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Introduction 
There are no theoretical restrictions placed on the number of decision variables or constraints 
contained in a problem, as the simplex method, accompanied by the computational facility of a 
large computer, can solve linear programming problems with several thousand variables and 
several thousand constraints. In these techniques, the objective function is used to control the 
development and evaluation of each feasible solution to the problem. 

 
Minimum 
ratio 

CB  Basic Variables Value of or Variable 
in  Basic 
Basis  Variables  

Coefficient Matrix        Identity  
 
 
 
Matrix 
x1     x2       …    xn       s1    s2    ….  sm   

0                 s1                           b1 
0                 s2                           b2 
.                   .                             .   
.                   .                             . 
.                   .                             . 
0                  sm                         bm     

a11    a12   …    a1n      1        0     …      0 
a21   a22    …   a2n     0        1     …      0 
.        .       .      . 
.        .       .      . 
.        .       .      . 
am1    am2   …     amn      0        0     …      1 

 

Contribution loss per unit:    Z = 
Bjaij 

0        0    …    0         0        0     …0 

Net Contribution per unit:     Cj - Zj c1           c2   …   cn         0        0     …0 

Simplex method was developed in the year 1947 by Mr. George Datzing which arise out of 
limitation of graphical method i.e. to be able to solve any equation graphically when 2 variables 
are given. However, when 3 variables are given LPP graphical method does not suffice. 
Therefore, generally whenever there are 3 or more variables in an equation, we use Simplex 
Method. 
It a method of selecting an appropriate combination of factors from a series of alternatives which 
are interrelated & each is subject to constraints & restrictions. 
Our objective is to find out optimum allocation of resources when they have alternative uses like 
money, manpower, material, machine & other facilities. 

 
1) If there is  sign in an equation, we will  represented as S1. 
2) If there is  sign in an equation, we will  from it & add 

artificial variable to represent the identity matrix. 
3) In simplex we will always try & complete the 2 initial steps i.e. 

(i) . 
(ii) . 

4) The  in the objectives function [parent 
function] will always be Zero, whereas co efficient of artificial variable “A” will be 
represented as “M” exorbitantly high number. 

5) The co efficient of ‘A’ in maximization question is “-M” & in minimization question, it 
is “+M”. 
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For maximization type problems, we will reach optimality when all N.E.R is negative or 
zero. 
For minimization type problems, we will reach optimality when all N.E.R is positive or 
zero. 
Once, the above procedures are completed, let us understand a step by step procedure of 
simplex: 

 Convert the given matrix into revised matrix by adding a slack variable or 
subtracting surplus variable. However, we have to ensure that in a revised matrix “AN 
IDENTITY MATRIX” should be formed. 
    

1          0 
 
0          1 

 1      0       0 
0      1       0 
0      0       1 

 1     0    0      0 
0     1    0      0 
0     0    1      0 
0     0    0      1 

   
, we will put the above revised matrix in a simplex compatible form. 

     

In the above table, we have to ensure the identity matrix is formed & the program 
variable will be based on that identity matrix in a vertical format. 
Fill in the whole table using the values of the equation 
- Per unit coefficient in the table will be the coefficient of the parent program 
- Calculation of net equivalent ratio: 

N.E.R = Cj - Zj 
Cj = coefficient of parent variable  
Zj = program per unit x co efficient of variables. 

 
 
Optimal solution is reached, when N.E.R is negative or zero. 
If N.E.R consists of positive number, then select the highest positive number  make an 
incoming variable from that highest number & denote it as key column. 

 
Optimal solution is reached, when all nos. in N.E.R. are positive or zero. 
If the N.E.R consists of negative no., then select the lowest no.  make an incoming 
variable & denote it as key column. 
After calculating N.E.R, we will calculate “Replacement Ratio”. 
R.R. = quantity      
Respective key column 
Select the lowest R.R (for both maximization & minimization) & make an outgoing 
variable from that lowest no. 

