Modular magic relabelings on a modular magic
sudoku with the minimum order
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1. EL®IC

n % EDEHE TS, fifin DJ T /M (Latin square) & 1%, ¥4 X
nxn OEFET () I n BEOE (Y VRV 2 AN, EOHEDF,
BOITIZHITANTOY VRUDE £ 5 L UETOHBEIT S & S ICRIEL %«
LEDTHD. 77V AMIZDOWTIERRA RIFELRINTE 0, TR [2, 3)
IZREL .

Ni#n DBE M (Magic square) & 1%, 31 XA nxn DAEIZ1,2, - n?
DEF (v RV) 2 AN, EDITOR, FIOFH, HAMDH B —EDH &
BHEEIIIHELZEDTHS. TNIZH LT, A n D Modular magic
square %, EDIFOR, FIOH, HAMOHE, n? 21k LTO0 L&A
5E2CHET 5. En? THETLDT, Y UARNIE 0,1,---,n2 -1 &
$%. Modular magic square (XBE HHIZIE72 572\ U, B[ IE Modular
magic square (Z X722 572\,

REE n? OFUHME (Sudoku solution) &k, ¥ X n? x n? O FHMHIZ
1,2,---,n? OF (¥ U RV) 2 Af, EDMEDF], BDITIZHTXTD
VURADH S E1ETOHBL (ThbE, Mlin? DT 7> HETH
D), ¥4 XAnxn®n? JONGE (70 2) IZRTOY VRIS &
SELTETOMBETLLIICMELZEDTHL. n=3DHAE, @
DEOH SOV D (FERTE) ThH 5. A n? OBORMIZHEWT, 7 UFTIZ
HHnfHO7Toy 7 DES% band LD, FAUFNIZH B nfllo 7oy o
DHEL % stack EFER. BUHAIZOWTHEE L DIFIELZINTED, X
Mk [1, 4, 5] E03dH 5.



A # n? @ Modular magic sudoku solution & &, A% n? O BRI,
EoTnay 7B n D Modular magic square (2725 &\ 5 S %
A5 DTH 5. PAFEIL, Modular magic sudoku & .5, Modular
magic sudoku Tl&, n 23 L EDHFHBIZEE SN, YU RILVDESIZ,
Zpe ={0,1,---,n? =1} = {0,41,-- -, £(n? - 1)/2} L& 5.

BOMERD Y ViRV @ U7 GBS 7280 e 5. 20L&, 20
CTOOEMBIIAENIZFA U TH Y, RIUHEIZET 5 &\ 5. BT
i, band (F 7zl stack) Z AN R 72 S L2 BUR L 700 H L D
ML H UiiEICfEd 5. LA L, Modular magic sudoku ® ¥ > iRV %
B U 72 /Y, Modular magic sudoku (2722 E XRS5 W, 4E 72
Modular magic sudoku (2725 & 572V RILVDEH# % | Modular magic
relabeling & 38,

Lorch and Weld [6] {%, Modular magic relabeling D#& % EA L, {7
BOR/ND 32 = 9 DA D Modular magic sudoku Tld =D D#fLEF
f£95Z 2N U, BARKINIR D A A — I PEAIZ S .

T 2T, AR, MELBRAD n? =9 DGEITEWT, BiRikey v
FRILOXEZEED T, 2 TD Modular magic relabeling f; #5125 U, L
B n = 3 ® Modular magic square 7° Z 15 ® Modular magic relabeling
fi \I2E o TED & S 4 Modular magic square (25 % D 5 % BARIIZ R
3. F LT, BuEd 7 b DD Modular magic sudoku Sy, Sy (IZ2WT,
Modular magic relabeling f; Dz HIR L T, 150N 7 S £;(S1), fi(S2)
MED X 57 Modular magic sudoku (2722 %R 5.

2. fI# 3 D Modular magic square DX A KD

n% 3LALEDOAEEL I 5. (i n D Modular magic square M D&Y >
PV Z&En OMEICE X 72 /%, M (ZB# 9 5 Remainder square &
38

DBglE, n =3&95%. Zyg = {0,1,---,8} = {0,£1,---, %4}, V =
(0,3,6) = {0,£3)}, U = Zy — V = {1,2,4,5,7,8) = {£1,42, 44} &
g 5.

EE 2.1 ([6]), fiin = 3 DEGE, Modular magic square (ZE#H T 5
Remainder square 1%, 7 7 > ATRITNIER 5720,

EIE 2.2 ([6]), L% 3 D Modular magic square \IZE\WT, V = {0,3,6}



DN VRV LD 3MHD X VIL, DA %K.

