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                       AP/HST/305/SEC-1 (P)  

                        AH/HST/304 SEC- 1 (H) 
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KHATRA ADIBASI MAHAVIDYALAYA 

DEPARTMENT OF  HISTORY 

  
 Date:21.02.2023 

To 

The Principal 

Khatra Adibasi Mahavidyalaya 

Khatra, Bankura, West Bengal 

Subject: Request for Permission to Conduct Educational Tour at Bishnupur,Bankura Exploring 

Temple Architecture of Bishnupur and visit Acharya Jogesh Chandra Purakriti Bhaban 

(District Museum) Bishnupur, Bankura, West Bengal on 05.03.2023  . 

Respected Sir/Madam, 

I am writing to request your permission to conduct an educational tour for the students of  

4th and 6th Semester Students  

SYLLABUS TO BE COVERED - IV SEM HONS-UG/HIST/405 SEC-2: Understanding 

Popular Culture IV SEM PROGRAMME- AP/HST/405/SEC- 2:Museum & Archives in India. 

VI SEM HONS-UG/HIST/602 C-14: History of South-West Bengal (1740-1947) VI SEM 

PROGRAMMEE-APHST/601DSE- 1B/History of South-West Bengal (1740-1947) 

to Bishnupur, Bankura, on 05.03.2023. This tour aims to provide students with a unique 
learning experience outside the classroom. 

Objectives of the tour: 

 Exploration of Bishnupur's Temple Architecture: Bishnupur is renowned for its 
terracotta temples, known for their unique architectural style. A guided tour of these 
temples will offer valuable insights into the region's art, history, and culture. 

 Visit to Acharya Jogesh Chandra Purakriti Bhaban (District Museum): This 
museum houses a rich collection of artifacts showcasing the cultural heritage of 
Bishnupur and its surrounding areas. A visit here will enrich students' understanding 
of the past and foster a deeper appreciation for their heritage. 



 

KHATRA ADIBASI MAHAVIDYALAYA 

DEPARTMENT OF  HISTORY 

  
 Date:21.02.2023 

 

Tour details: 

 Date: 05.03.2023 
 Location: Bishnupur, Bankura, West Bengal 
   Participants: Students of 4th and 6th Semester Students  (67 Students) and  

accompanying four  teachers 
 Transportation: Bus 

Safety measures: 

The safety and well-being of the students are our top priorities. We have prepared a 
comprehensive safety plan, which includes: 

 Providing each student with an emergency contact number 
 Carrying a first-aid kit 

Request for permission: 

We kindly request your permission to proceed with this educational tour. We firmly believe 
that this tour will significantly contribute to the students' academic and overall development. 

Thank you for your time and consideration. We eagerly await your approval. 

Sincerely, 

 

 

Dr.Aloke Bhowmik, Assistant Professor and  

HOD, Department of History 

E mail id: hist.aloke@kamv.ac.in  



KHATRA ADIBASI MAHAVIDYALAYA 

DEPARTMENT OF  HISTORY  
 Date:22.02.2023 

To: Dr. Aloke Bhowmik, Assistant Professor and HOD, Department of History 

From: The Principal, Khatra Adibasi Mahavidyalaya 

Subject: Permission for Educational Tour to Bishnupur, Bankura 

Dear Dr. Bhowmik, 

I am pleased to grant permission for the Department of History to conduct an educational tour 
for the students of 4th and 6th semesters to Bishnupur, Bankura, on 5th March 2023. The 
proposed tour aligns with the academic objectives of the mentioned courses and promises to 
provide valuable experiential learning opportunities for the students. 

I acknowledge the well-defined objectives of the tour, including the exploration of Bishnupur's 
unique temple architecture and the visit to the Acharya Jogesh Chandra Purakriti Bhaban 
(District Museum). These experiences are likely to enrich the students' understanding of the 
region's history, art, and culture. 

I appreciate the Department's commitment to student safety, as evidenced by the 
comprehensive safety plan outlined in your proposal. Please ensure that all safety measures are 
meticulously followed during the tour. 

Please submit a detailed report on the tour upon its completion, highlighting the academic 
outcomes and overall impact on the students. 

Wishing you and the students a successful and enriching educational tour. 

With Thanks, 

 

 

 

                                           22.02.2023 

    Dr.Nityananda Patra  

             Principal 

Khatra Adibasi Mahavidyalaya 











































KHATRA ADIBASI MAHAVIDYALAYA 

DEPARTMENT OF  HISTORY 

 

            Certificate of Project Completion:        06.03.2023 

This is to certify that the following students (list attached), a group of students from Semesters 

IV and VI, have successfully completed the workshop/project titled "Educational Tour Report: 

Exploring Temple Architecture of Bishnupur and a Visit to Acharya Jogesh Chandra Purakriti 

Bhaban (District Museum) Bishnupur, Bankura, West Bengal" under the guidance of Dr. Aloke 

Bhowmik, Assistant Professor of History, on March 5, 2023. 

