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With the advent of LS webnodogy and the dvil gate, the interest in theeshold
fogiv, which was oxtensively ssadied In the early 19005, kas been renewed. Winder
had reviewed the vations contribugions i this ared in 1939 Fhis paper serves as
a gulfde 1o the variows cansributions on threshald fogie sinee 1939, o date,
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1 the esely 1960%, Threshold Logic, the theory of thrinhold gates which
fave o bigher informution processing power than conventional gates, was
extenstvely studied,  However, a threshold gate requires components with
clase tolerances for its proper functioning. With the advent of LSI techno-
logy (11 and the detl gate {21 it is possible 10 fabricate reliable threshold
gates commerciedly [3 41 A competitive, compatible integrated threshold
gute now exists with nokse immunity supetior to and tolerance requirement
comparable with conventional gates. Hence the interest in threshold logic
has been renewed.  Winder {5, 6] had reviewed the various contributions
in this area in 1967 and 1969, The present paper oritically reviews the contri-
butions since 1959 and will be hopefully useful to the various workers in
fhis area.

Singe the late 1950's, there has been a great interest in a class of switch-
ing functions whick has been studied under different names such as threshold
functions, linearly separable functions (LS functions), majority decision
functions, sctting functions, linear input functions, 1-realizable functions
(realizable functions), voting functions, and STE (Single Threshold Element)
realizable functions. Conventional eatee Bba AN A7 ud NOT gre
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special examples of o threshodd gate A singie treshold gate woe Tepaceny
4 wide variety of complex switching functions, with w change b ity v
The principal goot of research in this atea is the problem ol devesg s wipk
test and realization procedure for @ given switching function w be vealives
ay the output of & single threshold gate.  So far, severa! methods fur walmy
and realization of threshold functivns have been deseloped.

A switching function of a variables is a threshold Tuvbon i ana ondy
i curtain set of 27 simultaneous lingar ineyualities B {n 1y wwthnosny
is solvable. The solution, iff any, gives the weights imd @ thresie i whah
realize the funetion,

Motzkin-Schoenbierg 7] have presented @ clowsval methend 4 oy
a system, of linear inequalities hy suceessive elimuttation of the warms woipiins
McNaughton [8] offers & method of reducing the nusber of meguaditn.
by identifying muximum fse and minimum trae vertwe. Cobham {¥]
has investigated the simplification of 4 set of linear weguabims wath aty, by
coeflicients. The boundimy matrix and the boundiry pomts ol w threhold
function, both of which correspond to the smallest nredundant et of 1e-
equalities, have been stadied by Mays [10] and Fisher-Dearhedy {11, 12}
respectively.  Sheng (I3, 14] has presented & method o which the set of
lincar incqualities mwvolving the weights of the varabdes s exprovad
terms of the least weight and other incremental weighty, A ~impler wet ot
inequalities is detived which is then sobved through wn wrdeomg of the
different incremental weights to provide information regarding 1-reuh by
and on the assignment of weights for realization, eften withoul 1l ang
adjusiment). Sheng and Hwa [14-16] have generalized the wecid,
ordering method to yield a more general, more syaematic and matheimat
cally more rigorous procedure where a search for suceessively higher widermg
is made. The given function can be partially specified,  Further, Roy and
Choudhury [17} have found that a nember of ineremental weghis, farge
or small, depending on the given function, are equal, If & check i+ mede
10 see which incremental weights can be mude equal. the prohlens becomes
simpler because of a smaller number of unknowns.

Choudhury, Sarma and Das {18] have shown that the entire vet of -
equalities can be classified into nine distinet types. The et of incqushties
is next expressed in terms of the least weight and other differeny incremental
weights. These two together provide information on i-reulizability and the
minimal integer 1ealization. Others who have presenned ulgorithims for
solving a set of linear inequalities are Agmon [19], Carver [20], Chang [21},
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b T 2L Beehosbap 124 Hu {23 ], Kubhn-Tucker [2¢], Men-
Neprenschaedne (28] ane Wormeek-Gon e ler {29}

Buchorn 107 Mueh-Lihorn (L and Muroge, Tode and Takasu
| the w.n;m.\ wlgorahng of finear progiumming o obtain solutions
the st of e biso He 251 s proposed the solution by Lemke's
b

ey nm‘ ad wiveh o veriation of the simplex method.

