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.\bslract
I this paper, re havc proposed t nc\1 n x/l reversible gate (NH Gate), \rhich is ertensivcl)' used to design

dilTerent reversible circuils. On the $aY to design the RRAII, NH gate based Reversiblc Decoder. Re\ersiblc l)-
l-t1ch and Re\ersible FIip-flops are proposcd. \\'e hare also anal,vzed the proposed circuits \rith the eristing
ones tnd thc comparati\ e result sho\r's that the proposed designs outperform the e\isting designs in terms of ,11

the parirmetcrs of reversible logic s\nthesis. Finallr'. \1e hr\e eraluated thc proposed RRANI \\ith l,cmmas aDd

Ar,1x,ord.s .' l{er,ersible Logic. l{andom ,,\ccess

l-\\{). Flip-i1op. I.atch. Dccoder, Garbage OtrtpLrt.

\,Tenrorv . 1,,./ and outpul rector O, (O'. At . ...O) derloted as /,
' *o. l1l

L lntroduction Garbage Output: L,Inrvantecl or ullrlsed output of a

::,L 
'c'cr.srblc 

circur''e nunrbcr of iplrts is ccrlLatk) thc ;::'it:::,:"iltil.t,li,fl,rlt:j]:l:'r:: :JJ:::"i,'ij:l:
: -rrrbeL o1 o0tpu1s alld there is J unr' lo nnc ntrplillg nnrurrrn rcr,crsibi1it1,, ale callccl ga$age orLtpuls... .citr .r.c t.f t \....Iut,rl,l.d o.tlT rc.r^r'. tl .r. r\e
:r:rLll stale can be rccollsllucled t|orn thc urLlpLLt \trrc 1,, D-"1'J' Thc c1cla1 of a logic cilcuit is the maxlnlrrnl lllunber

-:int vcars rclersible logrc has cmergecl as a promisittg ofgales in a path lroll any lllpllt llnc to any otltput liDe'

:..ilrch arca. The main rcason fbr thl. i. th.: g,nr.ing this dellnitiorl isbased on the lollo\ilrg asslLrlrptiorls

-::mn.i ol lo\ poNered clcvicc. OrLr socict) is rllovxlg i. Jrach gate perlbrms colrputation in onc uDLt linle

"erds 
lo* po* ererl uobile derices. J 'l rrrtl'rLrct s plrntiplc [. -\ll inpr.rts to the circlLit are avai]able befo|c the

l. c I rJ . I,. r! \rrllprrla lnl \ lll- alr rln t.rc" tl'lc

-::rcratc hcar /r7 *,ri lor araa,"- rrt nt inli,t.ia,,",r,,t"tt, i"rt. courpLLtatron besirls'

Fernman Gate: -fhe illptll vector. / and outplLt rectol. ar,
.rcrsiblc logic satcs arc corrpatiblc tith tltc nolel 

fo,: 2,.2 |"1,,,,,.,"n Catc ft.6, L 
j I js .leti'c.l as loLloq.s: /,

. rlrrrtirrg rnociels snch as Qtiaulum and Optical conlputing U, R) a1ld Cj, - tf - .C e ) @ B)
' R.r.r.rbl, I.'ri. nt . r, \\rrr. rt r'rt Jnr. ln Lrrll

.:Lue conlplltL'r tcchnologles. Mau.v teseatchets are Tollbli Gate: Tht inpLll \'ec1ol 1' cnd outpLlt vecbr' 
"' 

for ]
,rkrrrg on rcre'rsible combinational logic btLt little *ork rs '! l'lolloli G e (TG)16l is delllcci as fbliorvs: l' '(A 1l C)

r rr in thc arca ol seLlrLcntial lcversibleiogrc and o : (l'- 1 Q B R: AB @ c)'

this papcr. \\'c llrsl pleselltcd a genelalized tevelsibie

':r 
-ihe proposc(l gale pro\ides mLrch llcxibiLitl' and

:':.L)rtLLuitt tol thc rcsearcher-s k) use ar) of the /rr /?

-:rron ol this lanily. Anolher ke-v featurc ofthe paper ls to
- ,l.ose i1 Ilelersiblc I{alclqrl Access NIemor), (l{ll,\\4).

: proposed IIR.\NI uicorporates all good teatures of
. .'r'sible logic syl'rthesis and 11ic cfficienc.v is proied *ith
- Iiclp of Lenuras and fhcotcms. ln cltdcr-to tlesign thc
'. \\'1. \\ c ploposcd sonre scqucntjal citcr.Lits u'tl1i lhe hclp

:rl Lre wll ptoposecl galc.

