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|. EXTENDED ABSTRACT « A Government sector which hires public workers (as a
constant share of the workforce), collects taxes and issues
bonds to cover any deficit between current expenditure
(wages, interests on bonds and repayment of bonds reach-
ing maturity) and revenue from taxation. Government
bonds are purchased by banks.
Banks, collecting deposits from households, granting
loans to firms and buying bonds issued by the Govern-
ment. Basel Il constraints apply so that, at the end of the
period, banks may ask for cash advances to the Central
Bank in order to restore the mandatory capital adequacy
ratio.
« A Central Bank, which issues legal currency, holds banks’
reserve accounts and accommodates banks’ demand for

We present aagentbasedstock flow consistent macroeco-
nomic model with heterogeneous agents interacting through
a decentralized matching process across multiple markets
with multiple assets. The model is consistent across bath th
micro and macroeconomic levels, by providing a detailed,
comprehensive, and rigorous accounting of real and financia®
flows and stocks. We implement the model using a brand new
Java programming platform, explicitly designed for AB-SFC
models.

Our java macro agent based platform JMAB exploits the
opportunity of object oriented programming in order to eesu
the accounting consistency of any model from the very bottom

layer, that is by tracking through generic procedures &l th cash advances at a fixed discount rate.

variations in the balance sheets of agents generated leyetitf .

types of transaction or transfer. Decisions undertaken ByThese groups .Of agents, or sectqrs, are characte_r[zed by

individual agents result in variations of their balanceetke . ound_ed rationality and follow _(re_lat|vely)_5|mple hetids

which also affect the balance sheets of other agents byi2" !ncomplete a_nd asymm(_etnc |qformat|on (_:ontext. .

directly and indirectly, adding a new layer of complexity to During each period of the simulation fagents mter_act on five

be explored, and we can track these interactions. n"_narkets thrt_)ugh a common decentralized matching mecha-
We analyze the endogenous emergence of growth, busin&&M: following [10]:

fluctuations, and financial instability. The model we build * A consumption goods market: households interact with

explicitly takes into account innovation dynamics, andngsi consumption firms; o _

JMAB we can analyze the impact of innovation on the * A capital goods market: consumption interacts with cap-

structure of production processes, the evolution of inhlst ital firms; _ _

market structures, and employment dynamics. « A labor market: households interact with government and
The economy at hand is composed of: (both types of) firms;

« Households selling their labor to firms, consuming and » A credit market: firms interact with banks;

saving, with their savings being allocated between cash’ Qagg)osn market: households interact and firms with
and deposits. ' _ .

« Firms, divided into consumption and capital firms. Con- " €ach of the markets we implement the following match-
sumption firms produce a homogenous consumption got§ Protocol, where two classes of agents interact in de-
using labor and capital goods produced by capital firm@and/supply space. One side observes a list of potential

Capital firms produce different ‘vintages’ of capital out of | _ o , _

lab | di t in R&D. hirin eople to perfor The primary objective of the model is not to analyze the dyicanand
a_ or only an InYQS ! ' In g_p p p mstability of public finance, so in the Baseline Scenario weuase that
this research activity. When innovations are successftie Central Bank is not allowed to buy government bonds @&e:UE

capital firms can produce more productive vintages éfer_mario"). Nevgrtheless, we try to keep_ the structure efrtiodel open to
e implementation of a different scenario in which the @anBank is part

