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Abstract

An equivalence relation is a reflexive, symmetric, transitive binary relation.
Equivalence relations are fundamental in the theory of relations and important in the
fields ‘of applications. In the paper relations are represented by Boolean matrices, and
properties of Boolean matrices representing equivalence relations are examined. Especially
equivalent conditions for equivalence relations are shown in the form of Boolean

matrices.
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.
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(6) RVR'=R

(PE10] ROFHRBFENETH 5.
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GERR) (1) = (2) He»TH 5,

(2) = (1) RVISRVITHBDT RVIAI=RVI)ATE%5D RAT
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(4) = (1) RATSR' THD, 7= RAI=RAITH 5725 RAI)VRA
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OB EIIE T B, (RIEFA#%)
(B 34] ISR, R<R' © ISRA ROR) A (ROR)

(M) (1) ISR, RER' DL %
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(2) ISRAROR )ANROR)D & %

ISR, ISROR L2, RSR' &% 5, (RERA#%)
[(ME35] ISR, RER' & ISRA ((ROR) V (ROR))

(EFA) (1) ISR, RSR DL %

RER' 5 ISROR &%, ISRA(RCOR)V (ROR) L% 5,

2) ISRA(ROR)V (ROR)) D & %

ISR, IS ROR)V (ROR) k51, I=(ROR)ADV (ROR)AD &%
5h, ROR)AI= ROR)' N = RORANITHBDTI=ROR)AI &
5D, ISROR' Thbb RER BH/LID, (RERAFY)
ER2] —mizix [I=SRA (R'OR)V (ROR)) = RSR'] Lidwni ki,
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LBiHE, ISRA(RCOR)V (ROR)) &k&54, RER LIZALEW,
(EE36] ROFEHEIRETH 5,
(1) ISR, RSR’
(2) ISRAR'A ROR) A (ROR) A (ROR) A (ROR)
GEE) (1) = (2) RER'H»5 ISROR, ISROR' 50, BEL TISRO
R, ISRORDEONS, £7/2 ISRP OISR &L B0 5,

ISRAR'A ROR) A (ROR) A (ROR) A (ROR)

R



— 38— (1028) IR AR 57T F6H

DBHEILT 5,
(2) = (1) I=R, ISROR' %50, RER'BBLNS, (REFHAR)
(ME37] [13] ROZZEETH 5,
(1) ISR, RSR' (4) RVR'VISR
(2) RVR'VI=R (5) RVR'VISR'
(3) RVR'VI=FR’
(ME38] ROFMILFHETH 3,

(1) ISR, R=R' (5) (RARYV®R'AD =0
(2) RAR)V(RAI) =0 6) RARVID =0
(3) RARVRAI) =0 (7) ”RA(RVI) =0

4) (RARVRAI)=0
GEW) (1) & (2) ISROINR=0TH D, £/ RSR' S RAR'=0Th
575 [I=R, R<R'| © [INR=0, RAR'=0] & (AR V (RAR) =0
SRAR)VRAD =0 & %55,

DB AT EMET S, (RERA#R)

35 I<R, R'<R O[f&%

52 6 n7=BRABRKH THOHEBNTH 3 720 DMBE L3420 T
ERT 5, REWNTHDOHEFRER % B R IZHEEFE (pseudo-order) % 7= IXHiMERE
(preorder) &I h 3 [14],

(MEE39] [2, 8, 10, 12, 13] ROZHRFAMTH 5.

