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Poct 1 -

0\esolw"ion vs. Sherali- Adoms



?850 lution ?\cf w+a-|-)c?n

clause 7= dis‘iunc:\' o} literals

e F=C ACpn -~ Cw is an (AﬂSOH'fS)D;‘o\bIe CNF Jformm\o\
o Tnteested in the Complerity of 4he “simplest refutotion of F.

e A resolution refutodion of F i o se qmnce o} clauses

0 ¢= C%‘1 @9\’ ".\@S :__LB

ct. B 6F or B is deduced from earlier clawses via

C v X Dvx C

Aeﬁa/u.v"iof)
Cv0D C~v L

WmKer\'w\S



“Resolution (Rei}wfo&ion i E xample
° HOJ\&\/ to drow\\ Yhese as NS da%s‘.
e F= %X A (f\\t?p‘%-ﬁ/\({a“ﬂ‘i) /\742/\(?3\’ E>

o Width =2 LS]%L o]l \OJ‘%CS‘)’ clauwse)

* Length = 10 (# of clauses) ToNKy X



“Resolution "Aefutotion: Complexity Meosures

o Let T = (8, p)g=-L) be o Resolution refutation of F

Y

Width of TT . N(W>:: Mox B

(

LengH\ of T L_(‘[T) = S

Res (Tl') 1= w(TT) + lo% L ()

Soint (‘_OrY\p|€7<i-F>/ 2o sun.
s otypical,

R@g CF) = f-‘_erYI:v’\ P\€_$ (T\—> low-width  ond low-size Proo}s

oC!)

"Efficient means Res () = loay 1



'/I&esolu-)-fon- ?\efud-od-'con: Bocksrouncl
’ Probably fhe most well-studied propositional proot system.

* Forms  the “\oase," Syém ];r modern COCL SAT solvers,
— Abﬁomox*o\bi[\"ry

. S‘rr\m5¥n5 and [imitations are very well —undersiond .
— Exponential length lover bounds be 0 -width  ONFs  [uy |
— "gize—vidth ' Atlodon : Width Lbs = size s ]:@Sv\[]

— Trméeoﬂs between many  pugasure



Sheroll - Adams : H,‘s-}ory

¢ Tonfroduced in e context of [inear Pmﬁramm'ms EYN
A
G}v\e,r\ on LP /PQZO)J‘] yor OLPPPOX‘\moﬁ‘IOO Prob)emu Con N\

outomadically %eﬂerod-e o lpeter one”

* Closely wlated +o extended formulations [am |

o 9‘\'r*on3 lower bounds Known for size
ond cl,csr\u )Eor o) ~width CNFs and
mony  Noderal  optimization problems

(e-%‘ Mox Cut Colouring, - 3




Sherali - Adams (SA) proo}\s : Backﬁrow\d

syn i
¢ 3 5L 2~ D ois oo conjeal J‘umla\ (i.c. Cecone Lcoﬂymdsw

! —
X 20, j t corb'lmc-}fon o} literals e-q. D = X, A%y Ny,
el = x (V=% ) K

° T s ety if NjeZ, degrec of T 15 mox (D

o jﬁ ; {O,lgn — R, then deg+ (f ) 1= minimum deagee of conical wnto. 5
s+. =73

* Nete deg'(F) en b f(x) :YE%,@“ F(ﬂ@umm—n conunc



Sherali-Adams  (SA)  Proofs

¢« F=C,~n " ACxy s on unsat CNF over X, ,X%n

° A Shem[‘.—Admﬂg (\{)tuj—q}(‘oﬂ —n—_ OJ: F EQ on 6ﬁp%§5i0ﬂ:

Plo e Z [Xn”an} multilineor poly
> Pi E + T =-1 E,‘ s the conuncHon of negode_d e n C

S 15 an in+e5m\ conica nto.
Se COf\eZ(COr\sU\nc’\"!oﬂé)

e Al orcthmeric s multilinear (mOCJ X}?_:x()

e X (%t g = 3% % )= K T AX Xy



ghcxa[n'—Adams (SA) proo-ys % P[. Z; + S :_1

© Why 15 this o nefutotion
T 37«@.{0,\7;1 F(x) =1 +hen
-1 = %, P:(xﬁa(x) + S (x)

(=1

=0 + 20  Cenrodiction!

