
I n  r t x  cnrlt iiJttQ'\. T h r e h l d  Logic, thc Lherrry of thrhhold g t m  &I& 
h.tv~' rl, kigfx.~ i i i r o ? ~ n . u t i : t  pro~cwng power than conrentlord gates, was 
exrcnrtvely \tc,circtl FIo.iicvex, a thrmhald gate sequrm conrpnnmt\ w ~ &  
cl@@ t t d ~ r ~ t n ~ ~ ' .  fix !t\ propel functlu~ung. W ~ t h  the advent of LSI tmhno- 
l o g  [I I ,mi  ti& dbtl gdtc? [?I st r\  p w b l e  to fabricate reliable thresh& 
g&te., ccm~rncic~.?kli. El, 41 4 crmpetttrvr. cornjlntlhle ~nregrascd threshold 
@ltc now LYI'~~S wtth nrms ~ n ~ r n i r n r t )  q u i o r  to and tolmdncc requirement 
~omp.irAle ~ l h  ctmcnrfnt~i~l ,$st&. Ncnco the mterest in fhrp,hold iogx 
h,~i  been ~ c n ~ u u l  Wlndm 15, 61 htld r e v l e ~ d  the various contr~butlons 
in tin, L I W  ~n 1967 and 1969. The prwnt pper cr~trcally rcvmvs the contn- 
butloni wee 19% &itd will b hnp~isfly usPfUt to the VkUlOUB workc%s 111 
ttua a r a  



s ~ r i ~ ~ l \ i ~ : g  fu:t&;i: ul' ti rar;;hlc\ i\ a i h r ~ ~ ! ~ ~ , I d  lli!:<l!, . t .  , I  . t1k1 q b r \ i >  
i!' ;L c u ~ u i ~ l  set 01' Zn S ~ I I L U ~ ~ ; ~ ~ I S O U \  tiflew inequ:i!itic. ill frl ' ! i i i : l i m t i \ l ; , .  

is solvable. The rolutiou, i S  ;in?, ghe. thc n.cight\ m!ii . L  r!t!cwI.~ . r h h  

realize .the fiinction. 

Choudhury, Sarm and Das [ i 8  J have shown thit thc cmtrro \a ~ t t '  r 15 

equalities can be classiiad into nine distinct type,. The \ c i  01' ir:crlu.~liltrab 
is next expressed in terms of' the l w t  weight ~lnd crihcr ditfuruii i i i u v i i a n l ~ d  
weights. These two together provide information t m  I - ~ l i r i i b i  lily and tRc. 
minimal integer ~calix:ction. Others who have prcwtitccf al~orithim firr 
solving a set of linear inequalities are hgman [19], Czirvsr [20j. 6h1ng (21 j, 



1)1111', l.!::j, I .. , [2\ i· II,,", "h\.q' IJ4]. Ih. 125J. KU\lll·Tud:er 12('). Men. 
:~~It ::!'!l· '\.·)'.'1.'I.""II·.lili.' 1~~1 .WI.! \\;I,m;"ck·(llll'I.;'.icl [29]. 

1",llI'I" IJf)I, \11I"'ld,·I.!l'h"JI1 1.11.1. and Mtll'l'gi'" Tod" ,~nd T"kasu 
I·t;: I, " .. , II", .i!!lpln ·'.11','" Ithlll 1'1' Imcar pwg,:tmming tel obtain solutions 
,,1' 111,' ",'I "f"J ."",,, t,,,, , 1111 !~5J, 11 •• , 1\\"JP\',~d tim ,,,!ution by Lemke's 
d,",j,Hllpin Ill"!);",! II i\ldl " ,! Vri.!ll(l!l or the ,imple:; mt:thod, 

. '\~"I'. t.l.ll ''.1'1'1"" tit,; '",1Il' ri·"". t'll<: ;·.ppl'<)ad) [" r~ducc the pl'llblcll1 
\\t j~~l';J1i/,ff'dq~ tit tfL~! <,f ,"1;' 11' tht! \':J.lw; nr~,. t\\,~)"p~r"'~)p~ .I.el0 .. ~unl 
l~lIlW. <;m!,k:,,,, ',1.11 . i'11'1. dl<.' 1ll;;!d~·!hC"I'ctk, ;'l1pr,'ach, to ,;olw the 
h.",,' '.C! "t q:c'iil,rhli<'·,. Sf "\III '- [,IS. 361 prolil.: l';';!lllil.jIlC is :L pmcticaI 
melh"d I", IL·,!l!/1111~ Onc,iI"id fundi"I!, oJ h;mdcalculation, An. /I increases 
tht', ... " Illi'th,'d ... t!,,' rh1i 'llH;,hlc ftll 11;;nd \..'~:lclt':'fit\l', 

