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Abstract
The importance of measurement of strategy

industry and provide the ability to change and adopt.

performance has long been acknowledged by

This approach will consider the preferences of port

researchers and industrial experts from various

organisations regarding strategic objectives. The main

organisations. A better approach would be to focus on

aim of this paper is to design a strategy performance

the performance measurement system design rather

measurement system for port organisations using

than details of specific measures. Measuring the

MATLAB. The result shows that multi-criteria decision

strategy of an organisation can help in terms of

making analysis using the fuzzy logic system designed

strategy reformulation while implementation pertains

by MATLAB works effectively and the results provided

to better growth of the organisation. This perspective

by the analysis are consistent. This design is the best

validates the fundamental approach to organisational

tool to help a port organisation evaluate and revise its

control design involving design effort at various levels

strategy and to adopt a modern management

of the organisation. A multi-criteria decision making

approach. This design can be modified for various

analysis using fuzzy logic is an effective tool to measure

o rga n i s at i o n s d e p e n d i n g o n t h e i r st rate g y

the industry performance strategy. This measurement

performance.

system includes both financial and non-financial
performance with multi-criteria decision making. This

Keywords: fuzzy logic; Multi-Criteria Decision Making;

can help improve the organisational set up of the

strategy performance; port organisation; MATLAB
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I. Introduction

adopting the MCDM fuzzy methodologies, we can

Many companies are using new strategies for growth

assess the growth opportunities and analyse future

such as value addition in products and services, rather

performance. The MCDM fuzzy analysis can be the

than cost reduction. To assess whether these

best strategic performance management system for

strategies are working, evaluation of strategy

industry, government, and non-profit organisations.

performance is essential. In this paper, we have used

The proposed design will be a framework for designing

the organisation Tuticorin Port as a model for

a performance measurement system for various

designing a strategy performance measurement

organisations by modification of the performance

system using the MATLAB R2011b software. Normally

pointer. This method also helps strategy planners to

a port organisation focuses on cost reduction,

identify the best performance pointers for their

economy and best services. Using this approach, the

organisations.

port organisation is unable to assess future
performance and growth opportunities. Multi-Criteria

II. Fuzzy logic Analysis

Decision making (MCDM) analysis is the best

For performing fuzzy logic analysis, we need to

measurement system for measuring the strategy

construct membership functions for all the

performance of various industries or any profitable or

performance pointers [1, 2]. We are designing seven

non-profitable organisation. Fuzzy analysis uses

triangular membership functions for the performance

linguistic variables unlike any other optimization tools

pointers. More the membership functions more

which use numerical variables, and provides a unique

accurate the results. Membership functions are

solution for measuring strategy performance. The

(0,0,0.1), (0,0.1,0.3), (0.1,0.3,0.5), (0.3,0.5,0.7),

MCDM by fuzzy logic analysis can be applied in case of

(0.5,0.7,0.9), (0.7,0.9,1) and (0.9,1,1). Figure 1 shows

port organisations to increase the financial turnover,

the seven membership functions designed in the MAT

customers' satisfaction and growth of the industry. By

LAB software.

Figure 1: Membership Functions

28

The data for performing the experiment has been

framework design [3, 4]. The first strategic objective -

collected from various internet sources and integrity of

Internal Business Process Assessments - has four

data is not important to the work. The focus of the

variables which are denoted by A1, A2, A3 and A4

work is strategy performance measurement

respectively. Each variable denotes a performance
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pointer of Internal Business Process Assessments. All