Abere LR appbies the one theoretic spprovch Lo reduce the problem
ob Tarertizabihie te gl mf St the value of o wo-persor. 4e10-5um
g, Sewleton (3] capl e e matvthearetic upproach. to solve the
i st ol equhities, Staan’s {35, 36] profile techaiyue is o practical
method For realiiag tieshold functions by hand caleulation. Ana increases
thew methods e not caehle i ead celenteifon,

Forng 147 ] han developed o omap method for westing and realization of
tuedhold Tunetnas. The pren function does nog need any pre-processing
awh e postisazmg wd ondering,

Giaston {38 prewente w smple te1 for Hnewr sepuisbility but does not
dereroning the weights sequiced fir opoalion, One mdventage of his fost
o that F pensedizability s indicuted, it rehuaively obvious what coding
chisges will produce o realizable separation,

MoNaughton [8] ha shown that every  threshold  function is  unate.
aull wnd MeClashey [39] have shown that unateness and l-monotonicity
wre equivalent concepts. Winder [40), 41} has made o thorough study of
complete munstonicity and has presented an efficient algebraic-logic test
sad santheds procedure fur the reafization of threshold functions. Moore
{421 and later Gubleman [43) have Jisproved that complete monotonicity
is sufficient for Lacotizability. However, for # - 8, complete  monotinicity
iy sufficient for renlizobility,  Fontse [44] has presented o graphical method
for checking complete monotonicity. The obseivation of Muroge, Toda
and Tukuse {327 that the bias of o threshold gate can be treated like an input
resulted in the concept of dual-compernbility which was generalized into dual
k-monotonicity by Lin [45, 46]. The concept of hypermonotonicity, due
to Winder [47], unifics these idess into one theory. Yajima and fburaki
{481 who huve extended this idea further, and also Liu [45] have given simple
procedures for checking complete monotonicity.

The faet that 2-monotonicity determines ordering relations amongst
the weights cun be used to reduce the number of inequalities.  Elgot [491]
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and Winder [40, 41] have presented methods fur solving thiy iedusad wt
of inequalities by climinating one varisble at a time. Gablemah 43 %]
has given a tial method for solving the reduced set of inequitlitios.

The equivalence of complete monotonicity and Z-ucyehicity has been
established by Elgot [49]. For about an year, acyelicity, w voneept aif histos
rical importance, was thought of s being a suificieny consdition ton 1 oealizae
bility. However, this has been disproved by Winder [41] Aswther voncept
of historical importance is * k-unifinfcity * [9]. It can be shown thut A-une-
finicity is equivalent to k<comparability and hence k-unifinicity b niwen
sary but not always a sufficient condition for [~realizbility. The fungtion
tree approach of Coates-Lewis {1 [51, 52], Couten-Kirchner-Lewis {1 [81]
and Lewis 1-Coates [54. 551 for testing and realization of threvholkd
functions is computationafly simple. The given funetion can be partiadiy
specified.

Winder [41] introduced the concept of *asummability . Rigot {#9)
has shown that a function is l-realizable if and only if is wsummable,
Ghosh, Bandyopadhyay, Mitra and Choudhury {36] give simple algorithon,
for testing 2-summability by giving due consideration to the weights of the
different minterms. These ideas can be casily extended for the testing of higher
order asummuabilitics whenever desired. A faster method has buen given by
Sarje [57] which does not require the formuation of all possible piirs of true
and false minterms. An interesiing relationship between Z-monoternicity wnd
Z-asummability has been derived which leads to & much faster algorithm tor
testing 2-asummability. Further, an interesting conjecture om *surfuce
minterms * leads to a fast 2-asummsbility testing algorithm.  Huoperoft
and Mattson [38] bave presented a method for checking 2-wmmability
of switching functions by using decimal numbers for the vertices of the n-cube
on which the function is defined. Bargainer and Coates [59] have improved
the method so that m-summability can be checked. Roy {607 his given a
test for 2-summability which uses the decimal numbers cornteaponding to the
mintezmns of a function, a slide rule like device and a preformed chirt. The
device may be used for functions of upto six variubles. Recently, Sureshe
chander [61] bas presented a simple algorithm to chech measummability,
Also relevant are Cobham [62, 63} which are of limited value,

