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Com"plexity theory is concerned with the study of the intrinsie difficulty of com­
putational tasks. It is a cent.ral field of theoretical computer science.

The 13lh Oberwolfach Conference on Complexity Theory was organized by
.Joachiln von zur Gathen (Parlerborn), OderlGoldreich (Rehovot). and Claus Peter
Schnorr (Frankfurt).

The 1998 Meeting on Complexity Theory brought together 46 scientists with a
major interest in this field. Among them were many prominent senior researchers as
\...·cH as promising young rcsearchers. They came from various countries in Europe,
America, and Asia.

'l'he meeting consisted of fi ve general sessions and ten special sessions. The gen­
eral sessions hosted I i talks. ranging from high-level expositions of various sub-areas
and research directions in ('omplexity theory to highly technical talks dedicated to
a single result.

The topics of thc specif\1 sessions were:

• Aigebraic Complexity 1,11

• Circuit and Proof Complexity 1,11

Cryptography

• Extractors and Latticcs

• Graph Problems and Complexity

• Lattice Theory

• Miscellaneous 1,11

Some of the special sessions ..ook place in parallel and were marked by talks intended
for cxperts in the sub-area. Same sessions had very detailed technical expositions
of new results and one had ;tn open-panel discussion in which many attendees took
part. In total, there were :m t.alks and one discussion in thc specialized sessions.

Abstracts of general session talks

OcJed Goldreich;
Trevisan's Construction of Extract_ors Using Pseudo-Random
Generators /

\Ve prcsented a new approach, duc to Luca Trcvisan (currently in DIMACS), for
constructing cxtractors. Ext.ract.or~ are functions that transform a weakly random
distribution iuto an almost. uniform distribut.ion. Explicit c.onst.ructions of extract­
ars haVf: a varict.y of import;ant applications. but tend to bc very difficult to achieve.
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Thc main re:sult is thc following unSlIspected connection: Evcry pscudorandom
generator based on a hard predicate (provided thc proof of security uses a Hblack
box" argument) yields an ext.ractor. In particular, the Impagliazzo-\Vigdcrson pseu­
dorandoJll generat.or, yields an extractor that beats most known constructions and
re:solves an important 0PCIl question in t)l(' area. Furthermore, lIsing the simpler
Nisan- \Vigdcrsoll generator and standard error-correcting codes, olle can construet
..... ven better cxtractors with t.lw additional advantage that balh t.he construction
amI t.he analysis are extremely simple anel admit a short. self-contained treatment
(withollt reference to resllIt.:; on pseudorandomness).

Daniele l\1icciancio:
The Hardness of the Shortest Vector Problenl

\Ve prove that the Shortest Vector Problem is NP-hard to approximate wit.hin any
COllstant factor less than .Jl. The inapproximability result is proved by randomized
many-onc reducl,ion from the Closest Vector Problem, which is known to be hard to
approxil1l3tc wit.hin any cOllstant fadar. The key to t.he redllction is the construc­
tion of a latticc packing in dimension n such t.hat there exist.s a sphere of radius les::;
than t.he lIlinirnum distano' of the lat.tice by a fador aln~ost -12 containing expo­
Ilentially many lattice points, Thc NP-hardness of SVP within thc same constant
rador can tw provcd also by det.erministic many-one reductions, using a rea.,;onable
Illlmbcr t.heoretic conjcctun.' concerning the distribution of smoot.h numbers.

Erich l\altofen:
Algebraic Complexity and Algorithms: Recent Advances and
New Open Problems

We cover four areas of algebraic questions.

A) SCllsitivity analysis: here an algebraic problem is given with rational coef­
fkients (thollght. as fixed precision floating point numbers) that lacks a desired
property. One wishes to compute in polynomial time in tlw input size the uearest
problem that does. Nearness can be measured by different norms of the vector of
floating point coefficients. for example by the maximum of the perturbations in each
coefficient (infinit)' norm).

Problem Nurn, Solution
Singular matrix Matrix norm Poly-time Eckart &: Young 1936

Singular matrix Inflnity norm NP-hard Poljak & Rohn 1990

Matrix with one eigen- l\tatrix norm Poly-time Hitz, Kaltofen & Lakshman 1998
\'alue on a given curve

Polynomial with a root Infinity norm Poly~time I<haritonov 19i8
with a positive real part

Polynomial with real root Infinity norm, Poly-time Hitz & Kaltofen 1998
Euclidean norm

Polynomials with a corn- Euclidean norm Poly-time Karmarkar & Lakshman 1996
mon root(GCD)

any norm

Polynomial in 2 variables any norm
that factors o\'er IC

'Open problem

()p{~n problem
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B) black box linear algehra: there have been n"any recent results on doing lin­
ear algebra prohlems simull aneollsly in O( n) matrix times vector products that are
viewed as oraclc calls for the matrix, n2+0 (1) arithmetic steps and O(n) arithmetic
space (n thc matrix dimensions). For instance, with Las Vegas randomization one
cau ccrtify a Diophantine linear system with a black box coefficient matrix incon­
sistent. An open problem is t.o compute t.he characteristic polynomial.

C) Mathenlatical constauts in SC· (b): The formula

by Bailey, Borwein, and Plouffe (1996) allows the computation of the n-th digit
of rr in radix b = 2 (mof{' precisely, of an approximation of 7r within precision
2(-n-l000)_ there could be a very long sequence of ones in the binary expansion of
rr) in 7l(log n)O(l) time anel simult.aneously (logn)O(l) space. This defines the class'"
of constants SC·{2). It is open whether 1f' E SC· (10).

D) Transposition principle: by a theorem from circuit theory it is known that'
a linear algorithm for a mat.rix-times-vector product can be transformed to one for
the transposed matrix-timcs-vector product without asymptotic loss of time. Thc
open problem is to simultaneously preserve space (asymptotically).

l'oni Pitassi:
Proof Complexity, a Survey and New Results

We introduce algebraic proof systems for proving unsolvability of a family of (poly­
lIomial) equat.ions over {O. I}. In particular, a polynomial calculus (pe) refutation
of a scquence of equat.ions Ql, ... , Qr is a sequence of polynomials 81, ... , Sm

such that each Si is either an initial equation or follow$ from two earlier ones by
eit.her: CQl + dQ2. or J:Qj. The degree of such a proof is the maximal degree of any
polynomial in the sequencf'. Wc prove nearby optimallower bounds on the degree-'
of any pe refutat.ion of the ~quationsdescribing various eounting principles modulo .
same p.

Paul Beatue:
Optimal Bounds for the Preclecessor Problem

The predecessor problem is thc dassic problem solved by binary search given a
stored set S from some ordf'rcd universe U, find the element of S that immediately
preccdes x, if any. In t.he cOlllparison model, binary search is optimal O(logn) time
hut. in the unit-cost RAM model with bounded word-size, which is representative
of modern computer instruct.ion sets, one can salve the problem more efficiently
usillg data structures such as the binary trie data structures of van Emde Boas,
Willard, alld thc fusion tr('Ps of Fredman & \Villard in only O(.Jlogn) time. We
F;ive optimal upper and lower bounds for the problem, improving the time bound
to 8( V10g 11/ log log 71). The lower bounds are proved in the strong asymmetrie
rommunieation complexit.y model that gcneralizes the ecll-probe model which is
it.sclf Inore general thall t.11f' unit.-cost RAM model in which the algorithms are
dcsigned .

