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Les Hiterman®®’ nes gives 78 oquivaleat nstverxs
S realise 336 Beolean funstions im  fhree varisble sase,
In s$hie paper am attenpt 1s made e rednee these owivv
leas u’t'u-nt Still furthew,

78 Netvorks ave redused S0 32 peesiHis nistianl
squivalent aetverke efther by svupl tusnting the sutput
of & given Netverk er grvuping tdufunctions Vhioh are
having enual o omumbers Veathsr Shey ave tetsliy sysmetvie
or partially sysmetris sad makisg ssriais chenges at the
tuput Sewminsls. Alge 1t is veduced Ss 19 wiVerys 1f
ve s¥e Mt atwd st tiw misfinal metvorks.
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INTRODUCTION




INTRODUCTION

The Rogis designer ains 48 ninjwun sunbher of
legical elements vequired to poviers » given legieal
tunstion. This is dus to stomsny and reliobilisy »¢
the siveuis. Many suthers tried ts get the minimal
nplenantat ton.

Quite some Work has bBuen dome ts vork sus
the fnplemsntatisn By & regular presess, rethary Shan
an kit and Srisl methed. !inhma‘” hos given the
sirenits, 78 in wsumber, Vhish are minimal ia asturs
for the 386 fuast tans that sscure Ain the Shres varis
bles. ﬂuhmuu“) oot thase mininal sirenits by

fecding 3thedata Se & Sowpulsy,

Hillie ma“ ) suggensted an squivelanse tadle

in She sans paper. Dy enanging $he 1mput Siterals She
g86 rumstisns in three varishles ars Sreught deva te
78 tunetisms, The table vhioh gives ths ¥8 fumotisme

ond the perwutotions %o be used to ge¥ all ths 396
funstions is ealled unumu's‘“ oquivalienss Sable

and o given sa the Tadle 3.1 (Appemdini)

Figuves vritten in pavanties iy denstes She serial wunber
of il tography given ot the ond.
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78 funstions Yhish Pepresenty S8 rensining
all the functions sre enlled leaders, The preperties
of sysnetnie funstieons eoxplained in Chapter 11 are
vaed to Bring dovn the BuNMber of Jeadeve st4ll furvtder.
EdJd, lucnnMy“’ Jo, Bas suggestaed She deeoumposnitien
principle. Thi® 15 explatmsd fa the Chapser X1,

By the %elp of Shis priasiple Jdifferent fusebtiens
are slassifisd snte syunetyris ant partislly symasidvie
funetfons, Thess fumstions are sxpressed Sn Sams of
it of= sunbers, THe funssions vhiekh ers Maving

same o~ auabers amd vearishles of symmetry asve elsge~
ified 1380 one group, To make 4he variables of
syuneiry to Bu eane, foy the fundtfions whese o« sunhers
SYe same, wmsoms shanges 1in ths varisbles are suggeeted.
By this methed the V8 deadars ave yedused %0 38
leadors. These greups and lenders &re given ix the
Appentix 11 Tadle 3.2,

Yor oash leador the eomplensntory fumotisn
is found out. If you sempiement o lesder sud make
seone shanges to the Lwpus variabhlies them we will get
saether Lesder. Thus the 78 lesdars sye wedussd inte
39 loaders. The welationshiy betvesn the Leaders and
shanges $0 be made Ave given in $he Appendin II Tebie 3.3.

By the help of tables 3.3 and 3.3 (Appesdss 11)

ths leadors are still redussd. Prom the mum’s“’
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ontalogue o0l Metvesk is taken and She yessibil ity
of getting & minionl wiverk for amiler tusttion 4is
studied. Changes are made seserding ¢o She fablas 3.2
and 3.3:, (Appemdix I1) . Thus %he 78 scireuite ame
sediced %o 33 sireaits. Thase 33 eirsusts sre msin
mininal eirenits, By maliing the shanges secerding te
the (Appendix J1I MNanle 4 we wiill get all the 78
minimal eirvsuite. The matn 32 netverkes are given im
she Appentix 11. Tayie 4.

It Yo ave W% aining st e mm aeive ks,
¥e eaa Teduce the NANNET Of senivalenss Netverks st¥ill
farther. As explsined in Chepter ¥ we rodnse the 78
minissl squivalense Mtworks to 18 sctverke as givea
An Appeniiz 11 Todvie 8.
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DEYINITION AND PROPERTIES OF TOTALLY SYMMETAIC
AND PARTIALLY SYMMETRIC FUNCTIONS




DEFPIRITION AND PROPERTIES OF TOTALLY SYMMSTRIC AND
PARTIALLY SYMMETRIC PUNCTIONS

2. £. DEPFINITION

C &, INaaRen it  Intwedused Ve verd

‘Syusetrie fusetien’ 4n Ris psper on velajes and

S AteRing sircuits is 1938, Hs defined ¢ syaans
$250 functfon Sa gomeral, In Ris Yerlis, " A fume~
tion of tho A variahbles x; o Hgee-osi 48 said o ¥
sysneivis fSa Shese varisdles Lf any inleredange of
the variables leaves the tunetien Adentisally the
sams % Bus most of tRe geweralily ef oeapt

Bas bes » 108t ia subsstuent Srestnant of the sudfeed.

Tor exenpla 2.8, ﬂnhsu(‘“

detfines the syanetrie
Telay oentess i Yerk as 97':; whieh the sonditions
for clesiag a parkisular Azput €t SUtpus path sye
GAVER cs:ree0 40 tovue of the annbary of welays
sperated an'! umeperated.”. This perticular $ype of
net Yorks 4ve dervived from & MeLrieted slans of

synnetris funetions,

Thers are difforesnt Sypen of synnetris funge
Stons, depemting upen the maturo of syauwtyy eov
natuze ¢f variahles .« Lot us defimm She 4iffomemt
Syren of symnetrie funetion asystamstisalliy s follevs!s
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B. 4. 8. A funetion w’ (!‘. By treoely n:aaﬂ‘ Vote“’

is enlled synsetwis 1in Shs pair of variadbles x4 o
u’ 52 She Pusstion vemainy invariest under an
intevehangs of thw variables, g 0 ﬁ, .