(1) ISR, R*=R (9) RXR'=FR'
(2) I=R, R* =R (10) R'XR=R'
(3) IVR=R (11) RXR'=R
(4) IVR*=R (12) R”XR=R
(5) R=ROR (13) RXR'=R'’XR=R'
(6) R=RCR (14) RXR'=R'’XR=R

(7) R'=ROR (15) R*=R
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8) R"=RR
[E&E3] — M, [R=ROR = R=ROR] &3 ik,
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R=E1
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EBFIE R=ROR %555, R=ROR' &iZE 5K\,
(HE40] [2] $XTDOm (m=2, 3, =)L T, ROZHEIFEETH 3,
(1) ISR, R*=R (4) IVR"SR
(2) ISR, R"<R (5) IVR"=R
(3) ISR, R"=R
(B4 TRTDOm (m=2, 3, = )IZHLT, ROZMHIFHETH 5.
(1) ISR, R*=R (3) ISR", "SR
(2) ISR", R"=R
GEM) (1) = (2 R=RTH5»HISR=R", "=R: k5,
(2 > (3 WMo»Th3,
(3) = (1) ISR'SR7EMG ISR ERYD, Thhb ISRSRS SR &

3, —HRSERTHENPOR=R==R"Lk3d, (FEPAA%)
B2 FXTDOm (m=1, 2, )/ LT, XOZHIZEETH 3.
(1) ]éR, R*<R (3) [§Rm, R™<R

(2) ISR", R"* =R
(GEH) (1) = (2) R=REL %2, 5I=R=R", =R L% 5,
(2 = Q) HWo2rTH3,
(3) > (1) ISR » 6 R*=IXRSR'XR =R"<R, "SR %V, %/
ISR"SR &% 5, (REPA#Z)
REHTH ORI 5 &S OV TIZ EEROMEII, 40, 41, 42 Disbic
L BROEHNH SN TS [2],
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36 R=R', R°<R OFlfti%&t
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(6) (RVR)*=R

(ME44] ROEHIFETH 5,

(1) R=R', R’=R (3) RVR'=R’

(2) RVR* =R’

GEM) (1) = (2) R"=R, R*=R &% 5%5»5, RVRE=RVR=R=R' k1
5,

(2 = Q) WHoe~TH3,

(3) = (1) RER, RFER'THY, RESR'PH R =REKBDT, R'SR'=
RL%%, (GERR#%)
(PEE45] (1) R*XR'XRSR = R'=R

(2) X (R'XR)"=R = R'=R (m=1, 2, )
GERR) (1) rArg=12F3%, ZDEZ i ArgArgAry=1TH 1, RXRXR'
XRERIZ&K>Tr=1%0, RRESREKE 3,

(2) reNrg=1£F%, RXR D (i, j) BFE% (RXR), TREE nAr, =1
EHB(RXR ), =1%%, £72(R'XR"D (i, j) BEE%(RXR)"), TR
VI RXR), =1k > T(RXR)"), =1 %%, L7zh>TrnArA((RX
R™,;=1k%0, rn=1»886h, RSRE %5, GERAZ)
[(E46] (1) RXR'XR'<R =R'<R

(2) (RXR)'XR*=R =R=R (=1, 2, -)
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(GEH) MEASOIEM L FRETH 5. (REPAFR)
(847] 1, m=0,1,2, LT,
(RXR)'XRX (R"XR)"=R = R°<R

72 L(RXR) = (R'XR)'=1 £ ¥ 5,
GEFA) I1=m=0D L XIHL,ATHD, 1=0, mz1 DL XFIMHELST,
72121, m=0D L FZIHHEETTTIIRLTNBEDT, I, m21&T 5,

r=rg=1,HB<, RXR, RXR D (i, ) EFX% (RXR),, R'XR ), Tm
Y, nAr=1, rArg=1 IZE>TRXR) =1, (R'XR );=1 &% 3,
72 (RXR), RXR"D (i, j) BFE%E(RXR));, (RXR)"),;THREW,
RXR):=1, (RXR);=UI&>T(RXR)):=1, (RXR)");=1,%D,
(RXR)Y i ANraArA ((RXR)™ ;=1L 5D T (RXR)'XRXRX (R"XR)"