.Joint work with Faith Fieh.
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Sa.lil Vadhan:
Statistical Zero-Knowledge: A Survey of Recent Developments

Zero-knowledge proofs, int.roduccd by GoldwaSser, Micali, alld Rackoff, are fas­
cillating constrllcts which ellable one party to convincc another of an assertion
wit.hout rcvealing anything other than thc validity of thc assertion. Statistical zero­
knowledge proofs are a particular type of such proofs in which thc condition that
the verificr learns nothing is illterpreted in a strong statistical sense. 111 this talk,
we survey a number of recent results which have given HS a much more refined .
lIuderstanding of statistical zero-knowledge proofs and thc dass SZK of languagcs
("assert.ions") which possess such proofs.

Part.icular itcms of foclIs in this survey are

• Thc role of Okamoto's theorem (1996) that any SZ]( proof can be ronvcr­
ted into a "public coill" one in facilitating these recent improvements in our
underst.anding of SZK.

• The use of "complete problems" to obtain n~w characterizations of the dass
anel to redllee the study of thc dass t.o a singl~ problem (as first seen in [Sahai,
Vadhan, 1997]).

\Ve illust.rate the henefits of these two tools, by surveying some of the results
t.hat have beeil obtaineel:

• St.rang boalean dasure properties of SZK [Sahai, Vadhan, HHl7).

• Converting honest ver'ifier SZK proofs to any verifier SZK proofs [Goldreich,
Sahai, Vadhan, 1998].

• Extending the theory to "noninteractive" SZK proofs [De Santis, Di Crescenzo,
Pcrsiano, Yung, 19981 and using this to relate SZK to Hnoninteractive" SZK
[Goldreich, Sahai, Vadhan, 1998].

David Zuckerman:
Perfeet Infornlation Leader Election

Leader election is a generalization of collective coin flipping. In this latter problem,
n players wish to generate a random bit. The difficulty is that some subset of
players collude to bias theoutput of the bit. In the perfect information model, all
communication is by broadcast, alld the. bad players havc unlimited computational
power and Illay wait to see the inputs of the good players. Thus, for example,
PARITY can be broken by any coalition of 1 player, while in MAJORITY no
coalition of O( J1l) players (an force a particular output to occur with probability
1 - 0(1).

In leader election, the goal is to elect a good leader with probability bounded
away from O. \Ve give a simple leader election protocol that is resilient againsi
coalitions of size ßn, for any ß < 1/2, and takes log- n + 0(1) rounds.

We also give a lower bound for both collective coin-flipping and leader elcction
in the case where each player can broadcast only 1 bit per round. In particular, we
show that any protocol wit.h linear resilience Blust take at least [1/2 - o( 1)] log- 11

rounds. The primary component of this result is a new bound on the infIuence of
random sets of variables Oll Boolean functions.

This is joint work with Alex Russell alld Mike Saks.
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~/I iehac I Saks:
Tinle-Space Tradeoffs for Branching Programs

The branching program model is a well-studied ~ombinatorialmodel that allows one
t.o study the relationship bet.ween t.he time and space complexity of a computational
problem. Here a computatioll is modeled by a digraph, where the computation time
is lower bounded by the dcpth of the digraph, and the computation space is lower
bounded by the logarithm of the number of Hodes of the digraph. There has been
considerable success in the past. in proving time-space tradeoff lower bounds for
multi-output funct.ions such as sorting, and also in comparison based models.

In the cac;e of single-output boolean functions, space tower bounds were known
in a rest.ricted model (the ~o-called syntactic read-k-times model) but essentially
noihing was known for ullrcstric:ted models. If one ignores size, then every n­
variable boolean funcl,ion ha.':i a branching program of depth n (just take adecision
t.rl'C for computing the fUllction). and this bound is known to be tight for Hmost"
functions and for many explicit. ones. However I the depth n branching program
t.ypically requires exponeniial size. A major research direction is to study the power·:.-·
uf polynomial size branc:hillp; programs. A modest, but thus far elusive, goal is to
provc, for some explicit boolcan function (in, say, complexity dass P), that any
polynomial size branching J>I'ogram requires superlinear depth. Prior to the present
work. HO such lower bound on depth greater than 11+o(n) wa~ known. Here we prove
t.hc first (barely) Ilontrivial hOlmet of this type by exhibiting an explicit function
in P for which any subexpollclltial size branching program requires depth at least.
1.0178n.

This is joint work with Paul Beame and Jayram That.achar.

Ingo Wegener:
Branching Programs and Binary Decision Diagrams - Com­
plexity and Algorithnls

UPs and BDDs are used as ('omplcxity thcoretical model for space complexity but
also as representations of Boolcan functions in CAD applications. One looks for
variant.s which allow a compact representation of many (important) functions and'~:

cfficient algorithms for synt.hesis, satisfiability test, equivalence test, minimizatian,
anel replacement by constant.s. Sev~ral variants (BPs, DTs, OBDDs, rr-OBDDs, FB­
DDs, G-FBDDs, (I l +k)BP:->, HPks, Handet. OBDDs, partitioned OBDDs, EXOR­
OBDDs, and randomized BDDs) are investigated. lJpper and lower bound tech­
lliqUes are discussed and efficient manipulation algorithms are presented.

Noam Nisan:
Algorithms for Selfish Agents

Olle intcresting aspect of distributed algorithms designed for the Internet environ­
ment is that the computers t,hat. are to participate belang to different users. It is
likcly t.hat these computers may not follow thc algorithm but. rather manipulate
it according to thcir self in(.er('st. The algorithm designer should thus attempt to
design the distributed algorit.hm ill a way that will cnsure that the participants' self
illtcrest is maximized by bpltaving correctly.

In t.his t.a'k I will prest'Ht a model for studying such algorithms, based on the
theory of mechanism desigll. In this model thc algorithm is augrnented with pay­
JIlcnt.s to thc participants. These carefully chosen paynlf'nts should motivate the
players to act ucorrectly".

Most of the t,alk will bc dcvotcd to a self-contained thinly-disguised introduction
1.0 thc fielel of mcchanism df'si~n --- from a distributed c:omputation perspective. 1
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will thcn present, some new rcsull.:s and suggest. directiolls for fllrt.her research.
Thc new results in t.his talk are joint work with Amir Honen.

Adi Shaillir:
Attacks on Aigebraic Cryptosystems

Scveral rIIl1ltivariatc algebraic cryptographic schernes have been proposed in recent.
ycars, hut. most of t.hem h<i\'c beeil broken by exploiting t.he fact. that t.heir secret,
kcys are low rank algebraic s1.ruc.t.lIres. In this t.alk I survcy the proposed schclllcs
and t.he dcveloped attacks. allel in partiClllar show a novel attack on Patarin's "ail
aud villcgar" signat.ure sche1l1c, whieh eloes not. l'ontain low rank strueturcs.

