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Abstract – Quality of service, that is, the waiting time that customers must endure in order to receive a service, is a critical 

performance aspect in private and public service organizations. P1 voiding good service quality is particularly important in 

highly competitive sectors where similar services exist. In this paper, focusing on banking sector, we propose an artificial 

intelligence system for building a model for the prediction of service quality. While the traditional approach used for building 

analytical models relies on theories and assumptions about the problem at hand, we propose a novel approach for learning 

models from actual data. Thus, the proposed approach is not biased by the knowledge that experts may have about the 

problem, but it is completely based on the available data. The system is based on a recently defined variant of genetic 

programming that allows practitioners to include the concept of semantics in the search process. This will have beneficial 

effects on the search process and will produce analytical models that are based only on the data and not on domain-dependent 

knowledge. 
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I. INTRODUCTION  
In the context of a commercial bank, this issue is tightly 
linked to the management of the queues and the decision 
about the number of opened counters available to 
customers at a given time. This is a fundamental problem 
that bank managers must address and, in particular, the 
problem should be considered under two aspects: while it 
is important to ensure an adequate level of service that 
results in acceptable waiting times for customers, it is 
also important to minimize the number of opened bank 
counters in order to minimize operating costs. 
Obviously, the two requirements are diametrically 
opposed: from the point of view of the customer the best 
scenario involves opening all the existing counters in 
order to reduce waiting times, but this is clearly 
infeasible (or at least non optimal) from the point of view 
of the bank management because of the cost associated 
with this policy. 

 
To bridge this gap, we propose a predictive model that 
relies on customer and transaction data and is able to 
predict the quality of service expressed as the waiting 
time that customers must endure before receiving a 
service. Based on this prediction, will be possible for the 
bank managers to determine the number of counters 
required to satisfy customer demands while minimizing 
operating costs. The problem is of fundamental 
importance from the point of view of bank management 
as the cost associated with operating personnel is one of  

 
 
the most relevant items for the total operational costs. 
Clearly, the model must be as accurate as possible: 
overestimating the target level of quality of service 
results in additional costs for the bank, while a prediction 
that underestimates the quality of service will have a 
negative impact on customer loyalty. What is more, it 
may cause a decrease in the number of transactions 
because customers are not willing to wait a long time to 
receive the sought services. 

 
II. RELATED WORK  

1. Genetic Programming  
To tackle this problem, we propose a system that 
involves the use of an artificial intelligence technique. 
There are several reasons to adopt such a system in the 
context of our study: while several methods based on 
standard statistical techniques exist, they are not able to 
produce a good model for the problem at hand. In fact, 
traditional methods are not the best choice for modeling 
phenomena characterized by a high variance. 
 
For instance, in the considered problem, the volume of 
customers that need a particular service can vary 
depending on the particular period of the year: usually 
before holidays the demand for banking services 
increases and the same happens before deadline for 
payments. On the other hand, during summer time the 
request for banking services usually decreases due to the 
closure of offices or commercial activities. These are just 
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examples, but a plethora of events able to affect the 
request of banking services exists. In GP candidate 
solutions are represented using a Lisp-like tree structure. 
In order to create new solutions, GP makes use of 
stochastic operators called genetic operators. These 
operators are crossover and mutation. In the standard 
version of GP, these two operators work as follows: 
given two solutions (called parents solutions), crossover 
builds two new solutions by swapping a sub tree of the 
first parent with a sub tree of the second parent. The sub 
trees are randomly chosen. Mutation only acts on one 
solution and it are used to introduce some variation on 
the incumbent solution: in particular, given a tree, 
mutation creates a new solution by replacing a randomly 
chosen sub tree with a newly generated sub tree that has 
a maximum allowable depth. 
 
As it can be observed, these operators act on the 
structure (i.e., the syntax) of the individuals and they 
ignore the information related to the semantics of the 
solutions. From now on, we refer with the term 
semantics to the vector of outputs produced by a 
candidate solution considering the set of training 
instances. While the definition of semantics is not 
unique, this is the definition of semantics that is typically 
used. Since its definition, GP has been used to solve 
complex problems in several domains only considering 
syntax-based genetic operators. 
 
There are several reasons for this. To begin with, 
abstraction from semantics allows GP to use simple 
genetic operators that are easy to define and that are 
independent from the particular application at hand. 
Hence, standard genetic operators can be used for 
addressing regression, classification, or even clustering 
problems without changing their definition. Next, a solid 
theory exists that guarantees the convergence of standard 
GP towards optimal solutions. 
 
This theory has been formulated considering standard, 
syntax-based genetic operators. Nevertheless, relying on 
syntax-based genetic operators results in some 
difficulties. The main drawback is that the abstraction 
from semantics will produce solutions that completely 
ignore the knowledge associated with the available data. 
 
The second drawback, which is actually one of the main 
causes that has limited the use of GP outside the artificial 
intelligence community, is that it is difficult for an expert 
of a particular domain to accept as a solution to a 
particular problem an analytical model built without 
considering the available data. That is, in its standard 
form, GP only uses data to calculate the value of the 
objective function (also called fitness function) that 
quantifies the quality of a candidate solution.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1 Evolution of Genetic Programming.  

