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Sudoku is a puzzle presented on a square grid that is usually 9 x 9, but is sometimes 16 x
16 or other sizes. Here will be considered only the 9 x 9 case; although almost everything that
is said can easily be extended to the puzzles with different dimensions. Sudoku puzzles can be
found in many daily newspapers, and there are thousands of references to it on the internet.

The main purpose of an investigation is to write a program that generates sudoku with a
single solution. And the first thing to start is to understand the mathematical approaches to
solving sudoku. So in this article it will be considered the mathematics of sudoku.

Why sudoku is important? The curiosity sparkediby the popularity of the puzzle has ren-
dered sudoku problems relevant. Mathematician-and computer scientists are pondering many
questions centered on sudoku including the guestions regarding how to solve the puzzle. Prac-
tical application is yet to be determined but people who have high aptitude for sudoku have
earned large sums of money by participating in.competitions. Popular game websites have
standard sudoku as well as various variations to the game for sale on their site. This illustrates
the business side of sudoku. In order for these games to be created, mathematicians, pro-
grammers, software engineers and soon must dive deep into some of the questions that we
are considering in this papersThey must know how many sudoku puzzles they want to include
in their game software whieh requires the knowledge of the number of unique puzzles that
there are. They must also be aware of algorithms that solve the puzzle fairly quickly without
utilizing excessive processingpower (otherwise, their game will slow computers down and may
not be accepted by sudoku enthusiasts). These questions are more are some of the reasons
why sudoku research is important. Beyond the mathematical questions raised by sudoku and
the possibility earning money from the puzzles, some believe that the concepts used by both
the humanssolver and the computer are analogous to the concepts used in scientific research.
Dr. Mano Singham, one of the proponents of this idea points out the similarities between scien-
tific research processes and Sudoku when he said, “normal scientific research within a para-
digmuis largely a puzzle solving exercise in which there is an assurance that a solution exists to
the problem and that it is only the ingenuity of the scientist that stands between her and a solu-
tion. The sudoku problem is like that. We know that a solution of a particular form exists and it
is this belief that makes people persevere until they arrive at a solution.”[1]. Sudoku is also be-
ing mentioned by health professionals as a tool for mental fitness. Like other puzzles, sudoku
has been known to prevent and even reverse mental health defects such as Alzheimer’s dis-
ease and other forms of dementia.
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The original grid has some of the squares filled with the digits from 1 to 9 and the goal is to
complete the grid so that every row, column and 3x3 sub-grid (of which there are 9) contains
each of the digits exactly once. Some initial configurations admit zero solutions and others
admit multiple solutions, but these are usually considered to be invalid puzzles.

In figure 1 a (relatively easy) puzzle appears on the left. If you've never tried to salve a su-
doku puzzle, it would be very informative to try to solve this one now, and see what strategies
you can come up with before you read the rest of this article. It will probably take more time
than you think, and you will get much better with practice.

1. 2 3 4 5 6 7 849

a 4, 8
b 9 4| 6 /
¢ 7 64701 .4
d 2| 1 6 J
e 5| 8 7 9 4| 1
f 7 8 6| 9
g 3| 4| b
h 6 3| 7 2
i 4| 1

Figure 1

In figure 1 a (relatively easy) puzzle appears on the left. If you've never tried to solve a su-
doku puzzle, it would be very informative to try to solve this one now, and see what strategies
you can come up with before you read the rest of this article. It will probably take more time
than you think, and you.will get much better with practice.

Let us start with"discussion of various solution techniques and any related mathematics
along with the.technique.

There (is a'large literature on sudoku on the internet, and as far as possible, we will try to
usethe same,terminology in this article as that which is commonly used on the internet.

+ Afsquare” refers to one of the 81 boxes in the sudoku grid, each of which is to be filled
eventually with a digit from 1 to 9.

* A “block” refers to a 3 x 3 sub-block of the main puzzle in which all of the numbers must
appear exactly once in a solution. We will refer to a block by its columns and rows. Thus block
ghi456 includes the squares g4, g5, g6, h4, hb, h6, i4, i5 and i6.