Rall Haz:
Exponential Separation of QuantulTI and Classical COlnnlunic­
ation Complexity

COllllUunication complexit.y has become a cf'nt.ral complexity model. In t.hat model,
we count t.he alnount of cOllllllunication bits neeeled between two parties in order
t.o salve certain computatiollal problems. We show timt. for certaill communicatioll
complcxity problems quant.ulll communica.t.ion prot.ocols are cxponentially faster
t.han da.'isical ones. More explicitly, we giv(~ an exall1ple for a communication COIl1­

plt-~xit.y relation (or promisp problem) P slIch that:

I. Thc quant.um COlllll1Ullicatioll complexity of P is O~log m).

2. The dassi('al probabilist.ic communication complexity of P is n(ml
/ 4 / log 111).

(whcre Itl is t.hc Icngth 01' t.lle inputs). This gives an l'xpolI~nt.ial gap bctween
qu;tntulIll"oll1lllunic;tt.ioll cOInplexit.y and c1a..'-;;sical probabilistic comll1unication COUl­

plexity. Only a quadrat.ic gap was previously known.
Our problem P is of gf'ollletrical nature, and is a finite precisioll variation of

the following problem: Player I gets a.s input a unit vedor x E !Ru and two or­
thogonal subspaces ""/01 All C IP~n. Playcr 11 gets as input an orthogonal matrix _
T : IR n ~ ~n. Their goal is t.o answer 0 if T(x) E Mo and 1 if T(x) E A11 • (and any
answer in any ot.her case). 'Ne give an almost tight analysis for the quantum COI11­
lI1unicatioll complexity and for the c1assical-probabilistic communication cOlllplexity
of this problem.

Avi Wigdersoll:
Randomness vs. Tinle

We give the first. nontrivial det.erministic simulation of BPP u;lder a uniform COfll­

plexity assumption weaker t.hat one-way funclions. Specifically, we show that if
BPP#EXP, then every lanp;uage in BPP has a deterministic subexponential time
algorithm that is correct Oll all but a negligible fraction of input.s.

Joint work wit.h RusselI. lmpagliazzo (Ue San Diego).

Allan Borodin:
Lower Bounds for Geonletric Search Problenls

Thc CtU"se 0/ dimeu~imJOlit.'ldesnibes the p1H~1l0mCllUIl wlwrf'by (in spit.e of ext.ens­
ive and continuing research) for \'ariolls gf'olllp.tric ~earch problcms wc ollly hav~

algorithms with perforll1al ...e tlwl grows expollcnt.ially in ttw dimension. H.ecent
results [1, 2, 3) show that in some sense it is possiblc to avoid th~ curse of dimen­
sionality for the approximatc Iwarcst. neighhor s(;'arch problelll. Hut lUllst the exact
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IW;\rf':-öt IIcighbor sean:h problem surfer this curse'? \Ve provide some evidence in
support. of l.hc nIrSC. Specilically we investigate the cxact nearest neighbor search
prohlC'JIl ami t.he rclated problem of exacl. partial match within the asymmetrie
("Ollllllunicat.ion JllOdei first. II::lCO hy 1\·liltersen 141 to study data structure problems.
\\Tc' derivc non-t.rivial asympt.ot.ic lower bounds for the exact. problem that stand in
contrast to known aigorithllls for approximate nearest neighbor search. Specifically,
in the d-dimensional Hamillillg cllbe, we cOllsider the nearest neighbour decision
probli'1Il (i.e. does t.here exist a vector in a preprocessed data base that is within
a sp~cified distallce ..\ of tlw query point) and the partial match decision problem
(i.c. given Cl query with bot.h "exposed" and don't care coordinates, is there a vee­
t.or ill thc preprocessed dat.a base that exactly matches thc query on the exposed
coordinates). \Vf' assllme that. t.he dimension (l is relatively large and grow: .g with
respp.ct. 1.0 t.he nllmberofpoiuts; in particlilar, we assume logn« d = d(n)« n"
whC're "'~ > () is arbitrarily ~llIali allel 11 is t.he size of the data base. Using the rich­
IWSS t.p.dlllique of Miltersell. Nisön, Safra and Wigdersoll [5] wc show that either
"lw (lIwry playp.r s(~nds a t.otal of n(log d log n) bit.s or the data base player sends
Cl t.ot.al of "l-f bit~ whcr(' c is an arbitrarily ~mall constant.. In contrast to the,.
approximate nearest neighbour problem, this implies that any constant round cell-·
probe algorithm for t.hese f'xact. problems must either use a non polynomial (i.e..
"log d ) ll11mber of storage ('C'1I5 or else must transmit cells of size n 1-(.

References

[11 J. 1\leinbcrg. Two algorithms for Ilcarest-neighbor search in high di­
mensions. 111 }'I'OC. 01 ~91h STOC, pp. 599-6

121 P. Illdyk alld IL Mot.wani. Approximate nearest neighbors: Towards
rClIloving t.he ("lIrsC' of dimensio~lality. In Proc. 01.10th STOe, 1998.

I:l] E. I'ushilevitz, IL Üst.rovsky, and Y. Rabani. Effieient search for ap­
proximate neal'C'st neighbor in high dimensional spaces. In Proc. 01 30th
STOe,1998.

[4] fl.B. Miltcrsen. On t.hc cell probe complexity of polynomial evaluation~~"'1

TIH.'orelical Computer .)cience, 143:167-174,1995.

[.5] P.ß. Miltersen. N. Nisan, S. Safra, and A. Wigderson. On data struc­
l.ures and ac;;yllllnet.ric communication complexity. In Proc. 01 ~71h

STOC, pp. IO:l-lll, J995.

Uri Feige:
Heuristics for Finding Large Independent Sets,
with applications to coloring senli-random graphs

We study a semi-random graph model for finding independent sets. For 0 > 0,
an 7l-vertex graph with an independent set S of size on is constructed by blending
random and adversarial df'c'isions. Randomly and lndependently with probability
p, each pair of vertlces, such that one is in S' and the other is not, is connected by
an cdge. An advcrsary can t.hell add edges arbitrarlly (pravided that S remains an
indepf'IHlent set). The smallcr l' is, the larger lhe contral the adversary ha..~ over the
sf'mi-random graph. \Vc dC'sigll hf'uristics lilat wit.h high probability recover S when
p > (I + () In TI/IS'I, for an)' c'ollstant ( > o. \Ve show that when p< (1 - c) In n/181.
an independrnt. :-öet. of sizf' 1.'-,'1 C:(\II"Ot. b~ r('('ovcrC'd, uuless NP ~ HPP.

\Vi' lIse our results t,o OI)I.4\lll grcat.ly irnprovcd eoloring algorilhms for the model
of k-colorable sf'lIli-random J,!;raphs inlroduccd by Billm amI Spencer.
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Joint. work wit.1a .Joc I\ili<lll of NEC R.f~scarch Institute.