 In case, R.R has any negative, zero or infinite no. then it is to be ignored. 
In case, there is a tie between 2 numbers in a replacement ratio, then select that 
row/column which has the highest key element. 
In case of a tie in key column, “select any”. 
In the next table, the incoming variable will be replaced by outgoing variable & the 
formula to calculate the new incoming variable will be  
key row ÷ key element  
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 Key element refers to intersection point of Incoming & outgoing variables. 
- For the old program, in the previous table, it will be calculated by using the below 

formula: 
Old program – (key row x fixed ratio) 
     
   [ ] 

 Reiterate the above process till the optimal solution is reached. 
 Alternate solution in a simplex Problem: 

On arriving at the final solution of the simplex problem, the final programs will always 
have N.E.R = 0. If however, in the last table, the N.E.R element of the variable is “0”, even 
though, it is not in the final program, it indicates that there is an alternate solution 
possible. 

 0 25 0 0 1 1 -1/3 25  
X2 16 125 0 1 0 1 0 125 
X1 8 50 1 0 0 -2 1/3 -25 

(ignore) 
N.E.R   0 0 0 0  -1/3  

Alternate solution 
(Alternate solution is not a unique solution) 
 

   8 16 0 0 0  
S2 0 25 

125-(25x1) 
0 0 1 1 -1/3  

X2 16 100 0 
0-(0x1) 

1 
1-(0x1) 

-1 
0-(0x1) 

0 
1-(1x1) 

1/3 
0-(-1/3 x1) 

 

X1 8 100 
50-(25x-2) 

1 
1-(0x-
2) 

0 
0-(0x-

2) 

2 
0-(0x-2) 

+2 
0-(1x-
2) 

-1/3 
-1/3-(-1/3 x -

2) 

 

N.E.R   0 0 0 0 -1/3  
 
- 

(i) It means that for one incoming variable, there are 2 outgoing variables i.e. tie 
in a replacement ratio for minimum positive no.  

 degeneracy also occurs when there is a zero in a quantity column. 
 

- 
If R.R has only negative or  number, then it is a case of unbounded solution. 
 
 
  Y  

   
 
 
 
 
 

0 X 
 

- 
If in the final program variable, there exists an artificial variable, then it is case of 
infeasible solution. 
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- 

Every simplex problem has a mirror image associated with it i.e. if the original 
problem is maximization, then its mirror image is minimization. 

 
The formulation of simplex method is such that when we obtain optimal solution of 
any one out of primal or dual, we automatically get the optimal solution of the other. 
If we solve dual by simplex method, we also get optimal solution of primal. 

(i) No. of constraints in the primal model equals the no. of variables in the dual 
model.  

(ii) No. of variables in the primal model equals the no. of constraints in dual 
model. 
 
Ensure that in case of Max problem, all constraints are of “  
Or in case of Min problem, all constraints are of “  
 

 
- no change 
- convert this inequality into es in the equation by (-1)  

= - convert the equality into 2 inequalities one having ‘>’ sign other having (less than <) 
sign. 
In max, convert the “>” equality into “<” equality. Adopt the vice versa procedure for min 
type problem. 

 

Practical Questions:

 Max. Z = 100 1 + 80 2                      … (Product A & B) 
Subjects to constraints 

6 1 + 4 2   7200    … Resource I 

2 1 + 4 2   4000    … Resource II 

1, 2              0      
Find optimal solution by simplex method. 
 

Now we will see each step of simplex method in detail. 

If the formulation is not given, we should convert the given data in the LPP formulation. 
In the above example, the LPP formulation is given. 
 Max. Z = 100 1 + 80 2 

6 1 + 4 2   7200     

2 1 + 4 2   4000  
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                                           Express data in table form 
 
 
 
 
                                                           Is it            No               
                                                      Balanced                        Add dummy row or column to 
                                                       problem                         make it balanced   
                                                     
 
 Yes 
 
 
                                                       Is it             Yes           Convert it into a minimization problem 
                                                   Maximization                   by subtracting each element of the table                             
                                                     Problem                         form its highest element 
 
 
                                                   No 
 
 
                                      Find an initial basic feasible solution 
 
 
                     
 
                                                          Is it                 
                                                     Degenerate            Yes 
                                                (No of allocation                   Remove degeneracy by assigning “e”                                                                                    
                                                       =m+n-1)                  to least cost and independent cell.
  
