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FI - 2013 4 12 H 23 H (), 24 H (X)
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12 H 23 H

13 : 00 — 14:10: N HwkT  (JuUNKREF)
FH45w 3« Tight Bounds for Set Disjointness in
the Message Passing Model (M. Braverman, F.
Ellen, R. Oshman, T. Pitassi and V. Vaikun-
tanathan)

14:30 —15:40: & F  CRARLEKRY)
FHAER S : Approximate Constraint Satisfaction
Requires Large LP Relaxations (S.0. Chan, J.R.
Lee, P. Raghavendra and D. Steurer)

16 : 00 — 17 : 10: 7gkrE  GHEERT)
FH4Ew 3+ A Satisfiability Algorithm for Sparse
Depth Two Threshold Circuits (R. Impagliazzo,
R. Paturi, and S. Schneider)

12 H24H

10:30-11:40: &R Bt GIRZ)

H2EH L 0 Average Case Lower Bounds for
Monotone Switching Networks (Y. Filmus, T.
Pitassi, R. Robere and S.A. Cook)

13:00-14:10: {3 FER  CRAECKRF)

HYER3L 0 The Price of Stability for Undirected
Broadcast Network Design with Fair Cost Allo-
cation is Constant (V. Bilo, M. Flammini and L.
Moscardelli)

14:30-15:40: IHO#AE  GRAEULIEKRE)
fHYER S ¢ Interlacing Families I: Bipartite Ra-
manujan Graphs of All Degrees (A. Marcus,
D.A. Spielman and N. Srivastava)

16:00-17:10: I HEARHS (R ILZERE)
FHY4EH X : Towards a Better Approximation for
Sparsest Cut? (S. Arora, R. Ge and A.K. Sinop)

2 WE

HEREI AR BE T 5 TH o L S EHER
RFLULTUTD3D0EIFoN5

Symposium on Theory of Computing

(STOC)

Symposium on Foundations of Com-
puter Science (FOCS)

Annual ACM-SIAM Symposium on
Discrete Algorithms (SODA).

2013 -, FFERMAMH T oY s b TR
FOCS2013 & SOD2014 2, tHELHEDO24%Z2E
CEFPMEEZRELZ. ZhiE, A7nvzy
FHBB XY, INETOFREEZEHRL, FEEH
W% BT % L FIRHZ, TS5 DRETHR
HINBFOMEHEEE VERRINL, KT
Oyl MIAEMERATAZ L2 HE Lz,

A E 2T, FOCS2013 THREI N THD
R IRE X NS E T NMZERE LT 5o
7o, BHKRIE, 1R 102 L EDIZHELZDIC
END ST, YOMEIZN U THIERRELRED
PHDEONRHD, WOH 1 ONEEREETSIZY
HEVL 7-3imixc b, HRETh o 7-.
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1 ARy MEE

HIF : 2014 42 H 10 H (H) 9:40 ~ 18:00

Gir « R L3R
FYUNRA A ) R—=VavkryR—
% 3V — L

SIMANE 2 25 L

PA=EZEAFN

2H10H

9:40-10:40 : K& FA (JAIST)

HY 5w : Large induced subgraphs via trian-
gulations and CMSO (F. Fomin, I. Todinca, Y.
Villanger)

11:00-12:00 : 20/ B (SRR F)

FHYEH S - Smoothed Analysis of Local Search
for the Maximum-Cut Problem (M. Etscheid, H.
Roglin)

13:00-14:00 : /NEA WAKE (JAIST)

FHM 5w : Selection and Sorting in the " Restore”
Model (T. M. Chan, J. I. Munro, V. Raman)
14:20-15:20 : ¥EH #iz (HEIKT)

FH Y 5w 3 Dantzig’s pivoting rule for shortest
paths, deterministic MDPs, and minimum cost
to time ratio cycles (T. D. Hansen, H. Kaplan,
U. Zwick)
15:40-16:40 : AR 2 (RIHKRF)

FHY3m3C : Space complexity of list H-coloring:
a dichotomy (L. Egri, P. Hell, B. Larose, A.
Rafiey)

17:00-18:00 : ## A5 (BRALKT:)

fHYEW 3L : Bicriteria data compression (A. Far-
ruggia, P. Ferragina, A. Frangioni, R. Venturini)

2 WE

HEREH AR BE T 5 TH o L S EHEER
DHEELUTUTD3OBEFSNS ¢

Symposium on Theory of Computing

(STOC)

Symposium on Foundations of Com-
puter Science (FOCS)

Annual ACM-SIAM Symposium on
Discrete Algorithms (SODA).

