
IEE lRANSAC「 IONS ON COMPtrrERS,VOL.C‐ 35,NO.2,魔 BRUARY 1986

Regular Ternary Logic Functions― ―Ternary Logic

Functions Suitable for Treating Ambiguily

MASAO MUKAIDONO

ADsrracr― A special group of ternary functions,called regular ternary

l o g i c  F u n c t i o n s , a r e  d e t t n , d . T h e s e  f u n c t i o n s  a r e  u s e f u l i n  s w j i t c h i n g  t h e o弔

Programming ianguages,ぶ gorithm theory,and many other fields―一if we

are concerned Mttth the indefinite state in such nelds.This corresPondence

descttbes the Fundanental propeHies and represclltations oF the regular

ternary logic FLECtiOnsロ

カ族 砕筋 s一 Ambiguity,canonical disiunctiVe fom,detecting ha2‐

■rds,fail‐safe logic,funcdonal compteteHess,indeFinite state,Klttne alge・

bra,regular ternary logic functiOn,ternary Function.

Iち MRODUし 110N

Logics 4nd algorithms are generally bascd on the two‐ valucd

PrinCiple, that is, true or false, or yes or no. Ho、vever, in some

cases,we experience a state in which itis impossible or unneccssary

to decide true or false.For example,each value of a signalin a logic

circuit,which takcs O or l in a steady state,changcs from O to l or

from i to O in a transient statc,that is, it is impossiblc to dccide
l、
cther the value is O or l. Thc initial statcs of scquential crcuits

_ another exarnPie where tt is difflcuit to know whether the value

is O or l in ina■y cases,Furthermorc,itinay be said that an algorithm
does not stop for a given data,or that some data are not aPplicable

to thc algorithm.In the cases lncntioned above,wc lnay usc temary

logic(three―Valued logic),instead ofbinary logic(two―Valued logic),

in which the third truth value is introduccd to reprcsent an ambigu‐

ous state aPart from truc and faise.

On the other hand,ternary functions have becn studicd for some

time from the standPoint Of thetr functional completeness or repre‐

sentation. When aPPlying temary functions to varlous ficlds of

engineering, we seldom use all the ternary functions,instead, we

cmploy only some subscts,which have sPecial propeHies or mean‐

ings.In fact,Mukaidono tll haS introduced some special subsets of

temary functions called regular,normal,and uniform,respectively,

which have important and useful prOperties.

This correspondence discusscs in detall a special group ofternary

functions, callcd regular ternary logic functions and introduced

flrstly in Mukaidono〔 11, WhiCh are significant if the third truth

value is considered to represent an ambiguous statet Thatis,regurar

temlary logic functions,、vhich will bc studied in this corrcsPondCnce,

are suitable for treating ambiguity.In Section II,wc shall introducc

regular temary logic functions from three diffcrent standPointS and

ow thatthey are allthe samc deinitions.A reprcsentation ofregu―

Tar temary logic functions is discussed in Section III, and their

axloms and functional comPleteness are explained in Scction IV.

Finally, in Section V, the canonical form, which is determined

u n i q u e l y  f o r  a n y  g i v e n  r e g u l a r  t e m a r y  l o g i c  f u n c t i o n , l s  s t u d i e d .

II. RECULAR TLRNARY LoGIC FuNし 110NS

A tcmary function is deined as follows,using thc symbol 1/2 as
the third truth value in contrast to O(falSe)and l(lrue):Letling
y=(0,1/2,け,a"ッar,αう姥′τr″αヮ/2″CrFθ″F is dcttned to bc a
mapPing from y4to y:

F : 7 "→ y .