* Complereness also holds, (W] see His in o second )



Sheradi - Adoms = Complexity Measuses )épcéx\aﬁx) + S (x)

* Degrec of TUi= mox dﬁS(P"Cﬂ ) d63+(5> largest coeff. in T

A
® S]-ac_ o} —[T ::w :O(IOS C(WBC(%@>

# monomials

bit lenagh of encodings of Z menoeials before

concellation

¢ SA(T) = deg(-ﬂ—\) t log size ()
Soint complexity oeasune is
° SA(F) ‘= i SA(TI—> c')&ypf(‘_a\
T
ot

o EH—ic\anr (s SA(F\:IC’S n



Shecali -Adams vs. Resoluhion

o Koown: Sherol( = Adams can c}:}icjeﬁ’r\\/,’t simulode  Resolution :

Thm EOMP\OO(] For any unsat CNF F | SA (F)= O (Res(F)).
)
Pne;c‘\sei\/-' Width - lma’rh—l, Res = degm—w, S\ze fwou/\ <A

(W)
° Note: SA (F) £ W 4 |03(;LO OCLB): O (W + IOg L) = 0(0\6(\:‘»
o Recoll size SA(‘IT) = OC'DB C(T\:) msize (TT»(: ELOCH)O(L)\
¢ This theorem does produce  proofs with exponentially lorge coefficients.

Main Question 1 Ane lorge, coe}f{u'en)rs r\ccassm\/(@



Large Coe}}icie.n‘)s in SA

oln)
Ewy unsat CNF F has o d&gr\ee—ﬂjsiz@—l Pr‘oo)[: with

O(1) ~ size coefficients:

(ﬂ}_,_ F= Co~ro N Coe  then adh—n coﬂswﬂ‘l)f

.
-1 = > - [\/: X:II
YEDO,'E
B YGZ%O,IE“— P)’(’(\ Cy(x\ L— CY is any clomwse in

;FO\\S\‘}:(CA by y

° Expla‘ms the \‘So'm‘r measunre oleg(’lﬂ t log SQ?,cCTT) Do Meo}}

between degoec and coeHIc.\'eM size 16 mherent.



u,r\o.ry Sherali - Adams vs. Resolution s\'usA(Tr) 26 (log ¢ () msize(m))

« T TU s oo Sherali-Adams proof dc}ln‘r\e,

size AUT) t= o (T7) msize (T)

WSA(TT ) := de_S(Tr) + |08 size wSA(TT)

wSA(F) 1= rv%x_r\ wSA(TT)

° EO;M‘NOK\CWHY: i the weffcient of monomial m s ceZ ten He
size contributed s (el , et log lcl.

* Queston: ITs w A(F> = O(ch(FY)({



Coefficient Question : Moh vation

* Why showd we coe obout this ol,uasHon?,

(1) Sfmplc ond I\O\J'uro.l[

() Coefficient size 1s well-studied but badly -understood.

— No 3ood lower bounds in any proof system fr CNFs.
(eq. Cuthng Plases, SA, S05, Nog )

— Important r‘amiy(cod—fons In PPO\C;HCL: e.g- to whot precision
should we run LP/TP solvers®

(2) Mony connections +o fotal NP - Search problems (TFNP)



Coefficient BQuestion : Mok vation

o \l\]\'\y should we cove obout +this ol,uas-{—[on?. M

(1) Sfmplc ond I\O\J'uro.l[

() Coefficient size 1s well-studied but badly -understood.

— No 3ood lower bounds i any Pmo)) system 7[,‘:)‘r CNFs
(eq. Cuthng Plases, SA, S05, Nog )

— Important r‘amiy(cod—fons In PPO\C;H&:: e.g- to whot precision
should we run LP/TP solvers

(3) Mom\/ connections 4o total NP - Search problems (TFNP) <‘|j



Port 2

Proof Complexity and
(%l&CK—%ox) TFNP



Theory of TENP: A Primer

e TFNP = %'-\'o’ra\ search problems Solvable in nondeterminictic oly- HME

° TFNP contains many important problems, like
— Fo\c‘.'\'or‘iﬂg'- Given o number, find o prive yaC‘l'Or
— Nosh. Given o~ bimodrix qame, Find an Cﬂ}*‘l"bﬁ'uﬂ\

* No TENP problem is NP-Hoaed i} NP#coNP [MPAT] and TFNP
1o lelieved not to hawe complete P(‘ob‘ems [?udlS]

o To understand TFNP  better | estarchers study subclasses  defined
by reductions fo  complete (pmblemsl



Subclasses of TFNP

e OCSE:MA by reductions to nice total search Pf‘Ob\UV\S\&g?

