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ABSTRACT

In recent years, the government, of African Coestrhas assumed major
responsibilities for economic reforms and growth. dttempting to describe their
economies, economists (policymakers) in many Afri€ountries have applied certain
models that are by now widely known: Linear progmsimg models, input-output
models, macro-econometric models, vector auto ssgre models and computable
general equilibrium models. Unfortunately, econamiare complicated systems
encompassing micro behaviors, interaction pattams global regularities. Whether
partial or general in scope, studies of economgtesys must consider how to handle
difficult real-world aspects such as asymmetricoinfation, imperfect competition,
strategic interaction, collective learning and nmlét equilibria possibility. This paper
therefore argues for the adoption of alternativedetiog (bottom-up culture-dish)
approach known as AGENT-BASED Computational Ecormsn{ACE), which is the
computational study of African economies modeleé\asdving systems of autonomous
interacting agents. However, the software bottlerfadat rules to write for our agents)

remains the primary challenge ahead.

KEY WORDS: atrtificial intelligence, computationahdoratory, complex networks,
multi-agent systems, agent-base computational ewmso social networks, macro-
econometric model, linear programming; input-outpwéctor auto regression ace
models, var models, neural networks, gene netwalésyatives, financial contagion,

Africa economies, aceges models, energy,
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1.0 INTRODUCTION

Obviously, the real world is quite complex and emwoic relationships are
intertwined making it difficult to properly gaugée direct and indirect effects of
economic policies. Consequently, the constructibreconomic models provides a
logical basis for making inferences about the dbjecreality and directional impacts
of policy interventions. However, no matter its qaexity, economic model provides
only as approximation of the real world. Thus, televance of a model may be judged
by the extent to which it fulfills a set of conditis. These conditions include the extent
to which it replicates the essential features ef ridsal world; the extent to which it is
able to explain the observed labyrinth of inte@tsi among economic agents; the
extent to which it is able to accommodate the gutireffects of policy interventions

and its ability to provide alternative policy ditens through sensitivity analyses.

However, a common criticism of empirical economgshat it pays insufficient
attention to discriminating between competing emptaons of the same phenomena.
Yet interaction and heterogeneity of agents aregsive characteristics of economic
processes. Unfortunately, economics theory haseontsyl these features to a large
extent. Instead, the paradigm of modeling repregimet agents has emerged (which by
its very construction has eliminated any considenadf interaction and heterogeneity).
Essentially, the representative agent's methodologginated from the need of
developing micro-foundations of assumed macro-econiobehavior. That is, by
tracing back the market behavior of firms or howseé$ to their underlying objectives
of profit and utility maximization. Overtime, thisoked possible with our extremely

limited number of agents entering economic models.

Consequently, the governments of African Countries/e assured major
responsibilities for economic reforms and growtlory with these responsibilities, has
come an increased awareness of the interrelatedhetifferent sectors of a national

economy and of the need for coordination of padidigat had previously been debated
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in terms of their direct impacts on individual s®st In attempting to describe their
economies, economists in many African countrieshegwlied certain models that are
by now widely known. Thus, with the rapid progres$ormal modeling techniques and
the growing accessibility of electronic computeétrsyould not be out of place to expert
every African country within the next decade, towdn@n operational formal model of
the economy to use as an instrument for economilicypdormulation and
implementation. In general, these African economas complicated systems
encompassing micro behaviors, interaction pattams global regularities. Whether
partial or general in scope, studies of economgtesys must consider how to handle
difficult real-world aspects such as asymmetricoinfation, imperfect, competition,
strategic interaction, collective learning and tbessibility of multiple equilibria.
Fortunately, recent advances in analytical and eaatipnal tools are permitting new
approaches to the quantitative study of these &spétere, one such approach is
AGENT-BASED COMPUTTATIONAL ECONOMICS (ACE), which si the
computational study of economic processes modedati/iaamic systems of interacting
agents. This paper therefore explores the poteatiashntages and disadvantages of
ACE model for the study of economic systems. Hewajous approaches used in
Agent-based computational Economics (ACE) to moeletiogenously determined
interactions between agents are discussed; andahcerns models in which agents not
only (learn how to) play some (market or other) gafout also learn to decide with
whom to do that (or not).

