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Abstract

In this paper we study the problem of computing max-entropy distributions over a discrete set of
objects subject to observed marginals. Interest in such distributions arises due to their applicability in ar-
eas such as statistical physics, economics, biology, information theory, machine learning, combinatorics
and, more recently, approximation algorithms. A key difficulty in computing max-entropy distributions
has been to show that they have polynomially-sized descriptions. We show that such descriptions exist
under general conditions. Subsequently, we show how algorithms for (approximately) counting the un-
derlying discrete set can be translated into efficient algorithms to (approximately) compute max-entropy
distributions. In the reverse direction, we show how access to algorithms that compute max-entropy
distributions can be used to count, which establishes an equivalence between counting and computing
max-entropy distributions.
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we give a 3/2 — € approximation algorithm for metric TSP.



R Application : Bounding the binomial 2l
PHUP : There are m mwwies, 27 +1 people.
Each person 1 wakch o swoset o mowes S; (ls;1>1)

Thew thepre are troo pesple who fave watchedl
the same subset: [ 2"+1 pigeons . 27 Poles] .

R THhere are 2n mownes, 27 people. FTach parson
hanw wakdhed aoy of the movies [is; 12 L-2n]
Thew there are oo )Pedple, Who bave. voai:CJ’Lde
the same subset:

Peoof: e world Like to Compuke the numbers of
possible Sy s with 151> 7L 2n .
2n

i.g_.ig%w (?) -+ _“j%noLz’j") [ C_Zf) s szz,::)]

Now e clatny :

| K L1,
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2 2n 2n /10
[P 21 %'H(zw )
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2n.H1(0.1)
= 9 < 2"

Using PRP, we 3ek ~the soluthisn.
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Total K of them are 1
Tons H(Ke) = B(P) $or P <L 7.

o, Ka™p ., ps ¥ £,

S—

o B(PD is an increasing §n v pe co. =1,
HCRe) £ W (), - ©

Rence ,

(K Ka e X))



§ Application : Counting Perfect Matehings.

Perfeck makching : sek of edges where every vertex
has exactly one edse tncident on ik .

O—- ([ — 3 M)

PR \%? oﬂv/ B

vevrtex .

.F' en graph has six perfect matchings such that every edge i of these perfec

e TBesrem (BPeS-man] let G:=(A-B.E) be & byortite
Fraple with 1A =Bl =n. Then the number of perfoct
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maﬂtclr\u’\.ﬁs v G S ak most B Cd.,u§)/
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e Note | Ths is h‘g&. Take Kn,n -
Anvy anngo'v\s can be dmo.sen
uchh no. s N = TTCn\)

Prerf: [ By Radhakwishnan 97

s obvious bourd © parf. MALNgs < TT s -
ve A

nNe Can jush’«ﬁ, tris by errbo@gy AS Well .

Let <, be the set of pe.wDC'e_c:l:' ma.ﬁ:c:ﬁu.rﬁ' s CPM).

Let T e S, bza_mfapn‘&g random PM.

Heyre, g A B.



Leb S be the 7\21.38\’@6}” cr? Wie A v J. So basically
I s a peraubotbion 2 vericos e B.

L o9 | Z | = H(ET) =H LaCuw)] + H a9 g (9)] + -
+ BT | T (). .. 7(9AT]

< S 40o(:]
Now, use Ef\bﬁdpy & ounhing "f}a“”

-+ Support st
2HE<T‘C’\9\)] (%‘205 e - <ros,)153§§ 0?:]
."d‘,,
332:**’]

Can we. improve fu.vathzo ? Theq se2ms  Lessy.

