Math 305 Exam 2 Fall 2008
Open book

Open book. Submit work on 6 of the following problems 
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1. The figure to the right represents the portion of a street network in a city, showing the direction of travel permitted and capacity of travel per hour.  

a. Currently, the street segment between intersections C and D is two-way with a capacity of 500 vehicles per hour in each direction.  What is the maximum flow from A to G?  A plan to convert this segment to one-way operation with a capacity of 1,500 vehicles per hour in order to increase the flow of traffic between intersections A and G.  Would this be useful?  If so, in which direction would the one-way street be and how much would the flow increase?  

The easiest way was to use LINDO:
  MAX     XFG + XDG

  SUBJECT TO

         2)   XAB <=   1600

         3)   XAC <=   1000

         4)   XBC <=   1400

         5)   XBD <=   400

         6)   XCD <=   500

         7)   XCE <=   1500

         8)   XCF <=   800

         9)   XDC <=   500

        10)   XDG <=   1500

        11)   XEF <=   600

        12)   XFG <=   1800

        13)   XAB - XBC - XBD =    0

        14)   XAC + XBC - XCD - XCE - XCF + XDC =    0

        15) - XDG + XBD + XCD - XDC =    0

        16)   XCE - XEF =    0

        17) - XFG + XCF + XEF =    0

  END
gives a flow of  2300

Adjusting to 1-way with D->C yields 2600

Some of you learned and used the Ford Fulkerson method in the book (good!)
· Find a positive flow from source to sink

· Decrease the capacity along each of the branchesby that amount

· Continue until there are no more positive flows

E.g.A->C->F->G              (800)

      A->C->E_>F->G        (200)

      A->B->D->G               (400)

     A->B->C->D->G         (500)
    A->B->C->E->F->G     (400)

Some of you found a min cut of 2300.

Some talked in terms of critical path (there is not one).

b. A traffic study revealed that banning parking on segments AB, BD, and EF would increase street capacity by 400 vehicles per hour on each segment. Because of a shortage of parking in the area, the city council will ban parking on only one segment.  Which one should they choose to maximize flow capacity between intersections A and G?  Assume the decision on segment CD has been taken.
Ban parking on AB to give a flow of 2800. This can be determined by looking at the dual prices for capacity constraints on each edge or by rerunning LINDO
2. Families F1, F2, F3, and F4 with 3, 4, 5, and 6 members each are going on vacation. They have rented three RVs  which hold 5, 6, and 7 people respectively.  No more than 3 people in the same family can be in the same RV.  Formulate a model and use it to determine if there a way they can be divided.
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Solving by max flow (LP or Ford Fulkerson or guess) gives  flows

So → F1→RV1→Si   (3)

So → F2→RV1→Si   (2)

So → F2→RV3→Si   (2)

So → F3→RV2→Si   (3)

So → F3→RV3→Si   (2)

So → F4→RV2→Si   (3)

So → F4→RV3→Si   (3)

3. A certain project consists of activities a, b, c, d, e, f, g, h, and i with precedence relations, and optimistic, most likely, and pessimistic completion times for each activity as shown in the following table.

	Activity 
	Preceded By
	Optimistic Time
	Most Likely Time 
	Pessimistic Time

	a
	-
	    3 
	 5
	    7

	b
	-
	    6
	 7
	    9

	c
	-
	    2
	 4
	    5

	d
	a
	    3
	 4
	    6.4 

	e
	b
	    1.5
	 3
	    5

	f
	c
	    1.9
	 3
	    7

	g
	d, e
	    7
	10
	   15

	h
	d, e
	   10
	13
	   20

	i
	g, h
	    3
	 4
	    8


Determine the critical path, based on the expected time. Find the probability the project will take less than 30 hours.  Indicate any assumptions you make and comment on whether you think they are justified.
If we had done it on the most likely time (not what was asked for):
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Critical path 0→2→5→7 →8 events b e h i

Based on expected time:

	Event T
	E(T)

	a
	5

	b
	7.167

	c
	3.833

	d
	4.233

	e
	3.083

	f
	3.483

	g
	10.333

	h
	13.67

	i
	4.5
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Critical path is still events b e h i. 
Or use LINDO

Fill in variances

	Event T
	E(T)
	

	b
	7.1767
	.25

	e
	3.083
	.34

	h
	13.667
	2.78

	i
	4.5
	.69

	Sum
	28.417
	4.06


Many of you did fine up to here.
 ( = 2.015

(30 – 28.417)/2.015 = 0.7856 standard deviations

Using the standard normal table for .79   p(less than 30) = 0.7852
OR using Excel NORMDIST(30,28.21,2.015,TRUE) =.8128
Assumptions;

· critical path requires longest time – not true if other paths are close in required time

· probability distribution is beta - fine

· activity times independent – not true, the cause of being late on one activity may also affect another activity.

