Online A\gaf%\'f/\ms

_ln Some prodemS, dato IS gven in an online fashia &
we must make decisims  wthout knowire, Al data.
Example Rent_or,Bu\j (ks ventad)

— We want fo ski tus  winkr, we dont  Fnow how
many  days  we wil go.

— Rent SKki for & day 2 st = R
B\Aj Ski/pass  and use  unbounded 3 (AT = B

- Clearly F owe knew we knew # A days >%
we should  buy ; ow. we Should reaf.

_ Whot s He lpest a@orH’me 1

Definition (Competitieness)s H an algordtom  Alg givea

mstance L has  Solutamm widh  valne ALj X)) od

opf (E) is The best possible  (oHline) Solution Hen

mak Ak (I) yr\\&n{nimimﬁow
I Op@

s called lompetinve. Yoo cﬁf A(zﬂ
$+Yob Competitve 5 Assame  +he Same aS  above , fhem
we ll v He s)nrovb wmyeﬁm yavho 4

A@ T) < vopt(P)+c —> (onstont:



For SimP\(CiJ} assume. R .

P

Deterministic Yent—or—buvs suppase  we  decide 4o
rent wnhl o torad & B\ and  Hen  decide
fo \ou\:) on A@B.
__ doesnt  Seem  smart  but:

lemma § Tlis deterministic OlBO(iKAW\ has ompefiive

raho &—% and s Lest poss}lote For
any determinis hic a\goflmma
proo’f?.' Suppose 5 IS He actued # A days
we  sk..
—Cse 9L B ¢ We PpaYy the Sane as opt
st ) SR we poy -1 while  opt= B,
—>  Compehivne L @B-—\ =2-%
To  see hswinesst Clemy any  detrminishe must decide
N Somne 44»3 fo \ov\ﬁ (hene  vents unhil a %)
— Suppase Ay o He ayoribon that vonts for
(= days & Hew buys on day (.
For oy () E
_isp: et He #£ & dayg be w

Hen Alj [ PSS (4B > rvabo >2,~J§



Hen Alfﬁ( Pavs (4B —> m+\"o>2,~JB—
— (~::\ 2 \{{' jz\ Heon A\ﬂ PO\‘{)b B owa

Yo =B
— ViR et # o dafy js\_,‘:zﬁ‘% > |
-8

—> Yatho > 2- JIB
B

Cau vondsmizatiow L\el\b?
\\/€$\‘ I cn be Showm Ahat vordomized S&m&e/\m

gives  ompehtne  Yaflo ﬁz\ (exercise) ).
e—

E xomple 2 Paginsy ( Cacle)
_ Teaded!  Letween large.  (Slow) memor &
Fast /Small memovy (Cacle)
_ Whenewer we  need W Arom yy\,@mojﬂy\e&(s
fo go P Cadre. VF & page S a\ma:j m
Caclre 3 Cadre Wit - otherwie  Chade yniss
— & cade 5 ML ouwe nedd Jo et Some
dodw  to  male  yoom.
— Code miss 3 Slows  Hhe System )
minimize +e 4 A cadke misses
—nz: fotad = A memsry ol
ket Size A (achre (1H= & pot3€5 We can Jeeep)



9. n=6, k=3
Z‘(/(3/3/1/&\/\/\/6‘/3/?—
X7

Posye s
- O'PHMM,@ mk@om’(/\m it we lenow He Se&lwmu,z
Evick  the page Br whih e net request
b\a\a?eg e \atest  in ‘Hfﬁ &Afbﬂ'ﬁ, (aW\Ofﬁ a(( e

PornesS Q\AY‘YE’,V\HD in e Calle.

_ We Clor\-/\r know HQ Se,a[\/\e/w j( Y‘QPIVUL.W} I

am\vaw-

Determinishnc Cad/\iv\j

Mony  deferminisiic  onlire  algoriuns

—~LRU( Least Reconty Used ): evict fle page

Hoe  hasnt beew wed e longest fime

— FFo ( Fist In Tt Otz Cacke © \ike a quene

— LFU (\east F\feo\\/\w\% Used): evitt He least
@wea\uw\%) used  ove

—LIFO ((Last Tn Fst @uﬁ‘>§ Coache  works like a Stack.

- we will see that [LRU and FiFO have Comp.

rofo J«  while He oHer fwo have unbounded nto.




Bad example_ for LFU & LIFO: suppose we
load  Pages  \-. k «‘mmﬂﬁ and  consider He
Sequence =\, K, kY K el -

— We evick K, Hen ey, He n \c/ .

—We have o cade s Bor eve) veq uest
_OPHM\AM a\3 would evicd 1 insttd and  ne wnae
miss.