E.9. consider a t@rm on US of

B Lo () |l ... (9101 measures uncertairty
Wi T(;) after o(9,)..(9i-1) s beon vevealed.
We use H T (Y] o upper bound withowt us1ng
the nformmotion from q‘@sj)’s fov '36 [v-1)

fovr example, o(9:) € {aC8), -, 99, )¢

Hence, nwrmbeys 0',?. possilot ities of «(wr) s not
d(\9:) but | N G9r) — ‘L<C'\51),- Ce, 0’(‘19,‘_1')}, S = Rq"(‘{)

However. we have. no way of knowing ((ov

wn‘b\’-’ol,\,«_'n.ﬁ ) hown many «no.'%&,bars N, Paave
been. used whiv g (\9:) 's vevealed

IT3ea : Choose. oo vrandew. ovrder o Ranmune

vewrbces og. A, rather YYwar ol deteveminist ¢
svde v,



To explo‘tf Bs observaton L We p\'cl( . randsna
Permutotion 1T Inl— A and exomine S Vw

this order determined by TT-

e ]NCU{)‘—{Q'CT‘VC’\%).), o, T( ('19{,,,')')} |=: RsCi)
depend» o fow N(9) are ordered by o TT.

Stnce T S oo varAsr pewmmbah‘m
| N Gus) M {Q'CT‘I’('\S{)'), 5 (T (q}t-_,])')} | 'S g uallsy,
.«Q/Cke,tj 2 be any nwbeys g 1L">---;&«‘},

Touns, B[ Rp =53] = 2/a; for je Cai)
™

" Now hez shaw can useful neduality.

Lervma 1 :

Let (X,Y) be & pour c-:g- rondon. variokles.
Let support (X) Ccan be partitioneds into
setz A s Ay St ¥ L € L) ondl €Ay,

| svpport ( Il £ 2, thew
’w
BCYIX) £ S R [xe i) 2og ¢
1=t

Note : support (X) is the set of vallues X takes
witiv pasttive probalot\Uly: Y= Y IX =%

Brosh: BCex) T Eluly,d)

= 2 RIxeA) B [\l xe A

-~ . subpavt size £t
< S R[RE€EADLoga € T L0

1=



Fix i€ D) ond & permunkabion 7T

Lek K=T"C) [re WO =1].

Now we study the expression:

Higcl= RIT(Cr) + a2 l=Cr1))T + ...
+ HlagGrto)) oGt (1)) ... o(wn—1))] .

By o.vera.ginﬁ over adl JT, we obtadin
Hig] = IE[H (e + Lo () l=Cr())] +.
+ HLaCreW) o)) .. o’(n-cn—ﬂ)]:,

Llel us colleck combeibut ovo ﬁ. Uiferent a(dd
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§p A?p\,{m’ab‘m: Shearer’'s \earma.,

Puzzle:

Swppose n destinet Pomts in R2 bave n, Aistinet
vaJzabm o the XY -pRane , n, .. on XZ-pRane

Proof: A treiviel observabon: M £ Ny N Na.

P the sbomﬁzﬂ bownd , we use 2nbrsPpYy.

Lek P= (. 4.2) ke one of the n pouats picke?d ab
randesmw ot u-mj:aww\ diste lbbuwtien,

ks tworee /p'poje.c:,hmf\s

chain wale
Ne9» HTP) = W)+ wLyl=x)
+4 v Le) = uix) *u izl =]
B e = BLY) + WuI=\Y)

REP I+ HIR)+HIR] = 2 iz + MLyl + WLy =]
i T v L2+ uL21y)
= 2ulp) 2 24>+ 24y 2 )+ 2 H (Z2\ey)
< 2u[x)+ HLyd+ WLy =] + wi\= )+ nz2ly)
wLed) + vie] +rleg]d.
Now, HLP)= Rogm [ - unifeens dst], and
LAY L Log e for "€ L) R Pr can take abmat e valines,

TPwo
fﬁw O ’ "Pe.\ar\'\ry
3] =

= Q_,Q_,oﬁfn,  Rog M+ Rog Ny + Rogm trepy £
=S Mm% £ nrgna, Soppert s
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« Shearer’s Llearma | Let X= R, Xn be & RV,
If S is any dustribubion on subsets of Cnl,

site ¥ €], PrLte€S) > n ) then
ELHXI) S 1 (X),

- Here Xs s projection of X onto the cosrdinates
L.r\.— Sg l.- Q_- XS = xc,‘, X\-Z/ cce P fo thQ.YL S“: i\.‘\) bl el ‘L‘K;.
WNe defihe X oi= Xy, ..., Kiog,