Biswas [64] has presented a computer prograpumible method for testing
L-realizability basedfon a comparison of the ‘canonical composition structure’
of the function under test with 2 standard table. The given  function need
not be completely specified. Sarje [57] has later imp;m’ed on this method
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wherent o beewdy goometin spructe, catled the Implied Minterm Structure,
c'mhlcz one to test A-monotonicity and conveniently identify threshold func:
tions of upto sty variables. In both these methods, pre-processing of the
given function i required. Two heoristic procedures for manual computa-
tion of realization have been presented.

Bertagon (05, 66) bas prosented 3 method in which & certain non-
hoear funcuonal Fae, B o munimized by un iwative approach.  IF 1(;::,, l;;

O, then the given funetion s realized by tz Conversely, if 1 (;u, i;) >0,
then the goen function o not Lrealizable,  This procedure is useful when
the nuimber of sarkbles is not large and we get only approximations to the
desired weght-thresheld vector. Abo relevant ure [67, 681

Drertouszes (65, 667 hae developed o procedwe for pertarbing any given
yector of (- D dimensions in such a4 manner that the distance between the
given vector and a desired weight-theeshold veetor, if at all such a vector
exists, v redoved, Thus, iF the given switching function is I-realizable, then
the procedure will eventually vield an acceptable weight-threshold vector.
I, on the other hand, the given switching function is not 1-realizable, the itera-
ton provess will eventually enter a limit eyele. Kaszerman [69, 707 has
absey discussed a suilar iterative procedure developed fiom different view-

POINts,

Dertouszos [€3, 660 71 hay proented an expedient method, based on
& conciwe hulation of the canonie characteristic vectors of threshold func-
tiens.  If o given finction is T-realizable, the method also provides the weight-
threshold vector that is optimal in the minimum iateger sense.  The number
of variables should not exceed six, Earlier, Chow [72] had found a set of
{n 1} parameters to uniquely charscterize the realization of m-variable
threshold functions,  These parameters. called Chow parameters, have been
extensively studied [73, 747 In so fn us threshold functions are concerned,
either the Chow parameters or the Deriouzoy’s characteristic vector contain
equally all the neeessary information. However, n the tabulation of
threshold functiom, the wse of the characteristic vector provides a more

economical representition.
Winder {75] has compared seven methods for deriving approximate

reslizing weights and threshold for a threshold function, the Chow para-
meters being given, He has established a certain geometric rule as the best.
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A swilching fenction £ g thedold tuscton o and ooy ar then
exists o hyperplane which separates all the e sertives of ¢ trom alb dne
false vertices of £ For oo 40 the vaanventionad gt o i
allows immedinte determination of whether er vor o wwven it
threshold function. A necessary and suffieient conditon for w v iche,s tum
tion to be o threshold Faaerion in terms of conves hulls fie been given iy
Highneyman {76].

wiiv L.

Liu [45] has wsed Tricuare maps 1o et and venhze thee hobd factes
The given function reeds no pre-processing ad pry be poroalls e
Its usefulness docs ot devline rapidh whep @ - wae
beyond six variables.

