
ECE 619 Spring 2013 
Midterm Exam 

March 12 at 8:10AM-9:25AM 

The exam consists of 5 questions each of several parts. The exam is closed book. All of 
the questions can be correctly answered in a reasonable amount of time and space. If you 
need an excessive amount of time or computations to answer a problem, then you are 
doing something wrong. Show your work clearly. 

1. SET COVERING (20 points): Consider a problem where you wish to identify 
events that have occum:~d based on a set of alerts or alarms. You receive two alarms 
{ a2 a3}. The relationships between events and the alarms are given below. Events e2 
and e3 occur with equal likelihood and are more than twice as likely to occur as el e4 
and e5. Formulate an optimization problem to fmd the minimal set of events that will 
most likely explain the alanns. Identify clearly all the constraints and the objective 
function and any other assumptions. 
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el->{al a4 } . 
e2-> {al a2} 
e3-> {al a3} 
e4-> {a3 a4} 
e5-> {a2} 
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2. LINEAR PROGRAM (25 points): Given the linear programming problem below. 
min 5x1 +2x2 

such that 
3x1 +x2 <:!::4 
x1 -2x2 s 3.5 
XpX2 <:!::0 

a) Solve this problem graphically. Identify the solution and all the extreme points. 
b) Now formulate this problem in standard form and select the extreme point, which 

is optimal. For this point: 
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• identify the basic variables, xB, non-basic variables, xN, and the basis B. 
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3. INTEGER PROGRAM (10 points): Given the linear programming problem from 
problem 2, repeated below, suppose that x1 is now restricted to be integer. Starting 
with the solution found in question (2a), solve using the branch-and-bound algorithm. 
(Note the solution at each branch should be obvious and a solution is found quickly 
for this problem so if you need to do a large number of branches you are making a 
mistake). 

min 5x1 +2x2 

such that 
3x1 +x2 ~ 4 
x1 -2x2 s 3.5 

x1 integer 
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4. DUALITY (25 points): Co~sider the constrained optimization problem below 
mm2x~ +3x~ 
such that 
3x1 +2x2 <:!:: 4 
x1, x2 <:!:: 0 

a) Find th~ dual of this non-linear program. 
b) Repeat lfXJ andx2 are binary. Plot this dual function. 

CJ.,) F"' t "" -+ \..e L c..~ r ll-'(j e rt"' 

~ (6 ) ~ J ;:- z 'f..; 4 3 'X~ -\ ;t c 4- 5 )< \- <h.) 

M ~"' ~'"': ?e over- X \o~ a~~ l/"'1 a.. tl~'{ c-= D ~~ sc.J.5/:~ 
~ "1-lf':J. v., -:: '-1: y, + f-\. C- ~ )=o=l t-,-= ! A 

"'().__ J. (; ) /d. '~-z :::- b )( 1..-\- (L(- "'2.) ::-o -::::'; /< "'- .::-~ ;t. 

~~w c;~\, si~~ i e 

w (/\I = L ( :.t A I'- 1 3( ~ r )'2_ + )... ( t.t - ~A - ~ )! ) 

~) 1+ 
(<9> o') 

( 0 I l) 

( l) b} 

( t I f \ 

s 
- ,.. 

)~o 

-t \oe\IL e_V!.c.t V\.'\.<e tct-1 e 
w c~, < v--: ... ct) 1, ,t).) 

u/"(-;{ ): s. 5 
'A~ e(, S , --- ).-\'Z. 



5. GRAPH SEARCH (20 points): Consider the graph below with possible routes to 
Knoxville leaving from Memphis. The paths are directional as indicated by the 
arrows. The times shown next to the arcs show the actual driving times. The numbers 
just below the cities show the estimated remaining time to reach Knoxville (the goal). 
Then: 

a) Formulate a linear program for this problem (but do not solve). 
b) Find the shortest path using Dijkstra's search. Show the steps clearly. 
c) Find the shortest path using A* search. Show the steps clearly. Does the estimate 

of the remaining distance to the goal satisfy the A* requirement for finding an 
optimal solution? 

Note, the numbers here aren't necessarily accurate values so don't get hung up on 
your knowledge of these cities. 

Jackson 
4Hrs. 

Nashville 

2.0 Hrs. (3) 2 Hrs. 
2.5 Hrs. 

~5/ 2 Hrs. 

1.5 Hrs 

Knoxville 
(goal) 

---
Memphis 
(Start) 
6 Hrs. 

3 Hrs. 

Huntsville 
1.25 Hrs. 

2.0 Hrs 

Chattanooga 
1 Hr. 
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