 
To Counteract All These Limitations, Research Has 
Recently Focused On The Definition Of Methods That 
Are Able To Consider The Semantic Information In The 
Search Process. The Next Section Will Introduce The 
Main Concepts Related To The Definition Of Semantic-
Based Methods, Describing The Semantic Genetic 
Operators That Have Been Used In This Paper.  
2. Semantic Operators  
Nowadays it is possible to distinguish two different ways 
of incorporating semantics in the GP process: through 
direct methods and through indirect methods. Indirect 
methods represent the first attempt of including semantic 
information in GP and they basically share the following 
idea: the GP algorithm makes use of standard genetic 
operators, yet, after the creation of a new candidate 
solution, a test based on the semantics of the newly 
created solution is performed. If the new solution 
satisfies the semantic criteria then it is accepted, while in 
the opposite case the newly created individual is 
rejected. Hence, semantics is included indirectly in the 
search process. 
 
While this idea allows researchers to include semantics 
information in GP in a very simple way, it results in an 
unacceptable overhead in terms of time, with a large 
number of rejected individuals. The problem is even 
more relevant considering that indirect methods usually 
require calculating the fitness of the individuals (a time 
consuming task) even if they are rejected. To overcome 
the limits of indirect methods, research has been focused 
on methods able to directly include the semantic 
information in the search process. 
 
The work presented in describes such idea: instead of 
using traditional syntax-based genetic operators, authors 
of have defined new genetic operators that directly act on 
the semantics of the candidate solutions. This allows GP 
to create solutions that present particular semantic 
features, thus removing the task of verifying the respect 
of semantic criteria. The inclusion of semantic 
information by means of the genetic operators proposed 
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in presents several advantages with respect to the use of 
standard GP: it has been proved that semantic-based 
operators are able induce a unit modal fitness landscape  
[24] on any problem consisting in finding the match 
between a set of input data and a set of expected target 
ones (like regression and classification problems). 
According to the theory of the fitness landscapes this 
will increase GP resolvability, which is the ability of GP 
in finding better quality solutions. Considering the 
business analytics perspective, another advantage is also 
evident: moving from standard GP (where the search 
process ignores the semantic information) to a semantic-
based GP allows practitioners to take advantage of the 
large amount of data available today. That is, diversely 
from standard GP, semantic GP exploits the concept of 
data-driven framework. 
 
In this paper, we will consider the definition of semantic 
operators for real functions domains, since these are the 
operators that we will use in the experimental phase. The 
definitions of semantic crossover and semantic mutation 
are the following. Semantic Crossover. Given two parent 
functions : , semantic crossover returns the real function , 
where is a random real function whose output values 
range in the interval .To constrain in producing values in 
we use the sigmoid function , where is a random tree 
with no constraints on the output values. Semantic 
Mutation. Given a parent function : , semantic mutation 
with mutation step returns the real function , where and 
are random real functions with co domain in the range . 
 
 
Reference formally proves that this operator corresponds 
to a box mutation on the semantic space and induces a 
uni modal fitness landscape. While these operators have 
several advantages with respect to the standard ones, 
there is an important limitation that must be considered. 
As it can be easily noticed considering their definition, 
every application of these operators produces an 
offspring that contains the complete structure of the 
parents, plus one or more random trees as its sub trees, 
and some arithmetic operators: the size of each offspring 
is thus clearly much larger than the one of their parents. 
 
In order to counteract this exponential growth of the 
individuals that makes it difficult to use these operators 
for addressing real-life problems, in this paper we use the 
solution proposed in. More in detail, the work described 
in proposed a very simple and effective implementation 
of the GP algorithm that allows GP to use the semantic 
operators in a feasible way. This is the implementation 
used in this paper and also documented.  

 

 

III. EXPERIMENTS  
This section describes the problem that has been 
considered, the employed data, the experimental settings, 
and the obtained results.  
1. Problem and Data  
As reported in the previous sections, the objective of the 
proposed GP system is to build a model that is able to 
predict the quality of service. We want to give to bank 
managers a tool to determine the minimum number of 
bank counters to open in order to satisfy customers‟ 
requests in an acceptable amount of time. In order to 
build an analytical model able to predict the quality of 
service, we considered historical data related to 
transactions of several banks. In particular, each record 
associated with a particular transaction consists of 
several pieces of information: type of requested service, 
number of customers in the bank, volume of transactions 
completed in that day, and additional information related 
to the customer account. 
 
Finally, there is a set of information collected from a 
survey filled by customers. The survey contains 
information related to the perceived quality of service 
and can be filled by the customers in any moment. That 
is, a customer can give his feedback also without having 
been served. That is the case, for instance, in which the 
customer leaves the bank because the waiting time is too 
long and no enough counters are opened. It is important 
to take into account this last set of information related to 
the perceived quality of service: a waiting time that is 
acceptable for a particular customer can be perceived as 
not acceptable by another customer. 
 
To each transaction is associated a target value that 
represents the quality of service expressed as the waiting 
time a customer has to endure before being served (or 
before deciding to leave the bank). Target values are in 
the range because the provided dataset has been 
normalized. The considered dataset contains more than 
thousand transaction records, and each record consists of 
a set of real-value attributes.  
2. Experimental Settings  
This section reports the experimental settings. We will 
refer to the proposed system with the term GS-GP 
(geometric semantic genetic programming). We perform 
independent runs of GS-GP and, in each run, we 
consider a different partition of the dataset. In detail, of 
the available transaction records are used for building the 
analytical model, while the remaining are used for 
testing the system on unseen data, hence evaluating its 
generalization ability. The execution of runs is a 
fundamental aspect considering the stochastic nature of 
GP. We compare the performance of the proposed 
system with the one of standard GP (ST-GP). This 
comparison is performed for two main reasons: first of 
all we want to evaluate if the introduction of the concept 
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of semantics in the search process has any beneficial 
effect and, secondly, we want to discuss the differences 
in terms of generalization of the two considered systems. 
This last point is particularly important for managers: 
having a model that performs poorly on the unseen data 
is completely useless in a real scenario, independently of 
the results achieved in the training phase. All the runs 
use a population of individuals and the evolution ends 
after 1,000 generations. The function set contains the 

−four binary arithmetic operators +, , , and protected as 
in . Fitness is calculated as the root mean square error 
(RMSE) between predicted and target values. Trees 
initialization is performed with the Ramped Half-and-
Half method with a maximum initial depth equal to. 
 
