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Abstract

Thispapershowsa new methodto representa multiple-
outputfunction:anencodedcharacteristicfunctionfor non-
zerooutputs(ECFN).TheECFNuses

���	��
�
binaryvari-

ables to representan
�

-input � -output function, where
������������ ��� . The binary decisiondiagrams(BDDs) for
ECFNsarenever greaterthancorrespondingSBDDs. The
sizeof a BDD dependson the encodingof the outputsas
well as the orderingof the variables. We conjecturethat
thereexists an

�
-input ��� -outputfunction,wheretheopti-

malencodingproducesBDDswith � � � � nodes,while the
worstencodingproducesBDDs with �!�#"%$ nodes.We for-
mulateanencodingproblemandshow a heuristicmethod.
Experimentalresultsusing standardbenchmarkfunctions
show that the sizesof BDDs canbe reducedsignificantly
by consideringencodings.

Index term: Multiple-output function,encodingproblem,
BDD, SBDD,MTBDD, characteristicfunction.

1 Intr oduction

Logic networksusually have many outputs. In most
cases,independentrepresentationsof eachoutputareinef-
ficient. Several methodsexist to representmultiple-output
functions: & �'��(!)+*,( $ *.-/-.-,*0(.132 $ �5476 �98 6 1

, where6:�';!<=*.>!?
. In this paper, we considermethodsto rep-

resentmultiple-output functionsby using compactbinary
decisiondiagrams(BDDs). Therehave beenthreeprevious
methodsto representmultiple-outputfunctionsby BDDs.

Thefirst methodis a multi-terminalbinary decisiondi-
agram(MTBDD) [14]. In an MTBDD, eachterminalis a
binaryvectorof � bits. For an

�
-input � -outputfunction,

we canevaluatethefunctionin @ �A�B�C���+� � � time. Unfor-
tunately, MTBDDs tendto betoo largeto construct.

Thesecondmethodis a binarydecisiondiagram(BDD)
for the characteristicfunction (CF) of the multiple-output
function.TheCF is a mapping& 4+6 �ED 6 1 8 6

, where& �GFH * FI �J�K>
if f
��(!)#�,FH ��*,( $ �,FH �L*/-.-.-0*,(.132 $ �,FH �M�3�

FI
. TheCF

requires � auxiliary binary variables
;ON ) *,N $ */-.-/-,*,N 132 $ ?

thatrepresentoutputs.& shows thesetof all thevalid com-
binationsof theinputsandtheoutputs.For example,theCF

of a 4-outputfunctionis

& �P�,QN/) Q(!)=R N/)L(!)/�L�,QN $
Q( $ R N $ ( $ ���,QN

� Q( � R N � ( � ���GQN�S Q(.S=R N�S/(.S!��-
The sizeof a CF tendsto be very large, sinceit involves�A�5� � � binary variables. The advantageof the CF is its
small evaluationtime: For an

�
-input � -output function,

we canevaluatethe function in @ �A�5� � � time by using
a BDD for CF. CFs are usedin logic simulation[1], and
multi-level logic optimization[6].

The third methodis a sharedbinary decisiondiagram
(SBDD) [14]. In many cases,SBDDsaresmallerthancor-
respondingMTBDDs andBDDs for CFs. To evaluatethe
functionusinganSBDD,we need@ ���UT � � time.

In thispaper, weconsiderthefourthmethodto represent
a multiple-outputfunction, EncodedCharacteristicFunc-
tion for Non-zerooutputs(ECFN).It representsa mapping& 4=6 �ED 6 V 8 6

, where

5�W��������� �U� . & �,FH * FI �X�Y> if f(.Z�[�\]M^ �,FH �_�`> , wherea � FI � denotestheintegerrepresentedby

the binary vector
FI
. For example,the ECFN of a 4-output

functionis

& �bQN $ QN ) ( ) RcQN $ N ) ( $ R5N $ QN ) (
� R5N $ N ) ( S -

ECFNscanbe usedin FPGAdesign[10], logic emulation
[2], andembeddedsystems[15].

As shown in later, a BDD for anECFNis a generaliza-
tion of anSBDD, andcanbemadesmallerthanthecorre-
spondingSBDD.So,it is usefulfor applicationswherethe
sizeis important.

2 ECFN and EncodingProblem
In this section,we defineencodedcharacteristicfunc-

tionsfor non-zerooutputs(ECFNs)andformulatetheir en-
codingprogram[16].

