


K OAD MAP

1. (sedless) £- Non- Malleable E xTractors

]1- b Apg\itahw WNIFORM  Black~Box So.pm’r'uovss



I . (SEEDLESS) 6' NON’/\/\ALLEAﬁLE EXTKAQTBZS

foe  poy Site  Sawploble Sources
OW\L\ vo\u‘ 1§41 ’(awspw'm()



RANDWMNESS E XTRACTORS

S - { ‘K-g /\ L\QSS Of SD“VCQS A'Q,%Q“Q‘&(b
Qm’(fb(“\
o«U Jour(es must  haue S\AG\GU\\' Mmin-eniropy 8")

( \IX, PVCK:):]S /L'k ‘FW ol k}




RANDWMNESS E XTRACTORS

S = {‘K% a closs °f fouvCes Av«"sz“““’“’
oN fb(“\

~ . SoW:

all Sources must Kol Su((ium’f min - entropy O)

( \’X, PVCK""]S ’L'k for Some k}

AW o¥{ ractoy -(ov S ;{-

Ex‘r 'S

Vxed  Exd@®xU




ovrelated

t NON MALLEAGLE EXTRP\CTQRS s

[ (heraqucsi Guruswani 19, [hathopadvgan oyl Li 16 | O @

S: {Xz) 6 C\as$ o(’ Couf(as Q |:‘P
o(’ ’}ampqrm’} {\M\Q\’N\O\S oo

T - %{TS a \aSs

(* W‘“’\ Wo {lXQ& ?0\1\"5\ %\,.,‘)



Cov (ﬁ QJ

t - Non- MaLLEAbLE E x TRACTORS G

[U‘Q At  Gurwswami 19, (hatto !ﬁé“ﬁ““i&m\L l"_.\ O @
S: {XZ) Q C\A\S o(' S ouf (oS
S 0(' ’}OW\PQT\N’} {W\C\’!(W\S :,: ]W‘A ..l:‘P

T1-= %{: ZS a c\aS
()Q with ne {'XQ& ?om\'s\ v.;:.,: .
ExT o £ tew-malleabl extractor for S wnd T
\d KES , (NHE xT(I) NME xr(f (X))' nE xr(ﬂ(z\)\

\] { - ,{ X T M NME xTG (X)). g X‘l"(ﬁ-(z\))



c= Enc K("‘)















) soupce  b-NON-MALLENBLE EXTRACTORS

ConrCe olass

X T = @
AT

THEN
ol el
- & PPlicaligns:
MM"_\S‘ —P‘?\;'\i\"‘ S\ hsw\ma\\u\o\t Code$

CC"\iﬂOPA&hya\1 (an\ |1 '| (v—) ¢ low u’m(w\ 1.7 Coure extractors
(md explict fomseq 4roph)

. o\ke.v Now- Wu\\(,g\a\n. L)d' M(.‘l’oﬂ



Ths Work: (‘nom\o,A\ poly SizR

. poly Si
Gour@s: Poly Site Samplable tompecin®: poly size Gwmpufable




Ths Work: (bom\u&\ poly SizR

Sour S poly site Gam plable <O\ .
(Pod— Sc.ltb\"\’m fomperind poly site Campulable

{ § 4
C < \¢ N

X < L(ﬁ\ condifitned ow
b=1




Ths Work: (bom\u&\ poly SizR

Sours: poly site Gam plable <O\ .
(Pod— Sc.ltb\"\’\ﬂ fomperind poly site Campulable

{ § 4 R

SO\M‘)\O\\?\’“




for ek o o el BN
Samplable by Size S) Post SeC

and siTe S0 Tamperind
\

L S‘\\.\Sﬁ(ﬂ\ QY rov ‘;‘T{_m .