The terminal set contains variables, each one 
corresponding to a different feature in the dataset and 
random constants in the range. To create new 
individuals, ST-GP uses standard (sub tree swapping) 
crossover and (sub tree) mutation. Crossover and 
mutation probabilities are equal to and. respectively. For 
GS-GP, a mutation step equal to is used. These values 
have been chosen after a preliminary tuning phase, in 
which different values of the parameters have been 
tested. We finally selected the combination that returned 
the best results. Anyway, it is interesting to point out 
that, in many cases, the differences between the tested 
combinations were not statistically significant: in other 
words, it appears that the parameter setting does not 
significantly influence the performance of GS-GP and 
ST-GP, at least for the considered application. Survival 
from one generation to the other is always guaranteed to 
the best individual (elitism). No maximum tree depth 
limit is imposed during the evolution. 
 

IV. RESULTS  
The comparison between ST-GP and GS-GP is 
performed according to three different criteria: the 
fitness on the training set, that is, the ability of the 
algorithm to learn the data, the fitness on the test set, that 
is, the ability to correctly predict the output on unseen 
data, and the time needed to generate the model. As we 
can observe, GS-GP outperforms ST-GP on all the 
considered criteria. To compare the results, a rank-based 
statistical test has been used. 
 
More in detail, the Mann-Whitney test with a sensitivity 
of has been considered, with the alternative hypothesis 
that GS-GP produces better results than ST-GP with 
probability greater than one half. The first comparison 
between ST-GP and GS-GP is shown in Figure 2, where 
the median of the training fitness of the best individual in 
the population, generation by generation, is presented for 
the two considered techniques. As it is possible to 
observe, in every generation, GS-GP performs better, 
that is, has lower error, than ST-GP. It is also interesting  

 

 
to analyze how the fitness changes: for ST-GP the 
decrease of the error is not gradual, with a fitness that 
gets stuck on a certain value for a large number of 
generations and that quickly decreases before getting 
stuck again (this is particularly clear between generations 
and ). On the other hand, the decrease of the error of GS-
GP is more consistent across generations. This behavior 
allows us to predict the decrease of the error and to stop 
the evolution accordingly, a task that is not easy to 
perform for ST-GP. Provides a second comparison 
between GS-GP and ST-GP, by plotting, for each 
generation, the median, over the 30 runs, of the fitness 
obtained on the test set by the best individual (as 
determined by the results obtained on the training set). 
 
These results are interesting since they provide an 
indication of the ability of the obtained model to 
correctly predict the output on unseen data. The behavior 
of the two algorithms is greatly different. ST-GP has a 
decrease of the error that continues up to generation . 
After this point, the error on unseen data continues to 
oscillate and, before generation, it even increases to more 
than. On the other hand, for GS-GP, there is a more 
predictable behavior: there is a noticeable decrease of the 
error up to generation and, after that, there is still a 
decrease, only less pronounced. There are no oscillations 
and better results on the training set do not translate to 
worst generalization ability. Even in this case, GS-GP 
performs better than ST-GP. 
 
The third comparison is reported in where the median 
time needed to reach the generation (for ) is presented. 
This comparison is not directly related to the goodness of 
the obtained model, but it is useful to perform a choice 
when there are two or more available methods and the 
time needed to generate a model is one of the criteria for 
selecting one of the methods. In the previous two 
comparisons, we have observed that GS-GP performs 
better than ST-GP. Here, we show that not only is GS-
GP able to produce better results with respect to ST-GP, 
but the time needed to do this is also lower. 
 
The reason relies on the different versions of GP under 
exam. While ST-GP uses genetic operators that act on 
the syntax of the solutions, GS-GP only considers 
semantic information (i.e., strictly related with the 
available data). This difference results in the possibility 
of running GS-GP in a very efficient way: the current 
implementation of GS-GP requires a constant time for 
each generation, as it is possible to see in the plot. On the 
other hand, in all the existing implementations of ST-GP, 
the time needed to execute all the steps that comprise a 
generation depends on the structure of the trees that are 
in the current population. In particular, it has been 
observed that, generation after generation, the average 
size of the trees (i.e., the number of nodes) in ST-GP 
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usually increases. This causes a slowdown in the 
execution of the ST-GP algorithm in later generations, as 
it is possible to observe in the plot. As a conclusion, even 
when the time is considered as a comparison criterion, 
ST-GP is outperformed by GS-GP. 
 
The comparison of the results obtained in the last 
generation is summarized in the boxplot. The boxes 
represent the th and th percentile, the central bar 
represents the median, the two whiskers represent the 
maximum and the minimum obtained, and the cross 
represents the average. This plot corroborates the 
observation made when looking at Figures 2 and 3. In 
particular, it is possible to observe that GS-GP produces 
more consistent results with respect to ST-GP, as 
evinced by the size of the boxes. 
 
