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Abstract

In Forging a new alliance between economics and engineering, Sergio Mariotti
explores the relationship between economics and engineering. The interactions
between economics and engineering is a question rather than trivial and Mariotti
faces the problem, firstly, from an historical perspective and, secondly, by identify-
ing the paradigms for the economics—engineering nexus. Three paradigms are pro-
posed, i.e., economics for engineering, economics and engineering, economics as
engineering. They offer the opportunity to open new vistas on the future of the rela-
tionships between economics and engineering, in particular for facing the complex-
ity of the economy.
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1 Introduction

Sergio Mariotti (2021) explores the relationship between economics and engineer-
ing. The strategy is, first, to start from the historical perspective on the relationships
between economics and engineering and, second, to identify the paradigms for the
economics—engineering nexus.

The relationships between economics and engineering is a question rather than
trivial. The literature offers a long history of contributions, from Hayford (1917)
to Morgan (2012) and more recently Duarte and Giraud (2020) and Blockley
(2020). Mariotti provides a review of the different contributions and, in addition to
being enjoyable and informative, Forging a new alliance between economics and
engineering offers a reconstruction of the dynamics of such interaction and of its
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complexity. Three paradigms are proposed: (i) economics for engineering; (ii) eco-
nomics and engineering; (iii) economics as engineering.

The “economics for engineering” paradigm has a long tradition and Mariotti
helps us in understanding the motivations behind such paradigm and in reconstruct-
ing the successful experiments started in the US in the second half of the XIX cen-
tury and then spread worldwide in global and shared experiences.

The latter paradigm (i.e., “economics as engineering”’) underlines the positiv-
ism of a scientific approach to economics based on the (hidden) assumption that
economics is different and must be distinguished from the social sciences. Mariotti
remarks that this is just one of the several metaphors than can be used to sketch the
needs of solutions that permit “engineering” applications in economics and (more
often) in finance. Several Nobel Prizes winners can be described as “economic engi-
neers”: Harry Markowitz, Merton Miller, and William Sharpe won in 1990 for “pio-
neering work in financial economics”, Robert Merton and Myron Scholes in 1997
“for a new method to determine the value of derivatives”, Lloyd Shapley and Alvin
Roth in 2012 “for the theory of stable allocations and the practice of market design”
and Paul Milgrom and Robert Wilson, in 2020, for “improvements to auction the-
ory and inventions of new auction formats.” It is worth remarking that beside these
examples that have reached the degree of durable consensus as economic engineer-
ing, one can recognize the economics as engineering paradigm also in the need of
theoretical models aiming at solving the central problem of policy making, but in
fact leading to an excess of confidence in classical theoretical models. This open
relevant questions and will be addressed in the following Sections.

Finally, the paradigm “economics and engineering”, that Mariotti represents as
“a meeting between peers, respecting the disciplinary singularities and the different
cultures, but in a context of cross-fertilization and sometimes of interdisciplinarity”
(Mariotti, 2021, Sect. 2). «<How dare you?» might wonder some orthodox econo-
mists, but in fact cross-fertilization and interdisciplinarity are ordinary in science.
Moreover, in Forging a new alliance between economics and engineering Mariotti
prompts out that cross-fertilization, interdisciplinarity and multidisciplinarity have
been going always in the relationship between economics and engineering. Fur-
thermore, they are strengthening as a consequence of the growth of the complexity
approach to science and this will be addressed in the following Sections.

2 Expectations in economics

The Phillips curve is a central empirical result in economics that identifies a trade-
off between the rate of unemployment and the rate of inflation. It was found by Phil-
lips (1958) and its centrality role in economics arises from the fact that the dynam-
ics of inflation is a function of the state of the real economy and of the inflation
expectations.

The Phillips curve is the first empirical evidence of the role of expectations in
economics. It has induced lots of theoretical work and led to lots of Nobel prizes
(Friedman, Klein, Tobin, Modigliani, Haavelmo, Mundell, Phelps, etc.). Among
them, the Phillips curve was the basis of Lucas’s (1976) critique that resulted in a
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turning point in economic theory. Indeed, in the 50’s the state of the art on macro-
economics was rooted on the masterpiece by Keynes (1936). The Keynesians frame-
work overcomes the limit of the demand-supply approach and shows how the fiscal
policy might be countercyclical, thus leading to the famous multipliers. In particu-
lar, Keynesians assume that their multipliers are useful because they are fixed num-
bers, but within the mechanism of economic expectations originated by the Phil-
lips curve, the Keynesian partial derivatives were not structural, i.e., the multipliers
depend on the policy. Thus, a policy that is chosen based on a multiplier can change
that multiplier leading to an effect that cannot be envisioned from the Keynesian
model.

The Phillips curve resulted in an earthquake in economics and the area of debate
was on the theoretical explanation of the Phillips curve (particularly during the
60’s and 70’s) centered on the following question: how do heterogeneous economic
agents determine the expected inflation?