Here,we willintcrpretthe truth value 1/2 as“uncenain O or l,''that
is, “ambiguous." Then, we can deine the lruth tables of logic
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TABLE I

TR明 H TABLES OF TERNARY AND,OR,AND NOT

NOT:  A

ANO:  A・B

connectives AND(・ ),OR(十 ),a■d NOT(~)aS in Tablc Io Also.lct us

consider the ternary functions denncd by thc following conditiorl:

Cο″」irrθ″ゴf the tenary functlons which can be rcprcscnted by

well‐fomcd logic fomulas c9nSiSting of variables il,・ ・・.・■, COn‐

stants O,1/2,1,and logic connectives AND(・ ),OR(+),and NOT(~)

defined in Table l.

Hereatter,wc call a temary function satistting thc abo、c condi―
tion a rttαヮル″cr,θ″rのァタヤ″rαうたりα′θgFc拘物2ra.
Ⅳθr夕′r The truth tables of Tablc l are called Kleene・s ternary

logic system[2〕̀The Sametruth tables as Table l were used indepen‐

dently by Goto〔3]to analyze indcttnite behavlors of rclay circuits.
Here, let us denne a pattial ordercd relation “oC" concerning

ambiguity On y={0,1/2,1}and y"as follows:
D研 ぇF r F O″ゴf O∝ 1 / 2 , 1∝1 / 2 , j∝: ,′∈ ヒ I n  t h e  r c l a t i o n∝,
O and l are not comparable to each other. Thc rclation can be

extcndcd among y″ as fo1lowsi For two clcmcnts A=(al`… ‐,α々〉
a n d  A′= ( a t ,…・, α々) O f  yた, A′∝A  i f  a n d  o n l y  i f  α! X  a r  f o r  a l l
values of F.IF A′ ∝A,then A′is said to bc less ambiguous than o「
equal to A.

Eχα秘″′でアi  S u p p o s e  A l = ( 0 , 1 / 2 , 1 / 2 ) , A 2 = ( 1 , 1 / 2 . 0 )。a n d

A 3 = ( 1 / 2 , 1 / 2 , 1 / 2 ) ; t h e n  A l∝A 3 , A 2∝A 3 W h C r C  A l  a n d  A = a r c

not comparabll[o each othcr.

As a condition for a tcrnatt funCtiOn F to bc significantヽvhcII the

truth v41ue 1/2 is assぃmed to be rcpresert an ambiguOus statesit will

be postulated thatifthe valuc ofF(A)is dcfinite,that is,Oo「1.thcn
fKA′)takes an equar value for evcry elemcntム

'which is iess

ambig‖ous than or equal to A;that is,                      1

Cο″冴FrFθ″2f Regularity: if F(A)∈ β ={0,1};thcn f(A')=

F(A)for eVery A′ such as A′ ∝A.

Dcri,どrfθぇ2:A temary function F is called a rでg″′々ァィビァⅢα守
′θ=, c j触″c r iθれr  a n d  o n l y  i f  F  s a t i s f i e s  t h e  r e g u l a r i t y  C o n d i t i o n  2 .
EIα″β′を2f Letthe two‐variable ternary functions Fl and f=bc

given by Table II Then fl is a rcgular terna呼logiC functionドhile
F2iS nOt.In fact,(1,1)∝(1/2,1),but F2(1,1)=1差0ニ
F2(1/2,1).
Ⅳοrを2f The condition of rcgularity dcfincd abOvc is an extcn‐

slon of Klcene's dcfinition to″ variable ternary fuIIctions ドhcre
Klcene's onginal deflnition t2]of regularity for a truth table is as

follows:The truth table never takes O of i as entry in thc…1/2 rOw
(Or COlumn)"uniess this ent呼O or l occurs unifo口nally throughout
its entire column(or roW,rcspcctively)

Ncxt,a temary function which satisfies the following condition4

Cθ″″frFθ72ヨ! MOnototlicity for ambiguity: If A' XA, thcn

FIA′)∝ Fol),lS Called an A彪″れαヮ ′θgたル″CrFθ″.It is kllown t4]
thatA temary logic functions can be apPlicd to dcsign fail―safe logic
circuits by letting 1/2 corespond tO aね1lure state.