[ Note | tt generalizes subadditiviky: 2H(x._ > w0,

re. EBELHC<)]) 2 a0 /n. Ir\.fmoma.bfj -b'k«s Says O‘-Ver’aje
cordinate carrmes ok Aeast averase enbropy]

Proof i 1 or - 1V et d g < <hy . Then
HOXr) = H (X ) + B (X | X d e+ 3 (R, | Ry e Xy )

7 BO) + MO 1 X )+ B (Xl %),

= 1‘1=;-[H(xs)'_l = f_ [ ZHCK«,\XQ)}

1eES

€ [2 N (1) KK 1K ;Y]

(€[]
T ij[:‘Es (.ﬂ.scl) H(xl‘.x<l)]
{EMn
= 5 Pelie s].H (X1 X))
ietn)

> = 3, HXi| Xei) = HOXD,
Tefn)



°\/a_r>far\']:3 Lel:’X:CXt;XZ;,Xn)be,CLR\/OJ\d
A=At er be a colecthon o:f,i Sulosets of n7)
st vire Tn). v ppeays ‘nv > K_ Setbs; then

S T v ~ "
L L AA1~ ~ s N d
-

L, -~
Hp
c 4 \

Meve, Xpa=(%4: JEAD Jor all A & [n].

Pp_ﬁg-. As n the preuviows proo, et T= 4)_1:1,...,{5}
Wit 1 <, <. Lig. Then
H(XT) = HCX':»!‘) + H CX\'Z\ X<1'z)+ 1. [F HCX\‘KI ><<t.s-)'
S
Z S H(xX | Xai)
3:! J J
Nowvs +f we sum ovev ol TG\A,—b\«enfcwch«,
1€ [n] bthe term K (X;| X)) opprars ot Rzast
Ktaimes, an Lacke 7 appears tn ok loast
K sets.

o
Hence - ZHCXT)Z Kﬁ,""(lex<3’)
Te A ")::t

= KHR), a

Oviginak proof of Sheavrer’'s Aemmioe WA
bosed. on. indricoate inductsn oa’@u«nzn't.
v Bhe c\D‘Po'Df See Thesyren 22. 7 in Jukna Book,

" Note for the pu2le, we have A=(xVy,Z). N=3,
A= 10020, (13),(220) re w=2.

2> WP+ MUIPRI+UIRY) > 21T P)



Remnember

= Intersec ting families of Frophus. e
Suppose F s a Farmily of. subsets of [n]. Redo.

F s K;-\‘n'te.r’szcbln.j if vVABeF, lAnBIZ k.

Cloim @ If F s 1_—-1‘n~'\:ez°sacl':\.'n_3 , Bz [Ple 2

™ Follows o the —f-ac:t thaot ¥ A &[],

T can efthevr contasw A osr AS, not bothh .

— We can adso ok & Rarge -farnvll\ycf":\m.ls S\=2e.
by taging adl seks c:sh'twa 1.

T Similarly ne @an gel o Rarge K-tntersecting fomily
of size 20/oK by taling all seks ccm’cau-/\.:.nj k.
Can ne do bettzr? e dent need same. K _2lementx
v adl Po-i_vyof.se, intevrsections.

—lek F=3Aaciny): LAV > o +RAoY Then 2versy twoo
Setz have > K @lements n cemmen.

