Lecture 2 — Winter 2022 term Lecture 2 — Winter 2022 term Lecture 2 — Winter 2022 term

Calibration of EWA

Sequential learning, sequential optimization — Gilles Stoltz (CNRS / Université Paris-Saclay) 1



Lecture 2 — Winter 2022 term Lecture 2 — Winter 2022 term Lecture 2 — Winter 2022 term

y \q_bswf\ﬁcn af'm ool [ the €WA & o
] C =0
|
L &&k?z A each @od | £=42,.1 T
e | - Bhhcich | Yo o\ ieﬁ k\@% ?«JL
S ARE= RES NSRS MENE RN CT0N
d > CMA iu @.\rua\eé
| a7 1
T N T
fim Chavoll | ¥o | (oot el = A Qi o e I8
i o YU R £
Aloedths (=) ot | [ Bked cniog (’ 70
—J=- == Y C
t-i -
iz, ) | = eo(l-n Z| 04)/ A L N
el L] O 2L ep(-q 2 Q1)
k:" ~ S7‘| /
8 o Al R | £ | bN . M-m)5 T
il NN
/
Tor B choal | 7o & |80 -~ M) [T
¢ ’? g T ) Qqé(\ pAYES L
k te. ‘\M \A’let Lo i
4, "‘.| i M| ac 0 cx\\g%) . koo | i ING.
o 5% g : .
2. s Jein PEC_gufBmate. in ;lamdwce,
Sduhons le | 1 v o elck » ad g (1)
wshet %@u& el e
A H (‘“TIC\/ G\fm y : s A\@feﬂ
o e A

Sequential learning, sequential optimization — Gilles Stoltz (CNRS / Université Paris-Saclay) 2



Lecture 2 — Winter 2022 term Lecture 2 — Winter 2022 term Lecture 2 — Winter 2022 term

S\-\w:a‘v (;\" 2 .-2
i —
do g \ i ¢ £ 2y [ EA T
What | o Th | &h 7 d |
Ol |7
15 SN, e |
= L f C o 10N |
19 ‘7)/ = = 'ID()' ‘")/ d e | “'R. *7%1\70
o oy A el
Then e 2! '1} 9 r(“jffmo L (\) '\\i k&“éy ( = i
T 3 <h S |
Teade | ofp 4 d 43%&%:\ 0 | as
. { = ’d?uc:r)
- 0 me«o%‘\sﬂ\ca) (\ | ewh ?‘g,di" : HEKS) ~
s U' 00 ALLOe 3 Yo o | dee | Socwbiny | oo c,hashdh‘ :
d ~J
A B e ?é\oc.b(‘h‘c,. \&L Coer Y) \ec
OdierS m\j a ler | 1)
zlm WIBHONS oS (\ ol & ) ~-(|1m_ TS 'o\.\ﬂ)
4 On G Shoul Pex m(c N \ﬁn F r oi‘? \Ro ;;% | ﬁ\'asbf
Can el | oot QL? P 1 & callomton M%%M | el in
) \\H _'For H&P\ ¢
A
2 (an C&oﬁ Quartiy hos to sell n r\) égscj on B C\ED)ML ei!:
Brechashc: (e 4
),
howe | A e dotve |calibbeicon | Sidkgy o Seou, =59
- o L hickion e repé.) < \\sr\ [ mw&x\
: T
_\ﬂ[@ﬂ ) t% J

Sequential learning, sequential optimization — Gilles Stoltz (CNRS / Université Paris-Saclay) 3



Lecture 2 — Winter 2022 term Lecture 2 — Winter 2022 term Lecture 2 — Winter 2022 term