Nθ,2 Jf A tcrnary functlon f which satisfics thc above condi―

tion and,also,the condition of normality[1],that is,if A ∈β
″=

{0,1}た,then F(A)∈』is called a g ternary logic func〔loa tSi and
is applied to detecting hazards t6],[7]and fail‐Safe logic t81.
Thus far, three different conditiOns(1,2,and 3)havc bCCIl dc―

fincd for ternary functions. In the fo1lowing, we wilI Provc Chat

thes,three conditions are equivalent to each other.
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TABLE II

ExAMPLE 2

Fl―Regular ternary  F2~Non‐ 確9ular ternary

lo9ic functうon                fun cti9n

『汽¢θrで海 Ff F is a regular ternary logic fllnction if and only if F

境s a A ternary logic function.
P rθt t  L c t  u s  s u p p O s e  t h a t  i f  F ( A )∈β, t h e n  F I A ) = F I Aり
for every A'such thatA′∝ム.IfF“)=1/2,then itis evidcntthat
戸(A')SXt rr(A)= 1/2 holds for cvery A′ . If F(A)∈ β, then
F(A′)∝ F(ム)holdS fOr cvery九

′
 such thatム

′∝A by the sup‐

position.That is,it is always valid that if A′ ∝A thcn F(A')∝

F(ム).COnversely,let us suPpOSe thatifA′ ∝A,lhen F(A′ )∝ F(A).

If F(ム)C8,then F(A′ )∝ F(A)implies F(A′ )=f(A).

Q . E D .
官ヽ 2θrマ″2f lf rr is a ternary functlon reprcsentabic by a logic

formula,thcn F is a rcどular tCmary logic function.
Prθ" It Will be shown by induction concerning thc numbcr of
logic conncctives.It is evidcnt that the constants O, 1/2.and l,and
each variable xl,…・,メ″SatiStt ConditiOn 3`SuPPosc that ali terゃ
mary functions rcprescntablc by logic formulas in、vhich thc numbcr
of logic connectives is smallcr than or equal to ″ ゃ satisfy
Condition 3.Next,let us suppose that F is a tcrnary functiOn reprc‐

scntable by alogic formula in which thc number oflogic conncctives

is閉十1.Hereafter,for simplicity,wc will idcntitt a 10gic formula

野摯幾鰐料世甘播緊暑ぎ3品1苦古路獄路転:幡混i徹
F】(AI)∝ Fi(ム)iS Cqual to戸 】(Aり ∝戸1(A)。SuppOSC thatム

'∝
A

and(Fl。良)(A′)学 (Fl・F2)lA)・ThCn,thtt fact icads to one of

l)(Fi° F2)(ム)=O and(F】
・F2)(A′)芋 0, 2)(Fle F2)(ム )= 1

and(Fl o F2)(Aり 芋 1.Eithcr casc docs not hold as shown bclow.If

(Flo F)(A)‐ 0,thCn F】(A)=O or● 2(A)=O By thc assumption
o f  d e d u c t i o n , w e  c a n  o b t a i n  t h a t  F i 1 4′) = 0  0 r  F 2 ( A′) = 0 , t h a t  i s

(F】'●2)(A′)=0.This contradicts the assumption.It is similar in
the casc of 2)TherCfOre,Fl・ F2SatiSfles Condition 3 Ncxt,sup‐

posc that A'∝ A and(Fl+F2)lAリ キ(Fl+F2)ひ )in a Smilar
manner,we can show that Fi 十 ●2 SatiSncs Condition 3,bccausc

(Fl +F2)(A)=O and(Fl tt F2)(ム )= l lead iO a contradiction,
From thc above,it has been sho、vn that ali ternatt functions reprc‐

sentablc by logic fOrmulas satisfjr Condition 3. Q.E.D
The convcrse of Theorcm 2, that is,cvery regular temary logic

function can be reprcsented by a logic fomula,will be shown in the

llCxt Sectlon.