provided to the fuzzy logic rule solver. The fuzzy logic

the performance pointer values of Internal Business

rule solver is used to analyze the input parameter and

Process Assessments are calculated in percentage

provide the fuzzy score [7, 8]. The fuzzy logic rule

values. Similarly performance pointers of financial

solver has 238 rules framed as per the decision maker's

assessment are denoted by B1, B2, B3 and B4

decision to analyze the input data. The screen is used

respectively. All the performance pointer values of

to show the final fuzzy score of the analysis. All the

financial assessment are calculated in ratios. The

variable inputs have inputs from 0 to 1. In the

performance pointers of customer assessment are

simulated model, the four fuzzy logic rule solvers

denoted by C1, C2, C3 and C4 respectively. C1 and C3

namely IBPA, FA, CA and LGA are taken for four

performance pointer values of financial assessment

strategic objectives - Internal Business assessments,

are calculated in percentages and C2 and C4

Financial assessments, Customer assessments and

performance pointer values of financial assessment

Learning & Growth assessments respectively. Each

are calculated in time. The performance pointers of

fuzzy logic rule solver gets input from the Mux with

learning and growth assessment are denoted by D1,

four in and one out, which is further connected to four

D2, D3 and D4 respectively. All the performance

input variables. The fuzzy optimization fuzzy logic rule

pointer values of learning and growth assessment are

solver takes input from four strategic objectives

calculated in percentage values. For standardizing all

through Mux and the output is connected to the

the values of the performance pointer, we are

display.

providing the fuzzy numbers (0.3, 0.5, 0.7, and 0.9).
The lowest values over four years carries 0.3 and the

III. Strategic objectives and constraints

highest value over four years carries 0.9 and 0.5 and

The Multi-Criteria Decision Making analysis suggests

0.7 fuzzy numbers given to the second and third

that we can assess an organisation from four strategic

highest respectively [5,6]. The value shows that all the

objectives -Learning & Growth assessments, Internal

variables follow random distribution making it very

Business assessments, Customer assessments and

difficult to understand the overall improvement of the

Financial assessments [9]. For each strategic objective,

Internal Business Process Assessments. Table 1, 2, 3

four main performance pointers are developed using

and 4 show the values of all performance pointers of

decision makers [10]. In this measurement system,

strategic objectives and their fuzzy numbers. The

decision makers play a vital role to assess the

Multi-criteria Decision making fuzzy Analysis is

organisation's efficiency. The strategic objectives for

designed in the MATLAB software. The membership

the analysis are developed for Tuticorin port

functions are designed in the software for all

organisation based on the organisation's strategy.

performance pointers of strategic objectives. A

Tuticorin port organisation has focus on its long term

simulated model is designed in the MATLAB software

financial viability. Since Tuticorin Port organisation is a

with the entire variable to verify the analysis. Figure 2

public sector organisation, profitability and short term

shows the simulated model of performance

financial results are not a major concern for the

measurement system design. The simulated model

organisation [11,12]. By keeping in focus the

consists of four components - variable input, mux with

organisation's long term financial viability, we

four in and one out, fuzzy logic rule solver and display

chooseoperating revenues to assets ratio, current

screen. The variable input components are used to

ratio, inventory turnover and operating expense to

provide the variable data to the model. The mux with

revenue ratio as financial assessment performance

four in and one out are used to combine the input and

pointers. Tuticorin Port organisation's main role is
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being a service provider for ship trading;customer

as the performance pointers for internal business

assessments are a greater focus on the strategic

process assessment. Last but not the least, growth of

objectives. In this context, the ship satisfaction index,

the organisation is one of its important strategic

average anchorage time, percentages of cargo

objectives. The growth of the organisation directly

operation and average time of cargo operation are

depends on the workers' ability and utilisation of new

taken as performance pointers for customer

technology. By focusing on the above objective, we

assessments. For providing better quality services and

have choosen a budget allotted for new technology,

smooth running of the organisation, internal business

resource allocation for information technology,

process should be well monitored; this is one of the

workers who have attended training sessions and

strategic objectives of service sector organisations. By

conferences as performance pointers for learning and

focusing on the objective, we have choosen employee

growth assessment. In our work, we measured the

satisfaction index, employee retention index,

performance pointers on a yearly basis from 2012 to

employee absenteeism index andberth occupied ratio

2015.