!"'llIf, 1.\:' IIt.i' tlcld"p<'d ., m"p Im'rh"d j,w t~,til\g and rcalil.atklll or 
Ihl c,jh <l.! t'llfll'l""h rile ~'I\C'1l fUll<'rioll dlle, nllt lIeed any prc.processillg 
.!h:h ;h PP"'ltI\//IHg ~md 1,'d\.·,llIr. 

(,,,'II'!! I.lH I !'IL'·'·"l .\ 'lI11ph: tlH jill' linear "Cp;\lO'.bility but does Ilot 
dClc'lmine the \WI):!hh CC',!llj'c'd 1\,1' 'q)",.,.ti"". One 'It!vmlt;:gc of his lest 
h tl1.lt II 1I'''Hc:<li/ •• hility " 11lf.!i,.ucd. it I' rd,Hivei) .\bvi\luS Whll! coding 
dl"llgC, IlIll pn,duc~ a rc:llil.ablc -,cpallltioll, 

M..:N.LUi!htllll Iii J hal, ,Iwwn that cwry thrc,hl,!d funuion b unatc. 
P.HlII alld Md '!u,k\'Y 1~9 J ltav!.) ,l1mm tllitt UIHI.!an<:ss ttlld J-monotonicity 
Me CqUiV.lIL'lIt ''''ill'Cph, Willde!' ['If), 41 J ha, m!lde a thorough study of 
cllmph:tc Il1lllHHtlnidty am! ha~ pr,·,.~fllL'd ;U\ efficient ulgebr;!ic·logic test 
and ,:"Ih,·,.i, !If<'c~dl\re I'm the r~IiJ::!ti()n of threshold fUllclions. Moore 
[4:2] ,mu lat ... r G;lhlcman [4:1) have di'pnl\ cd that complete monotonicity 
i~ ,ufficicn! I'M I-I"."i/~,hiljly. H,,,,;ever, for 11 ,8, complete monotinicity 
i~ ·,utlicicnt h,,' i .rcahz,·,hility. FO)\t,\() [44 J hal> presented u graphical method 
for ~hc;;king cnmplctc m'llHlt"nicity. The ooseavalion of Murog[\., Tocla 
and Talc,I>1l (32) th .. ,! the pi(l, (If u thrC!.hold &lIte cun be treated like an input 
r ... "ulted ill Ihe concept ,If du;ll-comp,\rability which was genemlized into dual 
k'IlWllo(onici!>' by Litl (45, 40]. The conGept of hypermonolonicity, Jue 
to Winder [47). unities thc~c idc<li> illto I)ne theory. YHjima and lb:'Lrltki 
[4Il} whl> hllvclllltl:ndt."d lhi, idea further, !Indahl) Litt [45] ha~e given simple 
prrw.:oour~'!> Ii.!!' \.'hcd:in~ c< 'IllJ,It'tc monotonicit)". 

The fat! that :!·rn,lIlt,tonic'ity determine. ordering reliltions amongst 
the weighb <:0111 bc u,ed to reduce the number of inequalities. Elgot [49] 



The equivalmce of co~iqdctc monoto~~icity and 7-;tcq%ticity t~ liiw 
established by Elgot [491. For  bout :m y x r ,  ;;cyclicity. .r, olrlccpt s j f '  ' 1 i < 1 c i -  

rical imporlimcc, was thought oi'n, being a &icierrr u i d i i h \ ~ i  i ;alii& 

bility. Howcvcr, this has been disproved by Wintlcr 141 J ,  ,\iii)ihCr wrrdcfir 
of IustoricaI importance is ' k-unifinicity ' [9]. It 1x11 be slniwn 1 i i . i ~  X-imi- 
hicity is equivalent to k-comparability and hence k-ui~ifirlieity 1s .: IICYL*~,.  
sary but not olwc~ys a sufficient conditiull fur 1-rcali/irhiIity. 'rhc ! ~ : I ~ ~ I E I I J  
tree approach of Cartes-Lewis 11 f51, 521, Co.tth-Kirchncr-1xu.i. il ( $ 1  ] 
and Lewis Il-Coatcs [54. 551 for testing and xertlimtlori of Iltrs~lir~ld 
functions is comput.~tionally simpie. The given i'unctir>~> c:m hc priinallg 
specified. 

