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Abstract

Starting with social distancing, this research explores the domination numbers of
multidimensional space, from two-dimensional situations where three squares with
same color are not neighbor, then expand to one-dimensional, two-dimensional, and
three-dimensional situations where m squares with same color are not neighbor. We
draw inspiration from the paper: The Domination Number of Grids, by Daniel
Gongalves, Alexandre Pinlou, Michaé€l Rao, Stéphan Thomassé. We define that £, =

{(x, %0, v, X)X, + x5 + -+ x,, =t (mod m), x; € [1,4,],x, € [1,%5], ... ... ,Xn €
[1,£,,]}. For any of the m of one dimension, the domination numbers |A;,| = l%];

by enumerate and testing, we found that for m=3 of two-dimension, the domination

£1?>

. J Same, we can figure out the domination number of any

numbers |A,| = [

numbers m, but we change the way of researching, we apply set and congruence
modulo carry on research, by these we reduce the time of exhausting, meanwhile also

can discuss the case where m is an arbitrary number.
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[ HE A4

|[Azz| = |A11] X [Byal + |A12] X |Bim| + |Ag3] X |B1(m—1)| + o+ |Agm| X |By2l

[Azx| = |A11] X |B1(k—1)| + |Aq2] X |B1(k—2)| + A3 x |Bl(k—3)| + et |A1(k—1)| X |By4]

+ A1kl X Byl + |A1(k+1)| X |B1(m—1)| + ot |App | X Bkl
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|[Azm| = |A11] X |Bl(m—1)| + [Aq2] X |Bl(m—2)| + [Aq3] X |Bl(m—3)| + -+ |Agm| X [By4l
TR A |F - I3 R LU -
DO+ <k
Hiry + 1, Sk =1 |Ag| = |Aq] ¥ |Bl(k—1)| + |Aq| % |Bl(k—2)| + |43 %
|Bl(k—3)| + -+ |A1(k—1)| X |By1| + |Agg] X [Bim| + |A1(k+1)| x |B1(m—1)| + e+
|A1m| X |B1iel = (@1 + gy + q1(q2 + D1y + (M — 11 = 12)q1q, = Mqqq, +
qi172 + qaT1y.
Q)ri+r, =2k
(r, <k—1
Hin<rn<k-1-

|[A2k| = [Aq1] X |Bl(k—1)| + |Ag2] X |Bl(k—2)| + |Ag3] X |Bl(k—3)| + et |A1(k—1)| X |By1l

+ 1Ayl X |Bym| + |Argesny| X [Brgn-ny| + -+ 1A1m| X |By]
=(q,+1)q,(k—1, =D +q,(q,+1)(k—7r; = 1)
+(q,+1)(q,+ 1)1 +1r—k+ D +q,q,(m—k+1)
=mq,q,+q,r2+q,r1+ri+r;—k+1

(iDhr, >k —1

|Azk] = |A11] X |Bige—n)| + 1412] X |Bige—n| + 1413] X |Byk—gy| + -+ + [Are—1y| ¥ By

+ |41k X |Bym| + |A1(k+1)| X |B1(m—1)| + ot |App | X Bkl
= (g, +1)(a, + D1+ q,(q, + )2 —11) + q,9,(m — 1)
=mq,q, + q.72 + q,m1 + rq.

Grey balt > HEL <k <mp+ 1 |[Ayl =maiqz + qury + oy 15 + 1 <

k<r+r,+1,|A =mg,q,+quro +qory +r+r,—k+ 1,5 +r,+1<
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k <m,|A| = mq,q; + 17y + qo1y.

e
mq1q2 + qer + 6127"1 + 1, 1<k< Ty + 1,

| A2kl ={mq1q2+q1r2+q2r1+r1+r2—k+1,r2+1 <k<ri+ry+1
mq,q, + q.72 + q,7",71 +r,+1<k<m

() = 4B oA L S

1 X £y X L3R ITHGIERRL » SRRy (o, X2, X3).
L M

Dr+rn+r<m

THr+n <n+rs<n+r<m
BEITEELx, S mgy ~ x, Smgq, x5 < mqs oy
S o ks \EE Y » 73 Al Rsmgy X mq, X mqs
mq, quZXT'3 N mqlxrz qu3 > T'1qu2 X

mq3‘mq1XT2XT'3‘T1qu2XT‘3‘T1 sz qug‘

r X1y X 3HYRITHEE © Dimagy X rp X r3 Rl > 5] By

r3filmag, X r, X INRITHS @ BIFEE Fsmaq, X nfYIEIE « B =(—)2. FIaZ BT Al ##
73 Bsquro (LR m YERES - 8liZmay X X s RITEG 2/ VEHEqrn, Xy =

q 7273 (BB TR o FEHEAA] - EE&JTREmg, X mq, X mqs -

mqy X mqy X 13 > M@y X1y X MGz > 13 X MGy X MGz > MGy X1y X T3>

X mgy X131 X1, X mq; E AL amag, X mq, X g3+ mqy X g, X 13+
mqq X1, Xqz+1r Xq, Xmqgz +q X1y Xr3+1 Xqy X1r3+71 X1, X(qz =

m?q1q,q3 + Mqyqz1s + Mqq12q3 + Mriqaqz + qirars + 11qa1s + 1i1q3 =

£18283-T17273
Z1t2t3 '172'3
m
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Cms<n+nrn+nr