\V\Rum\ Theorem

*“ oy §(w)= Po\u\(n\'

3 (.M\S\’M\' C L ¢

‘(W n-bit soureed wl Min-qui (’“\ L*-(«"’\
Samplable by $ize $(n) pod' gelecking Cr s

and siTe S0 Tamperind
é?\ bud {b\r bui \din? Cvy pto

\N'\'»\ S‘W\.\“\(ﬂ\ A A\ _\T.L(.QA/ U {W\Lfor vu\‘n\”) if out !
nw- - (par't T

i(:\Ql\\' 6("\ - N\ow- Ma\\c.a")\ﬂ. Qxh&d'w



J LeE-DTIME[Z™) st

nandeferminstic CITCairs ol Sk
“ o detrminiSv +v\omv\\f°m\\1 doesn't Speedup all COMPM\"R“OM“

W\\)o\k { X - | af L ((x,w)= |

(th\tﬂﬂ i w O othevwile

&SSU\M\\W M’ mal
v\ov\dd(mm‘\shc Clrwt -(o\r Sour (e C\aiS5



|M|7NV(MQ\I\*' W) _(1'0{'9. o{’ Art

| Boll Dacveaan-Soled Loss 22 |

. (£-56) taupeeg
(priovv: £=1)

’L. W.‘&QY QO“TU. (,\QSS: Pos'\' (ﬂqg\-iv\'\ Sout (2.
(PT\M’Z QIAN?\G\\O\Q. N 1 (bﬂm°|2q\o\9.3

?) , \3Q,HQ.T O\SS\AW\Q\'\W\S’- nond eTevaniSHC UV‘W“‘ lowryr boynd
(Qhw: Z,,_-c,}rcq'\\' \owe v \mW\A)



I[. a N APPU(,P\T‘D‘\”
impussibiliy o{' Mo_vﬂ Black-box reducrions



3
| o
ck
-5
« R
0 d
acT
WBNS

B
"
Q‘;‘“' -
¢
rehut
‘0\‘\
1)

LAT)

V



Adv

Prow S '\( Adu breaks B, thw brecks A

(of Reduction)




S NAR G {'w B

CRS

7~

froves

x .
ﬁ__l_T_r_-» VQT'GQ’

T vy Shovy



S NAR G {'w B

(RS %
AN

eru X Ve
'G Q_O_\g_\v\z’mw.ss: xel = \er (""
actepts

T vy Shovy



S NAR GS {'w l._

CRS
¢ e
L Vw“\ Short Coundmelt: Ward 10 FW\ (R,7) givea (RS

1. XL A Vusifier attgis



(-]Q.V\\'f\l\ w.‘dl\g \SQV\’.\QV (2oW)

LU( | be hard NV’lmqu«sL and A {m\s&m\o\; o\«umﬁ’\bv\.
i(’ A%b__‘) (VARG fuv L en A broken



(]Q.V\\'fv\ w.‘dl\g \SQV\’.\QV (2oW)

LU( | be hard NP"““‘}““QL and A {m\s&m\o\; aﬁ(um?*’\b\m
i{ A%b__‘) (VARG fuv L en A broken

CAVEATS:

J

. A i broken by v\ov\—w\’\{:og polytive.




(]Q.V\\'fv\ w.‘dl\g \SQV\’.\QV (2oW)

LU( | be hard NP"““‘}““QL and A {m\s&m\o\; aﬁ(um?*’\b\m
i{ A%b__‘) (VARG fuv L en A broken

( AVEATS:
. A i broken by vxov\-w\'\fog polytime .

). BB reduckin daey NAT Control Adu's vandm tape




(]Q.V\\'fv\ w.‘dl\g \SQV\’.\QV (2oW)

LU( | be hard NP"““‘}““QL and A {m\s&m\o\; aﬁ(um?*’\b\m
i{ A%b__‘) (VARG fuv L en A broken

( AVEATS:
. A i broken by vxov\-w\'\fog polytime .

). BB reduckin daey NAT Control Adu's vandm tape




(]Q.V\\-f\l\ w.\dl\g \SQV\’.‘U{ (2oW)

LU( | be hard Nf’-lmqu«st and A {m\S'\("\a\o\; aﬁ(um?’\’\bn.
4 A%b__) (VARG fw L en A broken

( AVEATS:
. A i broken by vxov\—w\'\fog polytime .

). BB reduckin daey NAT Control Adu's vandm tape

—> VQSS\\)\L fo ic\"l&mfom GDW\AM.SS by L)(P\D]\-m% 1 AND 27



Prowige: ‘( Ady 16 O0Y size TM that loreaks B,

(of Reduction) g KA‘W breaks A.




taey ‘ZM\’ breaks A\.



