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Abstract

The paging problem is defined as follows: We are given a two-level memory system, in which
one level is a fast memory, called cache, capable of holding & items, and the second level is an
unbounded but slow memory. At each given time step, a request to an item is issued. Given
a request to an item p, a miss occurs if p is not present in the fast memory. In response to a
miss, we need to choose an item ¢ in the cache and replace it by p. The choice of ¢ needs to be
made on-line, without the knowledge of future requests. Our goal is to design a replacement
strategy with a small number of misses.

In this paper we use the competitive analysis to study online randomized algorithms for
paging. Our goal is to show how the concept of work functions, used previously mostly for
the analysis of deterministic algorithms, can also be applied, in a systematic fashion, to the
randomized case. We present two results: We first show that the competitiveness of the marking
algorithm is exactly 2Hy — 1. Previously, it was known to be between Hy and 2H},. Our second
result is a new, Hy-competitive algorithm for paging. Our algorithm, as well as its analysis, is
simpler than the known algorithm by McGeoch and Sleator. Another advantage of our method
is that it can be implemented with complexity bounds independent of the number of past
requests: O(k? log k) memory and time O(k?) per request.



1 Introduction

The paging problem is defined as follows: We are given a wo level memor s s em in whi h one

level is a fas memor  ha we refer o as apable of holding i ems and he se ond level
isan nbo nded b slow memor ea h given imesep are es oaniemisiss ed iven
are es oaniem a o rsif isno presen in he fas memor n response o a miss

we need o move from he slow memor in o he a he n order o ma e room for one of he
i ems residing rrenl in he a he sa needs o beevi ed The hoi e of is made
before hene re es isanno n ed and as ra eg for ma ings h hoi es will be referred o as

an

The os f n ion asso ia ed wi h he paging problem is he n mber of misses n general no
on line algori hm an alwa s a hieve a minim m os onallre es se en es Therefore in order
o eval a e vario s on line algori hms one needs o design a performan e meas re ha a esino
a o n he online na re of he problem n his paper we se he ompe iive approa h:
given on line algori hm is said o be ifoneahre es se eneis os isbo nded

asmpoiall b imes he op imal os for hisse en e

aging is a lassi al online problem and has been e ensivel s died in he li era re on

ompe i ive on line algori hms an be viewed as a spe ial ase of he server problem see
for e ample 1 1 in whi h all dis an esaree al oone n he de erminisi ase i is
nown ha he well nown leas re en]l sed sraeg is ompeiive and ha nobe er

ompe i iveness is possible see 1

n his paper we on en ra e on he randomi ed version of his problem is ieeas o show
see ha no randomi ed online algori hm an be be er han ompe i ive where is he

h harmoni n mber Two algori hms have been proposed for his problem in he pas ia

gave a simple mar ing algori hm alled and proved ha i is ompe i ive b
se enl eo h and lea or 1 presen ed ano her algori hm alled and proved
ha i is ompe i ive and h s op imal

Wor f n ions have pla ed an impor an role in he anal sis of online problems owever p
nilre enl his e hni ehasbeen sed mos1 in he anal sis of de erminis i algori hms The
onl e ample ha we are aware of where wor f n ions have been applied o he randomi ed ase
is where some op imal randomi ed algori hms for he page migra ion problem were developed
based on his e hni e ne of o r goals was o show how wor f n ions an also be applied
in he ompe iive anal sis of randomi ed algori hms for he paging problem wor f n ion
approa h s all s ar s wi hsome hara eri aion of wor f n ions for a given problem Then
he proper ies of wor f n ions are sed o design and anal e an online algori hm o so pias
and apadimi rio presen ed a simple elegan hara eri a ion of wor f n ions for paging n

an earlier wor eo hand leaorin 1 gave ane ivalen hara eri a ion of he behavior



of an op imal algori hm al ho gh heir form la ion did no e pli il involve wor f n ions