2013 4EfE, FIERAMIH 0y =2 b Tl
FOCS2013 & SOD2014 2, EEL#EO24E%EE
CETMHEEZRELRZ. 2, A7y
FEHBIB XY, INETOREERAHRL, EEW
1% BT 2 L FEFIZ, T o DERETH
HINTZBRIOMEEREE VDR RINL, KT
oYz MIAMEHT I L 2HE L7z,

AHELTIE, SODA2014 THREI N 64D
R % GE X e 2 hMERE L TE 50
7. KRR RBBI S OBIZ S, ERLERPR
bah, FETH-7-.
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ELC International Meeting on

Inference, Computation, and Spin Glasses
(ICSG 2013)

Y i (R TRKRE)
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HIF : 20134 7H29H (£) ~31H (H)
G« AbiEE R, EERSES

SN : #9960 %4 (HgHH 5 DBINER 20 44)
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BT, TOTEE, SAT FEIZRES N5 H
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Y —VEMT N T X705 OFHERR & S
LIFENERITITONT NS,

25 LT o fi7- et BRI ik 2
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HORER, fEiE% iz, FHERFRIHOME
(CO1HEIZRR & 72\ ) & #EEH 1 DS 22 i 5%
HLOEmDG L b RHrFHTHI LI L
DTHh5.

LiEITALERERF O F v VS AN D EBR &S,
HREERSER—IZT, TH29H”2S531HET
D 3HEfThNZ., 7Ta 27T AMIIRR—VIZITR
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ZOHTYH, LG RORFILDMEIZD
BE S 2 & b s HEZHEBICHZEL TAS.
Burda (& T > X 575 OFEIZ B9 5 FARM 72 fidthr
Zaam U7z, SlNE, SiEcBd s 24558 Th 5
D, TNHBEEEIZ E THRE LTI s L,
IVEa—XY A TV ATB Y BIERICHRNBR
iz B bivs. Zhou 1% Feedback vertex
set problem (ZXf 9 2 SEIZEIR DR WT )L I
U R LDIREE T DR 21T 572, T OFEIC
TAMDEHDT & 7L IV X AR, R
AIREOHMO L WEMIZRS EEbhs. M.
Chertkov & Weighted perfect matching 82
T BH e a—V AT 1 7 ADRE L Z Ofif
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July 28th (Conference Hall)

July 28th (Centennial Hall)

July 30th (Centenmial Hall)

8:30-8:50 Begstraim
8:50-9:00 Opening Remark

i) = = i T s M Yamamoto (Seikel University,
9:00-9:40 T. Tanaka (Eyoto University, Japan) M. Ohzeki (Kyoto University, Japan) Fapan)

: : e = : . A Coja-Oghlan (Goethe University
9:40-10:20 Z. Burda (Jamellonian University, Poland) H Zhou (ITP-CAS, China) Frankfurt/Main, Germany)
10:20-10:40 Coffes Break Coffee Break Coffee Break

S e M. Yasuda (Yamagata University, F. Zampomni {Ecole Normale
10:40-11:20 & Takads (ki Feweraty, Japan) Japan) Superieure, France)
3 i . F. Erzakala (ESPCI ParisTech,
11:20-12:00 A Chakraborn (Ecole Cenirale Paris, France) M. Cherilov (LANL., TISA) Fr y
12:00-12:20 Lunch Brezsk Lunch Ereak Lunchk Ereak
R. Monasson (Ecole Mormale Superieure, K. Takahashi (Tokyo Institute of T Yamaucht (Kyushu Umiversity,
13-20-14:00 France) Technology, Japan) Japan)
14:00-14:40 H. Shimazakl (RIKEN BSI, Japan) 8. Boettcher (Emory University, USA) E. Aurell (ETH, Sweden)

H. Katzgraber (ETH Zurich, i tiats
14:40-15:20 Switrasiand: Ters ARM Damyersity, | 2o (iyuchy Tnwecay, Japan)
15:90-15:40 —_— et Coffee Break Coffee Break

r Session (15°00-17: = =

. Semerjian (Ecole Normale e

15-40-16:20 Soperi - Fenhoe) L Zdeborova (CEA/Saclay, France)
2 2 4 ukushima | 11 e L
16:20-17:00 8. Todo (University of Tokyo, Japan) B n (e ol Taky,

