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F (A,B,C) = {P(A,B,C),Q(A,B,C),R(A,B,C)} =
[P(A,B,1) = A , Q(A,B,1) = A + B , R(A,B,1) = AB];

[P(A,B,0) = A , Q(A,B, 0) = A + B , R(A,B, 0) = AB].
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3(;),.3(1>!-8#!(179-!7#.69-,-('1;!,13!'9-79-!7'$,.(-0!S(B#B*!
<0! #196#.,-(1>! -8#(.! `iJ#D9(:,$#1-! )$,;;#;! ?@AT*! '1#!
1##3;!-'!.#,$(/#!-8#!='$$'H(1>W!
J!E!)'1;-,1-!=91)-('1;!S@!,13!dT*!
J!E!<9==#.!=91)-('1;!SV_K*!G`jT*!
J!E!cF2!=91)-('1;!ScF2*!c`F2T*!
J!Q!5`b!=91)-('1;!S5`b*!`5`b*!'1#!(179-!(1:#.;('1T*!
J!Q!F2!=91)-('1;!SF2*!`F2!,13!,!;(1>$#!(179-!(1:#.;#TB!
!C'!8,:#!,!)'67$#-#! .#:#.;(<$#!)#$$! $(<.,.0*! (-! ;9==()#;!

-'!.#,$(/#!-8#!$(<.,.0!'=!.#:#.;(<$#!#6<#33(1>;!='.!#,)8!'=!
-8#! ,<':#! #D9(:,$#1)#! )$,;;#;B! K'.! (1;-,1)#*! ='.! ,! -H'J
(179-! 5`b! >,-#*! K(>9.#! O! ;8'H;! -H'! ;(67$#! .#:#.;(<$#!
#6<#33(1>;B! N(1)#! 5`b! ,13! F2! =91)-('1;! 7.'39)#!
(3#1-(),$! '9-79-! =91)-('1! :,$9#;! (1! -8.##! ),;#;! S>,39*! ZOT*!
-8#!196<#.!'=!,33#3!S>,.<,>#T!<(-;!(;!!%1:E!O"!Z!EB!!
G1! -8#! 6';-! ;-.,(>8-='.H,.3! #6<#33(1>! '=! 5`b*!

K(>9.#!OB,T*!-H'!7.(6,.0!(179-;!>#-!.#7#,-#3!,-!-8#!'9-79-*!
=.'6! H8()8! -8#0! ),1! ,$H,0;! <#! .#)':#.#3B! C8#! -8(.3*!
,1)($$,!(179-!(;!,!)'1;-,1-!SdTB!5!6'.#!=$#L(<$#!#6<#33(1>!
(;! <0! -8#! C'=='$(! >,-#*! K(>9.#! OB<T*! H8#.#! -8#! ,33(-('1,$!
)'1-.'$!(179-!0!)8,1>#;!-8#!7'$,.(-0!'=!EB!R#.#*!-8#!;,6#!
.#:#.;(<$#! >,-#! ,)-;! ,;! <'-8! 5`b! ,13! `5`b! >,-#*!
)':#.(1>! <'-8! '9-79-! 7'$,.(-(#;! '=! -8#! ;,6#! =91)-('1!
#D9(:,$#1)#!)$,;;B!!

!
!"#$%&'?)'@"+A,&'B+>&CC"6#3'/.%'89:'1*2& 
i$#,;#!1'-#!-8,-!#,)8!;9)8!#6<#33(1>!),1!1,-9.,$$0!<#!

3'1#!(1!-8#!'7-(6,$!H,0!H(-8!.#;7#)-!-'!-8#!-'-,$!196<#.!
'=! >,-#! 7'.-;B! K'.! 5`b! ,13! F2! =91)-('1! )$,;;#;*! -8#;#!
H'9$3!<#!(67$#6#1-#3!<0!OLO!<$')&;*!='.!cF2!)$,;;*!ELE!
.#:#.;(<$#! >,-#;! H'9$3! ;9==()#*! H8($#! ='.! V_KMG`j*! -8#!
@L@!>,-#;!H'9$3!<#!9;#3B!!
C8#! .#:#.;(<$#! )#$$! $(<.,.0! ),1! ,$;'! 8,:#! 6'.#!