lgori hm of even ho gh no op imal is of i s own in eres
is simpler fas er and more spa ee ien han an be implemen ed wi h
memor andin 1 ime perre es while ma need asm h as memor
where is he n mber of pas re ess ia e al provided an pper bo nd of on he
ompe i iveness of The rivial lower bo nd is Th si wo 1d be in eres ing o now
wha is he e a  ompe i iveness of his algori hm r firs res 1 is he proof ha hee a
ompe i iveness ons an of is 1 ine is s h a slow growing f n ion i
shows ha for man small val es of is onsiderabl be er han previo sl ho gh
or e ample for 1 1 improves he ons an from o) The op imal

ons an is

Theres 1 of eo hand lea or 1 gives he igh bo ndon he

ompe i ive ons an in herandomi ed ase owever algori hm from 1 issomewha
o nerin iive and boh he orre ness and ompe i iveness proofs are ra her di I n he
se ond par of he paper we presen an al erna ive ompe i ive algori hm for paging alled
ha we believe o be simpler and more na ral n fa o r me hod follows 1ie

na rall from he on ep s of wor f n ions s able algori hms and some basi game heore i
prin iples We believe ha hose ideas an be e ended o o her online problems We also show
ha o r me hod an be implemen ed in spa e log and ime per re es nli e in

1 hese omple i bo nds are independen of he leng h of here es se en e

r i in ri

Thro gho he paper b we deno e he a hesie a or simpl
we will mean a ple of i ems represen ing he a he onen We will ass me ha he
ini ial onfig ra ion is fi ed and we alli s e plained in he in rod ion an online paging

algori hm needs orespond oea hre es Dbefore hene re es isiss ed famisso rs

ha is if ismno in he a he m s de ide whi hiem sho ldbeevi ed from he a he o

ma e room for a h miss hasa ni os

a hema i all i is onvenien o define an online algori hmasaf n ion ha o agiven
re es se en e assigns he onfig ra ion af er serving norder oens re ha here ess
are sa isfied if is helas re es in hen were ire ha o e ha his defini ion

allows o swap an arbi rar n mber of i emsin he a hea ea hsep whe her a misso rred
or Nno owever we will harge a os oflforea hs hswap iseas osee ha in his ase

wi ho loss of generali will never bring an i em in o he a he nlessi has beenre esed



enoeb he os of onre es se ene andb he op imal os on

We will sa  ha is if hereisa onsan s h ha oneahre es se ene

n o r algori hms he addi ive ons an  will be ero The of is he

minim m forwhih is ompeiive no rappli aions his minim m is well defined

There are several wa s o define a randomi ed algori hm ne an define a randomi ed algo
ri hm as a probabili dis rib ion on he se of all de erminis i algori hms for a given problem
no her wa, is o view a randomi ed algori hm as an algori hm ha a ever s ep hoosesi s move
from a probabili dis rib ion on he se of possible moves n he heor of m 1is age games
hese wo approa hes are some imes alled respe ivel and
see fore ample 11 The defini ionsof os and ompe iivenesse endna rall orandomi ed
algori hms independen 1 of whi h of he wo above defini ions is being sed f isa randomi ed
algori hm hen deno es hee pe ed os of on andine ali 1 remains n hanged
is 1ieeas o show ha hese approa hes are e ivalen in he sense ha an algori hm of
ea h pe an be ransformed in o one of he o her pe wi ho in reasingis e pe ed os on

an re e€s se en e

e ano her wa is o onsider an algori hm ha hooses de erminis i all i s probabili

dis rib ion af er ea h re es n ha ase is a probabili dis rib ion of on he se
of all possible onfig ra ions We alli a algori hm The os of a move an
be defined b a so alled ranspor dis an e be ween he dis rib ions an be shown ha his

approa hise ivalen o he o her wo see

lgori hm is defined as a behavior algori hm while o r ompe i ive algori hm
is easier o define sing he dis rib ion based approa h  owever for he sa e of
omple eness and for os es ima ion we also show how o implemen as a behavior