.Johall IHist.ad:
The security of all RSA bits

\Vf: prov(' t.hat. if HSA r:l1cryptioll is seClJre th'=>l1 any individual bit is hard La prf:dict..
T() bc 1Il0n~ exacl let EN,t~(.l:) be ('1H.:rypt.ioll of J; under HSA with Illodtllus N ami
f'xpollcnt r.. \Ve prov(' t.hat. if bit. i of x call be prcdidccl wit.h probability 1/'2 + 11-1:

ill probabilistic polYJlolllial t.ime frorn EN,t'(;l'), then all or x call oe recovered in
probabilistic polynomial lillie. This is t.rllC for allY C allel any ·i such t.hat. bit. i is
unbiased. Ir bit i is biased t,hen 1/'2 in the above fonnula should b(' replaccd by t.hc
success of the IwsL constaut. gllcssing algorithm.

Cla.us Peter Schnorr:
On the Generic Group Model

Let G bf' a cyclic group of prime order q with generator.Q. In t.he generic model
Wf.' (;Ollnt. arbitrary group opp.rations at unit costs. All other operatiolls are for [rce,
P..g. equality t.est,:.; for group dements anel ('omputat.ions on non-grollp element.s. It.
is known that t.he gcneric ('omplexity of the discrete logarithlll is H(.jl/) (Np.chaf:'r,
Shoup). \Ve show t.hat the gcneric secllrity of the j least significant. discrd.e lop; bit.s
is O( nl-p.jqfiJ). 'Ne also :-;how t.hat subsds H C Gof sizc IJ/l = ~ arp. harckorf'

for the discrete log, cxcept for a JH'gligible fradion of H. For llf I < fi t.he generil'
complcxity of t.he disCff~tc lop;. rest.ricted t.o ll, is ~ + 0(111.).

2 Abstracts of special session talks

Avi 'vVigderson:
Short Proofs Are Narrow

\\'c introduce width of Ilc:"olut.ioll proofs, alld retate il to t.radit.ional complexit.y
lncasurcs of size and trec-like sizc. Thesp. relations givc a unificd simple way t.o
dcrive most exponential size lowcr bounds. It also yields simple new aut.omat.ed

t.heorem prover for Resolut.ion.
Joint work Eli Ben-Sasson (Bebrew Univefsit.y).

Georg Schnitger:
Neural Circuits and Efficient Associative Menl0ry

Arbitrary patterns Xl, ... I J'/H E {U, l}n are givcn. For a qllery y E tu, 1}1l estill1at~s

of t.he Ilamming distance bet.wecn !I and the dosest patt.ern J~i have to be provided.
If additionally small errOf:-:- are allowed, t.hen significant memory rcsult. It is for
instance possiblc ta solve l.his relaxed version of t.he Ilalllllling distallcc problelll
with 0(711 . log:? u) memory, provided constant fador approximat.ions are allowp.d
with constant error probabilit.y. This ShOltlcl bc c:ompared to t.hc obviolls O(w-· n)

memory bOllnd.
Neural circuits are desi~lIcd t.hat simllltancoll~ly ac.:hievp. ncar optilllal 1lH'lllory

complexity as weil a" near opt.imal dept.h allel IllJll1ber of t'dp;es. lIndcr SOIllf' condi­
tions a near opt.imal numbcr of ~at,(:s can be re;\c!Jed <\..-; w('11.

.'i
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Dinla Grigoriev:
Tseitin's Tautologies and Lower Bounds for Nullstellensatz
Proofs

A linear lowcr bound for 1.h(' degree of a Nullstellensatz proof was shown tor the
system of binomials arising from Tseitin's tautologies. Earlier a sublinear lower
bOllnd was known for a polynomial system arising from the pigeon-hole principle.

luge Wegener:
Relating Branching Program Size and Formula Size over the
Full Binary Basis

The c1assical complexity mcasures for Boolean functions are circuit size C, branch­
ing program size SP, formula size L, and formula size over {A, V,....,} L-. The
following trivial relations are known and optimal: C ~ 3BP, C :::; L ~ L-, L - :5 L 2

,

and BP :::; L-. This implies HP :::; L2. This inequality is improved to BP :::;
1.36/}Og4(3+V5) wh('re log4(:\ + ß) ~ 1.19. The transformation leads for read-once~:

formulas to optimal OBDD~.

Johannes Blönler:
Complexity of Short Linear Independent Vectors

Motivated by Ajtai'5 worst.-case to averagc-case reduction for lattice problems, we
study t.he complcxity of computing short linearly independent vectors (short basis)
in a lat.tice. We show t.hat. approximating thc length of a shortest set of linearly
independent vectors (short('st. basis) within any constant factor is NP-hard. Under
t.he assumption that problp.lOs in NP cannot be solved in DTIME(nPolylog(n)) we
show t.hat no polynomial t.ime algorithm can approximate the length of a shortest
set. oflinearly independent v('dors (shortest basis) within a fador of2Iogl-~(n), ( > 0
arhitrary, but fixed. FinalI.\'. wc obtain results on the limits of non-approximability
for computing short linearly independent vectors (short basis). Our strongest result
in t.his direction states thal. lInder rcasonable complexity-theoretic assumptions,<
approximating the length or a shortest set of linearly independent vectors (shortest~·

ba.sis) within a factor of n/ Jlog{ll) is not NP-hard.
Joint work with Jean-Pierre Seifert.

Jean-Pierre Seifert:
SVP Is Not Harder Than CVP

\Vf' SllOW that for allY poly.botlnded function f : N -+ r~ I such that f is non­
dC'creasing, SVPJ is poly-t.ime rcdllcible to CVPJ. In a later talk by D. Micciancio
t.he construction was extremdy simplified and extended to arbitrary non-decreasing
ftlnctions f : r~! -+ r,1.

Claus Peter Schnorr:
Fast LLL-like Reduction

The famous LL L-algorithm transforms a given lattice basis inta a LLL-reduced
basis. For this it. performs O( 71 4 log A1) arithmetic steps on integers of bit- length
0(" log ,H), whcre 71 is LI!€' dimcnsion of thc lattice anel ,\tl is thc maximal length
(Jf t.lw basis vcd.ors. Wc proposl' a variant of LLL-reduction that uscs merely
O(u:J log AI) arit.hmct.ic st.eps. For t.his we partition thc basis b), ... , bn with
11 = k . ", in blocks of SiZf' k. \Vc pcrforlll a standard LLL-rf"duction within thc
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blocks. \Vc relax t.he condit.ion of LLL-reduc:ed bases at the border ofthe blocks. For
k =O( J11) thc algorithm runs in O(nJlog At) stcps. This algorithm is a practical
amI useful variant of the algorithlll of Sc.:hönhage (1984) for semi rcduction.