Thas 4 If

£ Cmgy RgponersByy e TETRAR P
ol S xn..uxa.un‘.....;n)
Por example the funetion
f(Reo %30 %) & R gty * Rymemy
is symmetris im x, and xy

5.1.3 A famtien st £ (x; o MgeeseaNy, }dn solied

& Sotally syussiriec funstion 4f It S spyewtris
in a1l paire of varisbles

Roo % o2 £ 8 4 § ¢ m

Since any permutation o f variabiass ean Be
shiained By sussetsive Lateredange of pairs of
varishles, it feasediately felleve Shat a Satully
synneirie fumstion S8 Ainvariant usfer any pevantse
Sism of variables,

We shall eften L4upiy rvefer to the Setally
syanmtris fumstion ne "syuwetris fumstton®s Mor

exanple the fumetisn
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t € ngo Rae Xy )= Rymad R Ry Nomg ses €3, 8)

£0 tetally syanstrie in Ry o naand %y

1 she tumstion A not Sysmetyie in all e
pairs, but symnetwis 1in vene paire; the funcSion is
sslled partiaily symmetvis. In ususl prastics we
find many of the pard fally symnetwis funstieons.
for example the fumtion

e« ﬁ‘. ." l,’ -~ k‘%"' “t‘g." sus{2.%2)

fs symmetris enly is ene patr n.n, only But wet
in oty paive., Henss it i sslled partially

sysngtvie,

The variables for vuui 3 fnﬁu%-u. is tetally
synustris sre sallied variobhles eof spunstry. In
expressien (3.1) $he varisbles x,, 2y and Ny re
salled tho variables of syunetwy.

Depondng npes the variables of synuctyy theme
are Sve slasses of syumiric fusetions, The fims
elass Was She wvariables of symmelvy WYhith ave
sither all unprined or sil prised. Bxpressien (5.1)
is ag exanple, In $hs setond elagy sone of Whe
variables af synnatey ave primed, But met all.

Nonse 1t s desigmatod us synuetzie funedtton vith
nined variahles., PFeor oxample She fumtien
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Cagneny) = ﬁ‘ﬁ't’?& myKyXy + u“i,s’ Ceee(2:3)
45 & Setally symuetria fumtion. It is et symsetyis
IR Rge AgWRE Aye DUS At is symuetris  in %o x50 W

ot Cmg mgng = RyRgwy ¢ yRgRy ¥ m K %y

3.2, ALOZSRAIC PROPERTIZS OF SYMMETRIC FUNCTIONS

Far fu ansliysis and nn;uﬁikn of saymuetrin
fumssions Ve must Xmev  ssme #f She fuporiant pre~
pertine of thess fumtions. Firet Shumg” in
1838 sxplained some of the prepariies (n terms of
hindrasass funetions vishout algebrais prest, Ia
1983 KT, Armid and M A, ﬂarr&nn‘“ preved some
of the prepe riies mathanstically By Sthe helpy of setd
thoory and gwoup theery . To prave thess preperties

Shey inSedused nev funstions seamely & « fumetisoe
and = aymnstris fumetfens. To aveid highey
mathenations, wseme »f S$he preperties ave presved in

She fellewing 1imes anuvthuuy.

]
Thaeren 8.1, (3huuuu'} ) Thosven or o » punders
theo rem )
A fumstion F¥s (z,. *’o-tut" J 4n Setally

as'vm:tum in the variables ( Ry o aa....n‘ ) as
and anly AT 16 moy B spesifiet Sy & set of sundeys

£ ﬁ » ‘ . «“ tacn“ ) sueh that "{x‘. "‘,‘ g"‘,
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AT amd enly A oxnetly ‘4’ €3 1y 3, +oek) oF e
varishles ave acual %0 1 and othare rvewsining veriables

Are egual 9 O and wo% stheyvise.

Pros 20
“““ “' ““'“l ' ‘ n‘. %t&tcﬂ'_’

i» Sotally symmetriec and ¢ X0 n'u,.lt‘) L

vYhen the firet d’ variobles ars equal S0 1 and
ether varishlios 81w squal 0 G, Then £ = 1 vhen say
se% of exaetkr o vartedies ars equsl te 1, sinse
t fs tavRriant unday any persutasiss of verisbles,

For exsaple
L O N T Redyt Mot R,
Now ¢ = 1 4¢ and only Af tvo sr thres variables
sesal %0 1. Por this fumotion the sot of susbers
(o, o o ool ) 1% She sob ( 20 33 This fusedien
san b wepresented by saw ( Ry oo Ny o0 Ry ) “*haze B¢

:tuﬂ. for a tetally »ymuskrin hmt“m!. 3 stands
for the met of mumbers, ( ol ap seen ‘lu )« Ususiry

Shens #ss of numbers aye aalied « munbars of the symn~

oSvie funetisn, and nyo “ﬁ' i en xui ars sallad the

vaviables of symmetey. The wetstion
8 . '
.y ey € Rpe By ciimy)

is oonmenly uesd $o Feprevent s totally symmesrse
funstien,
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The of » sunbers fur ¥ varisbls function das
s selersted fron She numbers § to 5 . From thia 49
fsllevs that Sl &re axseily ”* : syanedris funew
tions of » veriadles, vhem these variables s¥e {aken
as varsisles 0f syscetey, 1If the set of o« minbere
Assludes all the Antegers U % n, this Wesloan funetien
s the Swivial BHeslean mnaw;tcu’uumu i wlvaye eeusl
te 1, Similarive 4f She sat of ol nuubers iz onpdy
the Cunstinn fe ggsin Srivial, thet f« alvaya esusl 4o
sere. Thus thewe are 3"'% « 2 sem Swsvisl wyametrie
Mlm&ahmluuﬁ nf mw yavithies, Foy m = 8 , Shere
a*

a“r ® 13 ftfesctisans of W0 varviabice, Dut

Shere ave %' L 3 & 0 gon Vrivisd symvetrie funee
tiong: Tiey ore |

8g * ‘;‘*ﬁa s, = Reka? Wymg % 2y Dy
Beps ™ Byt Ty 50" ' %

Sos ® N oy ¥ 13%‘ 8y w m.m,

Tagowen 3.3, The wnisn of 1wo sysxsteis fusstions §

and B having She s variabliss of Fumatery, Ss A
Sotally symweieis fusetion ¢f the same ?tﬂ‘“ﬂl of

synustry wWhose sat of of = nushers s £3e unien of the
208 of of» mombers for ¢ and b

Emagi £ % g+%



=40
e =3 “ 'Y *q »4&:“‘ L ¢ ‘1. t‘i fuucﬂ" +(3,4)
= S “z . _“.".awt #‘ ‘i' *ﬂ* ﬂ’#!”‘} sns {8, 8)

& = S o vion & ast ot (‘ 4] sariodlos are squal te t
, - , s0+£2,8)

= @ whan » vet lt ] varishlaw srz mo% egual o %
pot(’o’}

=3 when n set M‘E‘ ] varisdles srs squal fo (2 s)
LB ¥ *

b ®0 when & wet ot M‘ warisblss sry et squsl te §
- 3 | ses (B, 8)

T * g +»

As wg xmow fyem Bosiean algedys (Appendix 1)
1 +0. = & sr 0t =4

? ™3 ; vYhen aither » set uf [d;‘ arishlie are squal

%0 083 oy % xet ef ﬁ;‘? varfasless are etual to oane.