algori hm

When anal ing a given problem for ompe i iveness i is of en ne essar o now he op i
mal os for he given re es se en e is a f n ion from he se of possible
onfig ra ions o real n mbers whi h gives he op imal os o0 serve here es s and ending in a

pari lar onfig ra ion peifi all hewor f n ion asso ia edwihre ess isdefined as

follows: is he minim m os of servi ing s ar ing from he ini ial onfig ra ion and
ending in oe ha for onvenien e in his defini ion we do no insis ha helas re es
belongs o ns h ase if hen we will a e 1  min n

0 her words we allow an op imal algori hm oswap o of he a he afer here es has been
sa isfied and before he ne re es wasiss ed The op imal os of servi ingare es se en e

endinga awor f n ion issimpl min

ppose ha he rren wor fn ionis and is henewre es Wha is he new wor



f n ion af er serving eno e hisnew pdaed wor fn ionb is s raigh forward

osee ha hisf n ionis

if
1  min if
Wiheah wor fn ion we an asso ia e an min ns ead of eeping

ra ofwor fn ions i ismore onvenien odealwiho se fn ions f isa rren o se

fn ion henb we willdeno e heo se f n ionaferre es ha is min
The val e min is he op imal os asso ia ed wi h his move
e be a se of onfig ra ions and a wor fn ion Wesa ha is from
if for ea h onfig ra ion here is s h ha n o her words
he val e of on all onfig ra ionsis ni el de erminedb isval esin f is a single on

hen we all a

n order o prove ompe i iveness of a given algori hm we will se
amor i ed anal sis poenial isafn ion ha oagiveno se f n ion and a onfig ra ion

of assigns areal n mber To simplif no a ion hro gho  he paper we willomi hef n ion

arg men s when defining po en ials We onsider ea h move separa el a h move is des ribed

b a rren o se fn ion a onfig raionof andare es eno e b and
he os of he op imal os and he hange of he po en ial in his move rgoal is o

show ha

ne ali implies ompe i ivenessof b simples mma ion over he wholere es se en e

imilar me hod wor s for randomi ed algori hms as well heonl di eren ebeing ha hepo en ial
now depends on he rren o se f n ion and he dis rib ionof and is hee pe ed

os of in he given move

o so pias and apadimi rio gave he following
elegan hara eri a ion of he wor f n ions for he paging problem wi h he a he ofsi e

Theses are alled he of o e ha heabove represen a ionisno alwa s ni e
onfig ra ions  sa isf ing a will be alled and he se of valid onfig ra ions will be
deno ed b



The se will be alled he of emma 1 we an iden if wi h
isse en eofla ers and wri e We alwa s have 1 e be helarges
n mber for whi h are single ons 1l i ems in are alled We an
ass me ha an op imal algori hm has all revealed i ems in he a he sin e an op imal algori hm

an be modified o one wi h his proper wi ho raisingis os we deno e he se of

non revealed i ems in

o so pias and apadimi rio also give a me hod for pda ing hela ers af er are es
e ppose ha isanewre es Then
if and
if
if

To simplif no a ion in hee a ions above and hro gho  he paper we will of en omi bra es

in he no a ion for se s We will also wri e or when adding aniem o a se
respe ivel removing from f for some hen we will also se no a ion
for where is an arbi rar perm a ion of is eas o see ha  his is

well defined

e and s ppose ha originall i ems and arein he ahe o he
ini ial onfig ra ion is and he ini ial wor f n ion is he one on represen ed
b onsider here es se en e The orrespondingse en eofo se f n ionsis

The op imal os of hisse en eis

n i ot r in orit

Igori hm main ains p o mar s The mar ed i ems are alwa s in he a he ppose
ha aniem 1isre esed f isin he a he weonl mar i nlessi isalread mar ed f
isno in he a he we firs he ifalliems are alread mar ed and if so we nmar hem all

