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Optimality solution of interval linear programing problem 
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Assistant Professor, 
Department of Mathematics, 
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Tamil Nadu 

Abstract 
The interval linear programming (lvlLP) is a method for decision making under uncertainty.Determining the optimal solutions of a linear program withinterval data is one of 

the main problems. In this aspect, this paper considers optimal solutions of interval linear 
programming problems. Also necessary and sufficient conditions for checking optimality are 
developed. Also, the features of the proposed methods are illustrated by some examples. 

Key words: Interval linear programming, Weak feasible solution Weak optimal Solution, 
Strong feasible solution, Strong optimal solution. 

1 Introduction 

The interval linear programming (lvLP) problems have been inmvestigated by many authors. 

see e.g.[1-10], among others. Rohn investigated strong solvability oflvLP[1]. Steuer. 

Ishibuchi and Tanaka, and Hladík discussed the linear programming(LP) problems with 

interval objective function coefficients. For this special case, Steuer[6] presented three 

algorithms to compute all weak optimal solutions; Hladík proposed some polynomial time 

algorithms to check weak optimality of a given feasible solution[4]. LiandLuoetal.discussed 
another special case: interval right-hand side linear program. Some necessary and sufficient 

conditions for checking weak optimality of given feasible solutions have been developed [9]. 

M.Soleimani-Damaneh[10]developed some methods to check some kinds of optimal 
solutions and strong optimal solutions, where only the cost vector c is considered in the case. 

Nevertheless, thereareonlyfewresultsontheissueofoptimalsolutionsforageneralIvLP,i.e., wheret 
heobjectivecostvector, thecoefficientmatrixandtheright- 
handvectorareallintervalvectorsorintervalmatrices.Inthispaper,discusssomenewconceptsofopti 

malsolutionsof 
LP.Somenecessaryandsufficientconditionsforcheckingtheoptimalityarealsodeveloped. 

Let us introduce some notation. An interval matrix is defined as 

A = A. A=heR: A s AS } where A. Ae R and AsA 

l A = la) and A = ay then A is the set of matrices A = (a,) such that for all i andj 

Say S aj. 

Ased by: Department of Mathematics (Un Aided), Sadakathullah Appa College Org 
Autonomous), Tirunelveli - 627011, Tamilnadu 
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Abstract 

 Barium formate dihydrate were synthesized via chemical route method and grown by 
slow evaporation technique. The grown crystal was characterized by powder x-ray 
diffraction, fourier transform infrared spectroscopy, UV-visible spectroscopy and dielectric 
measurements. The powder x-ray data were indexed and the lattice constants were 
determined. UV-visible spectrum of the barium formate dihydrate crystal showed the higher 
transparency in the entire visible region.  The optical energy band gap was determined using 
Tauc plot.  
Introduction 

The development of highly efficient nonlinear optical methods for opto-electronic 
applications such as high speed information processing, optical modulators and frequency 
doubling devices have been the subject of intense research activity over the past three 
decades. The investigations on materials with large second order nonlinear optical 
applications are very much emphasized in view of the role played by them in the frequency 
conversion process1-2.Crystals of formates such as strontium formate, lithium formate, 
cadmium formate etc., shows strong non linearity comparable to that of the best nonlinear 
materials used for efficient frequency doubling of Nd: YAG laser and for the phase matched 
SHG of ruby laser. Single crystals of formates can be grown to the required size of few 
centimeters with high level of purity and perfection; required for many optical property 
studies. In the present study, the barium formate dihydrate crystal were synthesised and 
grown by slow evaporation technique. The grown crystals were characterized in order to 
understand the structural and optical properties. 
Experiment 

Barium carbonate and formic acid were used for the synthesis of barium formate 
dihydrate. Deionized water was used for the growth of crystals. All the chemicals used were 
analar grade supplied by Merck and Hi- media. The mixed solution of concentrated formic 
acid with doubly distilled water was kept in a constant temperature bath at 40°C for half an 
hour to warm. Then the required amount of Barium carbonate was added to the solution in 
small portion so that forming is not excessive. The solution was stirred continuously with a 
magnetic stirrer till all the carbonate has dissolved and bubbles of carbon dioxide were 
ceased. The procedure for synthesis of barium formate dihydrate has been understood with 
the following reaction,   
                 BaCO3 + 3 HCOOH   →   Ba(HCOO)2 . 2H2O + 2CO2  ↑ 
The solution thus obtained was filtered and transferred to 100mL beakers and sealed. The 
sealed beaker containing the solution was kept in a constant temperature bath at 35°C and 
allowed to evaporate slowly. Seed crystals of barium formate dihydrate were formed in two 
to three days time. Then the bulk crystals of barium formate dihydrate were grown by 
preparing saturated solution and kept in a constant temperature bath with an accuracy of ± 
0.1°C. The temperature of the path was maintained at constant throughout the growth 
process. The maximum size with good morphological crystal was collected and the 
photograph of the grown crystal is presented in figure 1.  
Result and discussion 
Powder  X – Ray Diffraction Analysis 

The grown crystals of  barium  formate dihydrate were grinded and the powder X –
Ray diffraction patterns were recorded in the range of 10 - 80°. 