PLS t Giwen 0. DAG (%, ;]—\l'r\cl 0. Sink., /%0\5-
PPA * Given o 6raph With on  odd -degree node
J"‘”d o different odd-degne node.

PPAD * Given o directed groph with on unbalonced
Node (\'n—dﬁ?) * owr—de‘S\) }ff\cl another . ./)m

° Problems defined <o store spoce (e.g. l\/(GA\) s exPonentially losge .
eq. the groph G is defined by o booleon circuit Compuhing V> NGV



World of TFNP (Classic Classes [Pag QI])

TFNP Some Crypio Junctions
Smrc\'\\r\g ?or \ Foar division
lecal PPP PPA
op’r\mwvx
PPADS

PPAD

No\sh eo, wilibrium
other %ame H\eor‘y
ond  economics problems

Po ly nomia T 77



World o—f— TENP (Classic Classes + In-l'e.rsec.Hons)
Some cryplo funchions

TENP
Smrc\'\ir\g ?or / \ é><} Foar division
> ‘I cel s PLS pPP PPA i
optimum \ /

PPADS
/ T~ ppAD

Pro‘o \en: \ N owsh Q(}w‘ librium
Given instance x of PLS PLS NnPPAD other ame H\eor‘y

and v o} PPADS, find .
a solution Yo x or Y. | ond economics  problems

FP
Polynemia) Tiwe A



World of TFNP (Classic Classes + Tntersections)
—_— p Somt cr\/p-i'o ):unc-Hof\S

Smrﬂc\'\ir\g Yor / \ é><} Foir division
on - "lecal A~y PLS PPP PPA &‘Jj

. \
op’r\mum

PPADS /
T~ ppAD

/
PLSnPPADS / ELH
\ N osh Co}w' librium

Grodient Descendt > CLS = PLS nPPAD other qame  Fheory
[FG\—HQJ] | ond economics  problems

FP
Polynemia) Tiwe A



Black - Box TENP
o QoXher Yhan wse white boxes (C%. circuite) to define the classes,

wWe wse blode boxes (eq/m'v; orocles decision -I-reﬁs)

De,)t!\. A query total seorch problem. 15 o Sequence Rz(Rn)r\»o s }.
p\‘\ c {o)'\sﬂ x On ond VXC:{O)\Z\ 30 e On S (X,o) QQn.

Df}n. Qe —\'FI\JPClJr i} ¥n,0e0n, 3 decision tree T, &cc\'din% (x,o>eQn
Wi Ql&p-H« poly|o<5ﬂ .

* Define subclasses using \05°('\r\—&{p’r\« decision —+ree reducHons 1o
Fixed problems R_ = ()

N70 -’

* Why cone obout +his?




World of Block-RBox TFNP : nconditional Separodions
Black-Box TFNP

d+
F
/ + \;\ H
i Relodivized TENP

PLS QNN PPP PPA "
("+ype—l complexity >

7
"~ pp# % [BCETIPAB)
ADS
T~ ppao”

[BceTe a8 BMO) |

Proved  «ll Se_Parod"lmS
Cxccp*\‘

7
pLs® ¢ pPapet!

d+

oL ¢ pppt’ i



Dlock -Box TFNP and Proo} Complexity

* Block-box TFNP s intimotely related to proof complerity.

/ "Given %, find Jalse clomse”

F=C,AACw is unsat CNF et

[s@)e{oni”x [m] by (x,)eSCF) B Ci(x)=0

Cleou*\\/ +o+od since F uwnsot ,LTN_, Pro\olw\ %o lved b\/
W (F) = poblegfey = SCF) e TFrPY e

Converse holds® 0\=(O\n),\e'f‘r:f\rp"LJr then
£y —write as CNF

P\,\-—“-’s</\—rro>

OEO,'\_



Block-box TFNP and proof Complexity

— d+
VENP & —> Pol\/\osn —width mnsat CNFs

d+
» Subclasses R Q—ﬂ:NpJJr & ~S> propositonal  proof syskms pl

Template Theorem Seﬂymcc F':—CF,L),\ of unsat ONFs has

ol

o

log N -dc&r\u\ f\wES "o size P*pr‘oo]ts (i-ﬂ- P(F/\\> = loaomf\>

-

|

& n
Search  problem S(F)-= (S(Fn)\r\ e R
DPLL dt dt d+
Teetes = FF IF, - Nulighellensadz = PPA Resolution = PLS
[FO\K\OV\Q_]
DcSM,c = deer‘t\