This project work/fieldwork (study tour) has been evaluated and found to meet the 

requirements and standards set by the Department of History. 

We commend these students for their hard work, dedication, and commitment to excellence. 

 

 

Principal's Signature: 06.03.2023 

    

 

 

 

HOD's Signature:        06.03.2023 

 

 

 

Supervisor's Signature:  06.03.2023     



KHATRA ADIBASI MAHAVIDYALAYA 

DEPARTMENT OF  HISTORY 

 
                                                                                                        Date:  19.05.2023 

To                                                                                                     

The Principal 

Khatra Adibasi Mahavidyalaya 

Khatra, Bankura, West Bengal 

Subject: Request for Permission to Conduct Project Work/Field Work 

Respected Sir/Madam, 

I am writing to seek your kind permission to conduct a project work/field work - TWO-DAY 

WORKSHOP ON HANDICRAFTS MAKING (CLAY DOLL MAKING AND CLAY 

POTTERY MAKING) 29TH & 30TH MAY, 2023 as part of the following Semester and 

Course – 

IV SEM HONS-UG/HIST/405 SEC-2: Understanding Popular Culture VI SEM HONS 

UG/HIST/602 C-14: History of South-West Bengal (1740-1947) VI SEM PROGRAMMEE 

APHST/601DSE- 1B/History of South-West Bengal (1740-1947)  

The proposed project/field work involves--Introduction 

This workshop will provide students with crucial hands-on experience to complement their 

theoretical knowledge, fostering cultural awareness and empowering them with valuable skills. 

 



KHATRA ADIBASI MAHAVIDYALAYA 

DEPARTMENT OF  HISTORY 

                                                                                                          Date:  19.05.2023 

 

Day 1 

Students will explore the art of bamboo and clay crafts. A local bamboo artisan will showcase 

the creation of various items, emphasizing the significance of bamboo in rural livelihoods and 

the potential for income generation. Participants will also engage in clay pottery making, 

guided by experts. 

Day 2 

The second day will delve into the art of Bel Mala (wood apple shell garland) creation, allowing 

students to learn about its history, cultural relevance, and economic potential. Simultaneously, 

workshops on clay doll making and Tabla (musical instrument) making will be held, 

highlighting the diversity of traditional crafts. The day will conclude with a pottery session, 

showcasing the historical importance of the potter's wheel and the practical applications of 

earthenware. 

 

Objectives 

 Provide hands-on experience in traditional crafts to complement theoretical knowledge. 

 Promote cultural awareness and appreciation for local heritage. 

 Empower students with skills that can be used for income generation and cultural 

preservation. 

 Foster creativity and encourage the continuation of traditional art forms. 

 



 

KHATRA ADIBASI MAHAVIDYALAYA 

DEPARTMENT OF  HISTORY 

                                                                                                        Date:  19.05.2023 

Expected Outcomes 

 Students will gain practical skills in various traditional crafts. 

 Cultural awareness and appreciation for local heritage will be enhanced. 

 Students will be empowered with skills for potential income generation. 

 Creativity and interest in traditional art forms will be fostered. 

ConclusionThis Two-Day Handicrafts Workshop at Khatra Adibasi Mahavidyalaya promises 

to be a valuable experience for students, enriching their education and contributing to the 

preservation of cultural heritage. The Department of History is committed to organizing 

initiatives that benefit the community and promote the holistic development of students. 

I intend to carry out this work between 29.05.2023and 30.05.2023 for the students. The specific 

locations/sites involved in this study is Khatra Adibasi Mahavidyalaya Campus 

I assure you that I will adhere to all the guidelines and regulations of the college during this 

project/field work. I will also ensure that this work will not disrupt the regular activities of the 

college or the locations/sites involved. 

 

I kindly request you to grant me the necessary permission to undertake this project/field work. 

I am confident that this experience will significantly contribute to the academic and 

professional growth of the students. 

 

 



KHATRA ADIBASI MAHAVIDYALAYA 

DEPARTMENT OF  HISTORY 

                                                                                                        Date:  19.05.2023 

Thank you for considering my request. I look forward to your positive response. 

Yours sincerely, 

 

 

Dr. Aloke Bhowmik 

Assistant Professor and Head of the Department  

Department of History 

Email: hist.aloke@kamv.ac.in  

18.05.2023 

NOTE: The proposal is approved. The department is requested to proceed with organizing 

the workshop. The Head of Department (HOD) is requested to coordinate with the Internal 

QualityAssurance Cell (IQAC) of the college and to engage students and teachers from the 

colleges under the Memorandum of Understanding (MOU) with Khatra Adibasi 

Mahavidyalaya. 

 

 

 

Principal's Signature: 19.05.2023 

 

 



KHATRA ADIBASI MAHAVIDYALAYA, DEPARTMENT OF HISTORY
TWO DAY WORKSHOP ON HANDICRAFTS MAKING, DATE 29TH AND 

30TH MAY 2023
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INTRODUCTION 

 

Assignment problem Plays a major role in our real life. Problems related to assignment arise 

in a range of fields, for example healthcare transportation, education, sports e.t.c. 

