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Cont inuous  increase  in  ch ip  dens i ty  and  swi tch ing  speed  o f  LSI  c ir cu it s  
enables  over  100 mi l l ion  o f  integrated  gates  running at  severa l  Giga-hertz  
in  a  ch ip .  However,  h igh densi ty  and  swit ch ing speed  resu lt  in  s ign i f i cant  
power  consumpt ion  and the  demand for  l ow power  LSI  des ign has  been 
acce lerated  s igni f i cant ly.  Low power  des ign  methodo log ies  have  been  
stud ied  a t  a l l  des ign l evel s  f or  reducing dynamic  power  and s tat i c  power.  
Dynamic  power  re lates  to  the  output  change s  o f  l og ic  gates  and stat i c  
power  re lates  to  the  leak  current  o f  them.  Dynamic  power  reduct ion i s  
important  to  reduce  the  runt ime power  f or  h igh performance  operat ion s .  

The dynamic  power  d i ss ipat ion  is  a f fected  by  swi tch ing  ac t iv i ty  o f  
each gate  and  an  avo idance  o f  unnecessary  swit ch ing ac t iv i t ies  is  e f f ec t ive  
to  reduce  the  dynamic  power.  To  avo id  unnecessary swi tch ing  act iv i t i es ,  a  
contro l l ing  va lue  (CV)  o f  a  l og i c  gate  takes  an  important  ro le .  Focus ing  on 
one  gate ,  i f  one  input  takes  a  CV,  then swi tch ing  o f  other  inputs  do  not  
af fec t  to  the  output  o f  the  gate .  The CV can s top  unnecessary  output  
changes  o f  the  f ocused  gate ,  but  there  ex is t  unnecessary  changes  in  gate  
b locks  comput ing other  inputs .  In  other  words ,  swi tching  ac t iv i t i es  in  
b locks  comput ing other  inputs  are  unnecessary and g ive  the  waste  o f  the  
dynamic  power  when one input  takes  CV.  In ent i re  c i r cui t ,  such power  
di ss ipat ion  accounts  f or  a  s ign i f i cant  amount  o f  overa l l  power  
consumpt ion .  Thus  an e f f ec t ive  method to  reduce  redundant  swit ch ing 
ac t iv i t i es  i s  expected  f or  improving the  power  e f f i c i ency.  

In  th is  d i ssertat ion,  Pseudo  Power  Gat ing  (Pseudo PG)  method  
based  on CV of  gates  is  proposed  to  save  such wast e  o f  power  for  
comput ing  unnecessary  input  va lues .  In  Pseudo  PG,  an input  tak ing  the  
CV of  one  gate  is  added  as  a  contro l  s igna l  to  gate  b locks  for  other  input s  
to  stop  unnecessary chang es .  The contro l  s ignal  i s  used to  stop  the  output  
change o f  each  gate  in  the  b lock  f or  reduc ing dynamic  power.  
Dis t inguished f rom other  power  gat ing methods ,  the  proposed method can 
reduce  dynamic  power  e f f i c i ent ly  by opt imiz ing the  swi tch ing act iv i t i es  in  
u l t ra - f ine  gra ined reg ion  with out  extra  hardware  c i rcu it ry.  Severa l  
heur is t ic  b lock  dec i s ion  a lgor i thms  are  proposed  for  app ly ing Pseudo PG 
method on combinat iona l  c i rcu i t s .  In  add it i on ,  Pseudo PG i s  enhanced to  
dual -stage  s tructure  f or  further  reduct ion  o f  potent ia l  power  d iss ipat ion .  

This  d issertat ion  cons is ts  o f  6  Chapters  organized  as  f o l lows :  

CChapter  1  [ Introduct ion]  br ie f ly  summarizes  current  l ow power  
technolog ies  f or  d i f ferent  leve l s  o f  LSI des ign  inc lud ing  the  gate  l eve l  
c i r cui t s .  The re lated  work s  o f  reduc ing dynamic  and stat ic  power  are  
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introduced and the ir  advantages  and drawbacks  are  c lar i f i ed  and  severa l  
cha l lenges  f or  sav ing dynamic  d iss ipat ion  are  observed .  The ob jec t ive  and 
scope  o f  thi s  research are  ind i cated  and the  mot ivat ions  and contr ibut ions  
o f  th is  d isser tat ion are  descr ibed .  

CChapter  2  [ Pre l iminar ies ]  shows  contro l l ing  va lue  based  power  
gat ing  method for  reduc ing stat ic  power  as  a  bas i s  o f  our  proposa l .  Binary 
Decis ion  Diagram (BDD )  is  a lso  introduced .  BDD is  a  data  s tructure  t o 
represent  a  Boo lean funct ion  and  log i c  operat ions  can  be  done on  BDD’s .  
The method to  est imate  swi tch ing  act iv i t i es  by us ing  BDD is  a l so  
presented in  th is  chapter.  

Chapter  3  [Pseudo  Power  Gat ing  Method  based on  SW- f ir st  
A lgor i thm]  proposes  a  CV based  Pseudo  PG method  to  opt imize  the  power  
consumpt ion o f  combinat iona l  c i rcu i t s  by reduc ing the  swi tch ing act iv i t i es .  
CV o f  a  gate  can in ac t ivate  other  inputs  and the  swi tch ing act iv i t i es  o f  
the  b lock s  comput ing  o ther  input s  can  be  s topped  by  the  input  tak ing  CV 
as  a  contro l  s ignal .  

