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Network, PERT, CPM
EST = Earliest start time - Forward
LFT = Latest finish time - Backward
EFT = EST+ Duration
LST = LFT -(minus) Duration
1) Total Float (TF) :
How many days we can delay an activity without disturbing project duration.
TF=Difference between EST & LST  Or EFT & LFT
                            (OR)
Head event LFT -(minus) Trail event EST-(minus) Duration. 
2) Free Float ( FF):
This is part of  Total Float. How many days we can delay an activity without disturbing next activity float.
FF= TF – (Minus) Head Event Slack
Slack = LFT - EST
 3) Independent Float(IF):
How many days we can delay to start an activity without effecting preceding activity.
IF = FF – Trail event Slack 
4) Interfering  Float (IFF):
This is part of Total Float. this effects the succeeding activity float.
IFF = TF-FF
Note: 1) If IF & IFF comes negative figure, we should take “0”. Because there no concept of negative start time.
            2) While writing EST value, we should write E @ Trail event
            3) While writing LFT value, we should write L @ Finishing  event.
            4) All those “0” TF constitutes CP
            5) For drawing Net work diagram, i) If symbols are given-Dummy’s may  come ii)if numbers are given- Dummy’s won’t come.
            6) Difference between PERT & CPM
	PERT
	CPM

	1.Probabilistic
	1.Deterministic

	2.Event Oriented
	2.Activity Oriened


            7) If 2 or more activities starts from same trail event,
              Incase of EST -> W.E.H
              Incase of LFT -> W.E.L
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PERT
Based on 3 time estimates, Project Duration(Te) will be calculated.
1. To = Earliest Possible
2. Tp = Latest Possible
3. Tm  = Most likely
Te= Tp+To+4Tm/6
Note:
Not  necessary to calculate EST, LST, LFT, EFT.

In PERT we can solve 2 types of problems
1. To Find chance for completing one project in “X” days.
2.  TO find confidence level(%) to comlete progect in a given days.
      Procedure: After getting Z value, we need to see area of NC of Z value and we need to adjust to 0.5+-
Step 1:
Z= X-X  (x-(Minus)X bar) /  Sigma
X=Given no.of days
X bar= CP duration
Sigma= SD of the project
Sigma=Square root of summation of (Tp-To/6)Square 
Step 2:
Find the Area for “Z” value in “Z” table
Step 3: 
Probability of comleting project in “X” days= .5+-Area.
Note: Chance for completing the project is .50 (50:50 chance)
 For 95% Confidence, Z = 1.645
 For 99% Confidence, Z = 2.33
 If X>CP duration, 0.5 + Area of NC
 If X<CP duration, 0.5 - Area of NC

CRASHING
Crashing cost per day= Difference in cost/Difference in time (CC-NC/ND-CD)
Critical Activities only should be crashed.
1st Crashing
Lowest cost CA should be selected and crashed after seeing no of days available.
Resulting Path duration should not be more than CP duration.
2nd and Subsequent crashing
1CP or > 1 CP’s may come.
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If 1 CP comes, Select least cost CA & crash.
If >1 CP comes, Select common CA & crash.
If there are no common CA’s , select least cost CA in each path and crash it.
Repeat the 2nd and Subsequent crashing , Till any one of the following happens.
     1. If Remaining paths duration is > the Parent CP.
     2. If all the CA’s in CP are are completely Crashed.
                  In above 2 situations, Further crashing impossible.
     3. If benefits due to further crashing is < Cost of further crashing.
 Note: Crashing cost should never exceed the Indirect cost.

TIME SCALE DIAGRAM
Step 1: Draw Network Diagram & Identify CP
Step2: Calculate TF for each activity
Step3: Draw the Time Scale Diagram.
             CP’s should be strait line ,   CA’s will be above or below.
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TRANSPORTATION
Two types
1. Maximization problem 
2. Minimization problem

I) Preliminary Check
a) Verify objective=Minimization
b) Verify Nature of data= Balanced
II) I.B.F.S
a)North West Corner Rule
b)Least Cost Cell Method
c)Vogel’s approximation method(VAM) 
III) Optimality Test
Modified Distribution Method (Modi Method)

Vogel’s approximation method(VAM) only most used method.
Minimization Problem:
IBFS
Vogel’s approximation method(VAM): 
Step1:  Calculate Penalties (Difference between 2 least costs)
Step2: Identify highest penalty & Allot to least cost ( Apply Tie rule)
Step3: If row & Column qty’s exhausted, Again calculate penalties.
Step4: Repeat procedure till such time all the row, column qty’s are exhausted.