 An assignment problem is a special type of linear programming problem where the objective 

is to minimize the cost or time of completing a number of jobs by a number of persons. One 

of the important characteristicsof assignment problem is that only one job (or worker) is 

assigned to one machine (or project). 

This method was developed by D. Koning, a Hungarian mathematician and is therefore 

known as the Hungarian method of assignment problem. In order to use this method, one 

needs to know only the cost of making all the possible assignments. Each assignment 

problem has a Matrix (table) associated with it. Normally, the objects (or people) one wishes 

to assignare expressed in rows, where as the columns represent the tasks (or things) assigned 

to them. 

HISTORY 

 Simpler and more efficient method (known as Hungarian Method) was developed and 

published in 1955 by Harlod William Khun, who gave the name “Hungarian Method” 

because the algorithm was largely based on the earlier works of two Hungarian 

mathematicians: D. Konig and J. Eger vary. 

SIGNIFICANCE OF THE STUDY 

The assignment problem refers to the analysis on how to assign objects to objects in the 

best possible way (optimal way). 

The assignment signifies underlying combinatorial structure, while the objective function 

reflects the desires to be optimized as much as possible. The essential characteristics of the 

assignment problem is that n resources are to be assigned to n activities such that each 

resource is allocated to each activity and each activity is performed by one resourceonly. 

The allocation is to be done in such a way that the resultant effectiveness will be maximized.  

Matrix form of assignment problem 

 The assignment problem can be stated that in the form of 𝑚 × 𝑛 

matrix 𝐶𝑖𝑗  called a Cost Matrix (or) Effectiveness Matrix where 𝐶𝑖𝑗  is 

the cost of assigning 𝑖𝑡ℎ machine to 𝑗𝑡ℎ. 

[
𝐶11 ⋯ 𝐶1𝑛

⋮ ⋱ ⋮
𝐶𝑚1 ⋯ 𝐶𝑚𝑛

] 



 

MATHEMATICAL FORMULATION OF AN ASSIGNMENT PROBLEM : 

Consider an assignment problem of assigning n jobs to n machines (one job to one 

machine). Let 𝐶𝑖𝑗be the unit cost of assigning ith machine to the jth job and ,ith machine to 

jth job. 

Let xij= 1 , if jth job is assigned to ith machine. 

xij= 0 , if jth job is not assigned to ith machine. 

 
Minimize Z =∑𝑛

𝑖=1 ∑ 𝑐𝑖𝑗  
𝑛
𝑗=1 𝑋𝑖𝑗 

subject to the constraints 

∑ 𝑋𝑖𝑗
𝑛
𝑖=1  =1 , j= 1,2,3,4,….., n  

 

∑ 𝑋𝑖𝑗
𝑛
𝑗=1  =1, I = 1,2, 3, ..,n  

xij = 0 or 1. 

 
ASSIGMENT ALGORITHM (OR) HUNGARIAN 

METHOD 

First check whether the number of rows is equal to number ofcolumns, if it is so, the 

assignment problem is said to be balanced.Then proceed to step 1. If it is not balanced, then 

it should be balanced before applying the algorithm. 

 

Step 1: Subtract the smallest cost element of each row from all theelements in the row of the 

given cost matrix. See that each row contains at least one zero. 

 

Step 2: Subtract the smallest cost element of each column from allthe elements in the 

column of the resulting cost matrix obtained bystep 1 and make sure each column contains at 

least one zero. 

 

Step 3: (Assigning the zeros) 

(a) Examine the rows successively until a row with exactly one unmarked zero is found. 

Make an assignment to this single unmarked zero by encircling it. Cross all other zeros in the 

column of this encircled zero, as these will not be considered for any future assignment. 

Continue in this way until all the rows have been examined. 

(b) Examine the columns successively until a column with exactly one unmarked zero is 

found. Make an assignment to this single unmarked zero by encircling it and cross any other 

zero in its row. Continue until all the columns have been examined. 

 

Step 4: (Apply Optimal Test) 

(a) If each row and each column contain exactly one encircled zero,then the current 

assignment is optimal. 



(b) If atleast one row or column is without an assignment (i.e., if there is atleast one row or 

column is without one encircled zero), then the current assignment is not optimal. Go to step 

5. Subtract the smallest cost element of each column from all the elements in the column of 

the resulting cost matrix obtained by step 1 and make sure each column contains atleast one 

zero. 

 

Step 5: Cover all the zeros by drawing a minimum number of straight lines as follows: 

(a) Mark the rows that do not have assignment. 

(b) Mark the columns (not already marked) that have zeros in markedrows. 

(c) Mark the rows (not already marked) that have assignments inmarked columns. 

(d) Repeat (b) and (c) until no more marking is required. 

(e) Draw lines through all unmarked rows and marked columns. If the number of these lines 

is equal to the order of the matrix, then it is anoptimum solution otherwise not. 

