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Summary 

In this preliminary work on the application of Hybrid Algorithms to Financial 
Forecasting (HAF2) we show a computational approach integrating Artificial 
Neural Networks (ANN) and Genetic Algorithms (Gas) facing the problem of 
building the optimal mode! in a multi variate non-linear environment. This is the 
typical environment in financial and economical time series where the number of 
variables influencing a given phenomena is really high and moreover the 
functional relations linking them are not a-priori known. 
Because of their high flexibility Artificial Neural Networks (ANNs) bave been 
widely used to build non linear regression models. However, the problem to build 
the best ANN is stili open as well as the related problem of the best set of 
variables to be selected as regressors. 
In this paper we propose an hybrid algorithm (GANND, A Genetic Algorithm for 
Neural Network Design) integrating Genetic Algorithms and · ANN to 
automatically build an efficient predictive non Jinear mode! starting by the 
empirica! data set. W e also show some experimental results obtained by applying 
GANND to predict an Italian financial bond (FIB30). 
Keywords: Artificial Neural Networks, Genetic Algorithms, Artificial 
Intelligence, Financial Forecasting, Hybrid Algorithm/. 
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l Introduction 

Genetic Algorithms (GA) represent a stochastic global optimization tool 
emulating the genetic evolution of a biologica! population. They can be used to 
obtain near-optimal solution in multivariable problems without requiring the usual 
analytical regularity (continuity, differentiability, convexity, etc .. ) of the functions 
involved (Holland 1975 and 1995, Mitchell1996, Goldberg 1989). 

The GA starts by choosing an initial set of candidate solutions, the population, 
which propagate themselves to the next generations through a "selection criteria". 
Bach solution, "individuai", is evaluated to establish a fitness value respect to the 
problem under investigation. A specific class of genetic operators (selection, 
mutation, crossover, cloning) are applied to the population to obtain the evolution 
to the next generation. The genetic operators are sensitive to the Fitness Value so 
that to the fittest individuals will be assigned a higher selection probability. The 
evolution ends when the population converge to the best solution matching a 
preimposed stop criteria. .. .. 

An Artificial Neural Network (ANN) is composed by a multilayer of processing 
units, neurons. In the Feed-Forward scheme each neuron receives information 
from the previous layer, pr9cesses the information performing a weighted sum of 
the inputs, uses the resulting sum as argurnent of a non-linear activation function 
and transfer the result (OUTPUT) to the next layer neurons. In the 
Recursive/FeedBack scheme the information can also follow the backward 
direction. For a given network topology the ANNs can learn from exarnples of 
input-output vectors how processing the input information to obtain an output 
answer by training their weights vector to minimize a loss function (usually the 
quadratic error function) (see for example Hagan 1996 and Elman 1990). 

However if a researcher chose to' use ANNs to perforn:t either an adaptive or a 
predictive analysis on a specific problem his/her work involves not only model 
building and validation of such models but also the Neural Network Design. The 
researcher has to choose the kind of Network to use, the topology of the network 
(i.e.: number of layers, number of neurons in each layer, activation function from 
a layer to the next), the learning parametèrs (i.e. training algorithms, learning rate) 
and mainly the relevànt information (the "active" information) to be presented to 
the network (i.e. how many inputs and which ones). Usually the network 
designing phase can take severa! working days (and maybe weeks) of an expert 
researcher in a typical trail-and-error scheme. 

In this paper we address the problem to build a tool able to perforrn the Neural 
Network Design in a predictive environment. W e propose an hybrid technology 
integrating Genetic Algorithms and Neural Networks (GANND: A Genetic 
Algorithm for Neural Network Design) that automatically, firstly, designs the best 
predictive Neural Network starting from the inputloutput data sets and then uses 
the designed network to perform the predictive analysis (Chatterjiee 1996, Guo 
1992, Minerva 1998, Paterlini 1998). 
In particular, starting from the target variable (i.e. the variable to be predicted) 

and from a set of candidate regressors GANND builds the predictive mode! by 
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estab1ishing the subset (cardinality and e1ements) of the "active" regressors. 
Contemporare1y GANND se1ects the network topo1ogy and the training scheme 
choosing from a set cornposed by more than l 014 possible combinations and then 
perform the neural network training, in a predictive environment, to obtain the 
best weights and biases far the selected topology and respect to the related loss 
function. In time series analysis the selected ANN and the optimized weights and 
biases are then used to obtain a prediction an future values starting from the past 
knowledge. 
In the section 2 we illustrate the theoretical framework. In section 3 we show the 
GA codification and the computational details while in section 4 we discuss the 
experimental results based an a simulated (ex-ante) 5 months trading driven by the 
GANND predictions. 

