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Fig. 3 slio~vs the voltage transfer. clinraclcrisrics froin node Y lo 
tiodc X atid to iiotle 2-1. when iiodc X is temiixitccl hy K, = 4okQ 
and R, = 80kIL. V y  is sct tu 0.5Vp-p. 

Fig. 4 shows the current drive11 froiii [Re supplics whcn (he 
voltage Vy is sc;mned fioin - 0 . W  to 0.6V with the same R, ~ i i d  
R,. It i s  clcar Iliat, whcn node Y is al ground, the standby power 
conxuinplion is very low. 

Coiiclrisiuri: Tn this l i t ter ,  thc novel rcc;ilisatinn of ii CCII hns bcen 
introduced. Siinulwtion rcsulls sliow that die circuil exliibits cxccl- 
l e i i t  pcrfoiiiiancc while consuming low si.niidhy power, which 
iiinkes il suitable for low-pnwcr analogue sigiiill processing. 

Realisation of exponential V-l converter 
using composite NMOS transistors 

Wci hsing Liii, Clieng-Chicli Clieilg and Shcn-I tian TA 
A CMOS volt:igc-incuiiccrir C O I I ~ W ~ C T  with cxponcniial 
chtiriictcristica is prccsntcd. The ‘[hylor’s scrics expaitsion is ~ i w d  
for tcnlising Ihc cxpoiicnlial hnciion. 111 il 0.3Spii  CMOS 
p m x ~ s ,  tlic I.IS1’lCE iriiul:ition issulk sIio~\ :I ISdR liiicar iangc 
with a liiic;iriiy cn-or or < M.Sd13. ‘ 1 ’ 1 ~  total powci cnnsiiinptitin 
is 0.8triW will1 J:I,SV supply vultiiy. The circuit ciiii bc uwd i n  
Ilw dcdgn 01‘ \wiablc gltiil ainplilicr (VGA). 

h ~ i u d u c t i o ~ i ;  Sincc thcre i s  no inIi5lisic log~iritlirnic MUS tlevicc 
operatiiig iii tlrc silliliation region for CMOS technologies, oiic 
tncihod to gciicrate tlic cxponentid c.h;iiwtcrislics is by usc uf R 
‘pscudo-cx~~r~nentia1’ gciicndor [I, 21. Altemalivcly, the Taylor’s 
sccrics expansioii call dso bc used for impleinentalioii of thc expo- 
iiential 133. According to llic T;iyloi*’s serics cxprinsion, ii general 
exponciirisl funcliun can hc cxpresred i i s  
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Analytical prediction of buffer hit ratios 

Jongmoo Choi, Scongjc Cho, Satn H. Noh, Sang Lyul 
Min and Yookun Cho 

An ;iiinlyticnl motlcl for ths p ~ t l t l i u n  uI' hufkr liil ratio% is 
Iw'icntcd. Plnlichn i s  ceriied oul by i i m i ~ i s  of thc oil-liiic 
dctcclion of block rcicrciw pnlleri~s 01' npplicatioiir atld 
exploiltllion oi  hnciioiis 1 1 ~ 1  appinniinatc thc hit ratio5 For ciicli 
tle~mled pri(lei-ns. Ex~xi inr r ta l  tusults sliow ih:it ttic propo.sed 
inethurl acciimtdy iiiudcls ilro hit ratio% of actu:rl cxwiliuns. 

Iriirohiciiun: 'Thc aniilyticat prediction of hiitkt- hit ratios is very 
useful in making infortncil operating systcni dtcisioiis siicli as 
when allocating buffcr spacc to various xpplicaLions. To this end, 
the study of mctliods Tor pialictirig the expected t m f b  hit ratio of 
applications lins heeii the focus of much rcscarch both in thc d a ~  
base aiid nperatiiig system fields [I - 41. In this Lcttcr, wc propose 
ii I ~ C W  incthod for the analyiicwl pretlict.ion or buffer hit ratios that 
is based on the characteristics of the block reference patterns of 
applications. Tlic inclliod first detects the block rererelice pitterns 
or thc appl i~~l ions  on-line (i.e. during execution). Bascd 011 the 
tletccletl result, it then predicts tlic cxpcctd buffcr hit ratio using 
iiii analytical IxitYer model. Ttic main focus of this L c k r  is on lhe 
second stagc of this method, which ciiiploys paeviously known 
iipproxirn;ition ~nctliods. Such approximution iiielhotls Iiilve not 
bccn widely iiscil in practice since there has beer1 IIO reliaiblc tccli- 
niquc for dclecting llie delmcc patterris of' the applications. 

