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K•&n~~LT,nxnO)KnMr~nfflEO)X*Cv ✓~~) ~A 
~.~O)·O)~, 80)fi~t9~TO)V ✓~~#~~5~1~f~ffim9 
o J: 5 t:!aiii Lt:: t 0) ~, fft& n 0) 7 T ✓ hill![ (Latin square) t lliJl ✓.:S~. V 
✓ if-'J],,O)·i)-~f*~ A (IAI = n) t L, AJ:0)77/nlllf[tlliJl ✓.:S~.:-. t ta,,, 
o. A={l,2, ... ,n} t90.:-.tiJt~,1,,. 

K•&n t::x-tLT, n2 xn2 O)KnMrt: 1,2,· · ·,n2 O)&*~A~, ~O) 
-0)~, 80)fi~t9~T0)&*#~~5~1@f~ffimL,nxnO)~ 
fltil0)1J\KnMr (7''0 ,y ~ tlliJl ✓:S~) t: 1,2, ... ,n2 O)&*iJt~ ~ 5 ~- 1@ 

f~ffim9 o J: 5 t:!aiii Lt:: t 0) ~, fft& n2 0)&3$(§'~ (Sudoku solution) 

t lliJl ✓.:S~. l.JIT*O)~flf:ti, fft& n2 0) 5-r ✓ nilll[t:tcto .:-. t --CSo. 1&*0)~ 
flf:~, -:t'o o/ ~~flf:tlliJl✓.:S~.:-. t t:90. n = 3 O)f~-&l-ti, ~m'O)&J$r~;z:·Jv 
O)M (7i;PXM) c'So. 
7T ✓nilll[t:~LTtiif.m4tctiiJf~iJttct~~T;BIJ, Xll!k[2, 3] t:ML"'· 

*•--c~,7T ✓nilll[O)~&~•m~Httm~m~L,V ✓ ~~O)ffii)-A 

iJtfl°~lUff~fl°~Nf2fi:t tct of~i)-0) 5-r ✓nlllf[O)•t!m~~~o. ~ G t:, .:-. ~ 
GO)•t!m~m1,,L, ~&p t::x-tL, fft&p2 0)&3$M~-Jjx9on$~~* 
90. 

2. 7 T :;..t JJ~O){~~~*JIJ§ 
~&n O)ffii)- A t:;JS1,,T.=:CJ[~~ · ~~~o. *fi'ili--Ctiffiil' A iJt~ffi 

i)---Ctct\,'fl°~.&•il'O)~i)-O)Jj.~;f& 5 0)1:, card(A) = n tiK•&t tct o. 
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::: 0) n ~~mUfHr A O){vJ& (IAI = n) t~tf, A= {1, 2, ... , n} t 9-0::: 
t iF~, 1,,_ if::, *fll1iO)ff'¥"c' A iJ!~~l.H;t;-etb-o~ir~tl!d ~t: Ii, 1J□$ 

lli{ftjf; 0 t *$1li{ftjf; 1 ~ lqj!J,Jt:f]?(I,' t:: 1,,0)"c', A= {O, 1, 2, ... , n - 1} t 

9-0 . 
.=J'.liw'.. · iJ!~if A --c-1¥1b--c1,,,o t ~, 9t~.vti, {:f'.@O) a,b EA t:x-t 

l,--C a· b EA iJ!JiJG IJ ft-:> t ~, (A,·) li~~•ti (Totality) ~fil'-:J t 1,, -5. 
{-f'.@O) a,b EA t:x,J"L,--CJift:1:Hi~ a. X = b,y. a= b iJ!~'.@O)M 

x, y E A ~fil'--:::> t ~, (A,·) tiru~•ti (Divisibility) ~fil'-:> t 1,, -5. ~~•ti 
t rIT~*'['i~fil'-:J (A,•) ~~~ (Quasi-group) t ~✓:S~. 