lafldicn | of )\ \ s ooy y LI K,
0 /| lsdoboy
| \ 2y | he M_c‘% foick.. il .@g_’L
sppote and et Roosn \'@m %0 | hod ol dedl lth |m a
M j <t liBe | on) Then | « e lach v A 2 e
RESTAT W isith r(\r L Rionl A ued ]
] M-m 2! - _
't L Zr +\’ Lo 2 =
(\,g, dos) Lal" (mmk t={"and t=2- [ L
\?j plc. mcds ui&fm« el n’f«~> e |l oeeds
x T 75 |
T Dende by - Sl ezl | mch Pok ARSI
2 . S
1y [ [ \ ¥ o 2- <T)
foiel | et (SleA (ej(’& £ S [ f lexal %m’vd 1
~ T & T T i
el K‘\‘ = )3 Z_ D‘,‘LQ‘ = i i
- gm0 g 19 & k | &= e A\ ora
G o -\74 zé‘r 2™ Q%\\ | | ek € sel
€ M-m)| + S d n O - on| 2 Qb V| op| it bod-
£ g = | Lﬂ E=0%1 ) ﬁj\r( R | P2 i
a T T
=i d‘j 52 y Z Z-D} ! - Mf\ Z— o
T “"%& K| el
// |
/f :rw\%w e eosed ; ’:%%—\'é%- ’? f‘r: e
ggn(%umm_ oo a1 £ | lad N (Mm 2 (T-2'7) IS
)8 E&A N&a- '? H q"__“_ , J 8 )
P | IR
T (o A < (i 2
e + ZT' =) Z e =5 [T 7 3
I
. =
= (M) 2 in N =/(M-m )| =] ol
Y T/7TV ][ S | P - \ = N "o
(20,00 im:uc\?

2
e’
L

ot (T N s X
. < 2_[\M'N\ + \;" ‘\‘!A.r /} N X% (\Mﬁ‘:)
A =
i L et
(€ %2 ) ”5:,(‘
AR
(z- 4
o 2< T, base | (JZ)7 | < N7

Sequential learning, sequential optimization — Gilles Stoltz (CNRS / Université Paris-Saclay) 4



Lecture 2 — Winter 2022 term Lecture 2 — Winter 2022 term Lecture 2 — Winter 2022 term

The 4 | eede R < MW T + | 2(M-w)
\ ' n N N4
L \f ])
i § ; gb —
{S’é‘ g i‘?\i?\;@g;‘u e won | dffereve w.pke od
Ly hal, Do mosees o T o ol & an | gdlbond
3 \;?”‘Q}agj” L B cdagiiyin T '@ > 2 Al 32
% ou. s Ko O ey ice Akl
NoTe Ao ledensio ‘ oloeve. r& mok i : hen G afe. @
WRnERsh e doke. drethl o \»S%mem Y E | dookes
o sharolen, | (Bla el | Ve " o | :qié M o ced
@ in feenh u+/ theie | @lie. s | ¢ —.ST) 2t it
4o T T & \ 0 >
ﬂ?m%f\) R L=\ 2 @M%) q j\cu‘ S Q]
RS bocosse. | T oo ld | @d 4o ek g,éf\\‘eq !
1
Her o (ase APU & 2 +o with | Rl Prclair | |
ey
The | Swackt @q: e Aot | adadiee o | Pl 1) |14 .
]
Lk R ( .,D = Pa) ) RCH) dancle B wfc:x. b \;2@%, regguwi\‘:!g& b-d EWA \,Jﬂh_:‘ﬁé
10 ) = epl=1 Z x)//;; ap(-n 2 0:)
e | loola ccor oo o | s r;LV 7 s A Qe c\cm;%
“nbnactien Qa«, ,&é_-'\:[;i ! 6e§|,.4} i e |\ wa Fe () } aod
("Xﬁk@ ’Hﬁ" 90- N ‘P ’V} % C&Uﬁ\ j relowt
<
2 WG I 1o legled “}t ® | (oh- ({ 9@‘0)5 JRM\ :fgr ‘ - €
Lok Q
™| | o T Sk )
<T =] Bl |3 C% 0 - 2_—‘Q a P
CalR W) k =
< N :7_ @
N 4:?'{%__8 }é_ ‘%T\‘Qq : :é " Qj‘%‘
2 570 | oy 's| Meois o Bt *ﬁt N T
A1 Ny N
Nele t ™ 5, sas usually oueciec) Ueu ¥ o S ecaly
= b ) 1 VOl | b |
£ O elmML % | X TE T RO B |
i d X T 8 N c“ks
L 1 . =

Sequential learning, sequential optimization — Gilles Stoltz (CNRS / Université Paris-Saclay) 5



Lecture 2 — Winter 2022 term Lecture 2 — Winter 2022 term Lecture 2 — Winter 2022 term