* A “candidate” is a number that could possibly go into a square in the grid. Many methods
we will examine will eliminate candidates one after the other until there is a unique number that
can go in a square.
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« Sometimes an argument will apply equally well to a row, column or block, and to keep
from having to write “row, column or block” over and over, we may refer to it as a “virtual line”.
A typical use of “virtual line” might be this: “If you know the values of 8 of the 9 entries in a vir-
tual line, you can always deduce the value of the missing one.” In the 9 x 9 sudoku puzzles
there are 27 such virtual lines.

« Sometimes you would like to talk about all of the squares that cannot contain the same
number as a given square since they are in the same row, column, or block. These are some-
times called the “buddies” of that square. For example, you might say something like;*If two
buddies of a square have only two possible candidates, then you can eliminate those as can-
didates for the square.”
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OnbIT NOBbIWEHUA 3OPEKTUBHOCTU CAWTOB
C YYETOM OCOBEHHOCTEW WUX NPUMEHEHWUA
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Ba3oBble XapaKTepPUCTUKK CalToB 1 TPeBOBaHWS K HUM Hapsidy C Ka4eCTBOM BHYTPEHHETO
COAepXaHus OnpedenatoT TakKke CBOWCTBO to3abunuti (usability), o3Havatollee B Y3KOM
CMbIcrie yAoBCTBO MCNOfb30BaHWA CalTa, 3PrOHOMUYHOCTb MHTepderca (MPOCTOTY, MHTYU-
TUBHOCTb, JOCTYNHOCTb, YA0OCTBO HaBWUraLmm v T. Nn.), @ B pacLUMPEHHOM MOHUMaHWN — CTe-
neHb 3h(PEKTUBHOCTN ero paboTel. Mpn 3TOM ecrnu canT paspaboTtaH 4ns nonyyeHns npubbl-
1NN, TO XapaKTePUETVKI NOCELLAEMOCTI U KOHBEPCUM CTAHOBATCS XM3HEHHO HEOBXOANMBIMMK.

3Aecb paceMOTPeH OrbIT yny4LleHns apdeKTUBHOCTA Takoro poda CamMToB Ha npuMepe
WHTEPHET-BUTPWH;, -MarasnHoB, obecneunBatoLLmx TUNOBOW HAbop (YHKUMA MO BeAEHWO U
onepaTUBHOW KOPPEKTUPOBKA KOHTEHTA — MHEpOpMALMM O TOBapax, 3akasax, a Takke obecne-
YeHuIo YBobHOre AocTyna 1 Nonb30BaTENbCKUX (PYHKLMI NO BbIOOPY M 3aKkaly TOBApOB U T. .

OfHUM M3 BaXHbIX HanpaBeHuin B JopaboTkax 3TUX CalTOB SBMSETCA MOWCKOBAs ONTW-
Mu3auus, koTopas no3BonseT aenatb UX Oonee “nonesHbIMU’ C TOYKU 3PEHNS NMOUCKOBBIX CY-
CTeM 1 “BuaumbIMK” Ans nonb3oBatenen. 34eck Hapsidy C BHYTPEHHUM Yny4LIEHMEM NPOBO-
[MNack BHELLHAS ONTUMMU3ALINUS, HANpaBlieHHas Ha PoCT Y3HaBaeMOCTH CauTa, HapallyBaHue
BHELLHEW CCbINTOYHOWN MaCChl — ynyYLleHne CChbINIOYHOro NPouns canTa.

OCHOBHble aTanbl MEPONPUATUIA:

1. HavyanbHasi onTumm3aums Ha oCHOBe aHanmaa obLieit BUAMMOCTM caiiTa C y4eToM Xa-
PaKTEPUCTUK CaNTOB-KOHKYPEHTOB, 1X OpraHn3auuu 1 ccbiiovHoro npodouns. OueHka 4acToT-