Japan)

Banguet (19:00-)

Closing Remark
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ELC Workshop on
Randomness and Probability Through Computability

LA

FIEELHEYE (Algorithmic Randomness) @43
B CIIBOEGRIE T D & Ok 2 BRFENHEL D 5
NTVBED, JEETIEINEFHERANGHT S
WEDEZ DOH 5. I DFEKTOEMN: & 1A
& - SLIREE & ORI OBIRANTEHE S NIRH 7= D1k
FRERHTET L <L RHZ AOL HE TECHERELE & D
FLIR AT | OFEEAN DRI D Z & ALY
IND, TOXIBEMEDERLEREHIEL.,
FIRST A eHMBHEHET V7Y 22 b Dt
fECEH 2545 H14H (K -15H OK) 1IZH
HRZE TN NS TS 2 B L 7=,

ARSI BO1 HEDRIGFHIE K % & T 7 B O 57
W72 8P SRIC K B el T N A . — MG % 5
LU I0HBOREND > 7=,

2T HDSED D D, EFLERPTD N,
ERTOS5 H13H (H)-14H (k) 2k, &£
VIR Z 2T TU - < Diiws % ELC Seminar
on Algorithmic Randomness % i U 7z,

4 HOREE & EE
Tuesday 14

1. 13:10 — 13:30 Osamu Watanabe
(Tokyo Institute of Technology)
ELC Project: For Deeper Understanding of
the Limits of Computation.

2. 13:45 — 14:45 Shuji Kijima
(Kyushu University)
Randomness in Algorithm Design.

3. 15:00 — 15:45 Rod Downey
(Victoria University of Wellington)
Randomness from Borel through Turing
and into the 21st Century.

N E UK, AOLHE), B EE GREKS)

4. 16:00 - 16:30 Keita Yokoyama (JAIST)
A generalization of
Levin-Schnorr’s theorem.

5. 16:45 — 17:15 Toshio Suzuki
(Tokyo Metropolitan University)
Forcing complexity.

6. 17:30 — 18:00 Kenshi Miyabe
(University of Tokyo)
The preordering related to

uniform Schnorr randomness.

Wednesday 15

7. 9:30 — 10:00 Kojiro Higuchi
(Chiba University)
Effective Strong Measure Zero.

8. 10:15 — 10:45 NingNing Peng
(Tohoku University)
Definability of Randomness
via Another Randomness.

9. 11:00 — 12:00 André Nies
(University of Auckland)
Differentiability and porosity.

12:00 — 13:15 Lunch Break.

10. 13:15 — 13:45 Akimichi Takemura
(University of Tokyo)
An introduction to game-theoretic
probability from statistical viewpoint.

11. 14:00 — 15:00 Bakhadyr Khoussainov
(University of Auckland)
On finitely presented expansions
of semigroups, algebras, and groups.



Sy 1K O 3

12. 15:15 - 16:15 Rod Downey
(Victoria University of Wellington)
Integer-valued randomness.

13. 16:30 — 17:00 Takayuki Kihara (JAIST)
Bitwise addition and

algorithmic randomness.

14. 17:15 — 17:45 Toru Takisaka
(Kyoto University)
On quantum Kolmogorov complexities
and their relationships.

BEHRES GEEIE)

Randomness in Algorithm Design
Shuji Kijima
Kyushu University, Japan (B01 )

“What is the property that a randomized
algorithm really requires for randomness?”
this talk re-
views some (randomized) algorithms which the

Motivated by the question,

speaker has been investigating. To begin with,
we are concerned with a fundamental problem
finding frequent items in a data stream. For
the problem, we have developed a randomized
approximation algorithm using memory of only
O(loglogn) bits, presenting an efficient sam-
pling algorithm in a stream, where n denotes the
length of the input stream which the algorithm

G, Mill, N
QBRI 2 i n porosty point then : is Turin
g

Nies KD FEH

does not know in advance. Next, we briefly re-
view the Markov chain Monte Carlo (MCMC)
method, which is a sophisticated and useful tech-
nique for random sampling. Finally, the speaker
will talk about deterministic random walks on
finite graphs, motivated by a question if it is
possible to derandomize an MCMC.

Differentiability and Porosity
André Nies
University of Auckland

Brattka, Miller and Nies proved in 2011 that a
real z is computably random iff every nonde-
I will
consider the analogous theorem when the effec-

creasing function is differentiable at z.

tiveness condition on the function is varied.