Definition 2.1 d ) �eQd , and df$ � d .

Definition 2.2 For an � -output function
(.gh�Ai �<=*.>+*.-.-/-j* �lk >.� , an encodedcharacteristic function for

non-zero outputs(ECFN)is

& �
132 $mg�n ) N

],oLp�qV 2 $
N ],o�p+rV 2 � T.T/TsN ]Mt) ( g *



Table2.1: Encodingmethodsfor four-outputfunction.

N $ N.) Encoding1 Encoding2 Encoding3<u< ( ) ( ) ( )< > ( $ ( $ (.S>v< ( � (.S ( �>u> ( S ( � ( $
where

FI �w� I V 2 $ * I V 2
� *.-/-.-,* I ) �

is a binary representation
of an integer

i
, and


	�b�����+� � ��� .
Note that

N )
,
N $ , -.-.- , and

N V 2 $ areauxiliary variablesthat
representoutputs. In the above definition, the integer

i
is

encodedby a binaryvector
FI

in a naturalway. However, by
changingtheencoding,we canoftensimplify therepresen-
tation.

Definition 2.3 Thesizeof a decisiondiagram (DD) is the
numberof nodesin theDD, includingtheterminalnodes.

Example2.1 Consider the four-output function & ���( ) *,( $ *,(
� *,( S �

, where
( ) �'<

,
( $ � d ) , ( � � d $ , and( S � d $ R d ) . Encoding1 in Table2.1producestheECFN:

& $ �bQN $ QN.)/(!)xR�QN $ N/).( $ R5N $ QN.)/(
� R5N $ N.).(.S�-

In thiscase,wehave

& $ �yQN $ QN ) <zR�QN $ N ) d ) R5N $ QN ) d $ R5N $ N ) � d $ R d ) ��{N ) d ) R5N $ d $ -
However, Encoding2 in Table2.1producestheECFN:

& � �|QN $ QN.)/(!)_R�QN $ N.).( $ R5N $ QN/).(.S7R5N $ N.)/(
� -

In thiscase,wehave

& � �yQN $ QN ) <zR�QN $ N ) d ) R5N $ QN ) � d $ R d ) �%R5N $ N ) d $�yQN $ N ) d ) R}N $ QN ) d ) R5N $ d $ -
Notethat the minimumBDD usingEncoding1 requires6
nodes,while theminimumBDD usingEncoding2 requires
7 nodes. (Endof Example)

Example2.2 Considerthe8-outputfunction & �K�A(!)�*0( $ *-.-/-,*,(!~/�
, where

( ) ��<
,
( $ � d ) , (

� � d $ , ( S � d $ R d ) ,(.�J� d � , (!�J� d � R d ) , (!�3� d � R d $ , (!~J� d
� R d $ R d ) .

In thiscase,weneedthreeauxiliaryvariables
N )

,
N $ , andN �

to represent8 outputs.Encoding1 in Table2.2produces
theECFN:

& $ �|QN � QN $ QN.)/(!)_RcQN
� QN $ N/).( $ RcQN

� N $ QN.)/(
� RCQN � N $ N.).(.S�RN � QN $ QN ) (.�7R5N

� QN $ N ) (!�_R5N
� N $ QN ) (!�xR}N

� N $ N ) (!~+-

Table2.2: Encodingmethodsfor 8-outputfunction.

N � N $ N.) Encoding1 Encoding2<�<u< ( ) ( )<�< > ( $ ( ~< >v< ( � (.S< >u> ( S ( �>�<u< (.� (!�>�< > ( � ( �>�>v< ( � ( �>�>u> (!~ ( $
Thus,wehave

& $ ��QN � QN $ QN ) <zRCQN
� QN $ N ) d ) RcQN

� N $ QN ) d $ RQN � N $ N ) � d $ R d ) ��R5N
� QN $ QN ) d

� R5N � QN $ N ) � d
� R d ) ��RN � N $ QN.)�� d

� R d $ ��R5N
� N $ N/)�� d

� R d $ R d )����N ) d ) R}N $ d $ R5N
� d � -

However, Encoding2 in Table2.2producestheECFN:

& � �|QN � QN $ QN/).(!)_R�QN
� QN $ N.).( ~ R�QN

� N $ QN.)/(.S7RcQN
� N $ N/).(

� R
N � QN $ QN/).( � R5N

� QN $ N.).( � R5N
� N $ QN.)/( � R5N

� N $ N/).( $ -
Thus,wehave

& � ��QN � N ) d � RcQN � QN $ N ) d ) R�QN
� N $ d $ RCQN

� N $ N ) d ) RN � QN.) d $ R5N
� QN $ d

� R}N � QN $ QN/) d )_RUN
� N $ N/) d )�-

Notethat the minimumBDD usingEncoding1 requires8
nodes,while theminimumBDD usingEncoding2 requires
16 nodes. (Endof Example)

Thesetwo examplesshow the advantageof finding good
encodings.