2 _ Theoretical Framework 

In the.,.last several years there has b~:ea a great interest far computational methods 
designed to salve search and optimization problems. Searching the solution in a 
huge multimodal landscape, discovering the optimum when non-additive 
interactions develop among the process component, or finding formai explanation 
when uncertainty and instabi1ity.ofthe performance mark the process components, 
are examp1es of prob1ems where the computationa1 approach has been adopted. 
Evolutionary computation, in particular, has merged in this field as one of the 
most effective and robust tool. This approach deve1oped with the idea that 
evolution of natura! systems could be reproduced in a computer to evolve artificial 
systems. Evolution is an adaptive process since involves a progressive 
modification of the system components in a changing environment and, also, is a 
parallel process because many different' possibilities are explored simultaneously 
in an efficient way. Moreover changes are stochastic and ruled by a set of 
operators. The idea of studying evolution to build computational procedures far 
so1ving problems has been introduced In particu1ar by Box (1957) and Friedman 
(1959) but deve1oped and imp1emented by Holland (1975, 1995) and 1ater by 
Go1dberg (1989), Mitchell (1996) and Foge1 (1996). 
An artificia1 adaptive system is usually represented by the following set of 
elements: 

{A,/,Q,t} 
where: 
A= { A,A2, ... } represents a collection of possib1e structure of the system; 
I is a set of inputs that the system receives from a chosen environment; 
Q= {m, ro,, .... } is a set of operators which modify the structure A e1ement of A; 
'T is an adaptive pian describing the changes in the system. 

In this artificial world the possible structures of the systern are assumed to be the 
potentia1 so1utions of the prob1em. Usually they are numerous and high qua1ity. In 
tackling a problem they compete and their performance can be evaluated. 
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In the field of evolutionary computation Genetic Algorithms represent step-by
step procedures designed to evolve artificial systems toward the best 
computational solution. Details on Genetic Algorithms and Genetic Programming 
can be found in Davis (1991), Mitchell (1996), Holland (1975 and 1996), 
Goldberg (1989) and Koza (1996). 
Suppose now we have a set of statistica! variables Y and X=X1 .... Xk with N 
observations each. Y is the response variable and X is a set of possible regressors 
for Y. The relation between Y and X can be represented by the following 

statistica! model: 

Y = g(n;e) +E 

where n is a subset of X, g is a function identifying the mode! class, e is a set of 
parameters identifying the several members in the g-model class and E is the usual 
stochastic white noise. In many cases o ne has enough informatico to select (or 
hyiLothesize) the mode! class (linear, polynomial, exponential, logistic, etc ... ) and 
the mai n effort has to be devoted to select the subset n of effective 
regressive/predictive variables to be used. Parameters estimation can be performed 
with classica! analytical techniques or by the usual numerica! optimization 
a\gorithms. If g has supposed to be Jinear respect to the parameter, set different 
selection tools are available to drive the search of the optimal .Q set (stepwise 
regression, factorial analysis, partial and inverse correlation matrix, etc ... ). In more 
complex (and realistic) problems g is far to be linear and often is also far to be a
priori known. This is the case of financial time-series where the influencing 
factors, their relevance and their mutuai interactions are not know and one can 
only guess that autoregressive as well as exogenous variables can bave some 
intluence on the behaviour of the investigated -phenomena. 
In this framework one has to be able to establish an appropriate class of models, 
G, to select the best mode!, g, in G by setting up the best subset of regressors, 
n(g), and to evaluate the fittest parameter values, B(g,n). Note that n is function 

of g and e is function of g and n. 
A further complication arises from the corree t chose of the loss function to be used 
to test the goodness of the designed model. The usual quadratic loss (or the 
previsional Akaike's AIC criterion) seems to be a very poor indicator in problems 
related to financial forecasting where the opcrator is not really interested in 
minimizing the square root errar but in maximizing the trading gain! In Paterlini 
(1998) and Minerva (1998) we ha ve already shown that choosing the correct gain 
function (loss function) is not so obvious and is the cornerstone on which one has 
to develop the mode! analysis. 
Because we were mainly interested to perform financial analysis and forecasting, 
we called the gai n function Trading Strategy Gai n (S). The goal was then to learn 
from past data how to bui id a mode! able to maximize the Trading Strategy Gain. 
So ali the parameters in the mode! has to set up to the Trading Strategy Gain, S. 
The trading gain is nota loss function in the sense that it can assume both negative 
and positive values and the fitness value has to be established balancing trading 
losses and gains. W e'Il cali i t gai n index, Gls, labelled by S (Strategy) because it 
is related to a well established trading strategy. 
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In more formai terms he problem can be so summarized: 