Ple solae potn

The methods doe w Blomgren-Torg (771 Bodd 100 79 and
Gonzalez [8 7 are somewhat limited. Wong-Biseaberp [8H] hove prossnped
a special iterative clporithm for te reehization of thiesbohl s tons Ot
who haye studied the testing apd reatintion of tueshold Tuncvon e Baugh
[82], Butakov [83], Cheney-Hu [K4] (how R3] Vicchber pue 871 G
(8871, Hidz [89). Huo [25. 901 Hurst {917 Krohn-Rhodes (9] Loaj9d)
Mirroga  [9,94, 95], Opferman [9¢]. Roy [97) Ssama (95, Shu-Spe (99
and Varshavski [100].

One way of realizing a non-threshold function s by mean. of o dte
threshold threshold gate (MTTG).  Wherens @ threhold gate Jus o« single
threshold, an MTTG which is a generadization of the threshold gog by
than one. Spean [I01] haw abscussed A-threshold recliz bt of o o
travy function of » variables i terms of Rademumcher-Waldh voetiient.,
A list of structures for multi-thieshold thicshold puten with the mivinwm
sum of integral weights was preputed by Hating wnd Ohart [102] The
minimality of the number of theesholds. however, is not guatanteed.  Syn
thesis procedures of structures for multi-thieshold threshold function. have
been discussed by Ercoli-Mercurio {103], Ghosh (1041 GhosheC hondinuy
[105, 106], Haring [{07]. Haring -Dicphuis [10K], Lich-Murow. (19}
Liv [110), Mow-Fu [I1t}, Neculn [112]. Sethwes 11131 Swrhe '
[114], Sheng-Roy [I15], and Yen [116, 117} Yer's {116, 117} ey
is based on integer programming. One of Hiring's LY svntheds poowsdiine
i based on the synthesix method of Coute tnd Lewiy 1 [35].

coPence
'

_ Another way of realizing switching functions which xre not torealizable
is- by means of a network of threshold gates interconnected in g suituble
manxner, Compound synthesis of threshold gate network is the realization
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ol o b Bes b woth onymibes of taeshold gotes. The problem
e e e of ey tunetion aving feed-forward patis only hos
been hisfied buomon oy A w0 physieel deviee, u threshold gate has
certont Lentobors cach as the number of inputs, the maeenitudes of the
wetnhiis v theleld sodies the wlermee of the weights and threshold value.
e et b Ui eahokd mates can be studied in the light of these considera-
e Ambaet Coede cand Winder [118). Cohn and Lindman [119], Homa
(2] bendora L Muler sad Winder [122), Miyata [123], Rudesnu
PR el Pobane HIAT hucce studied njority gate networks with o fixed
nambier of npato Tewrs T amd Coates (55, 126 and Coutes and Lewis

FEESE 27T Bove vudred wetwar ks of threshold gutes with a specified tolerance
il waghts e teshold vidue,

Although the
eptuned neisnan koot eb e, aonetwork with farly few gares rest s, This
method wa e estendal te the syathesds of networks composed of tive input
SENER P Cnanenil pades,

Aker's [E2K] method of realizing functions with thiee input majority
wites pivobres the construction of a fogically passive seif-duad or LPSD.
Horms [129] e proved that Aker’s method i unable to lead to the minimal
metwerk sty vasge Negein (1307 hes modified Aker’s method o as
o mounnse gality amd delay olements, Riseman [131] hay aho modified
Aker v methoud wherein i more previse construction of the LPSIY iy presented
and deley clemeat wow raduced.

Hamont [137] 0 <hawn that algebraic methods are readily applicable
to vompuun! syathess of three variable funciions.  Most of the resulting
networks are minimal,

Horme 120} has genendized the geometiic interpretation of switching
Functioms and presvaded 38 smple method for the synthesis of any arbittary
logical nerwork by theee nput mafoiity  getes.

Tehma (1251 he presented methods for desomposing Jogical functions
using 1 inpul majovity pates.  The decompesition methed is bu.xcdi on the
property of unatenes. Rudeanu  [124] has given general solutions  of
Tohma's equations in @ more symmetric form and with shorter proofs,

Lindaman [12]] has presented a theorem for detiving majofity gate
networks within ap augmented Boolean algebra. Cohn and Lindaman
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[119] have axiomatically developed an algebra suited wr logwal Jesget with
majority decision gates.