1. The analogous theorem holds for polyno-
mial time randomness and polynomial time com-
putable nondecreasing functions.

2. For interval-c.e. function (essentially, the
variation function of a computable function), the
right randomness strength is Martin-Loef ran-
dom reals at which the Lebesgue density theo-
rem holds for effectively closed sets.

Surprisingly, the analytic notion of porosity
plays a major role in both proofs.



Downey KD g

On Finitely Presented Expansions of
Semigroups, Algebras, and Groups.
Bakhadyr Khoussainov
University of Auckland

Finitely presented algebraic systems are of foun-
dational interest in algebra, computability, and
complexity. In this talk we will discuss finitely
presented expansions of standard algebraic sys-
tems such as semigroups, algebras and groups.
The talk is based on the following two papers:
(1) Bakhadyr Khoussainov, Alexei Miasnikov.
Finitely presented expansions of semigroups,
groups, and algebras. Transactions of the AMS.
To appear.

(2) Denis Hirschfedlt, Bakhadyr Khoussainov.
On finitely presented expansions of semigroups.
Algebra and Logic. Appeared in 2012.

Integer Valued Randomness
Rod Downey
Victoria University of Wellington

(With George Barmpalias and Michael McInerney.)
In 2012, Bienvenu, Stephan and Tuetsch began
the study of an interesting notion of algorithmic
randomness called integer valued randomness.
This notion asks that we use martingales where
the bets need to have discrete values. We will re-
view the known results in this area, and look at

AR (BB K) O+ I+ —

recent material classifying the relationship of the
randomness notion with the computably enu-
merable degrees, and notions of genericity.

AIBOHEREI F—DREE GHEIE)

1. Takayuki Kihara (JAIST)
Lowness for randomness and set theory of
the real line.

2. Kenshi Miyabe (University of Tokyo)
Uniform relativization and almost uniform

relativization.

3. Akitoshi Kawamura (University of Tokyo)

Polynomial-time randomness and differen-
tiability.

DK T



ELC Workshop on Polyhedral Approaches:

Extension complexity and pivoting lower bounds

[HFE4%: David Avis (BUERZE) , IEERT (GERRE)

1 FREER
HEF 201346 A 14 H (&) — 19 H (K)

B 33 2a=7 1 LEIRE (6/14-6/16)
AR Z H AR B8 (6/17-19)

£iN#& D. Bremner, B. Cook, K. Fukuda, V.
Kaibel, K. Pashkovich, S. Polutta, H. Ti-
wary fll. EF 25 %

PA=EZEFN

6 H 14 H () @ L]
13:20-13:30 A—7 =27

13:30-14:15 Volker Kaiebel

Introduction to extended formulations, slack
matrices, their factorization, and combinatorial

lower bounds extension complexity.

14:30-15:15 Sebastian Pokutta

Communication complexity and information
theory as a method to obtain lower bounds.
15:30-16:15 Kostya Pashkovich

Lower bounds for symmetric extensions.
16:30-17:15 Hans Tiwary

Randomized protocols and proving bounds for
extension complexity from classical reductions.
6 H15 H (1), 16 H (H) @Jal]

& H 5k

[6 17 H (H), 18 H (/K) @QFt KI5 & Fl/&AH]
& Ham

6 319 H (K) @K HHF v 28]
10:30-12:00 Bill Cook

Traveling salesman.

(6 320 H (K): JBHIGEEQATR &HHF v /32|

8:45-10:15 David Bremner
Finding a minimum norm point on a polyhedral

boundary.

BE RE, SUEETHETED 2 \WIEZ HERN TR
B3 5 513 R D BWZEiE A o i
WSOPHTETWS., FROERIFHEL, Bk
HEWRIBIREES 2B EEh T WS,

AR —2 3 av 7%, Extension complexity &
pivotting lower bound % 7 — <2, [Bellairs
style] THEME X 17z, [Bellairs style] &%, FEw
I ERE0 AR, BMHFIC L0 REORE Higd
EWVWIS A THB. fFIHIF extended formulation
ST A RO I OWTO#EHEBE, —H
HUBR X REICE 0 fHA 72, damidoZiEnsz 1A
META NAR— ROFTIZNLE, EITEE-> T\ A1
DANZBDFIAL 72 Z 2 RETHRTA MR- F
IZEWTWEA Tl b, ATA FPA—-FD
HIZYL -2 TWaE 1 ABAMNE, RT7 A FPR— &k
UTRIALTIEASd, RTHETHM LT
EoR\Ww. 25952 8T, HETOHNHZM
DAPERTETVWD Z L ZHERLBRNS, Do
hLifinz Db ENTES.