To analyze the statistical significance of these results, a 
set of tests has been performed on the median errors. In 
particular, we want to assess whether the final results 
(generation), produced by the two systems, have a 
statistically significant difference. As a first step, the 
Shapiro-Wilk test (with ) has shown that the data are not 
normally distributed and hence the nonparametric 
Friedman test has been used. The null hypothesis for the 
comparison across repeated measures is that the 
distributions (whatever they are) share the same median. 
The alternative hypothesis is that distributions across 
repeated measures have unequal medians. Also for this 
test a value of has been considered. 
 
The statistical tests confirm that, in all the comparisons, 
GS-GP outperforms ST-GP. In particular, considering 
the training fitness, the statistical test gives a value of , 
on the test fitness a value of , and, with respect to the 
execution time, a value of . Hence, it is possible to 
conclude that, for the considered application, the best 
performer is GS-GP and there is no motivation 
(performance, generalization ability, or time) to choose 
ST-GP to address the problem at hand. 

 

V. COMPARISON WITH OTHER  
TECHNIQUES  

Besides comparing GS-GP against ST-GP, it is also 
important to compare the performance of GS-GP against 
other well-known methods. In particular, we take into 
account least square regression (SQ), radial basis 
function network (RBF), multilayer perception (MLP), 
and isotonic regression (ISO).The values of the training 
and test errors (RMSE) of the solutions obtained by all 
the studied techniques including, in the last rows of the 
table, GS-GP. For all the considered techniques, we used 
the implementation available in the WEKA machine 
learning tool. Moreover, we used the functions provided 
by WEKA for finding the best parameter settings for the 
techniques taken into account. In particular, the tuning  

 

 
phase has been performed by using the WEKA meta 
classifier (CV Parameter Selection). The meta classifier 
provides a way of automating the tuning process. From 
these results, it is possible to see that GS-GP is the best 
performer on test instances, followed by ISO. MLP is the 
worst performer on test instances. Considering training 
fitness, MLP is the best technique, followed by GS-GP 
and ISO. It is interesting to point out how MLP over fits 
training data, while GS-GP does not present this 
undesirable phenomenon. The worst performer on 
training instances is square regression that achieves also 
on the test instances the same deprived performance. 
 
To assess the statistical significance of these results, the 
same set of tests described in the previous section has 
been performed. In this case, a Bonferroni correction for 
the value of has been considered, given that the number 
of compared techniques is larger than two. All the values 
relative to the comparison between GS-GP and the other 
methods are reported According to the results reported in 
the table, the differences in terms of training and test 
fitness between GS-GP and all the other considered 
techniques are statistically significant. These results 
confirm the appropriateness of the proposed method for 
addressing the problem at hand.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.2 Virtual Graph on Genetic Programming. 
 
AI will only be impactful if customers are willing to 
engage with it and that means understanding how this 
technology can best be leveraged to meet changing 
customer preferences. The advent of the internet has 
created the most educated generation of financial 
services customers in history. These "millennial" 
customers have access to constant comparison 
information and visibility of alternative financial 
solutions which have seized considerable market share 
from more traditional financial institutions. Winning the 
trust and loyalty of millennials, however, is becoming 
more and more difficult, as increased competition has 
made it harder for retail banks to differentiate based on 
pricing or offerings alone. Indeed, customers around the 
world have reported an increased likelihood to change 
service providers, with 52.7% of millennial customers 
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likely to switch their banks by 2016.5 The most 
disruptive competitors for retail banks are not direct 
industry players, but a growing set of competitors that lie 
outside traditional banking models. A constant stream of 
Fin Tech start ups and solutions are shaking up the 
market, while simultaneously driving larger rifts between 
retail banks and their consumers. Analyzing 5 
Capgemini, April 2015, “World Retail Banking Report 
2015” successful Fin Tech initiatives shows that the 
principal factors customers want are: (1) cross-platform,  
(2) straight-through response 24x7, (3) easy to use and 
(4) low cost. 

 

 
use of data. Where do banks still have an advantage? 
Regulations, as already noted above, may not even out 
the playing field as new players prove so adept at 
circumnavigating them. The second source of advantage 
one might consider is capital. Banks have the capital 
necessary for lending at scale but again FinTech players 
are catching up with the banks. They can benefit from 
investments by pension and hedge funds, for example, 
that are looking for capital gains yielding more than the 
low interest rates currently available. The third area of 
advantage for the established banks is trust, traditionally 
a prime characteristic for banks. 

 
Fin Tech companies offer the same cross-platform Unfortunately, this advantage is slipping away as 
experience for  financial  services as consumers expect consumer confidence grows stronger for non-bank 
from their favorite apps and online services. Accessible financial services providers. A recent global study found  
anywhere at any time is the starting point. Customers can that 83.4% of bank executives believe their customers 
open a bank account in minutes with Bank Simple or get are comfortable with conducting their banking through 
immediate confirmation of a loan through Lending Club. internet and technology companies, but only 64.8% of 
Both these services offer the same simple straight- executives believe their customers are comfortable 
through  process  that  consumers have  come  to expect banking at traditional banks.6 In 2014, an astounding 
through other services such Facebook Messenger. The 73% of millennials stated they would rather handle their 
price point of FinTech offerings is typically lower than financial services needs with Google, Amazon, Apple,  
that of traditional banks too. While each individual start- PayPal or Square than with their own nationwide bank.7 
up might not appear to pose a major threat to banks, 6 Capgemini, April 2015, “World Retail Banking Report 
when  they  are  acquired  by  large  global  players  and 2015” 7 Viacom Media Networks, March 2014, "The 
assimilated into a broader services their influence can Millennial Disruption Index" 6 Tomorrow‟s AI enabled 
change overnight. banking Artificial Intelligence technologies will not have 

