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e QOver the past several years we have developed a case-based,
mixed-methods, density approach to modeling the temporal and

spatial complexities of big data.

 The platform for this approach is called the SACS Toolkit. In

terms of simplifying assumptions, the Toolkit employs three
novel solutions:

e (1) it conceptualizes the complex causal organization of a
system as a set of microscopic cases (k-dimensional vectors
spaces);

e (2) it clusters/groups cases to identify major and minor
profiles and (discrete or continuous) trajectories

e (3) it translates their high-dynamic microscopic trajectories
into the linear movement of macroscopic, low-dynamic
densities.
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* The strengths of this approach are several. It allows researchers to:
e Model complex systems as sets of cases.
* Explore these systems at multiple levels.
 Examine the interactions between system and environment.
e Explore the relationships amongst the cases (networks).
e Address and combine both structure (organizational pattern) and agency.
e Study complex causal structure.
e Use small to big data.
 Model these systems as static or longitudinal.
* Interms of longitudinal, we can model as discrete or continuous
* |n terms of continuous modeling, we can:
 map the complex, nonlinear evolution of ensembles (or densities) of cases;
e classify major and minor clusters and time-trends;
e visually identify dynamical states, such as saddles and attractor points;
* plot the speed of cases along different states;
» detect the non-equilibrium clustering of case trajectories during key
transient times;
e construct multiple models to fit novel data;
e predict future time-trends and dynamical states; and, finally, in terms of
impact,
e generate results that are visually and conceptually intuitive to private/public

sector users and policy makers.
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Cases Are Complex Systems
e Researchers in the social sciences currently employ a variety
of mathematical/ computational models for studying complex

__ systems.

e Despite the diversity of these models, the majority can be
== grouped into one of four types:
— equation-based modeling,

— stochastic (statistical) modeling,

L — computational modeling

— network modeling.

 However, David Byrne and colleagues have added a fifth type:
case-based modeling
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Cases Are Complex Systems

Byrne is recognized, internationally, as a leading
figure in what most scholars see as two highly
promising but distinct fields of study:

— (1) case-based method and

— (2) the sociological study of complex
systems.

— An example of the former is Byrne's Sage
Handbook of Case-Based Methods — which he co- = =
edited with Charles Ragin, the creator of
Qualitative Comparative Analysis.

— An example of the latter is his widely read
Complexity Theory and the Social Sciences — which T

Callaghan and he just significantly updated in 2013. T
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Cases Are Complex Systems

His premise, while simple enough, is ground-breaking:

— Cases are the methodological equivalent of complex systems;
or, alternatively, complex systems are, theoretically speaking, =

cases and therefore should be studied as such.

With this premise — Byrne introduces an entirely new —

What scholars (including the current authors) are only
beginning to grasp, however, is that Byrne sees these areas ..
as conditional upon one another —that is, they are two
sides of the same theoretical/methodological coin:

14.78

approach for modeling social complexity and the temporal —-
and spatial dynamics of complex systems.
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Cases Are Complex Systems

 There are several strengths to this approach, three of

which are crucial to the work my colleagues and | are

doing:

1.

It embraces an interdisciplinary framework —with great
thought given to the transport of theories, concepts, and

methods between scientific and disciplinary boundaries,
for the purposes of modeling social complexity and
complex social systems.

It employs a mixed-methods toolkit, including case-
comparative analysis and many of the latest advances in
computational and complexity science method.

It provides an epistemological platform (grounded in

complex realism) for constructing a cohesive ‘complex
systems’ methodology, based on its concept of the case.
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4, What is the tH

Cases Are Complex Systems

T A APEN
e Pace Byrne, we (my colleagues and ) seek to
develop a mathematically-rigorous,
computationally-based, mixed-methods
platform for modeling social complexity and
complex social systems.

