PART 1

The most essential issue during planning and controlling all the activities during the project  is determining the critical path. In order to determine the critical path, we used mathematical modeling tool at which the activities are represented by arcs. You can see the general form of our model below.

Decision Variables:
ETi  = Earliest Event time for node i

LTi  = Latest Event time for node i

Duri,j  = Duration of the activity from node i to j  

ESTi,j  = Earliest start time of the activity from node i to j.

EFTi,j  = Earliest finish time of the activity from node i to j.

LSTi,j  = Latest start time of the activity from node i to j.

LFTi,j  = Latest finish time of the activity from node i to j.

Model:

MIN  ET32-ET1
Subject to:

ETj >= ETi + Duri,j
               for all i,j  such that i ( Predecessors of j

ETj = Max { ETi + Duri,j : for all i ( Predecessors of j}            for all i

LTi = Min  { LTj – Duri,j : for all i ( Predecessors of j }        for all i

ESTi,j = ETi             
               for all i,j  such that i ( Predecessors of j 

EFTi,j = ETi + Duri,j
               for all i,j  such that i ( Predecessors of j 

LSTi,j = LTj – Duri,j  
               for all i,j  such that i ( Predecessors of j 

LFTi,j = LTj

               for all i,j  such that i ( Predecessors of j

ET1 = 0


ET32 = LT32 

All>=0

 The results of the given model is illustrated in Table1.

Table 1 : 

	Activity #
	
	Earliest Start Time
	
	Latest Start Time
	
	Earliest Finish Time
	
	Latest Finish Time
	
	On The Critical Path?
	

	
	
	
	
	
	
	
	
	
	
	
	

	1
	
	0
	
	1
	
	1
	
	2
	
	No
	

	2
	
	0
	
	0
	
	2
	
	2
	
	Yes
	

	3
	
	2
	
	2
	
	5
	
	5
	
	Yes
	

	4
	
	5
	
	11
	
	10
	
	16
	
	No
	

	5
	
	2
	
	3
	
	3
	
	4
	
	No
	

	6
	
	5
	
	7
	
	10
	
	12
	
	No
	

	7
	
	10
	
	12
	
	11
	
	13
	
	No
	

	8
	
	5
	
	5
	
	7
	
	7
	
	Yes
	

	9
	
	7
	
	7
	
	12
	
	12
	
	Yes
	

	10
	
	12
	
	12
	
	13
	
	13
	
	Yes
	

	11
	
	1
	
	8
	
	3
	
	10
	
	No
	

	12
	
	1
	
	2
	
	3
	
	4
	
	No
	

	13
	
	1
	
	3
	
	2
	
	4
	
	No
	

	14
	
	3
	
	4
	
	9
	
	10
	
	No
	

	15
	
	9
	
	10
	
	10
	
	11
	
	No
	

	16
	
	10
	
	11
	
	11
	
	12
	
	No
	

	17
	
	11
	
	12
	
	12
	
	13
	
	No
	

	18
	
	13
	
	13
	
	14
	
	14
	
	Yes
	

	19
	
	14
	
	14
	
	15
	
	15
	
	Yes
	

	20
	
	3
	
	4
	
	11
	
	12
	
	No
	

	21
	
	11
	
	12
	
	14
	
	15
	
	No
	

	22
	
	14
	
	15
	
	15
	
	16
	
	No
	

	23
	
	15
	
	15
	
	16
	
	16
	
	Yes
	

	24
	
	16
	
	16
	
	19
	
	19
	
	Yes
	

	25
	
	19
	
	19
	
	20
	
	20
	
	Yes
	

	26
	
	20
	
	20
	
	21
	
	21
	
	Yes
	

	27
	
	21
	
	21
	
	26
	
	26
	
	Yes
	

	28
	
	19
	
	20
	
	20
	
	21
	
	No
	

	29
	
	20
	
	21
	
	22
	
	23
	
	No
	

	30
	
	22
	
	23
	
	25
	
	26
	
	No
	

	31
	
	26
	
	26
	
	27
	
	27
	
	Yes
	

	
	
	
	
	
	
	
	
	
	
	
	

	CRITICAL ACTIVITIES         :           2-3-8-9-10-18-19-23-24-25-26-27-31


The network for the project and the critical path can be seen in the Appendix 1.

PART 2

The balance between the crashing costs and the lateness cost can be achieved by reviewing the model by changing the objective function and the duration definitions.

As there is a trade off between the crashing costs and the lateness cost, the objective is minimizing the total cost of the project. The reviewed model can be seen below . 

Decision Variables:

CRi 

:  1   if the activity i is crashed

               0  o.w.