1.1: Tiwary FKIZ & %G



ELC Workshop on Inapproximability

RS A R CREIRT), il =

2 (WNKE), DI Lk (S AE),

Ky 56 (JUNREE), WA EHR (BEERF)

BO1 BIOZEEE O —ER & LT, 2014 £ 1 H
25 H, 26 HIZ, mEAFEIZN 9 %A T aE
MIizET 7 -2 ay TR 7.

o Gifith : FESUEIE K

o U I L

- 1H25H

% 13:15-14:00 Nisheeth Vishnoi (¥
1 onaY 7 MR, 12 F):In-
approximability

* 14:15-15:00 Samuel Fiorini (7Y
2y )V EHEKRY) : Approixmation
Limits of Linear Programs (Be-
yond Hierarchies)

* 15:15-16:00 Danupon Nanongkai
(BRI TR, ¥y A A=)
Graph Products and Hardnesses
of Approximation

* 16:15-17:00 Kenya Ueno (F#SK
%) : Inapproximability of Linear
Programs for The Universal Rela-
tion

- 1H26H

* 9:30-10:10 Michael Lampis (GF#p
K’#) : Baby steps towards TSP in-
approximability

% 10:30-11:15 Sevag Gharibian (%7
U7 AN=T REN=T V=) :
Quantum constraint satisfaction
and approximation

* 11:30-12:15 Kiyohito Nagano (&
N Z 72 TRHKKREE)  Information-
theoretic lower bounds on the ap-
proximability of submodular opti-

mization problems

o ZfNFHL : 314

At OB ZII AT D@D TH o 7z,

Nisheeth Vishnoi: Inapproximability

Many optimization problems of theoretical
and practical interest are NP-hard, meaning it is
impossible to compute exact solutions to these
problems in polynomial time unless P=NP. A
natural way to cope with NP-hardness is to sac-
rifice exactness for efficiency and seek approxi-
mate solutions, i.e., design algorithms that find
a solution which is guaranteed to be close to op-
timal for any given input. A bit more formally,
an algorithm is said to have an approximation
ratio C for an optimization problem if, for each
of its instances, the algorithm outputs a solution
whose cost is within a factor C of the optimum
for that instance. NP-hard problems exhibit a
wide range of behavior in how well they can be
approximated and the areas of approximation al-
gorithms and hardness of approximation address
the two facets of the following question:

How close can polynomial-time algo-
rithms come to finding optimal solu-
tions for NP-hard problems?

One aspect is, naturally, designing such approx-
imation algorithms. The other facet is prov-
ing inapproximability results; results that rule
out the possibility of good approximation algo-
rithms (under assumptions such as P#NP). In
this talk, I will give a bird’s eye view of the deep,

rich and vibrant area of inapproximability which



combines tools from algebra, analysis and geom-
etry to establish inapproximability of innocuous
looking NP-hard problems.

Samuel Fiorini: Approximation Limits of
Linear Programs (Beyond Hierarchies)

We develop a framework for proving approxi-
mation limits of polynomial-size linear programs
from lower bounds on the nonnegative ranks of
suitably defined matrices. This framework yields
unconditional impossibility results that are ap-
plicable to any linear program as opposed to
only programs generated by hierarchies. Us-
ing our framework, we prove that O(n'/?=¢)-
approximations for CLIQUE require linear pro-

. Qe
grams of size 2" ©,

This lower bound ap-
plies to linear programs using a certain encoding
of CLIQUE as a linear optimization problem.
Moreover, we establish a similar result for ap-
proximations of semidefinite programs by linear
programs.

Our main technical ingredient is a quantitative
improvement of Razborov’s rectangle corruption
lemma (1992) for the high error regime, which
gives strong lower bounds on the nonnegative
rank of shifts of the unique disjointness matrix.

This is joint work with Gabor Braun (Georgia
Tech), Sebastian Pokutta (Georgia Tech) and
David Steurer (Cornell).