In  Pseudo PG,  a  contro l  s ignal  i s  assoc iated  to  the  contro l l ed  gates .  
In  other  words ,  a  c luster  o f  gates  can be  determined  f or  each contro l  
s ignal .  The  c lus ter ing  a lgor i thm to  ident i fy  the  opt imum contro l  s igna l  
and  corresponding  power -contro l led  b locks  is  essent ial .  A bas ic  s i ze  based  
a lgor i thm and a  swi tch ing act iv i ty  f i r s t  (SW-f i rs t )  a lgor i thm are  proposed.  
In  the  bas ic  a lgor i thm,  the  cand idate  contro l  s ignals  are  sor ted wi th the  
number  o f  contro l lab le  gates ,  and  contro l  s igna ls  are  f ixed  one  by  one  with  
the  order  o f  gate  numbers .  On the  other  hand ,  the  SW-f i rs t  a lgor i thm 
manipulate s  the  reduct ion  o f  swit ching  ac t ivates  by  add ing  a  contro l  
s igna l ,  and  maximize s  the  to tal  reduct ion.  Contro l  s igna ls  are  sorted  by  
the  reduct ion ,  and  are  se lect ed  one  by  one  with  the  order  o f  reduct ion s .  
The depth  might  increase  a f ter  insert ing  a  contro l  s igna l  and  the  s teady  
maximum depth cons tra int  is  app l ied  to  prevent  per formance  degradat ion .  

The proposed  method  has  been  implemented  in  C language  and  
app l ied  to  ISCAS85 s tandard  benchmark c ir cui ts  based on the  ex ist ing  
BDD manipulat ion  system .  Exper imenta l  resul ts  show that  1 .0%~11 .6% o f  
reduct ion  o f  swit ching  ac t iv i ty  i s  obta ined  by  the  b as i c  s i ze  based 
a lgor i thm and 1 .9%~26 .0%  reduct ion  is  obta ined  by  the  SW-f ir st  a lgor i thm. 
The  power  consumption  is  eva luated  by  s imulat ing  the  net l is t  which  is  
ext racted  f rom the  layout  us ing the  VDEC  (VLSI  Des ign  and  Educat ion 
Center  in  Tokyo Univers i ty)  Rohm 0.18μm process .  Eva luat ions  on the  
ISCAS’85  benchmarks  show that  the  reduct ion  o f  t ota l  power  consumpt ion  
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has  been  achieved  to  3 .0%-25.3% (12.8% on average ) .  This  work  prov ides  a  
so lut ion for  swi tch ing ac t iv i ty  reduct ion in  very f ine -gra ined reg ion  o f  
l ogi c  l eve l  LSI des ign  wi th smal l  overhead .  

CChapter  4  [Trans it ive  Fanin  based  Algor i thm for  Further  Power  
Saving ]  propose  a  t rans it ive  fanin  based  a lgor i thm to  obta in  a  contro l  
s igna l  wi th smal ler  depth  under  the  s teady  maximum depth constra int .  By 
the  cons tra int ,  severa l  gates  are  exc luded  f rom a  power- contro l l ed  block ,  
and cons iderable  potent ia l  power  reduct ion  is  l os t .  We found that  a  CV 
can  be  propagated f rom a gate  to  another  gate  on  a  path o f  ser ia l ly  
connected  gates .  T he proposed trans i t ive  fanin  based  a lgor i thm  f inds  
contro l  s ignal  candidates  wi th  smal ler  depth  based  on  the  propagat ion  o f  
contro l l ing  cond i t ion  via  a  fan in  path,  w i th  which  more  opportuni t i es  can 
be  obta ined .  

As  a  resul t ,  power  reduct ion  achieved by  the  t rans i t ive  fanin  based  
a lgor i thm ranges  f rom 3.6% to  27 .7% (19 .1% on average)  and exceed s  the  
prev ious  SW- f i rs t  a lgor i thm by 6 .3%.  The t rans i t ive  fan in based  algor i thm 
have  obv ious  advantages  in  detec t ion o f  contro l  condi t ion  favorable  f or  
power  reduct ion .  

Chapter  5  [Dual -Stage  Pseudo  P ower  Gat ing]  newly  introduces 
dual -s tage  Pseudo  PG s tructure  where  up to  two extra  contro l  s igna ls  are  
added to  a  gate  i f  e f fec t ive .  No matter  how e f f ec t ive  c lus ter ing a lgor i thm s 
are  used,  there  s t i l l  ex is t  unnecessary  computat ions  in  power- contro l l ed 
b locks  when the ir  contro l  s ignal s  take  non- contro l l ing  va lue .  The  
dual -stage  s tructure  with  two contro l  s ignals  improves  power  reduct ion 
capabi l i ty.  When one  s ignal  might  take  a  non - contro l l ing  va lue ,  another  
s ignal  can s top  the  ac t iv i ty  by tak ing a  contro l l in g va lue .  Dual - s tage  
st ruc ture  is  rea l i zed  by adopt ing another  Pseudo PG to  the  ins ide  o f  a  
power-contro l l ed  b lock  to  s top  unnecessary  computat ion  whi le  the  
s ing le - s tage  contro l  s igna l  takes  non - contro l l ing  va lue .  

The proposed  dual -s tage  Pseudo  PG st ructure  is  implemented and 
23.23% o f  power  reduct ion  in  average  has  been obta ined wi th 5 .3% of  
propagat ion de lay.  Compared with  the  s ing le -s tage  Pseudo PG with  the  
trans i t ive  fan in  based  a lgor i thm ,  4 .18% more  power  reduct ion  has  been 
achieved .   

Chapter  6  [Conc lus ions  and  Future  Works]  concludes  th is  
d i sser tat ion  on  the  l ow power  des ign  method ca l led  pseudo  power  gat ing  
and i ts  c luster ing  a lgor i thms .  Fu tu re  work s  r e l a t ed  to  the  app l i ca t ion  o f  
Pseudo  PG fo r  l a rge  sca le  power  aw ar e  des ign  a r e  a l so  shown .  