Then we mar and swapi wi h a random nmar ediem in he a he

or he p rpose of he anal sis we will se wo di eren mar s: and The amber
mar s are he same as he ones sed b The bl e mar s are given o he amber i ems
when he are nmar ed b These mar s are erased a he beginning of a phase when a

new se of amber mar sis hanged obl e or onvenien e we will refer o non mar ed i ems as

i ems

e and deno e he n mbers of amber and bl e i ems The ranges of are: 1



or and Iso implies 1 implies and 1

implies The following fa  follows dire 1 from he defini ion of

a ha if n al erna ive wa o0s a e he above lemma is

ha abl eiem anno o 1 before an amber i em and a whieiem anno o 1 beforea bl e

iem

The proofis b ind ionon he n mber of re ess The lemma holds riviall a he
beginning when o r s a eisa one on a se and all i ems in are amber or heind ive
s ep ass me ha lemma holds for le and onsider We an hin
abo  her les as being ombina ions of he following opera ions: i oining wo onse ive

la ers ii removing an i em from a la er and iii rea ing a new firs la er olored amber 1l

hese opera ions preserve invarian a and b

he above lemma ea hs a eof he omp aionis ni el hara eriedb a riple

where is he rren o se f n ion and are he n mbers of amber and bl e i ems

We will show a le in whi h he op imal os is1 and he os o
is 1
ar fromasaeinwhih heo se f n ionisa oneon b has 1
amber mar on helas re es The remaining 1i ems are niforml dis rib ed among
bl ei ems in 1 ding and one addi ional i em e es anewiem
Then and has now wo amber mar s on and he same se
of Dbl e mar s as before rom now on we re es and we rea hano se f n ion
in whi h will have amber mar s on Then re es
whi h is now whi e goingba 0 hesaeidenial o he one we s ar ed from The op imal
os is1 and he os o is
1 - — - 1 1
1
To omple e he proof i remains o show ha he s a e from whi h we s ared he le an be

rea hed from an ini ial s a e We leave 1 as an e er ise



ow we will prove ha is 1 ompeiive e beagiveno se
fn ion we deno € he n mbers of amber and bl ei ems b he n mber of la ers whi h

on ain bl ei emsand nowhi ei ems and hen mberofla ers ha on ain whi ei ems efine

1

We se he following po en ial f n ion:

if

if

oe ha heabove asesareno disoin b if hen i and are es
n order o prove ha is 1 ompeiive i iss ien o show ine ali ha
is
1
where is s os in his move is he po en ial hange and is he os of he
op imal algori hm e be he new val es of and  respe ivel
We show ine ali b  onsidering a n mber of ases
The ase when 1 and 1is bl e or whi e is spe ial sin e i involves in reasing and

re oloring n order o simplif he proof we will deal wi h i as follows: bdividei in o wo

s ages: 1 serving here es andin reasing and ii nmar ing hebl everies age i an

now be onsidered oge her wi h all o her val es of 1 nsage i he val es of
and  hange o and be omes We all ii he move

nmar ing n his ase so we onl need o show ha We
have impl ing ha and Then from and we
ge

is amber emma n his ase and
We also now ha 1 or 1 Ths and for he
same in eboh  arein reasing in and as ne essar

bl e and n his ase and we need o show
ha We also have 1 1 and 1 or 1
Th s and for he same

We have 1 f 1 hen



and if 1 hen

is whi e and n his ase 1 and so we need o show
1 We have wos b ases
f 1 hen 1 1 and 1forea h in e
and for he same we are done
f hen 1 1 and 1
is bl e and Th s n his ase and 1
so we need o show ha 1 We also have 1 1
impl ing ha and
1
is whi e and n his ase 1 so we need o show ha
We have hree s b ases
f 1 hen 1 and or we have
1
and for we have
1
f hen 1 1 and Then
1 1
omple ing he proof
ti orit
randomi ed algori hm is said o be if i s probabili dis rib ion a ea h s ep does no