I lirric l)elirrilirrrrr l'l l{crcr-.ihlc [.ogi(

l'redkin Gatc: 1'hc'input vector. /, and oLlipLtl \'ector. O, 1ol'

3 't i Fredkin G,re ll:RG)111 is deilned-as lbllo*s: /,

(l.B.C)and O, - (P A Q ')t]@A(' 1?

lCA 18 )

Peres gate. flle input vector. /, aud output \cctol. O 1br 'l x

3 Peles Gate /Pf;ll8j is clefined as lb1lo$'s: /, - (A B. ()
ando. - tP: ,1, Q - A @ B. R ,48 e) ()

Generalizcd Relersiblc liirnrilr': Inprn C)tltplLl relatioll of a

generalizccl rerersible larriLy o1-gates cau bc explessctl by

lhe belo!\ lnentioned equaliott

o,,, = Ir G) t. @ .. @ 1,, r e) I,,, ... (i)
rls scction. \\'e havc prcsenled somc clellnitious and

.:. rrlta orr rcversiblc logrc. uhcle -/' /' 1"' clenotc the inputs anrl Ot O' o"

denote lhe oLltputs. According lo this equatioD. ltl'l'output of
r. r rrsible glte: A lcvcr sible gate is a n /r x /r clata stripe an-y gatc o f ll'tis tanily is equivalent to the c\-or of the ur'r'

. \\hich unjquel.v |naps bclrveen input \cclor /, //,,, /r rnput alo|g u.ith all plcvious ilput to the gate. l-he bloch
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diaslam of generalizcd rcvclsible 1'aniily rs shom in Pig

2.L

I, O,,- IlO 1.0... O I,,, @I,,,

Fig. 2.1: tslock diagrafi of a generalized rcYersible falnrly

As thc 2x2 Feynman gatels] remains at the top of this

thnily. we name this family as the GFG ol Genetalized

Iieynman (;ate lamily. -fhe input vector', /, ancl output

vector'. O, ibL I * i GFG gate is defiled as fo]lows: /, : ('1

B. C)anda, (P=A,Q A@B,n:,4@B@Cl

Quantum Cost: The quantun'l cost of a circuit is the

r-ninimum number of 2t'2 ullitar)' gates to represent the

circr.rit keeping thc outprLt unchanged. The quantum cost of a

1 
* 1 gate is 0 and that of any 2*2 gate is the same. \'hich is 1

l9l. So. the qraDtum cost of a 2*2 Feynman gate is 1.

Agarn, the quautlrm cost of a 3'r3 Toffoli. Ftedkin and Petes

gate is 5, 5 and.1 r'cspectively l10l,t9l.15l.

o,,,.((1, @(n%2)) l.l^.1 ,,, , )@1 ,,, .@lI @/ -...@1,,,))
,t

uutr"r" ,: l; ]-,

Equation (2) can be conprehended using lollowlng equalion

l'. K. M. Naimul Huda. Shahed Anrvar. Lafifa Jamal and Hafiz Md. Hasan Babu

3. Implementation of lleversible Decoder using NH Gate

This section is divided tnto t$'o sub sections. In thc first

"ub-section we propose a neu' levelsible gate Dan-led NII

,ate and in the next sub-scction rvc define the design

oethodology of levclsible decoder.

.1. NH Gatc: Proposed Nerv Reyersible Gate

'he ploposecl NH gate is afl nx n (n ) 3 ) l-tbrough gate.

where I input will Ienain intact in the output. The ploposed

NH gate is shown in Fig. 1.1.1. The NH gate can be defined

by tu,o different n]athematical notations but thc resulting

values are same.

ln the first approach. O1 is eqrLal to the first input I . aucl the

remaining inputs are defined using follou,ing equation

... (2)

i:. 'r - Ll'..,, t. " -' - I-
J l, --. - --.-.. -:.-i- ' ' - i,rl -"'t tti,, i " :

I r --i'. -,'1l-+l
(3)

tj

(

.t

3.1.1: 3*3 gate olthe ploposed family.

Table 3.1.1: Truth Table for thc proposed gate

Input Output
B C P a R

0 0 0 0 0 0

0 0 I 0 1

0 0 0 0 I

0 I 0 0

I 0 0 I 0 0

I 0 I 1 I

I 0 I 0

1 I 1 0 1

l'ig.