Ilcrccliun of block rcfcrcnw pnttcrns: We liave proposed a block 
reference pattern detection tecliiiiquc wlicrc ttic pattcrii is dctcctctl 
hy associating block altribiitcs such as lhe backwwrd distance and 
rrcqtiency with the r0i.wal-d distance of a block [5]. This is done 
on-line, allowiiig i t  to detect dytiamic reefcrcncc pittcm chwngcs 
within ttic applications. Foiir rcfcrcncc pattoriis, nnmcly sequen- 
tial, looping, tempor;llly clustcred and Iirobabilistic patterns, are 
detcctetl. (The characteristics of these patterns arc cIaboratcd on 
below.) Tt has becri observed that thc majority of rcfcrcncc p i t -  
terns of applications that makc iisc of thc buKcr caclic Pdl  into 
oiic of thcuc cttlcguries [2, 61. '1'0 optiiiiise the hit ratio, wc can 
apply dilTcrenl block replacenlent tnethods to each application 
awordiiig Lo the rleteckd reference pattcrn. For scqiicntial and 
looping p t ( cms ,  wc apply llie most frequently nsed (MRIJ) 
rcp1:rccmcnt iiicthod, while for lciiiporally clustered aiid piohahil- 
islic patterns, the least used (LRU) and least frcqucntly uscrl 
(LFIJ) inethods are, respcctively, applied. Tlicsc choiccs arc duc lo 
the optiinality of thc inclhod under such derenw patterns [2, 71. 

hrdyticrrl hujjkr VI&/; 111 this Soction, wc show how to predict 
the hit ratio for appliciitions that show ihc ;iforcmwlioncd rtfcr- 
cncc pattcrns. A scqucntial rckrcuce patiem is a tefeixrrce pattern 
where all blocks arc accessed one ntier anotlicr atid I I C V C ~  rc- 
accesscd. Formlly, :i rcf'crciicc <rI ,  r2, ...l I.)?> is scqtientid irr, f 
rj for all 1 5 i , j  < 11'. Thc oxpcckl bulrcr liit ratio ol'tliis pattern i s  
tlicdore HITvcq(l?) = 0, where H is the nnnihcr of liuflcr blocks 
iillocnted to the pattei'n, imspcctivc of which rcplaccincnl mcthotl 
i s  used. A looping rcfcrcncc piittcrii is a rcfcrcnuc pxtlcrii whert: all 
hlocks are accessed rcpcatcdly with a rcgu1;a intcivel. Forinally, R 
rcfcrcncc <rlr rz, ..., F , ~ >  is ;I looping rercreiice if fnr sninc I < iv,  ri 
f I )  for all I 5 i , , j  2 I ,  and vi+, -- ri b r  I 5 i 5 i b f -  1. Thc subscqiicnl 
<I.,, r2, ..., r, > is called a loop, and I is thc length of the loop. lr 
wc apply thc MRU method to the looping patlei'o, the expected 
buffcr hil ratio or lhis palterii is HTli,jt,,,(B) -. (tnin[/, n] x (w/l))/ibi 
= inin[/, lqil. A tempornlly clustered reference pattcrii is ii rcfcr- 
encr pattern where hlocks mccesscct inore rcccntly arc LIic ones 
ino~c likely to bc acccsscd in the f"u(urc. This dereiice pallern ctln 

hc c1iar;imriscd by Lhc LKU stack model [7, 81. 111 lhe model, all 
hlocks arc ordcrcrl by thcir last rcfcrence tinit: in the I,IEU stack. 