X=X 1, ••••• X, is the set ofknow variables. 
Y is the variable to be predicted. 
Gls is the loss (gain) index to be used as Fitness Function. 
Ms (G, n;e) represents the mode! space once we established S. n defines the set 

of subsets of X to be used in the G set of mode! functions. e is the set of 
possible parameters. 

The goal is to found the model able to maxtmtzmg the gain index, Gls, by 
selecting the appropriate mode! components: 

l. g from a given a set G of functions 
2. =( w, .... ro,} where ro, =Xi far some j. 
3. e =(8" .. ,8q} the set ofparameters to be used. 

and, finally, by estimating the value of 8. 

AN~~ .can be revised .. as universal approximation tools because of their high 
tlexi~Ility and adaptab1hty so ~e c)lg:;e a set of ANNs as mode! functions set, G, 
far our mode! building problem. 
Bu.t the task to establish the right ANN far the investigated data is really hard. 
Infact on.e as to chose severa! ingredients: Input Scheme (i.e. how many and which 
ones vanables and how one sliould present them to the network: seria!, parallel, 
batch), Number of Layers, Neurons in each layer, Transfer Functions between two 
close layers, Training and Optimization Algorithms, Learning Parameters and the 
Convergence Criterion. 
The problem of choosing the best ANN can be regarded as the one to select the 
best combination of ANN components in the sense that best means the 
combination that minimize the loss function. 
A search algorithm could, then, be used to select the optimal ANN/model (Guo 
1992, Chatterjee 1996, Minerva !998). In this paper we address this problem by 
usmg an evolutwnary global search algorithm:_ Genetic Algorithms. In the GAs 
scheme a 'chromosome' coding the corresponding ANN will represent each 
potential solution. A set of solutions ('population') will be evolved by a set of 
~en.et.Ic operato1~s t.h':ough s~veral runs, 'generations', toward the best fitting 
mdtvtdual. The mdtviduals will be evaluated by the Fitness Value (in our case the 
Gain Index) representing their closeness to the best performance. In practical 
terms aGA search needs these steps: 

l. The Problem Coding: how one has to build the chromosome to represent a 
correct solution. 

2. The evolutionary scheme: the genetic operators, the selection and the 
transition rules through the generations. 

3. The convergence criteria. 
4. The Fitness Function to evaluate the Fitness Value fora given individuai. The 

Fitness Value will establish the selection and transition probabilities. 

Details on this four important points can be found in Mitchell (1996), Goldberg 
(1989) and Holland (1975 and !996) and therein. In the next session we show how 
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we implemented a Genetic Code to search the optimal ANN from a large set 
(more than 1014) of possible solutions in a predictive problem related to financml 

tirne series. 

Genes : 1-32 Delays Cinse Price Delays (from x t to Xt.Jl) 

Gcnes : 33-46 
Markct Indcxes and Technical Indicator 

Comi t index 
Mib index 
Mib30 index 
Mibtel index 

Table 1: 

Fib 30 Minimum Price 
Fib 30 Maximum Price 
Fib 30 Open Price 
3 days Moving average 
5 days Moving average 
IO days Moving average 
15 days Moving average 
20 days Moving average 
5 days Relative Strenght Index 
l O days Relative Strength Index 

Structure of the first part of each chromosome of GA. 

3 Genetic Code and Computational Details 

The Genetic strincr is a mixed binary and real values code representing the AN~ 
ingredients. The C'hromosome, composed by 58 genes, can b~ divided_into 2 m~m 
parts: the first one (46 genes) has been devot~d to select the 1_nput vanables whtle 
the sccond (12 genes) represents th~ topologtcal structure o~ the. ~~N (~eurons, 
transfer functions, learning rate, training scheme). Thts dtvtston ts only 
conceptual; the search was globally pèrformed on the whole chromosome. 