111. REPRESENTAI10N OF A REGLILAR TERNARY LoCIc FuNC珂 ON

A′frで,αJ is a variableメ,or五 ,the negatiOn ofズF A cottunCtiOn

of one or morc litcrals is called a si恥p′夕〃カメα∫夕ifil does not contain

a litcral and its negationれ・五 Simultancously for at least one vari,

ableれ ,and is calied a cο拘冴マ腕2″raっ
,P力ras2 otherwise,A dis‐

junction 6f One or more literals is called a sル″β′でcra″ざ2 if it does
noi contain a literal and its negation χ′ 十五 simultanccusly for at
least onc variableメh and is called a cο″ ′夕″夕″rα9 c′α″s夕 other―

wisc ln the ab6Ve definitions, it is assumed that any rcpeatcd

literals arc removed.

肘θけでイ:As evident from Table I,】:・五=O and χ丁十ヌす=1
whenヌ章1/2 does not hold in Klcene's system.Therefore,we can
not igno的cottunctiOns and disiunctiOns containing a litcral and its
llegailon simultancously.
D研招JF Fθ″Jf  L e t  A = (αl,・…,α") b e  a n  e l e m c n t  o f  V " . T h e n
A and a simple phrase α=メfl…・x,″(Simple clause β=ガ 1+
・・。 十1骨″)cOrresPond tO Cach othcr if the following conditions
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h o l d i  l f  aど=0, t h e nメfF= L (ぇfi=メど);i f  α,こ1,t h e nヌff= Iす
←f′=五);a n d  i f  a F‐1/2 , t h c n  t h e r c  i s  n o  v a r i a b l eメrin  α(β).
どぇα″βセJす Lct A =(1,1/2,0)Then,thc simplc phrasc a cor,
responding to A is α=ヌ1・L,and the simple clause β corresPond‐
ing  t o  A  i s  β=テ】十メ3・
D研 が'どθ″4 ! L c tム = ( a l ,・… ,α. ) a n d  A′= (。| ,…

・,α; ) b e

継よ∬還謄補掃:iとをi狭晋☆鼻
S竺
材縦逢r3電先Υ,!引号璃

s u c h  t h a t  αF  i S  0  0『l  a n d  η=冴 ! .
とで"閉α′f Lct A be any elemcnt of y"and α,β be the corrc‐
sponding sirコPic phrasc and sirnple clausc,respcctively,Then,
1)A'∝A ifF α(Aり=1;
2)A′∩ム=p iff α(A′)=0;
3)A′キA and A′∩A≠ p iff α(A')=1/2;
4)A′∝A iff β(A′)=0;
5)A′∩A=,lff β(A')=1,and
6)ム'キA andム′∩A■ ,iff βlA′)=1/2.
Pttqォ Lct A =(αl,・…,α")and α=メ升

1・…I最'た Where
a,(ブ=1,…・,た)is 0 0r i and other clcments of A arc 1/2.For an
elementム′=(αt,…・,αl),αlA′)=l if and Only if thc valuc of
I初 [th a t  i s , (αう)クげ]iS i  f O r  a l lブ

's( 1≦
ブ≦た).Th i S  m e a n s  t h a t  i f

αサis O or l,then αぅ=αけ,that iS,A′∝A.Thercfore,1)isjustined`
S i n i l a r l y ,α(Aり=O i f  a n d  o n l y  i f  t h c r c  i s  a t l c a s t  o n cブsuc h  t h a t
αけ=万う,tha t  i s , A′∩A=0 . T h u s , w e  a r r i v e  a t  2 )。Als o , 3 ) i s
derived dircctly from l)and 2)In a similar manner,we can show

4),5),and 6).                       Q.E.D.
Tれをθァで"J: Letr「 be a rcgulartcrnary logic function and A be an

element of y″.Then,

1)if rr(A)=1,then F(A′ )= l fOr cvcryム
'such that A′ ∝A;

2 ) i f  F I A ) = 0 , t h C n  F ( A ' ) = O  f O r  e v e r yム
′
s u c h  t h a t  A′∝A ;

and

3)if F(ム )= 1/2, then f(A')= 1/2 for cvcry A' such that
A∝ A′

Prθてテ ThCSe are cvidcnt from the condition of rcgularity

(COnditiOn 2)and mOnOtonicity for ambiguity(COndition 3).