 The purpose of this presentation is to explore
what we have so far accomplished — albeit
tentatively.
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SACS Toolkit
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Case-based modeling and the SACS ToolKkit:
a mathematical outline

Brian Castellani - Rajeev Hajaram

2 Springer Science+Business Media, L1LC 2012

Abstract Researchers in the social sciences currently employ a variety of mathe-
matical/computational models for studying complex systems. Despite the diversity
of these models. the majority can be grouped into one of three tvpes: agent (rule-
based) modeling, dynamical {egquation-based) modeling and statistical (ageregaie-
based)y modeling. The purpose of the current paper is to offer a fourth tvpe: case-based
modeling. To do =0, we review the SACS Toolkit a new method for quantitatively
mdeling complex social systems, based on a case-based, computational approach (o
data analyzis. The SACS Toolkit is comprised of three main components: a theoretical
blueprint of the major components of a complex system (social complexity theorvy;
a sed of case-based instructions for modeling complex svstems from the ground up
(assemblaee )y, and a recommended list of case-friendly computational modeling tech-
nigques {case-based foolset). Developed as a vanation on Byme (in Sage Handbook of
Case-Based Methods, pp. 260268, 20007, the SACS Toolkit models a complex sys-
tem as a st of c-dimensional vectors (cases), which it compares and contrasts, and
then condenses and clusters to create a low-dimensional model {map) of a complex
system”s structure and dynamics over timefspace. The assembled nature of the SACS
Toolkit is its primary strength. While grounded in a defined mathematical frame-
work, the SACS Toolkit is methodologically open-ended and therefore adaptable and
amenable, allowing researchers to employ and bring together a wide vanety of mod-
eling techniques. Researchers can even develop and modify the SACS Toolkit for
their own purposes. The other strength of the SACS Toolkit, which makes it a very
effective technigque for modeling large databases, is its ability to compress data matri-
ces while preserving the most important aspects of a complex system’™s strocture and

B. Castellani (&2
Depl of Sociology, Kent State University, Ashiabala, OH 44004, TS A
e-mail: beastel 36 kentedo

E. Rajaram
Depl. of Mathematscal Sciences, Kent State University, Ashiabala, OH 44004 1TSA



SACS Toolkit

1. First, it is comprised of a theoretical blueprint for studying complex
systems called it social complexity theory. Social complexity theory is not

a substantive theory; instead, it is a theoretical framework comprised of a
series of key concepts necessary for modeling complex systems. These concepts
include field of relations, network of attracting clusters, environmental forces,
negotiated ordering, social practices, and so forth. Together, these concepts
provide the vocabulary necessary for modeling a complex system.

2. Second, 1t 15 comprised of a set of case-based instructions for modeling
complex systems from the ground up called i1t assemblage. Regardless of the

methods or techniques used, assemblage piides researchers through a seven-
step process of model buildingwhich we review belowstarting with how to
frame ones topic in complex systems terms, moving on to building the initial
model, then on to assembling the working model and its various maps to finally
ending with the completed model.

3. Third, it 15 comprised of a recommend list of case-friendly modeling
techniques called the case-based toolset. The case-based toolset capitalizes on

the strengths of a wide list of techniques, using them in service of modeling
complex systems as a set of cases. Our own repertoire of techniques include
k-means cluster analysis, the self~organizing map neural net, Ragins QCA, net-
work analvsis, agent-based modeling, hierarchical regression, factor analysis,
grounded theory method, and historical analysis.



SACS Toolkit

We begin our review of the SACS Toolkit with five opening points:

(1) For the SACS Toolkit, case-based modeling is the study of a complex system §
as a set of cases ¢; such that:

8§ = |cj @ ¢j 15 a case relevant to the system under study}. (1)

(2) At minimum, § 15 comprised clf one case cj.

o T AR i i i

This is our flrst 5|mpI|fy|ng assumptlons

Llﬂ.’{l]‘l]l.ll'l'l number of cases that can be

. practically speaking the upper limit
will be bounded, basegjon the partlcular set of cases identified for study—which

1s always an empiricafljssue.
(4) We denote the numbefof cases being studied by n.

