Sudoku #EESFEZ Sudoku09.html

A ENIEFeAVAE H (https:/homepage.ntu.edu.tw/~twlin/) - FEZ AT - 2220 |
WEITEN - HRESRA T &R > B LUR/ DB IEE: - (HEZER5r Sudoku 7] PATHPTE A
K& s T 0] DI EFE IV EURArS A2, o Ei 5 0] 5 HsEE -

H R P Ry 5x5 - FElVEE A RERL N @ ADTIY T © BUTFREERE 4 TeLA EAYBETI 4R
MR BE KRB RS T -

& R>=3 80 C>=3 5 » [ 3x3 B 4x3 4b > MIEFTARY Seed #hgeTREEFFHEH » Bl EEEH
DERENY 1 PSR B H 7Y Seed i Ry R AN B H A 18 2R Seed H:H > 5 FH permuteBoard()
=SS TEG B T 2 Y 4 EERE PR B 5256 P iEs Sy A [ERE H -
KETTE

— e Il (Recursive) T3 =X o A B 8% £% A [0 B (Loop) 77 =4 < (H 0] Bl i I E i B
TRAR(—(EZEAE— [l E) © 140 4x4 FEFELE A — H & el -
AREAERHAE 48097 7AGE 111 &) » B a]{$H—{E While-Loop(HUfLEFZ goto) N & —
{[&®h & For-Loop [EIEl(EH if HUQ)M e E 2% fa(olfE - 107 Bk 0] 2+2% SudokuSolver2()e
FHRZAZ F AL 2 B2 A& M O] B A A T B - BISEAHEY » i AR A\ 22 A+
HINER Ry BEt&GE) » #7222 A permuteBoard() ° £ 1% F deleteBoard) 2 IR T E = FE i3 &
ATV RN T E(EREH -

KEREREE

P E S S PN - T LY R R*CH*R*C kL - EEEEE R K C V4 X
(g N el =0 N #Y 3 2K05) -

2R3 1 BRI AT REE AR 2 8 H mli]#EZREL R*C IEEL » HAREENME/N > (HE
/DRy 2 o RUBy AT LAY R SudokuSolver1 ()72 A5 fmE— Y il IEE - IE A (B2 fS 2 I ER7T) © 2015R
RHZERE T o HISEREE - B RME—#E

R NHYZERE By N RIIZH & 48805 N (B m[i] 2 SRIEGE i I ER 7T o (B 22 A R H R
T AEEHTEET 2 SH&NEE - JERZIRE BN B HIE) « ik Bl & 2 AEaH & 2 IEREME -
WEREBIE AR eia EMEE T AFEA - JIRFE BRI ZERIEAE T > milg R R
% HE2R R 0 LRI A i TiR BRI B - o] RE RV S8 - 5F
SudokuSolver2() °

TR E R H AU R B IR A 2R AN Z IR AL (B e H/ NETR) » BnZe B NEIRFfE]
i R AR A o DB ERZR*C B RATZ)HY Seed AR ZRHFEH-EE -

==

AT A R B I A ZE A B IV 7 RsliEts - B H IR E 2 B0 22 A ferd - RIl[B A
R*C*R*C J& » /@ iIFERRIE A R*C (E/HE E 1T PriF RIZEREF R¥*CHR*CHR*C ([ 5E
BENS R KEE o $TRRIE AR R A R¥*CR*C ([#%% > FEfZES R*C 40 1 F] R*C HYFEHREL
pc[L:R*C][1:R*C] °

AT R*C {0 B FH 25 —4H Y R*C (R FE i S i R 758 FE BE A By 4H 5% o 2058 3 {REI[al B > pe[ 1][3]=5>
RIIFHREMEIEST pe[5][1:R*C] -

R R*C {[# [=] & 25 —4HHY R*C {EREE - 405 R*C+4 {E[EE - pe[2][4]=7 » RIFIFEHIET
pe[7I[1:R*C] « 8RMEHE o WIHERT AT {RTF R*CHR*C 4HAVRETIEY -

Fofn] K& BT 2 B SRA FHERIES - Bl s —ERAEM bR



BII{$ P F permuteBoard OEEHTHES > 528 0T AE H AR R ERRVFR AN - BN EAZR BV FIETHY C(R)
{EEATHE A B2 - DL 3x3 FaffldA 9%8*7/(3%2%1)=84 {E4H % >

BT HHER1,2,3)(4,5,6)(7,8,9)(1,2,4)(1,3,5)(2,4,6)(3,5,6)i= 7 f&EzHE -

T HHER1,4,7)(2,5,8)(3,5,9)(1,6,9)(2,3,8)(4,5,7)(1,2,8)(3,4,7)(5,6,9)i2 O fEHzH & °

2 SR AT N=-81 H—{e2= 3% 3x3 & H > 5 showAns BIF[132] o [RAEERFE 2= 1%
HAEF /N2 R BUCH R FHEE IR -

Sudoku Web Program: Sudoku09.html

The program has been added to my webpage (https:/homepage.ntu.edu.tw/~twlin/). Below is a brief introduction:

I love playing with computers, but since my reaction speed is slow, [ can’ t win against the computer, so I rarely
play computer games. However, I heard that playing Sudoku can help prevent dementia in the elderly, so I wrote a
web-based Sudoku program that allows playing at any grid size. The difficulty level 1s adjustable.