'__is 14 Pl M ahe! looun, ushich G {qu
(ool dm q g st (Mem) [T TN ca € (e,
RS " Jd 1d M
\@mu{:\.) which | con@avt oy ld (wab | et [T,
Ul 1A v
oo (\o w) : ] —
2 h N\ Z—— — éi hn ’\ z—r' “,t
EB ] ‘N“)Oﬂ B t) Ap [JJ7 T 0 - T
T - pa ¢ ok :
The quében B Bl to | centeo L[ 41 ZPJVQ‘ J
| . += Jo J N /&_43““[ ; El\?
(4 on Qf e ddencopio | lang [4 ‘ M+ ﬁﬁ‘h ¢ °
i ) e [®, sl
\\3'\\ ‘\T T « Utd\—\ ) '“, é K} S ’H’ﬁ‘ xRl X o
i<
|
o, 0 ' m"-&—/
1 ol e T R ?% e "“%"‘ } T
T F o
N N d
v pa 1 Ii___l»:\ N 1}F/q\
2| [ TIh Tk B ) T 1
= ‘ \‘Ni (\‘ 0\ /
[ & 3 \ tlv}ﬂl
L / ST Yo 552 o fer e
1" r‘ ( ﬂ- - L
/e l\ J s ok 5;_:1%‘) e ¥
\ NS J/
=L, . A RZE
R {\5 (e po
N S =Ty
il Ay~ ;i( %
- I N\ . el (5 o SN
Theloe, - (1L o e ) ¢ -1 Nox N N 1
(—\\m\n‘-og : /_ ) My - d 10 T S | ok gQ-m /
=4 100 il et sde) ' - b -
E 7
Suikinn =, ... T
A RREA. | |
] 0\ T - LY T
REECIE AP 2l AN U | U AR A YO APk T
& LN ESREERN \ T B e Y[ [V
~ y € \
il D (T kE=Y)

T A 1 z'e- \ %O = 2 4
oA D) -2 (2 kT2 ) SR
IR EN Z2n) NI e I BN S LN 2O\

T N A A O O I A A M O el il

Sequential learning, sequential optimization — Gilles Stoltz (CNRS / Université Paris-Saclay) 6



Lecture 2 — Winter 2022 term Lecture 2 — Winter 2022 term Lecture 2 — Winter 2022 term

r A I 0\ Y
= ik 4 |V N (\Z- o ™ 3= ‘a&)
fia T = g
f 7 = )™ '.'mihb ::_:\ d
4 ~ —
/ g 3
( <N {:a%
)%
/
o W @0 alveus
% amuwe | O Rat = 0
{’\‘ e @ I oicked lagothes . =
| & Vo lconader © e\ AT | e be. | el
Q@P ‘ Um = Ne 6)\ h‘:‘[gf 9 J»\A up L
N e 1! 7/ it () ol ol §
7 Il
2 Kurp (ol B> T
1. - e "l} P&«b}_\ﬂ 3} ) a \oé\cha v)t\e]oh\
2 - Sde Shac par boods Ron Bo ous 7/
! Heeltding! lowsa t e é o | et
N 0o S
- A % 3 £ l
s Ay o (j.-&_ Srepec (\Zmoaic\»l ) bolods on (Mo & @ (Hoof Ioys
o 26 - S nd| 1 Bicn, e, \Gat | onl
- C J "nope U
v Re (Scale [l M) nat en \9%_ \kaﬁhcm)
Touhien 27 al Nalal 4l %41 [ichen < | swall | 4 \h(\“l)ﬂw ichan [0 Swal
, " /
hag ga ( o e_'%)ﬁ") Ll=-1 1o 1-2 L?&Q\l
i TN swall e NgL W M ! |\ ) [P e
I , + 1] oy (m &Y
BN 2 J K Y idH
N 5 2 Ol 5 il
& - )
i ﬁ i AN
"M ¢ d’t & 2}_ %._ ‘*Jﬂ‘.%'k
s e | dod\d (Aol o befok | o fodiuoiion IS
0 T ) O

Sequential learning, sequential optimization — Gilles Stoltz (CNRS / Université Paris-Saclay) 7



Lecture 2 — Winter 2022 term Lecture 2 — Winter 2022 term Lecture 2 — Winter 2022 term