SRIZEH->Tr=1%kD, RERMBMEON B, (FEEA#%)
ME48] m=1, 2, < ZRLT, XROZHIEMETH 5,
(1) R=R', R*<R (3) RZR', R"SR

(2) RER, R" =R
GEF) m=1D L ZIZHALIATHBHDT m22LT 5,

(1) = (2) F=RTH»BDTR"=RE%3,

(2) > (3 WHer2Thb,

B) 2 ) m=ry=1&F5%, RERIZE>Trn=r=1&%0, "D
(G, j) BFEEER"), TREIRR" ), =18k 5%, Lo TrAnA
(R, =1Lk, rn,=12086h, FSRLK 5, (FEPA#%)

3.7 ISR, RSR', R'=R ORIt ‘
5z o h7-BIRARE THIEN THBN TS 2 720D RBE+ 35, §

EbbREIEREGRE % 5 72D OBE+REHEITOVTERT S,

(ME49] [9, 10, 13, 15, 16, 20] ROFZMIFHETH 5,

(1) ISR, RSR', R*=R (7) ISR, R’XR=R

(2) ISR, R<R’ (8) (RXR)VI=R
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(3) I=R, R*=FR' (9) (R"XR)VI=R
(4) ISR, RXR'=R (10) (RXR)VI=R
(5) ISR, R'XR=R (11) (R'’XR)VI=R
(6) ISR, RXR'=R (12) R={(RVR)*

i, LOMWEPOZHIZONT, RRSR' A5 R TERIh3EKIE
circular THh B L bh 59, 20], £7/2 RXRSR %% R TEBE XN AH{%
E2—=2Yy FBITH B LVDN[I5], RXR'ER %3 R TERB X h 3Bk
I3 cotransitivity #H LT3, FREZHII3HEOBBRTHL L vbh
%,

[(MHE50] ROGHIEETD 5,

(1) I=R, R=R', R*=R (5) IVR'VR*=R
(2) IVR'VR=R (6) IVRVR' =R’
(3) IVRVRER’ (7) IVRVR =R’

(4) IVRVR<R'
GEHA) (1) > (B) R'=R, "=R &% BDTIVRVR =IVRVR=IVR =R
k3,
(5 = (2) MonrThs,
(2) > (1) ISR, R'SR, R'SR &%V, R'SR »5 RSR' £ %5,
OB IZEKRT S, (REHA#%)
(MBS m=1, 2, LT, XOLMHZFHETS 3,
(1) ISR, RSR', R°SR
(2) IS X8:X - XS,, RER', IXT:=R
(3) I=85,X8,X*XS,, RER', TIXT,=R
72U 8 (=1, 2, =, m), i, LIZREFLIIR TH 5,
GEF) (1) > (2) R"=R, R*=RE A& BDT, ISR=R"=5XSXXS,,
T XT:=RXR=R Ltk 5,
2 = (3 WerTh3,
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(3) > (1) R=R & %&%»6, RR=TIXTL=R & XD, £/ ISSXSEX--

XS, =R'SR& %%, (REHA#%)
[#E52] [15, 19] ROEFEAETH 5.

(1) I=R, R<R', R°<R (3) ISR'XR, RSR', R°'<R

(2) I=SRXR', RZR', R°=R

GEF) MESUCK B, (REFAK%)

LOWEBPD ISRXR %5 R CRE X h BRI EER AWM=, £
IZRRERY (serial) TH B & Vbh[15], ZHEBHTHROBTICIVNSHZT L
EBKRLTVNS,

(MB53] (1) ISR, RSR', R’SR = ISRXR', R*=R'
(2) ISR, RER', R*SR = ISR'XR, R =R’
(GFH) ISR &k B5 5, ISRXR, ISRXRLk% , ¥72R' =R, R*°=R

LBEBDTR=R=R'L%%, (REBA#%)
[E&4] XOMBEIZOThE MITIIBRIL LA,
ISRXR, R*=R' > ISR ; I=R'XR, =R = R=R'
ISR'XR, R*=R'"=> ISR ; I=RXR, R*'=R'= R’=R
ISRXR', R*=R'= RSR' ; I=R'XR, F*=R = R'=R
WE
010
R=|001
100