[%KT H | Kom 2.01
Oe%f\e,e = width

[BcETPAB. GKAS 18]



World of Block-Box TFNP

\ \

Resolution = PL S PPP PPA = I, -Nullstellensatz

PPADS
PPAD

FP = Tnee - Resoluton



World O-P Block -Box TFENP + 'In—!-ersec\rimxs

\ \\\‘\\\\\

Resolution = PL S PPP PpA = [ -Nullstellensod=
pp/\\os&t /
PLSNPPADS

N

c>§= PLS hePADY
[Fon+at) y.

TN V\\hiJrC"bOX | dt
resud FP = Tree - Resolution



World o-f— Block -Box TENP + In+ersec\1'0hs

\ \\\‘\\\\\

Resolution = PL S PPP PpA : I, -Nullstellensotz
pplosd* /
PLSNPPADS

N\

O = PLShepAD™
[Fon+a) f % i
6 o White - lox |

dt
result FP = Tnee-Resolution



Black - box TENP - Open Questions

— Ane there Nodueal proof systems cornaspord:‘nﬂ
to the hig\\ln‘g\\*dd classes ?

\ \

— Are Yere notwn! choroctericodtons 9 PLS PPP PpA

of the (ntersecton classes in the \ /
black —tox  mode ! Z (EOPLW SoPL7> PPADS&\ PPAO‘H
~ [BCETPAB, 6oMo] poconditionaly  separated PLSPPAOS™
ol classicat Cnm—(r\;rcrgecﬁm) Classes except %.; oL St opan®
pLst ¢ epros™ )
FP

4
Can we seposare trese 7 What about
the intersection closses?






Open Questions

() Ts usA(F) = O(Res (FI) N
/ \ i+\ "
pLg* PP PP A

(2) Are  thene noduwnl chorocterisotions

ojt the intersecton classes in the PPI\\DSOH / 1t

block -leox  model Z (EoPL) SoPL?) ) p S
PLSnPPADS /
2, AM_ there Noduen) pmcoyt systems >PLS&+ . f
( ) C,Orr\espor\ding o +he h\gkh‘g\—\-\-cd C}Q N
closses ? |

7 7
(4 oL ¢ prroc™ pLs¥ ¢ ppy



Open Questions

() Ts uwSA(F) $O(Res(F)) T e
No! IF, : uSA(Fp)= " Res(Fy)=0lgn) 'FEN
' ’ K / ‘ \
¥ dt d¥
(1> Are  thene nodun |l choracterisodions PLS pPP PPA
o} the intersecHon classes in the \ s /
block ~loox  model ¢ ; /PPADS ~— o
PLSNPPADS™
(?;) Are there Noduea) pmcoyt systems \ 0 /
corresponding to the hig\\l,‘g}\-}d C}Q?—PLS nPPAD
classes |
dt
dt 7 o+ 7 i
(4) PLST < PPRDS pLs* c ppptt



Open Questions

() Ts uwSA(F) $O(Res(F)) T -
No! 3F, : wSA(F)=n"" | Res(Fy)=0liog n)
p ‘“/ P!JP‘”\O g
(1) Ane  thene noduwn! charoctericodions LS PPA
Ojt the intersecton classes in the \ m /
black —ox  model Z Yes! PPADS \PPAOOH

dt /
SoPLd+= PLSn PPADS“ /

d+ 4
EoPLd+= PLSN ?PAOd <\

(?;) Are there noduen] proof systems

C,Orr\espor\ding to +he h‘g\'\llg\'\‘\'&:‘

classes ? | Resolves o
4t congecture of

FP [FGn+21] neacx\-iw\y.'

7 7
(1) PLs® < epros™ pLe ¢ pppdt?