HRITAEEX, < mq; ~ x; <m(q; — 1) ~ x3 Sm(qs — DRI > 35/ (EE
710 3Rl Rmg; X m(qz —1) xm(qz —1) » mgy X m(g; —1) X (m +1r3) °
mq; X (m+r1;) Xm(qz — 1) ~ r; Xxm(q; — 1) Xm(qz — 1) » mqy X (m +r;) X
(m+r3) 1y Xm(gz — 1) X (m+r3) 1y X (M+71,) Xm(qz — 1)

ry X (m+13) X (m + r3){JETTHE - B 1LAHE > fAiEfEES#Emg, x m(q, —
1) xm(qs — 1) ~ mq; X m(q; — 1) X (m +r3) ~ mq; X (m+r;) Xm(qz — 1)
r; xm(qz —1) Xxm(qz —1) > mq; X (m+ 1) X (m+71r3) > 13 Xm(qy — 1) X
(m+r3) ~ 1y X (M +715) Xm(qz — 1)

R RE T R R m HUAREL - B CEUR mq x m(q, — 1) X (g3 — 1) +
q1 Xxm(qz — 1) X (m+r3) +q; X (m+13) Xxm(qs —1) +1; X (g2 — 1) X
m(qs — 1) +qy X (m+ry) X (M+r3) +11 X (g — 1) X (M +713) +

flezxfg—rlx(m—rz)x(m—rg,)
m

rpXx(m+ry) x(qz—1) = = (;9293m?* + q;q,rsm +

d193rm + qzqzr{m + qqrrs + qprirz + qarqly —rym —Irqrp —Irqrz e
2 G N A A 2R

RAILRTAE A%, < mqy ~ X; Smqp ~ X3 < maz o35 o3 R/ \EHST > 53515

mqy Xmqg; Xmqsz > Mqq Xmqz X1r3 > mqgq X1, Xmqgz > 11 Xmqg; X mqz
My X1, X131 XMy X131 X1 Xmqz ~ 13 X 1, X nfRI7HE o MATTE

TS AR S m IR 5 (BRI Ay, 5 ELAS R m -
Bt > B TTE Asp M = 22000 4 sy X 1] A, -

ATt X 1 X raffy|As | fE -

D+ nrn+r<m

19



BT EAsy = {(x1, %2, %3) %1 + x5, + x3 = 1 (mod m),x, € [1,44],x, €
[1,2,) %3 € [1, ]} JTHR I - AN By e AEHE -

]
B4R m ETTH 0 x + X, + xR m IR TR R B PSE T
HEBRLA m ABREILE 2 TR m EOTIRE RS2 2lE 6 0 I R AN -
TEAsy = {(x1, %5, %3) |21 + X5 + %3 = 2 (mod m), x; € [1,11], %, € [1,7,], %3 €
(L]}l + n+r<mox;+x,+x3<n+n+rn<m:> Xx; +x,+
X321+1+1=3>=%x +x, +x3 =2 (modm) > Jll(xy, xq, x3) FHEfE T
1y X1y X 13| Az | = 0 = (R ITHBAT Ay, |8 = T2 () 1L (1)
TSR -
Cm<sr+nr+rnr
BT E Az, = {(x1, %2, X3) %1 + x5 + x3 = 2 (mod m),x; € [1,44],x, €
[1,£,) %3 € [1, ]} JTHE I - IS By e A -
B[R 4R m BT 0 xq + xp + 2 m IR R ST
FEBRLA m ABRELE 2 TR m EDTISE RS2 20E 6 0 s R EOEENE -
FHTESEFERS Az | = |Ag1] X Byl + Azzl X Bym| + +++ |Agml X By

HrpA R ~ 1, 0 By HErs e

= |Az2] = [Az1] X [Byql + [Agz] X By | + ===+ [App| X [Bya|
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= |Azq| X Byl + [Agz| X [Bym| + - + |A2(m—r3)| X |B1(r3+2)| + |A2(m—r3+1)| X |B1(r3+1)|
+ |A2(m—r3+2)| X |B1r3| + -+ |Aym| X |Bya]
=71 X 1471 X0+ + [Aymory| X 0+ [Azanorseny| X 0
+ |Agmorsez)| X T+ + [Agml x 1
=i+ ry+rs—m-D+ @1+ r+rs—m—-2)+--+1