LBiHE, ISRXR', ISR'XR, R*=R &%, ISR, RSR', R'<RIF\V
FTHERILL &,
[(ME54] (1) ISRXR, R'=R' = R*=R'
(2) ISR'XR, R°'SR' = R* =R’
GEFR) (1) ISRXR 5 RXISRX(RXR' )&%, RERPXR'=R'XR' =
R)eHB, LER->TRSRERD, RER'ENPHOR =R Lk5,
(2) ISRXRD 5 IXRE(R'XR)XR &%, RER'XR=R'XR'=(R)* &
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Kb, LEMR>TRERERD, RSRFEPOR=REk5%, (GEPAK)
(MES5] m=1, 2, -icHLT, ROFHIFEETS 5.
(1) ISR, R=R', R’<R (3) I=R, §:X8&X-XSm=R
(2) ISR, SX8&XXSm=R
LS (i=1, 2, =, 2m)iEREZIIR THY, 5 =Sm S'=Sm1, *,
Sy =SB0, %72 55 i HLTS=RTHBET5,
(GEEA) (1) = (2) R'=R, R*=R&B5H» 5 R=R"=$X8E&X X8, &%
5,
2 = Q) He~2rTHS
(3) = (1) ISR»B ISR LEBBDTISS (i=1, 2, ~, 2m)& &V,
$25B5i LTS =RTHE25 SXSX XS, ZRE %55, Liho
THXEX XS =R EK D, T (SiXEXX8u)'=R' 55 85n"X Spet’
X X&'XS"'=R", SIX$XXS, =R'=R&kD, R"=R&k5, ISR
5 RERS =R LR, "=RIZE->TR=R==Rrtlk3,
(REHAKR)
[#£'E56] I=R, RSR', R°SR = ISR'XR, RXR'=R
(REPA) I=R, R=R', "SR DL ¥ ISR, R'=R &%k %» 5, ISR'XR, R
XR'=RXR=R'SR L%k 5, (REFARE)
[(FRES] —Rici3,
ISR'XR, RXR'SR = ISR ; ISR'XR, RXR'SR = R'=R
ISR'XR, RXR'SR = R=R'
36k, WE
110
R=1111
000
EBITIE, ISRXR, RXR'SR L %55, ISR, RSR', R<RIIDW\TIE
WTRERILL AN,
[#E57] RXR'SR = R<F
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(GERR) =12 34UE, nAr=172256, RXRSRIZX->Trn=1L%kD,
ril\ry= 1&% 5, (REFR#)
[#4'B58] ISR, R<R', R'=R = ISRXR', R"’XR=R
(BEBA) I<R', R"'=R & %5355, ISRXR, RXR=RXR=R'=ER L %%,
(REPR#%)
(RG] XOomBEITOThE —MRICIIBALL &V,
ISRXR', R’XRSR = ISR ; I=RXR', R’XR=R = R'=R
IERXR', RXR=R = R=R'
Wi
110
R =110
010
LEIHE, ISRXR, RXRSERE X BIIhER, ISR, RSR, R=RiZw
FTREBILL &L,
[ME59] R'XR<R = R<R’
EFHR) », =1L, nAr= 1225, RXRERIZK-Tr=12%0,
riry=1&%%, (REPR$%)
(HE60] m=1, 2, - IZHLT,
ISR, RSR', R’ER & IS X8$XXS,, IXT,=R
=ELS (=1, 2, =, m), I, LIZRELEFR THY, "'=TThHd &
T3,
(REHA) (1) ISR, RSR', R'SRD L ¥
'=R, R=RTHBDT, ISR=R"=5X8EXXS,, IXT,=RXR=R
L% 5,
(2) ISSIXS8X XS, TIXTy=RD & &
(LXT) =R 25 T'XT'=R, XL, =R &K DR=REL%E5DT, RXR
=R, IESXSX XS, =R"=R &% %, (REFA#Z)
(#E61] m=2, 3, i LT,
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ISR, RER', SR © ISSX8EX XS, TiIXTX X Ty X Tynes X
T =R