Again, we observe that agent-based models typicalisolve large numbers of
interacting individuals with widely differing chareristics, rules of behavior and
sources of information. Indeed, the dynamics ofhsggstems can be extremely
complex due to their high dimensionality. Similarlemphasis on dynamic
heterogeneous agent models (HAMS) in economics fem@hce is given to simple
models that (at least to some extent) are tractaplanalytic methods in combination
with computational tools. Essentially, most of th@sodels are behavioral models with
boundedly rational agents using different heurssticrule of thumb strategies that may

not be perfect but perform reasonably well.
4



Typically, these models are highly nonlinear (doeevolutionary switching
between strategies) and exhibit a wide range ofadycal behavior ranging from a
unique stable steady state to complex, chaotic rdigcsa Here, aggregation of simple
interactions at the micro level may generate saighied structure at the macro level.
Empirically, simple HAMS can explain important obged stylized facts in financial
time series such as excess volatility, high tradiolgme, temporary bubbles and brood
following, sudden crashes and mean reversion, esledtvolatility and fat tails in the
returns distribution. In other words, agent-basedieis used in finance concentrates on
models where the use of computational tools igcatitfor the process of crafting
models that give insights into the importance aywbahics of investor heterogeneity in
many financial settings as well as allied settimfsthe 2f' century based African

economies.



20 MODELLING AFRICAN ECONOMIES

Indeed, plan making and implementation in mosicaft Countries have come
to be accepted as necessities for the promotioapyfi economic growth. Perhaps, this
would partly explain the growing number of formaheno models being developed for
African economics (with the objective of serving @anning tool). In fact, there are
already a sizable number of such models while daly of them are operational.
Unfortunately, most attempts at building large scahacro models for African
economies often proceed without an explicit recogmiof the dualistic nature of these
economies (Olofin, 1985). However, the areas inctvhmacro models may find
applications in the management of an economy caridssified into three categories:
forecasting, policy analysis and long term planni@gnerally, multisectoral macro
models include the following model variants: inputput models (IOM) Linear
programming models (LPM) Macro-econometric modeli4El) and computable
General Equilibrium Model (CGEM). Figure 2A preseiite basic features of different
micro model types. Nationally, some of the emplrinacro-econometric literature
include Ojo (1972) Adamson (1974), Gosh and Kog&i7@), Olofin (1977), Uwujaren
(1977), World Bank (1974), UNGAD (1973) and NISER983). However, the
institutionally supported models include CEAR-FMNEBDEL, MAC Ill, CEAR-
MODEL-MACIV and the CEAR LINK model (see Olofin artekeoku, 1984b; Olofin,
1985; Olofin and Poloamina, 1984). Yet, the lattersions of Cear-Mac model
including Cear Model MACV are well documented (sefin, et.al.1983a) Olofin,
et.al. 1983b, Adeniyi et.al. 1983 and Raheem, Oglanland Olofin, 1991). Other

recent macro-econometric models were that of OghiK®990)



FIGURE 2A MACROMODEL VARIANTS

S/N | Model Characteristics Linear Input Output| VAR| Macro Computable
Programming Econometric | General
Equilibrium

I Methodological Framework:

Keynesian/Monetarist

Neoclassical X X
X X X
Il Time Horizon: Short term
Medium/Long-term X
X X X
1] Focus: Real Sector X X X X
Monetary sector X X

\ Temporal Structure: Static
Dynamic X X X

\Y, Data Nature: Time serigs
(Data Intensive) X X
Cross sectional (Data
Extensive) X X X

VI Economic  System type:
Command X X
Market X X X

VIl |Economic Aspects: Micro
economics X X

Macroeconomics X X X

VIIl |Interest Ministries: Finance
Ministry X X
Planning Ministry X X X

IX Algorithm based solution X X X X X




and Soludo (1995). Indeed, efforts at building C@Gé&dels for Nigeria started with the
study by Taylor, Yurukoglu and chaudhry (1983) &#D (1988). Other applications

include Adenikinju (1994), Nwaobi (1996), NwaobD@), Olayiwola(2000),0laniyan

(2000), Aminu (2006) Oyeranti (2006), Ajakaiye (#99Ajakaiye (1995), Olofin and

Adenikinju (2004), Nwafor, Ogujuba and Adenikinja006), Foluwewo and Udeaja
(1999), Falokun (2009), Adenikinju and Falobi (2R0dnfortunately, most of studies
borrowed coefficients from the literature and tlederof money is relegated to the
background. Again, most of the models did not exihyi address distributional issues
and nearly all the models employ comparative staygtem except for the one that
allow for limited dynamic adjustment. Again, most the reviewed models are
individual models constructed by researchers and thstitutional models are still not
common. There, the major reason being that updatid) revising models are quite

time consuming and expensive at national levels.