Miller and Winder [122] have studied majority gote synthess by gev-
metric methods based on intution and do not guaranter optimal solutions,

General compound synthesis without taking the phyvical knpieion. ity
consideration. for symmetric functions has been studied
Kautz [133] and Roy [134, 135] and graphically by Shuuy

i
Lot
TERREY)

4

Minnick {1377 has developed techaiques for the legieal deagn of it
netic core circuits to produce any arbitrary switching funvinn.

Hoperoft and Maitson [58] have presented an alporithm for ynthei
ing single and multiple output networks which yeulize switching fpchot.,
not necessarily completely speeified, through the wse of a mirintun sumbe:
of threshold gates.

Sarma, Das and Choudhury [138] present a method of decomper fon
of switching functions into unate functions for synthesis with threshold gates,
Sheng [14, 139] has proposed a method of synthesis by Jecompoans any
switching function into a sum or product of threshold functhions,

Ghosh, Basu and Choudhury [140] have presented o decompositwon
and reconstruction approach for synthesizing any switching function,  Atten-
tion is mainly focnssed on cascade type realizations. NMewr il webu-
tions are readily derived. This method has been successtully applicd o
functions of upto six variables,

Using the concept of ‘admissible pattern’, Dertouzos [65, 66] hus
preserited methods for threshold-OR network synthesis and threshold cas-
cade synthesis. Partially specified functions and multiple output networks
can also be treated.

Dertouzos [66].ha's presented spectral methods for netwurk syithesis
where'the charz_ictcnstxc vector is augmented with additiona! correlation
coefficients to give what is called a spectra of 2™ real numbers.

_ Qertain five operat@ons in the Rademacher-Walsh transform domain
give rise to 2 very concise method of classifying switching functions. This
method of classification has been used by Edwards {141] to synthesize
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wmpmdv arafied switclung funcbons of  sngle output systems in an
clegant way by gung @ umnetad threshold logic gate,

Brevn (IAI] Cwmwron (W31 ang Muroga-lbaraks {144], have
ds\uzwm.tn‘ synthesds of an optimum setworh by integer linear programming.
The bnear proes, v eppveach developed by Minnick [137] and Ein-
horn JAn} el g - mpkx methed with artificial variables and can be
wad o srthears w setsork of threshold gates,

Hughes {145 ] b provented s compiter programmable algorithm for the
devagn o peneral Feed-fornard networks of threshold gates. A simplified
versen of the slpoothm s presented for the euse of symmetric functions.
Fhe wase of panadly defined functions i also treated.

Lrang the protile wechague, Stram {367 has presented 2 method of
cotupoid sinthess by d deting seme true vertices and then by ORing
together the outputs of rediced and audliary  functions.

Uiang hugheronder nuanotomity, Winder [41] has presented efficient -
methods for compoirnd syathe-ts. The rosulting network need not be optimal.

Yopnne and Hurake {146 ] have used the concept of * mutual monotoni-
city * o compound synthesds. Although the method is heuristic and does
not viekd an optinad actwork, the resulting network is fairly economical.
This methesd cun e wsed for hand computation for funclions of upto seven
ap eight variables,  Iicompletely specified functions can also be treated.
The multiple cutput problem can alko be treated.

Yau and Ostupko {197] have presented 3 simple and economical method
for the compound synthesis of a cluss of switching functions called threshold
product functions.  Ostapker and Yau [148] have also presented a method
for realizing any wrbitrary  switching function with a 2-level network of
threshold and parity elements,

Liu [45] has used Triquare maps for compound synthesis. Don’t care
cuses cun also he treated,

The geometrical concept of *region” or * connectedness * is a weak but
casy-to-visualise necessary condition for l-realizability which is far from
being sufficient for l-realizobility. However, the region concept has been
used by Kaszerman [149] for the synthesis of two threshold gate networks
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Hrliz [89] has presented & method 1o chuech whethar oo owan by
fanction is wnate from the teath bl of e functwoa, Ope of B e
methods of synthesis utilizen the coneept of Strensitions of corearl b
the other method utilizes the concept of ~ende distomer T Barb the method
lead to minimal or near {0 minimal petworke.