Lemmen: No detenminishic a\ﬁoﬁ%\\m Can have loetier
than |« Oom])ehh've \nho.

Proé%l Suppore NSk and  For any determin istic 0\(\.3
He OchVCVS(A‘S an  requast & ppge net in (AR
N eack S*@P- —> V&) TeqUuest S A MisS )
— OpHmum 0\\30(%\1«\ n always  evitt He poge
Heaat  will  be v@\v\u’mi brcHerest  in ;Qu\m\re.

_ So Whea & WSS occmurs at least Kk orer
must  have been i He cadre

— > opHmum  misseS one v e or V-L_

Y‘(Q\\/\f&\'$

> pr\?ehm yaho o Y &ekwn'\v\‘\s’f\‘c>\<.

Lemmas LRU has Gmpetetive vato k.

]’)vwf v Exercise,
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Detevminisfic  1-Bit LRU U\/\wkw\ﬁ Mgor'%@

there & o Nariond & LRO: maintin o S\Wf)\e ok
(@w mJA \)Q,SQ

— Mavked [onmavle pogye ! bir s or\

— \niHa\\B all pages are unmarked in Phase.
_uhen o paqe IS vequesited ¢
xi the poge is in He cade, mark i
% OW.
—& 3 an unmorked Hen  eviet an aHonD
wnwnaled, einy i He vequast @ mark it

_e\se , umavk all Poyes and  STrT et Pb\m

Lemma: The /\/\wrkivj m\goh*(/\m 15 K—Com))eﬁm
prats Consider sowe | ‘Hh phase.
—We Wwave ko distinot pages access in o phase.

So we do at mat k Page Foalts per phase.
(05 eads poe fault vesults in o marked page) .
_ When oo phoge ends we must hove had i\ distngt
Prge  vequests  CQeally OPt Must have at (easr

one  page Lam\h,



o adoit LRU - has  ompefifine. vodo k. @
Randomized  1-bit LRQ (N\W’q“’j\
_ S\ASDPOSQ nstead o QV(CT\(\S an o\rb‘ﬁ‘mr-‘s mnmaf/teé

Pasye, we choase one U.r
Leynmas The vundomized mafknj S O([c_:D l<),Com?€ﬁfM-

Pma,ﬁg We  Show o~ wm))f’ﬁ”riv@/\@&s * Q\HK
/

M, - ;TJg-klgr-—Jr};xﬁw\a

— lek  Si= Set z{f(—?o«ﬁes in adhe at Start
PNase

A= S NS
~ A new povyes added Q\,\Ar'\rj ?Me(
— We Show E[# & mises in phase L] <A (i)
— Suppose R: owe e distinct reqUNAS i Phose {
C\ean reguasts  request page nof in S
ism\e Veqnest § OWJ.

clea
_ A Cadre vniss s eifer— 6rV\
T shele

_# A mised clean vequests 5 <A
eacdh chean Y‘eqw\‘s \or}v\f)s N o new r@\vu‘:h‘

and odds o adhe & matE it —sin Siny



— o  bound ¢{:a¥ Sva\e.  Cacle mises :

S(APPCUﬁ Here  one < Cean. V‘CﬂV\Q/STS So 0%4'
s sStwle

and  consider  (sx)He Stale veqnest-
+e. onioaloilﬂﬁ fhat this  (anseS . miss s

£ & Sine we Wawe evicktd € andom

< —S
Pases  out A e %ema/mivj k-s S Srec@ s
Sine C < A{ S AN T

e\ k¢ \ ﬁ (\ L \

4 . A E o .
;5_:: F_s o AN e A \'\K )
Z e
S\

So E [# & Gche misses in phose (| =
(V) AYEGE N
_Now we Show Hor opt ¢ F cadre misses > A
— let ng o & cache misses o &Pt in ?Me (
— Note that thore are koD distint pages

in phases -\ & (. So at least A; awe
& ¥niss. N+ N > Dy
— Op+2 -\Zz VAN QZ)

Com\oimv‘j (\) & (2)
EC# 3/‘6- COK(/(IG M I(SSCS J < Z(H’C—*\B\o?’\‘,



Greneralinty posying 5 K _Sevver Problem

_The Qol\om'vb gereralization o prging  hus  received  a \ot
& atenion ; kuown as the [ Sevver ?fololmm.

~Suppose  we are giver aymemc space (V) d) wi distance
fnc. ALV > LR* Yhat  Satisdres ‘I'Vfawg\t |’y\caluq\iﬂ‘a.
Sy Wl=m and we have K Sevvers Fhat are located
o diternt Po(w‘l's 54 VA

— A+ 0,(/{/» time + we get o requwﬁ' afe\/ and  we
need o server at peint g fo Pen‘om He dask

— it fthee iS5 mwt o server Hlew we have o move &
Server to Ay and H— %(5 Server  moves Aom Po(r\'* &
we v o poy ot d(x, a).