7'H#.=9$! ,13! =$#L(<$#! .#:#.;(<$#! #6<#33(1>;*! (1)$93(1>!
)#$$;! -8,-! .#,$(/#! -H'! 3(;-(1)-! =91)-('1;! ,-! -8#(.! '9-79-;B!
K'.! ,! -H'J(179-!5`b! >,-#*! K(>9.#! P! ;8'H;! =(:#! ;(1>$#J!
,13!69$-(J'9-79-!#6<#33(1>;B!K(>9.#!PB)T!)'1-,(1;!,!39,$!
5`bMF2!>,-#*!H8($#!(1!K(>9.#!PB3T!-8#!7'$,.(-0!'=!'1#!'=!
-8#! '9-79-;! (;! )'1-.'$$#3! <0! -8#! (179-!0B! K(1,$$0*! K(>9.#!

PB#T!8,;!<'-8!7'$,.(-(#;!)'1-.'$$#3B!`'-#!-8,-!-8#!)#$$!)T!(;!
,!;7#)(,$!),;#!'=!<'-8!3T!,13!#T*!H8#.#!0!(;!,;;(>1#3!dB!!

! !
!"#$%&'D)'=&7&%3">,&'E&,,3'/.%'89:'1*2&'

C,<$#! @! )'67,.#;! -8#! =(:#! 7.'7';#3! .#:#.;(<$#!
#6<#33(1>;!'=! -8#!5`b!>,-#B!I8($#!),;#;!)TJ#T!7.':(3#!
-H'! '9-79-! =91)-('1;! (1! -8#! ;,6#! )#$$*! -8#0! ),1! =,1! '9-!
'1$0!'1#!(179-!S7,;;!'1#!(179-!-'!-8#!'9-79-TB!\#$$;!<T*!3T!
,13!#T!=9.-8#.!7.':(3#!7.'>.,66,<$#!'9-79-!(1:#.;('1B!!
0*>,&'()'E.+A*%"6#'B+>&CC"6#3'./'89:'1*2&'
\#$$!(1!K(>9.#!P! ,T! <T! )T! 3T! #T!
F9-79-!=91)-('1;! @! @! E! E! E!
F9-79-!7'$,.(-(#;! @! E! @! E! E!
G179-!7,;;#3!-'!'9-!! E! E! @! @! @!

J>!"#$#%&'()#!.#+/01)123!4566'02!
I#! 1'H! 7.#;#1-! ,! 6#-8'3! '=! <9($3(1>! -8#! .#:#.;(<$#!
(67$#6#1-,-('1;!'=!)(.)9(-;!(1!,!6,11#.!#D9(:,$#1-!-'!-8#!
)$,;;(),$! -#)81'$'>0!6,77(1>*!H8#.#! ,!V''$#,1!1#-H'.&!
(;!-'!<#!)':#.#3!<0!,!1#-H'.&!'=!>,-#;!(1!,!6,11#.!-8,-!-8#!
':#.,$$! 1#-H'.&! (;! .#:#.;(<$#B! C8#! &#0! <#1#=(-! '=! -8(;!
,77.',)8!(;! -8,-!-8#.#! (;!1'!1##3! ='.! =(13(1>!,!.#:#.;(<$#!
#6<#33(1>! 7.('.! -'! -8#! ;01-8#;(;*! ,13! ='.! 913#.-,&(1>!
)';-$0! 7#.69-,-('1! 6,77(1>! '7-(6(/,-('1;! ?QA*! ?^AB! ! G1!
)'1;#D9#1)#*! 69)8! $,.>#.! )(.)9(-;! S(1! -#.6;! '=! (179-!
)'91-T!),1!<#!).#,-#3B!
!G1!.#:#.;(<$#!-#)81'$'>0!6,77(1>!)'1;(3#.#3!8#.#*!-8#!

