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Three nx93_u.nm :

One . Elechons
* n candidalls
+ BEach voter has a _v:*m-nshn Cist 1o mind

Gool :
* Learn \vcﬁ.\;g\ \v}\n.&)ohu\\?.k..);w &&\&.QY \K\\h



Motivation

Three nx93_u.nm :

Two . Revenue maximizatbon
e N _uscLSnWm

+ Each custamer has a _VZT.R:R List i~ mind

Goo :
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Three nx93_u.nm :

Three . Sports league

- n teams

* Each team has inherent \ﬂcsr.@.\:\t ::R«#S)@
— diskribubhon over xgsr..wdm oé.v teéams

Good :
© Learn popular rankings throvgh resvlts of gomes



Motivation

Three e x93_u.nm :

* learn \uo\us.ss S&)Tm\,&n witih sparse mc\u_uuln

- Throug iy partial data

Basic questions :
+ When s (¢ pessible to [earn !
* How to learn 2
+ Pachal T?\:)&T.g“
— types ?
=~ how tiey affect learnabiUly ?



Outline

1. Types of partial information
2. _Nmno<m2u resvlts

3. >.uo::>§\ RGﬁBE:G cond i Hon
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First order informabon: n=3
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Packial HS*C:BQrS 46 pes

First order informabon: n=
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Second order informaton: n=3
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First order informabon: n=3
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Second order informaton: n=3
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Packal Hs.mcgﬁ.rs -.»6 pes

Partition X of n:
o XNT (NN, NZE A2, A H A En
- Dy distinet ways to _OQ«T..J,QS w«.:Sw as v‘vaq A
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. ..nvxg_‘s_v.nmu
= Xx= (n-\,)) : First order
= X =(n2, 1)+ sccond order
- n= (e, ) 1 complele wformaton



Packal Hs.mcgﬁ.rs -.»6 pes

Partition X of n:
o XNT (NN, NZE A2, A H A En
- Dy distinet ways to _OQ«T..J,QS m,\.;d‘.w as v‘vaq A

X - order -le‘..o; nformation:
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Partition X\ om N
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Queshon

Partition X of n:
. V/"Nv',\...sYqv

v,.\v.-.stw, A e ANy =hn

’ /

Given @ X —order _uo_ln._o; nformation
. DyxD, mabkrix Q= ﬁb:@

Toask : recover the L.,u_v«;oc;...es over ﬁa\\).\‘ﬂlgﬁ (e
- Ple) , c€s,; possibly n! dishnct velues.
R _Lrofu\ wiren uc_o_ucln P s h_ugﬁwn\ e

K= |fo B(e)oof| s small (cerkidly <02



Queshon

Partition X of n:
. V/"Nv',\...sYqv

v,.\v.-.stw, A e ANy =hn

’ /

Given @ X —order _uo_ln._o; nformation
. DyxD, mabkrix Q= ﬁb:@

Toask : recover the L.,u_v«;oc;...es over ﬁa\\).\‘ﬂlgﬁ (e
- Ple) , c€s,; possibly n! dishnct velues.
R _Lrofu\ wiren uc_o_ucln P s h_ugﬁwn\ e

K= |fo B(e)oof| s small (cerkidly <02



Queshon

n|
Recover XER,  from

V\H >X

2
%O\, \ /mo_;.s)w Ae:&_uosn. +o ockon o% 7«3297«5

+

OCcam’ ra2or: +the u—vsxr&w consistent Sofutrem.

N k= min __N=e = NMNQH Nqu\.o.: over Nm\NMW
o-Opt =
‘v mSJ,nn+ ‘o Az =Y.



Queshon

N L= min __N=c = \MNQH Nau\.o‘m\ over Nmzth
o~-Opl =
du subject to Az =Y.

Recent work on when (o-opt provides Correct onswer
o .m*x«\}s.\,% #lgorikam A.m._u Book by Mutukrisihnon .omvv
o M\u\:&ﬂ b\s.\u} Codeg mm* hs:\unw '63, m‘.\u%x-m\v\.w\is\. \$®....v
. mb\.s\u\mb\..\m \Am\.b.\.& Nﬂask es, Donoho, .?6\.:.?: s&r&lv...v



Queshon

) e = min | Z|, = :Nq“ Nq#o: over Nm\nmw
0~ Opt =
du ms_d,n; +o Az ﬂV\.

Recent work on when (o-opt provides Correct onswer
o .uw:.)o_sc focus - &am.us of A with minimal meas.
- For vs, A is given
* Key incight : if A sohshec k-RIP then
~ Then X con be recovered as _esd ar x|, < W73



Queshon

o 121, < |20 2osol| oo zeR)

(,-obt =
7 «v mSJan+ +o Az =Y.

Counmter-example : lack of Kk-RIP, k=4 .
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Queshon

N O—U.—H _ m i~ __N=0 = \MNQH Nau\'c,m\ over NM\NMZ
o~ -
ms_d,n; +o Az ﬂV\.

RQuestions .
* When does mc-o_uﬁ recover dishribabion ?
+ How ‘well’ does <t _ua;ols.v
+ Ts there a simple alqoritihm to recover,
or solve f,-opt?



Results

Random model : is nocswnﬂ-nxg..s_o_m very h_uan..s.w

* Choose K permutations uniformly at rondom
* To each assign _u_avor:..J at rordom, e.9.
= Choose @« € ﬂellt_ 28..%0\‘1“ , | < (¢ K
— Sset _uésoe..:r_&“ Pc = @..,\M&. , 1=K
iy J
J-



Results

Random model : is aocs.anﬂ-nxm.?_o_m very h_vat.s.w

* Choose K wms‘ﬁc;tgm :s..?:s@ at rondom

* To each assign _u_aea.r:..J at rordom, e.q.
= Choose &« Mﬂo._u :s...mo\\SNQ , <2< K
= set pebobilihies : P = @..\M@. =gk
i J
j

Revised question : qiven A -ordec informakon,

* Upto what K can Astbubun be recovered
with prababilily  1-e().