_ Goaks Fnd o Sm’rcf)b to ?lauz the servers 1o Serne
all 4 vequusts  while m.‘mmizb Server moviny  Gost

?“_’5“3 aS> S\)ecioﬂ cade s We cCan vnoclf/( ngl»'j asS
K- Sevver -, {a all Poinb d}:ﬁe\/ Set A(og,j):.\
)

There is o deterministic @k-V-@mpetitive aly fr k_server.
H is onjectured fhat  Fhere S o k- Gmp deforminisnic
a,LD. ¥y k- Server.

_Fr o \m\j Hme_ oo pokb_loﬁar\%m(c_@mp Yond q‘_rjodzf(z\w»
wa>  opewn i\ werle by %aws«l./%mdn\oiv\&r‘/l"\adxj I!\law
w26\,

Online  Decision Making
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Want o Interview peopk for N ge(_re’mg Posihon.

_ We hame o~ set A n andidatkes & want to
hire He best ore-
_ We Can (nfervied one «‘oj —ore & we have fo

make o decision (fo hine or pads and continae)

oty egdh  inftrview,
'}’f\cse clccfsions are !'fYC\/GCd\(cke_l

The Secvetnvy Problem

— e hae « Sequance A n [tems [agents  arrine
A, 0z, <o, a, with o 4ot OYJ,@HD betveen
frem (M55 can say d a; s betkr than aj)

— these  ifems  amive in @ uv\‘\?mln_\g Yandom order

— We  can onkﬁ compare  an ifem with PWV"OMS\_‘)
seen  elements

_ We ww hir Cd/&%ﬁt) the anrrent ifem &
Stop o pass (Gonfinnt) fo  gee  next,

(Gools Find  an a\ﬁor(’d/\m/ﬁmfoja fhat maxmizes

the  Probabilisy & d/\oos'\zj the best (fem.
Infu Hon §

(We Choose  eafln on ! chane & He best is low
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We  Choose eo\(b on ! chane & He best is low
{We Waik Yoo lony i WD  on He goed onS

— lhow cloont g & \
— PCL53 on st >

_ fhen pick Hst Hhat s beder than all Seen
lemmong s stvategy Zods Ale best wal SDN\@Z\\-
Pret ¢ Consider He %l\omb Ao eventss

%E1% He best elemeat s in He Seond oM
% B2t He 2nd best eemat 5 i e bt Wof
Nete that in EOE, the aepiton Kinds e es
elemen . Py l;wiq > P([E\/\EL]: Prled [E=\E]
- Jz', ‘ %’%\— = —l1—+o(\)

_ CGan we \'mPron s 7 nete  Hhat  He analysis i
losse = we Sl fnd e best  (hen

T ~=d best+ k best ad best \\

v_\/_\/
v‘/Z_

— Pick K%{l}“./r\% Hea Pass on e At
e and Hen Chosse one Hatr s beter +Hhan
all  Seen o o



\____,__,_lf |
\ - . K W
— Vv~ clhasse i*? best So :ﬁar'

pass
lemvnoc g This  modified aksor'w&m has on\aa\o}\ﬂ':)

(\-o(\))fwﬁ,\% P pick‘\\b He best.

peost s For any  (>k We cGompute b Pm\mb'\\.\}ﬁ F
P\‘c\cw\j the besk  when 1t 0s AL

—For s we need 2

botin SRR 1S e \ofS’\_
’ Er i the best amm\ﬁ A~ A, has yank <k

?Y[wiw}: ?: P Iq( s Hhe best and 0&3 prcks dj

=kt {

“z_ Pr [E\ /\EL]

lk—\\

Z PelEN. PrlEe]

(= | €

{

|

M-
s |-
|7r

QQMV\—Q ﬁm(k— 0)
- _E_ ,@\,\ n-| = (- 0(\)> —}Z—QAA—Y—\J: )

R

Sine we Wamt  do  mavimize Hhis , we  Solwe %r Lrest
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Since We Wt  Jo maximize «W\.'s ) we  Sowe %r Lrest
N i(ao =2 D
n x
Toke devivative Usk & ”Z.vx&)
‘ t n
f?('f»)s - QQM — - \> (:x)— 3

In (5/\3, Ji (5 oncane X ’H»Q YNk munm 1S WL\Q/V\

= - _n

fooz0o — b(Z)=l 5 x=2

So He best valwe By ks s
(>‘( L(/\/;vk W,'{/{/\ k= % }: (\——o(ﬂ)fﬁ— —-}Z ~ _—\é-

Note: |+ can be shown +he s Fhe best Stotegy
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