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Abstract: This aticle describes an inteligent sysem for finendd planning and cashflow optimization
named ICF. Intdligent Cash How. ICF is a computationd tool for decison support which provides
shortterm and longterm financid managing drategies, consdering financid products of the market.
The ICF system makes use of Genetic Algorithms to daborae cash flow projections which improve the
company’s profit for a specific period. ICF hdps to ded with the complex aspects of cash flow
planning: the large number of dterndives to consder, i. e the mix of investments which offer the
higher profit rates over a period; the intengve numerica processng involved; the dynamic changes in
the Fnancid Maket (eg. raes, tems and tax regulaions); and the changes in the company’s dally
financia pogtion.

1. Introduction

The Souza Cruz company, Brazil, deds everyday with the planning and execution of its cash
flow, which operates millions of dollars dally. The am of this activity is to promote larger profitability
and liquidity to the company. Thus, the company identifies daly “the best investments for the avalable
operationa cashbox baance’ or “the best options of resource dlocation to cover the deficit” [1].

There are many variables tha have influence in the cash flow: the types of investments or loans,
terms, return rates, rules of redemption, risks, taxes, involved inditutions, etc. The cash flow planning
for a period of 90 days, for example, turns out to be computationdly untregteble if it is to be done by
exhaustivdy evauating dl the search space of possible plannings (gpproximately 68°%), in search of the
combinations of “invesments and loans’ for 90 days which result in bigger profitability and liquidity.

In order to solve this problem, the ICF system — Intdligent Cash How — was developed. This
sysem mekes use of two modds the financid and the genetic modd. The financid modd is used to
cdculate the cash flow profitability, based on the IDC (Interbankary Depost Certificate), by projecting
profits and taxes for each kind of investment, for any term in the consdered period. The genetic modd,
on the other hand, is used to search for cash flow plannings that promote most profitability and

liquidity [1], [2], [3].
2. The ICF System
2.1. The Financial M odd

The Brazlian finandad market offers many types of products, for example fixed and floating
rates invesment and resource dlocation. Table 1 shows some of the products conddered by the modd
of the cash flow optimization.



Table1: Financial Products

Type Name Period (days)
FAC-CP 1-30
Pre-fixed BBC 40-56
CDB 30-40
LTN 180
HF-60 60
HF-90 90
Postfixed NTN-dollar- 180
based
NTN-TR 360
CDB-TR 90/120/150/180
Resource allocation HotMoney 1
Alavancagem 1

The reckoning of profits and taxes for each product is based on the IDC (Interbankary Depost
Certificate) [1], which are papers of the monetary and non-monetary financid inditutions thet balast
the operaions of the interbankary market, having the task of transferring resources from one financiad
inditution to ancther.

From the manipulation of PUs (unit price) and the projection of forthcoming PUs the financid
modd of the ICF cdculates the profitability of a flow, projecting dl the profits and tributes to the last
day of the cash flow, s0 as not to exis discrepancy between the present and the forthcoming vaues. In
addition, the ICF directs the user in the negotiation of financid products in order to achieve profits that
are close to 100% of the IDC.

For the reckoning of profits and taxes, the modd incudes its own cdendar, which gives the
gysem information such a number of workdays and totd of days between two daes non-fixed

holidays, day of the week of a certain date; and redemption date corresponding to the date and term of
the investment.

The flexibility to accommodate changes is crucd for a successful financid adminidration,
whether the changes come from the financid market or the internd environment of the firm. Therefore
the financdal modd of the ICF dlows the user to create new products and modify parameters of the
exiding products such as terms, rules, rates and taxes, making it flexible for possble changes in the
market.

2.2. The Genetic Modd

Representation

The chromosome of the ICF genetic model conssts of n genes, represented by the data structure
in figure la Each gene dands for a day in the conddered period and has four fidds. The firg two
identify an invesment option (IdAplic) and its teem (Pr); the last two identify a resource dlocation
option (IdTRec) and its teem (Pr). For each andyzed day, only two of these fidds are used, which
depends whether the operationd balance is positive or negative that day.
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Figure 1: Chromosomerepresentation (a) first model (b) positional rigidity relaxing model for epistatic problems.