Step 6: Determine the smallest cost element not covered by thestraight lines. Subtract this 

smallest cost element from all theuncovered elements and add this to all those elements 

which are lyingin the intersection of these straight lines and do not change theremaining 

elements which lie on the straight lines. 

 

Step 7: Repeat steps (1) to (6), until an optimum assignment isobtained. 

 
VARIATION IN ASSIGNMENT PROBLEM 

 
The structure of the assignment problem may be extended in the following cases. 

 

1. MAXIMIZATION PROBLEM: In some situations the assignment problem may call 

for maximization of profit, revenue etc. as the objective. For dealing with such 

problems, we first change it into an equivalent minimization Problem. This is achieved 

by subtracting each of the elements of the given pay-off matrix from a constant value 

(say K) usually the larges of all values in the given matrix is located and them each 

one of the values is Subtracted from it such as  

3 9 

  6 4 
 

6 0 

3 5 
 

Here the largest element is 9. The operation is Performed as stated and we get the modified 

cost matrix. 

 Then the problem is solved the same way as the minimization problem. 

ii) Unbalanced problem: If number of rows ≠Number of columns, then the problem will 

be unbalanced problem and in this case we adda fictitious row or column, which ever has 

deficiency with zero cost. 



 

(III) Negative cost: If the cost matrixcontain some negative cost then we add to each 

element of the row or column. a quantity, sufficient to make all the cell- elements non-

negative. 

Then we proceed with the usual assignment algorithm. 

iv) Impossible assignment (vacant cell): If some assignment be Impossible, that is,  

if some job cannot be performed by some particular facility, then we avoid this effectively by 

putting a large cast in that cell which prevents that particular assignment from being effective 

in the optimal solution. 

Note: -An assignment problem may have morethan one solution having the same minimum 

cost . 

Example of Assignment problem 

Problem 1:   Solve the following assignment problem shown in Table using Hungarian 

method. The matrix entries are processing time of each man in hours. 

                              I        ii       iii    iv      v  

                            

[
 
 
 
 
20 15 18 20 25
18 20 12 14 15
21 23 25 27 25
17 18 21 23 20
18 18 16 19 20]

 
 
 
 

 

 

Solution: The given problem is balanced with 5 job and 5 men 

                               

             A =    

[
 
 
 
 
20 15 18 20 25
18 20 12 14 15
21 23 25 27 25
17 18 21 23 20
18 18 16 19 20]

 
 
 
 

    

 

   Subtract the smallest cost element of each row from all the elements in the row of the given 

cost matrix. See that each row contains at least one zero. 

 

                   A = 

[
 
 
 
 
5 0 3 5 10
6 8 0 2 3
0 2 4 6 4
0 1 4 6 3
2 2 0 3 4 ]

 
 
 
 

 



Subtract the smallest cost element of each column from all the elements in the column of the 

given cost matrix. See that each column contains at least one zero. 

                                           A = 

[
 
 
 
 
5 0 3 3 7
6 8 0 0 0
0 2 4 4 1
0 1 4 4 0
2 2 0 1 1]

 
 
 
 

 

Assigning the zeros, we have the following A= 

 

 

                                           A = 

[
 
 
 
 
 
5 0 3 3 7

6 8 ∅ 0 ∅

0 2 4 4 1

∅ 1 4 4 0

2 2 0 1 1 ]
 
 
 
 
 

 

Since each row and each column contain exactly one encircled zero, then the current 

assignment is optimal. 

Where the optimal assignment is as 1 to II, 2 to IV, 3 to I, 4 to V and 5 to III . 

The optimal   z = 15+14+21+20+16 = 86 hours. 

 

Problem 2 :   The personal manager of ABC company wants to assign Mr. X, 

Mr.Y and Mr.Z to regional offices as per the assignment table given below. But 

the form also has an opening in its Chennai offices and would send one of the 

three to that branch if it were more economical than a move to Delhi, Mumbai or 

Kolkata. It will cost Rs. 2000 to relocate Mr. X to Chennai, Rs 1600 to relocate 

Mr. Y there, and Rs 3000 to Mr. Z. what is the optimum assignment of personnel 

to offices? 

Hiree                         
Office 

Delhi Mumbai Kolkata  

Mr.X  1600 2200 2400 

Mr.y 1000 3200 2600 

Mr.Z  1000 2000 4600 

 

Solution: The given problem is an unbalanced assignment problem as the cost table has 

one more column to represent Chennai. To balance the problem, add a dummy row (person. 

Say Mr. W) with a zero-relocation cost to each city. Revised cost matrix is shown in Table 1.  