FiB DN A 3 1E, main WA (£ LS A TOXMAHR) & off X4
B (G B o e N OX MR O _FEE D D0, AR TIE, HHD off X
BV ={0,3,6} DAY VRV E LTHEINS Z L LT 5.

L DERD S, A1E 9 D Modular magic sudoku D 7 H v 724725
Modular magic square @ off AT D> > FVIE, V ={0,3,6} Dtz
T A B.CDESIZHA 2V Z2IZHiREZHEDTHY, 7V ML ®
& 912 Modular magic sudoku (25 1J 2D LB (band), #MEDKEE (stack)
IZ—DFOFET .

3
; } -
0

V] =1{0,3,6}] = 3 & b, fi% 3 ® Modular magic square @ off-xf 4
DY VRVORLE, 3! =6 @O FET S, T, 5 E9150,3,6
YA 20w 2Rz S A B,C &,0,6,3%3 120y 2iZliRk
JiM D EFTh5.

0 6

O =

3. fiI# 3 @ Modular magic square DIEXT A KD

RIZ, AL 3 D Modular magic square D FEXS A s> DR Z R 5.
oft ARTIZY VRV dy,dy,ds € V ZBLEL, I (1,1) ¥ VKL
x €U ZWiET 5 £, Modular magic square DEEN S, 55D D 5 fHD &
VDY VARNVIE—RIZEE 5.
T 0
: ]
6

x d1
da
ds3

ZF T, ARTIE, off NAKSDWMR LN E A THO, D, L
(L) cr R hRES WD flE A, LRLT 5.

€ —T — d1 dl
—w—dg dg —.Z'—dg—dg
d3 —IL’—dl—dg —ZE—dQ

aAz:

9




4. WARD LE—7 0y JEED Modular magic sudoku

AEL 9 D Modular magic sudoku IZHWT, &7 10y 7 D off X A k43
DARFGD L THBERET S, SHIT, E—T Y7 (LD 7wy
7) % A IZEES .

HoTuavw s HoTuy s, HBuvay s BETay 2iisilbt
V(1L,1) DY VRV E, ENEN, 2y, z,w B ZTOEE, I D
Modular magic sudoku S (& FEIZ7: 5.

1 8 0 T 6 Y 3
A1=12 3 4|,B;= 0 ,Cy = 6 ,
6 7 5 3 0
[ 1 8 Ojlx —x—6 6|y —y—3 3
2 3 4 0 6
6 7 5|3 0
Ay By Cy z 6 3 0
S=1B, C Al|l=|-2-3 0 6 3
Co A B 3 0 6
w 3 0 6
—w 6 3 0
| 0 6 3 l

SOETIZEET D L, {1,8,2,—1—6,y, —y—3} = U L2 D2 BENDH
B —2—6£1,850 0464 —1,-8=8,10755 2 £ 8—6,10—6 = 2,4
b Tol,x#£1,8Ehoxe {5,725, FERIZLT, y € {2,4},
2€{7,8}, we {4,5} 2195.

Ty, 2, w D 2D RO T, S OEHIZ2* =16ED. ZD16@V 2T
DFHAEEIZ DWW T Modular magic sudoku DEZEZ 72T NF vy 7T 5
Y, (zy, 2 w) = (T,4,7,4), (7,4,8,5), (7,4,8,4), (7,4,7,5), (5,2,7,4),
(5,4,7,4), (7,2,7,4) D7D £725. Z0iE, FED Sy, S, -, S TH
0, 7ay ZIZHWSNSAE 3 D Modular magic square (&, Aq, As, As,
Br, Bg, Bs, Cy,Cs,Cy D 9D Th 5.

Ay By Cy
S1=|B;y Cy A,
Cy, Ay By



Ay By C4] (A, By C4] Ay By C4]
So=|Bs Cs Ay|,S3=|Bg C5 Ay|,Sa=|By Cy Al
| C5 Az Bs| 1C1s A1 Br| 1C5 Ay Bs|
(A, Bs C5] Ay Bs C4] (A, By O]
|Cy As Bs | |Cy As B 1 C1s A1 Bs|

Modular magic sudoku So,S3,---,S7 IXF UBLEIZJE L, S & IX#E
MELD. {70y 7D off AT DWMANFRE—-Tay 7 %2EZTH,
FETH 5.

