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Abstract. This paper presents a framework for using a case-based reasoning
system for stock analysis in financial market. The unique aspect of this paper
is the use of a hierarchical structure for case representation. The system further
incorporates a multi-criteria decision-making algorithm which furnishes the most
suitable solution with respect to the current market scenario. Two important as-
pects of financial market are addressed in this paper: stock evaluation and
investment planning. CBR and multi-criteria when used in conjunction offer an
effective tool for evaluating goodness of a particular stock based on certain fac-
tors. The system also suggests a suitable investment plan based on the current
assets of a particular investor. Stock evaluation maps to a flat case structure, but
investment planning offers a scenario more suited for structuring the case into
successive detailed layers of information related to different facets. This natu-
rally leads to a hierarchical case structure.

1 Introduction

In this paper, we propose an application framework involving a fuzzy case based
reasoning system with a hierarchical case structure and a multi-criteria decision mak-
ing. So far, case structures used in majority of CBR applications have had a flat case
structure which, to some extent, manages to incorporate example applications that can
be mapped to flat case structures. Many of the complex real world problems require a
framework capable of handling non-summarized information where one component’s
value is dependent on several other relevant factors. Investment planning is an example
application having non-summarised information, which requires classification of case
features, based on different aspects, into successive layers. This segregation of informa-
tion into layers leads to a hierarchical case structure. Also, combining hierarchical CBR
with multi-criteria is all together a new approach towards decision making systems tai-
lored for applications having a dynamic and complex nature.

Past did witness some of the evolving research work, which looked into the financial
areas and suggested how CBR can be efficiently used as a tool to produce a suitable de-
cision making system. Some of the work like [1] addressed the movement of the stock
market and its prediction. [2] proposed the daily financial condition indicator (DFCI)
monitoring financial market built on CBR, [3], in their work proposed a new learning
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Fig. 1. Hierarchical Representation Of Case Structure and the System Model

technique which extracts new case vectors using Dynamic Adaptive Ensemble CBR,
which again deals with the prediction of the overall stock market. Author [4] presents
case-based reasoning approach for financial crises warning, which is again an approach
that works on the broader level of financial issues. In other words, past research did
manage to explore into the domain of financial market but, most of the research were
confined to the working of the overall market situation and their prediction. Here, in this
paper, we investigate use of CBR as an intelligent tool in considering and analysing an
individuals stock with respect to current market scenario and investment planning of an
individual. -Also, as stated before, CBR applications so far have always been mapped
to flat case structures, while applications more suited to hierarchical case structures
have not been explored. Although, work like [5] and [6] presented the concept of a hi-
erarchical CBR, but the concept proposed involve reusing of multiple cases at various
levels of abstraction. In [7] a CBR system with a two-level weight specification is de-
veloped. Our representation differs from the above mentioned approaches in terms of
case representation style, where each case is a collection of independent sub cases.

The organisation of this paper is as follows: Section 2 gives a detailed explanation
of the Case structure and working of the hierarchical case based reasoning system.
Section 3 describes the implication of the proposed framework in financial market. In
Section 4, we present the implementation details and the results of the two applica-
tions: Stock evaluation and Investment Planner.The last section presents the conclusion
and future work.

2 Fuzzy Hierarchical Case Structure

Case - Structure: For our application, we have modified the classical flat case structure,
such that each case is represented as a collection of sub-cases as shown in Fig. 1(a).
Classical CBR uses symbolic and/or numeric attributes. However, many of the de-
scriptors characterising the real world problems are associated with certain degree of
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fuzziness and uncertainty. Fuzzy CBR is a methodology which uses linguistic or re-
alistic variables for case representation. It emulates human reasoning about similarity
of real-world cases, which are fuzzy. Each sub case consists of its specific attributes,
which could be fuzzy or non-fuzzy or complex (consisting of a sub case).

Working Methodology: Working methodology of the similarity computation is based
on our past work [8]. The proposed framework operates in three different stages. In the
first stage, similar cases are retrieved using the indexing attributes. In the second stage,
we consider each retrieved case and compute a similarity score at every subsequent
level for each child slot (referred also as a node in the context of a tree structure) of
the respective parent slot. In third stage similarity scores are combined using weighted
T-Norm for fuzzy attributes, and using Weighted similarity score for crisp attributes.
Figure 2 represents the similarity computation of cases having hierarchical structure. A
generalised representation of this computation is given in equations 1, 2 and 3.
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Fig. 2. Steps showing Similarity Score Computation of similar cases w.r.t the Query
Case.(Similarity scores are combined using weighted T-Norm for the fuzzy child nodes and
weighted summation for the crisp attributes.

Similarity Score Computation: For Crisp slots (non-fuzzy), similarity score of each
node with respect to the query node is computed by exact matching, string comparison,
and numerical comparison algorithms. The selection of the matching algorithm depends
on the data type of the slot. At each parent slot, the aggregate similarity taking into
account the non-fuzzy child slots is evaluated by a weighted summation of similarity of
all the non-fuzzy child slots.