depend pon an hing o her han he
des ribed as a f n ion

fn

ion

rren o se fn ion Th s a s able algori hm an be
ha des ribes he dis rib

or randomi ed s able algori hms he po en ial f n ion will depend onl on he

ionof if he rren o se f n ionis

rren O se



he algori hm proposed b eo h and leaor in 1 an be des ribed as

dis rib ion based and s able s probabili dis rib ion is defined b  he following ro nd
o rnamen : ni iall ea h is given ran 1 S ep 1 1 pi niforml
1i ems from among hose ha have ran 1 and de rease heirran o he end

he winnersofran 1 are hosen obeo r onfig raion all an arbi rar ran ing valid if a
ea h i em of ran belongs o and b here are e a 1 1i ems of
ran in eo h and lea or prove ha he above o rnamen genera es he

niform probabili dis rib ion on all valid ran ings and se hisfa o prove ha

is op imall ompe i ive

r approa h is di eren irs ass me ha we are loo ing for a s able algori hm Th s
we need o spe if a probabili dis rib ion on he onfig ra ion se whi his sed b his
algori hm when he rren o se f n ionis ow an we derive his dis rib ion ppose ha
here es s aregeneraedb aso alled ha isone ha s aringa onl ma es

re ess ha dono in rease heop imal os mno her words here essarein hes ppor of
We an ass me ha he adversar neverre ess herevealediems and h seahla se ene
onsis s of a mos lre ess and hefinalo se f n ionisa one Werefer os hre es

se en es as adversar

Wha wo ld be he bes probabili dis rib ion ha wo ld proe sagains s h an adver
sar lear]  he ideal dis rib ion is one in whi h alls h la s ra egies have he same os
We leavei o hereader o verif ha does no sa isf his proper for iew
he problem as a wo person eros m game e o r pla er de ermine his onfig ra ion e he
adversar de ermine hisla sraeg iemb iem sing hefa ha he val eof an op imal
mi ed s ra eg agains a p re sraeg whih appears wi h non ero probabili in some op imal
mi ed s ra eg gives he val e of he game i is no hard o see ha he adversar sho 1d pi
he firs re es niforml from hes ppor seems reasonable ha he op imal dis rib ion for

o rpla er wo Id ma h he op imal adversar s ra eg This ields he following algori hm

The algori hm is defined b a probabili dis rib ion of being
in a onfig raion when he rren o se f n ion is ele as follows: e
While sele a poin niforml from and add his poin o is he
probabili of sele ing sing he above random pro ess
n o her words is he probabili ofrea hing he oneon if s ar inga a ea hsep

are es is hosen niforml from hes ppor orsimplii we will se he same no a ion
for he dis rib ion of and for he random pro ess ha genera es his dis rib ion
nl valid onfig ra ions have posi ive probabili of being sed b

eno e he probabili  ha is overing whenin b bvio sl

for and 1 for e bean se s h ha



We an as well ass me ini iali es o) ins ead of  Therefore

iss ien o show how an be implemen ed as a behavior algori hm
ha has he following proper ies: i ifare esediemisin he a he hen doesno move
and ii ifare es isno in he a he hen onl swaps oneiem implemen we mean

ha a eahsep ind es hesame probabili dis rib ion as

ivenano se f n ion a onfig raion of andare es we wan o define how
will serve orders  randoml as follows: a perm a ion is hosen wi h he same
probabili  ha his wo Id be he order he i ems of were hosen b given ha he se

was hosen e be helarges inegers h ha Then repla es in
he a heb

oe ha if hen and no a  al swap is needed f hen we have
n he las ase if hen hereisa ni e s h ha
ivalen] boh and arein helas la er of he hoi e of we have
and for Therefore and we on 1l de ha is heinde for
whi h and arein he las la er of ddi ionall we have
for all

lear]l sa isfies ondi ions i and ii above and i genera es onl onfig ra ions in
so i remains o show ha i ind es he same dis rib ion on as The proof is
b ind ionon hen mber of re ess is erainl r ein heiniials ae soass me ha i
holds for some o se f n ion  We will show ha i also holds for We an ass me ha when
hooses i s onfig ra ion i ini iali es and heni sele s he remaining 1
i ems of eno e for ea h eall ha eah is niforml
dis rib ed in