Henss f is & ciymaetris funotisn of e sane
variabies kaviog & 9at of of « pundbors esusl ﬁ'r‘: _.%

ol L
S“ " ﬁ f!bl* ( m"' ‘n '*"anz +8 ﬁi' » q 4&:‘.
( i“t “uswnnﬂ‘,
= 3 “‘"’ P ‘; .g«c*’ ¢ LY S'Q fnuoa"
Yheme o(" ¢ o soceol® @ (0l o o coroo] Mlolivel ooonl)



- fie

Tor enanple

B5e2,8,¢ Byr Bgerengl) ¢ Sy, 3,8 B10 Mg coong)

» 5‘.‘.;.“ 3&. "i o ﬂ‘,

Thenran i

The produed of two tatally symastris funclisns
£ and b Baving the sune variablaos of symactyry, 4
8 tetally symmetrie funcilon of the sans varisdbiss
whede wsed of of+ numdbors ds S5e 3e¢ OF aunders
sppearing in bodh sets of of « Dumders for g and k.

Rasati

As we Raev

2t =9 7 ,
3.0 w» 0 Frox Bsolean ulgel7e t%vgﬂlu 12

t.4 =3 |
e =g b
it 2 45 aymueivie £ mant Le syual to &,
To gt ¢ un i , frem the axprassfons X. 8§ & 2.8

we Pequire ths set of E ‘(‘j aad (d;-‘]mb-u

mist B8 sare, |

K AT ST R W MR X 'ug..‘..g
{ Reo Ny ...'-ar-)

- s q » ‘; thsu*". [ { l‘Q l’a' lnmﬂu}
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Where o v o o ¥ ..‘.i’“ are the ssmmen o« minbere
““' » “' qenw“‘ and ﬂ".‘ ﬁ”p lpua&" .

For sxampls

al.'.a £ ﬁ.‘o "Ototuﬁ.', P 32 . 3‘ ’t “‘# ﬂ" ou;“’

s‘. 3 ( K‘ ® ﬁtoa-ﬂl’}

| Frowm Sha aAhowy thoeven 1t can e noted that She
preodast of tve symmnetvis fusstions, whieh are nod heviag
SYOR -z’m. sonmen e sEuber 5 it & aponetrie
danet ion,

ascem ies.

Tao souplenens of & symsedric funotion of o
varishies s a symwolwie function of these varisdlies
Meving ofe mumbars fyem O %8 m which are Wt the
o sunbe & of Sk given funzsion.

Ramatl

?hh tResren CaR e proved by usiny & » auabesr
thesrem. The o> nunde & #f the gives symuatyis fune~
ften for She pumbiers «f Sbhe variubles whiclh make the
iven functiom oqual Co & whes these wvoriadles are §.
Thevefore, the o> nuubers fyom @ to & Vhish Srs Wb
she K = aunders of the given function will make the gived
tunction 0, Thes ; & symnetrie funetion vish thess
o= sunders and with Sthe mame varishles of synselcy §s
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the eonplenent of She given fumtion.

-

8
“‘ * % .coon‘. L !‘ ¢ ﬂ-’g %ao;uw!‘ 3
[ 3 q 'Y q r "'.‘%f. ‘ '-*’ * I‘?ﬁ#'ﬂ"’

ere o'y & € soecot) ® (DsTueieande (o el

Por eoxsnple She aomplanent of ¢he fametion ¢ is shovn
boleow?
te 8, , st % %m0

- 80‘4( “ii ‘g’ &QD

Thonren 2.3

A symestrie tungtdon of » verfahblaen 355 equal
%o Shs syanetrie fumetion in which oneh of the eyiginsl
variaslios i» uuplq}';ic‘ and sush ol > muwber
O¢‘ af $hy oviginnk funssion je replaced by Shs o mune
bors a -~ u& "

This theores 08a be dedused fom o~ sumheye
thesren, A symmetwis funcison is equal t» L vhen o,
variadbles of symuatzy sre agusl %0 1. opr soaversely
when B ol yarsablos of symastyy sre equel o 0

 S.0cy Yhan 3 = oy gomplonsntod varinblow of syunedry
are equal %0 1) This preves the ashove thesven.
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sﬂ.(‘ o o .ud‘ CRgr Rgoovooo®y)

» 3’“ gv ool gy n,mfk* ¢ ii' g‘" ,..,R“ )

Far exaxple
8"‘ £ ﬁ‘ ¢ Myp ') ‘5‘.‘ "ﬁ‘t a,c *3)

Twmeron 5.8

Shaansn’s Sxpanefos Thes rem
AR S - S L]

A Sodaily symustyis funation

3 M‘Q * nwdk { Rye %o wes o 3

San bs expreseed o oxpondod mbm Y

Sy oy ereenly By oy e B
- ;‘l &Q{‘ » % ,,,.‘“ { Rye %y patvaax‘l

.8 , 7 ‘ﬂ’ 'y ‘aqouuﬁﬁ’
YOR T g Fopag P ¥y

“neme ofy,, ©0d o sre elisimeted In the expression if
oLy =
‘*/ ant of, =@ reapantivel y,

Benati Thie sheswom co8n Do proved By tha sxpansion
Sheeren givem in Appendin J and ales stasven I3

Teoren 2.7
AR A

A tunesten £ ¢ Xgs Wy u.u“) is Setally

symmeSyis 48 She variadles -ug.*z ::a. ....a‘ At and only §f
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£ ( :‘ ¢ Rye ..m‘ ) = ¢ ‘.11' ﬂ‘t nanuu‘)

it |
2 4 3“' l,n-..x‘} = 2 ( u’f '4 qaﬂbn" n‘ )
Prents
A soanstrastive varificobion of this S0P
is given below ANstend of a pretize presf,