It is worth remarking that this is a fundamental question, with many intriguing
and complex scientific implications, but still lacking of an answer. It can be reason-
ably assumed that as an exit strategy, such fundamental question was reframed into a
more convenient problem: should one focus on trying to explain correctly the mech-
anism that generates these expectations, or should one just try to find a “method”
that produces the correct answer?

The answer to the demand of such a “method” is the rational expectations mecha-
nism: a rational agent does not make systematic errors and due to his ability, knowl-
edge and tools, there can only exists representative agents. The rational expectations
approach, however, does not give indication about the way expectations are reached:
in reality, how do badly-informed bounded-rational agents manage to “guess” the
right solution? Within the rational expectations one assumes that a mechanism
exists, but it is not revealed (dogma of faith).

Based on rational expectations, modern neoclassical macro-economists have
built more and more abstract and mathematically sophisticated models aiming at
solving the central problem of policy-making, but in fact leading to an excess of
confidence in their model. The “central problem of depression-prevention has been
solved,” stated Robert Lucas in the 2003 presidential address to the American Eco-
nomic Association. In 2004, Ben Bernanke (lately President of the Federal Reserve)
celebrated the «Great Moderation» in economic performance over the previous two
decades, which he attributed in part to improved economic policy making. Then, the
financial crisis arose in 2007-2008 and speaking of the “efficient markets hypoth-
esis” at the House of Representatives Committee on Government Oversight and
Reform in October 2008, Alan Greenspan’s testimony was “The whole intellectual
edifice collapsed in the summer of last year.”

Indeed, during the crisis 2007-2008, the world’s financial system experienced a
virtual collapse that had dire consequences for the real economy. The explanations
given involve networks of banks, trust and contagion at all levels. These are not fea-
tures of, nor characteristic of, classical economic models. They are typical of com-
plex systems.

According to Greenspan, the financial crisis in 2007-2008 could have caused the
collapse of modern economic theory in analogy to what happened to the Keynesian
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framework with the Phillips curve and heterodox economists are still waiting for
that. More prudently, Jean-Claude Trichet, former President of the ECB, in his
speech at the opening address at the Trichet (2018) remarked the needs to enrich
modern economic theory and prompted out that “First, we have to think about how
to characterise the homo economicus at the heart of any model... We need to deal
better with heterogeneity across agents and the interaction among those heterogene-
ous agents. ...Second, we may need to consider a richer characterisation of expec-
tation formation. Rational expectations theory has brought macroeconomic analy-
sis a long way over the past four decades. But there is a clear need to re-examine
this assumption. ... Third, we need to better integrate the crucial role played by the
financial system into our macroeconomic models.”

Curiously, in his speech Trichet suggested a viable way to reach those goals and
stated “In this context, I would very much welcome inspiration from other disci-
plines: physics, engineering, psychology, biology. Bringing experts from these fields
together with economists and central bankers is potentially very creative and valu-
able...” Unfortunately, for the European Union it was just a speech and the ECB
monetary policy during his mandate remained rooted on the modern neoclassical
economic doctrines of inflation control and austerity. Conversely, Ben Bernanke
when became President of the Federal Reserve quickly forgot his neoclassical
economic root as a scholar and moved promptly to the status of pragmatic econo-
mist by introducing a huge quantitative easing as response to the financial crisis in
2007-2008, whereas Europe had to wait Mario Draghi to see the ECB monetary
policy changing toward “unconventional” measures.

Even if just by chance and irrespective to his policy making during his man-
date, Trichet speech supports the need of a new alliance between economics and
engineering, in line with the paradigm of “economics and engineering”, a meeting
between peers, respecting the disciplinary singularities and the different cultures,
but in a context of cross-fertilization, interdisciplinarity and sometimes transdisci-
plinarity as proposed by Sergio Mariotti.

3 Economics and information technologies

Information technologies have largely impacted the XX century. During the 60’s,
advances in computing led to machine programming, which opened the door to pro-
gressive automation and to the Third Industrial Revolution. Schwab (2016) coined
the concept of the Fourth Industrial Revolution with the following definition: “The
Fourth Industrial Revolution creates a world in which virtual and physical systems
of manufacturing cooperate with each other in a flexible way at the global level”.
The Fourth Industrial Revolution is having economic, technological and social
transformations at the global level and open direct demands of cooperation between
economics and engineering for economic innovation, economic development, inno-
vation management, etc.

The information technologies developments are examples of tremendous inno-
vation processes. Schumpeter (1943) popularized the term “creative destruction”
in economics. In Schumpeter’s theory, Walrasian equilibrium is not adequate to
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capture the key mechanisms of economic development and Christopher Freeman
(2009) states that “the central point of his [Schumpeter’s] whole life work [is]: that
capitalism can only be understood as an evolutionary process of continuous innova-
tion and ‘creative destruction’ [This] is still not taken into the bosom of mainstream
theory, although many now pay lip service to it.”, thus reinforcing the needs to over-
come the limits of modern economic theory.