If no.of allocations= M+N-1, Then i.e IBFS,   There is no degeneracy
Optimality Test:
3 Tables we need to prepare
1. Cij Table for allotted cells(Maximum allotted cells put “0”)
2. Ui+Vj Table for emty cells
3. Delta ij Table (Unit transportation cost – (minus) Ui + Vj for empty cell.

If Delta ij >=0, The IBFS is optimum.
Notes:
 Transportation cost not given- Put “Infinity”
 If no .of allocations does not equal to M+N-1, That situation is de generacy.
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To resolve de generacy, Introduce epsilon(E or e) to the least cost unalloted cell (Non dummy row or column)
 If Delta ij is consisting of any negative entry, The IBFS is not optimum.  In that situation, same shall be Improved by Loop technique.
 Loop will be drawn in IBFS correspond to most negative element occurred in Delta ij Table.

Conventions to form a loop
 Even no .of turns
 Commence & Terminate @ same cell
 @ every turn, there should be number, except starting point
 Put + at start, - , + at alternative turns.
 Select least qty @ “-“ sign deduct from “-“ signs add to “+” signs
 If in Delta ij Table contains “0”’s we can get no. of optimum solutions in number same as “0”’s in Delta ij Table.
 Alternative solutions can be obtained by drawing Loop.
 Loop will be drawn in IBFS correspond to “0” element occurred in Delta ij Table.
 Select least qty @ “-“ sign deduct from “-“ signs add to “+” signs

Maximization Problem:

Step1: Balanced or not
Step2: Convert in ti minimization problem
             Procedure: Deduct all numbers from large number.
             Calculate IBFS by VAM3
Step3: Optimality Test
Step4: If Delta ij >=0, Then optimum.
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LINEAR PROGRAMMING

Simplex Method:
Step1: Introduce Slack variable (S1), Surplus Variable(S2) and Artificial Variable (A1) on the LHS of the constraints to convert into equality.
<= equation  + S1
>=equation-S1+A1
= equationA1
Step2: Co-efficients
+0 for Surplus or Slack variable
[bookmark: OLE_LINK1]+M For Artificial Variable Incase of Minimization Problem
-M  For Artificial Variable Incase of Maximization Problem
Step3: Initial Simplex Table
                                                              0    0       0       
Qty          CV       Contribution         X1    X2   S1   S2    S3                   Ratio


a).Qty:  RHS of constraints
b).CV:  Slack or Artificial Variable , Surplus never enter into this.
c).Contribution: 
For Slack Variable “0”
For Artificial Variable:
Minimization problemM
Maximization problem-M
d).Forth Column
      X1, X2, S1, S2, A1, A2.
      On the top  Write co-efficients of objective function

[bookmark: _GoBack]Calculate Z values (Summation of (C * X1 column value)
Also calculate Zj – Cj Value ( Zj –(Minus) Coefficients above
Incase Maximization, Select most negative  Zj-Cj value that becomes key column.

Calculate Ratio:
Qty/Key Column element
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Identify least positive ratio, that becomes Key row.
If all ratios are same- Arbitrary process we need to follow.

Key column and key row interaction is called Key element Or Pivotol element.

In next iteration, key element place will become : “1” and opposite element place will become “0”

Slack variable in CV column of Key row of table 1 replaced by variable of the key column.

Calculate new values of key row:
---Old value of key row/Key element
---Calculate the new value of other rows
       Old value –(minus) Key column element * New value of key row
Step 4:
Prepare next simplex table
Step 5:
Repeat step 3 & 4 till all values in Zj –Cj becomes positive or zero.
All Zj –Cj values are > or = 0, This is the final simplex table.

Interpretation of final simplex table:  
1).CV column shows products to produced X1, X2.
   If CV column Shows S1, Opposite Qty is unused capacity. 

Minimization Problem
1).Introduce S1 for < or = equation,    -S1+A1 for > or = equation   and A1 for = equation. 
2). - (minus)M as co efficient for maximization problem for A1
      + M for Minimization for A1.
3). Most posssitive Zj – Cj will determine the key column element.
4).Ratio  Least positive 
5). All Zj – Cj values are <=0, This is optimum table.

Duality
 Primal
Every primal will have Duality.
If primal is maximization  Duality will be minimization.
Step1:
All equations should be > or < and not mixed
If problem is maximization problemAll equations should be < or =
If problem is minimization problemAll equations should be > or =
Step2: Duality
Constraints becomes co efficients of objective function
Co efficient of objective function becomes constraints.
Step3:
All > equations should become <  &  Vice versa 
Inter change rows and columns.