Fi_:. 3 I 1: shorrs the quantum equilalent representation of
\H lale The .ircr.rit coDsists of trvo square root of NOT

Sate (\ ) e3ih cr.r-.ts 1. one hermilian of squale root of NOT
t\ l and one E\ OR Salc in lhe reclanglc \\hich costs I and

hvo EX-OR gates each costs
proposed gate is (2+l+2) 5

and Fredkin gate 110,91.

1. So, the quantun cost of the
which is equivalent ro Iollbli

Genelalized
Rever siblc

Family
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EtF- of A Relersible Random Access Memory

F8.3.1.2: Quantum equivalenr realization oIr.\H Cate

lJ Dcsign of a Reversible Decoder

h hs section. \\'e construct the reversible decoder using the

Fqrnsed \H gate. Two 3 x 3 NH gates can be used to

Ia\iu;e a rer.ersible implementatiol of a2 x 4 decoder. lf
rL I and 0 are the inputs of a NH gate, the gate gererates

tits ourput A, AB and 78 respectively. Thus a NH gate

;nl\iuces nvo output of a two input decoder. T$o other

wryus lF ana 7-B , can be obtained by presenting input

I -A F to another NH gate. Feynman gates can be used
r: rroduce complements of the inputs. The proposed 2 x 4
eoder is shown in Frg. 3.2.1

Fig.3.2.l: 2 x4 Reversible Decoder

This decoder will be used to realize larger decoders. We
now present an algorithm to col1st11lct /? input decoder. We
denote a 3 x3 NH gate as, N ( 11, I:, Ir) = ( Or, O,, Or),
where N lI1], N lI1] and N fll] denote three inputs to this
gate and N lOLl, N lorl and N lOll ar-e the outputs.
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rkorithm 3.2.1: REVERSIBLE DECODER (z)
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i Teke one 2 X 4 revelsrble decoder. Outputs of this decoder are form Level L2
i For each level L1, where i = 3 to n Loop

Forj:11otr t too'
Take one NH gate \

Ilj = 1 then

\ llll := A1

Else
N; [I1] ::N1_r [OrJ

End if
N; ll,l :: jtr'output from Ll-1

\ ll,l ': o

Set Ni lot and \ lo3l as outputs of Level L1

: -:. End loop
iJ End loop
li End

F:9. 3.2.2 shows the r x 2" reversible decoder according to Algorithm 3.2.1 whereas, the 3 x 8 realization is

,.3cs n i[ Fig. 3.2.3. This decoder has no garbage outputs, as primary inputs are not cor]sideled as garbage 15l.

{

{

{

Fi1.3.2,2t n r2" Reversible Decoder
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Iig. 3. 2. 3: r x E l?.eversible Decoder

Irig. 3.2.3 shols thc cucrLit of the fi1st approach. Fig. 3.2.4

shou's an altelnati\c Decodet Ltsing another apptoach where

clclay can be d|asticall,v reduced if prjmary rnpLLts are

dilectiy ploridecl rD all the gates of each level other than

rcusi|r.s.. As thcre are tlnee levels. thc delal for the decoder

of I'ig. -1.2.4 is oniy 3. hr this \1'ay an r rnput decoder has

dclal at most n. uhtclt is bettel than the delay of fie fir'st

approach (l;ig. 1.2.3). Ihis implemerltatioll is obliously
bettel than anl other irlplementatiou us]]lg existing
r-cr clsihle sates

2t4

NH

gates are required to realizc the -l : j' dc;:.:::
hence J" reversible gates arc recllrjrcd to :.:.r-.
decoder.

Lenrma 3.2: ,1 Revarstblt' t 2" Da.odat !,, .

n garbage oulpuls itt upprontlt I

Proof: -2 r I decoder generates 2 gatbate o'..:: . -

fi|st approach. Ol-ie extra garbage outpttt (-r in :t:-.
l.e -err.r'at.o t.'rr the l..l \H l,l'nl llle . :,- .

hence at least ir galbage outputs $ill be generrl:;: .-
thc ll x l" clecode using fitst approach.

Lemma 3.3; 1 Retar:ible t1 \ )' Deca.lal (utt;
vith ttt leosr 2"-2 uttit tleltq in Ltpptooclt I

I'ro0I: 2 ' 2: decocler teqnires 2 Unit delal rrr ::..
approach and mote 2l L l,ntt delal are tequited to t::,-. .
I ' , r That is, r x .?"decodet tequircs 2" LLntt dela : .,,
-' -' oe-odtr require. -' l un del-1. A. - d ..

the firs1 sub system inside the n x J" decode. sL-. ::

clccodel lequires r" J Lrnit delay.