For an � -outputfunction,we need

C�l�����+� � �U� aux-

iliary variables
;ON ) *,N $ */-.-/-,*,N V 2 $ ? to represent� outputs.

So,thenumberof differentencodingsis

� V��� � V k�� ���
-

However, thesizeof theBDD is invariantunderthecomple-
mentationand/orrenamingof theauxiliaryvariables.Thus,
to find theencodingfor anECFNthathasthesmallestBDD,
we have only to consider

� � � V��� � V k�� �L� � V 
��
� � � V k >/�L�� � V k�� �L� 
%�

differentencodings.For � �b�
, we have


�� � , andwe
needonly to consider

� � S.�
$ �
� � �K�

differentencodings.
Table2.1shows thesethreeencodings.

Thus,we canformulate

Problem 2.1 (Encodingproblem for an ECFN) Given a
multiple-outputfunction & 476 �98 6 1

, represent & by
using


��h�����+� � ��� auxiliary binary variablesso that the
resultingBDD hasthefewestnodes.
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Table2.3: Sizesof BDDs for ECFNsin Theorem2.1.�
Encoding

Best Worst
3 8 16
4 10 32
5 12 64
6 14 128
7 16 256
8 18 512
9 20 1024

To thebestof our knowledge,Problem2.1hasnot been
previously formulated. No goodalgorithmexcept for the
exhaustive searchis known.

Theorem 2.1 The
�

-input �!� -output function
(.g0�.Fd �h�

� � 2 $� n ) H g � d � �Ai`�u<=*.>+*.-.-/-j* ���Ck >.�
is representedby a

BDD for an ECFN with � ��� � nodes, where
Fd �� d � 2 $ * d � 2

� *.-/-.-,* d )�� and
FH g �W� H g � 2 $ * H g � 2

� *.-/-.-M* H g )L� is
a binary representationof theinteger

i
.

Example2.3 When
�����

, we have
( ) ��<

,
( $ � d ) ,( � � d $ , ( S � d $ R d ) , (.��� d

�
,
(!�z� d � R d ) , (!�J� d � R d $ ,(!~ � d � R d $ R d ) . Notethat thesefunctionsare thesame

asthosein Example2.2.TheECFNthat requiresthefewest
nodesin theBDD is givenby

& ��QN � QN $ QN.)/(!)XRcQN
� QN $ N/).( $ R�QN

� N $ QN.).(
� R�QN � N $ N.)/(.S7RN � QN $ QN ) (.�zRUN

� QN $ N ) (!�_R5N
� N $ QN ) (!�_R5N

� N $ N ) (!~��N ) d ) R5N $ d $ RUN
� d �

�
�
mg�n ) NLg d g,-

(Endof Example)

Table2.3 shows the sizesof the BDDs for ECFNsfor
themultiple-output functionsdefinedin Theorem2.1. The
BDDsheadedWorstwerefoundamong100randomencod-
ings.Fromthis table,wehave

Conjecture 2.1 An
�

-input � � -output functionexists that
requires � �_� � and �!�#"%$ nodesin BDDsfor theECFNwith
theencodingoptimizedandun-optimized,respectively.

3 Application to EmbeddedSystems
3.1 Branching Program

Here,we considertheapplicationto embeddedsystems,
wherethesizeof thememoryis very important[3].

Thebranchingprogrammethodrealizesa logic function
by a sequentialnetworkasfollows:

1) Representthe given logic function by a BDD [4]
(Fig. 3.1(a),wheredottedlinesshow 0-edgesandsolid
line show 1-edges).

0 1

v0

v1

v2

x1

x2

x3

v3 v4

(a)

� ) : if( d $ � ��< ) goto � $ ;
elsegoto � � ;� $ : if( d � � ��< ) goto � S ;
elsegoto � � ;� � : if( d S � ��< ) goto � S ;
elsegoto � � ;� S : return(0);� � : return(1);

(b)

Figure3.1: Branchingprogrammethod.