Currently, the maximum grid size provided 1s 5x5. Any larger, and 1t might not be suitable for human play—just
like how solving systems of linear equations with more than four variables requires the help of a computer.

When R >3 or C > 3, except for 3x3 and 4x3 grids, not all random seeds can generate puzzles quickly. Therefore,
I selected a few random seeds that can generate puzzles within one second as the base cases and shared them with
other slow seeds. Then, by using the permuteBoard() function, which randomly rearranges the regions, rows,
columns, and numbers, an almost infinite number of different puzzles can be generated.

Solving Method

The typical approach uses recursion, but for efficiency, I used a loop-based method instead. However, the number
of loop levels 1s not fixed and can be very large (one loop per empty cell). For example, in a 4x4 grid, there are
already over 100 nested loops.

This program adopts a method I introduced in my book (see Section 1.11), which achieves any number of loop
levels using just a single while loop (replacing multiple goto statements) that contains a dynamic for loop
(which requires 1f conditions for handling). If interested, check out the SudokuSolver2() function.

The program first solves a fully blank board, filling all cells to create a base grid. If the number placement order
during solving is random (note), then permuteBoard() is unnecessary. Finally, the deleteBoard() function
removes digits in a selected number of random selected cells to generate a puzzle.

Computational Complexity

To ensure the solution is correct, the number of verification steps 1s proportional to R x C x R x C, which 1s the
fourth power of R or C (compared to solving N-variables linear equations, which requires a cubic complexity).

Although the number of possible values for each empty cell (m[i]) is proportional to R x C, in practice, it is often
quite small but at least 2. The program first uses SudokuSolver1() to fill in cells that have only one possible
value (the simple part). If all cells are filled, a unique solution is found.



If N empty cells remain, the total number of possible solutions is the product of the m[i] values (this is the harder
part). However, if empty cells appear in matching pairs within the same row or column regions, they are easier to
resolve manually.

Each time a number 1s placed, the program checks its validity before proceeding. Since each placement affects
future possible numbers, m(1] 1s greatly reduced, sometimes even to 0. In such cases, unnecessary loops are
skipped, significantly reducing the number of combinations to check. See SudokuSolver2() for details.

The time required to generate a puzzle depends on the order in which the correct numbers are placed. The lower
the order, the shorter the time, resulting in significant variation. This 1s why many seeds (especially for larger R x
C values) cannot generate puzzles quickly.

Note on Randomized Number Placement

As mentioned earlier, while solving, numbers are placed in empty cells randomly. When generating puzzles, the
program starts from a fully blank board and solves it. This involves R x C x R x C loop levels, with each level
requiring a fixed and stored R x C random order. This means storing R x C x R x C x R x C integers—quite a
large amount.

A compromise 15 to use only R x C x R x C integers and generate R x C sets of random numbers (1 to R x C),
denoted as pc[1:R*C][1:R*C].

e The first R x C loops use the first set of R x C random numbers as the set selector. For example, in the
third loop, if pc[1][3] = 5, the program uses the random sequence pc[5][1:R*C].

e The next R x C loops use the second set of R x C random numbers. For example, in the (R x C + 4)th
loop, if pc[2][4] = 7, the program uses pc[7][1:R*C], and so on.

This method preserves R x C x R x C sets of random orders.

Why go through so much trouble for randomization? Without it, the generated puzzles would follow a simple,
repetitive pattern. Even with permuteBoard(), the pattern remains noticeable: the unique row (or column)
combinations within a region would be limited.

For example, 1n a 3x3 grid, there are 9 x 8 x 7/ (3 x 2 x 1) = 84 possible unique row (or column) combinations.
However, only a limited number of distinct combinations appear:

e Rows: (1,2,3), (4,5,0), (7,8,9), (1,2,4), (1,3,5), (2,4,6), (3,5,6) — 7 combinations
e  Columns: (1,4,7), (2,5,8), (3,5,9), (1,6,9), (2,3,8), (4,5,7), (1,2,8), (3,4,7), (5,6,9) — 9 combinations

These combinations can be verified by generating a completely blank 3x3 Sudoku puzzle (N=-81) and displaying
the answer (showAns), since the solution follows a non-randomized, sequential order instead of a randomized
placement.



This translation aims to preserve the original meaning while improving readability. Let me know if you need
further refinements!
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You say -

Very good! Thank you very much!

ChatGPT say :

You're very welcome! I'm glad you liked it. Let me know if you ever need more translations or any other
help. Happy coding and Sudoku solving! &
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