Danicle 1\1 icciancio:
Proof of the Technical Lemma

Sec D. Micciancio's talk Oll ""Thp. Hardncss of the Shortest. VecLor Problem",

Riidiger· Rcischuk:
Optimal Lower Bounds for the Average Case Conlplexity of
PARITY

\Ve investigate t.he average time complexity (delay) of parallel prefix functions
defined over a gr~upoid for t.he unbounded fan-in circllit model - the parity functioll
is one such CXRlllplc, Propcrties of the correspollding trallsitioll graph, cOllfillent
alld strict.ly difflucnt, are ddilled. They are mutually exclusive and conlplete, that
is t'xaclly olle of t.hem occurs, Ha.-.;cd on these Botions we can show that. a fUlIctioll
has unbounded fan-in circ"lIit.s wit.h const.aut average time complexity iff it is COII­

fiucllt. In case of strict. difflllcnce t.he average case cornplexity for circuit.s of size s
is 0(log 11/ log log 05). Thus t.hc aVf~rage case complexity of parity i8 as large as its
worst case complexit.y.

.Joint work wit.h Andrca~ .Jakoby.

Pavcl Pudlak:
On Generalized Tseitin Tautologies

Let Jf be a k-ulliform hypergraph (ie. edges have size k), with k even and suppose
c is a mapping which assigns O's and 1's to vertices of /I so that the number of 1's
is adel. The generalized T:::citin tautology expresses the trivial fact that. for cach
assiglllnent of O's and 1'8 1.0 t.hc edges of the hypergraph H there exists a vertex
v such that c(v) is different from the parity of the vallH's assigned to the edgcs
incident to v.

\"Je consider agame a""iociat.cd ta II in which first player chooses edges anel
the second player chaoses values of the edges. 'fhe goal of thc first playcr is to
find a vertex where there i~ the disagreement of parities. Our aim is to design a
nondeterrninistic strategy for the second player such that in each play thcre are
many nondeterministic moves (ie. the se"cond player can choose any value). A lower
bound 1" on t.he Ilumber of such movcs implics a lower bound 2r

Oll the sizc of a
decision tree solving the search problem of the first player.

We present a strategy which can potentially be used for obtaining bounds elose
to 2m

I where m is thc nUlllber of edges. This will imply the same lower bound on
the tree-resolution proofs of the generalized taut.ology and rUllning time of any DLL
algorithm for l-CNF'S, wherc I is the maximal degree of H.

Ran Raz:
Separation of the Monotone Ne Hierarchy

We prove tight lower bOlillds, of up Lo n( 1 for the monotone deptll of func:tions in
monotone-Po As a result we achicve the separation of the following da'ises.

1. monotone-Ne :f; monotone- P.

2. Vi ~ 1, mOl1olone-N(:i :f; lllonotone-NC i +1.
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:t i\lor~' F;p.lwrally: For ;lI1Y illlf'~.:r fUlletiOIl V{lI), IIp t.o ,,' (for same ( > 0),
wp ~i\'c nu f'xplicit l'xamplc- of a monotone 8001('an function, t.hat can bc
COlllplIted by polYllolllial sizf' monot.one Boolean circliits of depth D(n), but.
thai. <:allllol. he coml'lll.~d by any (fan-in 2) monot.one Boolean circuits of
(I~pt.h less t.han (:011.0;;1 . /)('/) (for some constant Coust).

Ollly a s~parat.ioll of 1Il0HOICllle-NC I from monotone-NC2 was previously known.
Ollr argulIlPnl. is lIlore gpllcral: we define a new dass of communication complex­

il.y :-;parch problf'lIls, rcfcrrf'd 1.0 helo", as DA HT games, allel wc prove a tight lower
IJOlIlld for t.he COlllllHlllica1.ioll complexity of evcry membcr of this dass. As a result
\\,p gel. 10\\'N bOllllds for t.lw IIlOllot.one depth of many funct.ions. In particular, we
J,!;f'l. I.he followinp; hOLJllds:

I. For s/.-collllcct.ivit.y, \\'f' gel. a t.ight lower bound of f2(log2 n). That is, we get
a IlCW proof for Kardllllcr- \Vigdersoll's theorem, as an immediate corollary of
OLlr general rcslIlt..

2. For t,he k-dique funet.ioll, wit.h k ~ n(. wc get a tight 10wer bound off2(k log Ti):"
Onlya bound of 0(1.) wa.., prcviously kllm\'n. .:

Pct.cr Riirgisscr:
The C0l11putationai Conlplexity to Evaluate Immanents and-'
Representations of General Linear Groups

\V~ de~cribe a. fa.,;,;!. aigoritlllll t.o f'vaillat.e irrcdllcible matrix representations of gen­
eral linear grollJ.>s GLm(tC) witlt rcspcct to a symmetry adapted basis (Gelfand­
Ts(~t.lill basis). Tltis is cOlllplemcnted by a lower bound, which shows that our
algorithm IS opt.imal up to a fact,or 1n2 with regard to nonscalar complexit.y. Our'
algorit.hm can be llsed for the fast evaluation of special functions: for il;stance,
WC obtain an O( flog f) algorithm to evahiate all assoeiatcd Legendre funetions of
dcgrce f.. .

For stlldying the eomplC'xity t.o evaluate single entries of the representation mat­
rix, wc invcstigatc the cOlllplexit.y of immanents. These matrix fllnctions eontain.
t.hc permanent and deterlJlinant. as special cases. \Vhile the det.erminant can be
computed in polynomial tillle, a wcll-known completeness resu1t due to Valiant in­
dicat,cs that. t,he pcrmanclIt is computationally intraetable. We obtain an algorithm
t.o evaltlal.e imlllanenl.s. whidl is fast.er than previous algorithms due to Hartmann
emd Barvinok. Finally, w(' :-;how 1.hat the problem to evaluat.e certain immanents
corr~sponcling 1.0 hook dia~rallls or rectangular diagrams is complete in Valiant's
sense.

l\1arc Giusti:
Applications of Efficient Geometrie Solving

\Ve show two appli<:at.ions of t.he geometrie resolution of a system of polynomial
f'qllat.ions. This notion gOf'S back 1.0 the geometrie description of the associated al­
KC'braic geomet.ry by Kronf'('ker's eliminat.ion t.heory : the zero locus of an eliminat­
inK polynornial and rat.ional parillllctrizations (also callecl generalized shape lemma
or rational lInivaria1.c ff~pn':-'('lIt.il(.ioll in cOIllpu"er algebra).

\VItf'1l the input eqllatioll:-; farfTl asecant family outside of an hypersurface, there
f'xists an efficicnl. alf,!;orithlllt·olJsl.rllct.ing illCfCllIentally a geometrie resolution in any
dimension (G - Hacgde .- Ilpilll.z - Mont.aillla· Morais - Pardol. The running time
is polynornial in Ule lIumhf'r of variables. 1.he t.otal degrec of the equations. and a
suit.ably <fefined nat.ion of d('grr:f' of t.he syst.em (at most. thc Bczout numbcr) and
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linear in the length of a st.raight-line program evaluating the equations and the
inequation.