Open Questions

() Ts wSA(F) 3 O(Res(FN) 7T -
NO! 3Flt" IAGA(Fn)=nnC‘), RCS(Fn)'-'- O(los n) / ‘ \
pL ¥ ppp™ g
() Ane thene notunl characterisaions LS PPA
o} the intersecHon classes in the \ 4t /
block -ox  model 2 Yes! D ~— oopo

cop =L n pPADS /

(?;) Are thene nNoduen) proof systems \d+ 4
C,Orr\espor\ding lo the h;g\’\l\‘g\'\‘\'éd FoPL =7PLSNPPAD
classes ¢ Yes) %

e

Z 7
Yy P:,s°H c ppros™ oL ¢ pppdt?
P



World o-f— Block -Box TENP + In+ersec\1'0hs

\ \\\‘\\\\\

Resolution = PL S PPP PpA = [ -Nullstellensod=
pplosé* /
d
U 4 — T PPAD
PLS NnPPADS
I—
\ dt d+
PLS nPPAD

i

d
FP = Tnee -Resolution



Worid O'F Block -Box TFENP + I;ﬁerse&io‘\s

\ \

Resolution = PL 5 PPP PpA E I, -Nullstellensotz
Unary \
Sm ;—S S p pAD AA‘ /
gk S
Reversible — oL S (\ POADS { PPAD = Wnosy Z - Nul\gtellensote

Resolution
(C\osely reloded Jm> \ 3t 1
Mox—SAT Res. ) Reversible = PLSAPPAD
Resolution w/ |

Terminals

dt
FP = Tnee -Resolution



Open Questions
() Ts uwSA(F) ¥ O(Res (PN T

No! 3F, : wSA(F)=n"" | Res(Fy)=0liog n)

(1) Ane  thene noduwn! charoctericodions
o} the intersecHon classes in the
black -lox  model € Yes!

(5) Are there noduen] proof systems
C,Orr\espor\ding to +he h‘gkllg\'\‘\ﬁd

closses ¢ Yes!

7
) oL st ¢ ppapc

d+
2 TENP .
e (=
“‘S / \ J:‘\m .

pLg¥ PPP PPA
iy 00)\09“ /
~~— pppo”

d+
coP®t=pLe n pPADS

7
ya
RevRes \ NS

d+ 4
EoPLd+= PLS N PPA 0‘l

I
RevResT | i
FP

pLEH & ppptt @



Open Questions

() Ts uwSA(F) s O(Res (PN T

No! 3F, : wSA(F)=n"" | Res(Fy)=0liog n)

(1) Ane  thene noduwn! charoctericodions
o} the intersecHon classes in the
black -lox  model € Yes!

(5) Are there noduen] proof systems
C,Orr\espor\ding to +he h‘gkllg\'\‘\ﬁd

closses ¢ Yes!

d o+
4) PLS PPADS
() s &
(1) + (%)

d
P

+
o TFEN NS
W / | (LJF\ ’ ":7;“
pLg¥ PPP PPA

wSA - ‘

d+
PPADS / .
~—pppo’

d+
coP®t=pLe n pPADS

7
ya
RevRes \ NS

d+ 4
EoPLd+= PLS N PPA 0‘l

I
RevResT | i
FP

pLEH & ppptt @



Open Questions

() Ts uwSA(F) s O(Res(F)) T -
No! 3F, : wSA(Fp)= ™" Res(Fr)=0(lgn) Res NSg,
P\\L\- / P}JP({‘\" "
(1) Ane  thene noduwa! choracterisodions S PPA
o} the intersecHon classes in the WA ‘ m /
black —tox  mode! 2 Yes! PPADS ~— PPAOCH

sort?t=pLen PPAos“/

1 / n\
(?)) AM_ thepe Noduera) Pr“OOjt systems RevRes \d+ . . uNS o
C,Orr\espor\ding o +he h‘g\’\l\g\'\‘\'éd EoPL = PLSNPPAD
ClQ55€_$?. Yes! i |

RevResT

ep
1
(4) o s é\%PPADS& (——> Pu;c“% ppp™t 7
p ,

dt

(17 + (2 (A\ong the oy we separate ofher intersections as el )



Mf\ar\/ SA ~s. Resolutien

* We prove the Pebblfng principles requine large coefficients n SA

(r = dcxg with um‘\c}ue sink 1;7 Source S t
Voroble %, Jor all UkéV(Gz) fl\ -
7"\ f’\
= K~
PCbG_L x-b AN X3 AN u/e\\/<x v V\EIP red > '\T/’
UFs

o)

=
:rh_" 46 pc,b& has OCD)-width, 0 -size Res MJ:M:"&HOI\S but oy
o)

oA refutakion with degree~ ) neguires coeffs of magnibade 2 .