COSTi

:  Cost of crashing activity i

DURi    

:  Duration of the  activity i

STARTi 
:  Start time of activity i

FINISHi 
:  Finish time of activity i

CRAi
   
:  Maximum number of days, activity i crashed

LATENESS
:  Number of days the project is late

Model:

MIN ( (CRi*COSTi )+3000*LATENESS          

                                 i

Subject to :

LATENESS  >= FINISH31 – 20

FINISHi >= STARTi + DURi – CRi*CRAi          for all i

CRi <= CRAi                                                               
  for all i

STARTi >=  FINISHj                                                          for all i,j  such that i ( Predecessors of j

CRi,j : Binary

All >= 0 

After running this model we have observed the results. Due to the results crashed activities are: 

· Prepare material and equipment list

· Mobilize 1400 HP tug

· Set skids

· Set ell and risers

· As built drawing and job report

· Tug demobilize at site

· Tug return

And the project is completed in 21 days with a total cost of 90250 $.  Also the activity numbers of the critical paths (there is notone critical path)  are : 1,12,13,14,15,16,17,18,5,2,3,8,9,10,5,20,21,22,19,23,25,28,26,27,30,31.

Table 2 :

	Activity no:
	
	Start time
	
	Finish Time
	
	Is it crashed ?
	
	Normal Duration 
	
	Crashed Duration

	1
	
	0
	
	1
	
	no
	
	1
	
	1

	2
	
	0
	
	1
	
	yes
	
	2
	
	1

	3
	
	1
	
	4
	
	no
	
	3
	
	3

	4
	
	9
	
	14
	
	no
	
	5
	
	5

	5
	
	1
	
	2
	
	no
	
	1
	
	1

	6
	
	4
	
	9
	
	no
	
	5
	
	5

	7
	
	9
	
	10
	
	no
	
	1
	
	1

	8
	
	4
	
	5
	
	yes
	
	2
	
	1

	9
	
	5
	
	10
	
	no
	
	5
	
	5

	10
	
	10
	
	11
	
	no
	
	1
	
	1

	11
	
	1
	
	3
	
	no
	
	2
	
	2

	12
	
	1
	
	2
	
	yes
	
	2
	
	1

	13
	
	1
	
	2
	
	no
	
	1
	
	1

	14
	
	2
	
	8
	
	no
	
	6
	
	6

	15
	
	8
	
	9
	
	no
	
	1
	
	1

	16
	
	9
	
	10
	
	no
	
	1
	
	1

	17
	
	10
	
	11
	
	no
	
	1
	
	1

	18
	
	11
	
	12
	
	no
	
	1
	
	1

	19
	
	12
	
	13
	
	no
	
	1
	
	1

	20
	
	2
	
	10
	
	no
	
	8
	
	8

	21
	
	10
	
	13
	
	no
	
	3
	
	3

	22
	
	13
	
	14
	
	no
	
	1
	
	1

	23
	
	13
	
	14
	
	no
	
	1
	
	1

	24
	
	14
	
	16
	
	yes
	
	3
	
	2

	25
	
	16
	
	17
	
	no
	
	1
	
	1

	26
	
	17
	
	18
	
	no
	
	1
	
	1

	27
	
	18
	
	20
	
	yes
	
	5
	
	2

	28
	
	16
	
	17
	
	no
	
	1
	
	1

	29
	
	17
	
	18
	
	yes
	
	2
	
	1

	30
	
	18
	
	20
	
	yes
	
	3
	
	2

	31
	
	20
	
	21
	
	no
	
	1
	
	1

	
	
	
	
	
	
	
	
	
	
	

	CRITICAL ACTIVITIES      :      1-2-3-5-8-9-10-12-13-14-15-16-17-18-19-20-21-22-23-25-26-27-28-30-31


PART 3 

After entering duration of the activities, and the resources needed for these activities, resource leveling for project is done with the help of the Microsoft project software. During the resource leveling available resource levels for the number of construct engineers, foreman, workers and porters are given in high levels at first but as we have made trial and error, every time we have decreased the resource level and observed the results. From the results the peak levels are tried to be reduced. This is done firstly delaying or taking the starting date of the activities, which were active at the peak levels. 

We have changed the starting date of the 4th activity 9 days (5 weekdays) by delaying, we have concluded with the optimal resource leveling. Due to our optimal leveling: 6    Construction engineer, 11  Foreman, 8 Porter, and 20  Worker are found to be enough for accomplishment of the project  without delaying the completion time.

Results of the improved and old resource leveling activities are compared with each other by the help of  graphical tools in Appendix 2. 
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