\Ve apply first thc algorithm to approxima~e inconsistent non-linear systems.
Given a rational (inconsistent) approximation of areal consistent over-determined
system, we recove~ an approximation of its solution(s) under mild assumptions. A
practical example consists in the over-determined static Stewart's platform and is
treated successfully on experimental data: recover the mutual position of two solids
from thc knowledge of sevcn (and not six) distances between pairs of points lG -

. Schost).
Eventually w~ consider real solving: find a point on every connected <:ompon­

ent of areal snl00th compact hypersurface given by a regular eqllation. This is
achieved through a systematic use of polar varieties, and yields an efficient theor­
etical algorithm. The complexity inherits the good behaviour of thc previous one,
t.he degree becoming the maximal degree of all successive polar varieties [Bank - G
- Heintz - Mhakop]. The result improves the up to now known complexities on the
sllbject.

Volker Weispfenning:
Mixed Rral-Integer Linear Quantifier Elimination

We prove some positive anel sorne negative results concerning effective quantifier
elimination (Q E) and decidability of linear fragments of the elementary theory of
the real nunlbers R with thc set Z of integers a definable subset.

Theorern 1 The elementar'Y theory 0/ R in the langunge LI = {O,l, +, -, <,
{~ } nE N ' Z(.)} is decidable. but does not admit Q E. Here congruences (H'e defined
by a ~ b ifJ a - b E nZ .

.Theorem 2 The elementm'y theory 0/ R in the language L2 = {O, 1, +, -, <,
{~} nEN ' [·n admits effective QE and hence is decidable. Here [.] is the integer-part
fu.nction. .

Theoren13 The elemenla;'y theory 0/ R in the language LJ = {O,l, +, -, I} is
undecidable. HelY~ the divü;ibility relation is deJined by alb ilJ b E Za.

Theorem 4 The positive e~'istential them'y 0/ R iu the language L4 = {O, 1, +,-,
I'} is decidable. Here the 11lodiJied divisibility relation is dejined by alb iff a E Z and
bE Za. .

By known results on Presburger arithmetic, QE for R in L',!. is at least trip)y
exponential in the warst ca')e, and the decision problem for this theory requires
at least doubly exponential time on an alternating Turing machine with a linear
number of alternations. We conjecture that the upper complexity bounds are of the
same type.

As a consequence of Theorem 2, the L2-definable subsets of Rare composed of
finite unions of rational intervals in an ultimately periodic fashion.

Omer Reingold:
Trevisan's Extractors: The Next Generation

We give explicit constructiolls uf cxtractors which work for a source or any rnill­
entropy k on strings of length n. These r:onstructiolls are bascd Oll the recent
work of Trevisan and they f(~duce t.he nUlllber of uniformly dist.ributed bits llsed by
Trevisan 's extractors in two r.a.-;es:

I:!
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1. \Vhen trying to extraet. alt the min-entropy of the weak source (or a constant

fraction of it).

2. \Vhen the output of ..he cxt.ractor should be very elose to uniform.

In particular to output ,n == O(k) bits that are {-dose Lo uniform the number of

truly random bit.s used by ollr cxtractors is O(min{(log(n/c))2, (log n)2(}).

In addition, for any ext.raclor that outputs the entire min~entropy, we show a

way ta reducc iis entropy-Ioss to 2Iog(I/f} + 0(1) bits which is optimal up to a

constant additive tern1.

,Joint work with Ran R.[IZ and SaJil Vadhan.

Alnnlon Ta-Slllna:

Almost Optimal Dispersers

\Vc present an explic.it. const.rllction of efficient dispersers. A G =(V, W, E) bipartite

graph is a (I\', epsilon)-dispPrser if for any subset ~\' of W of cardinality ]{, the

ncighbors of X cover at kast, (1 - {) fraction of W. The goal is to build such

graphs wi th smaJl degree J). For any J{ and ( we show a construction where

J) = poly(log lVI, lid, which is a.lmost optimal.

Sa.lil Vadhan:
Pseudorandom Generators without the XOR-Lemma

Impagliazzo and Wigderson have reccntly shown that if there exists adecision prob­

lem solvable in t.ime 20 (n) and having circuit complexity 2n (n) (for alJ but finitely

many n) then P=BPP. This result is a culmination of aseries of works showing

conllcd,ions bcl-wcen t.he ~xistenc(l of hard predicates and t.he existence of good

pscudoröndom generat.ors.

The construct,ion of Impagliazzo and \Vigderson goes through three phases of"

"hardness amplification" (Ft. lIlult.ivariate polynomial encoding, a first derandomized

XOR Lemma, and a second derandomized XOR Lemma) that are composed with

the Nisan- Wigderson generat.or. In this work, we present two different approaches

ta proving of the main reslilt of Impagliazzo and Wigderson. (n deve}oping eacli7.:'­

approach, wc inlroduce ne\\' t.cchniques and prove new results lhat could be useful

in future ilnprovemcnts aml/or applications of hardness-randomness trade-offs.

i Our first result is that when (a modified version of) the Nisan-Wigderson gener~

ator construction is applied with a Hmildly" hard predicate, the result is a generator

'.hat produces a distribution indist.inguishable from having large min-entropy. An

l'xtraclor can then be used (.0 produce a distribution computationally indistinguish­

able from uniform. This is t.he first construction of a pseudorandom generator that

works with a mildly hard prcdicate without doing hardness amplification.

Ollr sccond result, not dr'scribed in this talk, is that in the Impagliazzo-Wigder­

son construction ooly the first. hardness-amplification phase (encoding with mul­

tivariate poJynomial) is ne1:cssary, since it aJready gives the required average-case

hardncss. We prove this n'sult by (i). estabJishing a connection between the hard­

ness-amplification problem alld a Jist~decoding problem for error correcting codes

based Oll multivariate poJynomials; and (ii) presenting a list-decoding algorithm

'.hat. improves alld simplifies a previous one by Arora and Sudan.

,Joint work with Madhu Sudan and Luca Trevisan.
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Oded Goldreich:
GapCVP fil in coAM (On Linlitatiol1 of Non-Approxinlability)

We show simple constant.-rollnd interadive proof systems for problems capturing
t.h~ approximability, to wit.hin a fador of fii, of opt.imization problems in integer
lauiCf~s; spccifically, t.hc düsest. vector problelll (CVP), and the short.est v~ct.or

problem (SV P). These int.f'ract.ive proofs are for the "coN P direction"; t.hat. is, we

give an int.eract.ive protocol showing that a vec:tor is "far': from the lattice (for
CVP), anel an interactive protocol showing that the short~st-latticC'-vcct.oris "lang"
(for SVP).

\Ve condude that approximating CVP (resp., SVP) within a factor of .;Ti is in
NP n coAM. Thus, it seems lInlikely that approximating these problems to within
a 0i factor is NP-hard. Previollsly. for the CVP (rcsp., SVP) problem, Lagarias cl.

al showed that the gap prohlem corresponding to approximating CVP within 1l1.5

(r('sp" approximating SVP wit.hin n) is in NPncoNP. On the otller hand, Arora
ct al showcd that the gap problem corresponding to approximating CVP within
~loKtu!m n is quasi-NP-hard,

.Joint. work with Shafi (;uldwa...;ser.