an isolated impact on banking operations.  
Take for example Future Advisor, a robo-adviser that 
suddenly achieved global reach and resources when it 
became part of BlackRock. 5 73% of millennials would 
rather use Google, Amazon, Apple, PayPal or Square 
than a nationwide bank 52.7% of millennials are likely to 
switch their banks by 2016 64.8% of executives believe 
their customers are comfortable banking at traditional 
banks. Another source of competitive threat is coming 
from large global enterprises, such as online retailers, 
that fully integrate important banking processes within 
their own broader business experience. 
 
They minimize the banking activity to an administrative 
necessity and because these companies fall outside of 
bank regulations, they are able to operate at much lower 
costs than traditional banks, and so offer lower prices for 
customers. Large global B2B and B2C platforms like 
Alibaba and Amazon offer lending products as part of a 
buying experience. These organizations are able to 
underwrite these loans themselves and are looking for 
banking balances to finance these loans. Even retail 
giants, such as Walmart, are now offering checking 
account products. Established technology giants (such as 
Apple, Amazon and Facebook), as well as FinTech 
startups, offer new services that will likely increase the 
size of the payments market especially as cash usage 
declines and cross-selling opportunities arise from better 

 
Technology is changing the fundamental processes 
carried out in every part of the structure and how they 
link together (see diagram opposite). In tandem, the roles 
of bank staff will evolve from executing operations 
directly to managing the AI systems that execute work. 
In order to take a closer look at the impact on processes, 
we can segment a bank‟s operations into its five core 
functions. These are (1) front-office including branches, 
call centers, mobile channels; (2) back-office functions 
such as data entry and processing; (3) the financial 
backbone functions such as Asset Liability Management 
[ALM]; (4) the analytics functions that focus on risk and 
opportunity management; (5) and the policy setting 
functions such as those managing regulations, specific 
products and so on. The analytics function is often talked 
about as a new banking function. 
 
In truth, however, it is one of the oldest functions. Credit 
risk management, fraud detection, market projections are 
all traditional, analytics driven banking roles. In practice, 
however, this area is moving fast from being seen as an 
art to a science. AI makes it possible to use advanced 
analysis techniques, such as machine learning and apply 
it to huge amounts of data in a way that was not 
previously possible. For instance, solutions like Watson 
or Sentient Technologies can analyze huge amounts of  
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structured and unstructured data to deliver 
recommendations to advisors or traders. These solutions 
will enable banks to make important decisions in real-
time. For example, they will support instant credit 
decisions or cross-sell suggestions. Smaller start-ups like 
Narrative Science enable banks to turn complex analytics 
into simple stories people can understand and act on. In 
addition, machine learning tools like R are boosting the 
effectiveness of marketing related analytics by enabling 
strategies on „next product to buy‟, churn prevention 
and micro-pricing. In the front-office, cognitive agents 
will automate an increasing amount of customer contact. 
Powered with intelligence provided by other systems, 
these agents will provide a far richer and efficient 
experience. With customer patience becoming ever 
shorter, always available service will become a necessity 
in order to maintain customer loyalty. 
 
In the US alone research shows that more than half of 
consumers will hang up after waiting on hold for 6-15 
minutes while 25% will cut out of the call within the first 
5 minutes of waiting.8 Moreover, cognitive agents will 
make it easier for customers to access their bank as they 
are "always-on" and will never deviate from best practice 
compliance regulations or have a "bad day." Cognitive 
agents integrated in mobile apps and websites, are 
beating the convenience of the current generation of apps 
and websites. Kasisto and IPsoft‟s Amelia play in this 
field. For example, a customer who has just lost his debit 
card can immediately start a chat with the cognitive 
agent to explain succinctly what has happened and have 
the issue resolved without delay. By contrast, existing 
apps would oblige the customer to search and select the 
right menu option and follow a much slower and rigid 
process. Because the cognitive agent can answer 
questions in the same way as a human, the process is 
much more efficient for the customer. 
 
In the back office, robotic process automation (RPA) is 
already being used to populate data entry and increasing 
processing speeds for all elements containing structured 
data. Together with other technologies and policies, this 
will lead to a radical slimming down of back-office 
organizations within the next five years. Complexity 
reduction is being driven by new regulations at the same 
time as cost reduction is being enabled by increasingly 
capable automation tools. Business Process Management 
platforms like Pega can automate processes up to micro-
session level whereas banking platforms like BaNCS, by 
TCS are becoming full straight through processing (STP) 
platforms as well. 
 
The business cases for automation are becoming better, 
even for legacy products. 8 Corvisa, 2015 Customer 
Service Report 7 The financial backbone is typically 
highly automated already. New platforms like SAP Hana  
 

 

 
make many of the financial processes close to real-time 
and are close to eliminating the last remaining manual 
steps in the processes. Automated algorithms will more 
and more be used in ALM. More traditional policy 
setting functions are also about to change. The impact of 
AI will be felt at the very start of the process affecting 
how policies are being set. Internal policies will soon be 
managed entirely through analytics. For instance, no 
factual changes noted in the systems will mean no policy 
changes can be made. As systems evolve further, 
however, they will be trained to suggest policy changes 
dynamically. Implementation of policies will similarly 
move away from a multi-step process in which emails 
are sent to IT in order to be translated into technology 
language and replaced with smooth automated processes 
managed directly by the policy maker. 
 