We show below the mathematical formulation for the evaluation of similarity score
of a case with the hierarchical structure. Let N

{l}
k denote the kth node at the level {l}.

The node N
{l}
k can have child nodes which could be fuzzy or non-fuzzy. The sets of

fuzzy child nodes and crisp child nodes of N
{l}
k are denoted as fuzzyCh(N{l}

k ) and

crispCh(N{l}
k ) respectively. Let s

{l}
k denote the aggregation of the similarity computed

for the node N
{l}
k and w be the weight. The similarity score at level {l}, that is s

{l}
k has
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Fig. 3. The User case(query) represented above has three features (Saving Account, Loan, LIC.
The database Case II has features (Shares, Loan, LIC, Saving Account), of which feature Shares is
not there is the query case. This attribute(feature) and its detail expansion is not used in similarity
computation. Situations where the number of similar nodes in the example cases become same,
for example in case I and Case III, the computed similarity score would depend on the attribute
value of the leaf nodes.

two components: fuzzy similarity score and crisp similarity score. The fuzzy component
of the similarity score sk is denoted as fuzzySim(sk) and the crisp component is denoted
as crispSim(sk). We have:

fuzzySim(s{l}
k ) =

∑
i s

{l+1}
i wi∑
i wi

(1)

crispSim(s{l}
k ) =

∑
i s

{l+1}
i wi∑
i wi

(2)

where the summation index i varies for all the nodes N
{l+1}
i ∈ crispCh(N{l}

k ). We
have:

s
{l}
k =

fuzzySim(s{l}
k ) × wf + crispSim(s{l}

k ) × wc

wf + wc
(3)

where the weights wf and wc are sums of weights for fuzzy and crisp slots respectively.
Finally, we select the similar cases having a score above a threshold β. Thus we see

that the similarity measure of a node is a weighted average of the similarity measure for
its child nodes (both crisp and fuzzy).

Multi-criteria Decision Making Algorithm: Past researches have led to some useful
multi-criteria decision making methods. ELECTRE [9], [10] and PRMETHEE [11] are
some of the ranking function that could be used to outrank one similar case over the
other based on certain parameters. In this paper, we have applied the ISD [10] method
to furnish the most preferred solution, which considers the various criteria that affect
the goodness of a particular stock or investment plan with respect to the current market
situation. ISD(xi,xj) measures the degree of superiority or dominance of xI over xj in
respect to all multiple attributes (or criteria) and all other cases.

3 Application Description

The application we propose primarily focuses on two important implications of finan-
cial market: stock evaluation and investment planning. Our system is a useful tool both
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Fig. 4. Hierarchical Representation Of Case - Investment Planner: Example cases in the case base
may have structure as shown above, or they may be an instance of the case structure having fewer
branches and nodes, as shown in the figure 3 (Example Case -I) and (Example Case -II). Here,
example Case-I possesses attributes, Saving Account, Loan and Shares. However, example Case
-II consists of one more attribute (branch), LIC Policy.

for the people who are familiar to this field (stock analyst) as well as people who are ac-
tually not finance experts, but might be interested to buy a share or have an investment
plan for themselves. The overview of the proposed methodology for this application is
shown in Fig. 1(b).

Stock Analyst: Stock analyst works by taking values for parameters, which play an
important role in determining the worth of any particular stock like: - Net sale, PAT,
EPS, Growth percent, RoE, RoCE, etc. These values form the problem query of the
case. If the most similar case suggests the query stock values to be good in past, do these
values still continues to be good with respect to today’s market status? To answer this
question, the selected similar cases are assessed using multi-criteria algorithm, which
makes use of certain criteria to determine their fitness in the present time.

Investment Planner: It works by taking inputs in two stages. In the first stage it takes in
the financial goals of the person. In the second stage, it considers the worth of the current
financial assets of that person.Once the information for both the stages are received, an
investment plan is suggested which maps various assets to different financial goals.
The Investment planner uses a hierarchical case structure as shown in Fig. 4. Initial
retrieval, for the similar cases, is done by taking financial goals as indexing slots. Each
retrieved cases, has a similarity score of one, since initially cases are retrieved by one
to one mapping of each indexing slot. Overall similarity of the Case is done at each
subsequent level by using equation 1, 2 and 3.