‘ = m n d —— L..
= 2, (.) > (-%)Ct o ,;;\)).
I=Yo+¥%,
PNew we study similar propertizs Jor grophs.
‘lek H ke a fanily of geaphs with vertex et Th).
G s 'mtepsed:infj ;5 VTJKQS,T/\KM an 2492
— As va\'smsl_y we thave a fa_rn:lly G& s2e 2.02)/2
e \'\a:(? o
s.b- all. S e&cmmédje. o_ﬂo_;@&
+ G is V-interseeting, iy T, ke G, TAKcontadhs a
‘bmo_r\j’;e-
n
As praiows we do PE A family of size ZC?')/S.
But can we fiarve ZC'Y"’)/Z As above 7 — Nol



Thesvem : If 2 is V- in‘bewsec'bimj, then
n
g < 2524,

Proef

lek G be auuu"fd\om!j rondzsm y@&ﬁ»&m%
hence, RHLG)= Lo5 19 )

So., RE& Cca Ahink O§ G: = CX”""’XCQ)) e e

Xy 1S the RV Ccr’r’es?c'ndin? o <t 2&32,'

Lekt Xs be the RV firem § wesbaicled 4o 2Ae sets

th Seme 5\4A'(>’?~ Qs .
e Rant the Sv\f'PcY’t S22 O; Xs (1 =2s) o be smanL .

Lemmna e n2ed -~ See “ppey bosuind & RAs

For any RS n), ek Ge be the gropbe consisting of-
two disconneclted cliques, one s R. & the obhee

sn D)\ R. ‘2

Let B be number of cdeps in Ge. ﬁé o N&
Obsepvabhon © As ¥ T,k €4, TOK contauns a. V.,
TAKNGg Contains an cdog an 2 verhices iy the
V either heleg to 2ther R or DAINR.



Vs, the Jamily of grapbs L Thag: TES T s
linfersecting , so tas size = 25/5 O ®

let S ve W\wamly v aNnAsna 3po~1>?~ Q e obtoines
by P\'Ck&.?\ﬁ a vandem subset Rc:j. Mo Y

By symmebry; an edge s v Gg wp E/CY).

Then~ aa Xg 'S va?poﬂted T M'\'r\i‘epszc'l:(nj foundj
Cfeem ) BL B (X)) L Rog (27, )= €1 @)

APPIyﬁng Shearer's lemmo. Wit M= E:/C;,‘)’ Nej»d?
e wanted \ o
ELwCXs)] > o nI6) e pors
2) Snpp (%5) ko be sma,
> EBE—-1 > (V\) _p'oalal
2

—muﬁzbﬁlﬁ\‘Cv‘) (_z)/g

=(2) - <;>/ZCW)[M1;?]

:(_V\)_ n(n-—1)

2
S
MmN —
r\/z _1_ = C,z_) <.

‘Cz)"

= |91« zcg)/q.




* Application : Lower bownds for bandits.
§P7=opex=hfe.5 of KL-divergence :

Remember, for o probabillty disteibuthions P.4
o a sample space S , welative enbeopy or

KL,-dl-:\rzpﬁe—ﬁCZ — DCpwa) = ispcx)lw:i) 1= ['2“223
e

@ Gibbs fneqLAa,Qiily . Dpha)2 0
CProved. using Jensen's / Log-sum nedualiby, ],

(@ Chouwin rule for product distelbuthions :
Let the sosmpole spoce be S= s,x S,x..
Lek p.q be btrwo Alstribubtions on S suck. Bk
P= Pux- % P Ond =y X O, here p;, o
are dustribubhions on SJ , for 2aci. JE ).
Then DlpNA) = i";

xS A

L, DCPydy)

Preook: let x=Cx, - %) €S s.t- €85 VIEIN].
hilxi) = b (P Cu) /9 (D)),

T Dlpla) = & P & (p(x)/cd(x))

XES

= 2. és PEOH (i) (Since, L (P)/q6x)) = "z&;caq )]
i=t i =\

=3, 2, S, PO

1=t x*e€S; xes

= ot
=2 2 ) 2 P&
:‘ e sy XS~

2, P (xt,')'au C“l-,,) [S‘Lﬂcz; 2, PC”C) = P ('Z.‘ )]

\ xesS, AES, % =2*

=S, Dlp )

t

3



I i dual 2veats
() Ponsker’'s an_CL\*Q'O*’-'L)’ dea ef.— Lz_&ivzpsaﬁ\cfe.