Q E D .
Lct F bc an ″ variablc regular tcrnary 10gic function Thcn・
F~1(1),F~1(0),and F~1(1/2)rcpreSCntthe subsets of y″mapped to
l,0,and 1/2,and are called thc l set,O set,and 1/2 sct,resPcc‐
tiv c l y . T h c o r e m  3  i n d i c a t e s  t h a t  F  l ( 1 ) , F」(0) a n d  F ~ 1 ( 1 / 2 ) a r c
partial ordcrcd scts in rcgard to the relation α and that the sets

F~1(1)and F…
1(0)are dctcrrnincd uniquely by thcir maximal cle―

ments while F~1(1/2)is detCrmincd uniquely by its minimal ele‐
ments(Fi3・1)・Herc ofcourse,r「

~ユ
(1)u rF l(o)uF~1(1/2)=y"

holds. In Fig. 1, the symbol*indicates thc maxllnal clcmcnts of

the i set,the symbol耕 thc maximal clcments ofthc O set,and the

symbol l thc minimal clements ofthe 1/2 set.

Trl夕θァで初ィf Any regular ternary logic function F can be rcpre‐

scnted by the logic formula

F=F〕 十(1/2)・F°

瀧 協 品給 獣:繊 器 穐 二 紳 比 l『捕 c緋
后
濫♀l:胤 :だ

tion of silnplc clauses corresPonding to all the maxllnal elemcnts of

the O set ofFl

Prθて,Let A'be any element of y'and Fは り‐ 1.Then,

there is a maximalelcment A in i set ofF such that A′∝A.Hencc,

there is a silnple phrase α corresponding to A in fl wherc

αlA′)=1[Lcmma l-1].Therefore,Fl(A′ )=1,that is,(fiキ

( 1 / 2 ) , F°) ( A′) = 1 ` N e x t , s u p p o s c  F“り = 1 / 2 . T h e n , A ' d o c s

not belong to cither the l set or the O set of F Hcnce,there is no

灘議鮮嘗峻α賀督:を鮒i機済′ピ
°
ギ盟督督瑠]拶な

[Lcmma l‐l and 4],F°(4′)芋 O mcans that F°(A′)=10r
F°(A')=1/2,Thus,we can show that(Fl+(1/2)。 F°)(ムリ=
1/2.Finally,suppOse that F“′)=0.ThCn,there is a simple
clause corresPonding to A such that A' ∝ A in f「

°
. Thcrefore,

F°(A′)=O h01dS Lemma l‐4.On thc other hand,A′∩ム=p is
valid for every elcment A ofthc l set of F because A′belongs to the



(1/2,‐__,1/2)

Fig。1. y″=F~1(1)uFl(0)UF~1(1/2)
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O set.That is,F l14′)=O iS justined by Lemma l‐2.From the
above,we have(Fl十(1/2)・F°)(Ar)=0. QE.D.