 
 No 
 
                                                     Calculate ui and vj  i.e Row Values and Column Values 
Revise the solution and check            by using the formula;              
Conditions                                       Allocated Cell Cost= Row Value+ Column Value 
                                                                         
                                                                          
 
 
 
 Is  
                                                         Yes                       Dij < 0 
Select cell having largest negative                                   i.e. Net  
Value for Net Evaluation i.e Dij for                              Evaluation = -ve 
revising the current Solution.  
Construct loop and Adjust allocations. 
 
 
 
 No 
 
                                                                  
                                                                     Terminate the procedure 
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Total availability not 
equal to total 
requirement 

 It is called unbalanced transportation application. 
 Introduce dummy row or column to balance availability and 

requirement. 
 All entries (costs) of the dummy row/ column shall be zero.   

Maximization objective  Select the highest element of profit in the matrix. 
 Subtract each element from the maximum element.  
 Take the resultant opportunity cost matrix with minimization 

objective, for allocation procedure. 
Degeneracy  Optimality test can be done only if number of allocations = 

[no. of rows + no. of columns - 1] i.e m+n - 1 
 If number of allocations is less, all ui and vj numbers cannot be 

computed. This situation is called degeneracy. 
 If IBFS is degenerate, introduce a dummy allocations (e), a 

small number very close to zero, in the least cost independent 
unallocated cell. 

Existence of zeroes in 
the net evaluation table  Zero in the net evaluation table indicates the availability of 

alternative solutions (provided all other numbers are positive) 
 The alternative optimal solutions can be determined by 

drawing a loop commencing from such cell having zero as net 
evaluation. 

 Re-allocation will be based on the loop drawing procedure 
outlined above.  

Prohibited routes  Sometimes some routes may not be available due to reasons 
like bad road conditions, strike etc. 

 Such prohibited routes are identified with high cost 
represented by or ‘M’ a very large cost close to infinity. 

 Due to assignment of very large cost, such routes would 
automatically be eliminated in the final solution.  

 

A  C =2 C =3 C =5 C =1 a =80 
A  C =7 C =3 C =4 C =6 a =100 
A  C =4 C =1 C =7 C =2 a =200 
Requirement  B=60 B =80 B =90 B =150 =380 unit  
In order to find the solution of this transportation problem we have to follow the steps given 
below: Initial basic feasible solution  

There are three different methods to obtain the Initial Basic Feasible Solution viz.  

i) North -West Corner Rule  

ii) Lowest Cost Entry Method  

iii) Vogel' s Approximation Method  
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Flow Chart of Assignment Problem:  

 
 

                      Set up the Cost Table 
 
 
 
 
                              Is it a                 Yes 
                        Maximization                                Convert it into a minimization problem, by 
                            problem?                                  subtracting all the values in the matrix  
                                                                           from the highest value in the matrix 
 
                              No 
 
 
                                                              
                            Is it a                    No 
                           Balanced                                    Add dummy row(s) or column(s) 
                            problem? 
 
                           Yes 
 
Find opportunity cost 

(a) Identify smallest number in each row and subtract it from every 
number in that row. 

(b) In the reduced matrix, identify smallest number in each column 
and subtract it from every number in that Column 
 
 
 

              Draw Minimum no. of lines so as to cover all zero 
 
 
 
Revise opportunity table by 
(a) Draw minimum possible lines on columns           No            Are the number of 
          and/or rows such that all zeros are covered                        lines are equal the 

(b) Choose the smallest number not covered by a                     number of order? 
         line. Subtract it from itself and every other 
         uncovered element and add on intersection 
 
                                                                                                   Yes 
                                                                                                Optimal Solution 

 

                                              
1. . If it is not given in matrix form (which means 

it is in the form of paragraphs) then first convert the problem into matrix form. 
 

2.  (of cost, time & so on), which 
means, we need to have minimization matrix. If the given question requires maximization 
(of sales, profit, production & so on) then we have to first convert the maximization 
matrix into a minimization matrix. 

 
          For this we select the highest figure from the maximization matrix & we subtract all the 

elements in the maximization matrix from the highest element. The resultant matrix is a 
minimization matrix. 
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3. Since the assignment is always on one to one basis,  

. When it is already so, we call it a balanced 
assignment problem. 
Otherwise we introduce a dummy row or dummy column (with zero cost) to make it a 
balanced problem. 