~~(A,•) t: a:,1,,--c a• b = c O)iw'.•iJ!JiJG IJ ft--::> t ~, a fr b :r'LJ0)--1! Jvt: c 

~j!filfiL,tdW:·~~Jr1 1) -~ (Cayley Table) t~✓:S~. lr1 1) -~Ii, fr 
~ a EA "c'~ L,, :r'Ll~ b EA --e~ L,, mr•~*a·b = C ~ IAI X IAI = n X n 
O)fj:r'Ll t:j!filfl l,--C 1,, Q. ~~•ti t ru~•tit: ~ I)' Jr 1 1) -~O) n X n O)mr 

-~*'i'f~1t ( Jr11J -~iJ, Gfj1if% a t :r'Ll1if% b O)~J& IJ ~ I& l:J ~1,,fdf~ 
1J-) Ii, t:'O);ffiO)fr, ;fi1/EO):r'LJ t: t 9 A'..--C 0) A O)~*iJ!t, ~ -5 t:' 1 @IT--::> tf:\l~ 

9 -o. ~ -::i --C, ~~(A,·) O)Jr1 1) -~li{ft~ n 0) '7 T :<1:Jil!l[t: t~ -o. ~ 
t:, {ft~ n 0) '7 T y--J.jll!I[ L iJ!lj.;z G n-o t, L ~ Jr 1 1) -~O)iw'.•~*~~ 

1}t:fil'--:::>~-jt~~~(A,·)iJ!;E'.i-o. 2:0)mr•~*~~1} ('77'-Y1.iil!I[) t: 
fr11f%aO)J]i§ (~) t:r'Ll1if%bO)J'.J[§ (~) ~~1JOL,f::t0)~~1&1:J '77'
y--J.jll!I[ (bordered Latin square) t ~✓:S~. 

~!I 2.1 (/2]), ~~O)~mr-~li '7 7'- y1.fll!l[t: t~ -o. ~t:, {f'.@O)~}& IJ 
'7 T y1.f il!l[li~~O)mr•~t: t~ -o . 

.=J'.ln:r:r• · t:il L,--C~ir A iJ!lli{ftjf; e ~fil'-:> t ~, 9t~.vti, {f'.@O) 
a E A t: xt L, --C a · e = e · a = a t t~ -o ~ -5 t~ tb -o e E A iJ!:(¥:fE 9 -o t 
~, (A,•) lilli{ft;f$ (Identity) ~fil'--:::> t 1,, -5. lli{ft;f$~ri/illt:: 9~~~ Jv-7° 

(Loop) t ~✓:S~o lli{ftjf; e Ii 1 t ~1lc9 -o ::: t iJ!~ 1,' . 
.=J'.J[iW:• • t: ll L, --C ~if A iJ!~if $JW ( Associative law) ~ ri/illt:: 9 t ~, 

9t~.vti, {f'.@O) a,b,c EA t:x,J-L,--c (a· b) · c =a· (b · c) iJ!JiJGft9-o t 
~, (A,·) li~if;f$ (Associativity) ~fil'-:J t 1,, -5. ~irr$~fil'--:::>Jv-7°~ 

~ (Group) t~✓:S~. 

A= {1, 2, ... , n} O)~ift:, Jr- 1) -~O)~}& I) '(f~1}~ 1, 2, ... , n 0) ~ -5 
t: §~t:!J, ~ 1,,)11]':it::sl::fzA'..f:: t ~ t:ff G n-o '7 7'- y--J.jll!I[~, standard form 

if:: Ii reduced t ~✓:S~. 
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7T ✓h•L~~L,fifi%(J)■•,~-%(J)■•,v ✓ ~~(J)■-~ 
~L~n-ti~7T ✓h•t~~,Lt*•~~~t~~Q. ~nG(J) 
7T ✓h-ti, Lt isotopic ~~Q tll¥tf'nQ. isotopic t~5T ✓ h-(J) 

{~~5I;t L"-C, standard form ~iU~~ tiJ>cfp,\,\. 

3. ~~NmJ:.O) 7 T /h~ 
AJ::(!)77 ✓h-L iJ>ff~~Q t ti, A iJ>ff~ L iJ>7c(J)Jr-1 1)-~~~ 

Q ~ t ~m9. ff(J)Jr-1 1J -~t:-:J1t\-c ti, 1JZ(l)JE'.J:1iJ,~□ i; n-c1,\Q. = 
-:J § (J)'['i.ti quadrangle criterion t 11¥tf'nQ. 