* Note: earlier simulation acsult => desm%(pcb&3=00)

* Alternakively : p\cs(Pc‘oG_)= Oog n) | uSA(pchL>= nnc()'



A Updated P.cmL )

2 Qs \°?)
Brienmé CPL H_N
1 \’\
PLS ----- >PPP ppA
+ \“p;\; pt %
ADS
X T~ PPA o"L+

&

cop ¥ = PLSNPPADSS
X,

copl = PLS nPPAD”

;|; All clogsical TENP closses
dA one  sePoroted in black-box

FP

model .



A Updated Picturne (Proo}sb

/ 1\’ \”\
Resolution = = = = ° > PPP
poer Lt
wSA
Reversible /2( * UN>z

Resolution X /1/

Reversib\e Resoluhion + Term .

1

Subelocses are

CNFs w/ proof—s e
:|: des(“} + log size ()
Tree  Resolution = lO%OU‘) o



Reversible Resslution

e F=C, A~ ~Cm s an unsat CNF_ o Reversible Reso\uhon ref. 1s

0. sequence
Lol

TN,

of multiseys o} clauses st

\

(\) Every clawse n R, 5 in F

(9\) Y s deduced }rom Qi by O‘PP\\/"nﬂ one. O'Pd Cux CNF c
ond mp\acing the nput with s oudpuds. C. Cux Cx¥

T4 1= o Reversible Resoludion proojl With  Terminals '|JE every non-L clouge
in s 16 o weakening  of o clouse n F.



Reversible Recolution: Examele
e Ve con smulate the unsual Resoluhon cule reversibly

RVKNY VE — X NK N2 ZVY, VY — BV X VNV Y

\ \

KN N Y VYR NZ— XXV NZ ZVANVYNYR T YN KNV Y,

| |

X(\/Xl\/\/(VYL\/% —z\/ X\VX;\/Y‘\/Y&

N

X NX N YN Y,

o s Revecsible Resolution can e?g—idanHy simulate Twee Resolution

¢ However, ¥ 1s 5+f‘0f\3ex thon Tree Resolution -



Reversible Resolution vs. Resolution

« Resolution: Lines one clause,s) Proo!  Rules are

Cvx Dvx C
CvD cCvyL

lines con be r-used.

o Qeversible Resslution : Lines one clause.s) Proo{— Rules ane
Cvx  Cvx C
C CVX CV';(_

lines can not be re-used.

& bi-directhona |, outpud = input




Reversible Resolution ond Moax-SAT

o For evesry ass'\gnme_w\' XE’.{O\\SG’ the # o} 60:\'(9%&:1 clowses in eery (rii s e,?,uql!

o 3 o} copies of each inhal clause C; in PSRN weight Wi € Z | Wi %O

RevRes Mj;u&od"\on shows any assignvent has satisted w&ig\fﬁ £ 3w -1

E xperts: Essentally  nnary MoxReeW , owt noed os o N}u&a&ior\ system.



Corollary * Latersection Theorems

* Getr o brond-new type o} result wn preo} complexity i Trtecsection Theorems

Recall the nototion P(F) = W_}_'lrf\ degp('”) + |03 sizeg (1T)

Thm  For any CNF  $ormulo \:)

Qevp\esU:) =0 (QCS(F) + wWSA(F))
P\tvp\esT(F) = 0 (Res(F) + uNSZ(F))

o Elficient RevRes pf it and only it ellicient Res p)[ and efficient ush pf!
o Reversivle Resolution is the "intersection of Resolubion and unoey SA.

* Proof cruncially uses  perspective of total search Problems.



Open Queshons

° Whenre does Sum—o}‘—eq/wm&s (sos) Pt in 7

— Con we chow uS0s(F) # O(Res(F)) ©

Other intersection heorems? Ts there o renpl

natural proof system for eq. PLSNPPAY / ppp* \PPA
Can e characterize POP by o proof \ pp/\\os‘H / 5

\

2 A
coplt = PLSnPPADSS /

at
Eorl' = PLS nPPA{)‘ﬂ
WEafL
74

system? WEOPL" PPAD

Does uNSZ SI.MM)Q"'C NSZ?’

What other proof syctems [} into +his picture? i

Ane there communicotion c:»mp\exi{ry anq)ogw),s?