          



Hiree            
   Office 

Delhi 

Mumbai 

Kolkata Chennai 

Mr .X 1600 2200 2400 2000 

Mr. Y 1000 3200 2600 1600 

Mr  .Z 1000 2000 4600 3000 

Mr.W 0 0 0 0 

                                                           Table – 1 

Now we apply Hungarian method to solve this balanced assignment problem. Subtract 

smallest number in each row columb subtraction will give the same numbers and therefore it 

is not necessary. This is shown in table -2 

 

Hiree                
Office

 Delhi Mumbai Kolkata Chennai 

Mr.X 0 600 800 400 

Mr.Y 0 2200 1600 600 

Mr.Z 0 1000 3600 2000 

Mr.W 0 0 0 0 

 

                                                           Table – 2 

Now we draw minimum number of horizontal and vertical lines in table -2 to cover all zeros. 

this is done by drawing a horizontal line through the fourth row and a vertical line through 

the first column. Since the number of lines =2 ≠order of cost matrix (4), so optimality is not 

reached. To improve the cost matrix, subtract smallest uncovered number 400 from all 

uncovered elements and add it to the element where two lines intersect. This is shown in 

table -3. 

 

Hiree                
Office

 Delhi Mumbai Kolkata Chennai 

Mr.X 0 200 400 0 

Mr.Y 0 1800 1200 200 

Mr.Z 0 600 3200 1600 

Mr.W 400 0 0 0 

 

 

                                                             Table – 3 

Again, we draw minimum number of horizontal and vertical lines to cover all zeros in table 

3. Since the number of lines =3 ≠order of the cost matrix (4), optimal condition is not 

reached. To improve this cost matrix, subtract uncovered number 200 from all uncovered 

elements and add it to the elements where to lines intersect. this revised table is shown in 

table- 4 below. 

 

 



Hiree                
Office

 Delhi Mumbai Kolkata Chennai 

Mr.X 200 200 400 0 

Mr.Y 0 1600 1000 0 

Mr.Z 0 400 3000 1400 

Mr.W 600 0 0 0 

                                                                Table – 4 

In Table -4, we see that minimum number of lines =3 ≠ order of cost matrix. Thus, optimal 

condition is not reached. Again, we have to improve the cost matrix by subtracting the 

smallest uncovered number 200 following the rule as done in table-2 and Table-3 . The 

revised matrix is shown in Table-5 below. 

Hiree                
Office

 Delhi Mumbai Kolkata Chennai 

Mr.X 200 0  200 ∅ 

Mr.Y ∅ 1400 800 
0  

Mr.Z 
0  200 2800 1400 

Mr.W 800 ∅ 
0  200 

          

                                                                                                                          Table – 5 

In Table -5, we draw minimum number of lines to cover all zeros. It is seen that the number 

of lines=4=order of cost matrix .Hence, optimal condition is reached at this stage. 

Assignments are done to the elements having zero cost.  

Optimal assignments are 

                                Mr. X→ Mumbai 

                                Mr. Y→ Chennai 

                                Mr. Z→ Delhi 

Minimum cost = Rs. (2200+1600+1000) = Rs. 4800 

Problem 3:-   Five different machines can do any of the five required jobs, with different 

profits resulting from each assignment as shown below : 

 Aa 

Job               
Machine

 A B C D E 

1 30 37 40 28 40 

2 40 24 27 21 36 

3 40 32 33 30 35 

4 25 38 40 36 36 

5 29 62 41 34 39 



SOLUTION: - The given problem is a maximization assignment problem. The profit matrix 

is converted into relative loss matrix as shown in the following Table-1 by subtracting each 

element from the largest element 62. 

[
⋯

⋮ ⋱ ⋮
⋯

]K.BARATHI,SCSVMV. 

Job               
Machine

 A B C D E 

1 32 25 22 34 22 

2 22 38 35 41 26 

3 22 30 29 32 27 

4 37 24 22 26 26 

5 33 0 21 28 23 

                                                Table- 1 (Minimization A.P.) 

Now, we apply Hungarian Method to solve the above assignment problem in Table- 1. In 

Table- 1, subtract the minimum element of each row from the elements of that row. Then, the 

revised matrix is shown in Table- 2 below.                  

 

Job               
Machine

 A B C D E 

1 10 3 0 12 0 

2 0 16 13 19 4 

3 0 8 7 10 5 

4 15 2 0 4 4 

5 33 0 21 28 23 

                                                                      Table- 2 

In Table- 2, subtract the minimum element of each column from the elements of that column. 

The reduced matrix is shown in Table- 3 below. 

 

 

 

 

Job               
Machine

 A B C D E 

1 10 3 0 8 0 

2 0 16 13 15 4 

3 0 8 7 6 5 

4 15 2 0 0 4 

5 33 0 21 24 23 



                                                                      Table- 3 

In Table- 3, we draw minimum number of horizontal and vertical lines to cover zeros. We see 

that the number of lines = 4 ≠ order of cost matrix (5). So, optimality condition is not 

reached. We have to improve the cost matrix by subtracting smallest uncovered element 4 

from all the uncovered elements and it to the elements at the intersection of the lines. The 

improve cost matrix is shown in Table- 4 below.  