Cfipital' _starting from the fOIIOWing_periOd' Each Cal?it_ f a consolidated government sector, along with the trgagie. a “USA
vintage is characterized by a specific level of productivitgcenario”).
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counterparts and chooses the most suitable partner angordhan establishing a common set of concepts, rules and tools
to some market-specific criterion. as we have. One of the objectives of the present work is thus
At the beginning of each period the list of agents on the d& foster a methodological advance by implementing a brand
mand side—households in the consumption market, consumpw Java programming platform, explicitly designed for AB-
tion firms in the capital good market, capital and consumnmpti®SFC models. IMAB exploits the opportunity of object oriehte
firms in the labor market, capital and consumption firms in throgramming in order to ensure the accounting consistehcy o
credit market, households and firms in the deposits maiketan AB model from the very bottom layer, that is by tracking
randomly shuffled. through generic procedures all the variations in the ba&anc
Then the first agent in the list observes a random subsetsbieets of agents generated by different types of transactio
potential partners whose size depends on a parametgrich transfer.
proxies the degree of imperfect information, and choosesBy combining the AB and SFC approaches, we are adding a
the ‘best’ one: the cheapest counterpart for the consumptimndamentally new layer of complexity. In addition to agent
interaction, labor and credit markets, the capital vintagid interactions in shaping individual and aggregate behayior
the best trade-off between productivity and price on theétahp we can now model the fact that, in a monetary economy,
market, and the bank paying the higher interest rate fagents are closely interrelated through a network of ictarg
the deposit market. After that, the second agent on the lisilance sheets. Decisions undertaken by individual agents
performs the same activity on a new random subset of thesult in variations to their balance sheet, which alsocsdfe
updated potential partner list, and so on until we reach thige balance sheets of other agents, both directly and ttjire
end of the demand side list. The agents on the demand sftacking these relationships is absolutely crucial in orde
are ‘deactivated’ when they have fulfilled their demand or tb understand the functioning of our highly financialized
they have not enough liquid resources to buy further. Agerdgsonomies, and we do this here for the first time in a tractable
on the supply side are deactivated as soon as they have plamed scalable manrfer
all their orders. We sketch out the basic structure of our model by verbally
Given this iterative process it might be the case that age@sscribing each agents’ behavioral equations. In eachgbefi
on the demand side end up being supply constrained if thg simulation, the following sequence of events takeseplac
ghosendpartner does nothhave er;oug: output to Sst's%the'i) Production planning: both consumption and capital
p;rg:nal,l ?;le?rgesr:;p?ployn ctrgefsu%pnytrslle emr;]r?{atmlL tiea CZSLO firm; set their desired Iev_el of _production basgd on their
of the consumption market, we allow interac.tions to take |nd|V|du§1I sales _expectatlons In order to attain a target
place several times during t'he same period, thus giving the level of inventories, expres_sed as a share of sales, that
. . ) they hold as buffer stock in order to face unexpected
ppportunlty to _agen.ts on the demand side to find new partners demand swings (and avoid frustrating customers with
in order to fulfil their demand. .
As mentioned above the model implements for the very un_dge supply con_stramts). N .
first time in the field of innovation economics stock flow 2) anng: consumption an(_j capital flrms set the price of
consistency [8] at both the micro- and macro-economic fvel the!r output based on a simple agiaptlve rule. The price is
by providing a detailed, comprehensive, and rigorous agicou revised QOwnwar_d by & stochastic amount vx_/henever_ the
ing of real and financ'ial flows and sté)cks The aim of the !evel of inventories at the end Of. the previous period
SFC framework is to provide a comprehenéive representation S apove_ the target set by the firms, and vice-versa.
Capital firms then send a ‘brochure’ to a random subset

of b.Oth the real an_d financial sides through the adoption of consumption firms advertising both the price and the
of rigorous accounting rules based on the quadruple entry productivity of the capital vintage produced in order to
principle developed by Morris Copeland [4]. The adoption of spur production and consumption

an SFC approach will help agent based models to establist})) D d for workers: based on their desired output, firms
themselves as an alternative theoretical paradigm in en@no evaluate the number of workers needed for pro'ductive

:]h'rr:(g;? gfndcﬁ;:r pov_\iﬁr:‘]u:htgc;il fg;tpggcgan;kséz'l.? garr?(\;vmg - activities. For capital firms this amount depends on labor
u S S withi 9 S N9 pos productivity, while for consumption firms it depends