For any evenk AC S , we fave

2 (p(r) —aca)) = DL,

" Preoot -
Frorn Log-sum ineduodiby, for each event BC S,

2pe08a(E2)2 (5 p(2)) 2| P
+EB W B ic‘/@c)

«E B

= p(8) L (p(BYq(BE)).

Hencz, 2 p@au(fg‘—"-) 2 pA) o (B
)2

g (=) QLAY 7/

pE) A) . [ PCA)
t%’AP@L)LW (§&5) % ) )

let a= PLAY, b=g (A), w.1.0.9. Assume aLb,

The, Diphd)
P PO
= 2P0t I2 4 3 ponn BE qc

2 PC(A) LA~ ?—Cﬂ) + P(R) i~ (q{ﬂ)) 23217;:'&
. M2 c doeys
= a4, -—+ C\-—&)X—v\,('— ) Retrotd inplin
[P _p-namck SpAce,
kL dlvergence
- j— WA j@ @ L. hetps Wers.
1-%)
L b
= j )z = (=), S‘ =-2) 4.
" (l—x) e (\—x)

1o
> S‘4 (- @) dx. L Since, = (1-x) & ’74 for 2 € CO,1)]
a

= 2(k-a) =2 [q) - p(A)]Z. O



c Pinsker's inzthutj olso velaten velative
enteopy and total vawsioabhion distance. (TV),

Pinsker's inequaldity <onply : |
v
S (Poa) < (-!Z_ID Cpuct))z.

§ Totoll vogiabhon distance bebaeen o
probolkilty ddstribubion functions P& g is:
sv(p.a)= 2\2'2 Ve (A) — 9 (A

[Clowm: Sv(ma)=L g |PE)-d@l=5 lp-al,
WES

Beoof: ok B= {weS: pld>alN].

TBen lp-all, = 2 1pGd— g )]
>, 0 wEeES > O

—_— =
= 2 ped—aea) + 2 (G- p)

weR o
= p(@)—LlB)+ AE) —pP(B)
= pmE)—1e+ QO -4®)) — (1 -p(&)

= z(p(B)—a(BR)) P
New, By (p-a) = Swe \ e (A)— (A
= "Z—_é.s\ p(0) — ¢ (W).

= S lle-aj, L fromn &) -

There are mamy other nobhions of dLstanczes
bebween Pmobab{\,{ty ddstributione such o

Heﬂa-'r\_aexv dustance, Wasserstein distance
K&Qmoﬁa\ouv— Svuirnsvy dilstance edc.



@ Relative entropy O§ Beernowdll Rys.
Let B(p) be BeenoulUl RV wit. mean P
Pen for all € € (0,1,

PlBCEENIB (L)) € 282, amw

pl(BlLONB(HEE)) <
D(B(LIN B (1=2)) £ 2™

* Prorf

Ne cavrlicr sheswed.

(Bl BW)) = p ,QM,E_ o C\'-PD»QMC )
l—

Hence, D(B(XE) |8 (L))

D

e
e

<

s

(=)o tre) + 2 e (1-2)

s (-2)+ £, (1 xE

-2

o+ £ .28

. ® [ L».,(""z) »Qn<l+rz)< —

g

— < 2g%

Sinilanly, p(BLL) I B (1E2))

N
£
mS
i
N
i
N
¢
n
i} -
)

Alse, | DL BN B 1Y)

z 4 ( 112) t oz ’Q"”C,__L‘é) =



§ E—xam«P]z,: P/U?;Px‘nﬁ . CoUn
Given : A brased vandom Cein :

a distribuben e (0,17 Wit koo, Mo 1 ¢ (0,1).
He Knewo (s edther i O Mo, Wwhere P4 D> M2

Gool : FUp the coun T bmes . Iden‘b‘.f/ whether
= o Mz Wit 'eu.%&. probability.

Formadty, if S:= 10,11 be the sample space fov
cwktcomes g T W&UPS,WMNZ'Y\ZZAOL.

sS— 21,27 st

decision Pule o i
Rr[Ruwe (Observations) = L= > (1-8)

R [Rule (Observations) = 2=, > (1-3)
where 0K 5< Y,

A Arovo Laerge shevdd T be for such oo decrsion
vuwle to exist ?

