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A b s t r a c t  
 

R es u lt s  of  r es ear c h  on d ec om p os i t i ons  of  r ev er s i b le c i r c u i t s  i nt o b loc k s  ar e 
p r es ent ed  w h er e eac h  b loc k  i s  c ons t r u c t ed  f r om  one k i nd  of  g at es .  T h e 
m ai n c ont r i b u t i on of  t h i s  p ap er  c ons i s t s  i n d i s c ov er i ng  t h at  t h er e ex i s t  
m or e d ec om p os i t i ons  t h an t h e only one c ons i d er ed  i n t h e li t er at u r e u p  t o 
now .  M or eov er ,  i t  i s  s h ow n t h at  all of  t h es e d ec om p os i t i ons  c or r es p ond  t o 
c i r c u i t s  h av i ng  d i f f er ent  av er ag e m i ni m al c os t .  T h i s  f ac t  c an b e u s ed  i n t h e 
f u t u r e t o g u i d e h eu r i s t i c s  i n d ev elop i ng  b et t er  alg or i t h m s  f or  r ev er s i b le 
log i c  c i r c u i t  s ynt h es i s .  
 
K e y w o r d s :  r ev er s i b le log i c  c i r c u i t s ,  d ec om p os i t i ons  of  r ev er s i b le c i r c u i t s .  
 
D eko m p o z y c j e o d wrac al n y c h  u kład ó w 
l o g i c z n y c h  

 
S t r e s z c z e n i e  

 
U k ł ad  log i c zny j es t  od w r ac alny,  g d y li c zb a w ej ś ć  j es t  r ó w na li c zb i e w yj ś ć ,  
a f u nk c j a r eali zow ana p r zez t en u k ł ad  j es t  w zaj em ni e j ed noznac zna.  D o t ej  
p or y t ylk o w  j ed nej  p u b li k ac j i  r ozw aż ano d ek om p ozyc j ę  u k ł ad ó w  
od w r ac alnyc h  na t ak i e b lok i ,  z k t ó r yc h  k aż d y j es t  zł oż ony z b r am ek  
od w r ac alnyc h  j ed neg o t yp u .  W  p r ac y p r ezent u j em y znalezi one p r zez nas  
t r zy i nne d ek om p ozyc j e u k ł ad ó w .  D zi ę k i  znalezi eni u  p r zez nas  w s zys t k i c h  
op t ym alnyc h  u k ł ad ó w  o t r zec h  w ej ś c i ac h  i  t r zec h  w yj ś c i ac h ,  p ok azali ś m y,  
ż e r ozp at r yw ane p r zez nas  now e d ek om p ozyc j e p r ow ad zą  d o u k ł ad ó w  
o m ni ej s zym  k os zc i e ni ż  d la w c ześ ni ej  r ozp at r yw anej  d ek om p ozyc j i .  
Z at em  znalezi one p r zez nas  d ek om p ozyc j e m og ą  m i eć  d u ż e znac zeni e 
p r zy k ons t r u ow ani u  alg or yt m ó w  s ynt ezy od w r ac alnyc h  u k ł ad ó w  
log i c znyc h  g ener u j ą c yc h  u k ł ad y o m ni ej s zym  k os zc i e ni ż  op u b li k ow ane 
d ot ą d  alg or yt m y.  
 
S ł o w a  k l u c z o w e :  od w r ac alne u k ł ad y log i c zne,  d ek om p ozyc j e u k ł ad ó w  
od w r ac alnyc h .  
 
1 .  In t ro d u c t i o n  
 
A  g ate (or a circu it) is called rev ersib le if  th ere is a one-to-one 

(b ij ectiv e) corresp ondence b etw een its inp u ts and ou tp u ts.  
Research  on rev ersib le log ic circu its is m otiv ated b y  adv ances in 
q u antu m  com p u ting , nanotech nolog y  and low -p ow er desig n.  
M any  rev ersib le g ate lib raries h av e b een ex am ined in th e 

literatu re, b u t in th is p ap er w e w ill consider only  th e m ost w idely  
u sed N C T  lib rary  consisting  of  N O T , C N O T  and T of f oli g ates 
(denoted b y  N , C , T , resp ectiv ely ).  Q u ality  of  a rev ersib le circu it 
is u su ally  estim ated b y  total nu m b er of  g ates (g ate cou nt) [ 1 ]  or b y  
q u antu m  cost (assu m ing  th at th e cost of  N O T , C N O T  and T of f oli 
g ates is 1 , 1  and 5 , resp ectiv ely ) [ 1 ] .  
Recently , rev ersib le log ic sy nth esis h as b een ex tensiv ely  

