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» The turaga-gati method of generating magic squares
» Properties of 4 x 4 pan-diagonal magic squares
> based on the above properties

» Constructing an 8 x 8 square (method due to Thakkura
Pher)

» Narayana’s algorithm for constructing Samagarbha squares
» lllustrative examples

» Narayana’s folding method for 8 x 8 magic squares

» Narayana’s folding method for odd squares

> for getting pan-diagonal squares

» References



Obtaining 4 x 4 PD squares: Horse-move method
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IJLFTUTTAT — like the movement of horse in chess
1 s 13| 12 %T @T — choose pairs of numbers [from the sequence]
12 | 11 5 . I — in two adjacent §ells
T[0T T — and at an interval of one cell

4| 516 | 9 Hmmmmﬁw — by the method of the horse
moving to the left and right
15 | 10 3 6

— in a magic square with 16 cells
— other magic squares of order 4m




Obtaining 4 x 4 PD squares: Horse-move method

A few illustrative examples

Example 1: (1,2) same a previous example; 3 placed in kosthaikya

1112 7| 14 > It may be noted here that for the first yamalayugalas,
s | 13 5 | 11 turaga motion is ‘south-east’ (N\).

> For the next it is ‘south-west’ ()
For the next it is ‘north-west’ ()
151 6] 9] 4 > For the next it is ‘north-east’ (_7)

v

Example 2: (1,2,3,4) same a previous example; position of 5 swapped with 9.

1 S A > It may be noted here that for the first yamalayugalas,
12 | 13 2 7 turaga motion is ‘south-east’ ().

> For the next it is ‘north-west’ ()
For the next it is ‘south-west’ ()
15| 10 5 4 > For the next it is ‘north-east’ ()

6 3| 16 9

v

Note: Main-diagonals remain unchanged; Off-diagonal elements get swapped.



Obtaining 4 x 4 PD squares: Horse-move method
A few illustrative examples
Magic squares corresponding to previous examples:

1112 7| 14 1 8111 | 14
8| 13 2| 11 121 13 2 7
10 3 | 16 5 6 3| 16 9
15 6 9 4 15 | 10 5 4

Magic squares obtained by swapping the positions of 3, (5,9).

1114 7|12 114 ] 11 8
81 1 2118 12 7 2|13
10 51| 16 3 6 9| 16 3
15 4 9 6 15 4 5110

Note: It is seen that these squares are obtained by simply swapping the elements of Il
and IV columns, as expected.



Properties of 4 x 4 pan-diagonal magic squares

Property 1:

Property 2:

Let M be a pan-diagonal 4 x 4 magic square with entries
1,2,...,16, which is mapped on to the torus by identifying
opposite edges of the square. Then the entries of any 2x2
sub-square formed by consecutive rows and columns on the
torus add up to 34.

111213 8
15 6 3|10
4 91 16 5
14 7 211

14+124+154+6=1+12+14+7 =234

Let M be a 4 x 4 pan-diagonal magic square with entries
1,2,...,16, which is mapped on to the torus. Then, the sum
of an entry on M with another which is two squares away
from it along a diagonal (in the torus) is always 17.

1+16=64+11=15+2=4+13=144+3=94+8=17



Properties of 4 x 4 pan-diagonal magic squares

12 | 13 8
15 6 3
4 9 5
14 21 11
Property 3:

The “ " of an elementof a 4 x 4
pan-diagonal magic square (which is mapped on to
the torus as before) are the elements which are next
to it along any row or column. For example, 3,5, 2
and 9 are the “neighbours” of 16 in the magic square
below.

Let M be a 4 x 4 pan-diagonal magic square with entries
1,2,...,16, which is mapped on to the torus. Then the
neighbours of the entry 16 have to be the entries 2,3,5 and 9
in some order.

> We can use the above properties, and very easily construct 4 x 4
pan-diagonal magic squares starting with 1, placed

> Let us work out some examples.