% T~ O CH1"’H7_)‘_2 S .Sbciﬁ'ulent'

'Pr»cuf-. Say T= KCHI"HZ)-Z) and.

\i\ be the empivical mean. Say ©:= i~
C&ex’nsff: Xy, oo XP, be indg,‘p. KRV vitle S\hP"PGY”t n [O0,1),
e ¥Er0o, B35 —BCEx)I>K) < 2.2xp (-2

THus if the covn faavs mean tRa, 12.4(‘35141—9/2_)
€ R (IGT— Tl > 9%) < o>
Be (1t #Tl> %% ) 2 2. Q*PQZ—;-—'—F)

- dexp(c g 0 - 20y ()
Siedilanly, £ coln Aan mean i, then
R (G 2 14, + O ) c2erp [~ (OL) (¥e2)] =2exp [-'%4])



G2V IR 2 > P
'L+ H/__z_

ne vebren mean Yo ke k4
ond =lse vreburn M.

Clain: T~ SL (M-t 2 is neasssary.
For strplicily . We assume R = \H B

—_—

> ’H?-=J£O\(\d
shew T > Yae?
Proof 1 For a vollid decisvon vlde, ek A C G
be the ervent thot the vwule vetuvens “ 17
THen,
B L Ao \‘*ZH'I]"‘ PY":A'D\H=\U~9,3 > 1—25
let Pr (A)= Be (Al =M1T), for event AC S 7 € {1,253

let P ¢ be the distributbon of the 't toss
f f= Ry Then 7 o= P LR P

< D(P I\ B) EP\‘n@%aP:]

£ 29{?,,61\ P [,Me

So, 2 lpcr —p can”

< T.28%  [®8zenouilu RV)
S |pA) =R £ ed T

P (M) — R (Ad] £ Y, < 1— 28

TPis centradicts

Note : Lower bound p\’-"ovg O\PFL-Q.S o ol dece'simn
eules ok once.



r Generolrzation to more thon two coins.
We tfrove n cotrno, ook most one is biased (mean \;_%)
The AaAlgomthm camn choeose a sﬁr\ch.e con Xy et
o8 n couns, to FUp At Lame t € [(T].

At the end of Lime T, algorithon meeds to guess
the blased coun, if any . Let the Fuess be. ST

To show the Lewer bound |, e constbruckt e

-fowuruj (1) disteibutions on Coon- fUp ovdcomes.

Po 1 oML couns avre four

Pj t Jth con Bae mean HZ | ophew coins

2 -

(jé E'YL]) ourre four.
Note that uvv ol these distributions ., the dfferent
coun £Ups are mutually ndependent evernts.
For 3el0, M), we denctz the probabilily ond
expectation of an evenk under distreibution
Py by [de and. [E; » Pespectively .

e Theorem : Llek ALG be any c.m.h-—fbippfng a&go*f"tﬁ\m.
If T< \g" = then theve exists ok least Y destinet

values of 4>0 s.t. \'Pr’ v #3) =%,

Peoof: Let j dencte RV thak counts the nuaber
of lmes ALG .S—Q»ZPS c,cnhj

Then i|r+:-OC&J)— Eoﬁz&ﬁ T.
J=

S0 ak wwost /3 coins can fave Ry >3
and ak wmost "3 cains can thawve Re,(yq -33 > -

[Memgmj} .

L s also pr\\ows :ﬁec*rn a.vex—*aﬁ"\nj O?fgumar\t- SaAT we
fave wcomino witth B, (Y5 =)D 7 34,
Then, 4 = %’TPYOCHT--:j) 2 %-5/7\ > *K <%]



Consider the sets

5215 B(93) £3Unt, T=13: Pr(Yr=1d€¥n}

> Y3

lJ\>/'73.