1. Put the question in matrix form. 
2. If it is maximization problem, then convert that to minimization problem. 
3. If it is imbalanced problem, then convert it to balanced problem, by introducing 

dummy row or column. 

 

1. In respect of each row, whichever is the minimum element, it should be deducted from 
all the elements in that row . 

2. In respect of each column, whichever is the minimum element, it should be deducted 
from all elements in that column . 

3. We should now draw minimum possible number of lines so as to cover all the “zeros” 
in the matrix.  
If the number of lines drawn is equal to the order of matrix (number of rows of 
columns) then that signifies that the optimality is reached. 
We can start making assignment now. 

4. For assignment, we first  & we 
encircle that zero which means that the assignment is made & all other zeros, if any, 
in that column or row, as the case may be, should now be cancelled. 
If there are two or more zeros in the column or row as the case may be, then,  it is 
better to select that row or column which has minimum number of zeros (because it 
has more constraints than the others). 
While making assignment at random, if we come across an infeasible solution then 
that means that the random assignment is incorrect & we must change the 
assignment thereafter. 

5. If, in step no. 3, we realize that the number of lines is not equal to the order of the 
matrix then that means that . 
In such matrix, there are : 
(i) The  which are not on any lines drawn by us. 
(ii) The elements 

. 
(iii)  but not on point of intersection of two lines. 

 
The minimum element from the should be identified & it should be: 

(i) Deducted from all the uncovered elements. 
(ii) Added to the elements on point of intersection of two lines. 
(iii) The other elements should be kept as it is. 

Giving effect to these changes, we should now develop a new matrix and we should go 
back to step no. 3, draw minimum number of lines & so on. 
We should keep doing this as long as the number of lines is not equal to the order of 
matrix. 

6. Once assignment is over, we should write the final recommendation, as regards 
assignment & we should also calculate the applicable cost, time, production, sales & so 
on as the case may be. 
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(i) Our  is to draw minimum number of lines & therefore, we should first cover 

that column or row, which has maximum number of zeros. 
(ii) In case of a tie, we can select row or column at random. 
(iii) As far as possible, we should avoid drawing the lines in such a way that zeros would 

come at the point of intersection of two lines. However, this obviously does not mean 
that we draw more number of lines than necessary to avoid such an eventuality. 

(iv) In case of a tie, as far as possible, we draw the lines in such a way that the minimum 
element amongst the uncovered elements occur maximum number of times. 

(v) If, deliberately or otherwise, we draw more number of lines than necessary & as a 
result of that,  then it would lead to 

 (which means there would be at least one row or column in which 
there would be zero at all). 
Taking this as a hint, of an error having being made while drawing the lines, we 
should rewrite the matrix & draw the lines again. 

(iv) If  which results in the number of 
lines is not equal to the order of the matrix, then it may lead to more number 
iterations. However, the final solution would be  (provided no calculation / 
copying error is made) 

While performing step 1, sometimes step may repeat endlessly 
when the number of zeros in the applicable rows as well as columns is more than one. Under 
such situation one should mark squares on diagonally opposite cells having zeros. This shows 
multiple optimal solutions exist. In such type of situation, management may exercise their 
judgment or preference and select that set of optimal assignment which is more suited to 
their requirement. 

 In some cases the payoff elements of the 
assignment problem may represent revenues or profits instead of costs, so that the objective 
will be to maximize the total revenue or the profit. In such cases, maximization can be 
converted into minimization by selecting the largest element among all elements of profit 
matrix and then subtracting if from all the other elements in the matrix. We can then proceed 
as usual and obtain the optimum solution by adding the original values of these cells to which 
assignments have been made.  
 

3) Whenever the payoff matrix of an assignment problem 
is not a square matrix i.e. no. of rows are not equal to no. of columns, the assignment problem 
is called . In such cases dummy rows and/or columns are 
added in the matrix to make it a square matrix and then we can apply the Hungarian method 
to this balanced assignment problem. The cost or time associated with this dummy row or 
column is assigned as zero elements in the matrix. 