EIE 4.1 ([6]), fif 9 D Modular magic sudoku TlEH & 5 £ D DH)
EBWFAET S, INODHBEDRN—ARA >V & LT, Modular magic
sudoku S1,So ZM DI LMNWTE 5.

5. fiI# 3 M Modular magic square (I8 T 2 IEXT B D D swap

AL 3 D Modular magic square Ay, Ao, Ag DEAfR%ZE Z 5. off W AKX
DOV VRIVIEFEUTH B, IEFARBSIE, A1, Ay TEACTIZE TS Y
CRABANED S TE D, Ay, Ag TRAUFIZE T 3 ¥ v KA AN
HoTW5b,

AL 3 D Modular magic square M IZH W T, off AT DY > HIL
FZDE LT, BT (F72135]) CIRMAS 2D > VRV % &S 54
fE% , row (F7z1% column) outer swap WP, r (F7zldc) L XKL T 5.
T5L, r(A)) = As, ¢(A1) = As, r(B7) = Bs, ¢(B7) = Bs, 7(Cy) = Cs,
o(Ca)=Cs E785. DI M, Sy, Say- -, Sr IERKIZI .

Al B7 04 Al B7 04
Sy = C(B7) 6(04) C(Al) ,S3 = C(B7) 0(04) C(Al) )
c(Cy) (A1) e(Br) Cy A By



Ay Bz Cy Ay T(B7) TC4)
S4: B7 04 Al ,55— B7 T(C4) T(Al 5
c(Cy) c(A1) ¢(B7) Cy r(A4y) r(B7)
Ay r(Br) Cy A1 By r(Cy)
Se = |Br r(Cy) A1|,S7=|Br Cy r(4y)].
Cy r(41) By Cy Ay r(Br)

6. Modular magic relabeling

£ 9 @D Modular magic sudoku (Z 51} 5 Modular magic relabeling f
X, Zo =VUU 15 Zg NDEHRFITH Y, V(X£721FU) ITHIRLTEZD
HTREHTH L. VICHIRUZEE fl, Z[V]!=3=680H5. UD
—D2Djtx € U DB f(x) ZIRONIZIRO DU OILDE f(y),r Ay e U
B EICEEDDT, UILHIRULZEE fl, XU =680 H5. ko7,
Modular magic relabeling f1£6 x 6 =36 D H 5.

2T, f DBIEUIAR Zg DL TH DD, FHENBIBOGEIZREIVIC
EINDY VRIVIZENENRE L LEZ 5.

[HEE G %E fo 235,V =1{0,3,6} \ZHIRL7ZHAEIZ, £ (0 <i<5)lE
filA) = A, f;(6 <i<11) & fi(A) = B, f; (12 <i < 17) & fi(A) = C,
fi(18 <i<23) i fi(A) =D, fi (24 <i<29) i fi(A) = E, fi(30 <
i <35)E fi(A)=F &9 5%.

ZOETUIICHIBLZEEIL, 5 —2Dma c U DB f(x) 2dh
EEDIE—RIZEEDDT, fs(4) =1, f12(7) =1, fis(1) =1, fou(7) =1,
f30(7) =1 &35, 0<j <51E20T, fo(A1) = c(fei(Ar)),
foj+2(A1) = r(fs;(A1)), foj+3(A1) = c(foj+2(A1)), foj+a(A1) = r(fej+3(A1)),
fej5(A1) = c(fojra(A1)) & T 5.

Z 1€ Modular magic relabeling f; (0 < i < 35) &I RTEE - 7=.

G A DEE, f;(0<i<35) DEEFNZET DL, IRITRD.

fo(Ar) = Aq, fi(A1) = Ag = (A1), fa(A1) = As = r(A1),
f3(A1) = Ag = c(As), fa(A1) = A5 =71(As), [f5(A1) = A7 = c(45),
fe(A1) = B, f1(A1) = Bs = ¢(Br), fs(A1) = Bs = r(Br),

fo(A1) = By = ¢(Bs), fio(A1) = Bo =r(By1), fi1(A1) = By = c(By),



flz(Al) = Cy, f13(A1) =Cs = 0(04)7 f14(A1) =(Cy = 7”(04)7
f15(A1) = C7r = ¢(C2), fi6(A1) = Cs =r(C7), fi7r(A1) = C1 = ¢(Cy),

f18(A1) = Dy, fi19(A1) = D5 =c¢
f21(A1) = D7 = c¢(Dg), f22(A1) = Dy =1(D7), f23(A1) = Dy = c(D3),
Jo4(Ay) = Ey, Jos5(A1) = E5 = c(Ey), fas(A1) = B2 = r(Fy),
Jor(Ar) = Er = c(Es), fos(A1) = Es =7(Er), fa9(A1) = E1 = c(Es),

f30(A1) = F, [31(A1) = Fo = c(F7), f32(A1) = F5 = r(Fy),
f33(A1) = Fy = c(F5), f3u(A1) = Fs =7(Fy), f35(A1) = F1 = c(FR).