£ ( ‘l. 8\’; .0101‘3 = ¢ { lgp ?&l u’va:#. } erei1%,40)

iz ahtained dfractly fron the dufintifon g0
It J¢ A S0talily syzmetsria £ wili %o jsvariant
ander all permutations of varisblen . Hemse

t 3K § l.!‘o Kai o»nﬂl) w g { I’t g@"*"!,‘ M, ) eses€2,1L)

a3

o prove the converde ¥e must slv thet al}
intearebhanges of pairs sf wariakios masy be ObEsined
Weing She Ywe parmutctieons (2.10) smd (3,51 ) Suppees
ve vish %o InSarobunze %, sod g ¢ $ <. Tmn
repons (3,11) unBil ve obtain She funstion of ke
o v

e (=x =

Al R SRS T T RO S Ll Shide ™ )
Applying (310 ) we get

r( TR ' p
t ﬂ“‘ s 3‘ ™ #‘” ¥ ‘ﬁ‘ ™ x“" » t»»ﬂ‘ » utc u" i %

By the applisation n¢ (F.45) fullevasé 57 the applisew
tiem »f (2.50) we gos

)
3



il
t 2K { %8 R Ry o Rgage ua.a‘. u‘ﬂ ¢ ..n‘ . Koo Ny R
i ?
This san b repested unsil x, 4y wevad te & peeition
Just prevsding LT This given
‘. Myr Ry g veoBoy oo %y seoBann? Fopgtt '3'1’

Row By ropeating (9.121) wve ebinin the fom

2 '«’.’ n’. L K“l :‘4*‘0 !“'-"*l ] ai. %l i&ta”:’ "S"‘

maﬂﬁﬁ*.g,)
Then (2.40) moves =, lafs sae place, By repesied

sitevatiox of (£,138) and (.240) and finally using
9. 11 ) ve will have the Sesiwvedfowa.

r ¢ ﬂig *.39 :t#tﬂ?‘ K‘ » uh‘. l‘.i' u‘ & l"‘ qu.ﬂﬂi
and $he thesven 2 waritisd,

ti applying %he thesrom Lot us warify 8n

examplo 3 |
 Cngo mge %30 # R Rome ngmpuye w Rk,
It e o symoetris fucction ta She varfasies R e %

1t ws replace i‘gwﬂ,_ and  ug tr?w,,m god

“l ;‘.;‘ }'n,uxﬁﬁluﬂr%u!



v 1
!{i‘cl’u‘;’ ) = ¢ (l’c;aa:n)

By reslscion X g by n, o m by%, ank R Vr¥,

ve got
AN NEREE TN CRE RN
o F (R Ry Hy) W P (uge Ty v Y )

Honsa the Tunatien iy Sotaiiy syasgtrie tno the varishles

-» “ .-
ﬂ‘ ¢ l‘ 8 JS‘ »
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EQUIVALENGE _ TABLES




BOUIVALENCE  TABLES

3.1, DEFIRITION OF HQUIVALENCE PUNCTIOND

™vo fumetions sre watd te be squivalent iAf
snt ouly 22 wno fupotsion ¢ax he obtained frem other

»y persmtation 0 Snpute,

Led e take AR caduple and exsaine the
aundvaleme . If ve bava mimbers T 0 4, K, 4, O
what will %o ¢hy seuivalont Af we schange She fmpul
BAE ., The wmnaple Belaw e wlo¥s for Shat

purposs
fave = 0,1 ,4,0

= ab % +80 ¢ ¢58% +and

It wo gow shange the Smputs S0 BAC  4,9. vo fatar
shange K and A ve get o fusstion

e a Fas + Tie + 200 + wad
= 33 +38e + 0% +» w3

L LI I AP A

L L
Yo I8 sheve Shat Shere is ® w008 e heve ¥wo
sireuits S ebtatn the funchksons £ amd £', The
sivenit whish givos £, Dby Soputs AN wiii give 27
Af ¥e odugs She Imputs % UAC,
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The relation beotvean minterne when input
14i%erals are changed are given in the tadble given delow ¢

S.No. abe ash bas bea cab cha
3 o 0 4] ] Q 0
2 1 2 1 4 2 4
3 2 1 < 1 4 2
4 3 3 ] L | ] S
5 n . 2 2 t t
8 s ¢ 3 ] 3 L
y o s s 3 s 3
4 7 7 v 7 7

- By making use of the above table Wo can obtaind

the equivalence function.
3.2, RI_LLEMAK '3 EBQUIVALENCE TABLE

Htll‘“il“) partitioned all the 236 logioal
funstions of $three variables ia to #0 equivalence
classes. AllL the logical funetions are sxpresssd in terms
of outal numbers, This $s done By gonverting cach min-

terns function %o ootal Aumbor, ow explained belowt

Bach minterms present is written dovn as ‘one?
and the cnes not present ag *sero', Hence mg oan

take sny vaiue L or O depending upon weather the



*R0»

mintern 1s pyesents sr Wb, Nov we bunsh these ones
snd 0's 1 thwee’s (ssarting frouw right %o lefs)
and sash bumsh gives ax & minhers Hastis We geot $he
sanber far the viels funstdon as three 4igital auaber
sné Shis galied e setsl musher My the funstional
enprosaion . Foy awsmple

R TETE T X,

i S T T e e B T

1 T 2 o & s 1 3
3 1

Honse ontal nunber for ¢ =30 4, 4 24 3, 8 ¥ $a 34Y

This Sype of designation has oNe €0 ons S0 Frew
posdsnse A8.y for any funitisn Sthereis snly ene
sstsl nanbew

@) selavted 86 Lenders asad ke

Hilie ruan
exprasasad all the funelion ia Serus of Shons 30 Raoaders,
He sxplained ks prosedure v e vesd She table. Ny
exanple She funstion 86 be denigned Ras the sumder 881,
The oemiry for this munber in the n«ivdquc eloss table
s » 5000313 , This Sellis .« sur ervigianl funetion ie
squivalent %o function 213, Ve wote Shat She higher
erder digis of the satry, 35 , tellas us whish parne
tasien %o apply to 243 An orédey to obtaln eriginal
funesian 321, 64760

GBNTRAL LIBRARY UNIVERSITY OF koouREl
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Ths pernutation sunbeve ond Sheir wenainge

axrs ax falleve

Fasber| pypnutation Chsnges in cireuss figures
s 3 None

2 {abe) atel » % ¥s 8y ¢ da »

3 {aed ) atet, @ % % 4 % %8 2

4 (ve ) bﬁtl ’ . ” »

s {ae ) ates , ¢ to &

L (a9 ) ato By D 3o &

Hnumm‘:’ squivalesase classes af fumtsens
ef 3 wariavle is given &5 She Appendixn 1 (Tabis 3.1)

3.3 REDUCTION OF BQUIVALENCE CLASSES BY DECOMPOS JTION
PRINC IPLE ' ' .

The musber ¢f Lenders given in She muun'? )

Sable 4 8111 reewsed, By making use ¢f the preperties
of symmetyis and sartisily syrnstris fumtions, T

4)
principle of desonpeaition; sugestad by u:mmmy.‘
. 48)

As wsed . Enek Hillerman's Leader i» Sesied and

deterained wentinr the funstion fs tetally syasetris
oFr pavritially nﬁmutr“ oF asoymmmtvis. Wor Shis

purpese NeClusimy sethod do e d,
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3.%3.0. 8. 8. MeClushey Jr, Nathed Cor Testing %he Gweup

invarisnse of FumeSionm

Mor a given funetion weite dovn the § ransniv

ssien matrin., The function i« symeatrie 4f and anly
AT » 4% antisty She felleving senditiong.

