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ONL S“m&ea‘eS'. s&?mcﬂs t“x(’). .. a" Log_Cﬂum“';ang
Sr‘\'o 02 € lw ‘n x& /
o = initiel confrigurskion

' £~1) 23}
cost: L mni_n )_:cl(xl; , Pty
t (%1
Per{l"ﬁ“&h
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weiﬁh-lep( Cac’linj - ‘>'~
A(x,y) = 5 (P)+P)

I} |Xl=n then R-server is a metrical serviee cystem
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' 90 R )
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(. Prove Fnd' -
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The werk HuncHion u\hoﬁnlm Por R-secver

work Puachon: M=(Xd) For simplic u
Vo Finite 'Xlsn. | ) e °‘".‘.1 rssune X

Sen,uneg oy wfrm*s 0’,'0';.03... e)(
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e
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01 9"} sharting ot 2! and
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OB . byric
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com?w‘\'ab le 1n time PN

mgé‘;ﬁ R
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— x“""‘ in the \ocdw 0"" a't most wne serve
(B9, - AN 2R« 1)
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xeX
foct 2° 1f da o Ve
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q\aor‘.ﬂ\w\ drcides: rent or \Mta. Rent costse 1. B“:J
wsts M4, but Pllawing buy tha elgorthm does
wol need +o pPey Lor Sutuwre cteps.
D&G"an o ?r\ma‘-W\ MJ«O‘MZ&(,A owline sks
(entel a\gori‘\'hm with Vetter than 2 wmﬂ{d ¥
(at\o.
2. In \uner‘col %rm‘oh "FMVGFSG‘, a |qa¢,u.l amph
G = (Vo Vi Va,~, E) endowed with nen-negative
edge 'ena'ﬂns p:E—>N 6Vlc|u¢lina 0) is ce vealeol
\ayer \"4 h:yer. A searche r b¢3i-s at V, (U’DJ Votfsb



and can move Yorurd and backward along tie
edges, Qoying He total length travgled, When the
Seovehar reaches & node In V; , all the \°',‘,\¢-l’ V&ﬂ
&“,\ au ﬂm nggs be’twem Vi avel Viﬂ are WVB‘H-

“The 30@' is To veach a 'l'arae"‘ hode € in the Jas¥
‘uazr (wlﬂch wloa wuﬂins jus‘l‘ 't).
o. Show Hut wmetrieal +esk sasl‘ems are o
Seedd Case a—‘- \&)u'e.l amp‘ +troversa I

b. DQL?M @ ch"iohu‘ galution to hamal ﬁrap‘;
eaversal awd chow that Tt can be conwrted
Oﬂ—‘th”‘"A ih"'ﬂ o muolo'm‘s%d alagp{'l’hm at

wo loss of tost.



o guick explanation of online mirror descont a,fliul +o Roging

we Wove v pogqes ond o cache oF sije R

+he s\‘u*e Space s {xdo‘if‘; Zx: = n-k} ’where
€x;, = 'H eagc'- ¢ .!‘i\- in -;he cAc‘\a.

n
‘Ff‘&c\'ioh solubions can wuse ;"va‘}es in {XG[D.IJ : ;x‘.m-h}
We Saw in o PRRYIOKS lecture MW +o convert a‘-ﬂmd-foml
solution into a mmlomize.l alaon' ™,

mircor dascent: 4o serve o vequest ot ¢ folbw

the a\ammic V}b(zll)) axcft) € -€;— X(I(ﬂ) uwki |
% resches —p (ingtead of the obvious 0).