ssctl, i t  mows to l h e  top posilion of the stack 
(position I) iind Lhc blwks rhnt werc abo\Je the iiwessetl block are 
puslied down onc positioii (from position i lo position i t 1) to 
make room for the ; ~ m s s c t i  block. Ll;ich posilioii i of h e  sliick has 
ii rcfcrcncu probnbilily n,. Ilcnce, llic block located i n  position i 
will be acccssed with probnbility 4. When a refereiiw: salisties [ iI  2 
o2 2 ... 2 rr,,, it is il tempouwlly clustzretl reference pattern. If wc 
;ipply lhe EIW inelliod to this ret'crcence pattcrn, the cxlxctcd 
IxiL't'er liit ratio is IIIT,JB) = 'Ih qucstiori now is how to 
obtain thc tii valucs. This iiiiiy be possible by obscrvirig the hit 
couuls of the s l x k  p i i l i o i i  z arid dividing by the length of rcl'cr- 
CIICC iv using ghost t)uilers [3]. Howcvcr, incnsuring the hit counts 
or all stack positions individuully is inipractical diic to its over- 
head. Hence, wc dcvisc i i n  crPicicn1 approximation inclhod that 
iililiscs 13clildy'~ lireiitne runctioii. We use Bclady's Iifetiinc fiunc- 
tion i i s  it i s  wcll known hat  thc funclion iicctiwitely npproxinuites 
thc b u f h  I i i ~  rntio of rererclices dint show the teinpoi.ally clus- 
t c r d  ptiileni 181. Relady's lifctime iiuiction, A,, which represents 
i hc  b m r  hi1 rkilio with buNer si7e i, is given 21s 

c l * = a ~ t - o ~ + ' ~ ' + u . ; = l - c X i ~ ~  (I)  

rvhcre c ~ t i d  k ire control parmeters. The control pwimctcrs 
dclcrliiine the degree or temporal locality; i is  c bccomcs sinallcr or 
t is k kcomcs h g c r ,  thc dcgrcc of lciiiporal localily increases. 

Using Fig, I ,  we show how the approxiin:ition mctliod works. 
Assume we tiavc mcasiircd two bumer bit i*alios A, arid A20, 

dcpictcd BS cross poiiils in h e  Figure. IJsitig these valiies and 
cqn. 1; WC caii calculate the values of c arid k.. With these vnlucs, 
we c~in  estiinnte thc vdue ofiri for all i iis q = A, - Ai.,. Ilcncc, we 
can prcdict ffIT,<JB) for all B. As thc numbcr of iiicnsiiiwl A,c 
incrciises, thc dcgiw of ijccunicy 01' the approximation also 
iucrccascs. In our expcrimcnts, the results of wliicli we show later, 
we 1iscd four iticiisiirciiicnts (A, , ,  Azo, iiiid Aujo). Wc h e n  
computed the c iind lc v h c s  with each p w  of Ais. l k~ i l ly ,  we set 
c and k to tlic ;ivcr;igc of tlicsc compiilctl values. A prohahilislic 
rckrcliw: patteni is a reference pattetn wlierc cach block Iim il sla- 
tionary rcfereticc probability ;itid all blocks arc ucccsscd inrlcpcnd- 
ently witti thc assockitcd prohtbiliticr. The probwbilislic paltern 
ciui bc charactcrisctl by h e  intlcpendeiit reference inotlel [7]. In 
this iiiotlell each hlock hi has its stationary :itid indcpendcnt rcfcr- 
ence IirohatiilitX p,. The cxpcctcd buffcr hit ratio is tlicii 
HIT,ro,,(B) = Z,, p i  (assliming p ,  2 (3 Tor i 5 13. Similarly to the 
tcmpor;illy dusicrctl piitterii, wc usc an iipproxitnatiori method to 
estimntc p j  for all i. Iior tlic probdilislic rdercnw: paclcm, it is 
well known that thc Zipkin prubabilily dislribulion fuiiclioii pro- 
vidcs an accinak qqmximaiion Tor the huffer hit nitio [7],  

Tlit Zipfinn probnbilily tlistriburion liiriclioii. Pi, which repre- 
scnts llic buffcfcf hit ralio with brit'rcr size i, is given as 

P 1 
wliert: I I  is t l ~ c  total number of iIKessed hlocks, al>d control 
palainetcrs IX and !3 arc interpreted ;IS follows: of the total refer- 
CIICCS, CI frxtion of thc acccsscs arc mxrle i o  the p ORction of thc 
total n blucks. Using a similar cwlculaliiig process i i s  the ternpo- 
rally clustered pattern, we can calcnlatc the valiies o i n  and p; spc- 
cifically, by solving cqn. 2 with mcasurcd Pi values. N o k  rhiit I I  is 
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