Winder 141 1 introduced the concept of ' asuxmbilrly '. klgc*t jJY 1 
has shown that: a function is I-realizable if and only if i s  : i ~ r l m ; h k .  
Ghosh, Bandyopadhyay, Mitra and Choudhury [SG] give simple r d g ~ r t t h r ~ s ~  
for testing 2-sumability by giving due considemtion to dtc weight% of the 
diieient minterms. These ideas em be eirsily extendcd for the IQikxlE:<if'iLi&~ 
order asummabilities whenever desired. A fiister method has bmri by 
Sarje [57] which does not require the formrtion of d l  posd~le pi r*  or truc 
and false minterms. An interesting relationhhip between 2-murioRoniciry iurd 
2-asummability has been derived which leads tu rr much tbsta ~ l l p r i t h n ~  tor 
testing 2-asummability. Fwther, an interesting conjecture r t n  ' ~ u r r ~ c t .  
mintermi' leads to a fast 2-ascmmbility testing : t t ~ ~ ~ i t l i ~ n .  Hopcroft 
and Mattson [58] have presented a, method for checking ?-~i~rn~itti~iiit!~ 
of switching functions by using decimal numbers for the vex ticcs of the nsulxc 
on which the function is defined. Barginer and Coat% 1591 k c  improvh;l 
the method so  .chat n~-sumability can bc checked. Roy [MI trr\ given a 
test for 2 - s ~ m b i l i t y  which uses the decimal numbers coricspanding to the 
rainterms of a function, a slide rule like device and a prafo~meri G ~ F I ,  The 
device may be used for functions of upto six v;irinblb. RecmUy, Suaah. 
chander (611 has Presented a simple algorithm to ch@L m-yts;ummbitiry. 
Also relevant are Cobham [62, 631 which are of limited value, 

Biswas C641 has presented a computer p r o g r a m b l c  n c t W  for kstmg 
1-realizability basedj;on a comparison of the 'canonbl cornpusition rtructrtre" 
of the function under test with a stan&rd table. The.givet& ftlnction n r ~ d  
not be completely specified. Sarje [57] hs later ~mprovcd or: this math& 



I k r t ~ ~ i t / i i %  165. PC 71 1 hdz pie\~'ntcd '11i cxpcd~ent incthod. based on 
.t i r t x i ~ t l t  Lrtrail~thali 111' thu otnolric i h d r r ~ ~ t c ~ ~ \ t i ~  vector\ of thre~hold func- 
rrlrn\ IF.! @en ftnttl~im t i  I - ~ e d l ~ ~ i h k ,  rhe method 3150 provides the weight- 
thrr%httltf vcctor rhdr 1% opbmd irr fhe rncnimlnn mteger %me. The number 
ctf trrri.rblc\ \hottlcl mr cx~ced <ilc. Earlier. Chow (725 had found a set of 
(n r 1 )  p:ir.imekt, to un~quei) chamcterrm the realrz;ltlon of n-variable 
rhrc%hald htncttons. Tlre~c P.I~.LCIIL.'~L"~ wtled Chow parameter?, have been 
e ~ t c n s ~ t r l y  \tudrccl 173, 741, En io Tar dc threshold F~inctrons are concewed, 
cithtr ihu C'kort ~ ~ . u . I I I ~ ~ ~ c I .  or the f)t.rlouza\'\ charzcterlrt~c vector contain 
rqrtally :tll the ~ C L T C W I ~  tnfwinai~o:i However, In the tabulat~on of 
thre%hctld f l u ~ ~ l ' f ~ m ~ .  the I I ~ C '  of the char:ietri~stic wctor provides a more 
ectrt~nmuxrl ri.p~c\crlt.illclii 

Wr~dcr I751 hat cortlp.lrcci sever methods Far deriving apprommate 
realizing wcighahts and tlueqhold for a threshojd function. the Chow para- 
meter8 being givcn. & hns established a certain geometric rule as the best. 



The l l ~ ~ t h t ~ d >  ~ U C  10 I~II~III~!Y\'~I~'I I)!IIS I"''!. k > M ! , t .  !.'?,. ' ' j  i ,  .s!>I !  