Job               
Machine

 A B C D E 

1 14 3 0  8 ∅ 

2 ∅ 

 

12 9 11  
0  

3 0  4 3 2 1 

4 19 2 ∅ 
 
0  

4 

5 37 0  21 24 23 

 

In table -4, we draw minimum number of horizontal and vertical lines to cover all zeros. We 

were that the number of lines =5=order of cost matrix. Hence, the condition of optimality is 

reached. To find the optimum assignment, we considered only the zero elements of the 

matrix. the optimum assignment schedule is shown in the Table -4 within square boxes. 

Thus, 

optimal assignments are  

Job 1→C, job 2 →E, JOB 3→ A, Job 4 → D, Job5 → B   

Hence, the maximum profit through optimum assignment  

=40+36+40+36+62=214 

                                                CONCLUSION 

 

The assignment problem is a well-known optimization problem in operations research and 

mathematical optimization. It involves assigning a set of tasks to a set of agents in such a 

way that the overall cost or benefit is minimized or maximized, depending on the objective. 

It is very important to choose the right approaches in solving the problem, so as to obtain an 

optimal or near optimal depending on the complexity of the problem. This research may 

open up different paths associated with real life problems 
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1. Introduction:  

 

Linear programming is a method to achieve the best outcome in a mathematical model 

whose requirements are represented by linear relationship .linear programming is a 

special case of mathematical programming.     

          A transportation problem is (T.P) is a particular type of linear programming 

problem .In which a particular commodity which is stored at different origins is to be 

transported to different destination in such a way that the transportation cost is minimum.   

The problem was formalized by the French mathematician Gaspard Monge in 

1781. In the 1920 A.N Tolstoi was one of the first to study the transportation problem 

mathematically.  

          Frank Lauren Hitchcock (1875-1957) was an American mathematician and 

physicist notable for vector analysis. He formulated the transportation problem in 1941. 

The linear programming formulation of the transportation problem is also known as the 

Hitchcock-Koopmans problem.  

There are many techniques to solve a T.P. and find out its optimal solutions. Some of 

these well-known methods are Row Minimum Method, column  

Minimum Method, North West Corner Method, Vogel’s approximation method etc. In 

this project we will know that how to solve a T.P. by Vogel’s approximation method.  

 In this project we study transportation problem briefly from mathematical perspective 

(especially as a LPP). In Section 2 we establish the mathematical formation of a general 

transportation problem. Then after presenting definition some basic terms in Section 3, 

we discuss the problem of finding optimal solution of a T.P. in form of a flowchart in 

Section 4. Section 5 deals with the discussion on Vogel’s approximation method for 

solving a T.P. Finally in Section 6 we give an overall conclusion of the whole project. 
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2.DEFINITIONS: 

 

2.1 Decision Variables:  

 The variables in the Linear Programming (LP) model of the TP will hold the values for 

the number of units shipped from one source to a destination.  

 The decision variables are:  

𝑋𝑖𝑗= the size of shipment from warehouses i to outlet𝑗,  

 Where 𝑖 = 1,2,3. . . 𝑚 and𝑗 = 1,2,3, . . . 𝑛 .  

This is set of𝑚. 𝑛 variables.   

2.2 Objective Function: 

The objective function contains costs associated with each of the variables. It is a 

minimization problem.   

Consider the shipment from warehouse  i to outlet j. For any i and j, the transportation 

cost per unit 𝐶𝑖𝑗 and the size of the shipment is . Since we assume that the total cost 

function is linear, the total cost of this shipment is given by 𝑐𝑖𝑗𝑥𝑖𝑗 Summing over all i 

and j now yields the overall transportation cost for all warehouse outlet combinations. 

That is, our objective function is:  

min z= ∑𝑚𝑖=1 ∑𝑛𝑗=1 𝑐𝑖𝑗𝑥𝑖𝑗 

2.3 Initial Basic Feasible Solution (I.B.F.S):   

Let us consider a T.P involving m origins and n destinations. Since the sum of origin 

capacities equals the sum of destination requirements, a feasible solution always exists. 

Any feasible solution satisfying 𝑚 + 𝑛 – 1 of the 𝑚 + 𝑛 constraints is a redundant one 

and hence can be deleted. This also means that a feasible solution to a T.P can have at the 
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most only 𝑚 + 𝑛 – 1 strictly positive component, otherwise the solution will degenerate. 

It is always possible to assign an initial feasible solution to a T.P. in such a manner that 

the rim requirements are satisfied. This can be achieved either by inspection or by 

following some simple rules. We begin by imagining that the transportation table is blank 

i.e. initially all 𝑥𝑖𝑗= 0. The simplest procedures for initial allocation discussed in the 

following section.  

2.4   Feasible Solution (F.S.):   

A set of non-negative allocations 𝑥𝑖𝑗> 0 which satisfies the row and column restrictions is 

known as feasible solution.  

2.5  Basic Feasible Solution (B.F.S.):  

 A feasible solution to a m-origin and n-destination problem is said to be basic feasible 

solution if the number of positive Allocations are (𝑚 + 𝑛– 1). If the number of allocations 

in a basic feasible solutions are less than (𝑚 + 𝑛– 1), it is called degenerate basic feasible 

solution (DBFS) (Otherwise nondegenerate). 