Figure 1: Photograph of barium formate dihydrate 
crystal 

Figure 2: Indexed XRD pattern of 
barium formate dihydrate crystal

Figure 3:  (a) Absorption spectrum (b) Tauc plot of 
barium formate dihydrate crystals 

optical spectrum of barium formate dihydrate crystal show that the maximum transparency in 
the entire visible region.  The cut of wavelength of barium formate dihydrate crystals is 

pattern of the barium formate dihydrate crystal was indexed
determined by considering high reflection
showing that the material of the gr
spectrum of the barium formate dihydrate crystals revealed that the minimum absorption in 
the entire visible region. The energy band 
measured and it is found to be 5.47eV. 

References 
1. Singh S., Bonner W.A.; Photo powicz J.R. and van uitert
292. 
2. Bats .J.W; Fuers H : Acta, cryst; 13 (1980) 1940
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Figure 1: Photograph of barium formate dihydrate 

of 
barium formate dihydrate crystal 

Figure 3:  (a) Absorption spectrum (b) Tauc plot of 

Figure 2 shows the powder XRD pattern of barium 
formate dihydrate crystal. Barium formate dihydrate 
crystals belongs to orthorhombic structure with s
group P212121. The obtained XRD pattern were indexed 
and compared with the JCPDS data [15-0905]. Also t
lattice parameters were determined using high 
reflections. The lattice constant of barium formate 

dihydrate crystal is found to be a = 6.834 

and c = 7.725 Å.  The lattice volume of the barium 
formate dihydrate crystal is 467.896 Å3 
good agreement with the JCPDS value.  Hence the 
grown crystals are pure barium formate dihydrate
UV-Visible Analysis 

 The optical absorption measurements were 
performed in the wavelength range of 200
UV – Vis absorption spectra of barium formate 
dihydrate single crystal is shown in figure 3.

optical spectrum of barium formate dihydrate crystal show that the maximum transparency in 
the entire visible region.  The cut of wavelength of barium formate dihydrate crystals is 

217nm.   The optical energy band gap is determined by 
translating the spectra into Tauc’s plot.  Figure 4 
shows the Tauc’s plot for barium formate dihydrate 

crystals. 
The plot of the product of absorption coefficient and 
photon energy (αhυ)2 versus the photon energy (hυ) at 
room temperature shows a linear behavior, which can 
be considered as an evidence for direct transition. 
Extrapolation of the linear portion of this 
point (αhυ)2 = 0 gives the optical energy band gap E
for the barium formate dihydrate crystals and which is 
found to be  5.4724 eV. 
CONCLUSION 
Single crystals of barium formate dihydrate crystals 
were grown by slow evaporation technique. 
crystals were characterized by powder x-ray diffraction 
and UV- visible spectroscopy. The powder x

dihydrate crystal was indexed and the lattice parameters were 
by considering high reflection which is agrees very well with the JCPDS file 

showing that the material of the grown crystal is barium formate dihydrate. The absorption 
spectrum of the barium formate dihydrate crystals revealed that the minimum absorption in 
the entire visible region. The energy band gap of barium formate dihydrate crystals were 
measured and it is found to be 5.47eV.  
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Bats .J.W; Fuers H : Acta, cryst; 13 (1980) 1940 
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pure barium formate dihydrate.  

The optical absorption measurements were 
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Transition in Female Characters : A Comparative Study of Kamala Markanday's Nectar in a Sieve and Anita Nair's Ladies Coupe Subashini. A' and Dr. Kanna Muthiah Feminism is a collection of movements and ideologies aimed at defining,establishing and defending equal political, economic and social rights for women. The word "feminism" has been used during the mid-19th century as a synonym for feminity". It was first used to describe a political movement in 1894. Feminist theory, which emerged from feminist movements, aims to understand the native of gender inequality by examining women's social roles and lived experience. It has developed theories in a variety of discipline in order to respond the issues such as the social construction of sex and gender. 
Postcolonial feminist literature has been always depicting the role of women 

and her economic (in) dependence without violating the layers of traditions and 
religions. Kamala Markandaya and Anita Nair, the famous women writers belongs to 
the different era has beautifully depicted the female protagonist facing the problems 
inside the family and the society for their (in) dependence with their inner conflicts 
This paper focuses on the changes or transition took place in the portrayal of women 

characters according to the political, economical, social and cultural changes. 

Rukmani, the protagonist of the novel Nectar in a Sieve, by Kamala Markandaya, 

is a girl belongs to the well-to-do family. She witnessed the grand marriage ceremonies 

of her two elder sisters. Eventually she dreamt over her marriage should be happened 

like this. Unfortunately her father was not able to arrange the grand ceremony. And 

she became a wife to a poor farmer Nathan. Here the girl accepted the reality though 
she dreaming over the rich bride groom and grand marriage. " I can see quite clearly; 

the veil is rent and for a few second I see blue skies and tender trees, then it closes on 

me again and once more I am back in a world of my own"(6) said Rukmani shows that 

she adopted the situation and ready to lead their life against her expectation. 

Akhila, the protagonist of the novel Ladies Coupe by Anita Nair, is a spinster 

of 45, years old income tax clerk. After the death of her father she becomes the 

breadwinner or the family. She has played the role of the daughter, the sister, the aunt 

and the provider of the family. After getting ajob from the income tax department, 
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