Lemma 3.4: Tha Quuntun cost ol the Reversrblc tt'-
Decotler is al leust 5x2" 6

Proof: Anlr ' 2" revcrsible decodcr can be realized uvith 2'
-2 number of NH gate and trvo Feyruran gatc. we havc

already shorvli in Fig. 3.1.2. that cach NLI gate has Quanhrn
cost of 5. Therefore all the NH gates in tlte circuit cost at

least 5/2" -?, and trvo Feynman gate cost 2. So. total

Quantun cost 1s J x2'' - 3.

,1. Design ofthe Reversible Random Access Nlemor] (RRI\NI)

In the first pan of this section, different existing D-F.!s are

drscussed and after that. the ptoposed reversible D-FF and

leversible urite enabled D FF are shou,n. The kel'
conhibution of this paper, Reversible Random Access

\,Ienory (RR-AM), is sho\\'n at the end of this seciion
Proposed RRAM uses the propounded teversible *ritc-
enabled D-FF and the revcrsible decoder.

4.1. Design ofReversible Latch and Flip-Flop

ln the first part olthis section, different reversible designs of
D-FFs are discussed. We have proposed some new

implementations and analyzed the Quantum complexitl
alofig wlth the gatc and garbage requirements 111]

The chalacteristic equation of t1'le D latch can be \\'rjtten as

Q+ = D.E + E'Q . The characteristjc ecluation ol the I)

latch can be mapped onto the Fredkin gate |12.i31. Fig.

4.1.1 shows the realization ol the proposed reversible D

latch. To avoid a fan-out problen.r, anothet Ftedkin gate is
used to copy the output. This inlplementatiolt requiles t$'o
Fredkin gates to emulate the same behavior of a D latch.

Quantum cost of a Fledkin gate is 5. In this circuit, second

Fredkin gate is used only to copy the thild output of dre first
Fredkrn gate Same result can be obtained by using a Peles

gate, as shorvn in Fig. 4.1.2. ln this case, Quantun] cost of
the circuit rvill be less than that of Fig. 4.1. L, since Quantultr
cost of a Peres gate is 4. The Quantum cost of tlle circuit of
Ftg. 4.L2 is a5 + "i i = '+. Better result is achieved if we
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Iig.3.2. 1: I X 3 [ie\ersible Decodcr (lcss.lela))

llo\\c\er. it is possible to design the decoder using other r
' ,? gates for ,>J, but to reduce the internal complexit-v of

rlrr circuit t.e hare selectecl the value ofr less than 4.

Lemma 3.1: .4 Rat'crsible ti t 2" Decoder can he realized
I ri: lcurr j" tttunher of rewrsib/e gdes in oPprcoclll

Prool: \..ur4 rg ro l-rg. -i.2.1. f I decoder' .on be
'.: /rI't.t / , f.\cf,tblc aate5 ' 

1l-e)llTnJt Ualc(and
.,.. \ h ,-,a,c. \.r--c __ .alc. ale teoLl.-ed ro te"lize J 2'
.i- t..:, ... r - :.1..1 , io _. _' , ,_' .'. r'eretrtble
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..': rxl CIjG gate instcad afa Peres gate. as its Qlrautum
- 'ii is only 2. So. the Quantum cost of thc' circlrlt of |ig
- I -r is :., + ,i, = i. Comparison of Quantum cosl of
.:::-iirenl rcvclsible implenlentatioD 01 D latch is shotn ilr

l5

table,1.1.1. Unlike the design of 12.131 \\.e $'ill reusc thc D
Iatch enable input (E) or other$isc statcd 'Clock Pulsc in
the circuit usurg this D 1atch. So number of garbage outprit
is leduced to I only.

E J' ' 
E

D l- red Peres O

0

rl
Fig.4.l.2: Proposed Re\ersrble D-Latch (with one Peres g c)

]Q

n F'ed o F'eo a
o

L

Fig.4.1.1: Re\.crsrbie D-l,alch l12.ll I

-E
F^

: :. Design of Write Enabled Master-Slave D Flip-Flop

. :ala is both read fiom and uritten into R-AM. each F[p-
: :: should work on two modes: read and urite. Inthis sub-
:-::on. a new wrtte-enabied FF is presented, $'hich is the

:::led version of the FF shown in Fig. 4.1.4. The
, :L.ible FF is presented in Fig. 4.2.1 and its proposed
r::rble implementation is shown in Fig. 4.2.2. In the
- :i.l one. a Fredkin gate is used to nrultiplex between

3 bt
Feynman

FF's D input and stored bit Q in the FF. When'u,rite'is.
high input D is to the Fredkin gate is carried to the first D
latch and if'r'u'rite' is 1o$,output ofthe D-FL- fed back to the
input so state of the FF remains same. Fig. 4.2.3 delineates
the block diagram of a reversible rrite-enabled master-s1ave
D-FF which is used to constmct the RRAM. A V/rite
Enabled Master-slave D flip-flop we propose in Fig.4.2.2
requires six reversrble gates to dcsign. It produces four
garbage outputs and it has Quantlm cost of 19.

