (see Rogers, 2003) that depend on the structure of the system itself, on its internal rules and on external actions that introduce constraints and evolutionary modifications. With the term social system we intend a complex structure of socio-economic, biological or physical nature, whose typical feature is the ability of autoregulation based on language and information exchange. The physical level deals with entities that reflect different levels of matter aggregation. The languages that ensure connection among components are forces –gravity, nuclear, magnetic, etc.-. The biological level is based on the previous one and develops the languages of intracellular and intercellular communication and the more complex mechanisms of differentiation, reproduction and selection. The social level allows, through communication in strict sense, the definition of relationships and selection mechanisms giving rise to both competitive and cooperative dynamics. A short work by Couzin (2007) on “collective minds”, following a more technical one, Couzin (2005), may provide useful insights on the behaviour of individual agents within groups with no central control. Large-scale access to distributed information and local interaction with neighbours aid the emergence of a global adaptive behaviour, normally driven by few specialized agents. The “swarm rules” (bees, birds, fishes, locusts, ants, etc.) appear quite simple and typical of different creatures: information left by “tracks” and regulation of “local density” (or local pressure) may be considered the basis of such rules. Tracks are left by “innovators”, while information diffusion is driven by local density in time and space of “imitators”. 
Complex Systems and Aggregate Differential approaches 


The Complex Systems approach has a quite long history and is essentially based on the definition of local “transition rules”, whose evolution, mapped through computer simulations, detects the emergence of a global behaviour. See for instance Wolfram (1983) and Boccara (2004). The Complex Systems approach has been generally considered opposite to systems’ dynamics represented through differential equations. There are many scientific fields that have employed both these approaches in a separate way: among them, biology, epidemiology, physics, chemistry, systems theory, applied mathematics, economics, quantitative marketing, sociology, statistics,  etc. 
Innovation Diffusion, Quantitative Marketing and Energy Sources 


USA quantitative marketing has given a notable contribution on aggregate differential models, since the early ‘70s. In innovation diffusion modelling, the Bass model (1969), BM, represents an essential reference. This is based on an extension of the Verhulst’s logistic equation and belongs to the more general family of Riccati equations. The Bass model separates for the first time in a formal way the sub-populations of “innovators” (leaders) and of “imitators” (followers): however this is a latent distinction, since the data observed just refer to the adoption of a susceptible agent without any other specification. A very important extension of the BM is due to Bass et al. (1994) with the Generalized Bass Model (GBM), which introduces the effect of a general intervention function, able to take into account the possible effect of exogenous variables on the diffusion process. In both cases the market potential (or carrying capacity) is considered constant over the entire innovation life cycle. There are thousands of successful applications of the Bass model: among these we recall 35 mm projectors, answering machines, color TV, mainframes, PC, drams, VCR, cell phones etc. A particular use of the Bass model has been made in the energy context, crude oil in particular, see Guseo and Dalla Valle (2005); Guseo et al. (2007). In these works, estimated carrying capacities are considered as measures of specific URR (Ultimate Recoverable Resource, i.e. the total amount of resource recoverable along the whole production cycle) at regional and global level. Estimating the URRs has made possible to obtain an indirect estimate of reserves, avoiding the risk of reserves’ overestimation, often due to financial speculations. Production peaks and depletion times (based on suitable quantiles, such as t(0.90), are the obtained main results. Further work is in progress and applies BM and GBM to Natural Gas (methane) life cycle and to evolutionary dynamics of alterative energies, like photovoltaic, wind power, biomasses, biofuels, etc. See, for instance, Dalla Valle and Furlan (2011), Guidolin and Mortarino (2009), and Guseo (2011).
Complex Systems and Aggregate Differential approaches: Dualism 


A research challenge recently faced at the University of Padova is the study of a plausible theoretical linkage between Complex Systems and Aggregate Differential models. Guseo and Guidolin (2008) confirm for the first time the existing dualism between a Cellular Automata model and its aggregate differential representation, obtained through a “mean field approximation”. Guidolin’s PhD dissertation (2008) and a  paper by Guseo and Guidolin (2009a) propose a co-evolutionary model based on two nested Agent-Based models, aimed at describing the evolution of latent  information network associated to a given innovation. This information network is the necessary condition for the real adoption process (nested model). Through a mean-field approximation a Riccati equation with closed-form solution has been obtained. This result allows to represent a dynamic version of the market potential and to account in a separate way for exogenous interventions (as in the GBM). Interesting applications of this model have been produced in the pharmaceutical sector (weekly sales data provided by IMS Health). Further progress may be found in a) the representation and interpretation of the slowdown effect (chasm, dip or saddle are similar effects) separating two waves of sales in product diffusion, in particular within new pharmaceutical drugs (see Guseo and Guidolin, 2011), and b) detection and modeling of network externality effects induced by network goods (telephone, fax, etc.) (see Guseo and Guidolin, 2010).
Work in progress 


Inferential techniques adopted in this contexts combine NLS (Nonlinear Least Squares) with ARMAX (Autoregressive moving average model with exogenous inputs) and may be further improved. In particular, some research effort is needed in developing an integrated methodology for the simultaneous estimation of parameters characterizing  NARMAX representations of diffusions. Current solution to the problem is based on a sub-optimal two-stage procedure  that takes advantage of the basic nonparametric nature of  NLS methods (especially Levenberg-Marquard algorithms and their extensions).
The major effort in diffusion of innovations research is devoted to the univariate case, and to the special effects arising in this context. Nevertheless, there are multivariate processes of practical relevance that need attention.  Current research interests concern simultaneous diffusions -both with competitive and cooperative effects- of products and services, successive generations of technologies, etc. Some research effort is needed in the area of synchronic and diachronic competition in order to model simultaneously the change of regime due to late entrant in the marketplace of substitute products.  In particular, the main effort may be concentrated in the identification and estimation of within-brand  and cross-brand  effects which may be balanced in the perfectly substitute product case, but, more generally, are unbalanced in real-world asymmetric competition.  Some preliminary results may be found in Guseo and Mortarino (2010).

A further area of research refers to the early estimation of a new entrant in an existing marketplace. There is a specific need to determine, without specific data, the timing  of a new entrant and, possibly, its tentative dynamic quantitative character. This type of  ex ante inference is particularly important within the budgeting policies regarding the launch of a new pharmaceutical drug within a special regulatory framework (like in Italy). There is an active research group in Italy that includes some units from  the Pharmaceutical Department of  USSL 20 Verona, Cineca Bologna, and Department of Statistical Sciences of Padua (Guseo et al.) .
    Besides a specific research effort is devoted to studying associated inferential methods for closed-form solutions and direct inference for differential equations. The field of inquiry is very wide and largely unexplored. 
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