Here Cb(x)-.- 3 o; Inx; is the enteopic
reaulariger' ig‘-em" s The veehbor with 1
inthe ih toordinake awl 0 elsewhere (the
control Funchon Ar{v:aa a, doyn), and
Nx)y s a veckor in the n0rmal cone to
'fh.(:eas]l)‘c n&iw,u“' % ('Hu Lagrang ¢
aultipliers thak prevent move ment outside

e feasible feg\on\.
Vé(x) = 1+ In=x: " SV s L O
6 x‘)t:-l V ¢(x)' DZ o

¢ is & stoongly conven Luncdion. The Bregman
divergence Ossociated with <t

Delylix) = Ply) —P(x) — <vd(), y- >



We'll use D¢(3llx)-= -¢(z)-<v¢(x)'3-,,,7
s a potential Funckion, where Y is The
cdlver sar 3 s’fah. and €IS '\'lv on line a\‘soriﬂlm's

syote,
ADY move : Ficed Ho ldex lnq«ali{’

%‘ 1'54 (4 I\fc\ = —{V3@, ) i
< |\vhell_llgol, =0y, mxd

A~~~

ADY wowmest comp. ruhd
Cos\ (u"+o a will be
factor of 2) o(ln &)

ALG movemen{-; ?—ixe&,meo

25, (§xt) - -l ) +
+ Wﬂ} - Cath [Vieplatt) g - 13
= {-&; - x|
= (e, +MxH)), 5-—1&)} <

<\ - lt)=-x as A€ noraal
ol least s Tr
bl Leasible veqion

J.L;lﬂ S -x-‘[ﬂ - x-‘(x(t)) ('\l | ’1‘} <o
and +the peojection X would veduce Yhe ol



1t"’ < ,OSS 0“ orm 1 of S+e? 1 €[‘p'1

the ol ors‘\'hm s vandomiged 3 the aJnrsarn 's
a\hﬁ‘ktw hencc 'ﬂ\. Q *-5 ore {‘amlam vanable.s

(goin: aca =)= Lit)
iy - the arm that the a'ﬁon"h-m chooses ot sh‘at’

talse & vawndom vaciable)
5 2:4
- - ™
the “3“'\' : RT E‘Q% it G’ﬂnc'&tg‘

were interested 1w E[QT]
?$uulv resre{'

T E[ T 4)- min E z:att]4 ElR-]
(.4 ﬂ\e cu\!bfgara o O‘b'\:l:ous =)

EXP3:

Vtéf‘. .“} LL 0o €O
os"'l‘sb“*‘o“ on fl }

I

P & um¥orm 4
-Fpr té-l,z‘---,'l’e
draw L4 feom P+ Qtt/P Soiy
Vield,- ,03 L;t(" °.w,
.—l{é"tfl Ii}f



notiet that z,,t s an unhmsed estimgtor a(lﬁ,-,t:

Eigep [l‘ = ZP"{“ gl) xw F e - K

the { Ml ave & non-mf—"easmﬂ seq e uce

C\ol'sm‘- For every ﬂO“’i“N‘eadnJ (7t)t6N,

EXP3 sa'l:'.sre-:esi P
R’T T s 0 T
Coro'&fﬂl

G) For q,=1= 5%, Ry (o nks

(i2) For ?t N (%-ta , E-‘-'ﬁ 2‘1’»4 Ban
_pm} o} claim:
Note Ei"'l’t[iiﬁ] = ,Q‘-%‘* (rv)

El“"ﬂ [’il,tl . ﬂt 'Y
l e
E¢~p[1i,: = —iu:’ (rv.)



Z-.'otft = Z‘o'.jt = Z:Ec p[ft*] Z: ‘t"'ﬂ, ,f.‘

£ - £, [ Bt
) C"” gy E,Vf,[","*i‘)

NOu, Vx>o Mx‘x | awd & ‘ |- x-l-T

v

’







|" ovder 'L'O bou.no‘- the {eﬂnf'm'“v,r than Tha
pseudo —regrab, e need high pmbabil-'a‘a bounds.
Vns-or"'“m'h‘a i” has vaciance % -",— which is
{ i it

unbounded .
L?&r"’.a‘ ‘t“v Pmb"’m \S ‘tt\at we J,Oy]'l pl,o wa“al'

exploration)