Problem: For the following problem, write duality

Min=5X1+10X2+15X3
8X1+12X2+9X3>=15
4X1+5X2+8X3<=12
7X1+12X2+15X3=25(for this equation, we should write >=  &  <=)
X1, X2, X3 >= 0
Solution:
8X1+12x2+9X3>=15
-4X1-5X2-8X3>=-12
7X1+12X2+15X3>=25
-7X1-12X2-15X3>=-25
	Duality
	X1
	X2
	X3
	>=
	Constraints

	Y1
	8
	12
	9
	>=
	15

	Y2
	-4
	-5
	-8
	>=
	-12

	Y3
	7
	12
	15
	>=
	25

	Y4
	-7
	-12
	-15
	>=
	-25

	<=
	
	<=
	<=
	
	

	Constraint
	5
	10
	15
	
	



Max Z = 15y1-12y2+25y3-25y4
                   S.t
8y1-4y2+7y3-7y4<=5
12y1-5y2+12y3-12y4<=10
9y1-8y2+15y3-15y4<=15
y1, y2, y3, y4 >=0
Take y5=y3-y4
Max Z = 15y1-12y2+25y5
s.t
8y1-4y2+7y5<=5
12y1-5y2+12y5<=10
9y1-8y2+15y5<=15
y1, y2>=0, y5 is unrestricted.
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ASSIGNMENT
No of resources No of activities,  so that Max profit or min cost
Square matrix problem
Assignment Problems 2 types
     1). Maximization
     2).Minimization

Minimization problems
Hungarian assignment model.
Step1:
Balanced or not ,  if not introduce dummy
Step2:Row elimination
Select lowest value from row, and deduct from others 
Step3:Column elimination
Select lowest value from column(new matrix), and deduct from others
Step4:Draw the lines to cover “0”’s. If drawn lines = Type of matrix, then that is optimum.
Step4: Now Allot the resources in place where “0”’s are there in optimum matrix.
Step6: In case lines drawn does not equal to matrix
      Select least cost un covered element, At interaction add that number and deduct from uncovered element.
          Element which are on line will be the same.
      Now again we need to draw lines and verify lines = Matrix.
Restrictive Assignments	
In some cases some Resources can not be allotted to particular person, in that situation, in case max problemwrite “Minus infinity”, in case min problemwrite “infinity”,

Maximization Problem:

Convert max into min
Step1:Balanced or not, If not balanced introduce dummy
Step2:Convert.    Select highest element and deduct the all numbers from the highest.--> resulting matrix is called cost matrix or opportunity loss matrix
Step3:Perform row and column elimination
Step4:Draw linesIf no.of lines=type off matrixOptimumSelect “0” from each row and column and allot.
Step5:If no of lines does not equal to matrixsame as step 6(minimization)

In some situations there may be more than one way for striking zero’s, in that situation, we will get multiple optimum solutions with the same optimal value of object function.
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SIMULATION
Monte-Carle method of simulation:
Step 1: Probabilities
Step 2: Cal cumulative probability
Step 3: Preparing Random number intervals
Step 4: Assigning Random numbers given in problem to suitable interval.
              Depending upon problem, solution will be obtained.
Example:
                  So.no                        Probability                                cumulative probability                             Random numbers Intervals
                      1                                 .17                                                              .17                                                                0-16
                      2                                 .25                                                              .42                                                                17-41
                      3                                 .25                                                              .67                                                                42-66
                      4                                 .20                                                              .87                                                                67-86
                      5                                 .13                                                                 1                                                                 87-99              
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LEARNING CURVE

                                              No.of units                                                     Avg time PU
1 100 hours
2 80 hours(100*80%)
3 ?
4 64(80*80%)
5 ?
                                      80%LC ratio.
Sol: Y=K.X to the power of s
Y= Avg time PU if “X”Units were produced.
K=Avg time for 1st Unit(i.e 100hrs)
S=Learning co-efficient for 80% learning curve=.3219(W.N)
Log 80/100/Log2=Log80-Log100/Log2
                                =1.9031-2.0/0.3010=-.3219
                               X= 3, 5
Log Y= Log K+S.logx
           =Log100+ (-.3219)Log3
           =2+ (-.3219).4771
           =1.8464
Antilog.8464 is 70.21
Average time PU if 3 units are prodused=70.21
If X=5 units
Log Y=Log100+(-.3214)log5
           =2+(-.3219)0.6990=1.7749
Antilog of .7749is 59.55
No.of units                       Avg time PU                                   Total time                                         Marginal time
                                                                                      (Avg time * No.of units)
      1                                             100hrs                                          1*100                                                  -
      2                                                80hrs                                          2*80=160                                              60
      3                                               70.21                                            3*70.21=210.63                                 50.63
      4                                                64                                                 4*64=256                                             45.37
      5                                                 59.55                                           5*59.55=297.75                                 41.75


         

 

	








































  






                                                                                  
