Homework 3

(Sample problems from previous year's final)

Due Date: Dec. 10, 2007

1. We are going to place five modules (a to e) using the branch and bound method we learned in the class. The modules can be placed in slots (A to F) as shown in the figure below. The distance between two slots is computed as Manhattan distance and the distance between two adjacent slots is 1.
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We have already placed three modules (a, b, and d) as follows.





Compute the lower bound of the cost at this stage of placement. Assume that there are only two terminal nets and the cost is computed by the number of wires between modules and the distance. The numbers of wires between modules are as follows.
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Sol:
Step 1: 6*1+4*1+2*2=14
Step 2: (1 3)(1 1)+(1 1)(2 2)+(2 3)(2 1)=4+4+7=15
Step 3: 3*1=3
lower bound=14+15+3=32
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Suppose we use simulated annealing to obtain a minimal solution to a problem. For arbitrary pair of states i and j (i, j = 1..N), the probability of transition from the given current state i to state j at temperature T is given by 
where c(i),c(j)>0 are the cost at state i and state j, respectively. 
(1) Show that, at equilibrium where p(i(j|i)p(i)=p(j(i|j)p(j) for all i and j, the probability of being at state i is given by
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At equilibrium, 
p(i)/p(j)=p(j->i|j)/p(i->j|i)=exp(-(c(i)-c(j))/T)=exp(-c(i)/T)/exp(-c(j)/T).
p(i)/exp(-c(i)/T)=p(j)/exp(-c(j)/T)=f(T) --- not a function of i or j
p(i)=f(T)exp(-c(i)/T)
sum(p(i))=1 --> f(T)sum(exp(-c(i)/T))=1 --> f(T)=1/sum(exp(-c(i)/T))
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At each temperature T, once the system comes to equilibrium, the probability of being at state i is given by
Show that, as T goes to 0, we reach global minimum with probability one (Hint: assume there are M global minimum solutions).

Let state m is one of M global minimum states. Then
[image: image8.wmf])

,

1

min(

)

|

(

/

))

(

)

(

(

T

i

c

j

c

e

i

j

i

p

-

-

=

®


3. Given the following four modules, we are trying to solve two-dimensional placement problem with the Eigen value approach.







(1) [image: image9.wmf](
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Assuming that the x-coordinate of module 1 is 0 and that of module 4 is 2, perform one-dimensional placement by obtaining the x-coordinates of module 2 and 3 that minimize the energy.  
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(2) Solve the two-dimensional placement problem by obtaining the y-coordinate of each module, given the constraint of YTY=2. Assume that the y-coordinate of module 1 is 0. Draw the result of your two-dimensional placement. 
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4. We need to perform crossover operation to the following two segmented parents to generate an offspring.

P1 [abcde|fghi]
P2 [bhfeg|dcai]

(1) Perform PMX (partially mapped crossover). 
  [     |dcai]
  [ b  e|dcai]
  [hbgfe|dcai]









(2) Perform cycle crossover. 
  [ab    h ]
  [abfegdch ]
  [abfegdchi]







5. Suppose we are to perform channel routing with two-level metal layers, where wires can be placed only along the grid lines. The vertical constraint graph can have a cycle between vertices i and j. Draw an example of a channel to show how such a case can happen and show how the nets can be routed. Also explain how you can route the nets when the two corresponding terminals i and j are located next to each other (no spacing between the two terminals). 

Doglegs can be used.
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