Carrol] and Coates {150} have deadt with vhe wwntiner o at i
work of threshold gates for yualiznton of pae-di el epaabo
The realization oblained coprtainy the minimum munber of o
possible for a 2-level realization.  Thu piven functior nuo b portegdlhy cpeoe
fied.

Ali and Ahmed [1517 have applicd complementa s oves pats G Dt
o the synthesis of non-threshold functinm.

Srivatsa-Biswas [152] have developed @ tet procadute b vk
functions of upto ¢ variables with the help of o Koenvnwgh meps ™
to the inequalities has been made, 1t hos beer hown et e wpersdabn
of a umate switching function cotresponds to S compo e 7ot the plng o
‘1% on the various cefls of o Karnough map, I nen-reahzdnhin o ondes
cated, it is relatively obvious whit coding chinges will prosduce @ reslizable
separation. Next, an algorithm has been prewnted too svnthesie 4 e
linearly separable switching functiov with (he minimum susiwe of Hoehobd
gates connected in cascade.  Particlhy specificd foretions van o be freated.
The algorithms  presented arce suitabie for hand sadeulsnor . ne
ing of the given function ir required and the fngt respdt o nhw \.w!x 1 ;nnu
time. No new algorithm to find the weight-thtehold sector nf o Bpeadio
able function dircetly from its plot i heen given. The tablec of Drrtnaas
[66] are used for this purpose.

Others who have studiza compound synthests are Aida [153], Akers-
Robbins [154], Breeding [155}, Butakov-Bykova-Vorol'ev 1156], € hosudhury
Sarma [157], Cooper [158], Fischler [861 Tischler-Tannenbuum 1159,
Hoperoft [160], Hu [25], Kushvap {1611 Kroho-Rhode {921 Mitteon
[162], Meo [163], Muroga [164]. Nechipotuk 165 166], Prcape Reddy
{167], Raship [168]. Sha-Szc [997, Stubler [169] Viwrshuvaht {1700] Winder
[171], and Zakharova [172]. -

The generation of all threshold functions of exuetly # vanable. from ad
threshold functions of exactly (n — 1) variables has been studied by Muroga

[173], Dextonzos [66], Winder [174], and Ishii-Kimura {175]. No efficient
method of generation is known,
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Phe lisdicabon of nesiold Boedons bas been studied by Gote-
Fakabiva 11707 Doonzes 1661 Lin 451 and Winder 17N 3-11(1 their
enemwiicn by AMurega (7801791 Winder [174, 180]. Dertouzos [661],
ared Dreshelt [IRTL

The seieiad poc blom of bow siny thre-hobd functons there are for #
Vittibles senttne ugsolved o present, AR upger bound o the number of
threshold feietione with o varabies was desvaed ivdepeidieatiy by Cameron
{2l PorkineWilli-Wiaomore  [I83L and Winder [411 Theorctically
s el was obtained inde-
wjima-tburaki {1851 Also

iteie ey lowet bowmd, whivh s not partice
pender ty by Dablin (91 Smith {184 ] and ¥
relevant are {180, 1871