A4V

Py B breaks A



T\r\'\S \/0 ov\g

aSiume L '§ \I\MA I\)P-lml}m"xa. ond E ve%\m‘cg Q,)L? SiZ0 ZiC“'(““S.

.“' (andrdate SNARG gor . hat o

: SQ(,\Ar'\"vl P"-SQ"V'W\S
. Non-adaptive
V\V\'&wm black-box reduction o {:q\g;(;a\o\g asSum PTion A’

'\'\!\Q.V\ A bﬂ)\(w\ wm W\\f OVim Pb\\‘ \"\W\.O, :




T\m S W ov\g

aSiume L '§ \I\MA I\)P-W\l}ua“&l ond E ve%\{mg Q,)L? SiZ0 Z.iC?r(u?\s.

[ Candidate SNARG for L has o
. M\‘H Bt — SQ(,\W'\"vl p\‘eSQrv'w\oj

Py -velated
Geturity vafoms . yy o — adaptive

V\V\'&wm black-box reduction o fq\g;fm\o\g asSum PTion A’
'\'\I\QV\ A \DW\CQV\ " W\\{: OVim Pb\\l \”\W\.O. :




T‘l\'\S \/0 0\'\4

aSume [ S hard I\)P-W\l}ua“&l ona E ve%\{ms Xy Size ZI'C?"(\MS.
[ Candidate SNARG for L has o

(aw ﬁ"\\\" 1)\4(('1 on o . .
Py -velated SQ(MN"VI P"'SQ‘-VMS a\\ reduction quenes ;’:'A "
SQ(Mr'\\'»\ paf oS . V\OW- Ad R?"i\m. — Mmode W Pam\\t\-

V\V\'&wm black-box reduction o fq\g;&“\o\g asSum PTion A’
'\'\I\QV\ A bﬂ)\(w\ " W\\{: OVim Pb\\l \”\W\.O. :




0 (vq,vvo \arid pURY View

()Qﬂ W\ INiChS






MQ,&'(XTQA\AQ,‘Y\OV\ Framesior : A\%é SNAK(r

1. cons fruck io\t{(m'\u\\’ Ac\v
taat breaks SNAEE




4.

MQ,&'(XTQA\AQ,‘Y\OV\ Framesior : A\%é SNAK(r

cons fruck io\t{(RC'\Qa\\’ Ac\\l
that breaks SNAE

1. Simulate Adv eotficintly
Yo fm\ K+A




MQ,&'(XTQA\AQ,‘Y\OV\ Framesior : A\%é SNAK(r

1. cons fruck ic\t{(RC\Qa\\’ Adv 1 . Simulate  Adv @({idmf‘u\
'h'\l\" brm\(g SN AR o fno\ R+A

f

polytimg ond $till breaks A




0

ntesrnal
rand ownesg

«Still breaks A



« Still breaks A







|_ herd = D sup?or\'v.& m

L )

D Su‘)?or\'QA m L
st DaD
iF T shot, then
Dm {(x T): X@DTS




L hard = D sopporfed o L

L )

D supported w1
st. DaD
{- T S\r\w\' '\'\\t\l\

rebks Sonndnts§ (inebhicientun)



i{' T Shorl, then
3% 4(x,7): 7D

= D
d' DCZ: ~ ﬁ:u: %(x"“: T\)S: P(xltzs‘)%

il use to Simalate Cefficientln)
St W S




[\) Lichey Pidr tal'- |L’]
consteuctive D

‘_ec\kq"se Simulafion

L heed = D Svp?or\'v.& ow

L)

D Supported oW L
st. DaD
f T Shorl, then
DqLS ¢ (R, T): Fe DY

< a.s"' ﬁi& %("' ™) tre-P(x C@Z}

L \(L will use 1o Simalate (e({:u(.ﬂl\“m\
nﬁ § 50\'\(\0\\\{ (\'\L“\er\’(\u\\



How fo vule out UNIFOR BB'Y'Q.A\AO\"OV\S?