(3) Each case ¢; in § 1s a k dimensional row vector ¢; = [x;1, ..., xik |, where each x;;
represents a measurement on one of the variables being used to model a complex
system.
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SACS Toolkit
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SACS Toolkit

Because S consists of n cases {¢;}i_,. and each case ¢; has a vector configuration of
k dimensions, it 1s natural to represent S, at least initially and at its most basic, in the
form of a data matrix D as follows:

Cl X111 ... X1k
D=| '@ |=]|: . (6)

Cﬂ _I’jl = % Iﬂk

[n the notation above, the n rows in D represent the set of cases {¢;} in §. and
the & columns represent the measurements on some finite partition Uf:l O; of Wy
and Es as defined 1n Eq. (5) that couple to form the vector configuration for each c;.



Simelitying Clustering and grouping to search
Assumptions for major and minor configurations/
' profiles and trajectories (discrete or
continuous)
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Simplifying
Assumptions

——>

Our approach (which combines what is known in
physics and applied mathematics as the inverse and direct
problem) is novel in four important ways: first, we take a
unique, data-driven view of the cases in a cohort, which
we define as K dimensional vectors, where the velocity
vector for each case is computed according to its particu-
lar measurements on some set of empirically defined
social, psychological, or biological variables.

Second, we translate the data-driven, nonlinear trajec-
tories of these microscopic cohort constituents (cases)
into the linear movement of macroscopic trajectories,
which take the form of densities.

Here, we are drawing on Haken’s synergetics and the idea that self-organizing
macroscopic trajectories are less dynamic, generally speaking, than microscopic
trajectories, which are high dynamic, out of which the former emerge.



Simplifying
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For our empirical case, we drew our data from the Gap-
minder website. The Gapminder website (created by Ola
Rosling, Anna Rosling Rnnlund, and Hans Rosling) provides
researchers, teachers, students, and the general public a
wealth ol time-series data (often starting back in the early
1900s) on the economic, political, cultural, social, biomedi-
cal, and health development ol countries throughout the
world, which it converts into a series ol two-dimensional
(2D) animations and interactive graphics (see http://www.
gapminder.org/). For the sake ol demonstration, therefore,
we consider a database with two variables (K = 2) from
Gapminder; namely, per capita GDP (x;(t)) and life expect-
ancy (x2(t)) for 156 countries over 63 years (f).
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Third, we perform this translation by fitting the time
trajectories of these cases using an autonomous (and, in
some instances nonautonomous) ordinary differential
equation (ODE) (1). In most cohort studies, be they net-
work studies or otherwise, the laws governing their macro-
scopic dynamics are not known [17,18]. Fitting functions
with an autonomous ODE must, therefore, be entirely
data driven and based on a "goodness of fit" model. Our
unique solution to this data-driven problem is to employ
a genetic algorithm, as it does not require any a priori
knowledge of the laws governing the data [19]. Instead, it
uses the data to evolve to an optimal solution. It can do
so because a genetic algorithm is a "brute force” search,
but in an efficient way. Also, it finds global minima (as
opposed to local minima), hence, it is a global optimiza-
tion routine. As such, a genetic algorithm allows research-
ers to lind the novel, mechanical laws ol motion for social
science and biomedical cohort data—with the knowledge
that, often, each new dataset presents a new search for
new laws, hence the study of complexity [20].
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Assumptions

—>

Fourth, using the vector field thus obtained, we use the
advection PDE to simulate the evolution of a distribution
ol cases (as densities) across time (2). The advection PDE
has been used extensively in fluid mechanics and electro-
magnetism to model the transport of physical quantities
such as mass and charge, respectively [21,22].



Advection equation — transport of
density of cases

e Transforms the motion of individual cases to the motion of a density of
cases.

e Requires the initial distribution of case profiles, and the velocity vector field
of cases (same as the one.used inthe ODE), and can compute the motion of
the initial density assuming that the total number of cases is a constant
(called mass conservation property).

e Used in modeling of transport phenomena such as fluid dynamics (oil spill),
traffic on streets.






Advection equation — transport of
density of cases

Notion of transport is applicable to a variety of topics in sociology such as
residential mobility and health trajectories.

Residential mobility — variables are actual geographical ones. Trajectories are
in physical coordinate space.

Health trajectories- Variables are biological, sociological markers — state
space is more abstract

g +T-Fer=0 glr,=0px,r.0 = s0(X, ¥),
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