Magic square

An example of how to represent a problem

An idea from Chris Beck



* put a number in each square

» each number is different

* a humber is in the range 1 to 16

* the sum of a column is

* the same as a sum of a row

* the same as the sum of a main diagonal
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Lo Shu Square

From Wikipedia, the free encyclopedia

Lo Shu Square (Simplified Chinese: 395, Traditional Chinese: 38, pinyin: lud shi; also
written SE#, literally: Luo (River) Book/Scrall) or the Nine Halls Diagram (Simplified
Chinese: 'EHE,; Traditional Chinese: 1B B/, pinyin: jii géng td), is the unique normal

.

magic square of arder three. Lo Shu is part of the legacy of the most ancient Chinese
rmathemtical and divinatory (i Jing 248 traditions, and is an important emblem in Feng
Shui (B2, the art of geomancy concerned with the placement of objects in relation to the
flow of i (%) 'natural energy’

+

Chinese legends concerning the pre-historic Emperor Yu (BLH) tell of the Lo Shu, often in
connection with the Ho Tu (8] @) figure and S trigrams. In ancient China there was a huge
deluge: the people offered sacrifices to the god of one of the flooding rivers, the Lo river (3
), to try to calm his anger. A magical turtle emerged from the water with the curious and
decidedly unnatural for a turtle shell) Lo Shu pattern on its shell: circular dats giving
unitary (base 1) representations ifigurate numbers) of the integers one through nine are

arranged in a three-by-three grid. The ¥ lubshd.

The odd and even nurmbers alternate in the periphery of the Lo Shu pattern, the 4 even

numbers are at the four corners, and the 5 odd numbers {outnumbering the even numbers by one) form a cross in the

center of the square. The sums in each of the 3 rows, in each of the 3 columns, and in both diagonals, are all 15 (fiteen 4192
is the number of days in each of the 24 cycles of the Chinese solar year). Since the center cell is 5, the sum of any two 3(5]|7
non-central cells in the same row, calumn, or diagonal, is 10 {e.q., opposite cormers add up to 10, the number of the Ho

Tu CAT ). 811]|6
The Lo Shu is sometimes connected numeralogically with the 8 trigrams, which can be arranged in the § outer cells, Moclern
reminiscent of circular trigram diagrams. The numbers 1 {001, the beginning of all things, bottom of the central column) FEErESEmE ol &
and 9 {completion, 1001, top of the central column) are considered most auspicious, while the number 5 (101) at the very tshqeu;fegazua

center is the perfectlg,r halanced numher (alsu at the heart of the Ho Tu). Like the HD Tu (A @), the Lo Shu square, in
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Feng Shui Curves AN

LO SHU MAGIC SOQOUARE

One of most ancient tool of Feng Shui and widely used by the
practitioner is the Lo Shu magic square. 6000 years ago; this form was
found on the back of the Turtle one of the celestial animals as the Turtle

appeared on the river Lo, in the following pattern

The reason it is called magic square is because of its unigue

placement and numbers. The total in any direction will add upto figure
15 Feng Shui formulas of astrology |, flying star and I-Ching are all based
on this Lo Shu magic square.
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A Diirer's Magic Square -- from Wolfram MathWorld - Microsoft Internet Explorer
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Durer's magic square is a magic square with maagic constant 34 used in an engraving
entitled Melancholiz I by Albrecht Dlrer (The British Museum, Burton 1989, Gellert e
3!, 19893, The engraving shows a disorganized jumble of scientific equipment lying
unused while an intellectual sits absorbed in thought, Dlrer's magic square is
located in the upper right-hand corner of the engraving. The numbers 15 and 14
appear in the middle of the bottom row, indicating the date of the engraving, 1514,

16 3| 2|13 16| 3| 2{13
5(10]11] 8 5/10]11] 8
91 6| 7|12 91 6| 7|12
4115(14] 1 4115|114| 1

Direr's magic square has the additional property that the sums in any of the four
quadrants, as well as the sum of the middle four numbers, are all 34 (Hunter and
Madachy 1973, p. 247, It is thus a gnomon maagic square, In addition, any pair of
numbers symmetrically placed about the center of the square sums to 17, a property
making the square even more magical.

SEE ALSO: Direr's Solid, Gnomon Magic Sgquare, Magic Sguare. [Pages Linking Here]
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sum of 34 m 856 different ways. For example, the four numbers m the four comers, | v | i % ~
any quadrant of the square, or the four nearest the center all add up to 34.