 
4) Sometimes due to certain reasons, an assignment may not be 

made in a particular cell. E.g. a particular machine cannot be installed at a particular place or 
a worker cannot be given a particular job to perform. To resolve this we put either a very large 
cost say M or dash (-) to avoid assignment in those cells where there is a restriction of 
assignment. 
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Critical activities are the ones which are part of the critical path. Since project completion 
time is equal to the length of the critical path it is implied that if any critical activity is 
delayed, project completion will also be delayed i.e. critical activity cannot be delayed. 

 
 

Those activities which are not on critical path are called as . 
The total length of non-critical path is less than that of critical path. 
The difference between length of any non-critical path and critical path represent the 
margin available for acceptable delay in any of the activities on that non-critical path. 

 
 

 Forward pass calculation gives the 
 

 This calculation is done from left to right i.e from first event of the project to last event of 
the project. 

 
 

 Backward pass calculation gives the 
 

 This is done from right to left i.e. from last event to the first event. 
 

 
Float means the amount of time by which completion of activity can be delayed without 
delaying the project completion time. 
Float exists only for non-critical activities whereas there is no float for critical activities. 

 
Some of the notation to be used while calculating floats is as follow. 
1. ES = Earliest occurrence time of tail event. 
2. LF =  Latest allowable time of head event  
3. EF = ES + Duration. 
4. LS = LF – Duration. 

 
 

The slack time of an event is the 

Slack time = Difference of E & L 

 
 

1.   
It is the amount of time by which completion of an activity can be delayed beyond the 
earliest possible finish time without affecting the total project completion time. 

 
It is the amount of time by which completion of an activity can be delayed beyond the 
earliest finishing time without affecting the earliest possible start of a subsequent 
activity. 

3.   
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It is the amount of time by which start of an activity can be delayed without affecting 
the earliest start of a subsequent activity, assuming that the preceding activity has 
finished at its latest finishing time. 

4.  
It is that part of total float which reduces the float of subsequent activities. It is the 
amount of time by which earliest possible start of subsequent activities will be delayed if 
activity finishes on latest finishing time. 

 Generally three types of errors in logical sequencing may arise 
while drawing a network diagram, particularly when it is a complicated one. These are known as 
looping, dangling and redundancy. 

(1)  Normally in a network, the arrow points from left to right. This convention is to 
be strictly adhered to, as this would avoid illogical looping. Looping error is also known as 
cycling error: 
 

 
 

 
 
 

 
(2)  Activities which is not connected to any of the intermediate events or end event 

is called dangling activity. The situation represented by the following diagram is also at 
fault, since the activity represented by the dangling arrow 9-11 is undertaken with no 
result. 

 
To overcome the problem arising due to dangling arrows, following rules may be adopted. 
(i) All events, except the 1st and the last, must have at least one activity entering and 

one activity leaving them and  
(ii) All activities must start and finish with an event. 

 
(3)  When Dummy activities are inserted in a network diagram unnecessarily this 

type of error is called error of redundancy. It is shown in the following figure: 
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The normal time is the activity duration under normal circumstances. 
 

 
The direct cost associated with normal completion time is called as the normal cost. 

 
The minimum time in which an activity can be completed. 
 

 
Cost associated with the crash time of an activity is called as crash cost. Whenever an 
activity is crashed the direct cost will increase & indirect cost will decrease. 
 

 
1. Crash activities only on the critical path because crashing the non-critical activities will 

not result in any cost benefit. 
2. If there is more than 1 critical path then both should be crashed together.     
3. If all the paths in the project become critical then whole project is to be crashed. 
4. Activity on the critical path with least cost slope should be crashed first, keeping the cost 

benefit analysis in mind. 

Cost slope means crashing an activity for a day for a cost i.e. Crash cost per day.  
 

 
1. Draw the network diagram using normal methodology. 
2. Find the critical path, project completion time & the various paths associated with the 

project. 
3. Calculate the total normal cost of the project. 

Total cost = Direct cost + Indirect cost 
4. Prepare a table showing following for each activity. 

a) Cost slope    
b) Rank in ascending order of cost slope  
c) Maximum crashable limit. 

5. Only critical activity should be crashed & accordingly start crashing the project with the 
critical activity having lowest rank. 