We an also hin of as genera ing a se en e of 1iems o her han namel he
or onvenien e rename his se en e e
for ea h 1 and We wan o show ha random variables and
have he same dis rib ion norder odoso i iss ien o prove he following laim: or
ea h is niforml dis rib ed in We brea he proof in o wo ases
Then and for ea h 1 Then sin e
for bo h pro esses ma e he same random hoi es a ea h s ep and he

laim follows

The proofisb ind ionon holds va o sl for f hen



1 and was hosen niforml from is in

be a se in e we ob ain ha is

dis rib ed niforml in n heo her ase if hen was hosen

niforml from omple ing he proof

e The following har s mmari es he dis rib ion of

To ill s ra e how o ob ain he above n mbers onsider he probabili of n

he pro ess sed o define an be genera edin  di eren orders The perm a ions
and have probabili ies- - - - —
The perm a ions and have probabili ies - - - - —
The perm a ions and have probabili ies - - - - —
The perm a ions and have probabili ies - - - - — erm a ions
and have probabili ies - - - - — erm a ions
and have probabili ies - - - - — erm a ions and
have probabili ies - - - - — o he probabili of is—
Wha, is he probabili em an be genera ed in a n mber of wa s Wi h probabili
- i an be genera ed in he firs sep Wi h probabili - -1i an be genera ed af er

onsidering all possible se en es endinga  we ob ain —

The proofisb ind ionon he f hen he lemma holds va o sl

n he ind ive s ep s ppose ha and ha he lemma holds for ever o se

f n ion wi h fewer non revealed i ems in par i lar for ea h where

The lemma is obvio s if are in he same la er o we an ass me ha

for some 1 f isrevealed hen he lemma is lear] r e o0 ass me

oe ha for all i ems and Then if sing and he
ind ive ass mp ion we have

1 1

ppose now and le f hen and Therefore

af er sing and he ind ive ass mp ion for = when we have
1 1

11



n he las s ep we applied o wi h
The proof is b ind ion on The base ase is rivial or he
ind ive s ep s ppose we are given wo la s ra egies and e be he firs non
revealed la er ahla sraeg sraeg m s on ainaniem from and h s b emmas
and we an ass me ha Then has hesame os on and and and
areidenial p oas mmer ine b heind iveass mpion he os of on
and is he same we are done
e be os of inala adversar s raeg for This
is well defined be a se of emma i sver defini ion sa isfiesine ali when
or we pro eedb ind ionon The base ase 1 is rivial: 1
SS me now 1 ine and
1 we have 1 We onl de ha heree issan s h ha
1 1
We an ass me ha wi h 1 for if hen 1 and for an
e be hesame as b wih hefirs la er removed Then isano se f n ion
for he a hewih 1 pages We have and similarl Therefore
1 1
1 1
1 - 1
omple ing he proof
s and for he behavior version of as defined

in he proof of emma s defined he spa e re ired b is where is he n mber
of pas re ess We now show how o improve he spa e omplei o log e
odif  asfollows: if he rren o se f n ion sa isfies and if is

onfig ra ion hen e e

he wor f n ion

es he following

1 where

sep: i replaes heo se fn ion b

is he one on ee for o her e amples of he



forgiveness me hod oe ha 1 so  anno benefi from hisa ion  does no
in ran os b henewo se fn ionis whi h means ha he op imal os of his move
is 1
n order o prove ha is s ill ompe i ive we se a more s b le po en ial arg men
efine a o be he se en e of s eps in be ween wo forgiveness moves e be he
po en ial in rod ed in Theorem ni iall and af er ea h forgiveness move le oreah
move o her han forgiveness define he ani ine and
sa, isf for all moves in he phase Therefore a all imes We will
refer oea h as he a agivens ep andle s andfor he o alsavings p oagiven

s ep of a given phase s mming over allre ess if and sa isf

a eahsep hen is ompe i ive he ver defini ion of he ine ali is
sa isfied for ea h s ep 0 her han forgiveness n he forgiveness s ep we have