Regionally, Harris (1985) found that about 190 eledof various African
economies have been constructed. However, it hais bleserved that Harris surveyed
mainly the Anglophone African Countries and wa® asstricted to literature printed in
English language. It is therefore estimated thatb@bly over 250 macro-economic
models of African economies may have existed us986 and the number may have
grown much higher since then (Soludo, 1994; 1988gcifically, the United Nations
Economic Commission for Africa (ECA) made one of #arliest and boldest attempts
to develop and apply a regional macro econometadehto specific African countries.
In fact, ECA (1980) envisaged extensive collaboratiwith individual planning
ministries in each country as well as harmonizisgniork with those of other agencies
in the United Nations system involved in the stade# long term trends in Africa.
Similarly, in the early 1990s, a CGE model was tmtsed and maintained at the ECA.
However, a useful classification proposed by Mdr{ti®93) is to focus not only on the
structure/closure rules embodies in African models; more importantly to examine
the extent to which they are contemporary in thesseof taking account of the post-

Lucas critique innovations in macro-economic methogy. Thus, within this
8



framework, Montiel classifies existing models ofriddn countries into two broad

categories: traditional and contemporary. Here, esamodels incorporate rational

expectations and budget constraints (Ligenor, 18#@ue, Lahiri and Montiel, 1990;

Hague, et.al, 1991, Agenor, et.al.1993; Soludo3)1.99n the other hand, some models
incorporate optimizing agents (Montiel, 1993). Apet there are other models that
were developed to evaluate policy and provide fasex of African economies

(Elbadawi and Schmidt-Hebbel, 1991; Pedersen, 18@4nar, et.al. 1993; Adams,

1990).

Several studies that have investigated Africannoke of transmission
mechanism using vector Autoregressive models (VARjlude Nwafor (2006),
Adebiyi (2006), Central bank of Nigeria (2008) a@dntral bank of Nigeria (2010).
Indeed, the VAR framework rests on its simplicitpdahigh predictive power.
However, within the VAR framework, small scale naecconometric model can be
estimated using dynamic stochastic general equilibbmethodology so as to address
specific policy questions and issues of relevance the African economy.
Unfortunately, all the above reviewer models hawe various limitations that demand

for viable and sound alternative modeling frameworkAfrica.



3.0 AGENT-BASED COMPUTATIONAL ECONOMICS (ACE) MODEL
ALTERNATIVE

Obviously, a complex system is any system feaguran large number of
interacting components (agents, processes, etcyavhggregate activity is nonlinear
(non-derivable from the summations of the activitly individual component) and
typically exhibits hierarchical self organizatiomder selective pressures. In other
words, a system is complex when it has so manybkas and interacting forces that it
cannot be understood in its entirety or optimizgdraditional (top down) approaches.
Typically, these system include gene networks ftiaect developmental process;
immune networks that preserve the organisms igergicial insect colonies; neural
brain networks producing intelligence and consaiess; ecological networks; social
networks (transportation, utilities, telecommunigca); and national (regional)
economics. Notably, all social science researchcgeds by building simplified
representations of social phenomena. Perhaps, tegsesentations are often verbal
and the difficulty with such verbal presentatioaghat it is usually hard to determine
precisely the implication of the ideas being putMard. However, in the economics
profession, this representation is usually muchemfmrmal and often expressed in
terms of statistical and mathematical equationsn@ared to the verbal representation,
the quantitative representation makes assessingistency and generalisability much
easier. However, in using statistical and matherahtnodels, many of the equations
which one would like to use to represent real dopteenomena are simply too
complicated to be analytically tractable specificalwhen the phenomena being
modeled involve non-linear relationships, the adages of mathematical formalization
evaporate. Thus, a common solution is to make #yimmy assumptions until the
equations do become solvable. Unfortunately, tlasseimptions are often implausible