6. Cost computation. 
After every crashing, compute the new direct cost, new indirect cost & new total cost. This 
will help us in finding the total optimal cost. 

 
1. As we continue to crash the project, the other paths in the project will also be reduced 

along with the critical path. 
2. We may also come across a situation where we may have multiple critical paths. In such 

a situation, we have to crash all critical paths simultaneously. 
This can be done in 2 ways.    
(a) Crash an activity which is common to all critical paths or  
(b) Crash activity from each critical path by same duration. 

While doing the above procedure. 
 Always consider the cost benefit analysis 

Continue the crashing procedure till we reach the point of optimal total cost. 
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The expected time (te) divides the area under the curve in two equal parts. It means there is 50% 
chance that the activity will be completed in time te. 
Midpoint of ‘a’ and ‘b’ = a+b 
       2 
Distance between ‘m’ and midpoint of ‘a’ and ‘b’ = a+b – m 
                         2 
Distance between origin and location of ‘te’ m +  
Te = m + a+b  - m 
= 6m + a+b – 2m 
 6 
Te = a + 4m + b 
     6 

(1) te = Expected Time of an activity 
te =    
             

(2) ‘ ’ = standard deviation of an activity 
S.D ‘ ’ =   
 

(3) Variance = square of standard deviation. 
Variance = [ ]2 =  2 
Note: When we do calculation, we will first find variance value for critical path. Then we 
take square root of variance of critical path to arrive at standard deviation of critical 
path. 

(4) Standard deviation of critical path =     
(5) Variance of critical path = Sum of Variance of all Critical activities 
(6) Standard deviation of critical path =        
 

The various steps involved in developing a PERT network for a project are as follows: 
(1) Identify all activities in the project. 
(2) Developing a network diagram for activities based on precedence or concurrence 

relationship of activities. 
(3) Identify optimistic, most likely and pessimistic times for each activity. 
(4) Calculate expected time (te) for each activity. 

Te      
(5) Using expected time of each activity, find total project completion time and critical path. 

Duration of critical path = Expected project completion time. 
(6) Calculation variance of each activity. 

Variance = [ ]2 =  2 
(7) Calculate variance of critical path by adding variance of all critical activities. 

Variance of C.P = sum of variance of all critical activities 
(8) Using variance of critical path, calculate standard deviation of critical path. 

S.D of C.P. =     
(9) Using the values of critical path (i.e. expected project completion time) and S.D. of 

critical path, calculate z value to determine probability of project completion for a specific 
due date. 
Z = Due date – Expected project completion date  
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Introduction 
Learning is the process by which an individual acquires skill, knowledge and ability. Learning 
curve is a geometrical progression, which reveals that there is steady decrease in cost for 
the accomplishment of a given repetitive operation, as the identical operation is increasingly 
repeated. The amount of decrease will be less and less with each successive unit produced. 
The slope of the decision curve is expressed as a percentage. The other names given to 
learning curve are  It is essentially a 
measure of the experience gained in production of an article by an organization. As more 
units are produced, people involved in production become more efficient than before. Each 
additional unit takes less time to produce. The amount of improvement or experience gained is 
reflected by a decrease in man-hours or cost. The application of learning curve can be 
extended to commercial and industrial activities as well as defense production. 
The learning effect exists during a worker’s start up or familiarization period on a 
particular job. After the limits of experimental learning are reached, productivity tends to 
stabilize and no further improvement is possible. The rate at which learning occurs is 
influenced by many factors including the relative unfamiliarity of workers with the task, the 
relative novelty and uniqueness of the job, the complexity of the process, the impact of 
incentive plans, supervision, etc. 
 

1) Initially, performance of workers is not optimum. 
2) As the experience gained, efficiency increases and time taken for producing one unit 

increases. 
3) Efficiency will keep on increasing and time required will decrease till the time 

efficiency of the worker reaches its best. 
4) After a particular point of time, when output is optimum, improvement stops. 

 

T.P. Wright of Curtiss—Wright, Buffalo, U.S.A. introduced the theory of learning curve. When 
the production quantity of a given item is doubled, the cost of that item decreases at a 
constant rate. Theory of learning curve has been formulated on the basis of this phenomenon. 
It is important to note that as the quantity produced doubles, the absolute amount of cost 
increase will be successively lessor but the rate of decrease will remain constant. 
 