stu died.  L og ic sy nth esis f or classical rev ersib le circu its is a f irst 
step  tow ard sy nth esis of  q u antu m  circu its.  N am ely , it h as b een 
sh ow n th at som e im p ortant task s of  q u antu m  com p u ting  lik e 
circu its f or im p lem entation of  G rov er’ s q u antu m  search  alg orith m  
[ 2 ]  and stab iliz er circu its [ 3 , 4 ]  u se m any  N C T  g ates and contain 
larg e p arts consisting  of  classical rev ersib le g ates only .  T h u s, 
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sy nth esis m eth ods th at redu ce th e siz e of  th ese su b -b lock s w ou ld 
in tu rn redu ce th e siz e of  th e ov erall q u antu m  circu it as w ell.  
D if f erent rep resentations of  rev ersib le B oolean f u nctions are 

b eing  u sed in th e rev ersib le log ic sy nth esis alg orith m s:  tru th  
tab les, Reed-M u ller p ositiv e p olarity  ex p ressions (P P RM s), Reed-
M u ller sp ectra, p erm u tation g rou p s, S A T  instances, q u antif ied 
B oolean f orm u las (Q B F s), b inary  decision diag ram s (B D D s) 
m atrices and g rap h s.  P ow erf u l tools, su ch  as m odern S A T -solv ers, 
state-of -th e-art Q B F -p rov ers, B D D  m anip u lation sof tw are, and 
lib raries of  op tim al 3 -line and 4 -line rev ersib le circu its h av e b een 
ap p lied to solv e th e p rob lem .  I n one of  th e ap p roach es [ 5 ]  look -u p  
lib raries consisting  of  m illions of  3 - and 4 -inp u t op tim al circu its 
(only  one op tim al circu it f or each  rev ersib le f u nction) is b u ilt.  
H ow ev er, satisf actory  p ractical solu tions f or arb itrary  lib raries of  
g ates and arb itrary  cost f u nctions h av e not y et b een f ou nd.  I n 
addition, ev en N C T  lib rary  sy nth esis tech niq u es dev elop ed f or su ch  
circu its scale not w ell and op tim al circu its not alw ay s can b e f ou nd 
ev en f or relativ ely  sm all nu m b ers of  inp u ts and ou tp u ts [ 5 -7 ] .  
D ecom p osing  a rev ersib le circu it into b lock s m ig h t h elp  

sim p lif y ing  circu it sy nth esis.  I f  w e consider th at each  b lock  is 
constru cted only  f rom  th e g ates of  th e sam e ty p e th en each  b lock  
can b e sy nth esised sep arately  w ith  sim p ler alg orith m s, e. g .  
op tim al sy nth esis of  N -ty p e b lock  is triv ial and th e alg orith m  h as 
b een constru cted f or asy m p totically  op tim al sy nth esis of  linear 
circu its (C -ty p e b lock s) [ 3 ] .  
 

2 .  B as i c  n o t i o n s  
 

Definition 1 A  com p letely  sp ecif ied n-inp u t n-ou tp u t B oolean 
f u nction (ref erred to as n*n f u nction) is called rev ers ib l e if  it m ap s 
each  inp u t assig nm ent into a u niq u e ou tp u t assig nm ent.  
S ince rev ersib le f u nctions are b ij ectiv e m ap p ing s th ey  

corresp ond to p erm u tations of  row s in th e tru th  tab le (see F ig .  1 ).  
 

  
F i g .  1 .   A n  e x a m p l e  o f  a  r e v e r s i b l e  B o o l e a n  f u n c t i o n   
R y s .  1 .   P r z y k ł a d  o d w r a c a l n e j  f u n k c j i  b o o l o w s k i e j  
 

Definition 2  A n n-inp u t n-ou tp u t (n*n) g ate (or circu it) is 
rev ers ib l e if  it realiz es an n*n rev ersib le f u nction.  
M any  g ate lib raries h av e b een ex am ined in th e literatu re.  W e 

w ill consider th e m ost w idely  u sed N C T  lib rary  consisting  of  
N O T , C N O T  and T of f oli g ates (denoted b y  N , C , T , resp ectiv ely ), 
as w ell as its su b lib raries (denoted b y  N C , N T , C T , N , C , T ).  