Let @si. Detine

i+
33.'& = : x C3iy
% 0.,



3 Ins™

Vée(vi) w.p. =1-8, Z:ﬁe‘%:ﬁt, o

Pro&
4
E[&PS 4 ~pd; *'hh . ‘4..] b,

(1 + EL# - %\}E (3452
<(‘ P?t) }ﬁ = *

K\*I‘C
> E[ePZ-.@es"ﬁé.t)} <

Cﬁn-x.«-x Vx"

Ik




gxe3.p  Nel0,@) pPeloy]
Pe uniform Aistcib, on i,
Cor te=lz - T
dead from P,

Vi, %4 € Bis eVl il
di {P,?"c* ‘ 0. W
é{.*‘: &« ggg‘s
Compd'e! eqzl,i
L

Vi, ?."t“é'("ﬁ') Z" é’z’:& "

¥ -
Tha: V8e(o) 1-00: % p® s _ﬂ:‘,‘_@_rﬁ
0 I.DS\!“—‘—'/]“" ‘ then w.C > oy

Ry € 515\ T nbnlrs)

1§ we replace p:{ﬁ_;':, then w.f,>,|—-$

R 4\PT f(ns'+ S.tSE‘rnﬂmr\

oot
(00F:
LD__ Ei"'ﬂ[ﬁ":t}:a%,t* Pﬂ
‘th;\;cgorc - g T
V[), ‘E.%:ht - Z%ihf anT ¥ .tZ;"%Jﬁ- E-Q,ﬁ,e}

AL



hf-'mc. W = uniform  Aigtrbuhion on T “73
oy

I, -
Y - (Pt W) (e At wfout The mix(‘ﬁ\

.E.W&[mt}--('-p)E S.ﬁgtl K'E [30t.‘

=(1- v)(*"' E:n [€] (s ~Er[801)] -

ﬂaf\%;m[ i"*]) 0 €Tl

e assume g 3 and

1‘%‘1‘ - E,';m' Lﬁm]] \ (@™ =S ¥
e Uil |
'QME“'%‘- Imach-.

= In E;..,t[eqﬁ'u] Ey.,%[m,tl

r\ E<\ex+X

< M"[éﬁ"‘ -\ -'lﬁu} ¥ x<
1% <

L2 .
o S Eing, L1 3»«] -15%;3@& = ?E,%‘gﬁ(sw)’ﬁqs

Pid S
e (,4\«(5 <‘r'e gﬂ {
"\’&i,t—a

. _C
Now, %.t' W Where V" 00

:):.l




So,
";i Ei,ar A &%i"\l &

¢ i(‘—f) ‘1“ 3 "iqck = %%i‘ii‘{ e")gil*)

-9 st : (x
1 a
-¥ z_-%ﬁ%;k < .)an-c ™
= o - g ' é .
< (\+p) T..UM = !":Tv{"h? e
4= ¢ g‘,
n -! T ‘."Z’e'\ ¢
- EEW ML Fm
~ _ Ta nBiT
A(\‘\'?h n moay Gs."l’ - uﬂﬂ f_-e X
B 5 y 3 enee
. _ 1o f\
G Qo n - *h
(P ™ "‘:?; A
IR <
| J‘}‘)—W:&ﬁ
Qf?)-’n“‘é‘u A \,/e,/-‘__/{;
\&Y"\“’ ’)WG“T

oo
+ %



So, R.< (}'\T «o T+ (l'vﬁ')n'l’-t- a‘”,!%"' . %a;l_

now. ?\wa INn tha V“lwes ) sc,oarocl’l'nd

botween th AT < 5.8 —Tadnfe'ny oad
lage T (o 9021 od P24, ace Y

rpwored inty.)

H.w. @\ Cow'-f‘e"’e, te q,a +
@) prove Yol wih some walues

eRA s [Taten |2

One cam show o lowge bowad o o)



‘. Consider the e.xqer\'s Se'l"h'\ﬂ w-‘l’k aains: 3;&(,[0,“
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