Figure 2: Simulated Model of Performance Measurement System

IV. Case Study- Tuticorin Port Trust

second all-weather port [13, 14]. Tuticorin Port's traffic

Tuticorin Port is one of the 12 major ports in India. It

handling has crossed 10 million tons and is growing at

was declared to be a major port on 11 July 1974. It is

the rate of 12.08 per cent. The inner harbour consists

the second-largest port in Tamil Nadu and the fourth-

of 14 berths including 2 container and 3 coal and oil

largest container terminal in India. It is an artificial port

jetties [15].

and the third international port in Tamil Nadu; it's the
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Table 1: Internal Business Process Assessments
Performance pointer

2012

2013

2014

2015

Value

Fuzzy no

Value

Fuzzy no

Value

Fuzzy no

Value

Fuzzy no

A1

Employee satisfaction index

65%

0.5

71%

0.9

70%

0.7

71%

0.9

A2

Employee absenteeism index

3%

0.7

4%

0.5

3%

0.7

7%

0.3

A3

Surplus inventory

5%

0.3

3%

0.7

4%

0.5

3%

0.7

A4

Berth occupied ratio

84%

0.9

80%

0.3

82%

0.5

83%

0.7

Table 2: Financial Assessments
Performance pointer

2012

2013

2014

2015

Value

Fuzzy no

Value

Fuzzy no

Value

Fuzzy no

Value

Fuzzy no

B1

Operating revenues to assets ratio

0.62

0.3

0.63

0.5

0.65

0.9

0.64

0.7

B2

Current ratio

0.69

0.7

0.68

0.5

0.66

0.3

0.64

0.9

B3

Inventory turnover

20.

0.9

19.8

0.7

18.8

0.3

19.5

0.5

B4

Operating expense to revenue ratio

0.256

0.7

0.24

0.3

0.251

0.5

0.253

0.9

Table 3: Customer Assessments
Performance pointer
C1
C2
C3
C4

Ship satisfaction index
Average anchorage time
Percentages of cargo
operation
Average time of cargo
operation

2012
Value
55%
2hrs
5%

Fuzzy no
0.5
0.5
0.5

2013
Value
59%
2hrs
6%

Fuzzy no
0.7
0.5
0.7

2014
Value
60%
1hr
8%

Fuzzy no
0.7
0.9
0.9

2015
Value
65%
1.5 hr
8%

Fuzzy no
0.9
0.7
0.9

4day

0.5

5day

0.7

6day

0.9

5day

0.7

Table 4: Learning and Growth Assessments
Performance pointer

2012

2013

2014

2015

Value

Fuzzy no

Value

Fuzzy no

Value

Fuzzy no

Value

Fuzzy no

D1

Budget allotted for new
technology in %

25%

0.5

25%

0.5

35%

0.9

30%

0.7

D2

Resource allocation for
information technology in %

15%

0.7

20%

0.9

12%

0.3

14%

0.5

D3

Workers trained in %

35%

0.7

40%

0.9

32%

0.3

33%

0.5

D4

Workers who have a ttended
conferences in %

72%

0.3

84%

0.7

85%

0.7

87%

0.9
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Table 5: Final Fuzzy Score

S.No

Year

Fuzzy score

1

2012

0.5000

2

2013

0.8320

3

2014

0.8333

4

2015

0.8329

V. Conclusions
The proposed strategy performance measurement
system using Multi-criteria Decision making fuzzy logic
analysisdesign takes into account distinguished
characteristicssuch as less competition, social
character of organisations, more focus on fulfilling its
mission, and to achieve longterm finanicial results,
which is the main strategic objective of the public
sector. The proposed methodologyis applied in the

The values of performance pointers of all the strategic

current work for a port organisation, mainly because

objectives are entered in the variable input for the

the Tuticorin Port Trust has no earlier experience

particular year and the final fuzzy score is taken from

withstrategic performance management tools. Based

the display screen [16, 17]. Similarly for all years, final

on presented data, there is significant improvement in

fuzzy scores' value scores are taken. Table 5 shows the

Tuticorin Port's strategy performance from 2012 to

final fuzzy score values for all the years under

2013even though it isslightly lower in the last year,

assessment from 2012 to 2015. The result shows that

2015. This proposed strategy performance

the strategic performance of the organisation has

measurement system can be used for any profitable

significantly improved from 2012 to 2014. There is very

and non-profitable organisations like schools, colleges,

high improvement from 2012 to 2013; this is because

universities and hospitals with slight modifications in

of the organisation focussing on infrastructure

the rules and performance pointers. However, the

development. However, in 2015, there is a slight

proposed design mainly depends on the decision

reduction in the organisation's performance.

makers' opinion about the analysis; this can be
overcome by having more decision makers.
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