:.Ell 3.1 ([2]), ~~iff a (J)f1:~(J)Jr-1 1J -~ M ti1JZ(J)=--:)(J)'tifil~t~ 
-:J. ~,:' ~ (J)=--:)(J)•itfil ~:M":-:Jfi3'U M t;J::ff(J)Jy-,{ 1) -~,: t~ Q. 

1. M ti5T ✓h-~~Q. §\,\•~ntf', M = (ai,j) ti, ~fi;BJ::rf 
~~~G(J)5t(J)■•~~~~~nfi~~~Q. 

2. (quadrangle criterion) {1:~(J) i, j, k, £, i' ,j', k', £' t:J,t L, aj,£ = aj',£' 

~riMff;:9 J:: :> f:.=:.*(J)nfi~ ai,k = ai',k', ai,£ = ai',£', aj,k = aj',k' 

~%Jix:9Q. 

~nJ:: ~, 5 T ✓h- M (J) 2 fi (fifi% a, b)2 3'U (3'US% x, y) t: 1 t:: iJ, 
Q/J\n• 

[a· x a· y] = [r s] 
b-x b-y t u 

--e, r, s, t, u (J)pg(J) 3 f00(J)5tiJ>JE'.tnt:f', ~Q lfOOti, 7c(J)1J\n.(J)fft■ t: 

~,b G i", ~1--.::> L L 1 5. quadrangle criterion Ii, )'(]ik [6] ~Ii, Brant 

(l)mJtu 1:ri=1~ 9 Q . .v:n#:(J) s JJt~ ,: ~ Q s foo (J)m%im t ti, 

(a, x, r), (a, y, s), (b, x, r), (b, y, u), (a', x', r), (a', y', s), (b', x', t), (b', y', u) 

:.Ell 3.2 (/6], Brant (J)f:MW), r~% L iJ>.V:n{t(J) 8 JJ!gt: ~ Q 8 {OO(J)m% 
mf(J) 5 '0 (J) 7 {00 ~-@i-tJt~ G ti, ~Q l{OOtm% L t:-@i-t nQ. 
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~!I 3.3 (/6}), {:vJ& n O)ifmU¥ G 0) 71' 1) -£U~ lq]{OO:t,t 5 -r ::,,:t5[llli0) 
standard form O)fffj]WJ:.ti, (n;l)! c'lj.,:Z Gtl,Q . .::. .::. --c, <p tiff G 0) § a 
lqj mlff 0) {ft WJ:.--c .3i) Q . 

4.~~~~©5~~~~~-~-©ffl~ 

A J::O) 7 7" ::,,:1:J[llli L iJqt--ccli) Qt ti, A iJ>{t--C L iJLf:OJ71' 1) -~ (110 
$fflff~)--Ccli)Q.::.t~ffi9. fl~~O)~WJ:.~•WJ:.i~~-WJ:.~~--Ccli) 

I?, fftWJ:. q O)ifmHt~ cF(q) t ~!c9 Q. •WJ:. P 1::.x-t G, fftWJ:. P O)if~.&~ 
GF(p) Ii, Jlj~fflt Zp t lq]mlc'cli) I?, GF(p) = Zp = {0, 1, 2, · · · ,P - 1} t 
~!c9Q.::.tiJ,~1,, . 

• WJ:,p t::xtG, {ftWJ:.p2 O)fJ:,3!11~ti, if~.&~ K = GF(p2 ) ~ffi1,,-c,t1p_x; 
9 Q .::. c'. iJ>--C ~ Q . 

if~.li~K = GF(p2 ) Ii, ~@~F = GF(p) 0).=1J(:f3t*--Ccli)Q. ~@~ 

F J::0).=1J(Jl!,t~~Jj~ f(x) ~ffi1,,-c, :f3t*~ K ~ffflp_x;9 Q. /JJ(~f.li a~ 

F t::{t1JO L, t::~ F(a) = {co+ c1alco, c1 E F} 7'J> K --Celi) Q. f!t*f* K ti, 