Definition 3  1 *1  N O T  g ate p erf orm s th e op eration 
(y) = (x ⊕ 1 ), 2 *2  C N O T  g ate p erf orm s th e op eration 
(y1, y2) = (x1, x2 ⊕ x1), 3 *3  T O F F O L I  g ate p erf orm s th e op eration 



610    PAK v o l .  5 5 ,  n r  8/ 2 0 0 9 
 

(y1,  y2,  y3) =  (x1,  x2,  x3 ⊕ x1x2),  w h ere ⊕ denot es X O R . P ict orial  
represent at ions of  t h ese g at es are sh ow n in F ig . 1 . 
 

  
F i g .  2 .   P i c t o r i al  r e p r e s e n t at i o n s  o f  r e v e r s i b l e  g at e s :  a)  N O T ,  b )  C N O T ,  c )  T o f f o l i  
R y s .  2 .   S y m b o l e  g r af i c z n e  b r am e k  o d w r ac al n y c h :  a)  N O T ,  b ) C N O T ,  c )  T o f f o l i e g o  
 

A l l  t h e ab ov e def ined g at es inv ert  one inpu t  if  and onl y  if  al l  ot h ers 
are 1 ,  passing  t h e ot h er inpu t s u nch ang ed t o corresponding  ou t pu t s. 

Definition 4 L et  L b e a rev ersib l e g at e l ib rary . A n L-circu it  is  
a circu it  composed onl y  of  g at es f rom L. A  rev ersib l e f u nct ion is 
L-c o n s t r u c t i b l e  if  it  can b e compu t ed b y  an L-circu it . 

Definition 5  F or any  g at e l ib raries L1,  L2,  … ,  Lk ,  an 
L1|L2| … |Lk-c i r c u i t  is a cascade of  an L1-circu it  f ol l ow ed b y  an 
L2-circu it ,  …,  f ol l ow ed b y  an Lk-circu it . A  f u nct ion compu t ed b y  
an L1|L2| … |Lk-circu it  is L1|L2| … |Lk-c o n s t r u c t i b l e .  

Definition 6  I f  a rev ersib l e f u nct ion is L1|L2| … |Lk-
const ru ct ib l e and each  of  t h e l ib raries is eq u al  t o a su b l ib rary  N ,  C  
or T  t h an t h e f u nct ion h as a d e c o m p o s i t i o n  L1|L2| … |Lk.  
 
3. C i r c u i t  d e c o m p o si t i o n s 
 

C ircu it  decomposit ion is a special  case of  g eneral  circu it  
t ransf ormat ion ru l es (f irst  present ed in [ 8 ] ). A  more g eneral  
f ramew ork  w as present ed in [ 2 ]  f or st u dy ing  possib il it ies of  mov ing  
g at es al ong  a circu it . A  canonical  f orm of  an N C T -const ru ct ib l e 
rev ersib l e circu it  w as pu rsu ed in w h ich  g at es of  t h e same k ind are 
g rou ped t og et h er. B y  appl y ing  t ransf ormat ion ru l es al l ow ing  t o pu sh  
N O T  g at es t ow ards t h e end of  t h e circu it  it  is possib l e t o sh ow  t h at  
ev ery  N C T -const ru ct ib l e f u nct ion is C T |N -const ru ct ib l e. H ow ev er,  
t h ere ex ist  C T -const ru ct ib l e f u nct ions w h ich  are not  T |C -
const ru ct ib l e [ 2 ] ,  i.e.,  t h ere ex ist  N C T -const ru ct ib l e f u nct ions w h ich  
are not  T |C |N -const ru ct ib l e). D ecomposit ion T |C |T |N  w as 
int rodu ced in [ 2 ]  and is t h e onl y  one considered u p t o now . A n 
anal y sis h ow  t h is decomposit ion can b e appl ied t o l arg er rev ersib l e 
B ool ean f u nct ions is al so incl u ded in [ 2 ] . A n ex ampl e of  an opt imal  
rev ersib l e circu it ,  impl ement ing  t h e f u nct ion def ined in T ab l e 1 ,  and 
it s T |C |T |N  decomposit ion are sh ow n in F ig . 3  and F ig . 4 ,  
respect iv el y . A s it  can b e not iced a decomposit ion of  a circu it  does 
not  necessaril y  g iv es an opt imal  circu it . 

