

1. The Supply

· A limited quantity of one commodity is available at certain sources.

2. The Demand

· At several destinations: warehouse, stores. Etc.

3. The Quantities

· The quantities of supply at each source.

· The quantities of demand at each destination.

4. The Shipping Cost

· Constant

· Based on the distance between the two points.

5. Assumption

· No shipments are allowed between sources or destinations.

6. All Supply and Demand Quantities

· In whole numbers (integers).

7. The Problem

· To determine how many units should be shipped from each source to each destination.

· All demands are satisfied.

· At the minimum total shipping cost.

Ex
Tuff Cement Company had opened a new warehouse in New York to serve the fast-growing demand for cement in that region. Management now wondered which plants should supply it and to what extent. As a manager of operations, Bill was responsible for making those decision.

The company has two processing plants, one in Allentown, Pennsylvania (A), with a supply capacity of 100 tons per day, and one in Baltimore, Maryland (B), with a supply capacity of 110 tons per day. The company now has three warehouses. R in Easton, Pennsylvania, S in Philadelphia, and the newly added T on Long Island in New York. The warehouses need if possible, 80, 120 and 60 tons of cement each day, respectively, to meet their distribution demands.
Bill’s problem is to plan the shipments at the least possible cost. The shipping costs from each plant to each warehouses are given below:

	From
	To
	Cost per ton($)

	A (Allentown)
	R (Easton)

S(Philadelphia)

T (New York)
	1

2

3

	B (Baltimore)
	R

S

T


	4

1

5


                                              Destinations

                                                                                                                        Sources


Presentation as 
A Linear Programming

Minimize Z  =  XAR + 2XAS + 3XAT + 4XBR + XBS + 5XBT
Subject to :

   XAR + XAS + XAT   =  100    Supply constraints

   XBR + XBS + XBT   =  110

   XAR + XBR    ≤   80            Demand constraints

   XAS + XBS    ≤   120

   XAT + XBT    ≤   60

   XAR,  XAS,  XAT,  XBR,  XBS,  XBT    ≥   0

General Form in LP
Minimize Z    =    C11 X11 + C12 X12 + … + C1n X1n 

                          + C21 X21 + C22 X22 + … + C2n X2n 

                          +  .

                              .

                              .

                          + Cm1 Xm1 + Cm2 Xm2 + … + Cmn Xmn 

 Subject to :

        X11 + X12 + … + X1n   =  b1    Supply constraints
        X21 + X22 + … + X2n   =  b2
          .                                      .

          .                                      .

          .                                      .

        Xm1 + Xm2 + … + Xm1 =  dm 

        X11 + X21 + … + X1n =  d1    Demand constraints

        X12 + X22 + … + Xm =  d2
         .                                     .

         .                                     .

         .                                     .

        X1n + X2n + … + Xmn = dn 

                      m  =  a number of sources (origins)

                      n  =  a number of destinations 

Presentation in a Tabular Form

	      To warehouse

From plant
	Easton

R


	Philadelphia

S


	NewYork  T


	Supply



	Allentown (A)
	               1


XAR
	          CAS =  2
XAS
	             3

XAT
	bA = 100

	Baltimore (B)
	               4
XBR
	                       1
XBS
	            5
XBT
	bB = 110

	Demand
	dR  =  80
	dS  =  120
	dT  =  60
	      210
260


Explanation of the Table

Left side : The source of supply
Top : The destination points

Right side : The capacity (supply) at the sources

Bottom : The demand of each destination

Center : The decision variable

            : The shipping cost

The Supply and Demand Constraints

1. Total supply  <  Total demand

   supply constraint (=) ,  demand constraint (≤)

2. Total supply  =  Total demand

   supply constraint (=) , demand constraint (=)

3. Total supply  >  Total demand

     supply constraint (≤) , demand constraint (=)

Solving the Transportation Model

1. Complete enumeration

2. Linear Programming

3. Transportation method

The Transportation Method

       

                                                                                               
                                                                                           YES
                                                    No
The Transportation Method
Step 1: Arrange the data in Tabular Form.