結ゴ寵習:,e群撤f紆盤芦様ど8湿熱紳瑞注19薔群
e the Order Of Phrases or ciauses)fOr any given regular ternaリ
_ugic function F.Thcrefore,the logic formula describcd in

Thcorem 4 can bc used as a canonical form of regulartcrnary iogic
functions. In Scction V, we will consider anothcr canonical form

called thc canonical dittunctiVe form
Exα″β′でイ: Let us rcprescnt Fl of Table II in Examplc 2 by a

logic fomula based on the above theorcm. Thc set of maximal

elemcnts of thc l set is{(0,1/2)}and that of the O sct is{(1,0)}
Therefore,wc have F】=ヌ1+(1/2)。(テ1+メ2)・

IV AxloMs AND FuNc HONAL COMPLETENESS

OF REGULAR TERNARY LoGIC FuNし 110NS

Any regular tcrnary logic function can bc represcntcd by a logic

formula composed of cOnstants O,1/2,and l,and logic connectives
AND(・), OR(十)and NOT(~~)dettnCd by Tablc I. As an algcbraic
systcm,the sct ofregularterna呼logic functions satisfies the follow,
ing equalitics、vhich also hold in B001ean algebra:

1 ) t h C  C O m m u t a t t v c  l a w s  Aキβ =β  t t  A , A・β =β ・A ;
2 ) t h c  a S S O C i a t i v e  l a w s  A十(β t t  C ) = ( A +β )十 C , A・

(β
' C ) = l A・ 』) ' C ;                ・
3 ) t h c  a b S O r p t i o n  i a w s  A十( A・β) = A , A・ ( A  t t  β) = A ,
4)thl diStributivc laws A '(β  tt C)=(A ・ β)十 (A ・C),
A十 (β

・C ) =“ 十β)・l A + C ) :

-8擬総欝Si鮒櫛 r云4ゴ評ぁ=万十万;
7 ) t h e  d O u b l c  n e g a t i o n  l a wム= A ;

8 ) t h c  l e a s t  e l c m e n t  O十A = A , 0。 A = 0 ;

9)the greatest elcment i tt A=1,1・A=A;

1 0 ) K l e e n e ' s  i a w s ( A・A ~ )十 β 十 万 =β 十 万, A・ A ~。

(β+ 3 ) = A・ A ; a n d

ll)Center 1/2=万窃̀
Exccpt(the cOmplcmentary laws)4+A~=1,A・ A~=0。
The equalities l-10 exccpt ll are equivalentto axloms of Kleenc

algcbra or fuzzy algcbra and have bcen studied in detail in t91.The

element satisfying ll is called a center.The rcgular temary logic

Functions satisfy the axloms of Klccne(or fuZZy)algebra with

a center.

Next,we will examine thesc regular terna呼 logic functio,s from
a standPoint of functional comPleteness. The set of logic conncc‐

tiVes{0,1/2,1,十,。,~,}(We Consider constants as O variable logic
connectivcs)cannOt represent all temtt functions,that is,it is not

functionally cOmpletc for tcrnary functlons, but as mentioned

above,it is functionally complete in a strong scnse ll〕fOr rCgular
ternary logic functions,That is,any regular ternary logic functiOn

総群!器盟押母ャy枕i,'17報樹瞬断ぷ
m呼

TABLE III

TRLrrH TABLES OF TttNARY NOR AND NAND

NOR: A↑B NAND: AⅢ8

TABLE IV

N o N R E C U L A R  O縦‐V A R l A B L E  T E R N A R Y  F t t c「I O N S

T

u l ( x ) 0

u2(X) 0

u3(X) 0

u 4 ( X ) 1

u5(X) l 1

u6(X) l 1

Let us dcnne temary NOR(↑ )and NAND(↓ )As in Tablも IIIf

rん夕。ァタれ5f The set of 10gic connectives{0,1/2,↑}is func_

糾樫警響緋腎欄野胎ど
は°nttyCF輩
墨箪嵩瑠格
tとn景『
1皆
it智
載警羊β

=A↑ β
Q.E.D.
ls Func‐

=A~↓F
a n d  A・』 =A↓ β̀                Q E ` D .
肘θrで5f Thc fo1lowing prOblenl arisesi if a nonresular tema呼

logic function is addcd to thc set of rcgular ternaり10giC functiOns,
ls the ncw set always functionally completeゃr tCmatt functiOns?
That is,are regular tem劉7 10giC functions haximal?Thc answer
is negative.In fact,onc,variablc temary functions″1,…。,″60f
Tablc IV arc nonregular, and even if one of thenn is added to the

