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Generalization of Properties of Negatively Transitive Relations
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Abstract

Properties of negatively transitive relations are generalized to some extent and various
properties are obtained as special cases. Negative transitivity and transitivity are dual con-
cepts and they play an important role in applications of relation theory such as preference
relations. Generalized properties of negatively transitive relations and their related proper-
tics are shown by using Boolean matrices. Some conditions on relationship between nega-

tively transitive relations and transitive relations are examined.
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GERH) MEE3NCEWTTA T B<, (REPFH%)
[(ME46] SAT=0, SVT=EDL %

() RXS<R ©RXT=R (3) SXRER ©TXR=R

(2) RXT'SR ©RXS=R (4) TXR=R © SXR=R
GEF) MHE40IZBWTTE T 6L, (REFR%)

s¥, EO HEEIEHL X MEITIZL-T, SAT=0, SVT=E
S T=8Skh3756, T=5:ETE, HWEALFE—DERABLNS,
[(HE47] SAT=0DrL%, (1) RXS=ZR ©SRX(S)*VTH=R
(2) RXT=R © RX(US)*V(T)*)=R
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(3) SXR=R © ((S)*VI")XR=
<R & ((§)*VT) "X

(4) TXR=

GERH) MEA2120WT TR T EBL,
(ME48)] (1) RXT <R © RX(T)*sSR © RX(T")*s
S RXTER S RX(T)*SR S RX(T)'=R
(mFXEsEc>@WxEsEC>@VXR§E
S TXRZRS (T)*XR=R & (T)'XR=
(GEWH) MHE34(2), WIZBWTTE T EH<,

[HE49] (1) RX((S)*VI)=R & RX((s)*

2) RX(SH*V(T)")ZR &

(3) ()*VT)IXR=R & ((§)*V(
4) ($)*V(T)*)XR=R & (§*V

RX(S*V(T)*)<R

(ZERE) MEBICBWTTA2 T EBL,

[MB50] SVTI=ED&%, (1) RXS=R & RX($*V(T)")=
(2) RXT'SR© RX((S)*V

(I")*)=R

(3) SXR=R & (*V(T)")XR=R

(4) TXR=R & ((S)*V(

T)Y)XRZR

GER) MBI TE T B,
8511 (1) RXT=SREORX(IM*SRSRX(T')'=R
S RXTER ©RXT'SER ©RXT'=R
(2) TXR=R & (I")*XR=ZR & (I")*XR=R
S TXR=ZR ©T"XR=ZR ©T'XRZR

GEER) ME37(2), WItEWT T2 T EBL,
[HE52] SAS<IDE%E, (1) RXS=R > RXS=R

(2) SXR=R > SXR=<R

GEE) B2z T T=8StE<,

[M'E53] SVS'VI=EDL X,

(2) SXR=ER=SXR=R

(1) RXS=R

= RXS=R

VI(T)*)=R

T")*)XRZR
(T)*) X R=R

(REHHHR)

REFIRZ)

(REPRHZ)

R

(REARA%)

(RIERH#%)

(REPA#X)
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GEH) MBI TT=85¢H<, (REPERE)
[(MEES4] SAS'ST, SVSVI=EDE X

(1) RXS=<R ©RXS=<R (2) SXRER © SXR=R
(RERH) MES23 L OMMES3IZL 5, (GEBIRE)
[(E55] SAT=SATOEL %

(1) RXSER ©RXS=R (2) SXR=R ©SXR=R
(REEH) ME20055) H X UMHESNMIZX 5, (GEBR#)
(PEE56] SAS'ZTDOEE, (1) RXS=R ©RX((&)*VES))=R
(2) SXRZR © ((§)*V(S)")XR=R

(GEF) HE33ICBEWTT=SEtH<, (ZEB#K)
[MEE57] (1) RX((S)*V(S))=R © RX(S*V()")=R

2) ((§)*VE))XR=R © (V) )XR=R

aEPH) MEES35(2), itk Tr=5&%<, (RIEFRAR)