1. » The 7atie of the aunder of 1% 3¢ the sunber
of O's must B the ¢ame Tor oath columm if
the variables of Sruaetry aAve Ot mined.

B 17 the variabies of symnetry sre mized, She
Meesiprosal vatis will de feund snder those
solunns whish repvassats She ssaplisentary
varviakles.

8. The woight of enek 197 must he $he same fer al}

rewg (Sevms ) represanting & given ol « minder,

3. The suamber of reve for $he saae o * muaher

mist Ve Lthat gives by the formile B ., Whgme

*u
R % She numder of selumns af the standard satwixn
(nunder of voriadlies ) and & %5 the veight af $he
s (o« sunder of She fems )

w
» A
o N (k)
Sxamalst
£ % 177 {(ectal sumder )
- -3 ¥ y

o1 $51 1112
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£ = g...t‘ .n,;n‘.a‘;ll,.n.

Write dova the Syapmnisvicn waivin feor tie

given fusctien, PFind ont Yhe ratis of 1% and 0%
for gonh dslunn and slsn She Volight o f asch rev,
Partian  the satyin suvh thet the oslumne Sank and
Pevs #f squal veight Sre Fwouped togetisr. Count the

siaber of ows of equal veight sad shesk Wp veatimry
these swvs will satiefy $he eondivien (3)er nedd

Stendard matrin of the givesn fumstien, s

SAven helew 3

- » @

L] s 0 - &
¢ o0 & - 1
® 1 °0 = A
o 1 s e 2
! ¢ o - 4
] e &t - 2
1 1 8 - 3
a a/a 3/a )

Pawkition the akove matyin sueh that tho

Ve of aqual veaight ave gmuped tegehter.



it L

» » »

2 @ » 9
| e 13 - ]
o ® - $
o ¢® »w &
® 4 i - 2
s © 3 -

| ] - a
34 e s

The given funstion sstisfty sll She Above BeSasssyy
and suftiniont eonditions, Hanes 4¢ s Setally thtu-
Ths funosion is éxpresssd o»

F = s.’h,{.mé

The nsaning #f o » nuuders; and St8 relutionship

and goms o the netssnary properiies »f synastrie
fanstisns sre explained An Sha Chagpter 11,

e rolationshiy betvgen ol e suabers sad numbery

of Ssrew %0 be presant o & symstyris funstien, Aathe
sane of S0 variebis and Shrss verisdies Is given
i She fellawing tadle.

- R e Vapsable

o= mrn Hoy 0F Sore &

— -l
4
K

.
%
2




* 20

3 Vawriadle

o aunder .0t Sovae -..

o N » 9
- B W

3.3.% Purtially Symustyic Funstion

1f She funetion ds not Setally symsstrie 3%
deen ot satistly Sthe shove sonditions. Them paréien She
netPing and gweup the Solunnyg of eithwr the equal ratie
ar egual ¢to the resiprecal af the $atis.

Sxpend the function, ekeut ¥ae variable which
$2 mot Maving the aqual ratin. The sxpsnsien af She
givan fumationy Shont & padSisulary wvaviable As dene by
he haly of expansinn theaven given 4n thes appeniix 1.
Esoh wesidus 4 tested sephrately fer symmetey, l-! all
the mestduys are sysmstvis, Shen the fusetion is baﬂtdty
sysxetris about S$hoss variabies,

Exanpliet
$r = 3 s 2
= §f 5 108, O10

- z'u” "&"ﬂ'.’! un'
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Yrite dova he S ramsnissieon matpix

= e » O e
- e O O » oW
“ 8 » » »e

s a/a /s

Ratic of firyet tvo eclunmns in same. Hense the
fanction d¢ expendsZ about he varishlie » asnd sgain
Sthe Sransmission matrix s FeiStan

& 3 »

E | 0 @ - ¢

s 9 L S

i 3 ¢ - 13

1 t - 3
/s /2

L 1 1 = 3
/o o

Bosh wekxt residue 20 tented for synsstyy
The ratie of he Solunns 4 same ond aleo they Are
satisfying % o~ mumbar eondtitian. Beth restiduss
ave syuneirie, Henie She given funstion :.. parsially
synsetris, in the variadbles abh, The fumstien s wveitten



as beleovw

t = S, a0 o«'c'#, (an )

All the leaders aye Sested individusliy fer
sysnetry and partsaliy syameizy. Alse all lesders ave
expressed in syasetrie and partially synestiris fers
and 2n terms of its cerrespeniing of & nuwbers.

Pivsty, the Rendare of equal suabsr of Serms
are greupsd Sogether. Again the leaderss weather Shey
e Setally symmetris oF pariially synmiris ars g
pod Ssgetiey, Lupespestive of 1%s wvarishles, Coriain
pernutations are mide Iin the variables, and $he variablies
of sysnetyy ant brought dova so ¥ wqual. New, s»
the varishles of aymsetry are same 32 alne She & » Bumbere
age same o the fumitlons Aa esek greup A¥e syuivaliens.