3.  MATHEMATICAL FORMULATION: 
 

Here our problem is to determine the number of unit’s 𝑥𝑖𝑗 of the commodity which is to 

be transported from the 𝑖𝑡  origins to the 𝑗𝑡  destination in such a  

total transporation cost 𝑖𝑗 is minimum with way that the 

𝑛𝑗 𝑑𝑗    ; 𝑠𝑖, 𝑑𝑗  for balanced TP.  

Obtaining the initial basic feasible solution vector or distribution plan for a balanced 

transport problem is an important task in the field of mathematical programming, with 

the target of attaining closer initial values for more efficient solutions. The aim of the 

study is to present an approximation method that leads to just such better proximityto the 

optimal solution. The study assumes a 𝑚 × 𝑛 balanced transport problem, representing m 

supplies and n demand centers. Classically, the transportation problem is defined as 

follows, where m is the Centre of production (origin) and n is the Centre of consumption 

(destination). 

 

A transportation problem is completely define by a table given below:  
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Taking into consideration the transport table   

𝐶𝑖𝑗(𝑖 = 1,2,3 …𝑚; 𝑗 =1,2,3, … 𝑛) this shows the transportation costs of a unit and 

represents the transportation cost of a commodity taken from origin “𝑖” to destination 

“𝑗”.𝑋𝑖𝑗 shows the number of commodities to be transported from origin “i” to destination 

“j”. Where the total amount of supply is equal to the total amount of demand, this 

transportation problem is called a “balanced transportation problem”; otherwise it is an 

“unbalanced transportation problem.”  

Provided that   

 𝑠𝑖= 𝑑𝑗    ; 𝑠𝑖, 𝑑𝑗≥ 0  

The general expression of classical transportation problem is expressed as  

minz=  

Subject to:  

𝑥𝑖𝑗= 𝑑𝑗 ;𝑗 = 1,2, … 𝑛 

𝑥𝑖𝑗= 𝑠𝑖 ;𝑖 = 1,2, … 𝑚 

𝑥𝑖𝑗≥ 0 ;𝑖 = 1,2, … 𝑚 ;𝑗 = 1,2, … 𝑛 

4. OPTIMAL SOLUTION: 
A feasible solution (not necessarily basic) is said to be optimal if it minimizes the total 

transportation cost.  

Cell: It is a small compartment in the transportation tableau.  
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Circuit: A circuit is a sequence of cells (in the balanced transportation tableau) such that   

(i) It starts and ends with the same cell.   

(ii) Each cell in the sequence can be connected to the next member by a horizontal or 

vertical line in the tableau.  

Allocation: The number of units of items transported from a source to a destination 

which is recorded in a cell in the transportation tableau.   

Basic Variables:The variables in a basic solution whose values are obtained as the 

simultaneous solution of the system of equations that comprise the functional constraints.  

Flow chart solution for the Transportation Problem: 
 

 

Start 

Formulate the  
Transportation Matrix  

Is ∑ 𝑠 𝑖 = ∑ 𝑑 𝑗 ?  

 

 

Add a dummy origin  
from which all shipping  
c osts are zero and  
having capacity  = 
( ∑ 𝑠 𝑖 − ∑ 𝑑 𝑗 )  

Add a dummy  
destinations (or  
column) for which  
all shipping cost  
are zero and have  

 ∑ 𝑠 𝑖 > ∑ 𝑑 𝑗  ∑ 𝑑 𝑗 > ∑ 𝑠 𝑖  
No  No  

Find initial  
solution  

Yes  

∑ 𝑠 𝑖 = ∑ 𝑑 𝑗  

Test  for  
optimality ?  

Find  

• Total cost  
• Shipping  

quantities  
in each  
route  

END  

Revise Solution  

Optimal  

Not optimal  
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5. Methodology and Discussion  
This chapter reviews the proposed solution methodology and approach for handling 

transportation problem in Guinness Ghana Ltd. The transportation problem seeks to 

minimize the total shipping costs of transporting goods from m origins (each with a 

supply𝑠𝑖) to n destinations (each with a demand 𝑑𝑗), when the unit shipping cost from an 

origin, i, to a destination, j is 𝑐𝑖𝑗.  

5.1 Determination of an Initial Basic Feasible Solution (IBFS) 

So far we have discussed some fundamental properties of a transportation problem which 

will help in solving a T.P .Now, we want to determine an initial basic feasible solution 

(IBFS) of a balanced T.P and from this we proceed to find another basic feasible 

solution(BFS)which will give the minimum transportation cost .In this case, the 

corresponding B.F.S . is called an optimal solution of the balanced T.P. 

The Methods  of obtaining an I.B.F.S. of a balanced Transportation problem are  

(i)North-West Corner Method 

(ii)Matrix Minima Method 

(iii)Vogel’s Approximation Method(VAM) 

By each of these methods , we can obtain a basic feasible solution with at most (m+n-

1) positive allocations completely satisfying all the availabilities and requirements 

simultaneously. 