14 11 2 7
The photo below shows a different kind of magic square. Tlis one 1s on the il el sl 2
Passion facade of the Sagrada Famulia, the unfinished cathedral n Barcelona

15 10 3 -]

designed by Antom Gaudi. Each row and colummn add up to 33, the supposed age
of Christ at lus death. In fact there are supposed to be exactly 33 differnt four
number groupings that add up to 33: can you find them all?
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Chapter 11

First Example: Magic square

A simple magic square of order 3 can be seen as the “Hello world!"” program in Choco. First of all, we
need to agree on the definition of a magic square of order 3. Wikipedia tells us that :

A magic square of order n is an arrangement of n? numbers, usually distinet integers, in a square,

such that the n numbers in all rows, all columns, and both diagonals sum to the same constant. A
- . " ¥

normal magic square contains the integers from 1 to n°.

So we are going to solve a problem where unknows are cells value, knowing that each cell can take
its value between 1 and n?, is different from the others and columns, diagonals and rows are equal to
the same constant M (which is equal to n * (n? + 1) /2).

We have the definition, let see how to add some Choco in it.

11.1 First, the model

To define our problem, we need to create a Model object. As we want to solve our problem with constraint

DO T AT T Irl"l'F COIATSe SR r:l-l'll"l AT I'Il"l"l'q ton create a nphﬂ-l‘h’]l"‘]

Done

€ Unknown Zone ¥a

W rmagic



1st stab

D, [1..16]

Zdiagl - Zdiagm

* put a number in each square

- each number is different

* a humber is in the range 1 to 16
* the sum of a column is

* the same as a sum of a row
* the same as the sum of a main diagonal

Use sum(x) = sum(y)
where x and y are
- different rows
- different columns
- different diagonals
Every element of the array is different
- represent as a clique of not equals

How does it go?
For propagation and search?



2nd stab

* put a number in each square
- each number is different
* a humber is in the range 1 to 16
* the sum of a column is
* the same as a sum of a row
* the same as the sum of a main diagonal

Use allDiff

> row, =k ,
But what is k?

How does model perform?



import
import
import
import

public

org.chocosolver.util.tools . ArraylUcils;
org.chocosolver.solver . Model
org.chocosolver.solver.Solver;
org.chocosolver.solver.variables. IntVar;

class Hagic {

public static wvoid main(String[] args) throws Exception {

int n = Integer.parselnt(args[0]):
int k¥ = n*(n*n + 1)/2;

Model model = new Model ("magic™):
Solver solver = model.getSolwver():
IntVar 5[]1[] = model.intVarMatrix("5S",n,n,1l,n*n);

model.allDifferent (ArrayUtils.flatten(5)) .post ()

for (inmt i=0;i<n;i++4) model.sum(S[i],"=",k) .post|():
for (inmt J=0;j<n;i++) model.sum(ArrayUtils.getColumn (5,3), "=",k)

IntVar diagL[] = new IntVar[m]-:
for (int i=0;i<n;i++) diagL[i] = 5[i]l[i]:
model . sum (diaglL, "=", k) .post () :

IntVar diagR[] = new IntVar[m]-:
for (int i=0;i<n;i++) diagR[1i]
model . sum (diagk, "=", k) .post () :

S[1][n-1-1];

solver.solve () ;

for (int i=0;i<nm;i++){
for (int F=0;3j<m;i++)
Syetem.out.print (S[i] [j] .getValus() + "™ ") ;
System.out.println():

Syvstem.out.println(solver.getMeasures () )

posti):



Is this solution unique?
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http://mathworld.wolfram.com/MagicSquare.html

http://mathforum.org/alejandre/magic.square.html


http://mathforum.org/alejandre/magic.square.html
http://mathforum.org/alejandre/magic.square.html

Is there an order 3 magic square with the
humber 5 in one of the outer corners?
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people / 1. Christopher Beck

I joined the Department of Mechanical and Industrial Engineering, University of Toronto in
August, 2004. I am an Assistant Professor in the area of Information Engineering but also
do a lot of what might be considered Operations Research.

Before joining U of T I spent 2 years as a Staff Scientist at the Cork Constraint
Computation Centre in Cork, Ireland. I spent 3 years as Senior Scientist and Software
Engineer on the Scheduler R&D team at ILOG in Paris, France.

I do research in the areas of optimization, heuristic search, constraint programming,
constraint-directed scheduling, hybrid algorithms, dynamic and uncertain problems, and
problem modeling. Broadly, I am interested in when and why a particular problem solving
technique works: what characteristics make a problem suitable (or unsuitable) for a search
technique.
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