>',$! (;! -'!6,7!,!1'1J.#:#.;(<$#!)(.)9(-!(1-'!,!1#-H'.&!'=!
.#:#.;(<$#! )#$$;*! ;9)8! -8,-! -8#! ':#.,$$! 1#-H'.&! (;!
.#:#.;(<$#B!!C8(;!>',$!.#D9(.#;!-8#!='$$'H(1>W!!
@B `#-H'.&! 6,77(1>! 9;(1>! -8#! )$,;;(),$! 6(1(6(/,-('1!
6#-8'3;!,13!)$,;;(),$*!(..#:#.;(<$#!)#$$!$(<.,.0!%*!

EB 2#,$(/(1>! .#:#.;(<$#! #6<#33(1>! $(<.,.0! %+! '=! %*! S-8#!
$(<.,.0!),1!<#!.#9;#3!='.!6,77(1>;!'=!'-8#.!)(.)9(-;TB!

OB \':#.(1>! S.#:#.;(<$#! 6,77(1>! '=T! -8#! (..#:#.;(<$#!
1#-H'.&!=.'6!N-#7!@!<0!,!.#:#.;(<$#!)#$$!1#-H'.&!%+B!
b9.(1>!-8#!,)-9,$!.#:#.;(<$#!6,77(1>*!-8#.#!(;!,!)8'()#!

(1! ;#$#)-(1>! -8#! )#$$;*!,;!,10! .#:#.;(<$#! )#$$! .#,$(/(1>! -8#!
>(:#1!=91)-('1!=.'6!%!),1!<#!,77$(#3B!K'.!#L,67$#*!,10!'=!
-8#!Q!)#$$;!(1!K(>9.#!P!),1!<#!9;#3! ='.!6,77(1>!,1!5`b!
=91)-('1B! C8#! F2! =91)-('1! ),1! <#! (67$#6#1-#3! (1! ,!
.#:#.;(<$#! ='.6! <0! )#$$;! (1! K(>9.#! PB)J#T*! cF2! =91)-('1!
),1!<#!,)8(#:#3!<0!)#$$;!(1!K(>9.#!PB<!,13!JK(>9.#!P*!3J#TB!
5!<#--#.!cF2!#6<#33(1>*!8'H#:#.*!(;!,!ELE!C'=='$(!>,-#*!
K(>9.#!@*!7#.='.6(1>!6,77(1>!S3*?T!Jk!S3*!3⊕?TB!



G1!N-#7!O!,<':#!S)':#.(1>!7.')#;;T*!-8#!=(.;-!)'1)#.1!(;!
-'!#1;9.#!-8,-!,!.#;9$-(1>!1#-H'.&!(;!,!.#:#.;(<$#!=91)-('1!
(-;#$=B!C'H,.3;!-8(;!>',$*!H#!7.':#!-8#!='$$'H(1>!7.'7#.-0!
'=!-8#!1#-H'.&;!)'67';#3!'=!.#:#.;(<$#!>,-#;B!!
I#885! =K& D(& 3"."%$"& (*-A1+6& J& 1>& +*)*+,$?%*& "*%%,& $,&
$-,*%>&3&+*)*+,$?%*&%1:$"&>@("-$1(&$>K&
LMFanout-freeN&O3(1@-&1>&3%%&(12*,&$,&6*=-&3-&P7&
LMConnectednessN&;<*+*& $,&3&=3-<&?*-A**(&3%%&(*-A1+6&
,$:(3%,&-1&?1-<&=+$93+.&$(=@-,&3(2&1@-=@-,&1>&J7&!