Delays 

t-1 t-2 t-3 
o l l .. ·· 

y(35) 
y(33) 
y(32) 

y(S) 
y(3) y(4} 
MitJ(34} MitJ(35l 

inputs 

t-31 
o o o l 

Market Indexes and Technical 
Anal sis Indicators 

t-32 Comit Mib 
l o l 

····· 

y(35), y(36), .. 

outputs 

Figure 1: Gannd structure (first part- variable selection). 
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The first pari is a binary code whose length is the number of regressive (and 
autoregressive) variables we are using. Each gene represents a variable. Ifthe gene 
value is zero this means we must not include that variable in the input set for the 
ANN. While if the gene value is one we musi include the corresponding variable. 
Because our goal was to make prediction on a financial bond (The ltalian Future 
Bond FIB30) we considered as set of possible variables 32 autoregressive 
variables (to predici the y(t+l) value we included delay from y(t) to y(t-31)) and 
14 technical analysis · indices and market indicators · coming from the market 
analysis at the time t, so the first part of the chromosome is 46 genes long, each 
gene representing one of the 46 variables (see Table 1). An example has been 
shown in Fig. l where a genetic code has been set up to select the variables to be 
used to predici the values of y(35) and y(36). 

The second pari of the chromosome is a real-to-binary code of the ANN topology. 
By example, the genes 47-51 coded the number of neurons in the hidden layer, 
sinZe they can code 32 different binary values we associated this string to the rea! 
values from l to 32 and so on far the other elements of the ANN (see table II for 
the complete genome). . .. 

Genes: 1-32 Delays Closc Price Delays (from Yt to Yt-3d 

Gencs : 33-46 Comi t index1 
l'vlnrkct Indcxcs :md Technical [ndicator Mib index 

Mib30 index 
Mibtel index1 
Minimum Price Fib30 1 
Muximum Price Fib30 
Open Price Fib30t 
Moving average 3 duys1 
Moving average 5 duysl . 
Moving average l O days1 
Moving average 15 days1 

Moving average 20 dayst 
Relative Strenght Index 5 days1 

Relative Strength Index IO dayst 

Genes 47-51: Number of Neurons in the From l to 32 
hiddcn !aver 
Gcncs 52-53: Transfer Function l. Linear 

2 . Log-sigmoid 
3. Tan-sigmoid 
4. Linear 

Gencs 54-56: Value of Learning Rate From 10"1 to w-~ 

Genes 57-58: Training procedure l. Elman Network 
2. Feed Forward with Back-Propagation 
3. Aduptive Network 
4. Radiai Basis Network 

Table II: Complete GANND chromosome structure. 
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Using this schema we applied GANND to select the optimal ANN to perform 
the bes! prediction on the FIB30 price at t+ l knowing the price series from t to t-
32 and the set of indices at t. The previsional analysis was performed on a set of 
1000 experimental data corresponding to about 4 trading years divided into the 
usual randomly disjoint training (500 days), validation (250 days) and test (250 
days) sets. . 
The AIC information criterion was used as a preliminary fitness function to 
establish the fitness value of a given individuai in arder to select the predictive 
mode! and the network topology and the three disjoint data sets (training, 
validation and test) were used to perform the model training, validation and test. 

4 Experimental 

As first step we tested GANND o n a large class of simulated ti me series with and 
witbout gaussian white noise. We evaluate GANND an Reduced Fourier Series 
wiih arder going from 10 to 100 terms and with an added stochastic white noise 
with maximum amplitude, respect to the deterministic input, going from O (no 
noise) to 80%. In this case we choose to select as regressors only auto-regressive 
variables obtaining predictions within 5% of average errors also in the higher 
arder series with 80% of white noise contribution (see Fig. 2). 
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As second step we used GANND and the same autoregressive scheme to 

· perform a predictive analysis on a financial bond. In a very preliminary step we 
tried to predici the Close Price of the FIB30 (the future contraci based on the 
Italian Stock Market Index, MIB30) at the time t+ I by knowing the Close Price 
tirne series until time t. 
In this case we obtained that the best prediction for the price at t+ l was the price 

at time t, W e felt into a Randow Walk of the Financial Markets that cannot be 
practically used by an investor (figure 3). 

, ' 
1.85 

~ 
c - . . g 1.8 
~ 

il 
o 
]l 1 .75 

" • l;; 1.7 

• J' 

70 
T ime 

Figure 3: Forecast vs rea! values of Fib30 Close Price of short tenn contract. 

Despite the prediction looks quite excellent at a first glance it is completely 
useless and cannot be claimed as generated by numerica! approximation or 
imperfections but simply means that the ANN and the predictions strategy we are 
using are completely out of the goal. In fact this result is indicating that the best 
prediction far the tomorrow price is the today o ne!. 