Wills HBKY hos disprosed Blgot and Muoga’s [189] conjecture that
I the woist case, the
neeesy siee of weighis nereoses ar kst eape: Iy with & [9, 176, 190]
Bouwmd. g the me enitede of woweight hise bean studisd by Goto [191] and
Muroge (90 1921 The wpper bonad op gach optimom weight has been
jvestimed by MinognTodasTakasn [322]0 Muwoge=Toda-Kondo [178],
Winder JT0E 1R0] ood Muroga-Taboi-Baaghe [179] Optimum structures
for thieshol tunciion of 8 or fewer variubles luive been obtained by Muroga-
Tseboi-Buogh {17010

the mivimum wt ol weights are always miegen

The upper bovnd on the number of required thieshold gates for an
arbitrary wwitching function has been studied by Muroga {9, 193] Nechi
poruk (160] wad Honay DOT] and in particular for syminctric functions by
Kautz [133] The lower bound has been investigated by Cameron 1821,
Winder (194} ord Nectiporuk [166] Speeific optimal reslizations of each
type of four egument function hove been enumerated in Minnick [137],
Cyprus [195], and Twubot {196] (Optimal realizations using 3 input or §
INpUL Moty gates )

The reliability of a threshold gate has been discussed from different
viewpoints {14, 35 66, 197]. The digital summition threshold logic (dstl)
wite, propo v by Hunret [20 198] ks o higher ccliability then the analog
summation theechold Jogie (istl) gate, this being wchieved at the cost of higher
gate complesite and propagation delay. Pratapa Reddy {167, 199] bas
eritically studied and modified Hurst's dstl gate so a« to reduce gate complexity
and propagation delay.

Multi-valued threshold logic has been studied by many authors [200-
209). Variable threshold threshold gates were studied by Meisel [201-212].
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Dertouzos [66] has stressed the need for finding and studying stachisie
threshold logic. Timevarying threshold logic was invetigated by Nelson,
Daly and Joseph [213]. Strongly asymmetric threshold functiony have been
studied by Muroga {9, 173]. Threshold functions of order r have been
studied by many authors [214-219]. An extension of threshold lopic wis
studied by Stivinski (220, 2217. A single number. maumed degree of sepura-
bility, which Slivinski [220, 2217 introduced. can not ouly el un whether
a given switching function is 4 threshold function, but also whether it i u
pseudo-threshold function, & quusi-threshold function or some wther. Uthers
who have studied pseudo-threshold logic are Baugh [222]. Bievding {13%]
and Fagerlin [223].

Conventional arithmetic civcuits can be easily realized wamg thieshold
gates. A large number of networks were devised by Japunese in the course
of their research on parametron computers and electronic telephone eswchmpe
in the mid-1950’s. For most of the networks, it is difficult to Jetermune
who should be given credit. Fischler [87] and Fischler-Poe [124] hase
presented circuits for adders, subtracters and complement  peisiddo,
Others who have studied threshold realization of arithmetic cireuits are o
tes-Lewis II [225], Gustafson-Haring-Susskind-Willis [226], Hoetz {2371, und
Winder [228]. Some of the practical implications of threshold logie were
studied by Coates-Lewis T1 [229] and Muroga-Takoshimu [230] by bulding
the DONUT computer and MUSASINO-1 computer respectively,  Thre
shold logic synthesis of sequential eircuits has been studied by  Hadhwh
[231], Hadlock-Coates [232]. Masters-Mattson [233], wnd Mueisel {2111
Logic hazards in threshold networks have been investiguted by Howe and
Coates [234].

Threshold logic is useful in simplifying reasoning about complicuted
networks, as for example, in the problem of minimizing the number of
inverters in a network [235].

Threshold logic is one of the basic approuches used often in patiers
recognition [219, 236-247] and artificial intelligence {248} The use of
threshold gates in the Perceptron has been studied by Widrow-Hoft [249)
and in Adaline by Mattson [162] Threshold decoding, which is & decoding
method of a certain type of error-correcting code, was pionesred by Reed
[250], and developed by Massey [251, 2521 The concept of threshold logic
is studied with respect to information retrieval [253]. A threshold gate
can be used as an error correcting device [254, 2551, One of the most irmpor-
tant and promising fields of application of threshold gates is adaptive amg
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learning systems [256, 257). Sheng [14, 258] has shown that threshold
gates can be convenjently and advantageously employed for probability
teansformation.  Lastly but not the least, the theory of threshold principle
has also buen studied with respect to biological systems [259] and econo-

mics (2601
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