U (i=1, 2, -, 2Zm)iZRE-ER THY, ¥4 T1=5, =5,
“y Ton2=Sm2 Tew1=R, Ttw=RTH>T, EBIZTV="Tom, Ty = Ton,
T.'=Tm THBLTS,
(REPH) (1) ISR, R=R, R'SRDL %

R'=R, R=RLEBZNEISR=R"*=8§X8X XS, TIXT,X-X
Tm=R"=R ki3,

(2) ISSIXS:X "X Spmesy, TIXTX*XTp=RDE &

R =IXR=SX8X " X8 2 XRXR =TiXT:X*XTw =R, 'SR L%V,
F 72 (XX X Topi X T2n) "= R' 5> 6 To! X Topet X X T'X TV = R', TyXT,
X XTowiXTow=R'=R EXVD, ISRF'SRBBONG, (REBH#%)
[(ME62] m=2, 3, - ITHLT,

ISR, RER', RREROISSXSX XSm-2, TIXT XXX Tony X Ton= R
72U (=1, 2, ~, 2m) ZREBR THY, £#T,=R, T:=R,

’

=S, T.=S, **, Tt =Sms DTn=SwsCTH>T, XBIZT' =T, To'=
Tonety =, Tn' =T THBET B,
(REFR) ME6IOFPHEFERTH 5. (REHARE)
(PE63] [8, 12] (1) I=RCR (3) ISRCR
(2) ISROR’ (4) ISROR'
(ME64] XOEMFIEETH 5.
(1) ISR, RSR', R*=R 4) RORAROR'=R [17]
(2) (ROR)N(ROR)'=R (5) ROR)ARCOR) =R [17]

(3) (ROR)AROR) =R
GEFA) (1) = QMHE39-L>T [ISR, R°SR] © ROR'=R L %LV, %
72R=R %55 ROR'=R, (ROR)'=R £% 5, L74>T (ROR)
AROR)'=RAR=R L %3,

2 = 1) ROR)AROR)' =R 75 ((ROR)ARCR)' )'=R, (RO
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VAROR) =R LY, R'=R&% 5, WHE3LD ISROR' THBH05 [
S (RORYAN(ROR)'=RE%ED, %72 REROR' 76 'SR L% 5,
fhDIHEIZEIET B, GEP#Z)
[ME65] RORMHIIFMETS 5,
(1) ISR, RSR', R'<R (3) RXR=R'
(2) RXR' =R’
GEH) (1) = (2) RXRER 5 REROR', RXR'SR &5, RER' 756 R’
=REBEBDTRXRSR 7Boh5%, —HISRPE ISR TH5756, R
XR'ZR=R' &%V, RXR'=R' &% 5,

(2) = (1) RXR'=R'"#»5 ROR' =R &1, HHE63IZEK > T ISROR
THB75 ISR, ISRLED, Th» 5 RSRXR'=R' &% %, L7zho>
TR=ER, RSR, RER' & %&V, RR=RH»Hoh35, £72ROR=R"%»5 R'
SROR'THV, R'=REDTREROR L7, RXRERThbb R=R
BELNB,

faDIBAITEKT B, (RERAKR)
(#HE66] ROFHIZEMETH 2,
(1) ISR, R<R', R°’=R (5) ROR=R
(2) RXR'=R (6) ROR' =R’
(3) RXR=R (7) ROR=R'
(4) ROR'=R
GERE) ME65ICk 5, ' (GER#S)
4. &

FHEBIRORIER MBI DV TER 2B T hvy, RLKSHMO T BH&MEF
IZOWTEHEL, E5IcEFOMRICEsEDHMoh T ENnEEbhE%
HERLE, & ICTAHEBIROZM £ MR § 5 RAHE, ARtk HERMEOR 4
DRHEZHERRTVEH, ThoDFHEHARDES I LICIDIRL K
B CREBIfRD 2 RBTE 5,
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