According to the Evolutionary Computetion theory, problems such as the optimization of the
cash flow are highly epigatic [3], which means that there is strong interdependency between genes of

the regpective representation (for example, the investment on day d depends on the avalability of
financid resources that day, which can be due to the redenption made on day d-n). Such genes consst
of genetic patterns that can be separated by the crossover operator.

In order to ded with the epidasy in this problem, a second modd was crested in which each
gene is represented by its dlde (Figure 1b) and by its locus (podtion in the chromosome). This kind of
representation has the objective to decreese the origind podtiond rigidity (Figure 1a), increesing the
chances of digtant interdependent genes to come closer to each other. Thus, genetic patterns with high
fitness have more chances to proliferate in forthcoming generations.

Genetic Operators

In this project, we used a crossover operator which is an extenson of the partiadly-mapped
crossover operator proposed by Goldberg [2].

The operaor generaes the offaring by choosing two random cut points on the chromosomes of
the parents. These cut points define a subsequence of the chromosome, and the offspring receives the

subsequence of one parent and has preserved the order and position of as many genes as possble from
the other parent. As an example, the following discusson is focused only on the day fidd:

If the chromosome has 9 genes corresponding to the options and terms for 9 days, the two
parents could be

p1=(896|7452|31)and
p=(142|3587]|69), where the numbers represent the gene of day n.

Fird, the offsring receives the swapped subsequences.
01=(xxx|3587|xx)ad

02=(xXX|7452|xx), wherethe*x’ meansthat the geneisa present unknown.

The other pogtions receive the same genes as the origind parents where there is no conflict
(repetition):

01=(x96|3587|x1)

02=(1xx|7452|69)



Findly, the firg empty podtion of the offsoring receives from the dher parent the gene of the
fird missng day and o on, until dl the postions arefilled:

01=(296|3587|41)
0,=(138|7452|69)

The mutation operator gpplied in the ICF implements a random choice of a gene (day) and the
random assgnment of a new tem and a new type of financid gpplication (investment or resource
dlocetion).

The Fitness Function

n
The fitness function evauaes the fitness of a cash flow and gives the probability (p=fi/a f;)
with which the flow will be sdectad for reproduction [4]. In this case, the fitness function caculates the
liquid returns (profit or tax) of each suggested application for each day in the congdered period,
projected to the last day of the same. A more sdtisfactory planning is obtained by finding the maximum
return vaue to this function. The following procedure exemplifies the reckoning of the liquid return of
the operations for the cash flow.

For day = 1to day = last Day of Cash flow
| f Balance[ day] different from O

If Balance[day] > O /* An gpplication is made*/
{ Ftness = Fitness + ProjectedLiquidReturn(ldAplic, Term, day, Vaue)
}Elsefk A loanismede*/
{ Fitness = Ftness - ProjectedLiquidTribut(IdTRec, Term, day, Vaue)
} }
}

The above procedure is executed for dl the plannings crested during the evolving process. The
return vaue is a number that measures the fitness (profitability) of each planning. The sdection of
genitors for the descendents generation is probabilistic and based on the fitness.

The genetic modd of the ICF was tested with red cashbox and market data The results are
shown in the next section.

3. Results

The ICF presents the mogt profitable cash flow found in Excd format (Figure 2). (This example
is based on fictitious data). This screen shows the suggestions of gpplications or resource dlocation for
eech day in a specified period (only the firda 6 days can be seen in the picture). Through specific
commeands, the ICF provides the user with detalled information such as daes, term, transaction vaues
and profitability, for each day.
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Figure2: Cash flow suggested by ICF

Figure 3 dhows the peformance of the Gendic Algorithm in the optimization of the
profitability of the cash flow. At the beginning of the evolution, the cash flow found by the ICF has a
profitability of approximatdy 2100. At the end, the modd manages to identify plannings with 381%
higher profitabiliies (2900), meking evident the importance of a decison-supporting sysem when it
comes to optimizing the gpplication of financd resources. Comparing to random search, the ICF was
able to generate, in average, results with 50% more prditability.

Many experiments were made for different periods of the year. The results show that the
profitability is affected by the avalability of operationd bdance but it is dso drongly influenced by
the planning draegy. In this point, for example, the ICF was cgpdble of identifying drategies, with
meaiched operations of application and redemptions which increesed the cashbox in days of the flow, in
which there was the option of highly profitable investments.
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Figure 3: ICF performance graph of the cash flow example
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