Samagarbha magic squares

Constructing an 8 x 8 square following the method given by Thakkura Phert

> This seems to be an old method for construction 1 13
of samagarbha or 4n x 4n magic square from a 11 5
4 x 4 magic square which is also described by
Thakkura Pheru and Narayana. Consider 4 x 4 4 5| 16
PD square: 15 10
> With this we construct an 8 x 8 as follows:
. 1 5
> Conceive the 8 x 8
to be made up of 2 6
four 4 x 4 magic 4 8
squares. 3 7
» The four yamala- 9 13
yugalankas are to 10 14
be placed using 12 16
turagagat: as 11 15
shown.




> In the previous step we
moved horizontally to the
right and filled the cells.

> Now, we start with the
quarter where we left and
move horizontally to the left.

» The four yamala-
yugalankas are to be placed
using turagagati as earlier.

Finally we arrive at the pan-diagonal 8 x 8 magic

> Again we start with the
quarter where we left and
move horizontally to the
right.

> One of the properties of an
8 x 8 pan-diagonal magic
square seems to be that the

along any diagonal adds to
half the magic sum.

Samagarbha magic squares

1] 32 5| 28
2| 31 6 | 27

4|29 8 | 25
3| 30 7 | 26

9 | 24 13 | 20
10 | 23 14 | 19

12 | 21 16 | 17
11 | 22 15 | 18

square

1132 |61 | 36 5|28 | 57 | 40
62 | 35 2| 31|58 39 6 | 27
4 |29 | 64 | 33 8 |25 | 60 | 37
63 | 34 3 (30| 59 | 38 7 | 26
9|24 | 53 | 44 | 13 | 20 | 49 | 48
54 | 43 | 10 | 23 | 50 | 47 | 14 | 19
12 | 21 56 | 41 16 | 17 | 52 | 45
55 | 42 | 11 22 | 51 46 | 15 | 18




Algorithm for constructing Samagarbha Magic Squares
The Folding Method or Samputavidhi given by Narayana
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» Consider two n x n squares where n = 4m.

» Of the two, one is called the coverer (chadaka)
» The other is called the covered (chadya)

» The folding here is just like folding the palms.
» The first sequence known as malaparkti [has],

» any desired number as the first term (istadi) and so too the
common difference (caya) [and], the number of terms in the
sequence is limited by the order of the magic square



Algorithm for constructing Samagarbha Magic Squares
The Folding Method or Samputavidhi given by Narayana

TgeHfetar @@= =y’ 3= Tedl i
Similarly, (another) sequence having desired number as the first

item and also as the common difference is known as the
parapankti.

Given below are a few examples of malapankti and parapankti.

mulapankti caya parapankti caya
112 3 4 1 0112 3 1
2|4 6 8 2 112|383 4 1
0|3 6 9 3 2134 5 1
316 91|12 3 416|8]|10 2
4 18|12 | 16 4 036 9 3

"The vigraha is: @Y T9E T@IAT | G0 FE=dr
FfCRTHETA | & g ug: O elifhaaEagly: |



Algorithm for constructing Samagarbha Magic Squares
The Folding Method or Samputavidhi given by Narayana
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> The result obtained by decreasing the sum of the malapariti [from the
desired magic sum],

» when divided by the sum of the parapariti [is the guna).

» The elements of the parapanti multiplied by that guna obtained is known
as the gunapariti.

Example 1: Suppose the desired sum

> Milapaiti=[1 2 3 4| ltssumsp=10

> Pam-pantz’—| 0 1 2 3 | Its sum s, = 6. Now,

S—sn 40-10
ss 6

> Using this we obtain Gupa-pariti — [ONNEHINTONINGS].

=5




Algorithm for constructing Samagarbha Magic Squares
The Folding Method or Samputavidhi given by Narayana
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» The two sequences that are known as maulapariti and gunapariti,

> are to be arranged [in the cells] in a cyclic manner—clockwise or
anti-clockwise®—from the centre of the magic square.