From an IT operations perspective, the roles that will 
remain valuable in these back-office functions will be 
those that manage the AI and automation engines 
powering the processes. In parallel, some policies will be 
managed entirely by expert third parties that have created 
intelligent platforms to deal with highly specialized and 
complex processes, such as regulations. Fenergo, for 
instance, offers expert systems that will keep all your 
policies and processes compliant across borders. Front 
Office Cognitive agents as a channel Analytics Support 
Back Office Enterprise Support Roles Data entry 
Marketing 2nd line Agent-assisted channels (branches, 
call center) Self service channels (web, mobile, ATM) 
Operational Risk Credit Risk Market Risk Supply Chain 
Facilities Mgmt HR Cognitive enabled advisory bots The 
AI-Enabled Bank Financial Backbone Hybrid 
digital/human workforces Cognitive-augmented 
customer teams Full service cognitive customer agents 
Cognitive-enhanced self service. 
 
IT Processing Expert desk Regulations Products 
Processes Policies Process automation bots Expert 
systems Cognitive agents Cognitive agents 8 
Implications for the banking industry So what is the 
result of tying all these developments together? It will be 
the emergence of a fully automated bank. Clients will be 
interacting in natural language with the bank‟s 
cognitive agents that are on stand-by 24/7 via their 
mobile. Real-time intelligence systems and automated 
back-offices will enable the cognitive agent to take 
educated decisions (e.g., on credit) and execute processes 
in a compliant way. 
 
The bank‟s financial backbone will be managed in a 
pro-active fashion as the underlying machines in the 
bank will exchange data and will accurately predict 
upcoming events. In case of a policy change or a new 
role, the rules embedded within the technologies will be 
quickly updated and all processes subsequently executed 
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following the new standards. In the sections above, we 
introduced four criteria for winning the hearts and minds 
of the customer, (1) cross-platform, (2) straight-through 
response 24x7, (3) easy to use and (4) low cost. As 
described, AI can play a crucial factor in each of these 
areas and make it possible for them to transform 
customer experience and perception. In summary, AI 
will strengthen banks‟ competitiveness.  
Benefits  
AI will help banks unlock the value of the wealth of data 
they have in-house. Banks have an unprecedented 
historical perspective at both the macro and micro level 
that can be leveraged to generate value. 2. Banks can 
close the gap with the new online providers by offering 
real-time decisions. Most importantly, however, given 
their established customer base and expertise they can 
offer fast access to financial services over a broader and 
more complex variety of products than a typical start-up 
could. The convenience factor will allow them to retain a 
large proportion of clients. 3. Automation will help 
banks to integrate specialist third party services from 
niche start-ups in a very flexible way. 
 
New tools will facilitate integration and cognitive agents 
will make it faster to train and activate a customer facing 
agent to sell these services to all clients. 4. By applying 
AI to most common processes, banks have the potential 
to reduce their cost base significantly taking out an 
additional 30% to 50% to the current programs of 
aggressive cost cutting that have already been 
announced. Many of the reactive service elements can be 
automated at a fraction of the cost, removing a large part 
of the volume of incoming requests, doing data entry and 
manual risk controls. The prerequisite to affecting this 
transformation is customer acceptance. Customer 
experience needs to be superior to today‟s norms. The 
decline in face-to-face interactions with tellers and 
bankers has resulted in weakening levels of brand 
affinity for banks. 
 
The only way for banks to realize the described impact is 
to put their customers at the heart of their plans and 
construct an AI revolution which delivers a superior 
service. Orienting AI simply to create efficiencies for 
their own financial benefit will lead them to miss key 
steps and put the overall change at risk. 9 Seizing the 
competitive advantage AI technologies have matured and 
are ready to implement now. They offer the biggest 
opportunity in decades to establish new operational 
models. Insights from analytics engines will identify 
gaps in current personal finance offerings, uncovering 
opportunities and advantages that can be seamlessly 
provided to customers ahead of non-bank competitors. 
Cognitive agents can capitalize on these insights and 
provide personalized, informative services at scale 
making it possible to provide innovative high-quality 

 

 
services at low-cost. This hybrid workforce that 
combines skilled employees and AI „cognitive agents‟ 
equates to a more agile workforce that rapidly address 
tasks and problems across all digital channels in real-
time. While most large retail banks are currently 
evaluating how to restructure their workforce, few have 
taken a hard look at fundamentally adapting their 
operating model to cognitive. This is primarily due to 
management in the retail banking sector relying on 
traditional employee structures or systems to drive 
change. These following three recommendations for 
embracing AI within banks will help them accelerate 
change:  

• Make it a board priority. Although true for all significant 
organizational changes, this is particularly the case for 
cognitive transformation, as it will lead to a huge power 
shift in the bank. In future, it will be the teams who 
design the systems and underlying rules that drive the 
bank. Traditional banking leaders working in operations 
and risk will manage exceptions and probably be 
steered by the AI machines.  

• Start building a cognitive center of excellence (CoE) 
now. The organization defining the new ecosystems and 
underlying rules is crucial for the economic 
performance of the bank of the future. High quality 
resources in this space are rare. The resources in a bank 
need therefore to be fully centralized and have 
attractive career paths. The CoE also needs a robust 
mandate to ensure all mundane execution work and 
decisions are automated by intelligent systems, 
reducing the power and importance of many other 
managers in the bank.  

