Problem A

Spanning Trees in a Secure Lock Pattern
Time Limit: 2s

Screen lock on a smart phone can be secured witérpaUnlock pattern may have 9 nodes on the
3 x 3 grid. In this problem, we modify this arranggnt slightly such that the grid size can be varied
from 2 x 2 tomx m, and only a limited number of connections betwagjacent nodes are permitted.
Let call this amodified mesh graphG andV is a set of vertices (nodes) ahdis a set of edges

(connections). Examples of 2 x 2, 3 x 3 and 4 metified mesh graphs are given in the figures
below. Note that the corner vertices have 3 conmestat most, while the middle vertices can have
up to 8 connections. Only a connection to adjaeerttces is allowed, a constraint of the problem.
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We define aspanning tree in our problem as a collection of lines in themrdorming no closed
loops, containing a path between any two pointthefgraph coveringn® = n vertices anch — 1
edges. Spanning trees in a graph can have mangsbapatterns.

To calculate a number of spanning trees in GGldie a graph with vertices labeled.v,v,. We
form ann x n matrix treeT = [t;] as follows.

e If i =), then { is the number of lines tq in the graph.
» [Ifi#j, then =0 if there is no line betweenand yin G.
« Ifi#], then=-1if thereis aline betweenand yin G.
Then, the number of spanning tree$irs given by -
cofactor ofgy = (-1)"'M;;
whereM;; is the determinant of the-{() x (n-1) matrix obtained by deleting romand columrj of
the matrix tredl. Evaluate any cofactor d@fyields the same result.

Example 1: A matrix tre& of 2 x 2 modified mesh graph is
3 -1 -1 -1
-1 3 -1 -1
-1 -1 3 -1
-1 -1 -1 3
Evaluate any cofactor df. For example, covering up row 1 and column 1, @xeh

T =

3 -1 -1
(-1)**M, =|-1 3 -—1|=16.
-1 —1 3

Therefore, a number of spanning tree is 16.
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Example 2: A matrix tre@ of 3 x 3 modified mesh graph is

/3 -1 0 -1 -1 @0 0 0 0
-1 5§ -1 -1 -1 -1 0 0 o0
0 -1 3 0 -1 -1 0 0 0
-1 -1 0 5 —-1 0 -1 -1 0
T=({-1 -1 -1 -1 8 -1 -1 —1 -1
0 -1 -1 0 -1 5 0 —1 -1
0 0 0 -1 -1 0 3 -1 0
\n 0 0 -1 -1 -1 -1 5 —1)
o o 0o 0 -1 -1 0 —1 3

Evaluate any cofactor dfwill yield the same value which is the number jpdisning trees.
Hint: Determinant calculation using elementary row openamethod:

To calculate a determinant you need to transf@nnoriginal matrix into an upper triangular
matrix (all elements below main diagonal are zeRgduce the matrix to row echelon form using
elementary row operations so that all the elemieeaksw diagonal are zero. Then multiply the main
diagonal elements of a matrix to get the deterntimatue.

Your task is to write a program to find the numbérspanning trees for a given sigex m of a
modified mesh graph.

Input

The first line of the input contains an intedér(1 <= N <= 5) denoting the number of test cases.
After thatN test cases follow. Each test case contains a singglgerm (2 <=m <= 6) denoting a
size of amtmm x m modified mesh graph.

Output

For each test case, your program should outputuh@ber of spanning trees, which indicates how
many patterns of spanning trees there are forengivodified mesh graph. Print out one line per test
case, respectively.

Sample Input Sample Output
1 16
2
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Explanation

In the above sample input, there is only 1 tesé @ds= 1). For example, in the first test case there
are 16 different spanning trees for = 2. These spanning trees are listed below. Nudé your
program is NOT required to draw all possible patter
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