family of regular tcrnary 10gic functlons,they are nOt functionally

complete for ternary functions. But it can be provcd that if any

nonrcgular onc‐variablc ternary function exceptthose 6fTablc IV is

総 ぷ対 品 為 品 暦報 礼点播 靴 謄 品 智
n前°は'hcnぃ ey ttC

V` CANONICAL FoRM OF RECULAR TERNARY Loclc FuNじ 110NS

In this section, we shall introduce a canonical form fOr regular

tCmaり 10gic functions,which is different from that Of Thcorem 4.

We shall also discuss thc methods to obtain such a canonical fOrm.

Any 10gic formula represcnting a regular ternary logic function F

can be exPanded into a dittunctiVC form

f =γ l  Ⅲ…・十 γ"

whcre γ,(f=1,… ・,れ)is a prOductterm,bccause thc distributive,
absorption,Dc Morgan's,idcmpotent,and otherlaws stand valid as
stated in the preccding section.Here,cach productterm γF iS One of
the followモng three lyPCSi

type l: ・・・α

type 2′: ,・・(1/2)。α

typc 3′: …・β

whcrc a is a simple phrase and β iS a cOmplcmcntatt phraSe as
described in Section III.If a product term(1/2)。β(β iS a cOm‐
PICmentaりphrasc)exists,thcn we can omit 1/2 and it is equal to
type 3′because Iど・五<1/2 stands always true lf a variablc Iす
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does not cxist in a product tcrln (1/2)・α of type 2', thcn thc
following relation holds:

(1/2)。α=(1/2)・lxf十五)・α=(1/2)。α
'I丁十(1/2)・α・I~F

路るよ編31焦温鴛3為獣登樹s縦士ぴが811辞を',程含
Ыe

β=β .ll f十二)=β
・メftt β・五

hold s , s i n c e  t h c r e  i s  a  t t c t o r為・岳in β fO r  a  V a r i a b l e  j r J  w h C r e

謡講謙離:曲識解掛岳艦緑
plelnentary Phrase in which ali variablcs exist are calicd a″

'77rで'加

鉛 態 幣 |:魯 鑑 鑑 i拙 艦 造 縦 裸 8好 き8艦

tcrmsi

type ll α=I為 '1・・・メ&Fた。・
・simPlc phrase

守pe 2:(1/2)・α
′=(1/2)・ポ1・・ザ;れ…・α

′iS a ninterln

type 3:β=ポ 1・…え'″'XI「竹1・…】炉
°Fた・…

complerncnt御げ minterln

whcrc aF or 2け is O or l,
Next,let us examinc the rclations of each type of product termt

,P猛描ll温骨
rぜさ結縁払sa,皆わ汽fl縦双3,巧羊ずと考

is truci that is, γ
'is absorbcd by γ

 in accordancc with the absorp―

tion law.

曲盟鮎仇艦s合。品さ〔古希燃:淵鞘糾ず路鱗杵
thc fo1lowing rclations holds:

i f  αr = 0 ,   t h e n  f F =五

i f  αす‐ 1 ,   t h e n  I F′=れ

if αす=1/2, thcnガ,=】ゴ・五.

βメαttPどでjr(0,0,1)COrresponds to a product term of typc 2,
(1/2)。戸1。L。ぉ,and(0,1/2,1)corresPOnds to that of type 3,
I~1°ア2°L・メ〕PrOduct terms of type 2 corrcsPond tO elements of
β
', and product terms of type 3 to those of y'一 β

" where

β"={0.1}・.