and the resulting theories can be seriously migigad

Consequently, the breakthrough is computationaletioeg in the social sciences

(economic sciences) came with the development oki4agents systems (MAS).
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Essentially, these models were derived from workthe sub-area of artificial
intelligence or distributed artificial intelligend®Al). Basically, DAI wined to solve
problems by dividing them amongst a number of paoty or agents (each with its own
particular type of knowledge or expertise). Whilé&IDis primarily concerned with
engineering effective solutions to real world peshk; it was soon noticed that the
technology of interacting intelligent agents coul@ applied to modeling social
phenomena (with each agent representing an indiVioluorganizational actor). Using
MAS perspective, agents are processes implementadcomputer that have autonomy
(control their own actions); social ability (intetawith other agents through some kind
of language); reactivity (can perceive their enwment and respond to it); and pro-
activity (are able to undertake goal directed axstjoHere, the task of the modeler is to
define the cognitive and sensory capabilities ef élgents; the actions they can carry
out and characteristics of the environment in whiay are located to setup the initial
configuration of the system; and then to observatwlappens when the simulation is
run. Scientifically, one is looking for emergentegplomena, that is, some patterns
arising at the level of the system as a whole @natnot self-evident from consideration
of the capabilities of the individual agents. Faample, institutions such as the legal
system and government that are recognizable amdwo-level from the micro-level
actions of individual members society. Understagdinis feature of human society

variously known as second order emergence, reftgxand double hermeneutits an

area where computational modeling shows promise.

Operationally, there are different architecturesl@signs used in building agents
for a multi-agent system. Nevertheless, every adgesign has to include mechanism
for receiving input from the environment; for stegia history of previous inputs and
actions; for devising what to do next; for carryingt actions; and for distributing
outputs. Again, Agent architectures can be divided those that are rooted in the
symbolic paradigm of Al and non-symbolic approackesh as those based on neural
nets here, one effective design for an agent isstba production system and this has

three components set of rules, working memory alelinterpreter. These rules consist
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of two parts: a condition which specifies when thke are to be executed (fire) and an
action part which determines what is to be the equence of the rule firing. However,
the problems arising when we go from simple to dempesult suggest that a crucial
role for the usefulness and the acceptability gfegxnents is played by the structure of
the underlying models. Consequently, there exmshegal schemes that can be
employed in building agent-based simulations. Aeashin figure 3A, the main value
of the environment- Rules-Agent (ERA) scheme, & thkeeps both the environment
(which models the context by means of rules ancegdrdata) and the agents (with
their private data) at different conceptual levdls. simplify the code, agents should
communicate directly, but always through the enwment. In other words, the
environment allows each agent to know the list®heighbors (which not mandatory)
and if we admit direct communication between agethe code becomes more
complex. Again, with the aim of simplifying the aodlesign, agent behavior is
determined by external objects (RULE MASTERS) tteah be interpreted as abstract
representations of the cognition of the agentse Rldister Objects are therefore linked
to rule maker objects, whose role is to modify iles mastering agent behaviors (such
as by means of a simulated learning process). &iyilrule makers interact with rule
masters, which are responsible for getting datenfements to pass to Rule Makers.
Although, this code structure appears to be complherte is a benefit when we have to
modify a simulation and the rigidity of the strueuecoming a source of invaluable
clarity ( Nwaobi, 2001).

Specifically, Agent- based computational Econon®SE) is the computational

study of economic processes
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FIGURE 3A BUILDING AGENT BASED COMPUTATIONAL MODELS
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modeled as dynamic systems of interacting ageritesd agents refer to a bundle of
data and behavioral methods representing an ertipstituting part of a
computationally constructed world. Here, examplds possible agents include
individuals (consumers, producers), social groupiftamilies, firms, communities,
government, and agencies), institutions (markeggulatory systems), biological
entities (crops, livestock, and forests) and plalsemtities (infrastructure weather and
geographical regions). Thus, agents can range factive data-gathering decision
makers with sophisticated embodied cognitive cdpi@isi to passive world features
with no cognitive function. Again, agents can bemposed of other agents, thus
permitting hierarchical constructions. lllustrafivea firm agent might be composed of
worker agents, manager agents and shareholder sagessentially, one primary
objective of ACE research is empirical understagdiwhy have particular observed
regularities evolved and persisted despite the rateseof top-down planning and
control?