O sited

Vv
1. cons fruck "\’-{('C\Qa\\’ AAV 1 . Simulate Adv b({idb\\"
o fno\ R+A )




reducion




i ]Li(x\ I\Hmﬁ

(a\wo‘iﬂ (A J( r'u”ﬁbf «d
w fenl Sq(m;\-\,\ ome

Wt v \$ TQN\QM

'S

reducion




PM\D\QW\ 1 (QTTQ,\Q'\'QA %MQV'\LS

—‘@—’ _@‘-‘" X, T,
= * —(E'-—" £z, M2
Eﬁ'\' —> S¢ -——@_m.—- Xe, T,

Cofrelpted



PM\D\QW\ 1 (QTTQ,\Q'\'QA q)uW'\tS

TG Ad\— x,,m
Ex\' |
(E'-—" £z, M2
\ PK(‘ m’. xk"ﬂ't

Cotrelpted = Covrelated



PM\D\QW\ 1 (QTTQ.\Q'\'QA q)uW'uS

%

Cotrelpted = Covrelated =

no TMV'M“' e



PM\D\QW\ 1 CWTQ,\Q'\'QA q)uW'uS

— NmkxT—s S, __. .,
T (]
BT %o

Cofrelpted



PM\D\QW\ 1 (QTTQ.\Q'\'QA q)uw'\zs

Cofrelpted oath 9: Yandow,

Q‘\j n q'l\ll\ﬂ

Ta/m[:’}lﬂﬁ {"X Y A nowdeterminighi cq\\v\ >
other S:\

s cansistet §, st Somtie g




PM\D\QW\ 1 (Mft\a‘reé %MW'\&S

Cofrelpted eath 9; vandom, — lkaka%e Cimulation

UL Qiven Works
D“\l\’ 5:\ ( iw hv\\w‘\A ava_\uw‘m\‘)

TﬁW\pw Wj-. {'cx v; A nondeterminighi cq\\v\ —>
simp Cansittent et Ganple 8




Pﬁ)uew\ 1:

Q({'l Ci (v\\' Siw\ C,qv:" check v (Ka(CKS,ﬁ] hi a\\n
to kaow whew To outpul N



PN)HQW\ 1:

Q({'l Ci (v\\' Siw\ C,qv\“' check v (\P\—s(CKS,ﬂ] hi a\\a
to kaow whew To outpul N

—> S uwil ulimatey use DF (not F like Adv)
o6 ')\)‘)\' Sawple that (inStead of _\_)



Pﬁ)uew\ 1:

Q({'l « (v\\' Siw\ C,qv:\' check VV (y\—s(CKS,ﬂ—& h a\\n
to kaow whew To outpul N

—> S uwil ulimatey use DF (not F like Adv)
o st Sample that (instesd of 1)

P\' Q\D\Q\V\s‘ in Pl Wwbids need to Swulate DX uwith 1 fxo\’
— Wil P RG v\o" Po\;;\ fime ... Pﬂq‘hw\b



PN)HQW\ 1:

Q({'l Ci (v\\' Siw\ C,qv\“' check v (\P\—s(CKS,ﬂ] hi a\\a
to kaow whew To outpul N

—> S uwil ulimatey use DF (not F like Adv)
o6 ')\)‘)\' Sawple that (inStead of _\_)

P\' Q\D\Qwﬁ‘ in P Wwbvids  need o gwaulale _6* with i§ et
= thi§ PRG i nof oy timg .. Pl it
o use L PRGS, e fRey AvO Ward PRG ie\\ha\\u)

and CA\’Q{“\\W Sw'\’fc\'\ a\l 1o U«S“\ " S’uw\.




KuaP

L. UQQMQSQ t - NON~ MALLEABLE E x TRACTORS
e pily Size SMrG3 ond amperig.

0. how o wst Thele exivacfors
fo prove blavk-box  Separations.



OFEN PYQMQW\‘ Local Extrackion {'vm MANY  Coridlated
' Souv(es

X, Xo Xy Xy Xe O H(x)2k
Exr O X, F XJ
' neer take

\/—w SQW\Q \,4|M9.

TN Hir popr—: t<¢ k.
oW ' Popt
( o “\\\ PSQ\AADW\I\A VT oatif > k.