Graph Products
and Hardnesses of Approximation

Danupon Nanongkai:

Abstract: I will present a simple framework
for proving hardnesses of approximation based
on graph products. In contrast to most of the
hardness proofs nowadays which require heavy
machineries, this framework requires one to sim-
ply prove some graph product inequalities in
order to prove non-trivial approximation hard-
nesses. This simple technique has led to new,
tight, hardness results for many problems, in-

cluding Induced Matching, Poset Dimension,

Hypergraph Pricing, Edge-Disjoint Paths, and
Coloring Graph Powers. In this talk, I will ex-
plain this technique and some of its applications.

Results presented in this talk are based on
joint papers with Bundit Laekhanukit (McGill
University) and Parinya Chalermsook (Max-
Planck-Institut fur Informatik) that appeared in
FOCS 2013 and SODA 2013, and to appear in
LATIN 2014. This talk will not assume any
background of the audience except some basic
knowledge in graph theory.

Kenya Ueno: Inapproximability of Linear
Programs for The Universal Relation

We overview linear programming based ap-
proaches for proving formula size lower bounds
with their limitations. In particular, we con-
sider the universal relation which subsumes for-
mula complexity of all Boolean functions. We
can prove the limitations of lower bound meth-
ods by proving the upper bound for the universal
relation. We interpret the limitations from the
viewpoint of inapproximability and discuss pos-

sible research directions.

Michael Lampis: Baby steps towards TSP
inapproximability

Although the Traveling Salesman Problem is
one of the most intensely studied problems in
combinatorics, the best currently known hard-
ness of approximation bounds are a long way off

1.1: Danupon Nanongkai @ .



the guarantee provided by the best approxima-
tion algorithms. In this talk we will discuss two
recent hardness proofs which slightly improve
the inapproximability bounds for both TSP and
ATSP, after more than a decade. Though the
gap between upper and lower bounds remains
huge, our approach will emphasize simplicity
and modularity, leaving some reasonable hope
that further improvements are still possible. The
main ingredients used will be Constraint Satis-
faction Problems where each variable appears a
bounded number of times, some special classes
of expander-like graphs called amplifiers, and a
healthy dose of gadgeteering.

Sevag Gharibian: Quantum constraint

satisfiaction and approximation

Over the last decade, the quantum computing
and information community has devoted much
effort to the study of Quantum Constraint Sat-
isfaction Problems (Quantum CSPs). There are
two reasons for this: First, Quantum CSPs nat-
urally generalize well-studied classical problems
such as 3SAT. Second, and potentially more im-
portantly, Quantum CSPs are extremely well-
motivated, in that they encode the behavior of
the quantum world around us. In this talk, we
define what a Quantum CSP is, and discuss re-
cent results regarding the potential for classical
approximation algorithms for such problems. In
particular, we show the first known hardness of
approximation results for a quantum complexity
class.

The Hamiltonian

1.2: Sevag Gharibian D g#7H.

Kiyohito Nagano: Information-theoretic
lower bounds on the approximability of

submodular optimization problems

In this talk, we will explain some techniques
that allow us to give information-theoretic lower
bounds on the approximability of NP-hard sub-
modular optimization problems.

BRI U THEBUSE BT bh, TR
BEHI Nz,
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Title: The inverse Ising problem and its gener-
alizations have emerged as a common point of

interest

Speaker: Erik Aurell (KTH, Stockholm)

Abstract: Learning spatial amino acid contacts
from many homologous protein sequences of sta-
tistical physics and machine learning. A major
success has been achieved in determining physi-
cal proximity of amino acid residues in families
of homologous proteins by learning an appropri-
ate Potts model where each variable can take
21 states representing the 20 amino acids and

a gap in an alignment (Lapedes et al 2001 (un-
pub), Weigt et al 2009, Marcos et al 2011, Hopf
et al 2012 and many follow-up papers).

Improving such contact predictions can be
achieved by (at least) (i) starting from better
and/or more appropriate protein families and se-
quence alignments (ii) learning the Potts model
more accurately and (iii) learning other mod-
els which allow for better prediction of the pro-
tein structures. I will review these points with
an emphasis on (ii) and (iii) and discuss why it
appears to make sense to learn such relatively
simple models as Potts models to describe in
principle a quite complicated trace left in the
molecular record by evolution.

Our work in this direction is presented in Eke-
berg et al Phys. Rev. E 87, 012707 (2013) and

our codes are available at plmdca.csc.kth.se.