Sxnyply? E = a0 eftarms =

Tiw fumttans 985, 233 and %8 azw fYested
a8 explatnsd eariior and fuund ¢t Shey are pastinlly
sysnstris. Thay sre sxpressed as Helews

Punotien . Bxpressiem
" 3, () + o8 ()
7 Sy, () ¢ S5 (a»)
233 RS, : O3)+as,ad)




Lt 2

. Por sur svonvenisnse S wariakles ‘Be!
are taken as variahlies of synsstyy, The Lesder, the

ks Le
eorviginal expressian, e chwyu&“ and s giaal

expressions ave given helwwi

Pame»| Originel Expression m' t 5% yimai expressten
tien | »

” '58,.‘hi3+03‘ (ad ) e | ‘:s”pa».s‘ e)
™ | S8, . (G S () Wiran [R5, (be)r & Sy lne)
0123 |33, OF)+as,08) o [RS8,y (he) +a 34(ve)

Changes a¢ mesns % s ahunged o & and & is ahanged S0 »

o6 meane o is ehangsd te & and & 9. 0. The shangos are
sade fdmsersial eoxder as givea in the BSadles 2

AlL She leaders ars tested as sxpliained sariser
snd tadular forn s made, It 0 sheva in She Appendix 11
sable 3.2, By the help of this tabkle %o 78 eguivalanss
fusetions are redused S 38 ewuivalense fuscSions,

3.4, YURTHER REDUCTION AY THHE BELP OF COMPLIMENTARY
PUNCTIORS

Bvery uohup fuosstion 1o o senpleonentary e
snother fusstion, Himee 47 wo mew swz leader, we
San S0t apether loader DY asaplementing it. For axample
the fumstion 3850 §s $he ssmplomentary fumstion for
the fumstion 37. Hease Af we Rumev any o8 funstioa



S 1
snether
ve con got the/funstion Dy seuplenenting ths sutput,

The semplonentayy tunciten ds arrived by shanging
intavenetfeon L) in % unien (+) and  unten (¢)
inte Sntersestiom (. ), and slso She Narred variehle
fate  ushbarred varisdles and unberved variables inte
barred vnﬂnlu{ Mer example |

t = T +ob
is the Siven fanestisn. Ita semplementary fusstson Ss ¥
=7 ® (a+B)C% +»)

- W sm |
It & fumtion Sa sxpressed oACRF: LA satal
 susber or fn weinferms Ve sam  feuné eut the semplew
nentary funstion vewy essily. Suppess the faunetiss
16 expressed im minterms. If ve take She minterms,
whish are wes tivoi for She given  tunetion, it wnx
give the conplementory fuastien for the given fumetion,

Kxanplet , :
t 4 '«fl‘oﬂ dn' . n‘

t TEXNg ey em, emy

If she  fusatiew 1o given ix the *eial aunber,
we san get She ectal munber o ti svmpl imsntary fume~
tion DBy substraeting the given s=etal wndber frew
3779 . Tor example She sbeve given fumiion ‘*f°
ts 37 . ISatm ocemplementary fumetien ‘7' ts 3ISe.
I8 4u obtaimed By subatranting 37 fwea 377,
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for ssus of the Lusders, the semplementary
famstiony are Mt the leaders d&ivestly, Tor sueh
functisas the lealere are found sns By the help of
the muuns-‘: ) Toble,

In the above netindl the ¥8 Lenders sre wedueed
% 38 lesderw, The lesders aad ibs senpleneniary lesd ve
sye given in Appemiix 11 table 3,3,
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NAND LOGIC MINIMAL CIRCUITS ¥OR THE SQUIVALENCE PUNCTIONS

4.1, BHILLEMAN'S RBOQUIVALENT NET WORKS CATALOGUR

Lee mumu“) found ent the =inimsl

NOR andt NAND qirvecits for all the 78 Jeaders M
Bas given ia his oquivalense Sable. Thess miniual
BOR ast NAND eireuits aye odtainsd by feeding dags
te JEM T080 digitel semputer.

He has given & satslogus for il $He lesdere
and mininal sireuits obtsiond: LDash fManstieon is oxpe
eesd as & ane of elementary sredusis. A feuy
digit desimal munbhevw giver oertain tnfermation sheut
o84k  ¢Areust Ain the catslegue., The nunber Is densted
yTCL ¢ wimme T ond L awe single digits ant ¢ 1s
Sve digite. The infersasion given is

T owowe punber of tramsisters (Mooks)
C wews punber of seonmsetisng
L wewe ayaber of levels.

In Shis Chapter am sttempt i3 made %6 eiues
s minisal squivalemte eireuite less than the
sunker 98 . Befere prevesding further led we
detdne 4800 mininsl sirenit ant equivalesnse sirenss.
A mintmal esireuss is ome vhish satlafy V. felleviag
seondiSions !



-Jhe

e The mumbar of 1083 Bleeks of the sireuit ie

2east peseible for perfamiag the famtion,

8. Ths Levels st whieh t1he fusttion is purdorns s

st e the mininus pessible.

2. The sunder ¢ sennsetisns ia the eirvenit (totad
smuber of Anpuss) fu lesst peessible, subjett t»
the dendition that the  eireuis sstisfies the
first tvo sonditions. |

In. addition 4o odrcuite matinfy weertsia
reasonable vastristions on fan As and fan out, In
Shree variahble sase Yhe fon in and fas sut is yesSrige
ted to Shvow, '

Tve setvavks Belsng %o She same olass (Squive
lease) Af and saly Af the senngotion masrix off eme
85 be obtatnsd fyem the cennsciion wetrix of the atherw,
by pevsutation of the  Imud variahies: Fie squivalenes
mMiWWerks porfera snly esquivalent funstions. Simes
Amplonsniation af any asmber of & funeiion elacs serves
{ stter suitadle varishblie peormutstions) to ispldment
ALkl wembers of the slasn, 4t i Wuffisient to svalusse
SRly ONe Betvork fon estdh squivalonse olase OFf wol~
weo ¥k,

4.8, REDUCTION IN MABIR OF RQUIVALENCE NEIVORKS WY
COMPLEMESNT ING THE NETWORK OUTPUTY
)

The 76 squivalense g ups, sugyested by Hillemman

arv reduced niill further. Ter Shis purpese the Sadles 3.3
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and Tadlie 3.3 ave wasd, DBy senplansnting the snipud
of oms Agtverk We will get Smether runstisn. Baf

She sonpleonented mtverk sust e the ninimal metverk.

The minissl mWork for eseh londer, given
by quoua., s takken amt She culpns is econplenented
The mininal gossidble nstverke arve tuken. It the semple~
mented netverk is aot sintual the original setwverk is
taken, For axsmple, the funoticm 330 e get o misninal
mtverk, Dy conplementing the outpul Ve gt the
tunation 2%, This s & wintuel setvork, Heve if wa

kwev any oio Ketverity Ve cam gat enother netverk.

AseShor nat¥erk is given far the tfumtien 130,
By senglensasing the sutpet af this setverk ﬁsl*ill el
the funstien 23%. Bt the sonplenested mivork ias met
minimsk. Nease the srigisal aetvark is retained.