2) SXRE=ER© (S*V(S')*)XR=R

AEAH) MER6IZE VT T=S&H<, (RERRF®)
LOMHESSIZH T BB FMITT TITIRL T2 MWE37, HES7TORIET 3
FHERH CEEMASA I LN TE S,

[ME59] RAS' S[DE X

(2
(
[(EES8] SVSVI=EDEE, (1) RXSERORXE*V(S)*)=R
(
(&

() RXS<R = R'SR (3) SXR=R = R’<R

(2) (R))<R > RXS=R 4) R)’<R = SXR=R

GEFH) RAS ST O SARSITHEPOMHEVZBNWTT=RERS,
(RIEHAA%)

(PEE60] RV S'VI=ED L%

() RXS=R= (R)'=R (3 SXR=R= (R)’=R

(2) R’=R > RXS=R (4) R°’<R=>SXR=R

GEEH) RVS'VI=ES SVRVI=ETHEP5MEBI0IIBWTT=R
L1, (REFA#%)
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[(ME61] RAS'=SI, RVS'VI=EDLZE

(1) R”’<R S RXS=R © SXR=R

2)R)*SR ©RXS=ZR & SXR=ZR

(FEHH) PEES9% & UMEE60IZ & 5, (REPAER)

[ME62] RAT=SATDL%, (1) "SR O RXS=R S SXR=R

2) (R)?’<R © RXS=RS SXR=R

GEFRH) ME20(3)1c&k->T, RAS'SI, RVS'VI=E S RAI=S8AI

ThHah6, WHLZLS, (REHAAE)

[(ME63] RAS=IDEX%, (1) RXS

(2) SXR=R © (R)*V(S)")XR

3) R)!=R © RX(R)*V(E)*)=R © (R)*V(S))IXR=R

GEH) RAS' SIS SARSITHHEPOMEABICBEVWTT=REBL,
(FEHEA%)

=R © RX(R)*V(S)Y=R
<R

(8641 (1) RX(R)*VES)*)=R © RX(R*V(S)*)=R

(2) RX(R)*V(S')*)<R © RX(R)*V S*)=R

3) (R)*VE))XR=R & (R*V(S")*)XR=ZR

4) (R)*VIS))XR=R © (R)*VS)XR=R

GEM]) MEBIZEBTCTI=R EHL, (GLEHARE)
[(ME65] RVS'VI=EDEL %

(1) RXS<R & RX(R')*VS*)=R

(2) SXR=R© ((R)*VS)XR=R

3 RPERORXRVE))=R® R*V(IS))XR=R

GEF) RV S'VI=E S SVRVI=ETH5»5WHEGIZHNTT=R
EE<, (RIEEHAR)
[PEE66] RAS'=0, RVS =ED&L¥E

(1) R”’ER© RXS=R © SXR=R

2) R)’=SR ©RXS<R& SXR=ZR

(REFH) MHE6LIZX 5, (REBHK)
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FEEOWECCDOATIEG I L TEMELS (1) Ikb, RAS=0, R
VS'=E&R=5 ©S=RLtk3,
[4E67] (1) PSR © RXR =R ©RXR=R
S RXR)'SR © R)TXR=E
S RXR)*=SR © R')*XR=
S RXR)*=R © R)*XR=R
2) (R)!) <R ©RXR =R RXR=R
S RXR)I'SR® (R)™XR=R
S RXR)*=SR®© R)*XR=R
S RXR®R)*=R© R)*XR=R
GEBD) (1) MECICBWTS=R EBIFIER'ER S RXR=R © R
XR=R., WH25IZX-T,
RXR =R ©RXR)™SR ©RX[R)*<XR © RX(R')*=R,

R
R

RXR=ZR © R)™XR=R © (R)*XR=R © (R)*XR=R
2) MITBWTREREBFIEX W, (RERRAX)
LOWEGOTIZE TS R*< R OEHESAME LRI 2B S W Tnh 5

[13, 16, 18, 22], ZOR' < RIZEFTARAMFHICBE VTR % R TH &
AhE R)'SRICEAT2RESGLEO NS, HET()DR'SR © R
XRER © RXRE=RIZDWTIE, WEADHEA L ERE, PE274HW
TEHEZI™/ONS,