Gonzalcz [H. 1 a!-L. i o incw! ia~ l imi lcd. W ~ ~ I ~ ~ - ~ ~ ~ ~ V I I I ~ ~ ~  ih!  1 !; , , t t ,  i):~',:: ( ~ L L !  

it spc(;id itcr:tiit:c ?h;ori!lm Iiir r c : * l i m t i t > ~ ~  o f  1111 v.I!~:ki 1: ! ,n~. < J l l i ~ ,  

who hare !.tudicd i l i c  ic.,tillg :i14 rc;!tl,,;!titrn r i l '  t i r~c~. !~ t r l . l  r'il:;, I.c,I.. .:rc Ii.'Git% 
[82], Buiiiktrv 1811, Chencj-Flu [8J I. ( ii,iv [ S i  1. 11. i  hk: [?;I.,  %7 1, ( Z  . I , $  

[88], H i i w  (891. f l u  [?5. 001, ffui'h! 101 1 I ' ~ ~ ~ c r l i ~ ~ - l < i ~ i u b  !')' 1. L r .  .: i Q :  j 
M ~ t r o l ~  [9. 94. 951. Opfi'lmiir [06]. Ro)  107 1. S,*r in:! I?ih i, Sil i -S j i .  !cILb I 
md Varshwski [Ion]. 

Another way of realizing switching functions which arc ncji I-raatiz~;iblc 
is. by means of a network of threshold gates irttl'r-ca~u~~~eti in ;I suilebk 
Iqanner. Compound synthe.,is of threshold $ate network i, the ruaiiation 



:U.ri', [I?til it~crlitd vr' ucitllriitg iut~cticm ~ i t h  111rt.c input 111ajority 
.%if- Irli,d!vi l f ic tcc*?~~t!i~lrt*rl  or ;L h~gic; i [ /y  px?li'ic s~lf-dt1:11 0s Lf'SD. 
i I c r t i ~ : i  j i ? \ J /  it,!,. p t * i r i ? t I  I ~ ; I I  !\her'\ m61)u)d i \  ~tnablc to lead to thc rninimnl 
I I I L C ,  Nfqriri [I .%)]  Ira. mori~ficd Aka'\ ~ n e l h u d  io  :!. 

I & I !  1 I c n ~ t  Kl?cm:m 1131 ] b:!s :Ao nxocliIic(i 
.\kvx'$ trtrrlt,rrf uircicifi ;a inixrc. prvcisr conslructic*n or [he LP'ST) is prewnted 
atuf dcirry c l~ r rw? r .~  . t i , .  I.:JLIUL%. 

H, tm~w [ i ,I2 1 hi &,ve5 11 h i  [ xigthr;~ic metho& arc rcadily itppliciibie 
ttr ct11r1pw1.l %ynlthc.h rhrcr. v;tri:ibJe function>. Most t)r the resulting 
r ~ c t w t d , *  .rrc tniftirnitl. 

I . c r i t ~ r ~ ~ t ,  [ 125 1 hsa., i.,,c:!{ci! n)rthr,& t i l l .  dt:w~npoaiilg 1opic::l t l lncti~tls 
I 3 i n  1 :  , ThC dmomposirion method is bused on lhc 

P~$N.*l.iy of tm;rtem%.. Rtidciri~i 11241 h:t\ given gcncr:il a o l ~ t i o ~ l i  of 
'Tohm:t':, i . q i t . i r i , > n ~  in ;I more \ynmttric f ' r ~  rn and with shorter proofs. 

l.rrJnmon I121 j 1m.i p r e m t &  a thmrem for deriving majority @te 
networks within m r  augmented R o a k e m  algebra. Cohn and Lrndaman 



Miller and Winder [I221 ht~vc studied rmljc~rity y:ltc bynrtic.i-. h1; yn3. 
metric methods based on inttttion ;md do not pu;ir;?niec r,ptiin;il .,il.ittii*::\ 

Mirukk 11371 1 ~ ~ s  dcvclopcd tcchniq~ic. h. tiic Ity:ii~:i tic. \):I: c s !  i t \  1):- 

netic core circuits to produce uny :~rhitr:riy \ititching iiii'r.i!i:i: 

Sarma, Das and Choudhury [138] prL\ent ;i ~ncth~rti ,11' ,i;.:t!;i;? ~f +,:I 

of switching functions into tanate function% for syn~hc~i* with r l \ i r~lu~ki lptcb. 
Sheng [14, 1391 has proposed a metbod of synllie.,iy hy , i - , i ~ : i q t ~  :':" :my 
switching function into a sum or product of thrcsiiolii :t~rr~.trt~ti-. 

