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The work done on this assignment must be your own work. Think carefully about any problems you come across, and try to solve them yourself before you ask anyone else for help. Under no circumstances should you work together with another student on any answers used in assignments.


Due: Monday 22 October 2007 5pm


Worth: 13.3%


The goal of this assignment is for you to find a “better” weighting scheme for A*.  What this means and why you would want to do this, is explained below.

A* is one of the best search algorithms around.  However, it is not perfect and its main drawbacks are that:

· It relies heavily on the heuristic being able to readily distinguish between states that are on the optimal path to the nearest/cheapest goal state and those that aren’t.

· In general, the heuristic does not distinguish clearly enough between such states and consequently, A* ends up expanding far too many nodes.  The design of heuristics involves selecting the most appropriate trade off between its accuracy and its cost, greater accuracy usually involving higher computational costs.

One line of research is how to extract as much “accuracy” as possible from any given heuristic.  This usually involves finding a better weighting scheme for the computation of f from g and h.  The following is one of the rationales for looking at weighting schemes.

A Rationale for Weighted A*’s

Often heuristics compute estimates by making simplifications or approximations that generate an abstract domain search space in which it is cheaper to discover an “optimal”
 solution, the length of this solution is returned as the estimate.  This usually means that heuristic's "step" represent more than one step in the concrete domain space.  This is a problem when we add the number of abstract steps (our h value) to the number of concrete steps (our g value), because we want the sum (our f value) to be in terms of concrete steps.  So what we want to do is to find a "scheme" for "translating" a number of abstract steps into a number of corresponding concrete steps.

There are at least two different approaches to this problem (there are probably more).  One approach is to find some equation that directly maps h values into g values, perhaps using the mean expansion of each h value into its corresponding g value.  For example, you might find there’s a simple formula that works for a particular heuristic that fairly accurately predicts what each h value turns into when we examine the concrete space.
Another approach is to find a way of transforming the edge costs in the abstract space to more closely match their expanded accumulated edge costs in the concrete space.  For example, when we use a particular operator in the abstract space we might normally expand that operator into a particular number of operators in the concrete space, while other abstract operators might normally expand into different numbers of concrete operators.

Of course, you should try to think of other possible approaches!


You need to do the following:

1. Compute and display the statistics for the expansion factors for the given the heuristics for the eight puzzle.  For example, if a heuristic gives a value of 2 and the true optimal distance is 3, then the expansion factor for that instance is 50%.

2. Propose a weighting scheme for one of the heuristics that you think will enhance A*’s use of that heuristic (i.e., A* will expand statistically significant fewer nodes, on average, when using your weighting scheme and that heuristic than when just using that heuristic and the standard weighting scheme).

3. Present a “reasonable” explanation for why you think your scheme might enhance A*’s use of that heuristic.

4. Present empirical/analytical support for your claim (i.e., that your weighting scheme does better than the standard weighting scheme (i.e., where g and h are equally weighted)).  This support can be in terms of experiments, in terms of theorems you prove, or both.  Note that your weighting scheme can trade optimality (i.e., A* may no longer be guaranteed to find the optimal solution) for efficiency (i.e., A* expands fewer nodes)
.  However, I’d like you to try to use the information, that you found in your analysis of the heuristics expansion factor, create an admissible f value that is better than the g + h sum, if you can. 


· There is a “database” of all possible  solvable
 8-puzzle states categorized by their optimal distance to the goal.  This can be found under the class webpage for Resources.  Follow the link to my stuff and you will find a link to the directory EightPuzzle.d  The files in this directory have the format EightPuzzle_n.txt where n is the optimal distance to the goal.  These files contain the state descriptions of those states having that optimal distance.

· There is Ira Pohl’s 1973 paper on dynamic weighting of A*.

· There is Hart, Nilsson, and Raphael’s 1968 seminal paper on A*.

· There are various papers dealing with weighted A*.

· There is Prieditis’ paper on automatically creating admissible heuristic functions.

· I have requested a forum to be opened for our class, that would be the best place to have discussions about what is required, etc., for the assignment.


For this assignment you should explore 3 heuristics for the 8 puzzle:

1. Manhattan distance.

2. Out-of-place.

3. Relaxed adjacency. 

You probably already know what the Manhattan and out-of-place heuristics are.  However, you may not be familiar with the relaxed adjacency heuristic.  The 8 puzzle move operator is move(Tile, FromLoc, ToLoc).  The precondition of the operator is that the Tile is currently in the FromLoc location, that the blank is currently in the ToLoc location, and that ToLoc is adjacent (horizontally or vertically) to FromLoc.  The Manhattan distance heuristic drops the “blank” precondition.  The relaxed adjacency heuristic drops the “adjacency” precondition.  The out-of-place heuristic drops both of those preconditions.
In the relaxed adjacency abstract space, the move operator moves the named tile to where ever the blank is, regardless of whether the tile location is adjacent to the blank’s location.


You should submit the following:

1. Two out of the following three .csv files: manhattan.csv, outofplace.csv, and/or relaxed.csv.  The format of these files is that for each solvable 8 puzzle state (which are found in the EightPuzzle database) you have a line that states the actual optimal distance from that state to the goal and the heuristics’ estimate of the distance.  The first number is separated from the second by a comma.  In other words, I should be able to input these files into Excel in comma separated values (csv) format. 

2. A .pdf file: graphs.pdf .  This file displays the information in those 2 files in either table or graph format such that it gives a clear picture of how those h values (i.e., estimates) map to g values (i.e., optimal distances to goal).

3. A .pdf file that is your completed version of the form at the end of this document.  It should be obvious from the form what is required.


There are 10 marks for this assignment and they are split as follows:

1. You get a max of 1.5 marks for each of the .csv files you submit that is correct (for a total of 3 marks).  

2. You get a max of 3 marks for .pdf file displaying the statistics (again, a max of 1.5 marks for each of the three heuristics).

3. You get a max of 4 marks for .pdf report file.


You need to submit via the electronic drop box.
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[1 Mark] Description of the proposed weighting scheme you “claim” is better than the standard one:

[2 Marks] Explanation of why this weighting scheme could be better than the standard one:

[1 Mark] Support for your claim:
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� An optimal solution in an abstract space may not be refinable into an optimal solution in the concrete space.


� Look at the discussion on the dynamic weighting formula in Pohl’s original 1973 paper which shows how this can be done.


� Roughly only half of all the states are reachable from any given state in the 8 puzzle.