A netwerk i Souted Yeather it 5 minimel or ned
by semparing TCL ef the neWwork o the TCL givenm
in mlluﬂn"m ,tﬁ'““l'ﬂ’ The outp ut of o netwerk i
sonplonented by patt ing awother MAND Blsek at the euipus.
It & dmput variable is $0 be somplemented s NAND Bleen
38 plased at 2o iwpust Serminal, Tor sens lsader ve eape
s gt the leadey direetly BY sempleomanting the suipus
of Ahs mWerk. In S$hat case ve will get the squivalense
fuastion, Thou the leandery szn b9 GBtained By 4he help of
Rertermants Pdavte.
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FURTIER REDUCTION IN THE NUNBER OF EQUIVALENCE WO R

4.3,

The sunier o7 sGuivalente seivoriks ave furthey
sedusad by thoe Nalp of o » pumbors of tetally synmeteie
SRd partially cyanstrie funstions.

The ieaders, wasther sotelly sSynast¥ic ey partislliy
eranstric o AN Ereupsd WEENLEr AUt Goneidew O3 cna
squivalence elsss Af Ihey are heving equal of = Dusbe w,
All the fusetioms wihieh ‘an BMavisg samo € « sunbers som
bs represented ¥y a sfogla netvork 31 the variables of

BY¥eustey Sru soxe, 0 naky tha variasles of syssetry te
2 anma in enzh ET0UDs WO mAke sans perzutstions in She
taput vaviavles, Wa ua.w;:;ﬂtmm soume ¢f the Inpud
variables alse. The fnput varishle cam s somplewentsd
by plecing » NAND  Bloex ’nt the inpwt Sevminal,

By semplewnsting nens of the taput variadhlios sad
neing sene pursutatioas at the Japul variasles, we san
rcixze $8 78 squivale e slasven  Late 34 eduivelanes
slassen. If wo Bav: & mintnal newwork for one FUNtS ione,
11 She funetiens ix Shat elaas eun s raaliseds oy Bringe
ing sens shanges ot Loput termimals, Walhh wedueing the
3‘“.“‘.‘%) sqaivalense sinscan we have to a9z westhey
the Wetvery whish ¥e will sl frem ths sesivalen$ setVers

for sash funstfox £33 =ainiunl or wed,

Por oxample from Tabls (3.2) we oan sas Shas 78,
o
T8 and 232 eenes umndar ome gPUp. Mt ve «nnm“lut



w3 P

s mininsl netveyk for sus function Svem She minimal
setwark of the ather fumtion. Hemte Shey are veslised
SAnlependentt y, '

Eithar seuplanenting She auiput o Wy naking
sertaia shanges st thy input tawmimale for the funetienms
whiek ore having «ﬁz e sumdeyn wg can rveduse e
minimel wNetverks to u smaller sinbesr. By swneh metiod itx
is Shegkad St o nafWork cbtained i» O minimal one o9
sot, If She miainsl nesvork is Bt eMisined Ches Shat
fanaston is realised independently,

(3)
By Sbhe sdve metbod She Hillemman's 93 mtvorks

sre raduesd to 33, Ths Luaders af essh suuivalenss group
end the shenges $0 e mude to got athar Hillevman's

leaders ave given in the Appendix JI Tale 4.7. The TCL
of the netverk Wwe obtsin znd TCL eof Hillewman sresgivea

for somparisen, The sguivalasut mastveasiis ore ales given
in Appemdsx 111,
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MINIDIUM POSSIN.8 RQUIVALENCE NAND LOOJC CIRCUITS
POR THE SQUIVALENCE FUNCTIONS

In e previeus Chapter » IV we Weve
ajning f¢ fimd ocut the lesst pessidle ninisal
NAND legies simeuits, It we are mt aiming st
the minjmal wmtvorks wve can still  weduts thy wunbev
of squivaleme legis sireuids.

Each lesder Will Ddave & goxnplemsutery
lanfey av ousdvelant eouplensntyy fanction. By cows
Plencnting #uch netvork we vill arrivs st svether
netror. Honte Wwo cunn g3t P8 metlorks {from 3¢
aetvarks itself.

As explatned in Chepter II1 and shows in
Tebtie 3.3, eoma of ths equivalones funeticws ass
e grouped togetiher. All the fumstinns of sue greup
SAa  be oblained frew & single mivork,

Hemee fyvon & single netvork we Sem Pealine
a1l ks funetions Ln omy greup showa $2 the Tadle
2.8 Alss She somplemsntary functions af this greup
alse oan do realised,
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To reduse $)¢ minber of seWarks Ve
have felleved the asthod, explatmd in the
artieles 4.3 and 4.3 Bu $ass wathed wve Tedused
the ¥8 oemuivalonve miniusl networks 4 t§
squivalense wetverike:. The sstverits shiniasd from

thase equivaloeaws mnetverk may wmt o niniusl,

The antaleogue of these mtvorks and
She shonges %0 ba made o ehtatn the equivalense
tungtion ave given in  Sho Appenisx 1] (Tadnis 3

Bmutvalenss wustWorks are given £m Appendix 2X)X



CONCLUSION

¥nile redusing sumber of Hillemen's @)

squivalent metwe ks oaly the NAKD metiwd 40 aned,
Ales 2% is sssuned that the senplensatsry varisvles
are sat avilable. If the sompleamenisd variaples
are availadle vwe gan reduve the sunber of sgnivalent
tancitons @311l furtdex. Omly ¢he semplemsntary
of a Tanstion 4 taken, DUt WS the dusl sf the
fusstion, If we take Se dusl of the funetian sise
we san s$511  redugs the aunber @f squivalent setve Fke.
For Shie purposs we hove 0 Tind eut & single legio dy
vhish ws onn fennd sut sither the somplanentary of &
famstion or e dual of & funetion,

TS W YT Y 3
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APPENDIX I

BASIC THROREMI] IN BOOLEAN ALGEBRA

. a. Ati -
> A. A - 0
2 . Ae+y - 3
» A3 - A
I & A+ 9O . A
] A+ 9O - 0
4 = S . 3
b .1 - 3
Sa >+ 0 = 3
» 5. © - 0
s a A+DB « 1.9
» AS sA+B

. 2 ‘*0 l' e 0 3‘) LI 2 { s 1 £ svesdk ) ﬂ‘. ‘ﬁ‘ I;Q!*‘K‘}

* 20 Ostntotesrsest) ‘;‘. ige M3 tqol"

+ SER VNSO S HE DO NS SRy e

i"ﬂgﬂ.auaaﬂ)(;i.‘l’p%. ow:‘l"

(Expaneion Theorem)

8. AB = (AIB)| CAlB) .y
AR .‘Atk’ l("u, ’ it fonves NAND Lagis

w»
A = @AlA)
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APPENDIX 1)
_’hlh 3.4