1 and soi s es o show he following laim:

When hen 1

onsider a phase ending a oreah 1 here was a s ep in his phase when
heo se f n ion sa isfied and he new re es was ha ime from
he proof of Theorem we now ha sa isfied - — oa heendof he phase we
have

proving laim  The las ine ali ses hefa ha In In 1

We now show how an be implemen ed in ime per re es e be he rren
o se fn ion be he rren onfig raion for and be he re es pda ing an be
a omplished in ime log sing appropria e da a s r res o represen he la ers of he
o se fn ion iven an order for he poin s of finding he inde des ribed in emma
an be easil a omplished in ime on e we noe ha we onl need o eep ra of he
lo a ions of ea h and he ardinali ies of he and no he hemselves o i s es
o show a me hod for finding an ordering of whi his onsis en wi h emma  This will
be done b ind ion on he n mber of re esssin e helas ime wasa one When isa

one ea h perm a ion appears wi h e al probabili  This an be a omplished in ime

b  niforml sele ing poinsfrom onea a ime ss me ha is ordered and ha is
defined as in he proof of emma rrange he elemen of in he order
wi h probabili propor ional o he probabili  ha wo 1d be hosen b in his order



inding he probabili ies for ea h of hese orders a es ime giving he overall ime
for ordering n arg men analogo s o he proof of emma shows ha sing his me hod
for pda ing he ordering ields he same dis rib ion a ea h sep as ha of We

on 1l de hisse ion wih he following heorem

log
in o nt

oh from 1 and he naive implemen a ion of are ver ime and spa e
ons ming The bo h se spa e where is he n mber of pas re ess We have shown
ha an be implemen ed in spa e log and ime per s ep independen of
lgori hm al ho gh no op imall ompe iive ses onl memor and 1 ime

for ea h re es ne problem ha we leave open is whe her here is a simple ompe i ive
algori hm for paging ha sesonl wih he same performan e as aghavan and nir in

1 inves iga ed a memor vers s randomi a ion rade o in online algori hms s here also a

rade o be ween memor and ompe i iveness

wo Id also be in eres ing o e end he appli a ions of wor f n ions o o her approa hes

o ompe i ive anal sis The ompe i ive anal sis has been ri i i ed for being overl pessimis i
ddressing his problem he mos re en wor on he ompe i ive anal sis of paging moves owards
rela ing he defini ion of ompe i iveness o so pias and apadimi rio sed wor f n ions

oanal epaging nder wo refined no ionsof ompe i iveness The firs oneres ri s he adversar
o sing a dis rib ion hosen from a given se of dis rib ions The se ond ompares wo lasses
of algori hms b allowing he server o hoose an algori hm from he firs se he adversar o
hoose an algori hm from he se ond se and onsidering he wors ase ra io of os s of he wo

algori hms

There is also some re en resear h in his dire ion ha does no involve wor f n ions =n
he paging problem is onsidered in he ase where here ess omefroma ar ovpro ess n 1
bo h he paging and weigh ed a he problems are onsidered as linear programming problems and
heres 1ingd al problem isinves iga ed everalres 1 sabo heso alled loose ompe i iveness
of hese problems are proven n 1 and he paging problem is addressed wi h he ass mp ion

ha aferan pari larre es hene re es isli el o befrom a small se of nearb i ems

We believe ha he wor f n ion approa h an be sed o simplif and possibl refine he
res 1 s from hese papers and 1imael lead o a more s s emai and niform rea men of

di eren approa hes o ompe i ive anal sis of paging
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01 11
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