p{iOJ coset F, a+ F, 2a + F, · · ·, (p- l)a + F t::5J'l!iU--C~ Q . .::_O) t ~, 

f(a) = 0 J:: I?, :f3t*~ K OJ{'f:J&'.O);jp~.51; co+ c1a, (co, c1) =I- (0, 0) ti, /JJ( 
~-&t.li a O)~ ~* ai, (0 ~ i ~ p2 - 2) --C~~c' ~ Q. *$ff K* Ii, a ~1::: 
JJ,x;51;c'.9Q~WJ:.~-lOJ~@ffK~Q.:f3t*~K~G~@~FOJ5I;~~ 

1,,tdlii'~ K - F t~!C9Q c'., K - F ={co+ c1alco,c1 E F, c1 =/- 0} 
c'. f,tQ. 

~!I 4.1 (/1}), .WJ:,p t G, ~@{tF = GF(p) 0).=1J(f)t*{tK = GF(p2 ) 

t 9 Q. f!t*~ K 0) lqj t, coset O)f§~t,t Q{f:J&'.0).=51; c, d t::xt L,, K - F 

0) 51; x ~ * t, t:: ex t dx Ii, ~ f,t Q cos et 0) 51; t:: f,t Q . 

~!I 4.2 (/1}), .WJ:,p t G, ~@{tF = GF(p) 0).=1J(f)t*{tK = GF(p2 ) 

t 9 Q. f!t*~ K OJ1JO$t::~9 Q?j[ff:£R~ Lo t 9 Q . .::. .::. --C, .::. O)ij[ff:£R 
Lo t:: t:,1,,-c, fri, J:: UJIJ 0)8!& I? Ii, :f3t*~ K 0) coset F, a+ F, · · ·, (p
l)a + F 0)/lil'[fft::.Mz~Q . .::. O)ij[ff~ Lo O)fr0)8!lX I? t::, K - F 0)51; ai 

~•~-c,frO)M!lX'?O)•ff~.MzaffxQ.~O)•n'?O)•ff~R~G~ 
1,, . .::. 0)8n I? t::Btt QjJQ$0)ij[ff~~ Li t 9 Q . .::. 0) t ~, fflff~7'.P G 
an I? ~ ~ 1,, t:: 15 fl!li Li Ii, fftWJ:. p 2 0) WJ:.at~ 1:: t,t Q . 
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.:::. .:::. --c-, 1: 0) 7Efl--c-f~ G :n t.:: mJJ::tR Li ii.~a!ll.wn= t,t -0 n\ aw 0) m•1R 
Lo ti.~a!ll.Wtc' ii. t,t Ii,.:::. t t: tl:J@'. G et -5 . 

fJIJ ~ t:f, p = 3 O)~irf:, ~WH:t F = {O, 1, 2}, ),ljtt&Jet~~tJtt; f(x) = 
x 2 + x + 2 t 9 -0. flt*{..$: K = GF(9) 0) 51; ~, coset F = {O, 1, 2} = 
{O,o:0 ,o:4}, o:+F = {o:,o:+1,o:+2} = {o:1,c/,o:6}, 2o:+F = {2o:,2o:+ 

1, 2o: + 2} = {o:5 , o:2, o:3} 0)/iljf:M'.JJ::tR Lo O)~!{lUJ t:ffaui G, K /:;B tt 
01Ja$mJJ::tR Lo ~ fF 0. ~~ 0) Lo ~ Jll. -C 9 (' :b iJ• -0 et -5 /:, 7''p o/ -7 ~ 
{lf:~1illit.:: ~ t,t1,,0)--c,, Lo ti.~a!l.!.M-C:'ii.t,t1,,_ 

.:::. 0) t ~ o:4 = 2 t f,t -0.:::. t 1:tt;@'.9 0 t, K - F 0)51; o:i --C-.:li':i 0 et -5 
f,t i ii. i = 1, 2, 3, 5, 6, 7 t f,t -0. 