E

D

Fig.,1.1.3: Proposed Reversrble D-Latch (\.ith one 3-CFC gale)

Table.l.1.1: Conrparison bet\\'een ditlerent designs ofD latch.

1'. e ploposc a ner'"' nlaster-slave D flip-flop in Fig. 4.1.4. Since mastel and slave D latches are activated on opposite pulse o1'

:::e clock, \'e are using a Feynman gate uith second input as 1. First output of tl'ris Feynman gate triggers the master and
.::ond outpr.rl i.e. the rnverted clock pulse triggers the slave D latch.

()uonllult (:ast Nuntber of Gates N untber of Garbage outpul

Exlsting method ll2, I ll t0 2 2

Proposcd method-l (figure 4 I 2) 9 2

Proposed method-2 (fisure 4 l.J ) 1 2

o

o

D -t Master-slave 
: O

, I Dflil-flop o
3: -iLF

(a) Gate-level Diagram (b) Block-level diagran:r

Fig. 4.1.:l: Proposed rrasier-slave D flip-flop

-: proposed naster slave D flip-flop has trvo Fledkin gate. two Feynman gate and I 3-GFG gatc. So tho Quantum cost of
: : cir.cuit is .i . 1) -1- i: . 1, + I = 14.

Table 4.1.2: Comparison betu,een different designs ofmaster-siave D flip-flops.

Qkontunt Casl Nunther ol Gatet NLt hl b e r af (i.t r bage o ut pu I

Existing method-l l12.l3l 2l 5 1

Existjng method-2 []41 l7 ll I?

Proposed method (frgure 4.1 .4) t4 5 l
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Wrlte 1--' D,FF

Fig. 4.2.1: \\rrte enabied master-slave D FF

O

D __l
UP

D-FF

Fred

D
_ 3b(

0

CP

Fred FG
0

Fred 0

CP CP

Ft

.1.3 Proposed Design of IULANI

hr this section a rerersible Random Access \4enory is
rcalized using the proposcd reversrble decoder and
reversible \\rite enabled Daster slave D-FF. A ILANI is a

t\\o dnnensional arrav of flip-flops. There arc i" r'oivs rvhile
each ro\\,contains ni flip-flops. Each time only one oftlic ?"
olrlput lines of the decoder is active rvhich selects one ro$
of FFs of the RAM. \\ihethel a r.ead oL a \'r.ite opelatton is

pelibnned depends on the I,/ input. Wlien Il'is high. rr FFs
of the selccted low of the IL\M is \\'ritten $.ith the inputs D/
to D,,,. When I/ is lou', 0i to 0,,, contains srored bits in the
Flis o1'the selected rorv and simultaneously the flip-t1ops are

lcfieshed nith the stored bits. Step by step design algorithm
o1-a reversible RAN4 is giien in Algorithm 4.,1.1. Ilere a

\\'rite enabled D flip-flop is denoted by FF, for simplicity
olily lh.. significant rDputs. D. CP and W are sho\\l]. other
iuputs. rn orcler to make Flip-F1ops reversible. should be
girc'D according to the Fig. ,1.2.3. Ihe circuit realization of
.\leolithm 4.3.1 is shoun in Fig. :1.3.1.