Memory

MARInput Reg

Control

Output Reg

MBR

Figure3.2: Architecturefor Logic Simulator.

2) Replaceeachnon-terminalnodeof theBDD with anIf
thenelsestatement,andderive thebranchingprogram
to represent

(
(Fig. 3.1(b)).

3) Implementthe programby a general-purposemicro-
processor.

To reducethe instruction fetch time, special sequential
machinesthat traverse the BDD structureare proposed
[8, 9, 5].

Thebranchingprogramrequiresmemorythatis propor-
tional to thenumberof nodesin theBDD. Whenconstruct-
ing aBDD for anECFN,wecanreducethesizeof theBDD
by finding the optimal orderingof variables,aswell asby
finding thebestencodingof theoutputs.As will beshown
in theexperimentalresults,thesizesof theBDDs obtained
in this way are,in many cases,smallerthanothertypesof
DDs. Whenall the auxiliary variablesareadjacentto the
root node,theBDD is equivalentto anordinarySBDD.

3.2 Ar chitecture for ReconfigurableHardware
Multiple-outputfunctionscanbeevaluatedby thearchi-

tectureshown in Fig. 3.2. In this architecture,thememory
storesthe datafor the BDD, while the control part (a se-
quencer)traversestheBDD.

Example 3.1 Considerthe4-outputfunction:( ) � d $ d
�

( $ � d $ d
� R d �( � � d $ d
� R d S
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0 1

z0 z0

z1

x1 x1 x1 x1

x2 x2 x2 x2

x3 x3

x4

Auxiliary
variables

Figure3.3: Original variableorderingfor ECFN.

0 1

z0

z1

x1

x2

x3

x4

Auxiliary
variables

v0

v1

v2

v3

v4 v5

v6 v7

Figure3.4: Optimizedvariableorderingfor ECFN.

(.S�� d $ d
� R d S_R d � -

Let theECFNbe

& ��QN $ QN/).(!)_RcQN $ N.)�( $ R}N $ QN.)/(
� RUN $ N/).(.S�-

Whenthe ordering of the variables is
��N $ *,N/)�* d $ * d

� * d S�*d � � , we have the BDD with 16 nodes as shown in
Fig. 3.3. However, whenthe ordering of the variablesis� d $ * d

� *0N $ * d S *0N ) * d �/� , wehavetheBDD with only 8 nodes
asshownin Fig. 3.4.

Table 3.1 shows the BDD data for Fig. 3.4. Each
node has three basic attributes: an index of the vari-
ables and a pointer for each of the 0-edge and 1-
edge. Also, index=0 denotesa terminal node. To
evaluate the value of

( ) �j>+*.>+*.>+*.>/�
, we have to set the

variables to
� d $ * d

� *0N $ * d S *0N ) * d �/��� �j>+*.>+*,<=*.>+*,<=*�>.�
.

(Endof Example)

4 EncodingAlgorithm for ECFN
In this part,we show a heuristicalgorithmto encode�

outputsby using

P�������+� � ��� binary variables,so that

theresultingBDD hasthefewestnodes.It is similar to the

Table3.1: BDD datafor Fig. 3.4.
address index 0-edge 1-edge� ) d $ � � � $� $ d � � � � ~� � N $ � � � S� S d S � � � ~� � N.) � � � �� � d � � � � ~� � 0 0 0� ~ 0 1 1

encodingmethodthatminimizesthenumberof productsin
sum-of-productsexpression(SOP)[16]. Becauseof space
limitations,we only show theoutline.

An encodingfor anECFNcorrespondsto anassignment
of � output functions to the nodesof the



-dimensional

cube.
Constraint matrix [6] is the output part of the mini-

mizedpositionalcubes[13]. We usethe Merit matrix to
find encodings.Thevalueof �`�.� i �/�Aij*s¡+� , where

ij*s¡U¢ �
and � ��;!<=*.>+* � *.-�-.-s* �£k >!? is large when

(.g
and

( �
shouldbe assignedto adjacentnodesin the



-dimensional

cube.

Algorithm 4.1 (Derivationof theMerit Matrix)

1. From theminimizedSOPof theCFN, obtain thecon-
straint matrix. Ignore therowswith all 1’s. Ignore the
rowswith single1’s.