 
T ab .  1 .   T r u t h  t ab l e  o f  t h e  f u n c t i o n  r e al i s e d  b y  t h e  c i r c u i t s  f r o m  F i g .  3-7 
T ab .  1 .   T ab e l a p r aw d y  f u n k c j i  r e al i z o w an e j  p r z e z  u k ł ad y  z  r y s .  3-7 

 
x3  x 2   x1 y3  y 2   y1 
0    0    0  
0    0    1  
0    1    0  
0    1    1  
1    0    0  
1    0    1  
1    1    0  
1    1    1  

0    1    1  
0    0    0  
0    0    1  
1    0    1  
0    1    0  
1    0    0  
1    1    1  
1    1    0  

 
 

  
F i g .  3.    E x am p l e  o f  a r e v e r s i b l e  l o g i c  c i r c u i t   
R y s .  3.   P r z y k ł ad  o d w r ac al n e g o  u k ł ad u  l o g i c z n e g o  
 
 

  
F i g .  4 .    E x am p l e  o f  a T | C | T | N  d e c o m p o s i t i o n  o f  t h e  r e v e r s i b l e  c i r c u i t  f r o m  F i g .  3 
R y s .  4 .   P r z y k ł ad  d e k o m p o z y c j i  T | C | T | N  u k ł ad u  o d w r ac al n e g o  z  r y s .  3 

I t  is easy  t o not ice t h at  each  of  t h e N O T ,  C N O T  and T of f ol i 
g at es is it s ow n inv erse. T h u s,  once G1G2…Gn is a circu it  f or 
a rev ersib l e f u nct ion f ,  t h en Gn

-1…G2
-1G1

-1 is a circu it  f or f -1. I t  
can b e sh ow n t h at  f or b ot h  g at e cou nt  and q u ant u m cost  if  
G1G2…Gn is opt imal  f or f ,  t h en Gn

-1…G2
-1G1

-1 w il l  b e an opt imal  
circu it  f or t h e f u nct ion f -1. T h eref ore,  if  t h e order of  b l ock s in  
a decomposit ion t y pe T1 is a rev erse of  t h e order of  b l ock s in  
a decomposit ion t y pe T2 (e.g .,  C |N |T  and T |N |C ),  t h en t h e nu mb er 
of  rev ersib l e f u nct ions w h ich  can b e real iz ed w it h  a specif ied 
minimal  cost  is t h e same f or b ot h  decomposit ion t y pes T1 and T2. 

A l t h ou g h  some au t h ors w ere conv inced t h at  t h e T |C |T |N  
decomposit ion is h el pf u l  in dev el oping  ef f icient  sy nt h esis al g orit h ms 
[ 2 ,  3 ,  4 ]  nob ody  h as considered research  on ch eck ing  if  t h ere ex ist  
anot h er t y pes of  decomposit ion of  rev ersib l e l og ic circu it s. 
 

4 . R e su l t s 
 

W e h av e discov ered t h at  b esides t h e T |C |T |N  t y pe t h ere ex ist  
ot h er decomposit ions t h at  are int erest ing  f or rev ersib l e circu it  
sy nt h esis. T o f ind su ch  decomposit ions w e h av e prepared a special  
prog ram. N amel y ,  b y  ex h au st iv e cal cu l at ions w e h av e g enerat ed 
minimal  siz e rev ersib l e 3 * 3  circu it s u nder g at e cou nt  (G C ) and 
q u ant u m cost  (Q C ) minimiz at ion f or al l  decomposit ions w it h  t h ree 
or f ou r g rou ps of  g at es of  t h e same k ind (u nder t h e const raint  t h at  
each  b l ock  t y pe appears in a decomposit ion at  most  t w ice). A  l ist  
of  t h ese decomposit ion t y pes is g iv en in T ab l e 2  (decomposit ion 
are sh ow n in pairs t og et h er w it h  t h e inv erse ones). 

 
T ab .  2 .    L i s t  o f  al l  d e c o m p o s i t i o n  t y p e s  w i t h  t h r e e  o r  f o u r  b l o c k s  
T ab .  2 .    L i s t a w s z y s t k i c h  t y p ó w  d e k o m p o z y c j i  o  t r z e c h  l u b  c z t e r e c h  b l o k ac h  
 

C | N | T  /  T | N | C  
C | T | N  /  N | T | C  
N | C | T  /  T | C | N  

T|C|T|N / N|T|C|T 

C | N | C | T  /  T | C | N | C  
C | N | T | N  /  N | T | N | C  
C|T|C|N / N|C|T|C 
C|T|N|C / C|N|T|C 

C | T | N | T  /  T | N | T | C  
N | C | N | T  /  T | N | C | N  
N | C | T | N  /  N | T | C | N  
T|C|N|T / T|N|C|T 

 
 