Title:
Decay

Approximate Counting via Correlation

Speaker: Pinyang Lu (Microsoft, Shanghai)

Abstract: In this talk, I will survey some re-
cent development of approximate counting al-
gorithms based on correlation decay technique.
Unlike the previous major approximate count-
ing approach based on sampling such as Markov
Chain Monte Carlo (MCMC), correlation de-
cay based approach can give deterministic fully
polynomial-time approximation scheme (FP-
TAS) for a number of counting problems.
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14:00-15:00 Haiping Huang (“ZiRRFEAIAFSEE, W
TK)

Entropy landscape analysis of the binary percep-
tron problem

15:15-16:15 Mikko Vehkapera (Aalto University,
Finland and KTH, Sweden)

Compressed sensing with correlated measure-
ment matrices

16:30-17:30 Mikko Vehkapera (Aalto University,
Finland and KTH, Sweden)

Optimizaiton techniques for metagenomics

2 WA

CO1 HEDHEEEHFZE#H & L CkH L7z Mikko
Vehkapera K% T Mini Workshop %175 7=.

RO D O Huang K%, CO1 HEDWFSEH
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RN ISE AT O T E20, RN %
R 2 & 5 @i l3 A2 o 72, Sl OFER
i, BFEEREe 2 —Y A7 1 7 ZADFRERRLN
TA—REEHIZED XD IZET 2% RIET
LEERTH 5.

—FH & =FH X Vehkapera KAVGEH %17 -
7z. ®#)lX, compressed sensing @ covex relax-
ation based algorithm DPEREIZEE T 2 FEHEM 72

—a—

Hlim R TEERE)

RFEEER DR 72 5 72, compressed sensing D5
RIZOWTDTELREFADH Y, TONEIZAE
NIg NIz HIZHIEFEIT DI 5572 o7z, —
DB, KAEMFEOMSEEH L LA TIT> TV
% optimization algorithm % metagenomics “NJis

T 37 o 7.
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Title: Entropy landscape analysis of the binary
perceptron problem

Speaker: Haiping Huang

Abstract: In artificial intelligence, a binary per-
ceptron is a device classifying patterns with
many inputs by assigning individual weights to
each input, and the weights take binary values.
Often, these weights have to be inferred from
a set of examples. However, it is difficult to
find a low-complexity algorithm to identify these
weights. Statistical physicists started to study
this problem 25 years ago by analyzing the so-
lution space of binary weights. However, the re-
lation between the solution space structure and
the algorithmic hardness has not yet been fully
understood. Our work demonstrates two inter-
esting effects in the solution space through the
entropy landscape analysis:

(1) clustering refers to the fragmentation of
the solution space into well-separated clusters;
(2) freezing refers to the appearance of iso-
lated solutions instead of clusters of exponen-
tially many close-by solutions.

Our results explain the observed glassy be-
havior of stochastic local search heuristics and
are also expected to shed light on other hard
problems in information processing (e.g., chan-
nel coding systems).



Title: Compressed sensing with correlated mea-
surement matrices
Speaker: Mikko Vehkapera

Abstract: In the first part of the talk, we review
some analytical results that characterize the per-
formance of convex relaxation based recovery al-
gorithms used in compressed sensing. In par-
ticular we are interested in the case where the
measurement matrix is of some other type than
the standard Gaussian ensemble. Using replica

method, we show that under certain conditions
there are matrix ensembles that offer improved
performance of convex relaxation based recov-
ery when compared to the standard Gaussian
ensemble.

Title: Optimizaiton techniques for metage-
nomics

Speaker: Mikko Vehkapera

Abstract: This talk consists of examining a prac-
tical problem of estimating bacterial community
composition from a high-throughput sequenced
sample. Current estimation methods that pro-
vide accurate results are typically computation-
ally complex and require the use of comput-
ing cluster. Using a method inspired by spar-
sity enforcing techniques from compressed sens-
ing, we propose a fast solution to the aforemen-
tioned metagenomics problem. The model so-
lution is obtained both by using convex opti-
mization tools and through a greedy iterative
algorithm and shown to provide good accuracy-
complexity tradeoff for the current problem.
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SETH O TG % W CHEEAIT B RIEIC RS T
E5HERLUEZ., 2L, BO1 IO A KX
John AL DEEZ R L TW5H. AEKIE
Impagliazzo, Paturi, Schneider 2013 IZ & % “A
Satisfiability Algorithm for Sparse Depth Two
Threshold Circuits” Of#itz{7->72. ¥iZ, E
FERZ2ES FHEER L RoTW5, HEEMT
OBFGEHHE B 3 2 A 7L TV X 4
DBEEIZ DWTHI L 7z, #L KX STOC2013