(i) Better tooling methods are generated and applied; 
(ii) More equipment are designed and used to increase the production; 
(iii) Designed bugs are found and rectified; 
(iv) Better design is achieved through design engineering for reducing 

material and labour cost. 
(v) Rejections and rework tend to reduce. 
This results into: (a) less labour cost; (b) less material cost; (c) more units produced from the 
same equipment; (d) reduced delays and less abnormal loss. It allows increase of production 
and reduction of cost per unit. 
 

 

1 Unit 100 Hours 100 Hours 
2 Unit 90 Hours 

(100 Hours X 90%) 
180 Hours 

(180-100=80 Hours per Unit) 
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4 Unit 81 Hours 
(90 X 90%) 

324 Hours 
(324-180= 144 Hours for Unit 3 and 

4) 
8 Unit 72.9 Hours 

(81 X 90%) 
583.2 

(583.2-324=259.2 Hours for Unit 5,6 
and 7. Therefore, 64.8 hours per unit 

on an average) 

1. Learning Curve  will always be  
2. Learning Curve  directly only when the . 
3. Learning Curve is  only on . 

If the hours are not given, than the cost may be taken as a base factor. 
4. These activities particularly relate to 

. 
5. It is useful in:- 

a) Setting labour standard times 
b) Pricing of successive batches 
c) Calculation of incentive rates in wage bargaining. 
d) Evaluating like wage movements in project evaluation. 

6. Average Labour Cost p.u= Total hours X Cost per hour 
                                              No. of Units 

Direct learning curve observation (90%) means that if production increases during the learning 
stage and it becomes double then its preceding unit  its 
preceding average.  
Learning curve observation always provide the average time P.U. on subsequent unit.  
Total time = ATPU x Cumulative Production.  
ATPU = Average Time Per Unit 
TT= Total Time 
IT= Incremental Time 
Application of mathematical relation  

   
1 10 hours 10 hours - 
2 9 hours 18 hours 8 hours 
3    
4 8.1 hours 32.4 hours 14.4 hours 
 

The following mathematical relation would provide the average time p.u., cumulative production & 
such cumulative production may be double in event of its preceding cumulative production or may 
not be. 

Y = axb 
Where,  a = total time for 1st unit 
          X = cumulative production for which average time is required for x no of units. 
          b = learning index (Given) 
          y = Average time per unit applicable for “x” cumulative unit.  
 
Properties of log  

1. Log ab   = b loga 
2. Log a x b = log a + log b 
3. Log a / b = log a – log b  



 
A GUIDE TO O.R 
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Log 123456.789  

(1) Ignore the value placed after the decimal 
(2) Count the digit before the decimal i.e 6 Less 1 

  i.e. 6 -1 = 5 
Identify log table for 1st 2 digit and for 3rd digit 
 
Log table  
Log of 12                Characteristic of 3     plus    Mentisa of 4 
    0899        +      14 
 
Place this value after decimal i.e. 5.0913. 

(3) Examples:  
(i) Log  45687.123 

 4+ 0.6590 + 0.0008 = 4.6598  
          (ii)      Log 1567.892  
 3+0.1931+ 0.0019 = 3.1950 
                          Log1010                         = 1.0 
                          Log10100                       = 2.0 
                          Log101000                     = 3.0    

(i) AntiLog 3.1950   
(1) Add 1 to the number before decimal i.e 3+1 =4  
(2) Identify log table for 1st 2 digit and for 3rd and 4th digit after decimal.  

 
Log table  
AntiLog of 19                Characteristic of 5    plus      Mentisa of 0 
    1567    +            0 
Place decimal after the log i.e. 1567.0 

  
(ii) Antilog 2.3568  

      AntiLog of 35                Characteristic of 6   plus       Mentisa of 8 
                                                   2270                +             4 
      Place decimal after the log i.e. 227.4 

 

 
At  90% .  = /   =  = . .

.
 = -0.1522  

 80%  .  = /
     =  = . .

.
 = -0.3219  

70%  .  = /     =  = . .

.
 = 0.5746  

 
 
 
 
 
 