荒路欲航
t慾
:ぱ3を'鑑挑篭縄〔部惜出瑞ぱ

respcctively.Thcn,
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A∝ ム
″andA tt A″,that is,γ⊆γ

″.HCncc,this is contradictory to

鯛盤鑓群!鱗▼継鑑品鉛
盟だルタ品d:!培品ゴ話3獄:隅縄だ督器品捉ゴ研鞠

拭陥;端鑑翻球電藁雑機軽主f岩描盟
S6,thCn F2(A′)=Fl(A′ )= l diCtates that there is a simple phrase

A″∝A  a n d  A″芋 A . T h i s  i s  c o n t r a d i c t o r y  t o  t h e  a s s u r n p t i o n  t h a t

Fl ls a canonical dittunctlye form.Therefore,any product tcrm

which cxists in Fl also cxists in F2・ From the above,wc haVe

shown that the canonical dittunctivc form of F is dctermincd
m名

潜路 1。宙 曜 低価 algO曲hm的 碗 n mC CanOnical dぶ払話
稚

町gf齢i協岳暑岳1堪i督罵絲ほ号塩船撤前ve form律体

h鵠掛諾撫器群告揺鮮路総撚濫
are includcd by other product terms,

4)the 10gic formula obtained finally is a canonical diqunc‐

tivc form.

どメα"クサ̀5f The canonical dittunctivc form of the rcgular tcr‐
nary logic function of Examplc 4 is obtained as follows:

F=I~1+(1/2)・I~1+(1/2)・ヌ2

=ア1+(1/2)・I~1・】2+(1/2)・I~1。12+(1/2)・11ィ2

+(1/2)・I~1・メ2
=I~1+(1/2)。xl・メ2・

1 ) i f  αl A′) = 1 , t h e n  α⊇ α
′
a n d This corrcspondence has c6ncentrated on the canonical dis‐

2)α′(A)=1/2 if and only if A'∝A. junctivc form,butthe canonical cottunctiVe form can also bc treated
Prθ研l ltiS Shown by the dcnnijons oftype l,typc 2,type 3  in a similar fashion.

and DennitiOn 5,                        CE.D.

VI. CONCLUSION

Wc have defined rcgular temaEy logic functions as a significant

and usefじi family ofternary functions and havc discussed the funda‐

路を品P樹3岳r島払鎌温撫
Cを
::Sとよlど苦常'f叱:選手R亀岩活fi筑

Yamamoto〔 10]has intrOduced three―valued maiority functions as a

招鞘鷲品群置鑑蛤覇蟹路鑑譜縄こ息:楢品発☆督域猛任
tions describcd in this Paper.

Dづ】が'jθ″5「If a regular temary logic function F is rcpresentcd
by a logic fomula

F =γ l +… ・十 γm

then it K said that F is in the ca4θ″Fcα′加げ″■Crfッマ/9r″Wherc

γ〈j=1 ,…・,れ)iS  O n e  O f  t y p e  l , t y p e  2  o r t y p e  3  a n d  γF⊇%fo r
a l l , ,ブ(:≠ブ)・
r札をθr2″ 7: Any regular ternary logic function can be rcpre‐

scnted uniquely (ignoring the ordcr of the product tcrms)by the

canonical disjunctive form

Prθげ f Let us suPPose Fi=γ l+・
… 十 γJ and F2=

AcKNOWLEDGMEW
γ】十・。・十γ, arc two diffcrcnt canonical dittunctive forms of a
r c g u l a r  t c r n a r y  l o g i c  f u n c t i o n  F。( I t  i S  C v i d c n t  f r o m  t h e  a b o v c  d i S―  T h C  a u t h o r  w o u l d  l i k e  t o  t h a n k  h o n o r a t t  P F O f . M  G o t o  o f  M e t t i

cusslon that there is at least one canonical diもunctive form of F). UniVersity for his continued encouragement.He also wishcs to
Now,、vC Can Supposc that a product tcrm γ exists in fi but not in  thank Prof.J.Berlnan of thc Univcrsity of lllinois at Chicago Crcle
F2without loss of gcnerality`First,assume γ is a product term of  and Y.Ohiwa for advising him to rcnnc this correspondencc.
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