TR ewn l34]>/ 2‘”/3, 1 J2)

LeA'D'=lJ4hD'2\. TPen

Let 4€ J and o\e_f\hz the event ¢:

= 4 yr =J}
THhen,

Py C€) S B (e)+ | (Pe; (€ — (Re, (2]

Definithiowm
2 | . Fi Pinsker'
& =+ = DP 11 Py) [ p?@uﬁgs

NO'w, MS\na Inavn vule: D(Pa ) PJ)
2 D( Po GO N P; &)

LL(\LAKZ boo tins . now We fove many Ceins 2 choose

fren & Bhe dnsice mw/‘],akz,?.end_cw‘t‘\'\ecmtcsmes
o= pvakus tpsses.

Tthen uswg cenditonall ve). e_n_t\ao-Py Z.'D(Pofﬂe)llP (¢Y)

= 2, 5, Ryl m J DR, GO ()], )
t {2, /Xb"l
Lek 245

st be the o-vdcpmts oj- Hhe couvn tosses
seen by ALG- Lekt B (%,) and Pj (K) denote the

distributiorni of t’th con toss seen by ALG,
3v£vzn +the MPV\’S\S of the first t-1 tosses.

Now Pj (%) is & sinsle can toss , which 1s a
foaie con For % 75 ond. biased coun <f wtzj,
P ) is always  covresponds 1o folir coln toss.



TRen D(PollP5)
T
= S Ry, ) Dy - D CBEEN B(L2))

t=1 AP X |

Z : 2 3T &2

T Byl 2 & T T

2T g*

Hence, Pri(E) = 24 AP A

" 2 . :
As T < \oos"—’fzm a.\oae, ancnk%&, . o I'RpJ Ce) <
a

TEs proves Bhe theovrem,

.

|

8 Mulbiarmed Bandits: (MaB)
An c:rr\PGY*tar\t problem (n online dect sf«sn—ma«l:i.—\3,

Given © K arms, T vounds .
Tn eac vound. t € [T
1. ALLO picks arm aL-
L. ALGO observes rawwava v, € LCLo.17)
foe the chosen arm.-

— We consider sStochastic MAB, ohere veward. {ove
€ach awrm Ag ts TID, say Bernowlll RV wid.

nNecon Nt'
let p*:= max ., Bandit
: A Algorithms
‘& TOR LATTIMORE
best mean rersardo CSABA SZEPESVARI
Goal : /\/
//

-~

MmNl 2e wegwej:

RCT).: l__’_*.r_ %-'Ht -
t=\



* Theorem : For stodnasthe muldl avemed.
bandk prolblem. for fixed e Borizon T

ond -ljz\z,nu.mloe:ﬂoaf arms K, for b
od,am-l:\ruw there exists oo problem inskxnce

st BRI = 2 (T ) (Rosse ensusf k)

Peoof: We define the distribubtion by c,\»\osma o
vordonm 1+ el K] ona de_:ﬁmn_j the Y, (1) @

\ \+ 2
Y? (A4 )={ wepe Ao L R P = . L
[ 1 o B ‘/2 |-5- ‘L#—L*’ ‘PEC’L‘) = O oy P l-zz 1.f 1 -—1.":

We choose 1/8 = Jwoot/ w.

We can i o‘g.- cu a\Lﬁm—th that chososes
ochon "Ce&EKjO&b Lerme £t an a. coun- awessv\
a\!.ﬁom.tkm whichh chooses couw x, at time t-

"
Fovr t< -5z 3 T £ [K) wWith 3312 K3 st

=

Vjeﬂy‘ta [R"' (g =J) 557’2‘

\—\e_ncaJ & [, (o )3 3::

z (5 & v L (|+a)>+z Cld'i) +3&

="
Here -tHhe f-xpec{zd:\m IS adso osveve Hae
chevce csgf M
OrLthe ofber $Pand,

o
IE N e ' v e (EEYT
[t 2 (53] [zmeam] € G52

s e fove ELR:])

> \+ £ — (L  Ss > 2T e |K—__T
/< 2)1’ CZ*E’)T 7 A= > 6 \oo |

5

—+ So there 1s one tinstance woibBa Pea'rae,b = 5‘3 1
oD
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