Step 2: Balance the Table. 
            ( Total supply = Total demand)

    - Excess supply----Add a Dummy destination.

    - Excess demand----Add a Dummy source.

Step 3: Find an Initial Feasible Solution.

    -Northwest Corner Rule.

    -The least-cost (largest profit) method.

    -Vogel’s Approximation Method (VAM).

Step 4: Test for Optimality.

Step 5: Improve a non-optimal solution.

Two procedure for Steps 4&5

1. The Stepping-Stone Procedure

1. Compute the cell evaluators for all empty cells.

2. For minimization, if at least one cell evaluator is negative, the solution can be improved. (An alternative solution exists in case of 0 evaluators.)

3. Generate an improved solution.

    - Identify the incoming cell that has the largest cost reduction potential (for minimization).

    -Transfer as much as possible  to that cell.

    -Adjust the quantities in all losing and gaining cells along the loop.

4. Test the improved solution. If it’s not optimal, improve it again until the optimal solution is reached.

2. The Modified Distribution Procedure (MODI)

1. Find an initial feasible solution.

2. Calculate the cell evaluators for all the 

    empty cells.

3. Test for optimality.

4. Identify the incoming cell.

5. Design an improved solution.

6. Recycle until an optimal solution is obtained.

Remark

The solution to be checked for optimality must be nondegenerate.

For nondegenerate condition,

       number of occupied cells = m + n – 1           

           (including dummy)                                               

      Where    m = number of sources

                     n  = number of destinations  

The Concept of Cell Evaluators
The cell evaluator is the different between the actual cost of shipping one unit from i to j and the sum of the implicit costs of source i and destination j.

    cij = the per unit shipping cost between i and j.

    ui = implicit cost of source i.

    vj = implicit cost of destination j.

For the optimal solution in minimization,


 cij – ui – vj  ≥  0    for the empty cell ij.
       cij – ui – vj  =  0    for the occupied cell ij.
For the optimal solution in maximization,


 cij – ui – vj  ≤  0    for the empty cell ij.

       cij – ui – vj  =  0    for the occupied cell ij.

MODI
Step 1. Find the initial feasible solution.

Step 2. Use equation cij = ui + vj  to compute all implicit costs of the occupied cells.

Step 3. Compute the cell evaluators of all empty cells by using cij – ui – vj   to test for optimality.

Step 4. Indentify an incoming cell and improve the solution as in the stepping-stone method.

Step 5. Recycle the procee until the solution is optimal.

The Assignment Model
Characteristics

1. The number of objects under consideration are finite: employees, machines, service teams or jobs.

2. The objects have to be assigned on a one-to-one basis to other objects.

3. The result of each assignment can be expressed

in terms of payoffs such as costs or profits.

4. The objective is to minimize the total cost or maximize the profit from the assignment.

Presentation
Table Form                                                        
	            Zone

Service
team
	T1

	T2


	T3


	Supply



	S1
	20
	15
	31
	1

	S2
	17
	16
	33
	1

	S3
	18
	19
	27
	1

	Demand
	1
	1
	1
	


 The Hungarian Method
 Step 1. Build a balanced total opportunity cost matrix.

Step 2. Test for optimality.

Step 3. Improved the total opportunity cost matrix.

Step 4. Make an optimal assignment.   
Ex. 
A maintenance crew of three machinists is to be assigned to the repair of three machines, one-to-one basis, in a manner that minimizes repair time. Based on historical data, the exact repair time varies with each person-machine match. The repair times, in hours, are shown in Table.
	         machine
machinists
	A
	B
	C

	Jack
	3
	7
	4

	Jim
	3
	7
	8

	Mel
	9
	8
	5


Find the optimal assign.
A





B





      R





     T





     S





Step 1:


Arrange Problem in Table Form





Step 5:


Generate Improved Solution





Step 3:


Find an Initial Feasible Solution





Step 2:


Balance Table 


(if necessary)





Step 4:


Is solution Optimal?





Problem is solved.





Cell evaluator = cij – ui - vj