|
S L1 =1V (B oy i ‘ﬁd%)l
T qHL N i Jd
£ N
% -1 (11 = = lonf nfly £ 5a00)
'm: U BN Nk Wik 7
R '%2. ) - ,"\
' .—2: T TL MR i F-_?'d' 'm-,
A | NI )
2 h“ L 4 |2 IR = c
R O e e ) 7 |*
A - :
;A' Qrb . (& Ca.-lHL\)
" 7
‘ " A T
The | @ bovd | A Ny B Ty
\) N+ ts [ ©
T 4-i
Cheoiso A ‘E._‘ hoe | | V| 1= 24
I Tcl) It N_ I =7 S= )
€
2, A i -V \\
e ’N% £ , U‘ \'M‘l > = L )
NV
frmrn I\ { o8 \
{ : _-
= NiaN %_ _("w/\/jcw\\l\[ ,)\\Iﬂ_; \_/c)
Ver =
K P d [ lad G \.‘ =T
\\QA *\4 (d¢ ‘ NS % U“‘t ‘l\ &f‘ wa?:- &
ad | R Al ot besed B £ C [V
' U 2
NEE-Y W (2008 - 204 g _€ e uthet |
== X and | | o o | ok hoo il S |k e
yéct j y— D AZO"ti de »d y | an € N 0 L Keelon
conl ot woke & sl pec \no(w\g%z& N
7 R %o R d g [ t%&n‘ e oalit.
il ~ e J
] { | 1

Sequential learning, sequential optimization — Gilles Stoltz (CNRS / Université Paris-Saclay) 8



Lecture 2 — Winter 2022 term Lecture 2 — Winter 2022 term Lecture 2 — Winter 2022 term

Ik L Betoden A qun_’: : X glzm : n%;\eq(\g) y n (g
X d N Lo N - et
1M «’q"t) ) = | & mr} ﬂ}] + (\e 71 M;\m ;}\M m)J\ (\ ><>
\ L))
Rosp Y xR (\ *o - 0//.;; ( mmbg%m Cler R
N70y X< WM EX 7 m et (\)(— Ex) ¢ '7)( )
Fhen o «}(x-@q\ £ K 'r}(M-w)
- s, -0 L :r)(r\—w NUSANE
L LMY= R WA € a i A MY
[ 4 ] /"”‘Y(M'#‘r’_
1‘ : Ey Mﬂ\ U l—'\\_
T e ) x & CI =TT
@] (M-wy-
s | o \ 5} &) oasthug ' \n{ Ba) €4
P bk by o KOs
Bk GA B ab axch owd g o 10N wsth o conoeen
J %Zl E < Wd&] oN 1y o
Sq% ‘ o
ok V(IR o =+t ance e valle of a1k _
T 3‘3 E’L R / . ' ¢ | ifre. x\'x'L w\gl"mw!s .
1 ‘ Y a@. T
; : n Q3 -
R g I T LT gz ) e
Ny O ol SO N B
: = T -
Niwvile) OX P ol | lowes ) al,
hwhich Gte- | o &E:#-ET% offred
a ¥ s aPl twel ¢ id ] eell | @net ot 2
WSth ro low | ob &
nactlto asgwe. | |70
SINEY
- ‘ ihe. | aleae Pt -
Ol
v y TP g 5D
< N L = — Mk L L
_fv‘_p:\ N %t ¢ = By s i
ki T
™ I AR AN N R ool
cihi s v B g WSPT R
k i
, ¥ (M-w)( 262 BN
T [ i T b MEEEREAREN

Sequential learning, sequential optimization — Gilles Stoltz (CNRS / Université Paris-Saclay) 9



Lecture 2 — Winter 2022 term Lecture 2 — Winter 2022 term Lecture 2 — Winter 2022 term

oo e A Hws qa & PN J & )
) ta| ¥
L (%“ =t I N
O.X) . 7 Vso it il ”2@“’* A0
N By B s iy W g < )4 EE T ) ez
i T o S U
| K= =D i N ‘
~ .20 |~ B b o= o Q. Sak
X & —M~m] i al .ﬁgw b ’lh\._/'L J(% hm-k&_]t
! n ( IM\ !
weRe.| \eo., é "s )\b; ( Uj": Z - Jll \M'W\)g\ - +7
by scovig 55l
Q'O g2 =*,
N ZM (M-m)dy, | — (M—m)c(*'__ x ,f%n)?w—w)‘j)
Mm-o&r 4l dl= 1 1] »
= _ 2. _ _‘X.—_ — e . : {
RN Ll S v el e vzt ol FPTott o
| | |
O | @n| dow] Bat | 01 debsebs Bt | 0o | 4 Ro) =% x7C
S 3 w 9 Ao g 1) 2
Thenfia, T I A Y AELT PISERRSYIE:
0 g Y 3 © t=l e ), o
L Qy/ /1 T \D T '_b_ /et .
gz&/ (Z S P E (2
By \ €= 1A = L NS 2/ Nsh P71/
| '
i T / £
M e - SIS b BIaLL
£ e * 87 '>‘/
A~ = e
T CNE}L 9 ﬂﬂiﬁ s
m XY < V\—WV ! nN\J ! n
T .—_"'(TE ) “; \-ﬁ—
g ( (‘ -W\) i + ZA{.'_Q“ s
-&=—1 \ © 'r’b /. -
S W
< \J; \ A + = M-W\\&“Qn
P B 4T
Y = [ il \ E
A 1200 ¢ |Ib3 lt\ SERANNEE (_M-W\)(’H— %ion\) 5
) \.t= ) N =3
J
femintier
V= &%
The i | @ - o | nociahon xt £l b |+l INEPE4ARTI™
' l dorl 4oz