H+11>K! \'1;(3#.! -8#! 7.(6,.0! '9-79-;! '=! ,! 1#-H'.&! JB!
N(1)#! ,$$! >,-#;! '=! J! ,.#! .#:#.;(<$#*! -8#! (179-;! -'! -8';#!
>,-#;!),1!<#!.#)':#.#3!=9$$0!=.'6!-8#!'9-79-;B!C8#!7.')#;;!
;-,.-;! H(-8! -8#! 7.(6,.0! '9-79-;! '=! J*! ,13! )'1-(19#;!
-8.'9>8! -8#! <,)&H,.3! -.,:#.;,$*! 9;(1>! -8#! =,)-! -8,-! #,)8!
(1-#.1,$! ;(>1,$! $(1#! S(1)$93(1>! #L-.,1#'9;! <(-;! ,33#3! (1!
.#:#.;(<$#! ;01-8#;(;T! (;! '1! ,! 7,-8! =.'6! -8#! '9-79-;B!
K9.-8#.*! ,;! -8#.#! (;! 1'! =,1'9-! -'! #:#1-9,$$0! .#D9(.#!
)'1=$()-(1>!:,$9#;*!,13!1'!)0)$#;!(1!J*!-8(;!6#,1;!-8,-!'1#!
),1! ,$H,0;! -.,:#.;#! -8#! H8'$#! 1#-H'.&! J! =.'6! ,10!
$'),-('1! -'H,.3! -8#!7.(6,.0! (179-;*!,13*! (1!)'1;#D9#1)#*!
.#)':#.! -8#! :,$9#;! '=! -8#! 7.(6,.0! (179-;B! R#1)#*! -8#!
1#-H'.&!(;!.#:#.;(<$#B! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
h#66,!@!),1!<#!3(.#)-$0!,77$(#3!-'!.#,$(/#!,!.#:#.;(<$#!

-#)81'$'>0!6,77(1>! =.'6!,1! (..#:#.;(<$#!1#-H'.&! -8,-!(;!
6,77#3! '1-'! ,1! ,)0)$()! 1#-H'.&! '=! >,-#;! =.'6! -8#! )#$$!
$(<.,.0! %B!5$$! -8,-! (;! .#D9(.#3! (;! -'! .#7$,)#! (1! -'7'$'>(),$!
'.3#.*!-8#!$(<.,.0!)#$$;!<0!-8#(.!.#:#.;(<$#!:#.;('1!=.'6!%+B!
l,)8! .#7$,)#6#1-! 69;-! 1,-9.,$$0! 6,(1-,(1! -8#!
)'11#)-#31#;;!,13!=,1'9-!)'13(-('1;!=.'6!h#66,!@B!!
C8#!#L-.,1#'9;!<(-;!),1!,)-9,$$0!<#!9;#3!-'!7.':(3#!-8#!

=,1'9-*! ,;! .#D9(.#3! <0! -8#! '.(>(1,$! (..#:#.;(<$#! 1#-H'.&B!
K'.! #L,67$#! '=! 5`b! =91)-('1*! -8#! >,.<,>#! '9-79-;!
S;(>1,$;!H!,13!I*!K(>9.#!PB,J<T*!),1!<#!9;#3!-'!=,1!'9-!-8#!
(179-;! H8()8! ,.#! 91,$-#.#3! (179-;! -'! -8#! >,-#*! '.! #:#1!
;'6#! $'>()! =91)-('1! '=! (179-;! -'! -8#! >,-#! S;(>1,$! I! (1!
K(>9.#! PB)J#TTB! G=! -8#;#! <(-;*! 8'H#:#.*! ),11'-! <#! .#9;#3!
#$;#H8#.#*! -8#1! -8#0! ,9-'6,-(),$$0! ).#,-#! #L-.,! >,.<,>#!
'9-79-;!'=!-8#!':#.,$$!)(.)9(-B!!
I(-8!#L-.,1#'9;! (179-!<(-;*! -8#!;(-9,-('1! (;! ;'6#H8,-!

3(==#.#1-B! I8($#! -8#.#! ;-($$! 1##3! -'! <#! ,! 3#3(),-#3! 7,-8!
=.'6!7.(6,.0! (179-;! -'! #,)8! ;9)8! #L-.,1#'9;! <(-*! (1! -8(;!
),;#*!h#66,!@! ;(67$0! (67$(#;! -8,-!1'! ;9)8! (179-! (;! $#=-!
3#-,)8#3!=.'6!-8#!,9>6#1-#3!;#-!'=!7.(6,.0!(179-;B!!