This is a strong evidence that something was lost in our (and similar) prediction 
schemas. W e tried to perform a pure statistica! prediction without keeping into 
account the real goal. In this case the real goal was to obtain from GANND an 
operating signa! (sell/buy/neutral) optimized an a medium term rea! trading gain. 
In other words we were not interested in performing optirnal predictions but in 
obtaining the right signa! in coiTespondence of high gain opportunity. This means 
that we had to change the GA Fitness Function from AIC to a functian related to a 
well established realistic trading strategy able to keep into full account, far a non 
c01·porate investor, the delay time from the decision to the effective investment 
instant, the rea! expenses far each operation and the risk adversion. 

In this scheme the GA has to select not the ANN able to perform the best 
prediction but the NN able to obtain the highest gain in a medium range (3 
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months) of operational period. The ANN output is then not the predicted 
price at t+ l but a three-state signa! [buy-sell-neutral) suggesting the investment 
operation at t+ l (Galati 1998, Tenti 1997). 

W e used this approach to establish a trading strategy and to simulate, ex-ante, 
about 5 months (from May 9'h to September 29'h 1997) of rea! daily trading on the 
FIB30 Italian Market. The ANN selected by GANND is shown in Table 3 while 
the trading strategy involves a t+ l and a t+2 prediction and an operative output 
signa! sent to the market operator at t+ l (see Paterlini 1998 for a detailed 
discussi o n of the trading strategy). 

Order of thc Equivalent Autorcgressive Mode! 10 
Dclavs to be considercd 123 4 5 678 910 

Market Indexcs and Technical Indicators considered [Comit,Mib,Mib30,Mibtel,Pm~n1 
MA(3),MA(5), MA(10),MA(15 

RSI5,RSI10] 
Number of Neurons to be considered 20 

Transfel· Function in tbc hiddcn !aver Tangcnt Sigmoid 
Trainin!! Network Schema Elman 

Transfer Function in the Output Laycr Lincar 
Learning Rate Val ne IW"~ 

Fitness-Loss net/Gaintot net 0.4092 
Gaintot nct-Sum of the positive cash-flows 162.410.000 
Loss nct-Sum of tbc negative cashMflowes 66.467.000 

Total Net Gain 95.943.000 
Maximum Invcstment 30.000.000 

Table III: Structure of the Bes t ANN selected by GA. 

In Table III it is shown that we set the initial clearing margin to 30 Mlit. The net 
gain obtained in the period was about 96 Mlit (more than 300% in less of 5 
months) but the rea! gain associated with the daily prediction/trading was about 26 
Mlit (more than 85% in 5 months). The FIB30, infact, increased its prices by 70 
Mlit in the trading period and we correctly must not claim this gain as associated 
to the GANND predictions. 
W e should note, however, that this positive gain contains also losses related to 

incorrect predictions and if we were been ab le to give the correct buy-sell signa! 
each day the gai n could amount to more than 2851vllit. 
This rneans that we must improve the performance of GANND in problems 
related to financial predictions looking for more efficient trading strategies or for 
more efficient fitness functions as well as we can improve GANND by design 
full/partial network connectivity and/or neuron-by-neuron activation functions. 
While from another point of view we should consider a deeper financial analysis 
including more technical indices and also including macra economica! variables 
and dummy environrnental variables into the variable set. 
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Conclusions 

Artificial Neural Networks have been widely applied to perform predictive 
analysis on financial and econornical time series because of their high flexibility. 
But the same flexibility Constitutes a strong limitation being based on 
multipararneter selection in the network topology design and in the learning 
schema to use. Genetic Algorithms can be used as global search algorithm to span 
the parameters space related to the ANNs design problem in arder to find the 
optimal solution associated to the minimization (maximization) of a well 
established loss (gain) function. W e have implemented a tool (GANND) able to 
use Genetic Algorithrns evolutionary search approach to design the best ANN for 
a predictive problem in financial time series analysis. GANND can select the 
input space as well as the topological and the learning parameters involved in 
ANN tailoring. The Fitness Function used to drive the genetic evolution of the 
solution space has to be very close to the problem investigated. In financial and 
economical environments, infact, it has to keep into full account ali the trading 
details. This means that in pred.ict~ve.problems involving financial time series the 
Fitn;ss Function must rcpresent a realistic emulation of the trading problem. 
Infact, as we shown in this paper, a too sirnplicistic Fitness Function can bring 
toward a useless Random Walk description of the predictive financial data. 
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