Sequential learning, sequential optimization — Gilles Stoltz (CNRS / Université Paris-Saclay) 10



Lecture 2 — Winter 2022 term Lecture 2 — Winter 2022 term Lecture 2 — Winter 2022 term

| | t
hed, e s siwalr. than e \:m") ot of Bo 2nd- odes
o W —> uZ - au - *ea 73
0 ¢ ’ 4
g larat+b] (¢ a4l ) Jee €8 e _\‘
9. C
s ; T B
4; '{_— < (\M‘W‘) (/\* é‘n‘\k} \]I \L \\N /
il T <IN
Ch o | e | hwed L HRALL R 2L &q{:
B\ ’ €7
i I7
3 i foN L s 1< 19 /'//
i o K< T +J‘q§f g{'— < %:. - e S
I
. ) . , ! | |
_ A The t of e M.‘ (o w8 e doficten P e s |
s o (metm; Gin g off oL ote hedruelN_atelligis T %) |
1 ¢ T T B l
| | | |
Coco\any : The | domthm | & o Sich \
| J w T
e Ve, Lgh - ob
R\ ﬂ&l% 4 N
oy Vo g < (M-w) Tl | ¥ ( V\-m) (\ 2+ ; n N/\
[ 'ﬂ\% q‘j M s odahe Ko | T lad | o Ko lawedd m ™
Rl o of LR\, no
¢ \.uc € mfﬂ Y “c Q\Qiﬁéﬁh KOO_‘Q
5 ’ Tonpros : fL G Lc@%
T o b Vo T ader of gl £ Bt
o a0 on eaty | pecBei The . aslle | eelo o i
v s 2. Do AR s 0| A R caion |
\\l |
a 1 i l

Sequential learning, sequential optimization — Gilles Stoltz (CNRS / Université Paris-Saclay) 11



Lecture 2 — Winter 2022 term Lecture 2 — Winter 2022 term Lecture 2 — Winter 2022 term

leahing,
d
) 1 2 % ate. | Do L 210 e | S 'M]
\ﬁ\' T = 4 d
L 4 2 <M X o &
Fas, ‘;,‘ VN ke || ) & 5 Tl Ju
| { T
(2) Exhibt o ; bourd | sl M ow | S ‘QHL "
D Rain| €=
(D} S‘ %5 \9*0_ A e s o) when T I \l £ -QH?_% O
> } D
(Mo s‘;ad%d Dot » k) ! =
| S Hose! B bowd| kel |
B \\l fecaes - N2 =] ﬂg&‘
Exeuisel U «| TempooBe | i ) S :
=
(e Yo Ten doedader o= (s )
A o 72— = fT "4_ \/ 1
gt e EER p
Tk afpear al | Bed ~oler i
o oximbon | to WA
) £ AEArNY o o ATy
Q 2 i | - < PN > £
"4 M .t—_' ‘:’s‘ ?Jl d‘f tg' Q‘w ? W {'5‘ %
= I
| :
when oo  arl |- %%&S“'\icud 1)has ban  chosen
1
bt 1/\ < //2?1
Hit: | EMEANTIEE N1 ad | () [€h | -y
(2) CUE A | (] dosBlin | Heic | thdng | 1 dogen Puc, k)
: I gl At d Q T1Y d ! 7
HENE 7 1 d (T = )
10 | € ; o 0] ; Cl & lanll
tn [ Jn IJ"J” k=1 Al k= e )
(s A S C It e Sl by 0o &)
Y 0 ) VR
jitr 20 ‘W G 202 MY B | A We wm.J WeiTE Ah‘a \r;.
rHek Gla& 2 Y X oo C S| 2 \C i &
e e e e e s A e

Sequential learning, sequential optimization — Gilles Stoltz (CNRS / Université Paris-Saclay) 12



Lecture 2 — Winter 2022 term Lecture 2 — Winter 2022 term Lecture 2 — Winter 2022 term

The Hoeffding—Azuma inequality
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