• Build the transformation plan around client‟s needs 
above cost reduction opportunities. Determine in which 
areas the customer is most helped and will adopt the 
new AI driven service model. Co-develop the new 
models with the bank‟s clients in an agile fashion.  
Grow the model step-by-step. 

 
Avoid the big mis-steps that some banks have recently 
made regarding data usage and privacy. By pairing the 
existing strengths of traditional retail banking with 
cognitive technology, banks can seize competitive 
advantage amongst a growing number of competitive 
nonbank forces. 

 
They have the opportunity to launch first-of-a kind 
services at a speed and cost unmatched by today‟s set of 
services. For instance, retail banks will have the capacity 
to provide free financial advisors to younger customers 
who may need guidance but would normally be unable to 
afford personal support with adherence to regulations. 
The speed and scalability of cognitive technology will 
release a constant stream of growth opportunities for 
banks that adopt these approaches into their strategy 
now. This hybrid workforce that combines skilled  
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employees and AI “cognitive agents” equates to a more 
agile workforce that rapidly address tasks and problems 
across all digital channels in real-time. 10 The impact of 
IP soft's cognitive agent. 

 
2. Amelia  
According to Gartner, more than 40 financial services 
providers employ Virtual Customer Assistants, which 
differ significantly from interactive voice response units 
of the past.9 Amelia is a next generation virtual agent. 
This is why we call her a cognitive agent. So where can 
you find these cognitive elements and what is their 
value? We see five distinct elements that elevate Amelia 
from the rest of the market:  

 Amelia can have conversations in normal human 
language, really understanding your needs. There is a big 
difference between answering a question in natural 
language and having a conversation in natural language. 
In a conversation with your neighbor for instance you 
would expect him to remember the things you told him 
earlier. To do this you need to do more than scripting and 
statistical analytics. You need to simulate and build 
semantic networks. Amelia does this live during her 
interactions and that makes her flexible enough to have 
real conversations that are personalized rather than 
rigidly scripted Q&A.

 Amelia can manage a full request for you at the most 
efficient and consistent level possible. How often do you 
get stuck in processes like requesting a new account or 
sending back items you ordered but did not like once 
they were delivered? In the past you would contact a call 
center and wait for 10 minutes or more before eventually 
getting through to a person who could help you. Now, 
you are forced to go online to submit a form, and in 
return receive an email or link that describes how you 
can still solve the problem yourself. Amelia can give 
bring the best of both worlds together. She offers a fast 
response, fast resolution and is available 24x7.


She works at speeds unattainable by humans and is able 
to manage thousands of customer queries in parallel. In 
one pilot project, Amelia was able to manage 65% of the 
most common user queries in under four minutes instead 
of the average 18 minutes it took the existing staff. 
Importantly, for the banking industry, Amelia can 
execute all of the key customer related processes without 
ever deviating from the rules. Appendix 9 Gartner, 8 
January 2016, “Where Banks Can Use Smart Machines” 
11 
• Credit Card Application 
• Debit Card issuance 
• Lost card / forgotten PIN code  
• Entry / booking reversal 
• New customer onboarding (KYC) 
• Additional account opening (current, savings) 
• Change of limits/mandates 

 

 
• Change of customer address 
• Client update (KYC monitoring)  
• New secured loan origination 
• New unsecured loan origination 
• Change of repayment schedule 
• Change of fixed interest rate 
• Questions on payment conditions 
• New mortgage in principle 
• New mortgage origination 
• Change of repayment schedule 
• Additional principal repayments 
• Change of fixed interest rate 
• New brokerage account opening 
• Buy/sell transactions in portfolio 
• Value transfer from other broker  
3. Amelia learns extremely quickly and easily- Amelia 
does not need extensive programming to learn. She 
learns from the codified and uncodified best practices in 
a bank. She can absorb knowledge from key documents 
as well as learn from previously recorded chat and call 
conversations. Just like existing agents, she connects to 
other systems in order to source information or to enter 
data. In one banking pilot, Amelia was able to learn the  
150 most common questions asked by mortgage brokers. 
As you can imagine, these had a moderate level of 
complexity and many contained situational factors. For 
example, „I have a self-employed person who wants to 
buy a house, how should I assess income?‟ Amelia 
learned how to answer approximately 90% of the 
questions correctly in less than 7 weeks. Amelia ensures 
reliable, high-quality responses as she follows 
deterministic principles. Amelia only answers when she 
is 100% sure she knows the answer. All others she 
escalates to a human colleague who has more expertise.  
4. Amelia recognizes the emotions of her customers 
and can adapt accordingly- Amelia measures the 
emotional state of her clients and responds 
sympathetically. In this way banks can be sure to offer a 
human-quality experience while making it clear that 
customers are dealing with a digital agent. Based on the 
customer‟s emotions, Amelia will adapt her language, 
facial expression, gestures and, if required, the process 
she is following. Not only can this contribute to a better 
customer experience but also improve cross-selling 
opportunities by taking into consideration when it is 
better to propose new services to customers. 