ﬁ?&ne?:'glzc[g?o[lls] o[fltlh]Ol[Jfoqt F;}V([as?rgggc;;gof?r\:grEoih'zifFC on the productivities of the respective capital vintages
Eurace Projecth]) ,The,exist,ingllite}ature still providenly emplo_yed in the prod_uctio_n process at any moment.
a few examples of truly AB-SFC models, characterized by a4) R&D mv%_tment: capital firms define th_e des_|red n-
high degree of heterogeneity concerniné both the economic vestment in R&D fpr the current pqud. Since we
: . R assume that R&D is performed by hiring people to
issues addressed and the solutions adopted. This limits the perform research activities, desired R&D investment can

generality, wh.||e mak_mg It d|ff|cu|t fo compare them and be thought of as a desired nominal demand for R&D
to assess their effective consistency. Efforts to embedksto

flow consistency in the bottom-up grounded framework of, _ _ N . -
We view this feature, as already explained in [2] is crucralorder to

AB models _have als_o_ procegded along a number of paralgﬂnge the inter-linkages between the real and finanaaksof an economic
paths pursuing specific solutions to common problems, rathgstem.
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workers, which sums up to capital firms’ demand for
workers to be employed in production.

Investment in capital accumulation: the desired rate of
capacity growth of consumption firms is defined as a
positive function of their past profitability, and a negativ
function of the current debt burden, which is being
expressed as the ratio between the overall flow of interest
payments on past loans divided by profits. Consumption
firms chose the capital vintage to invest in by comparingl1)
the price and productivities advertised in the ‘brochures’
(randomly) received from capital firms. Here we follow a
logic similar to that presented in [6]. Consumption firms
may also decide to invest in order to replace some of2)
the old vintages in their stock, even though they might
still be working, if the advantage brought about by the
new vintage in terms of lower expected unit costs of
production is higher than the cost of purchasing the new
vintage (that is, we have a ‘payback period rule’);

Credit demand: in accordance with the dynamic trade-

off theory of firms’ capital structure (see [7]) firms’
credit demand at time depends on their net worth
and their leverage target. In each period, this leverag#3)
target is adaptively revised according to each firm’s debt
burden and past sales. 14)
Credit supply: banks set their total loan supply based
on their expected variation in reserves in order to attainl5)
by the end of the period, the mandatory capital ade-
guacy ratio (CAR, hereafter) without having to refinance
through the central bank’s liquidity auctions. The intéres 16)
rate on loans depends on a bank-specific component
and a borrower-specific component: the bank-specific
component is revised adaptively according to the gap
between past period desired and realized credit supply.
When positive, the interest rate is lowered to make
banks’ loans more attractive for borrowers, and vice-
versa when the gap is negative. The borrower-specific
component proxies firms’ perceived reliability, and it is
determined as an increasing function of the borrower’s
leverage. Banks and firms then interact in the credit mar-
ket through the matching mechanism specified above.
Wages and labor market interactions: Workers adapt
their asked, or market, wages according to whether
they were employed or not during the previous periods
following [9]: if over the year (assumed to be four
periods) they have been unemployed for more than two
guarters, they lower the asked wage by a stochastic
amount. In the opposite case they increase their asked<)
for or market wage, provided that the aggregate rate
of unemployment is sufficiently low. The government
hires a constant number of (randomly chosen) workers.
Workers still unemployed then interact with firms in the
labor market trough the matching mechanism specified
above.

Production: capital and consumption firms produce their
output, the actual amount being potentially different
from the desired one if labor (and capital, in the case of

10)

consumption firms) constraints apply.

R&D activity: capital firms perform R&D. The proba-
bility of success in each period is defined as a positive
function of invested resources. In the case of a successful
innovation, a new level of productivity is drawn and
the innovation (i.e. the higher level of productivity) is
embedded in capital goods produced from the following
period onward.

Consumption: households consume out of income and
wealth with fixed propensities. They interact with con-
sumption firms through the matching mechanism speci-
fied above.