 

  
F i g .  5.    E x am p l e  o f  a T | C | N | T  d e c o m p o s i t i o n  o f  t h e  r e v e r s i b l e  c i r c u i t  f r o m  F i g .  3 
R y s .  5.   P r z y k ł ad  d e k o m p o z y c j i  T | C | N | T  u k ł ad u  o d w r ac al n e g o  z  r y s .  3 

 
 

  
F i g .  6.    E x am p l e  o f  a C | T | C | N  d e c o m p o s i t i o n  o f  t h e  r e v e r s i b l e  c i r c u i t  f r o m  F i g .  3 
R y s .  6.   P r z y k ł ad  d e k o m p o z y c j i  C | T | C | N  u k ł ad u  o d w r ac al n e g o  z  r y s .  3 

 
 

  
F i g .  7.    E x am p l e  o f  a C | T | N | C  d e c o m p o s i t i o n  o f  t h e  r e v e r s i b l e  c i r c u i t  f r o m  F i g .  3 
R y s .  7.   P r z y k ł ad  d e k o m p o z y c j i  C | T | N | C  u k ł ad u  o d w r ac al n e g o  z  r y s .  3 
 

O nl y  f ou r of  t h e considered decomposit ion t y pes h av e t h e 
propert y  t h at  f or al l  rev ersib l e 3 * 3  B ool ean f u nct ions t h ere ex ist  at  
l east  one 3 * 3  circu it  of  t h e specif ied decomposit ion t y pe. T h ese 
decomposit ions are b ol ded in T ab l e 2 . E x ampl es of  minimal  su ch  
decomposit ions are present ed in F ig . 4 -7 . I t  can b e not iced t h at  
dif f erent  decomposit ions resu l t  in circu it s of  dif f erent  g at e cou nt . 
I n t h is ex ampl e t h e C |T |N |C  decomposit ion h as t h e same g at e 
cou nt  as t h e opt imal  circu it  f rom F ig . 3 . 
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Tab. 3.   N u m be r  o f  r e v e r s i bl e  3* 3 f u n c t i o n s  h av i n g  a s p e c i f i e d  m i n i m al  g at e  c o u n t  
Tab. 3.  L i c z ba o d w r ac al n y c h  f u n k c j i  3* 3 m aj ą c y c h  d an ą  m i n i m al n ą  l i c z bę  br am e k  
 

Gate  
C o u n t 

T | C | T | N  
N | T | C | T  

T | C | N | T  
T | N | C | T  

C | T | C | N  
N | C | T | C  

C | T | N | C  
C | N | T | C  O p ti m al  

13 10     
12 57 3    
11 327 70 36   
10 1609 779 753 6  
9 4820 3896 3748 938  
8 8826 9066 8651 7932 577 
7 10340 11071 11225 13099 10253 
6 7997 8513 8959 10482 17049 
5 4206 4626 4682 5333 8921 
4 1580 1715 1706 1913 2780 
3 445 472 457 508 625 
2 90 96 90 96 102 
1 12 12 12 12 12 
0 1 1 1 1 1 

W A :  7. 037 6. 854 6. 820 6. 513 5. 866 
 
 

Tab. 4 .   N u m be r  o f  r e v e r s i bl e  3* 3 f u n c t i o n s  h av i n g  a s p e c i f i e d  m i n i m al   
q u an t u m  c o s t  

Tab. 4 .  L i c z ba o d w r ac al n y c h  f u n k c j i  3* 3 o  d an y m  m i n i m al n y m  k o s z c i e  
k w an t o w y m  

 
Q u an tu m  

C o s t 
T | C | T | N  
N | T | C | T  

T | C | N | T  
T | N | C | T  

C | T | C | N  
N | C | T | C  

C | T | N | C  
C | N | T | C  O p ti m al  

32 9 3    
31 33 31    
30 51 56    
29 58 87    
28 63 66    
27 225 51    
26 784 411    
25 1383 1185    
24 1389 1689    
23 902 1072 30   
22 936 867 490 6  
21 2367 1979 1862 748  
20 3983 3870 3222 3896 470 
19 3777 4110 3010 3772 4724 
18 2223 2394 1848 1760 4346 
17 1647 1746 2219 700 1094 
16 2955 3000 4572 4214 244 
15 4179 4149 5824 7129 4903 
14 3438 3450 4194 4856 8690 
13 1767 1821 1926 1935 4053 
12 1062 1137 1394 562 933 
11 1506 1512 2341 2131 902 
10 1875 1875 2853 3605 3686 
9 1433 1466 2038 2414 3224 
8 711 720 906 963 1335 
7 348 351 375 257 338 
6 344 350 344 254 260 
5 384 384 384 477 477 
4 291 291 291 393 393 
3 142 142 142 187 187 
2 45 45 45 51 51 
1 9 9 9 9 9 
0 1 1 1 1 1 