[ME68] RAS<IDL %

() RXS=R = (R)*=R (3 SXR=R = R)'=R

(2) R'=R => RXS=R (4) R*’ <R => SXR=R

GE) RASEZTI © SAR)'ZITHE»oMHEHBNTTAR D
%, MHE6TAHWS, (GERH#E)
[(ME69] RVSVI=EDE %

(1) RXS=R = R*’<R (3) SXR<R > R'=R

2) R)*’=R D RXS=<R 4 R)’=R > SXR=<R
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GEM) RVSVI=E © RASSITHBHMWHEBIZHEWTCR%ER, S
ESEBL, (RIEFHA%)
[(PE'E70] RAS=<I, RVSVI=EDLZE

(1) R)’=SR ©RXS=R ©SXR=R

(2) R‘*F=R S RXS=R &S SXR=R

GERE) (1) ME68(1), MEEOR)IZL->TRXSZR = R)'XR
X S<R, HHE68(3), MEAWDIZL-TSXR=Z=R =

XR=ER,

(2) ME68, ME69EMWNT ) &ARRICTE %, (RIEAHA%)
(AT SAT=RATDE%, (1) R)’SRORXS=ZR © SXR=R
2) R’ER SO RXS=ZR© SXR=R
GEWE) (1) ME20(4) B X UHHET0IC LS. (BEPRAS)
(ME72] RAS<IDEE, (1) RXS=R © RX(R)*V(S))=R
(2) SXR=R © (R)*V(S)*)XR=ZR
(3) R*=R O RX(R)*VIS))=R & (R)*V(S)*)XR=R
GEFH) MHE3NCHEWTCT=R L H%, WETEHW3S, (RERA#%)
[ME73] (1) RX(R)*V(S))=R © RX(R)*V(S)*)=R
2) RX((R)*'V()=ZR © RX(R*VS)ZR
3) (R)*VE))XR=ZR © (R)*V(S")*) XRZR
(4) (R)Y*'V(S))XR=R © (R*"VS)XR=R
(GEFH) MBI W T T=R k<, (GERA#%)
(ME74) RVSVI=EDEL%, (1) RXS=ER© RXR*VS)IZR
(2) SXRZR & (R*VS*)XRZR
3) R)'=ER ©® RX(R)*VE)=R® (R)*V(S)*)XR=R
GERR) PE36IZBWTT=R &H %, METEHW 5, (RIEFHA%)
[ME75] RAS=0, RVS=EDLE
(1) R)’SR ©RXS=ZR ©SXR=R
(2) FRERSO RXS=ZR© SXR=R
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(REFH) MEE70I2 & 5, (REHAAZ)
FOMEIE MEGISBEWTRER, SES B ZLIZE->TEHES
hb., Gk, ZOMWEBICEAL L, HEISQIZK-T, RAS=0, R
VS=E © §S=R&%5,

[ME76] RARSIDEE, (R)’SR = R’SR

(GERH) MBS BT S=R & B<. (REPH#X)
(PEE77] [4, 281 RVRVI=EDE %, R'=R=> R)’=R
(ZFBH) MES3Ic W T S=R EBL, (RLRHAR)

ZOMWETIIME» 5 8/ 6 NI 5,

[(ME78] [4] RARSI, RVRVI=EDt%, (R)’SR © R*<R

(RERR) MEE 76k K OMHETTICK B, GERA#Z)

LALOWETSIIMEM» L 8/ oNhd, kB, RARZIDPDRVR VI

=EDLEXRSREAMEE LB EHMGNTWS [8, 10, 12, 15],

(ME79] (1) RVI=RVID: %, (R)'SR © R'<R

(2) RVI=R'VIDLZ%, (R)’SR © R’<R

(GEFR) MEBE20(5)12& D
RARSI,RVRVI=ESRAI=RANISRAI=RAT

S RVI=RVISRVI=RVI

ThHr5HWET8IZLS, (REEH#%)
[(ME80] RARZIDE ZROFZBEIFNETD 5,

() R)*=R 3) (R)*VR)*IXR=R

2) RX(R)*VR)*)=R (4) (R)*<R, R'=R
GEFA) (D) - (3) MH63IZBWTS=REBL,

(1) &) HWHE6IZL 5, (REFA#Z)