Ghosh, Basu and Choudhury [I401 hsvc pri.\cri~crf rr cicr:rtrrrpt~~it!rl~: 

and reconstructiol~ approach for syntherizing m y  switctiiriy Sur~urioir. Xctcn" 
tion is mainly focussed on cascadc type realiations. tk~ miius~~d . $ t i +  

tions are readily derived. This method has herri ?- t~ccc~sJi~ i ly  .ippI~t:d h i  
functions of upto six variables. 

Using the concept of 'admissible pattern ', Lkrtoums [cS, f iej i ~ i \  
presected methods for threshold-OR network s y n t h r \ ~ ~  nncl tltrc&illtl C,LL 

cade synthesis. Partially spf&kd functions and rnului.1~ clucptit nztucr& 
can also be treated. 

Dertouzos [66] presented spectral methods for rictwrak, -+ixthr-r 
where the charactenstlc vector is aumented wrth add~frun,rl r c > ~ r i l  . ~ I L W  

coeflicients to give what 1s called a spectra of 2n real n~rnrhcrc. 

Certain five operations in the Rademncher-Wal& tr,ulsrurrrr dorrsngn 
give rise to a very concise method of classifying switcfung furlcdoi~s. T u  
~ ~ t h o d  of classification has been used by Ed~tard5 (141 1 rs syn 



kI: i~ :z  j iJl 1, (.:mu i m  iI4.t 1, mi1 kurogn-lbalaki [I&], have 
diw: ,-v;! I!IC .rj..n:i::i!.. i'!'.i!i (1pi1mt113x i i ~ t w ~ t  h hy integer linear progamrning. 
'S'hi. i!!ir'.it 11 T*' ' : . . : . : . : !  . , . ' { I ; I . & ' . : L . ~ I  dc\vl<ipoti by Minxlick [I371 and Ein- 
I 4 . iirc .t:~lp!c\ :ncttit~rl with wlifickil variabks cind can be 
l l ~ t d  t*! .:%:3!h: c:,. .L ?Ct%k+;: $1: ~hrL!+h&i @tCS, 

\ ' . i r ~ j :  cl'w p ~ ' ! ~ i e  I~:,.~i~~iquc. SLr:ln! (361 la:, prebentcd a method of 
~ r ' t : t i ) ~ ~ ~ i ' ~ t l  i % i : f l t ~ * i \  I*? ti'r'lctmg h : t w C  lrilc vertices m d  then by ORing 
( r~pe l i r t r  thr. r*ii(pitr\ r t f  t e h ~ ' c d  m d  ;in\ili:iry functions. 

i',!irirr.c . i t id  Ilt,:r:\E;t [146 1 irwc u d  the concept of ' mutila1 monotoni- 
c~ ' t I t i  Akhtlugh the method is heuristic and does 
rxur ? ~ v l J  :in rspt;rn;:l wtva~ik. the rcwlling network i s  fairly economical. 
nti., r~~r t j t~ t i i  '.it! I?!: w c r i  );!I. fxtnci conrputcition for functions of upto seven 

rtr right i:;ii;ihlci. I~ci~n~pictely qxciiied functions a m  also be treated. 
'I'ttr ntrsitiple tr t : f j l i r t  [z:c&bicftl %in i r k 0  bL" trcated. 

1 . t ~  [4T j hd, US& T " I I ~ \ I . ~ T s  indp f<)r colnpound synthwb. Don't care 
tax* ciin aEw he tiatted. 



HrGz 1x91 Ilti< prehcn~c(l ::. I I V : L I I ~ M ~  I , ,  ~ . i i ~ . ~ , k  ~ L S ~ C I ~ I , , :  . ! . t i & , !  !,I:, I!, :  b' 

fnnct,ion is lmatc frmn thc t r r r l i ~  f,ihlc $11' l i l t .  i ' r i l . i . l r ~ i : i ,  Oil;, , T I  h i .  :,i*? 

methods of synthesis ~.ltiliW, thc i:riIlt.i.jll r * t  ' 11, ii,,:'!~!~' .I! . . : . . , l I . :  ' . " l t i  

the other jncChod utilize.; lllc cc , r i i . e l , i  01. ' c',ti, .i!. 1. . I X . ~ "  ' 
l b a f l r  l th .  i t?,  t > % ~ * < l  . 

lead to minind or n c u  i t ,  ~nii~irn.il r L t * ~ \ :  IN  L ,. 

