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1. For the reduced portion of the network surrounded by a dashed line on Figure 1 
a.    Formulate the constraints for nodes C, E and G of a single traveler moving from point C to point G:

b. A second traveler who lives at C gets into the system and is moving somewhere. Change the formulation of Node C to account for this new individual arriving into the network.

c. The second traveler’s destination is G, change the formulation correspondingly.  [5 marks]
Figure 1
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CONSTRAINTS

Node C:  xCB + xCF = 1
Node E: XAE + XDE + XIE + XHE + XFE + XBE = XED + XEI + XEH + XEF + XEB
Node G: XDG + XHG = 1
Modified Node C: xCB + xCF = 2
Part c, Modified formulation: XDG + XHG = 2
2. Some of the cities on the network of Figure 1 produce a luxury item only demanded at some cities (but not all). Table 1 summarizes market information (supply and demand) of such item. 
a. Formulate the constraints for the distribution of such luxury item. [8 marks]
Table 1. Summary of Market Information
	Node
	Demand (destination) 
	Supply (source)

	A
	10
	 

	J
	 
	3

	B
	7
	 

	K
	 
	9

	C
	5
	 

	Z
	 
	8

	E
	 
	2

	Summation
	22
	22


CONSTRAINTS

Destinations 
XJA+XKA + XZA + XEA >=10
XJB + XKB + XZB + XEB >=7
XJC + XKC + XZC + XEC >=5

Sources

XJA + XJB + XJC <=3

XKA+XKB+XKC <=9

XZA + XZB + XZC <= 8

XEA + XEB + XEC <= 2

b. Two additional luxury items fabricated in China arrive by air into Town K, modify the formulation of the corresponding node constraint
XKA+XKB+XKC <=11
3. If the numbers given in semicircles in the network depicted on Figure 2 are travel time in minutes, where and how many police stations should you built such that all towns are reachable within 7 minutes?, please fill in the table given on next page and then identify a possible solution. [11 marks]
[image: image2.emf]
4. The solution of a problem involving profit (Z1) and equivalent CO2 gas emissions (Z2) (i.e., pollution), is given in the following table. How sensitive is the response to changes in the decision variables? If decision makers disagree on the relative importance of environmental protection and profit can you find a clear choice of decision variables that perhaps satisfy both? [4 marks]
Z1 = x2 + y2  

Z2 = 2x + 3y
	w1
	w2
	x
	y
	Z1
	Z2

	0.2
	0.8
	2
	0
	 
	 

	0.4
	0.6
	2
	0.9
	 
	 

	0.6
	0.4
	2
	1
	 
	 

	0.8
	0.2
	4
	2
	 
	 


This Table is for Problem3 
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