i = 1 O)~irf: (i., ~JO)~lf:X IJ (JJil!l[O)J:yJMO)~Jf:X IJ) 0)/l[l'[Ji;ii.-f O) ii 
"c', {'j'O)~!{jt IJ (JJil!l[O)ir:yJMO)~!{jt IJ) ~, o:F = {O, o:, 2o:5 } = {O, o:, 2o: }, 

o:(o:+F) = {0:2,0:s,o:7} = {2o:+l, l,o:+l}, o:(2o:+F) = {o:6,o:3,o:4} = 
{o:+2,20:+2,2} O)Jr[l'[t:stfzrJM~-c, 1Ja$mJJ::tRL1 ~f'FJJx90. ~~O) 
L1 ~ Jll. -C 9 <'' :b iJ• -0 et -5 /:, {ft~ 9 0) 5 T ::,;JJ!l!l[--C- .:li':i IJ iJ>--:J 7''p o/ -7 ~ 
{lf:~1illif.::90)--C-, L1 ii.~a!ll.M--C-.:li':i-0 . 

.:::. 0) et -5 1: G -cft G :ntdJirJJ::tR Li, (i = 1, 2, 3, 5, 6, 7) ii., {ft~ 9 0)~3!1.!. 
Mt:t,t-0. fl°mHtK = GF(9) = {O,l,2,o:,···,2+20:} 0)5I;~Jffi1Jt0)~ 
a!ll.--C-fflli' 0 1/::,; ,f-')].,, A = {l, 2, · · ·, 9} /:ii~~~ 0 t, Jffi1Jt0)~3!1.!.f§~ (~ 
a!ll.,1,;z:';vO)§i;JJx~) 1:t,t -0. 

0 1 2 0: 1 + 0: 2 + 0: 2o: 1 + 2o: 

1 2 0 1 + 0: 2 + 0: 0: 1 + 2o: 2 + 2o: 

2 0 1 2 + 0: 0: 1 + 0: 2 + 2o: 2o: 

0: 1 + 0: 2 + 0: 2o: 1 + 2o: 2 + 2o: 0 1 

Lo= 1 + 0: 2 + 0: 0: 1 + 2o: 2 + 2o: 2o: 1 2 

2 + 0: 0: 1 + 0: 2 + 2o: 2o: 1 + 2o: 2 0 

2o: 1 + 2o: 2 + 2o: 0 1 2 0: 1 + 0: 

1 + 2o: 2 + 2o: 2o: 1 2 0 1 + 0: 2 + 0: 

2 + 2o: 2o: 1 + 2o: 2 0 1 2 + 0: 0: 

2 + 2o: 

2o: 

1 + 2o: 

2 

0 

1 

2 + 0: 

0: 

1 + 0: 



20

0 1 2 a l+a 2+a 2a 1 +2a 

a l+a 2+a 2a 1 +2a 2+2a 0 1 

2a 1 +2a 2+2a 0 1 2 a l+a 

1 +2a 2+2a 2a 1 2 0 l+a 2+a 

1 2 0 l+a 2+a a 1 +2a 2+2a 

l+a 2+a a 1 +2a 2+2a 2a 1 2 

2+a a l+a 2+2a 2a 1 +2a 2 0 

2+2a 2a 1 +2a 2 0 1 2+a a 

2 0 1 2+a a l+a 2+2a 2a 

5. Sb~) ,: 

::$:l!'i1i"f!i, •• p t::xfl,, ~~{;$:F = GF(p) O)=?jzfJt:k,(;$:K = GF(p2 ) 

J::O) 5 -r :.,:JJ!l!li ~ ffl '-''--c. {ft.. p2 0).3.'RM ~ *•pt9 Q 15¥! ~ fmfl' L, t::. 
~•O)~t!"f,••i~~••~~O)~••q~~1..,--c,m•q0)~~1* 
F = GF(q) ~~~{;$:t9Q=?jzf!t:k{;$:K = GF(q2 ) J::0)77:,,J'jll!l[~::,lg 

;I{_ Q ~ t t:: J: IJ. m~ q2 0)•3sM~fipt9 Q ~ t iJ{"f ~ Q. 
{fut:: t, lP,~·9 Q~3!RWtlO)fflptt!t::-:::i1.i,--c ti, [4, 5] iJ{&:, Q. 
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