Capital goods market: The actual transaction takes place
once the matching mechanism between agents on the
demand and supply sides is finished, and with consump-
tion firms having already decided the type of capital
they want to buy. If after this matching process the
consumption firms remain financially constrained, or if
supply constraints apply, they might end up with less
capital than desired, forcing an automatic need for bank
financing of their activities.

Loans repayment and interests. firms pay interest on
loans, and repay a (constant) share of the principal.
Taxes: taxes on profits (of firms and banks), income (of
households), and wealth are paid to the government.
Government bonds interests and repayment: the govern-
ment pays interest on bonds held by banks and repays
bonds at maturity.

Deposits market interaction: banks set the interest rate
on deposits following an adaptive rule, which mirrors the
rule used to determine the bank-specific component of
loans and interest rates. When the gap between desired
and realized credit supply in periad— 1 is positive,
banks will tend to lower the interest rate on deposits
by a stochastic amount in order to maintain their profit
margin, which depends on the spread between interest
charged on loans and interest paid on deposit. Otherwise,
they will increase the interest rate in order to attract
more deposits. Banks then interact with households and
with firms through the matching mechanism explained
above. We assume households maintain a constant share
of their wealth in cash, with the remainder being held in
the form of deposits. We assume firms deposit all their
cash revenues into their deposit accounts, reflecting the
reality that firms holding of cash is negligible compared
to their stock of deposits.

Bonds purchases. the government issues new bonds
to cover any deficit between expenditure (for wages,
interest payments on the stock of debt and repayment
of bonds which have reached maturity) and revenues
(taxes). In the simplest scenario, we assume that the
interest rate on bonds is fixed and banks buy all newly
issued bonds, in proportionally to their relative size.
Banks pay bonds by making a transfer from their reserve
account at the Central Bank to the government’s account,
asking for cash advances from the central banks if
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needed. We assume the repo rate fixed and equal to theveak demand can induce a drop in firms’ sells, depressing
interest rate on bonds. R&D investment and slowing down innovation dynamics.

18) Cash Advances. banks ask the Central Bank for cash In conclusion, this paper analyses the endogenous emer-
advances when they need to fulfii mandatory CARence of growth, business fluctuations, and financial inlgtab
constraints. in an agent based stock flow consistent framework which

_ ) ) _ ~ explicitly takes into account innovation dynamics, anaigz

Firms may default during the simulation when their n&hejr impact on the structure of production processes, the
wealth turns negative after having paid interests or ppa@lci eyolution of industrial market structures, and employment
repayments on loans, or taxes. The default by a firm impli%§namics. The adoption of an AB-SFC approach helps us
a loss for banks whose loans have not been completely repgifyy the effects of technological change on both the redl an
yet. This loss in turn may result in the bankruptcy of somgancial economy by tracking the flows of funds resulting
banks in exceptional cases. This situatiqn must be cayefulfom the rise of innovations in the system in a novel and
managed to ensure the Stock Flow Consistency of the mod&jmprehensive framework. The model aims to build a bridge
We assume that a bank in default is taken over by thRtwyeen the Keynesian and Schumpeterian schools of theught

wealthiest bank in business at tinte which inherits all its py studying the inter-dependence between supply and demand
assets and liabilities. In order not to induce a loss for e &actors in shaping business fluctuations. s

quiring bank (which would make the operation unreasonable)
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who granted credit to defaulted firms, that is a loss on

banks’ balance sheets. This may affect banks’ credit supply

and, in some extreme case, it may even result in a bank’s

bankruptcy. Shocks related to the endogenous default o$ firm

may thus propagate in the economy through contagion effects

across agents’ balance sheets, possibly generating aleasica

failures which affects employment and demand dynamics. Fur

thermore, by affecting labor productivity in the consuropti

sector, technological innovation may exert an impact owfdab

demand by consumption firms even in the absence of traumatic

events, thus possibly affecting also demand patterns.rim tu