.\lgorithm .1.3.1: (Designing the 2'r X m bit R;\NI)

I I akc ouc n X 2" reversible decoder

I For.-ach rori i: 1 to 2'', rn RAM
I l-oop
.: Trke one foffoli gatc T1

: Ifr = I then
' If ll:-writc
- tli.
. . i'r- I 1lOll

Erd if

Fig. ,1.2.-3: Block diagranr ofReversible
Write Enabled Master-Slave D-1.'f

12. For each I = I to nr

13. Loop

1,1. Take one rer ersible D 11ip-f1op FFl

15. FF, lD] : D, pnmar),data inplrt ofthc RAM
16. rfj: 1 rhen

FF; lCPl r= T1 [O1 ]

FFl lwl :: T1 lO. l
Else

FFl [CP] r: CI' output FFl I

FFl [Wl r: W output FE 
r

End il
End loop

24. End loop

25. End

Theorem 4.3.1: lf ATn be the nwnber oJ gates requhed to
realize d 2" t n Retersible RAi\4 ythere fi i.\ lhe tlLollltet ol
qdtlress bits ttnd n be the selectton bits in 1e RRtlM. than

GTp \ (7n +2) , )" -nl

Proof: A 2" x rr RRAM recluires an rr input 2" output
clecoder and according to Lemma 3.1, 2'' reversible gatcs arc
required for this. Moreover 2" Toffoli gates ale required to
perform AND operations in RRAM. 74 x ?" FFs are requlred
inside the z,r 2" RRAM rvhereas each FF requlred 6
leversible gates (Fig. 4.2.2). (2" -/) x rr Feynman gates are

required to perform the copy operation. If 6Ip is considcrecl
as the mimmun number of gates to realize the ltiLAN{. so

GTR>2" - 2" ) 2" N lti \ 6 + (2" -l) \ nl

CP

Fig. 4.2.2: Revcrsible \Vrite-Erabled Nlaster-Sla!e D-FF

lt-.
18.

19.

20.

2L

22.

23.

r ;'::rr,ur of the decoder
So. Oln 2 1-nt .21 )' tn



Design ofA Revclsible Random Access Memory 31

o
s

tr

D Ol

o

Fig. 4.3.1: Architecture ofReversible RAM

DQ

aDQ

hcorenr 4.3.2: Let be the number of addre:;t bits and m
: '.. \electiotl bits ii1 the RRAM. [f GBp ntntber of gurbage
:\7!t\ ara genel'ated fi om the RRAM, then

GBn )-(5nt 1'2) x )" r n -7n

huf: A 2" x ,? RRAM requires one n inptt 2" otftpttt
.e:.rler and accordirg to Lennna 4.2, the reversible decoder
r Ju-() only n garbagc orrpurc. J / grrbage bir" are

-r-er.rte lor lr\t Cl'a d W. in ar" colrrmn. Ea.h wrire-
:arled D flip-flop produces 4 galbage outputs. Moreover
: :t x n garbage outputs are genetated fiom the 2"
r' :-nran Gates shorvn in Fig.4.3.1.

-8. be the nininrun.i number of garbage outputs
l*:r--:ted tiorr I{RAM. rhelr

GBp/2" r n t 11 (2" l) tx. t11 t t1 -t 2" l

So. C/Jp > (5ttt +J) x 2"+ t1 -n1

fltryrcn -{.3.2: Lct n bt,the nuubar oJ address bits ttntl nt
:. ,::t)ii hirs in thc RRtlIl. lf QR is th€ tolal Quantum
, -) t\! !h,,tl

Qp. >- (21 .nt : l0) \ 2" 2n 8

Proof In decoder pafi, total ltumber of three input
Fredkin,ll.{H gate r-equired is 2" -2, also 2 Feynman gates are
requiled. In RRAM total of 2" thee input Toflbli gates are
required. There are 2" t n reversible lvrite enabled D FFs,
each contributes Quantuln cost of 19. Also. rJ" -/,1 x rr tuo
input Fe)'nman and m 2" input Feynman gates ale recltLired.
Each 2" input Feynman gate has Quantum cost of2" /.

So total Quantum cost olthe circuit at least is.

(2",2).5 + 2 + 2'.5 + (2'1t nr.t9 + (11 -l) x 1 + (2" I) t n1

So, QR > (21 n + la) .2" 2m I
5. Conclusion

The main contribution of this paper is to design tl'ie
Reversible Random Access Memory (RRAM). Moreovcl,
we have proposed a new /? x r revelsible gate (NH Gatc)
and mostly used one. 3x3 family, is extensively discussed.
We have also in.proved the sequential circuits, rvhich are
used to realize the RRAM, using the proposed NII gate.
Efficiency of the proposed circuits is clearly highlighted
here, whereas the lower bounds lor the nunber ol gates,

DA

DQ
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number of garbage outputs and rnit deiay are established for
the propourded I{RAM. Since revelsible RAM can be used

in various revelsible circuits for data stolage such as Field
Proglammable Gate Array (FPGA), revelsible central
ploccssing unit desigr and quantum computers etc so we

believe that this design of Ieversible Randon Access
Memory nay find its futule use in numetous applications.
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