
Practical Exam Problem: magic square problem with nested lists implementation 

Problem difficulty: 3  

Implement the following procedure to construct magic n-by-n squares;  

¶ it works only if n is odd.  

¶ Place a 1 in the middle of the bottom row.  

¶ After k has been placed in the (i, j) square, place k+1 into the square to the right and 

down, wrapping around the borders.  

¶ However,  

1. if the square to the right and down has already been filled, or  

2. if you are in the lower right corner,  

then you must move to the square straight up instead.  

Here's the 5-by-5 square that you get if you follow this method:  

 11  18   25    2    9  

 10  12   19   21    3  

  4   6   13   20   22  

 23   5    7   14   16  

 17  24    1    8   15  

 

Check that the square above is magic.  

 

Implement the square as a matrix using nested lists and have your program also check that the 

square it generated is indeed magic. Hereôs how my program works:  
 

>>> main() 

What size: 3 

4 9 2 

3 5 7 

8 1 6 

Proof this is magic -- all row sums are the same: 

15 15 15  

Proof this is magic -- all column sums are the same: 

15 15 15  

The sum of elements on the NW-SE diagonal: 

15 

The sum of elements on the SW-NE diagonal: 

15 

>>> main() 

What size: 5 

11 18 25  2  9 

10 12 19 21  3 



 4  6 13 20 22 

23  5  7 14 16 

17 24  1  8 15 

Proof this is magic -- all row sums are the same: 

65 65 65 65 65  

Proof this is magic -- all column sums are the same: 

65 65 65 65 65  

The sum of elements on the NW-SE diagonal: 

65 

The sum of elements on the SW-NE diagonal: 

65 

>>> main() 

What size: 7 

22 31 40 49  2 11 20 

21 23 32 41 43  3 12 

13 15 24 33 42 44  4 

 5 14 16 25 34 36 45 

46  6  8 17 26 35 37 

38 47  7  9 18 27 29 

30 39 48  1 10 19 28 

Proof this is magic -- all row sums are the same: 

175 175 175 175 175 175 175  

Proof this is magic -- all column sums are the same: 

175 175 175 175 175 175 175  

The sum of elements on the NW-SE diagonal: 

175 

The sum of elements on the SW-NE diagonal: 

175 

>>> main() 

What size: 9 

37 48 59 70 81  2 13 24 35 

36 38 49 60 71 73  3 14 25 

26 28 39 50 61 72 74  4 15 

16 27 29 40 51 62 64 75  5 

 6 17 19 30 41 52 63 65 76 

77  7 18 20 31 42 53 55 66 

67 78  8 10 21 32 43 54 56 

57 68 79  9 11 22 33 44 46 

47 58 69 80  1 12 23 34 45 

Proof this is magic -- all row sums are the same: 

369 369 369 369 369 369 369 369 369  

Proof this is magic -- all column sums are the same: 

369 369 369 369 369 369 369 369 369  

The sum of elements on the NW-SE diagonal: 

369 



The sum of elements on the SW-NE diagonal: 

369 

>>> main() 

What size: 11 

 56  69  82  95 108 121   2  15  28  41  54 

 55  57  70  83  96 109 111   3  16  29  42 

 43  45  58  71  84  97 110 112   4  17  30 

 31  44  46  59  72  85  98 100 113   5  18 

 19  32  34  47  60  73  86  99 101 114   6 

  7  20  33  35  48  61  74  87  89 102 115 

116   8  21  23  36  49  62  75  88  90 103 

104 117   9  22  24  37  50  63  76  78  91 

 92 105 118  10  12  25  38  51  64  77  79 

 80  93 106 119  11  13  26  39  52  65  67 

 68  81  94 107 120   1  14  27  40  53  66 

Proof this is magic -- all row sums are the same: 

671 671 671 671 671 671 671 671 671 671 671  

Proof this is magic -- all column sums are the same: 

671 671 671 671 671 671 671 671 671 671 671  

The sum of elements on the NW-SE diagonal: 

671 

The sum of elements on the SW-NE diagonal: 

671 

>>> main() 