 (i)North –West Corner Method: 

A simple method  of determining an I.B.F.S. of a balanced transportation problem is 

North-West Corner Method , introduced by A.Charnes(1917-1992) and 

W.W.Cooper(1914-2012) . This Method is also  called  as North-West Corner Rule. 

 (ii)Matrix Minima Method(or Least Cost Method) 

The allocations obtained in this method is very useful as it takes into consideration the 

lowest cost and therefore, reduces the computation as well as the amount of time 

necessary to obtain the optimal solution.  
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(iii) Vogel’s Approximation Method (VAM):  

 

VAM is an improved version of the least-cost method that generally, but not always, 

produces better starting solutions. VAM is based upon the concept of minimizing 

opportunity (or penalty) costs. The opportunity cost for a given supply row or demand 

column is defined as the difference between the lowest cost and the next lowest cost 

alternative. This method is preferred over the methods discussed above because it 

generally yields, an optimum, or close to optimum, starting solutions. Consequently, if 

we use the initial solution obtained by VAM and proceed to solve for the optimum 

solution, the amount of time required to arrive at the optimum solution is greatly reduced.  

 

 Vogel’s Approximation Method (VAM) Summary of Steps:  

1. Determine the penalty cost for each row and column.   

2. Select the row or column with the highest penalty cost.   

3. Allocate as much as possible to the feasible cell with the lowest transportation cost in 

the row or column with the highest penalty cost.  

4. Repeat steps 1, 2, and 3 until all rim requirements have been met.  

• Table of the VAM Penalty Cost:  

 

• The Initial VAM Allocation:  

VAM allocates as much as possible to the minimum cost cell in the row or column with 

the largest penalty cost.  
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• The Second VAM Allocation:  

After each VAM cell allocation, all row and column penalty costs are recomputed   

 

 

• Table of the Third VAM Allocation:  

Recomputed penalty costs after the third allocation 

 
 

• The Initial VAM Solution:   
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The initial VAM solution; total cost = 5,125   

VAM and minimum cell cost methods both provide better initial solutions than does the 

northwest corner method  

 
 

5.2 Optimality Test: 
Following the determination of an I.B.F.S. to a balanced Transportation Problem, we 

have to check whether the solution obtained is optimal or not. In general , a T.P. is a 

minimization problem . Hence, at optimal stage, the net evaluation Zij-cij≤0 for all 

cells corresponding to non-basic variables. Thus, to test the optimality of an I.B.F.S. 

,we shall have to determine the values of zij-cij for all cells corresponding to non-basic 

variables. We know that zij-cij=0 for all basic variables . if zij-cij≤0 is not Satisfied for 

all non-basic cells,we shall have to proceed further to get  an optimal  solution which 

will be discussed in future.Type equation here. 

 

5.3 Determination of Net Evaluation (zij-cij)[(u-v)-Method]: 
    Unlike the simplex method , the net evaluations for a T.P. can be  determined more 

efficiently by using an indirect method , which makes use of the properties of the primal 

and dual problems.  

Consider a balanced  T.P. with m origins and n destinations as follows: 

 

Minimize Z  

 

Subject to = ai,   ai>0;  i=1,2,…m 

 Xij=bj, bj>0 ; j=1,2,…n 

With   = bj    and Xij   ≥0 (i=1,2,…m ; j=1,2,…n). 
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Let u͇1, u2, um and v1,v2,…vn be the dual variables associated with the above origin and 

destination constraints respectively.Then, the dual of the above T.P. can be written as  

Maximize w=  ai ui +   bj vj 

Subject to ui +vj≤ cij (i=1,2,…,m ; j=1,2,…n) 

Ui and vj are unrestricted in sign for all i,j. 

If B is the basis of the primal at the optimal stage and  is the cost vector associated 

with the optimal B.F.S., then the dual optimal solution is given by =  B
-1

, where  

=( , = (u1,u2,…um , v1,v2,…vn) 

and the corresponding net evaluation for the cell (i,j) is given by  

zij-cij = (  B
-1

)āij –cij 

          =  āij –cij 

          =(u1,u2,…um , v1, …vn)(ēi +ēm+j)-cij 

          = (ui+Vj) – cij (i=1,2,…m ;j=1,2,..n) 

Where āij is the column vector of the constraint matrix associated with the variable  xij . 

 

6. Conclusion  
The transportation cost is an important element of the total cost structure for any 

business.  

 The transportation problem was formulated as a Linear Programming and solved with 

the standard LP solvers such as the Management scientist module to obtain the optimal 

solution.  The computational results provided the minimal total transportation cost and 

the values for the decision variables for optimality. Upon solving the LP problems by the 

computer package, the optimum solutions provided the valuable information such as 

sensitivity analysis for Guinness Ghana Ltd to make optimal decisions. Through the use 

of this mathematical model (Transportation Model) the business can identify easily and 

efficiently plan out its transportation, so that it cannot only minimize the cost of 

transporting goods and services but also create time utility by reaching the goods and 

services at the right place ad right time. 
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