if:, Al,AQ,Ag, B7,Bg,B5, 04,05,02 %glﬁkj—é flO 0)4%&;1:‘(9(&:
%5,

fi0(A1) = Ba,  fio(A2) = By = r(B2), fio(As) = By = c(B2),
Ji0(Br) = Cs, fio(Bg) = C7 =r(Cs), fio(Bs) = C1 = c(Cy),
J10(Cy) = As,  f10(C5) = Ay =r(A4s5), fi0(Ca) = A7 = ¢(As).

—Ji, Ay, Ag, Ag, Br, Bs, Bs, Cy,C5,Co 25185 fi5 DBRIFIRIZA
5. 22T, DY Y RVORE%Z off {4 &N U CHFRIZE T
EEt L9 5.

J15(A1) = C7,  f15(A2) = Cs = r(Cr), f15(Ag) = C5 = t(Cr),
J15(Br) = Ay, f15(Bg) = A5 = r(A4), f15(Bs) = Az = t(Ay),
J15(Cy) = By,  fi15(C5) = Bo = r(B1), f15(C2) = Bg = t(By).

G DY E 72 5 D @D Molular magic sudoku S7, S % Modular magic
relabeling fio, fis TR T L IRIZR 5.

Ay By (4 By, Cg As t(Br) t(Cy) t(A1)
J10(S1) = f10 (37 Cy A1> Cs As B |= |t(Cy) t(A1) t(Br) |,
Cy A DBy As DBy (3 t(A1) t(B7) t(Cy)
A1 By Cy Cr Ay B r(t(Cs)) r(t(A1)) r((Br))
f15(51) = fi5 (37 Cy Al) Ay By Cr|=|r(t(A1)) rt(Br7) 7r(t(Cy)) |
Cy Ay DBy By C; Ay r(t(Br)) r(t(Cs)) 7(t(A1))




Al B7 04 Al B7 C’4
f10(S2) = fio (38 Cs AQ)flO (0(37) c(Cy) C(Al))

Cs Ay By

By Cs As Bs Gy  As HBr)  t(Cy) (A1)

=|C; Ay Bi|=|r(Cs) r(A45) r(B2)|=|7(
Ay By Cq r(As) 7(B2) r(Cs) 7 (

A1 B7 04 A1 B7 C’4
f15(S2) = fi5 (B8 Cs A2>f15 (0(37) c(Cy) C(Al))

Cs Ay Bg

Cr Ay By Cy Ay By
= |As By Cg|=|r(As) r(B1) r(Cq)
By, Cs As]

r(Cs) 1(As) 7(B2)
= A5 B2 Cg = t(
BQ Cg A5 t(B7)

Ay, As, By, B, Cr, Cs I3 Modular magic square T&H 2225, Fild f10(S1),
f15(51), f10(S2), fi5(S2) B F 72 Modular magic sudoku (27225 Z & A3
birb. £z, 7w 75 Modular magic square D &AMV 5,
F10(S), Fi5(S1) 1 Sy L UBGEIZBL, fi0(Sa), f15(Sa) 1 So & U #
HEIZET I Ehbnrsd.

X 50T, 5IEAY S D & ZIZlE, Modular magic relabering fig i&, 71 v
JZOIZEIZ—DTODTH LT, {T7ay 70y VRVOREZ off X £
B 2 U CTHMIRB UZBEHTH B Z &2 H 5. Modular magic
relabering fi5 1%, 7R Y 7 22 IZHIZ—D2TD2TH5 LT, £y 7DY
VIRVORLE % off X A Bk 5 & Bl U CRFRIFE L, row outer swap r %
MEL7ZEBRTHDZ DN,

I Sy D & ZIZIEHT % &, Modular magic relabering fio, f15 1%,
ZOEDHHEID, DTy 7 TOD clumn outer swap ¢ 12272 5 & #
M, RO 70y 7 TD row outer swap r (BT B b nb.
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