FOMWESQ) AL RXR)*SRELRDD, THIEIMWHETIZE > TR
REFMETH B, RMRICG) 26 R)*XREZRE%EBD, ZTheMEGTIC
XoTR*ZRELFAETH 3,

[E81] (1) RX(R)*VR)*)XR © RXR*VR')*)=R
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2 (R)*VR))XR=R © (R*"V(R)*)XR=R
GEM) PHESTICEWTS=R EBL, (ZERR#X)
[(ME82] RVRVI=EDE ERDEHFIEMTS 5,
(1) R*=R (3 R*VR)*)XR=R
(2 RXR*VR')*)=R (4) R’=R, R)*=R
GER) (1) - 3) MHEESITEWTS=R&BL,
1) & 4) MWHIIX5, (GEFRR)
FoOMES2Q2) 15 RXR)*sRELBHR, ZTHEIMHENIZE->T R)?
<RELFAMETH B, MBI (3) 26 R)*XR=RE&AZH, ZThiWE
6712k ->T (R)’SREFMETH 5,
[M783] [1, 3, 4] RARR=0DL %, (R)'SR = R'SR
GEFH) MET6IZXK 5, (GIEFA#%)
¥, FOMWESIBELT, RAR=0DEE, —f%IZlE, R'=SR >
R)!'SR EEVZE &,
[(M284] [1, 3, 4] RVR=EDL %, R°’<SR=> (R)’<R

(FERH) MET7IZ&K B, (REFHAR)
[14885] [4] RAR =0, RVRVI=ED:L %, R°’SR © (R)’<R
(REFH) MEET78IZ& B, (REWIHZ)

RAR=0DPDRVRVI=ED{LELTRSREFAMEE k550451
Az WL 2rHsh T3 [4, 7, 12],
(ME86] [4, 5] RAR<I, RVR=ED&L¥%, R°’=R & (R)'=R
(REFR) ME78IZK B, (RIEHA#E)
ZOMHEICDRTHRFMIZBEL TiE, —#kiC

RARSI, RVR=EO©R=RVISRANI=FR
%% [14, 16], £72RAR=SI, RVR=EDELER'=R %7 (R)®
<R EFMEE BB 2P TWS [5, 12],
FOWESIZEWVTRARSI®*RAR=0¢THIE

[RAR=0, RVR=EDL %, R®’SR & (R)*=R]|
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BB, RAR=0DPLRANI=0&ED, RVR=EMPLRANI=]
EBDT, RAR=0ERVR=EIZHEWIFIETS,
[ME87T] RAR =00 XROEBIIEMTDH 5.

1) ®R)*'=R 3 (R)*VR)*)IXR=R
(2) RX((R)*VR) =R (4) R)’<R, R°SR
(REFR) PEEB0IZL . (REPHAR)

FoOMESI(D) ICBLTIZ, RAR=0DLEXISRTH525, R)?
=R © R)*=R&k3, ¥/, RAR=0SR=RTHB»5, (R')*
VR)*=R)*: %3,

[ME88] RVR =EDE ERDEMERETS 5,

(1) R*<R 3) R*V(R')*)XR=R
(2) RXR*VR)*)=R (4) R°<R, (R)*=R
(REEA) MES21ZL 3B, (FEFE#Z)

FOHESS()ICBALTIE, RVR=EDLEIZRTHDI»56, R’
RO R=R&%k3%, £72, RVR=E O RAR=0SOR=RTH3
5 R*V (R )*=R*L k5,

4. £

PERFI S LTV B negatively transitive BIRDOFEARN 2 ME %2 —ifb L,
ZhORAERE L LU TRL EHEEZE N, 72, ThsOWEDHEIEE
He o> TOB ML KUHEBHEIZOWTEETOERE B Z AN,
RO DIEMBEFRMZ E AR Uz, RELTORLWEICIIZEAEHL
8D, ¥FRIKHOLNTNBLEEDLNEIMELEENTVEH, WD2D
% D3 negatively transitive BROWHE LT hO—ILOEFRIZH T
FHTHHELEDLNS,

TR ENAEANEEDORH ABAEL LT, Wb 3 triple
acyclicity [27] ZEICBAL THK S AMEAB/ OB, ThHiICO0TE
ROBEITRE L7207/, ZITRONZZERICIETINICHL T
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— ML TEB DN D B 5, ZOWMBTHDOGBAEII—BRILT B ZLELE5HD
FEREE L 7m0y,
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