Information technologies have also changed financial systems in unpredicted
ways. During the 60’s stock exchanges started considering the switching from face-
to-face human trading to fully automated trading platforms. Regardless of whether
markets were human or automated, the opportunities offered by information tech-
nologies were expected to improve market efficiency due to low costs, continuous
trading, fairness and random price movements, see Black (1971). The stock markets
have largely introduced innovations related to information technologies and these led
to more and more computationally efficient high frequency automated trading plat-
forms. This opened an opportunity for high frequency algorithm trading and dedi-
cated software have been developed and used in the financial sector. On May 6th,
2010 the Commodity Futures Trading Commission and the Securities and Exchange
Commission of the United States jointly reported the first case of what is currently
known as Flash Crash (CFTCS-SEC, 2010). In the course of about 36 min starting
at 2:32 pm ET-US, financial markets experienced one of the most turbulent peri-
ods in their history. Broad stock market indices the S&P 500, the Nasdaq 100, and
the Russell 2000 collapsed and rebounded with extraordinary velocity. The aimed
efficient market dissolved in few minutes by means of high performances auto-
mated software and combination of human and algorithmic trading. Starting from
the experience of the flash crashes, solutions have been proposed to improve market
efficiency varying from a tax on all financial transactions to imposing delays on the
cancellation or modification of resting orders or restricting directional changes in
prices on a security-by-security basis, e.g., see Easley et al. (2011). In order to limit
the flash crashes it is suggested either to introduce economic frictions or to have a
technological involution by decelerating hardware, software and telecommunication,
another punch to modern economic theory, to idealized free-market economy, to the
rational expectations and to their inability to admit the possibility of endogenous a
crisis.

Finally, it is worth remarking that beside productivity improvements, social
changes, unexpected inefficiencies, etc. determined by information technologies,
computers have also affected tremendously the development of science.

Appel et al. (1997) proved mathematically that every planar map is four colora-
ble. The demonstration is the first in the world achieved by a computer: it took more
than 1200 h on three different computers, but it was the first time that a mathemati-
cal theorem was proved by a computer.

Appel, Haken and Koch were the pioneers, but many followed and nowadays devel-
opments of science largely resort to computers. In Schelling’s (1969) work on segrega-
tion one can find a milestone in the study of social systems and the foundations for the
application of agent-based modeling to social, economic and financial systems. Agent-
based modelling took direct advantages from the advances in information technologies
and become a scientific method for social sciences in general and for economics and
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finance in particular. The seminal works by Kirman (1989, 1992, 1993) have opened
a new vista on economics, leading first to agent-based computational economics and
finance in the 90’s and then to agent-based macroeconomics in the early 2000. The UE
FP6-FET project EURACE 2006-2010 (www.eurace.org), coordinated by the team at
the University of Genova launched agent-based macroeconomics (Cincotti et al., 2012;
Holcombe et al., 2013) and since then the research field significantly grown worldwide
in general (Dawid & Delli Gatti, 2018) and in Italy in particular (Dosi & Roventini,
2017; Gallegati et al., 2017).

The economy is the archetypal of a complex system, as stated by Herbert Simon
(1962): “[r]oughly, by a complex system I mean one made up of a large number of
parts that interact in a nonsimple way. In such systems, the whole is more than the
sum of the parts, not in an ultimate, metaphysical sense, but in the important pragmatic
sense that, given the properties of the parts and the laws of their interaction, it is not
a trivial matter to infer the properties of the whole. In the face of complexity, an in-
principle reductionist may be at the same time a pragmatic holistic”. Simon published
his work ten year before “More is different” by Anderson (1972) and posed the foun-
dations of agent-based macroeconomics where the economy is represented as a non-
linear dynamic stochastic heterogeneous reflexive system.

In the framework of complexity, the scientific question moves from neoclassical
problems on uniqueness and stability of the equilibrium in the economic systems to the
theoretical determination of the conditions for self-referential situations characterized
by the self-fulfilling prophecy of the economy. Simultaneously, the economic agents
move from perfectly rational agents able to forecast the future without systematic errors
to badly-informed bounded-rational ones that create their future.

It is worth remarking that aiming at facing the complexity of the economy further
supports the need of a new alliance between economics and engineering, as well as
with other disciplines, and the corresponding scientific questions lead to fundamental
problems, potentially the continuation of David Hilbert’s problems in XXI century.

4 Final remarks

Forging a new alliance between economics and engineering by Sergio Mariotti offers
an accessible introduction to understanding the evolution of the relationships between
economics and engineering and present the opportunity for a new cooperation aim-
ing at facing both fundamental and practical problems. The questions arising from the
complexity of the economic system are relevant with tremendous impacts on billions
of people and there is the need of a meeting between peers, respecting the disciplinary
singularities and the different cultures, but in a context of cross-fertilization, interdisci-
plinarity and transdisciplinarity to face them.
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