2. Let �`�.� i �/��¡+*0¤¥��¦§<=-¨<
, where

¡+*0¤�¢ � and � �;!<=*.>+*.-/-.-M* ��k >!? .
3. For each row

i
in the constraint matrix, let © g be the

setof indexesof columnsthathave1’s in therow
i
. Letª © g ª be the numberof elementsin © g . For each pair� ¡�*,¤=�X¢ © g , do �`�/� i �/��¡+*,¤=�x¦ �`�.� i �/��¡+*0¤¥��� $« ¬��« 2 $ .

4. If �`�.� i��/� ¡+*0¤=�x��<¥- < and
¡+*0¤¯® � and

¡5°��¤
, thenlet�`�.� i��/� ¡+*0¤=��¦ k >_� V�L±

.

The following algorithmproducesa goodencodingfor
SOPs.

Algorithm 4.2 (Encodingof an ECFNfor SOPs)

1. Asaninitial solution,assignfunctions
( )

,
( $ , -L-.- , ( 132 $

to distinctnodesof the


-dimensionalcube. Let

( )
be

assignedto the node
��<=*,<=*.-/-.-M*,<+�

. When �|²�� V ,
assigndummyfunctionsto theremainingnodes.

2. Gain
¦´³ �`�/� i �/��¡+*,¤=� , wherethesumis obtainedfor

theadjacentnodes
��¡+*,¤=�

in the


-dimensionalcube.

3. Fix the function
( )

to the node
�A<¥*0<¥*/-.-/-j*0<��

. For the
other � V k > functions,choosea pair of functions. If
Gain increasesby theexchangeof thefunctionsin the

4



pair, thenexchangethe functions. Otherwise,do not
exchangethe functions. Repeatthis operation while
Gain increases.

4. Fix thefunction
( )

to thenode
��<=*,<=*.-/-.-M*,<+�

. For other� V k > functions,choosea pair of functions. If Gain
doesnot decreaseby the exchangeof the functions
in the pair, then exchangethe functions. Otherwise,
do not exchangethe functions. Repeatthis operation
whileGain increases.

5. Do thesamething asStep3.

6. If Gain increasedin Step5, thengo to Step3. Other-
wisestop.

Unfortunately, Algorithm 4.2doesnotalwayswork well
for the minimizationof BDDs. So, we modifiedit asfol-
lows:

Algorithm 4.3 (Encodingfor ECFNsfor BDDs)

1) MinimizetheSBDDfor themultiple-outputfunction.

2) Make an ECFN for the natural encoding(i.e.,
(!)

is
assignedto

<�<zT.T/T�<+<
,
( $ is assignedto

<�<zT.T/Ts<=>
,
( �

is
assignedto

<+<zT.T/T,>.<
, etc.),andminimizetheBDD.

3) Find an encodingby Algorithm 4.2 and make an
ECFN.MinimizetheBDD.

4) ReturnthesmallestBDD amongthreeproducedfrom
steps1), 2), and3).

Since we are using a heuristic algorithm [12] for BDD
minimization,theminimizedSBDD obtainedby 1) canbe
smallerthantheBDD obtainedby 2) or 3).

5 Experimental Results
5.1 Benchmark Results

We implementedAlgorithm 4.3 and minimized BDDs
for variousbenchmarkfunctions.

Table5.1 comparessizesof DDs, whereNamedenotes
thefunctionname;In denotesthenumberof inputvariables;
Outdenotesthenumberof outputvariables;MTBDD, BDD
for CF, SBDD, andBDD for ECFNdenotesizesof thecor-
respondingDDsobtainedby Algorithm4.3;entry– showsa
functionin whichtheMTBDD or BDD sizewastoolargeto
beconstructed.Table5.1 shows thatMTBDDs andBDDs
for CFareoftenvery large.

We optimizedthe BDD for ECFN by mixing the input
variablesandauxiliary variables.In the caseof BDDs for
CFs,to evaluatethelogic functionin @ �A�X� � � time,all the
output variablesmust be locatedafter the input variables
they dependon. However, we droppedthis restrictionin
the optimizationof BDDs for CFs [17]. Even if we drop
thisrestriction,in somecases,BDDs for CFaretoo largeto
construct:theentrywith - showssucha DD.