Oded Goldreich, Daniele Micciancio~ f\.1uli Safra., Jean-Pierre Seifert:
Approximating shortest lattice vectors is not harder than ap­
proximating closest lattice vectors

\Ve show that. givcn orade (\n:('ss to a subroutine which rt'l ! 118 approximat.e dO::icst

v('d,ors in a latticc, one may find in polynomial-time approximate shortest veclars
in a latticc. Thc level of approximation is maintained; that is, for any function
f, t.he following Itolds: Suppose that the subroutine, on input. a lattice (. and a
t.arget vcct.or t (llot necessarily in the lattice), outputs v E L such lhat Ilv - tll ::;
f(11)llu - tll for any u E C. Thell , Ol1r algorithm, on input a lat.tice L, output.s a
nonzero vertor v E L such l.hat Ilvll :::; 1(11)lIull for any llonzero vector 11 E L.

This rcsult estalishes thf: widely believc'd conject.urc by which the shortest vector
problem is not harder t.hall the dosest vector problem. "Ile proof can bc ea..c;;ily
adapted to establish an analogous result for the corresponding problems for linear
codes.

Din1a Grigoricv:
Exponential Lower Bounds on the Size of Depth-3 Arithmetic
Formulae for the Deternlinant'

We prove exponential tower bounds on the size of depth-3 arithmetic formulae for
the detcrminailt over a finit.(' field treating it in

(a) the polynomial ring (l,his is a joint rcsult with M .Karpinski);

(b) the algebra of functiollti (even admitting sorne errors) over a field (t.his is a
joint result with A.Razborov)

Markus Bläser:
Lower Bounds for the Multiplicative Complexity of Matrix
Multiplication

\\fe prove a tower bound of hJl+Hlll+k-11I+1I-:~for thc 1Il1iItiplicat.ivccolllplcxit.y of
the multiplication of k x m--lIlatrices with mx n-lI'Iatrices lIsing substitution method
(k, n ~ 2). For the multipli(·at.iol1 of ~~ x :\-lIlal.ricf~S, l.his yiclds t.he irnproved lower
bound of 18.

(·1
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Peter Bürgisser:
Same New Results in Valiant's Aigebraic Model of NP-com-'
pleteness

SOllte uew results in Valiant's algebraic theory of NP-colupleteness In
1979 Valiant proposed an algcbraic analogue of the theory of N P-completeness for
computations of polynomials over a field, in connection with his famous hardness
result for the permanent. \Ve have Curther developed this theory and present some
of our new results.

Over finite fields, we' exhibit a specific cxample of a famiJy of polynomials (cut
polynomials), which is neithrr complete nor p--computable, provided the polynomiaJ
hierarchy does-not coJlapse. In the c1assical setting. no such specific cxamples are
known.

We establish the foJlowing connection bclween the classical (nonuniCorm)P-NP
hypothesis and Valiant's hypothesis. If the nonuniform versions of Ne and NP are
different, then Valiant 's hypothesis is true over infinite fields of characteristic zero.
OUT proof is based on tools from algebraic geometry and Bumber theory, and rclies'
on the generalized Riemann hypothesis.

~1olli Naor:
What is a Cryptographic Assumption? Discussion.

Friedhelm Meyer auf der Heide:
"Balls ioto Hins" - New Variations of an Old Game

Assumc Tl balls and n bins are givcn, each ball chooses independently and uniformly
a random bin. It is well known that some bin gels ~ log(n)/ log log(n) balls, i.e., thc
contention is ~ log(n)/ log log(n), w.h.p. This game often appears e.g. in protocols
for task aHocation or distributed data servers. In the letter case, it is assumed
tllat many data objects are distributed randomly among n disks, and an access to
" given objects has to be I"palized. The above results says that some disks have
nothing Lo da, others have 1.0 answer ::::::: log(n)/ loglog(n) requests, w.h.p. Starting .
with a paper by Karp, Lub)', Meyer auf der Heide (92), aseries of results have,:~

come up where the followiug variants of the game are considered. Each ball now .
choases not just. one, but some number d many bins. A prot.ocol then decides for
each ball, which of the d chosen bins accepts the ball. Ir the balls arrive sequent.ially
(sequential game) then contcntion ::::::: loglog(n)/ log(d) can bc achieved , in case of
all balls arriving concurrent.ly, contention can be reduced to constant l w.h.p. In
hoth cases, very fast. protocols are known.

The talk presents two new results: The first is a design proposal fora" dat.a
server; the n disks and the ft users (issuing the requests to objects) are connected
by a butterfty- like network. Then not only constant contention at the disks can
be guaranteed, w.h.p., but also loglog(n) congestion at the edges of the network.
(with Vöcking, Schröder U.J~))

The second result (by Vöcking (98)) is a variant of the sequential protocol that
guarantees contention ~ log log(n)/d rather than log log(n)/Iog{d)'

Hans Jürgen Prömel:
On the Complexity of the Steiner Tree Problem

The Stcincr tree problem in networks (SPN) is the folJowing problem. Given a
uctwork N = (V, E, T, t), wlJCre (\/, B) is a graph, T ~ V thc set of terminals and
f : E ---+ Q+ a Icngth functioll. Find a shortcst t.rce in N connectiug the vertices in
7'.

I:..

                                   
                                                                                                       ©



The SPN is APX-complcte but the best known "non-approximability constant"
so far is 1+ 1/5600. In recent years there was considerable interest in finding good
upper bounds for this constant, i.e., in finding approximation algorithms for the
SPN with low performance ratio.

We present a general iterative framework for improving the performance ratio of
Steiner tree approximation algorithms. By applying this framework to one speeifie
algorithm we obtain a new polynomial time approximation algorithm for the SPN
that achieves a performance ratio of 1.598 after 11 iterations. This beats the so rar
best known factor of 1.644. This result is joint work with S. Hougardy (Berlin).

Martin Fiirer:
Combinatorial Isomorphism Tests for Graphs with Small Spec­
tral Multiplicities?

The k-dimensional \Veisfeiler-Lehnlan algorithm (k-dim W-L or canonical k-tuple
coloring algorithm) seems t,o be more natural and is stronger than any proposed
combinat.orial graph isomorphism test. It sueceeds if it is able to dee.ompose the
vert,ex set (or the set of k-t,uples of vertices) into orbits under the automorphism
group. For '" = o( n) I it has been shown to fail badly for graphs of bounded degree.
H, might wo;.\ for graphs of bounded genus, but is conject.ured to fail for graphs of
bounded cigenvaluc multiplicity. For k =o(n/ log n),thc k-dim W-L algorithm is
shown t.o fail evcn for graphs whose eigenspaces are decomposed by the 2-dim W-L
algorithm into I-dimcllsional canonical subspaces.