W A :  16. 542 16. 400 14. 691 14. 388 13. 740 

T ab l es  3  and 4  s h ow  h ow  m any  r ev er s ib l e 3 * 3  f u nct ions  can b e 
r eal iz ed w it h  a s p ecif ied m inim al  gat e cou nt  ( col u m n G at e C ou nt  
in T ab l e 3 )  or  a s p ecif ied m inim al  q u ant u m  cos t  ( col u m n Q u ant u m  
C os t  in T ab l e 4 ) ,  dep ending on one of  t h es e f ou r  decom p os it ion 
t y p es  ( col u m ns  2  t o 5 ) .  T h e l as t  col u m n h as  b een ob t ained b y  
ex h au s t iv e cons t r u ct ion of  al l  cir cu it s  h av ing 1  gat e,  2  gat es ,  et c.  
A s  t h e w eigh t ed av er ages  ( W A )  of  gat e cou nt s  of  m inim al  cir cu it s  
in T ab l e 3  s h ow  t h r ee decom p os it ion t y p es  h av e adv ant ages  ov er  
t h e T | C | T | N  t y p e.  
T h e dif f er ences  b et w een w eigh t ed av er ages  ar e m u ch  m or e 

s u b s t ant ial  w h en u s ing a q u ant u m  cos t  f u nct ion ( T ab l e 4 ) .  T h is  
cas e is  of  a gr eat er  p r act ical  int er es t  s ince q u ant u m  cos t  w as  
def ined as  t o r ef l ect  t h e ex p ect ed cos t  of  ex p er im ent al  
im p l em ent at ion.  M or eov er ,  f r om  col u m n 3  and 5  in b ot h  T ab l e 3  
and T ab l e 4  one can dr aw  t h e concl u s ion t h at  w e m igh t  ob t ain 
s h or t er  cir cu it s  l ocat ing N O T  gat es  at  a dis t ance f r om  b ot h  ends  of  
t h e cir cu it  ins t ead of  l ocat ing al l  N O T  gat es  at  t h e v er y  end as  
m any  ex is t ing al gor it h m s  do.  T h e t y p es  C | T | C | N  /  N | C | T | C  and 
C | T | N | C  /  C | N | T | C  h av e s m al l er  w eigh t ed av er ages  t h an t h e ot h er  
t w o decom p os it ions  w h at  s u gges t s  t h at  it  m igh t  b e b et t er  t o p u t   
a C N O T  gat e b l ock  as  t h e f ir s t  or  t h e l as t  one in t h e cir cu it .  
 

5. C o n c l u s i o n s  
 
O u r  ex p er im ent al  dat a ex t r ap ol at ed t o l ar ger  cir cu it s  can b e 

u s ed in t h e f u t u r e t o gu ide s om e new  h eu r is t ics .  T h e m ain p r ob l em  
t h at  ar is es  is  h ow  t o decom p os e a r ev er s ib l e f u nct ion in a w ay  
cor r es p onding t o a s p ecif ied decom p os it ion t y p e?  T h is  p r ob l em  is  
l ef t  op en.  S ol v ing it  w ou l d b e a m aj or  s t ep  in s p eeding u p  
r ev er s ib l e cir cu it  s y nt h es is .  A  cir cu it  des igned as  a cas cade of  
dif f er ent  op t im al  b l ock s  m igh t  not  b e op t im al  as  a w h ol e ( as  
s h ow n in t h e F ig.  3  and F ig.  4 ) ,  b u t  it  can b e s y nt h es is ed f as t er  
t h an w it h  ot h er  k now n m et h ods .  N ex t ,  it  can b e r edu ced b y  
v ar iou s  m et h ods  s u ch  as  u s ing t em p l at es  [ 6 ] ,  p eep -h ol e 
op t im is at ion and r es y nt h es is  ap p r oach es  [ 5 ] .  
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