!
!"#$%&'F)'=&7&%3">,&'G*AA"6#'BH*+A,&'

Example! =W! 01(,$2*+& 3(& $++*)*+,$?%*& "$+"@$-& $(& O$:@+*&
Q73N7&R(&-<*&"1(,-+@"-$1(&1>&3&+*)*+,$?%*&93==$(:/&O$:@+*&
Q7?N/& *3"<& 1+$:$(3%& :3-*& $& $,& +*=%3"*2& A$-<& 3& +*)*+,$?%*&
%$?+3+.&"*%%&M23,<*2&?1C&3+1@(2&-<*&"1++*,=1(2$(:&:3-*&$N7&

;<*&"*%%,&3+*&$(-*+"1((*"-*2&,@"<&-<3-&-<*&>3(1@-&$,&6*=-&3-&
P7& O1+& -<+**& <$:<*+L>3(1@-& (12*,/& -<*& $(=@-& 3& 3(2& -<*&
1@-=@-& 1>& (12*& S& $,& +*=%$"3-*2& -<+1@:<& 3& +*)*+,$?%*&
$9=%*9*(-3-$1(& 1>& -<*& DJT& :3-*& P/& A<$%*& $(=@-& ?& A$-<&
>3(1@-&S&(**2,&-1&?*&+*=%$"3-*2&-A$"*&-<+1@:<&3&"3,"32*&1>&
-A1&+*)*+,$?%*&:3-*,&U&DJT&:3-*&P&3(2&VWE&:3-*&S7&;<*&
*C-+3(*1@,& $(=@-,& 3+*& 3%,1& 322*2& -1& *3"<&DJT& 3(2&WE&
:3-*7&',@3%%.&-<*,*&A1@%2&?*&-<*&"1(-+1%&$(=@-,/&<1A*)*+/&
A<*(& -<*.& 3+*& 3,,$:(*2& 3& >$C*2& )3%@*/& $-& $,& 2*(1-*2& $(&
O$:@+*&Q7?N&?.&3&:+1@(2*2&XdY7& &;<*&:3+?3:*&1@-=@-,&:5&
M$(&:+*.&"1%1+N&3+*&3%%&+*)*+,$?%*&:3-*&1@-=@-,&-<3-&21&(1-&
:*-&@,*2&$(&-<*&(*-A1+67&F.&"1@(-$(:&-<*&(@9?*+&1>&$(=@-/&
1@-=@-&3(2&*C-+3(*1@,&,$:(3%,&@=1(&+*)*+,$?%*&-*"<(1%1:.&
93==$(:/&A*&(1-*&-<3-&Z[7&P&<1%2,/&A$-<&D\P/&#\Q7!!

J>=>!<&&#&&'02!9,8(#%!17!LM-%50#1,&!B'-&!!
I(-8!-8#!7.'7';#3!.#:#.;(<$#!-#)81'$'>0!6,77(1>*!H#!

),1! 7.':,<$0! &1'H! -8#! 196<#.! '=! #L-.,1#'9;! <(-;!
>#1#.,-#3B!K(.;-*! -8#.#! (;!,!.#$,-('1!.#>,.3(1>! -8#!196<#.!
'=! #L-.,1#'9;! <(-;! ,13! -8#! -07#! '=! -8#! )#$$;! #67$'0#3! (1!
-8#!-#)81'$'>0!6,77(1>B!
I#885! AK& ;<*& -1-3%& (@9?*+& 1>& *C-+3(*1@,& $(=@-& ?$-,& D&
322*2& ?.& -<*& +*)*+,$?%*& -*"<(1%1:.&93==$(:& >1+& ]L$(=@-&
$++*)*+,$?%*&%$?+3+.&%&$,&*[@3%&-1&-<*&(@9?*+&1>&+*)*+,$?%*&
"*%%,&>1+&DJT&1+&WE&>@("-$1(,K&

A =# (AND /OR) &

H+11>K& 56'1>! ,$$! (..#:#.;(<$#! EJ:,.(,<$#! =91)-('1! `i!
)$,;;#;*!'1$0! -8#!5`bMF2!=91)-('1!)$,;;!>,-#;! .#D9(.#!@!
#L-.,1#'9;!(179-!<(-!39.(1>!,!.#:#.;(<$#!#6<#33(1>B!!!!!!!!
I#! ),1! <.(1>!6'.#! .#$,-('1;! <#-H##1! -8#! #L-.,1#'9;!