> Mula-panti —| 1 2

3 4.

2 312 3 C/ clockwise anti-clockwise

1 4|1 4 Oc/rw,'Se 1 g 1 g 1 g 1 g
)

2 ? i ? {\_o\OCKW\S 10 15 5 0

- S 0 10 15

2specified so in the next few lines of the verses.



Algorithm for constructing Samagarbha Magic Squares
The Folding Method or Samputavidhi given by Narayana
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» The horizontal blocks in the first and the vertical ones in the other

» Half of the magic square bhadra is to be filled in order

» And the other half in the reverse order

anti-clockwise

213123 Clo
T[4[1]4 Hwise
31232 1S
ookt
T[4 T g0

clockwise
10 15 5 0
5 0 10 15
10 15 5 0
5 0 10 15




Algorithm for constructing Samagarbha Magic Squares
The Folding Method or Samputavidhi given by Narayana

| e e I CIBEICr. IS G PR |

21323 10 | 15 5 0 2 8|17 | 183
11411 4 + 5 0|10|15| _ |16 | 14 1 9
312 |3]| 2] (folded) | 10 | 15 5 o~ 3 7118 | 12
4 11141 5 0] 10 | 15 19 | 11 4 6
gle]-square gla-square Hg-square

] Notable features |:

> Apart from the rows, columns and the principal diagonals, the broken
diagonals too add up to the magic sum (pan-diagonal).

» The 16 distinct quadruplets that can be considered also add up to the
magic sum.



A few examples of 4 x 4 Magic Squares

Example 2: Suppose the desired sum| S = 120

> Mula-panti— ‘ 2 4 8 ‘
> Para-panti —‘ 1 2 4 ‘
S—sn 120-20
Sp 10

~ Using this we obtain Guga-pariti — [TONIIZONIG0NINGG]

Its sum s, = 20

Its sum s, = 10. Now,

416|416 30|40 ] 20| 10 14 [ 26 | 44 | 36
218|218 + 20 | 10 | 30 | 40 42 | 38 | 12 | 28
6|4 |6 | 4] (folded) | 30 | 40 | 20 | 10 16 | 24 | 46 | 34
82|82 20 | 10 | 30 | 40 48 | 32 | 18 | 22
gle]-square &lad-square Hg-square




A few examples of 4 x 4 Magic Squares

Example 3: Suppose the desired sum| S = 120 | (with a different
mala and para-parti).

> Mala-pariti—|3 6 9 12| ltssum sy, =30

> Para-panti— ‘ 0 3 6 9 ‘ Its sum s, = 18. Now,

S—sy 120-30

= =5
Sp 18
~ Using this we obtain Guna-pariti — [OIINSIIGONINGS].
6 9 6 9 30 | 45 | 15 0 6|24 |51 |39
3| 12 3| 12 + 15 0| 30 | 45 48 | 42 3| 27
9 6 9 6 | (folded) | 30 | 45 | 15 0 9121 |54 | 36
12 3| 12 3 15 0| 13| 45 57 133 |12 | 18
gle]-square gla-square Hg-square




A few examples of 4 x 4 Magic Squares

Example 4: Suppose the desired sum|S =128 |.

> Mala-pariti—=|3 6 9 12| ltssum sy, =30

> Para-panti— \ 2 3 4 5 \ Its sum s, = 14. Now,

S—sy 128-30

= =7
Sp 14

~ Using this we obtain Guna-pariti — [ATINETNINZEIINSS).