· project distribution is normal – true because of central limit theorem

4. The Goode O'Toole company runs a machine shop containing an expensive drill press that must be replaced periodically as it wears out.  The foreman has the authorization to install a new model as necessary, but wishes to devise an optimal replacement plan for the next seven years after which the drill press will no longer be needed.  It is necessary to install a drill press at the beginning of the first year.  Let


  Pi = the cost of a new drill in year i


  vi = the salvage value of a drill press that is sold at the end of i years of use


  ri = the cost of operating a press during its ith consecutive year of use.

	i
	Pi
	vi
	ri

	1
	100
	50
	30

	2
	105
	25
	40

	3
	110
	10
	50

	4
	115
	  5
	50

	5
	120
	  2
	60

	6
	125
	  1
	70

	7
	130
	  0
	   100


Determine an optimal policy for the company (the years in which a new drill press should be purchased and the cost of that policy). 
Construct a network with paths from earlier to later years



1
2
3
4
5
...

	from/to
	1
	2
	3
	4
	5
	6
	7
	8

	1
	
	80
	145
	210
	265
	328
	399
	500

	2
	
	
	85
	150
	215
	270
	333
	405

	3
	
	
	
	90
	155
	220
	275
	338

	4
	
	
	
	
	95
	160
	225
	280

	5
	
	
	
	
	
	100
	165
	230

	6
	
	
	
	
	
	
	105
	170

	7
	
	
	
	
	
	
	
	110

	
	
	
	
	
	
	
	
	


Now find the shortest path from 1 to 8. It will be 1 ( 3 ( 8 for a cost of 483

5. Develop an algorithm for determining the earliest time/latest time in a PERT problem without drawing the precedence graph.  Illustrate your algorithm with a problem
Calculate earliest times:

· Initialization: Identify the start node. Put it in the set of reached activities with an earliest time of 0.

· Iteration: Add each activity that has only reached activities as predecessors to the set of reached activities. Its earliest time is the maximum of the earliest times for its predecessors plus the time for the activity.

· Stopping condition: all activities have been reached.

Calculate latest times:

· Initialization: Identify the finish node. Put it in the set of finished activities with an latest time equal to its earliest time.

· Iteration: Add each activity that has only finished activities as successors to the set of finished activities. Its latest time is the minimum of the latest times for its successors plus the time for the activity.

· Stopping condition: all activities have been finished.

6. Give a realistic application of CPM time/cost tradeoff scheduling with at least 6 activities.  For each activity, give the normal duration, cost, speedup cost, and events that must precede it. Formulate and solve the LP for your application. 
7. a. Your math teacher has assigned 4 difficult problems to your class of 4 students. Time is running out and you decided to pool your efforts. You have the following estimates for you long it takes each student to do each problem. Assign students so as to minimize the sum of the times for all 4 problems. Is this fair?

	Student
	Prob 1
	Prob 2
	Prob 3
	Prob 4

	1
	10
	33
	41
	20

	2
	24
	17
	50
	60

	3
	39
	32
	62
	29

	4
	22
	27
	39
	37


This is an assignment problem, use LINDO.
Some of you also noticed that you could guess 

	Student
	Prob 
	Cost

	1
	1
	10

	2
	2
	24

	3
	4
	27

	4
	3
	32


     b.  How would you solve the problem if each student could do more than one (up to 4) problems?  

          Explain.

This can also be an assignment problem with 4 units of supply for each student and a dummy sink for the problems a s/he does not do.

The no-brainer approach is to pick the fastest person for each problem.
Fx = Family #x


RVy= RV #y


All nodes  between Fx and RVy are connected with weight 3
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