<(-;! ,13! -8#! (...#:#.;(<$#! >,-#! )'91-! (1! -8#! '.(>(1,$!
1#-H'.&B!577$0(1>!7.#:('9;!$#66,!-'!(3#1-(-0!=.'6!lDB!@!
7.':#;!-8#!='$$'H(1>!.#$,-('1B!!!
I#885!HK&;<*&-1-3%&(@9?*+&1>&1@-=@-&:3+?3:*&?$-,&#&$,&

G = (# inputs) + (#[ AND /OR]) − (# outputs). &
K.'6! -8(;*! H#! )'1)$93#! -8,-! -8#! ,33#3! )';-! '=! <'-8!

,1)($$,!(179-!<(-;!,13!>,.<,>#!'9-79-!<(-;!(;!39#!-'!-8#!9;#!
'=!.#:#.;(<$#!$(<.,.0!)#$$;!-8,-!.#7.#;#1-!5`b!'.!F2!>,-#;!
S(1)$93(1>! -8#(.! (1:#.;('1;! ,13! (179-! 7#.69-,-('1;TB!C8#!
196<#.! '=! #L-.,1#'9;! ;(>1,$;! ),1! <#! .#39)#3! (=! -8#!
)$,;;(),$!(..#:#.;(<$#!-#)81'$'>0!6,77(1>!),1!,:'(3!5`b!
,13!F2!>,-#;*!,13!(1;-#,3!9;#!cF2!>,-#;B!I#!H($$!=9.-8#.!
;8'H!(1!N#)-('1!PBO!-8,-!-8#!)8'()#!'=!.#:#.;(<$#!)#$$;!),1!
,$;'! .#39)#! -8#! #L-.,1#'9;! ;(>1,$! )'91-! -8.'9>8! 7,)&(1>!
'=!69$-(7$#!5`b!,13!F2!=91)-('1;B!!

J>A>!;1),-'10!-1!-/#!N501,-!O%1()#8!!

C8#!6';-!'<:('9;!'<;-,)$#!(1!3#;(>1(1>!,10!.#:#.;(<$#!
)(.)9(-! $(#;! (1! -8#! (1,<($(-0! -'! =,1!'9-! S(B#B*!3(;-.(<9-#T! -8#!
1'3#! '9-79-;! (1! -8#! 1#-H'.&! ,;! -.,3(-('1,$$0! 913#.;-''3*!
K(>9.#!]B,TB!C8#!;'$9-('1!-'!-8#!=,1'9-!7.'<$#6!;8'9$3!<#!
-8#! $#,;-! )';-$0! (1! -#.6;! '=! ,33(-('1,$! >,-#;! ,13!
,1)($$,M>,.<,>#! <(-;B!I(-8! '9.! .#:#.;(<$#! )#$$;! ,77.',)8*!
-8#!(179-;!-8,-!,.#!.#7$(),-#3!,-!-8#!)#$$!'9-79-;!,;!>,.<,>#!



<(-;! ,.#! ,! :#8()$#! -'! 7.':(3#! ,1! (1).#,;#3! ;(>1,$! =,1'9-B!
I8#1! ;9)8! ;(>1,$;! ,.#! =#3! -'! ,! .#:#.;(<$#! )#$$!
3'H1;-.#,6*! -8#1*! 97! -'! ;'6#! $(6(-,-('1;! 3(;)9;;#3!
;8'.-$0*!H#!'<-,(1!-8#(.!)'70!=.##!'=!)8,.>#!='.!=9.-8#.!9;#!
(1!-8#!1#-H'.&*!K(>9.#!]B<TB!C'!3(;-.(<9-#!S=,1!'9-T!;(>1,$!
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