What size: 13 

 79  94 109 124 139 154 169   2  17  32  47  62  77 

 78  80  95 110 125 140 155 157   3  18  33  48  63 

 64  66  81  96 111 126 141 156 158   4  19  34  49 

 50  65  67  82  97 112 127 142 144 159   5  20  35 

 36  51  53  68  83  98 113 128 143 145 160   6  21 

 22  37  52  54  69  84  99 114 129 131 146 161   7 

  8  23  38  40  55  70  85 100 115 130 132 147 162 

163   9  24  39  41  56  71  86 101 116 118 133 148 

149 164  10  25  27  42  57  72  87 102 117 119 134 

135 150 165  11  26  28  43  58  73  88 103 105 120 

121 136 151 166  12  14  29  44  59  74  89 104 106 

107 122 137 152 167  13  15  30  45  60  75  90  92 

 93 108 123 138 153 168   1  16  31  46  61  76  91 

Proof this is magic -- all row sums are the same: 

1105 1105 1105 1105 1105 1105 1105 1105 1105 1105 1105 1105 1105  

Proof this is magic -- all column sums are the same: 

1105 1105 1105 1105 1105 1105 1105 1105 1105 1105 1105 1105 1105  

The sum of elements on the NW-SE diagonal: 

1105 

The sum of elements on the SW-NE diagonal: 



1105 

>>> 

 

Note: if you compare this with the implementation using dictionaries you will notice that the 

differences are minimal. Here the indexing is different and the size of the square is implicit. The 

rest (including the external behaviour) is completely identical.  

 

Solution: 

 

def generate(size): 

    # this function creates a size by size matrix full of zeros 

    # the matrix is stored as a lists of lists of integers 

    # d[i][j] indicates cell line i and column j in the matrix d 

    d = [] 

    for i in range(size): # counts the lines 

        row = [] 

        for j in range(size): # counts the columns 

            row.append(0) # place a new zero on that row 

        d.append(row) 

    return d 

 

def rjust(value, width): 

    # assumes value is an int and turns it into a string of width characters 

    # the value appears right justified in the resulting string 

    return (" " * width + str(value))[-width:] 

 

def show(square): 

    # this function prints a square of numbers stored in a matrix 

    # the matrix is implemented as a list of lists, size is implicit 

    size = len(square) 

    for i in range(size): 

        for j in range(size): 

            print rjust(square[i][j], len(str(size*size))), 

        print 

 

def magic(square): 

    # receives a square of zeroes matrix nested list implementation  

    size = len(square) 

    # as explained above the size of the matrix is implicit  

    i = size-1 # bottom line 

    j = size/2 # middle column 

    for num in range(1, size*size+1, 1): 

        square[i][j] = num 

        u = (i + 1) % size # u is next line, wrapped around the S-N borders 

        v = (j + 1) % size # v is next column, wrapped around the E-W borders 

        # the (u, v) tuple is the next location; it may be taken (i.e., != 0) 

        if (square[u][v] != 0) : 

            u = i - 1 # it's so easy to backup if you still have i! 

            if u < 0: # this really can't happen, but in case you don't see why 



                u = size - 1  

            v = j # second choice location is of the same column 

        (i, j) = (u, v) 

             

 

 

def main(): 

    size = int(raw_input("What size: ")) 

    if size % 2 == 0: 

        return "Sorry, this only works for squares of odd sizes..." 

    m = generate(size) 

    magic(m) 

    show(m) 

    print "Proof this is magic -- all row sums are the same:" 

    size = len(m) 

    for i in range(size): 

        sum = 0 

        for j in range(size): 

            sum = sum + m[i][j] 

        print sum, 

    print "\nProof this is magic -- all column sums are the same:" 

    for i in range(size): 

        sum = 0 

        for j in range(size): 

            sum = sum + m[j][i] 

        print sum, 

    print "\nThe sum of elements on the NW-SE diagonal:" 

    sum = 0 

    for i in range(size): 

        sum = sum + m[i][i] 

    print sum 

    print "The sum of elements on the SW-NE diagonal:" 

    sum = 0 

    for i in range(size): 

        sum = sum + m[i][size-i-1] 

    print sum     