4 Implementation and Results

Visual C++ is used as the front end to create user interfaces and database handling.
Microsoft Access servers as the back end to store cases in case base. When the stock
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analyst receives the query stock with its values for various parameters it compares the
query stock against the stored stocks in the case base having similar values. Example
stocks are selected based on qualitative or quantitative analysis, depending on the nature
of the attribute. Finally the result, a suggestion regarding the query stock is given as a
“A Good Buy” , or as a “Not a Good buy” or “hold the stock” if already possessing it.
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Fig. 5. Query Stock

Stock Analyst: In Response to a query stock, similar stocks are retrieved. These similar
stocks are compared to obtain the stock having maximum preference, based on ranking
criteria. How well these stocks fit in today’s market was decided by considering the
various criteria:

– Time: The current the better,
– Sector of the company: Should belong to same sector: IT, Fertilizer, etc,
– Percentage holding of the company: Comparing the market share,
– Balance sheet of the company: Comparing the assets and liabilities,
– Return over capital employed(RoCE%): Stocks having similar values are preferred,
– Public holding in the company,
– Value of Rupee against Dollar: The difference should be somewhat similar.
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Fig. 6. Shows 3 retrieved stocks for the query of Fig. 5. Stock (a) was selected since it had the
maximum Dominance
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Short−term liquidity: Interest on deposits with banks is no more eligible for
deduction from income taxes under section 80L of the IT Act. And considering
considering our existing investments, we do not recommend you any fixed deposits.

Life Insurance: We recommend term insurance having coverage of Rs 20 Lacs
coverage of Rs 20 Lacs with a term of 20 years for you. 

Housing Loan: We recommend housing finance for 85% of the housing
requirement i.e. 34 Lacs @ (Rate of Interest) 7.75% in year 2026 with a monthly
EMI of Rs 40,804/−. However it needs to be reviewed periodically to
ensure the rate of interest being charged is as per the market norms.

Car Loan: We recommend car loan for 100% of car requirement, i.e. 8 lacs @ 10%
for 5 years in year 2008 with a monthly EMI of Rs 16,998/−. The same needs to be
reviewed periodically to to ensure the rate of interest is charged as per market norms

(Rs)AmountRegular Invesment

MIP Funds 200000

Insurance/Pension
Premiums

136170

Equity/Balanced
Mutual Funds 60000

Term Insurance 7000

Total (in Rs) 403170
construction of the plan.

of Rs. 4.21 Lacs (including your Bank Balances) during the 
4. Existing Portfolio: We have considered your existing portfolio 

will remain reinvested till a goal is met.
for their earmarked purpose. Likewise, earnings on investments

3. Reinvestments: Investments made will not be withdrawn except

respectively in the long term.
2. Inflation and interest rates: are projected to be 5% and 7%

approx. (excluding contribution to EPF), as discussed with you.
Your current savings have been taken at Rs. 3 Lacs per annum

1. Growth in Savings: Your savings are assumed to grow by 8%.

Assumptions

Fig. 8. Recommended Investment Plan based on user profile and priorities

The aforementioned parameters are considered to evaluate the dominance of one re-
trieved stock over another, in response to the query stock. Selected Stock which got the
highest rank amongst the similar stocks is shown in Fig. 6.

Investment Planner: The criteria used by the investment planner to rank the retrieved
similar cases in response to a query case are as follows:

– Time: current the better,
– Risk assessment: Cases having similar risk tolerance are preferred.
– Priority of the goals,
– Age factor: Cases should belong to the recommended age group,
– Number of dependants,
– Profession: Self employed or salaried.

When the query (shown in Fig. 7(user’s goals input) and 9(user’s current assets worth)
(A) is posed to the investment planner, the case (shown in Fig. 9) (B) having second
highest score was selected.After applying the multi-criteria attributes on the selected
cases,the case shown in figure 9 (B)dominated the other candidate cases in terms of its
similarity as well as usefulness in present time. Profile and the priority(age=34, house
plans (in 5 years) , retirement plans(high priority) and child education (two children))
of the query user had the maximum similarity with the goals and profile of the selected
Example case (age=40, house plan (in 3 years), retirement plan(high priority), child ed-
ucation(two children)).The case shown in Fig. 9 suggested the Investment plan, shown
in Fig. 8, for the posed query.

Having a case base size of 250 example case for Investment Planner and over 500 for
Stock Analyst, we have achieved a reasonable performance of the proposed application.
The results obtained were discussed with few expert stock analysts and they found them
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to be satisfactory 75% of the time. For certain set of test data the prediction made by
the system were also compared with the predictions made by analysts themselves.We
found the comparitive results to be quite satisfying. Although, some of the results were
not justified, which we conclude were due to the fact that for such kind of application
dealing with fluctuating market trend a more updated and large case base would be
required. The proposed suggestion fits convincingly with going market trend. Also, the
Investment Planner produces logically convincing Investment plan in response to the
query.

5 Conclusion and Future Work

Having a hierarchical case structure offers a better representation of the complex details.
This provides a clearer understanding of the application while taking comprehensive
details into account. As a result the proposed solution suits more appropriately with the
actual requirements of the user. As a future work, we propose to look at the next few
other important applications of financial market, like mutual funds.
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