Here, such examples of regularities include intawacnetworks, financial market,
stylized facts, protocols for market operation, attte common adoption of
technological innovations. ACE researchers theeef@eek causal explanations
grounded in the repeated interactions of agentsatipg in realistically rendered
worlds as well as trying to understand whetheripaler types of observed regularities
can be reliably generated from particular typesagént-based worlds. Yet, another
related primary objective is normative understagdiHow can ACE models be used as
laboratories for the discovery of good economidglies? ACE modelers pursuing this
objective are interested in evaluating whethergitesproposed for economic policies;
institutions or processes will result in sociallgsttable system performance overtime.
Here, as agent —based world is constructed thaumpthe salient aspects of an
economic system operating under the design; andvthréd is then populated with
privately motivated agents with learning capalasti(and allowed to develop over

time). Yet, the key issue is the extent to whiclke tlesulting world outcomes are

14



efficient, fair and orderly despite attempts by rageto gain individual advantage

through strategic behavior.

The next primary objective is qualitative insigimd theory generation: How can
ACE models be used to gain a better understandirgcanomic systems through a
better understanding of their full range of potahliehaviors over time (equilibria and
attraction basins)? In fact, such understandinglldvdnelp to clarify not only why
certain types of regularities have evolved andiged but also why others have not.
Again, what are the self-organizing capabilitiesdetentralized market economies as
well as the evolution of institutions and socialrme? In other words, how do
institutions and the behavioral dispositions ofrdtige agents co-evolve over time, and
what is the general likelihood that efficient sdérestitutions will emerge without top
down intervention? And the last primary objectigemethodological advancement:
how best to provide ACE modelers with the methaus t@ols they need to undertake
theoretical studies of economic systems througtesyatic computational experiments,
and to examine the compatibility of exponentialgngrated theories with real-world
data. Thus, ACE modelers are exploring a varietyvafs to address this objective
ranging from careful consideration of methodolobigarinciples to practical
development of programming, visualization and \atioh. Indeed, one area where
ACE methodology has frequently been applied is Apgeing, where researchers have
developed computational models in which many ageht®se from a set of possible
forecasting strategies in order to predict stockes; which affects their asset demands
and thus affects stock prices. Basically, theseatsoaissume that agents are more likely
to choose forecasting strategies which have receetn successful; and the success of
any strategy will depend on market conditions asd an the set of strategies that are
currently being used frequently, these models fivat large booms and busts in asset
prices may occur as agents switch across foregadtirategies, and some have
suggested that ACE might be a useful methodolagyuhderstanding the global
financial crisis. Other related applications in@ugxtreme Financial Events Modeling

(closed form solution for equity options assumingemneralized extreme value risk
15



neutral density function) and regime switching mseder portfolio management as

well as digital modeling of financial contagion (datives). ACEGES is an agent-

based model for exploratory energy policy by meahscontrolled computational
experiments. It is operationally designed to befthumdation for large custom-purpose
simulations of the global energy system that hairect relevance to the African

economies.
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4.0 CONCLUSION

Regrettably, it should be stressed that while stade of knowledge about the
functioning of economies is incomplete, the stdtigworance about African economies
are even much higher. However, given the rate ofjy@ss in the development and
applications of information and communication tembgies (ICTS) as tools for policy
analysis, economic projections and the overall gameent of the economy on a short-
run and longer term basis; it is difficult to erage a situation whereby any country in
the near future would prefer the primitive techmiguof rule of thumb to formal
modeling of the economy. This paper therefore renend that policing modeling
provides a unifying focus within which to study &ry wide range of economic
problems that have always been presented in isaldtom one another. Yet these
conventional macro models essentially at their gmedevel of development are no
more than the analytical framework or skeleton Wwtstll requires the flesh and blood
of details and common sense to be useful instruisnehtpolicy. As an alternative
modeling framework, the Agent-Based computationabriomics (ACE) modeler
provides the initial configuration of a computa@neconomic system comprising
multiple interacting agents. And the modeler stepsk to observe the development of
the system over time without further intervention.

Here, system events should be driven by agentaictiens without external imposition
of equilibrium conditions. However, constructivedanstanding of production, pricing
and trade processes, essential primary of survstedfegic rivalry and market power;
behavioral uncertainty and learning; role of corii@1s and organizations; and the
complex interactions among structural attributesstiiutional arrangements and
behavioral dispositions, are valid concepts in AIGE framework for the modeling of

African economics.
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