 

VI. DBS BANKING  
The goal of DBS Bank, a leading regional bank based in 
Singapore, is to reimaging banking and makes banking 
invisible to customers. In so doing, it seeks to enable 
customers to “Live More and Bank Less”. A frictionless 
experience is the key to achieving this, and the bank is 
enabling it by not only offering seamless user interfaces 
to clients but also providing the customer service to 
match. In an interview for the Finacle Connect, Siew  
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Choo Soh, Managing Director, Head of Core Systems 
Technology, DBS Bank Singapore, talks about the 
bank‟s digital innovation journey and top banking 
technology trends for the coming year. DBS has always 
been at the forefront for digital innovations in banking; 
what is in store on the digital front for 2018? Banking on 
the go, and on mobile in particular, is a key priority for 
us. We have already launched our digitalonly bank in 
India and Indonesia, and will soon launch equivalent 
services in other markets as well. DBS is also focusing 
on using Artificial Intelligence (AI) to make banking 
interactions and experiences more enjoyable for 
customers. An important initiative that we are part of is 
Singapore‟s “Smart Nation” agenda, which aims to 
create a cashless society.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3 Amelia for Future Banking. 
 
Big data and analytics will play an important role in the 
digital transformation of a bank – be it to provide 
personalized experience to customers or to enable 
employees to make smarter decisions. Tell us how DBS 
is leveraging big data in your bank‟s digital 
transformation journey. The Bank has a lot of data, 
which is currently residing in different places and being 
used by different units in a piecemeal fashion. Our data 
analytics team leverages these assets to make better 
recommendations to customers. Also, various 
departments are putting data to use for internal purposes. 
The HR department, for instance, uses data analytics to 
look at retention of our employees and top performers. 
 
We are in the process of creating a fully integrated Big 
Data and Analytics platform that provides a complete 
end-to-end big data and machine learning capabilities 
that is self service to the entire Bank. This platform will 
ensure frictionless access to data, and will enable us not 
just to provide a great client experience, but also help us 
manage Risk and Compliance as well as better employee 
experience. Artificial Intelligence is considered to be a 
key technology trend that will reshape banking. How 
much of the discussion around AI is ahead of its time (or  

 

 
hype) and how much is real? Which business use cases 
should banks prioritize for 2018? We have been using 
predictive analytics for 4 - 5 years now, and are also 
leveraging machine learning and chat bots in many areas 
in the Bank. So, AI is clearly not hype. AI is an integral 
part of our agenda to make banking joyful. As one of the 
next steps, we are taking AI and machine learning to the 
platforms that are supporting them i.e. deploying AI to 
make those platforms intelligent. An important element 
of digital transformation is to make sure internal teams 
embrace digital banking as a way of life and build a 
culture of innovation. 
 
Can you take us through initiatives that DBS has 
undertaken to make this cultural change successful – 
like, Agile, devops, open source technologies, etc. Our 
philosophy is to digitally enable the entire bank from the 
bottom up and to be digital to the core. People and 
cultural transformation is a big part of that. Driving 
cultural transformation so that all employees understand 
the need for change and the desired culture in the 
organization is the first part. The second is helping our 
people acquire new knowledge and skills. At DBS, we 
take this very seriously. There are various mechanisms 
and methods that we use to transform the skills of our 
incumbents. 
 
Dedicated classroom training programs is one way, but it 
is the least preferred option. Mostly, we believe in 
pairing employees who need to be trained with others 
who are native to those capabilities; we have found this 
to be one of the most effective methods of transforming 
people. We hire people with the required capabilities and 
pair them up with the incumbents, and Bots based on 
Artificial Intelligence and Machine Learning are another 
technology trend that are already seeing adoption, and 
we believe, these have the potential to bring about true 
digital transformation everyone is aiming for. Be it 
customer engagement, sales, risk assessment or claim 
management, AI-based technologies are helping banks 
do it all better than ever while saving time and money. 

 

VII. CONCLUSIONS  
In this paper we propose an artificial intelligence system 
for predicting the quality of service of a bank. The 
quality of service has been considered as the waiting 
time that the user must endure before being served. 
Based on the current level of quality of service, 
managers can decide to open additional bank counters in 
order to satisfy customers‟ requests. The application is 
particularly important: while offering a good quality of 
service will increase customers‟ loyalty, it is also 
important to reduce the operating costs associated with 
the opened bank counters. Hence, under the managerial 
perspective, it is important to find the compromise that 
allows guaranteeing a good service quality while 
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keeping operating costs low. The application of an 
artificial intelligence technique tries to overcome the 
limitations of traditional statistic based linear regression 
methods. The main problem is that these techniques are 
unable to adapt to unusual circumstances, which form a 
highly nonlinear relationship with customers‟ requests. 
Hence, their predictions are not as satisfactory as desired.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.4 DBS Analytics. 
 
While the usage of genetic programming allows 
practitioners to discover analytical models without any 
knowledge related to the applicative domain, in its 
standard form GP also ignores the information associated 
with the available data. To overcome this limitation, in 
this work, we used recently defined genetic operators 
that allow GP to include the concept of semantics in the 
search process. These operators have several advantages 
with respect to the traditional ones; in particular, they are 
able to induce a uni modal fitness landscape in all the 
problems that consist in finding a match between target 
and obtained values (i.e., like regression problems). 
 
Experimental results have shown the suitability of the 
proposed method for predicting the quality of service. In 
particular, not only does the proposed system outperform 
standard GP and other well-known techniques, but it is 
able to produce models that generalize better on unseen 
instances. Moreover, the time required by the proposed 
system for building a model is significantly lower than 
the one required by standard GP. This is particularly 
important considering the large amount of historical 
transactional data that are nowadays available. 
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