Matthias Krause;
Approximation by OBDDs, the Variable Ordering Problem,
and Genetic Progranlming

A lot of HDD (binary decision diagram) variants are motivated by CAD applic­
at ions alld havc let to sevPral complexity. thp.oretical problems and results. Here,
methods from communicatioll complexity and information heory are eombined to
prove that the dircct stora~e access function and the inner product function have
thc following propcrty. Th0y have linear 7r-OBDD size for same variable ordering
7r bllt, for almost aH variablc orderings 'tr' aH functions which compute them .on
COllsiderably more than half of the inputs, need exponentiaJ 'Tr'-OBDD size. These
complexity theorctical lowf'r bouncls ~ave implications for the llse of OBDDs in
genetic programming.

Joint work wit.h Petr Savicky (Uni PragueL Ingo Wegener (Uni Dortmund).

Uri Feige;
A simple protocol for leader election in the full information
model

Inspired by David Zuckcrmall's talk earlier in the workshop, a simple leader eleetion
protocol is presented. It is bascd on games of throwing balls into bins. When there
are (1 +()n/2 gooel players. t.hen the protocol chooses a good leader with probability
(O(log 1/t.). The protocol has low communication complexity, and in partieular ean
be implernented in log- n + O(log l/!) rounds.
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Amit Sahai:
Overview of Concurrent ZK

Adi Shamir:
How to Quickly Find Secret RSA Keys

In this talk we consider tbe problem of efficiently locating cryptographic keys hid­
den in gigabytes of data, such as the complete file system of a typical pe. We
develop efficient algebraic attacks which can find the secret keys of several public
key cryptosystems in a way which is much faster than testing each possible substring
as a potential key.

Jean-Pierre Seifert:
Extending Wiener's Attack on RSA

Wiener has shown that when the RSA protocol is used with a decrypting exponent
d such that d< N 1/ 4 and an encrypting exponent e such that e ::::: N then d can be _
recovered from the c,f.a. to e/N. . :-

We extend this attack to the case when many ei for a given N aH with Hsmall":'­
ei are available. For the case of two such ei and da, the di ean be as targe as N S

/
14

-';'

aod still be recovered by meansof lattice basis reduction algorithms.
As the number of enerypting exponents available inereases the bound on the di

inereases slowly to N 1-(. However, the complexity of our method is exponential in
the number of exponents available.

Joint work with NichoJas Howgrave-Graham.

This fp.port was edited by Michael Nüsken.
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Avi Wigderson (Monday lfiQQ. Circuit and Praof Complexity):

Short Proofs Are Narrow S
Georg Schnitgcr (Monday 16~ Circuit and Proof Complexity):

Neural Circuits and Efficicnt Associative Memory. . . . . 8
Dima Grigoriev (Monday l7ll. C,rcuit and Proof ~omplexity):

Tseitin's Tautologies alld Lower Sounds for Nullstellensatz Proors . 9
lngo Wegener (Monday l7ü Circuit and Proof Complexity):

Rclating Branching Pl'Ogram Size and Formula Size over the Full Binary
Basis 9

Johauncs Blörner (Monda.\' 1622. Lattice Theory):
Complcxity of Short. I.inear Independent Vectors 9

Jean-Pierre Seifert (Monday l(j~ Lattice Theory):
SVP ls Not Hardcr Than CVP . . . . . . . . . 9

Claus Peter Schnorr (Monclay 1jn Lattice Thcory):
Fast LLL-like Il.eduction . . . . . . . . . . . . . 9
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,
Daniele Mieciancio (Monday 2~ Miseellaneous):

Proof of the TechnicaJ Lemma. . . . . . . . . . . . . . . . . . . . . . . 10
. Riidiger Reischuk (Tuesda~' :.m2.2. C.ireuit and Proof Complexity):

Optimal Lower Bounds for the Average Case Complexity of PARITY 10
Pavel Pudläk (Tuesday 2~ Cireuit and Proof Complexity):

On Generalized Tseit.in Tautologies . . . . . . . . . 10
Ban Raz (Thesday 2122. Cireuit and Proof Complexity):

Separation of the Monotone NC Hierarehy . . . . . 10
Peter Bürgisser (Tuesday 1()2Q. Aigebraic Complexity):

The Computational Complexity to Evaluate Immanents and Representa-
tions of General Linear Groups . . . . . . . . 11

Mare Giusti (Tuesday 16u' Aigebraie Complexity):
Applieations of Efficicnt Geomet.rie Solving . J I

Volker Weispfenning (Tuesday 17a Aigebraie Complexity):
Mixed Real-Integer Linear Quantifier Elimination. 12

Omer Reingold (Tuesday IGQ.Q. Extradors and Lattices):
Trevisan 's Extraetor:--: The Next Generation . . . . 12

Ammon Ta-Shma (Tuesday 17.l.2. Extractors and Lattiees):
Almost Optimal Dispersers . . . . . . . . . . . . . . 13

Salil Vadhan (Wednesday 1~ Extractors and Lattiees):
Pseudorandom Generators without the XOR-Lemma . l~

Oded Goldreieh (Wednesday 21QQ. MiseeUaneous):
GapCVP.fii in coAM (On Limitation ofNon-Approximability) 14

Oded Goldreich, Daniele tvliceianeio, Muli Safra, Jean-Pierre Seifert (Wednesday
21~ Misecllaneol1s):
Approximating shol·t.est, lattice vectors is not harder than approximat.ing
dosest lattiec vectOI'~ . . . . . . . . . . . . . . . . . . . . . . . . . '.' . . .. J4

Dima Grigoriev (Thursdn~' IGQQ. Aigebraie Complexity):
Exponent.ial Lower Bounds on the Size of Depth-J Arithmet.ic Formulae for
the Determinant 14

Markus Bläser (Thursday 172k. Aigebraie Complexity):
Lower Bounds for the Multiplicative Complexity of Matrix Multiplieation 14

Pet.er Bürgisser (Thursday 17ll Aigebraic Complexity):
Same New Results in Valiant 's Aigebraie Model of NP-eompleteness 15

Moni Naor (Thursday 15QQ. Cryptography):
What is a Cryptographic Assumpt.ion? Diseussion. . . . . . . . . . . 15

Friedhelm Meyer auf der Heide (Thursday 16Q2. Graph Problems and Complex-
it.y):
"BaUs into Bins" - New Variations of an Old Game . . . . . . . . 15

Hans Jürgen Prömel (Thursda)' 16ll. Graph Problems and Complexity):
On the Complexity of the Sleiner Tree Problem. . . . . . . . . . . 15

Martin Fürer (Thursday Ii"~ Graph Problems and Complexity):
CombinatoriaJ Jsomorphism Tests for Graphs with SmalJ Spectral MuJtipli-
cities? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 16

Matthias Krause (Thursda.v 18Q.Q. Graph Problems and Complexity):
Approximation by OßDDst the Variable Ordering Problem, and Genetic
Programming . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

Uri Feige (Thursday 1422. ):
A simple protocol for leader election in the full information model 16

Amit Sahai (Thursday l~ Cryptography):
Overview of Concurrent ZK . . . . . . . 17

Adi Shamir (Thursday 2~ Cryptography):
How to Quiekly Find Secrct RSA Kevs . 17

Jean-Pierre Seifert (Thursday 20tl. Crypto~raphy):
Extending Wienerts At.taek on RSA 17
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