Results

Theorem 1. yu?-_..v. Leé, \Arkm.n&i&) for any €>0.
Then, with prbabiliby 1-o(), (,-pt has a unique
solahon. Furthey, a b..s\im algorithm recovers it.



Results

Theorem 1. A=(n11). Let, K <(1-8)nlog n for any €20.
Then, with prbabilibly 1-o(), (,-pt has a unique
solahon. Further, a \9.3\1& Q@SQ.I\.\S recovers it.

min __N=. = 2 25 over Nm\NM..
n_ -opt =
msd,nl. +o Az FV\.

Pro _u&.._...cs 2. yﬂ?-iv. The U, -o\&v will admit §=.r1n
Soluhms witw _vécsw..r,@ (=o(r).



Results

Theorem 1. yu?-.,.v. Le, \Amm.c&\,f) for any £€>0.
Then, with prbabiliby 1-e(), (,-opt has a unique
soluhon. Further, a b..s\im algorithm recovers it.

Theorem 1% A=(n11). Let, p; take velurs in F& ¢ osked]
Then

/

no Q.QQN..I)\S Can Vrecove(l with gusvr)?:\..q .!o?v\ ..*

—A > W) E
- log 1

= T~ N_d " then K ~ S.ou n.



Results

Theorem 2. A=(nmm). With probabiliby 1-0(), [, -opt
and our 9.92..:25 will recover distnbubu ac long ag

K < C!m/ nm _ou). .ﬁos ary €>0.

m |

Heye m is a constunt.

More generally, for X=(x., M) with N = -0,

K ~ D, log D,



Resulks

Theorem 3 . >nAZEy.V.. M= n- oA:N\uv. Nith prob. I-o()), (, -opt”
and our 9:3_...93 will recover distnbubu, ac ?3@ al

_A MA_IMV Oy.cu_cu Oy ) .To& 53“ &E>0.



Results

Theorem 4 . >n?\...y.v.. 9gentral case. (vith prob. (-1, L, -opt
and our 9:3_...93 will recover distnbubu, ac ?3@ al

Y
K < D,

Uu?.).._v..g . 4?&.. o; = YN)\ (ciev.

9 qr
Iﬁomv H! .Mo\.e.ou Re. .. I.m!v"! ._.Mv.xm._ouxm

nl.. 3_._\9& .. v.\.|
*\YV A_ ~ stIv IARJ 3! A _1.&_l/




Results

L{EY
Theorem 4 . >n?\...5.. K < D,
R..‘" er;\ Iﬁoﬂv - = Moxwaou ol ) I.mgv"' wxm—ookm
‘el (-2
/
,ﬂ\yv = A_ui..v MH (=) ' M = A .R:/
(MH) R(e) V=%

.—v’gm a.!w ' g. lVHI ' Can TN shown that *\VJ.IV.P

u_v_)9¢ ..v\ _A ~ —Vy



Results

Y2
Theorem 4 . >n?\...5.. K < D,
R..‘" er;\ Iﬁoﬂv - = Moxwaou ol ) I.mgv"' wxm—ookm
Vel (-2
/
,.x\v& = oui..v MH (=) ' M = A .&:/
(MH) R(e) ) =%

Other ¢xtreme & =0 ' Can be Shown that N\x&lv%.

That s, K ~ /_ﬂy

H) nO:).v_..DSQ with W..lu.)&ﬁ% _v§so€_ox : Yn?».;_v.



\P/&Q«..I)B

M.Sﬁ_”..n_.n)ou Condihons
1. Unique witness: for any G with Pg70, these

exists (t,t’) st. S()=t’ but forall other
g/ wiHh Ps’ >0 , /()= ¢’

2. Lineor m.)o.a_unso_nsnh.. given K _uQBS._.sTs\;
wi Hn _u.e_osv_.:....& ,u.w i< K,

M C P #0 Forany (€ wox\i _Aw\ lsce K,
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A= (n,))

—eo 1







\P,&Q};B ) = Asa_\.v

_..W A4~J =02

—eo 1




\P,&Q};B ) = Asa_\.v

_..W A4~J =02

—eo 1
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_..W A4~J =02

—eo 1




Algorithm @ X= (n-,1)

P (%)=0") P(s.) =02 P(s)=0#




Algorithm @ X= (n-,1)

P (%)=0") P(s.) =02 P(s)=0#




D iscussion

It s possible to re cover \ue\uiz \5:?.3Wu
s When <their svpport Is s«».ﬁossff Sporse
» And, recoverability ¢32?=u a_m_vns& on the
type of partial information.

Robustness

* A natural ophmizafion formvuletion seemto work
uc«%ﬁ.b.)%@ well for learnirng Customer Choites

- More work needs Yo done ﬂ&»._;s 4v



D iscussion

It s possible to re cover \ue\uiz \5:?.3Wu
s When <their svpport Is wm§h059¢£ Sporse
» And, recoverability ¢32?=u a_m_vns& on the
type of partial information.

Other types of data : e9.
* Comporison K ~ log n
- Compoar(son _u_sm .TZQJU s K~ /_.N_OQJ _



D iscussion

It s possible to re cover \ue\uiz \5:?.3Wu
s When <their svpport Is wm§h059¢£ Sporse
» And, recoverability ¢32?=u a_m_vns& on the
type of partial information.

mxm..r.\.\ set % qstrc\t..
e And, lots o\n sw\u:mﬁle\:.