BILLENMAN'S ROUIVALENCR CLASSES OF CURCTIONS OF 3 « VARIANMLES

0 % 3 3 . s s 1

® 1000800 1000004 1008002 <~5000003 3006803  «3000083 1600088 1000007
10 1080810 3000011  =1080012 1008013  ~4008813 <4800} 1000888  ~1000017
20 ~2000008 =2000083 ~3000008 3060007 3000008  ~3000007  18082¢ 1000827
30 1es089 100083t 1000082 1000083  ~40S0MI2  «4000N33 1508838 10000y
40 ~3008010  #2008811 ~S800012  «GU0OBE3  ~3600MI8  ~2000031  ~S0SNEI3  -48800N3
SO 1008080 1000033 1908483 1000083 1000034 1000088 1000086 1800087
80 «3000812 ~2000013 ~2000018 ~3000017 ~2000003  ~3000633 30088  ~3000MM7
IO ~0000086  ~G00SSSE  ~S0M0ESS  ~800008T  ~18000T4 1000078 1000078 =308007Y

i =3000810 *«200808 4 -300003 8 «32008031 «3000012 «3900013 «-3000033 =3 900003
1o «3 000008 =300005 1 4000004 »4000083 3000083 =3 000083 =4 000088 -4 50005
bt 1 = 3000812 «36500813 =5000002 » 3000033 »3000018 -3 00001¢ -3 00503 & 3808087
138 =3 000884 =3 380088 «3600074 =3 408098 «3 000086 =3 00005 3 006078 - 3008077
140 *2000088 =3000081 2800004 =3300088 = 3000034 3008088 « 2300074 ~2008078

e 1000180 1008181 1000158 1000133  ~300015% 3000153 1500138 100018y
160  =3000033 ~3000083 <2000008  <208083T  ~3000058 =S30685Y  ~3000078 ~300007Y
170  ~3000133  =20000153 <3840138  ~J000187  ~3000138 «30001857 1000178 108017y
208 ez 1090808 1e00303 1098383  ~300Mmes =2000203 1000208 1000587
218 =1000810 1e0m1t 1008313 1008213  ~4000213 «40003 13 1900218 s00as1y
238 2000308 ~2000803 300888 3000307  ~3008108 “3000207 seeta2s [T 30
38 1000038  ~1608M3% 1000033 1000233  ~4008833 ~4808833 1e00338 1008237
240 2000310 3000011 <S0N0213 <~4S00BLY  ~3008330 ~300083%  ~000433% «8 000833
259 teemsse 1000858  ~ 1000853 1900253 thotese toomss 1000288 =1000887
360  «300013 S3SNMEL  ~3008218  =2000217  ~350083% ~2000833  ~2000238 2000237
278  «G000ES4 ~S00035S  «S000NSE  =S800237 se0T4 1000373 1eem7e se0m3y

200  =3000318  ~388021%  ~360833¢ ~BOCASIT  =300M213  ~3008353  ~300833F  =300M833
318 ~3000286 _~300M3L  <480038¢ 4000853 3008282 3000355 4008188 <400y
320 ~3000213 5000313 ~BO0NIS  «S800833  ~300Mi1é  ~300031F 308336  ~3008837
330 ~3000334 =3600235 3000374  ~3000373  ~3000838  ~3000837 3008276  <300087Y
46 32000830 3008381 <3008854 3000353  «500MB4 =$000285 ~20008Y4  <20800378
80 1000888 1008332 1600382 1000883 3800333 «3000353  ~1000088 Jesnasy
368 3000353 3000353 «3000258 3000337  ~5000358  <BOSEEST 200376  ~200087Y
376  <200088F <2000883 ~3008336 ~200M37 <300S <300WST 1008378 ~1000377




Class of 321 1is gives By verd at fntersetstien of sev 339
end Colummn 1, =~ $800213

This says 328 1s 10 elsss of 243 by persstation 8,
Nugative persutatian L menns Sthe funstion is degemarvetive,

Parmutasion 3§ is She entity
Permutatteon 3 4S9 (ADC)
Permutasion 3 s (ACH)
Permusation 4 is (BC)
Parmusasten 8 38 (AC)
Permutasion & %s (AB)
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BELATIONSHIP BETWEEN EQUIVALENCE PUNCTIOMSAND ITS COMPLUMENTARY

FUNCTIONS
::::n Complensatary fusstion J:\":r Conplomentary funeiisn
Degengrative Pumstions
3 374 = 386 (»3) 3 345 » 881 (3)
18 368 « 087 (=8) 3y 340 « 280 (»3)
1Y 380 « 338 (3) se Y = 237 (=3)
1 2 203 « 334 (~3) ] 338 » 238 (»3)
14 390 » 310 (3) 5 28 « 317 (~3)
Nere Degensrative Funesions Y 354 = 318 (»3)
1 3re | ne 333 = 333 (e3)
2 | 3vs e 387 (»3) 5 393 » 338 (=8)
. 3rL ~ 333 (»3) ] 321« 213 (+3)
? 370 382 (»2) 87 320~ 213 (=8)
10 387 » 377 (=3) " 303 = 230 (»3)
1" 300 - 376 (=2) 1 308 » 311 (=3)
13 304 « 358 (»3) 180 227
14 361 « 383 (=2) 181 339
1 ast | 102 2390207 (=3)
17 aso 133 834+ 388 («3)
30 347 - 298 (»2) 198 | 231~ 203 (»3)
3 348 » 374 (»2) 357 208 (o3)
3 345 = 333 ( »3) 176 204
3 344 ©234 (v8) iy | aee
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THE CATALOG OF MINIMAL EQUIVALEINCE NAND LOGIC CIRCUITS OF

THREE VARIABLE FUNCTIONS

Now fawr Hilzevman's
Panor | Cirentt] Changes to be etion T ¢ L T ¢ L
Ston Ne. ante arrived

74 D - - - 4 o8 3

231 $D - - - . ] a8 3

233 1D - - - 0% ¢

sat % 1 0 13 o1

sy | 3D - . » @ 0 2

sewop 13 3 o4 23 3 O 3

'y V&4 1 @ 1 1 02 3%

ge ‘=alwge 210 0 2 2 0 9
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asvee 3 4 05 3 ¢ O 3
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3¢ -1 - - - i3 3
s’ 51 4 9 3 13 4dovd

30  { ] » - - ] i1 3

sa’ 204 11 3 e Y S

»e 278 L ] 12 4 ] 11 4

3 23 - - - ¢ 14 3
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BQUIVALENCE BAND LOGIC CIRCUITS
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