6 9 6 9 28 | 35 | 21 | 14 20 | 30 | 41 | 37
3] 12 3|12 + 21 | 14 | 28 | 35 38 | 40 | 17 | 33
9 6| 9| 6| (folded) [ 28 [ 35 | 21 | 14 23 | 27 | 44 | 34
12 3|12 3 21 | 14 | 28 | 35 47 | 31 | 26 | 24
gle]-square glad-square Hg-square




Narayana’s folding method for 8 x 8 magic square
Narayana's Example: Sum = 260

Maulapankti: 1,2,3,4,5,6,7,8, Parapankti: 0.1.2.3.4.5.6,7

Guna = B80-042+-48)] _ g ang  Gupapankti: 0,8,16, 24,32, 40, 48, 56

OF 12+ +7]
4 | 5|14 |54 |5|4]|5 24 | 16 8 0| 32| 40 | 48 | 56
3/6|3|6|3|6|3]|6 32 | 40 | 48 | 56 | 24 | 16 8 0
2|\ 71272 |7 ]|2|7 24 | 16 8 0| 32| 40 | 48 | 56
1 8 | 1 8 | 1 8 | 1 8 32 | 40 | 48 | 56 | 24 | 16 8 0
514|5|4|5|4|5|4 24 | 16 8 0| 32| 40 | 48 | 56
6 [(3|6]3|6]3|6]3 32 | 40 | 48 | 56 | 24 | 16 8 0
712|727 |2|7]|2 24 | 16 8 0| 32 | 40 | 48 | 56
8 | 1 811 8 |1 8 |1 32 | 40 | 48 | 56 | 24 | 16 8 0

60 | 53 | 44 | 37 4 |1 13 | 20 | 29

3114 | 19| 30 | 59 | 54 | 43 | 38

58 | 55 | 42 | 39 2 | 15| 18 | 31

~ 1 16 | 17 | 32 | 57 | 56 | 41 40

61 52 | 45 | 36 51|12 | 21 28

6 | 11 22 | 27 | 62 | 51 46 | 35

63 | 50 | 47 | 34 7|10 | 23 | 26

8 9 | 24 | 25 | 64 | 49 | 48 | 33




Narayana’s folding method for odd squares
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Two sequences referred to as the malaparikti and the
gunapankti are to be determined as earlier. The first
number should be written of the top row
and below this the numbers of the sequence in order. The
rest of the numbers are to be entered in order from above.
The first number of the second sequence is to be written in
the same way [in the middle cell of the top row]; the second
etc. numbers are also to be written in the same way. The
rule of combining the covered and the coverer is also the
same as before.



Narayana’s folding method for odd squares
Example : 5 x 5 square adding to 65

Mulapankti: 1,2,3,4,5; Parapankti: 0,1,2,3,4

[65—-(1+2+3+445)]

Guna = 0+1+2+314] =5; Gunapankti: 0,5,10,15,20
4|5 (1]2]3 512 | of 5] 10 1| 0| 1] 22
5011234 20| of 5| 10] 15 20 1| 7| s
tl2]3]als]| + o 5| 10|15 2| = 21 | 17 | 13| 9
R ERE 510 |15 |2 | o 2| 23 | 19 | 15
3|als|1]2 0|15 2] of 5 8| 4|2 | 16

Narayana’s method happens to be an instance of combining two
Mutually Orthogonal Latin Squares. However, it does not yield a
pan-diagonal magic square as the diagonal elements of the squares
are not all different.



Modification of Narayana’s samputa for odd squares
Example : 5 x 5 square adding to 65

We may modify the above prescription and construct pan-diagonal
magic squares for all orders n < 5 as follows.

Mulaparikti: 1,2,3,4,5;  Paraparikti: 0,1,2,3,4
[65 - (1+2+3+4+5)

Guna = 0+1+2+314] =5; Gunapankti: 0,5,10,15,20
2 1 13]s 515 o 20 22 118 10
5 2] a1 10 ] 2] 5] 15 20 | 7| 24 | 11
41|35 + ol1w]20] 5] = 921 [13] 5
524 3 20 15 ] o | 10 15 | 2 | 19 23
1] 3 2 | 4 o 10 5 | 15 16 | 8 12 | 4

» The resulting square is clearly pan-diagonal.

> It may be noted that, in the chadaka all that was done is to start
arranging the sequence based on turagagati, and not from
diagonally below in the next column.
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