Srivatsn-Hihwas [I 53 j ti;rvc i l c~c l t~ j l~d  :' I C . ~  pi * ~ . c i \ : i , -  i. 1 L ' ,  , , v :  

functions of upto (. r:wiahle> \ i . i i i ~  rhc iicip , . I '  ;I k:~:i~.:i:i*l~ in. ;). 'ti* 

to the inequalities ha hcen m;de. 11 Iu,, Lcer~ , , i w ~ ! l  t i i , * i  I:I":.,I ~ p . d z . ~ l  I!>!% 
of a unate switching Si~nction i ~ l i i c r p ~ ~ ~ &  ' ~ . ~ ) i l t ! > .  . ' .  , ' 6 ! i! c $ ~ i  slf 

' 1's on the various cells nl' ;i K:LIII;\,I;~I ~ u q ,  lr , l ~ : ~ - r r ~ . l ~ t  ~ I I ? ~ ~ .  % I I ' L ~ I .  

cared, it is relativcly obvitw what ctxliri!!, cl~;:riy~- ; \ I I I  1' !biilicc .> ~v..l:i,:blr 
separation. Next, nu algorit11:n htki hceri picwrc,l +: i:iE:rki. I : 
linearly sepilrable twitohin8 f i i r i C ~ i i ) ~ r  virli ~l ic  I I I ~ V I ~ ~ I ~ ~ I I !  :iiiiili'i.. a l i  i h  ; - j \ r l l d  

gates connectcd in alacadr. I';i~ti;!ll\ ,,pi.citicri 1'1,1,t,t1t*; ,. t,.a21 . I ! . . ,  i,i. :tc.,irc!. 

The algorithms presented ;ti.\: iiituh:t' St r i  Iw i t l  ~~.~lctr!:!rt~r: ::ST ?.ir . :. .. 
ing of the given function i: rcquirctl and ~lzc iiii:,l rc~:t i t  I -  t,tx,tiit,t+h - t i  , h t t z  t 

time. No new a1~orithm 10 find t i ic  !vcigl! l- l f~~c~~i~~~i~i  ~ L L I $ \ I  , I :  :. !.ic.i!;'#- 
able ful~ction dircctly Srom it:, pl<>t II:~, hc l t  !r::c?!. 'Tl.rc r.:F.I,:~ 04 rkr ? . w t * - .  

1661 ale used for this PLIIPIW. 

The generatlo11 of all threshold Sunct~o:~\ ol' e\cml> rr ~ , ~ r & i c  t r t w  ah 
threshold functions of exactly (n -- 1) var~ablc\ b r  ixcn ktudred by 
11731, Dertouzos [66], Wmder [174], and I s h i i - K ~ m t ~ ~ ~ ~  11 75 ] Eun c 
pethod of generation is k n o w .  



." I he rcii.it ilic d' :r rl~rchhold gate ha5 bcen discussed from different 
~icavpoii!t- !P4. 55. hb,. IW1. Tftc digital wrnm:rtion threshold logic (dstl) 
gxk. p . k q 1 "  .:ti hy I I i i i ~ i  [Z. 1981, 11::s ;i liighi'r celiabilitj than the analog 
wmm:~tititt r i r ;  wl~(r l , l  logic t;rstl) 9::tr. t i t i c ,  being :~chievcd :it !he cost of higher 
gate coin&ilivL:l;. .md ~rop:tg;!eion ,k!ay. Prrrt;rpa Reddy 1167, I993 has 
crit;mIlj atutlicri and modified Htwt'i tirtl gtte so ;rc to reduce gate complexity 
m d  propi~gtioa delay. 

Multi-vaiued thrctihald !ogle h;rs been .itu&ed by many authors [200- 
209). Variable threshold threshah3 gates were studied by Meisel. 1201-2121. 





leLrrrurig \ y ~ t e m r  [256. 257j. Sheng [14, 2581 fm dmwn that threshold 
g.:,lte~. ~ 1 1 1  he S~~II 'ECII~CIIII~ and advitntageously employed for probability 
t t .a~t \ f<%rn~*~t~o~l .  hs t ly  but not the Icast, the theory of threshold principle 
ha\ ,&o hcr r~  .rtudied with rebpect to hiologlcxl systems 12591 and ecouo- 
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