For somefunctionssuchasseq, thesizeof theBDD for
ECFN is lessthana half of the correspondingSBDD. For

Table5.1: Sizesof variousDDs.
MTBDD BDD SBDD BDD for

Name In Out for CF ECFN
5xp1 7 10 255 73 79 76
amd 14 24 206 404 266 196
apex3 54 50 537 1786 983 854
apex7 49 37 – – 302 300
b9 41 21 32720 1582 177 177
clip 9 5 139 99 99 81
cps 24 109 – 3728 1095 828
duke2 22 29 646 755 395 351
e64 65 65 131 2277 194 194
e1010 10 10 1551 2335 1423 1423
ex5 8 63 244 1125 342 302
ex7 16 5 636 239 90 88
exep 30 63 1278 2448 675 629
exps 8 38 286 1227 585 482
ibm 48 17 591586 2249 246 246
intb 15 7 735 758 608 608
jbp 36 57 509832 3129 467 466
k2 45 45 913 2860 1321 1167
mainpla 27 54 634 2836 1857 1017
mark1 20 31 4179 272 119 115
misex2 25 18 113 198 100 98
newtpla 15 5 69 69 54 50
opa 17 69 252 1369 428 364
p1 8 18 370 656 208 208
p3 8 14 247 392 134 134
pdc 16 40 19434 2733 596 590
pope 6 48 118 876 280 278
prom1 9 40 852 4252 2012 1479
prom2 9 21 578 2852 958 737
rckl 32 7 65 135 198 67
risc 8 31 56 257 99 84
seq 41 35 853 1350 1284 506
shift 19 16 196095 843 78 62
spla 16 46 11732 2121 628 605
t2 17 16 308 444 145 140
t3 12 8 33 83 66 41
t4 12 8 96 83 44 44
table3 14 14 457 1060 766 506
table5 17 15 442 1038 685 476
tms 8 16 68 221 125 99
ts10 22 16 589837 5954 163 83
vg2 25 8 134 153 90 82
xparc 41 73 3876 4745 1947 1237

otherfunctions,suchasb9, thesizesof theSBDDsarethe
sameasthoseof BDDsfor ECFNs.An SBDDis considered
asthe ECFN with the naturalencoding.Thus,the natural
encodingis theoptimumencodingfor thefunctionsuchas
b9. Wecouldreducethesizesof BDDsfor 35functionsout
of 43,or 81percentsof thefunctions.

The CPU time to obtain the encodingsdependson the
numberof theoutputs.Themosttime-consumingonewas
cps, which has108outputs. Given a minimizedSOPof a
multiple-outputfunction, the time to obtain the encoding
was abouttwo minutesby a PC with an INTEL Pentium
microprocessor(840MHz).

5.2 Prototypeof ReconfigurableHardware

In order to verify the performanceof the architecture
shown in Section3, we developeda reconfigurablehard-
wareusinga commerciallyavailableFPGAboard.
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Thespecificationof theFPGAboardis asfollows:

µ FPGA:AlteraFLEX10K100µ Clock frequency: 20MHzµ RAM: Static4M Bits

In this prototype,to processonenodeof a BDD, we need¶ � � clock cycles. Thus,to evaluatethe function for an
inputpattern,weneed

�_T � T ¶ clocks,where
�

is thenumber
of input variables,and � is the numberof outputsof the
function.

WeusedtheAlteraFPGAFLEX10K100,sinceit is read-
ily available. However, we canuseany logic circuit, e.g.,
CPLDs,becausethecontrolpartis verysimple.

6 Conclusionand Comments
In this paper, we presenteda new methodto representa

multiple-outputfunction: An encodingcharacteristicfunc-
tion for non-zerooutputs(ECFN).An ECFNusesonly bi-
nary variables,and its BDD can be simplified by consid-
eringtheencodingaswell astheorderingof thevariables.
BDDsfor ECFNscanbemadesmallerthanthecorrespond-
ing SBDDs.We formulatedtheencodingproblemandpre-
senteda heuristicmethod. We also conjecturethat there
exists an

�
-input �!� -output function that requires � �5� �

nodesin aBDD for oneencoding,and �!�#"%$ nodesfor other
encoding.

Wealsodevelopeda reconfigurablehardwareconsisting
of a memoryanda sequencer. The hardwareis simpleto
implement,andthe designcorrespondsto a minimization
of a BDD for ECFN.

Currently, we areimproving theencodingalgorithmfor
ECFNs.
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