_(T1+ T2+r3—m—1)(1‘1+ T2+r3—m)
- 2

L18283—1115T (ri+ 1241r3—m—1) (11 + ry+13—m)
= BEE T RE) Az, [E = 123m123+ 1+ 72 3m2 1+ Tp4ra—m)

1 XLy xL3—r1X(Mm—13)X(M-r3)

> BL(F)1.2)H M AAHE]

Gty Il - IR, X £ X E3ISENY - /D RE T | Ao MET KA T AR By
EEEH -

(Fon e LR 3R

H RTE PSR A n SR — AT AR RMCAEE
I -

LEH TR

(1)T1 +r,4+ -+ <m

I n 4ERE D, S mgy ~ x, S Mgy X3 SMgs e Xy S MG BT R O TE

<
2MEER Sy o FIRIERT X 1y X X R SNEAME Ty 2V A B R R m BYEE > B

5 [FRATEL 2" — 1{EE ) SRRy T o [ /D

18y, An—T172..1 A D
et T T e R

258 AR AT R
Dy +rp+-+nr<m

BrrrEAn = {(x1, x5, v, X)X + x5 + -+ x, =1 (mod m), x; € [1,¢,],x, €

[1,42], %3 € [1, €3]} 2 TR 2T > AIRZYIRG R VR B

21



| &9 |

R —GRE m (ETHE 0 xq + x4 4 x m VSEERER R BEPE
—FREFREL m BYERELS 1 LR m ETSEA E2E G - Ve haiiE
B o

1EBp1 = {(xq, %2, oo, X)X + %2 + -+ x, = 1 (mod m), x; € [1,11],x, €

L), x, €L F KR+ rn+-4+n<m>x;+x,++x, <1+
toetrp<me X +x,++x,21+1++1=n>1=Fx +x, +

ot x, =1 (modm) > HiJ(xyq, x5, ..., X, FERE - #iry X1y, X X 15,44 |{HE=0>

LB TR | Ay | {8 = L2t 020 s g0y (1) sp R AR ©

{f ~ IRFEAE R T
— ~ B AR 0 Em = 30 ﬁ;z@a;gm[%J .
T MR n GRS BBV B R m I > E IR Al = -
= IR ERTES > EEE A = |2 -

m

U~ AT © Hr o+, <mo HEERAy | = ST

Ti o~ WA YT B 4 = m o HEE Ay, | = LX)

m

A " ‘ 10503~
N A SHEINZER o+ o+ <mo HEEEIBUR|A,| = AT

£ BN HRZEH » Em <+ KRB A =

L1 Xy XL3—r1X(M—rp)X(M—r3) R
m

JUs B n G B At <mo HECEU|An| =

1€ n—T112..
Z1t2efn F172eem
m
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m =3 2 2 4EIFHL AT

B B 1 B 2 TH3 THEL 4 B s

£.(5) 3q; 3q; +1 3q; +1 3q; + 2 3q; + 2
£,(&) s 3q,+1 3q,+2 3q,+1 3q, +2
[AIfEA £, x4,

B A 2,4, —1 0b,—2 | 0,—2 | £4,—1
(CRAEFERR) 3 3 3 3 3
Zhog(L 0105 A

515) =] enlsh
m= {EEE | 4EEN M
R4, 21
Lot lﬁ
m
m = (EEHZ 2 HEFE T
=D rp+r,<m r,+r,>m
41 (&) qum+7
02 (5) q:m + 1,
B qir2 +qzry + mq;q; (@192 — 1m + qir; + a1y + 17
(RALRERR) +1;
YHEcE(k 2, X4y —T1 XTy L, X8, —(m—ry) X (M —r5)
fihR) m m
m= {FEE 3 45T
V=D rntr+r<m m<r+n+rn
41 () qim-+n;
2,(#) q,m + 1,
3 (/E7) qzm + 13
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KHoE m?q1q,qs + mq, Qs q19293m? + q;q,r3m + g;qsr;m
(RALAE +mq 7243 +Qzq3rim + qqIpr'3 + (arilz + qzrqil;
hR) +tMmriq,qz + q17273 —rm-—ryr; — Il

+71q273 + 111243

SCACE 010,05 — 11y 1 Xty X3 —1r; X (M—ry) X (M —r3)
({ERERR) m m

m= {FEEZ n 4EE N
T ntn+o+n<m
SCACE b1y Ay — 1y 1y, e 72
(EfERR) m
BE - R EEEH

—~ ARIREE ¢ AIHTEAERET n 4EIBIAY SO - ERAMIRE RPN 704
£ n EFREEST n JGETER > AR E A RCRAY T - LHATHIZE 30 K
FHEHEEE n BESr + 1+ -+ 1, <mEYENR ©

T FEAH C ARRRSERERY AEIEIAVEE R I (R E ST - RS - BREE
NG E R VYL > (EZEREA R AL -

2R~ 2Tk e HA
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