(2 Chen FIZ L > TIREIN/ZET IV TH S Trial
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ELC Mini-Workshop on Sublinear-Time Algorithms
(A02)

THERAE: DR RRE (FESUEAE KRE)

1 REHME

HiF: 2013 412 H 6 H (&)

Bif: ENIIEEFWEZET 22 B 2208 XiE=E
SN 20 %4
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e 10:55-11:00: Opening: Hiro Ito (University
of Electro-Communications)

e 11:00-11:30: Francois Le Gall (University
of Tokyo): “Sublinear Quantum Algorithms
for Graph-theoretic Properties”

e 13:00-14:00: Invited: Comandur Seshadhri
(Princeton University): “Monotonicity and
Lipschitz testing on hypergrids: alternating
paths to the rescue”

e 14:00-14:30: Mitsuru Kusumoto (Kyoto
University & ERATO): “Testing Forest-
Isomorphism in the Adjacency List Model”

e 14:50-15:20: Skip Jordan (Hokkaido Uni-
versity & ERATO):
Logic and Complexity ”

“Property Testing,

e 15:20-15:50: Takahiro Ueda (Kyoto Univer-
sity): “Sublinear-Time Cake-Cutting Algo-

rithms”

e 16:10-16:40: Yuichi Yoshida (NII & Pre-
ferred Infrastructure): “A Characterization
of Locally Testable Affine-Invariant Proper-
ties via Decomposition Theorems”

e 16:40-17:10: Hiro Ito (University of
Electro-Communications): “A  Paradigm
Shift Toward The Big-Data Era”

2 REFBOHH
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3.1 Francois Le Gall

B Sublinear Quantum Algorithms for Graph-
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3.3 AR

#HE Testing Forest-Isomorphism in the Adja-
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ELC Seminar (Colin Cooper)

MHEE: RIGFE JUNKT)

1 FREER
HEF 201344 A 11 H (°K) 10:00-11:30
A JUN KRR v N R

#HEE Colin Cooper (Department of Informat-
ics, King’s College London)

#H Coalescing Random Walks and Voting on
Graphs

SEHH 526 %

BEE The standard model of voting on con-
nected graphs is as follows: Initially each neigh-
bour has a distinct opinion. The voting proceeds
in rounds. In each round each vertex contacts
a randomly chosen neighbour and adopts their
opinion. We refer to this model as single-sample
voting. In voting, the quantities of interest are
the time for voting to complete, and the proba-
bility a particular opinion wins.

The talk focuses on the following topics:

Single sample voting. The relationship be-
tween single sample voting and coalescing ran-
dom walks. These processes are dual and we can
use random walks to analyze the performance of
voting. Using this, we give an upper bound for
the expected time for voting to complete on gen-
eral connected graphs.

Other models of voting. In the standard vot-
ing model, each vertex checks the opinion of one
neighbour at each step. We consider models of
voting where more than one opinion is sampled
at each step. The simplest such model is two-
sample voting where each vertex randomly sam-
ples the opinions of two neighbours at each step.

For this model we discuss min-voting and two-
party voting.

Min-voting. In min-voting, each vertex ini-
tially has a distinct numeric opinion between 1
and n (the graph size). At each step each vertex
randomly samples the opinion of two neighbours,
and adopts the minimum opinion. This process
completes in O(logn) expected time on certain
classes of expanders.

Two-party voting. In two-party voting, each
vertex initially holds one of two opinions (e.g. 0
or 1). We are interested in the time taken for
all vertices to have the same opinion, and the
probability that a given opinion wins. We re-
view the results for two-party voting in the stan-
dard (single-sample) model of voting. We dis-
cuss the performance of two-party voting when
more than one opinion is sampled at each step.
We give some results for the outcome of two-
party voting on r regular expanders when we use
two-sample voting. Compared to single-sample
voting, the performance of this process is more
consistent and obtained more rapidly.

X 1.1: G ORKT



ELC Seminar (Sampath Kannan)

THEE: AT (JuNKRT)

1 SEHE

Hif: 201244 H 22 H (H)
Bif: UM RS R v X A
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@ H : Generalized Sorting

MEZ : The well-known problem of sorting still
has some interesting variations that have not
been fully explored. In this talk we consider the
problem when we are given a graph that spec-
ifies which pairs of elements we are allowed to
compare. Under the promise that making all
the comparisons will reveal a total order, we
show that it is possible to design a randomized

algorithm that makes about n3/2

comparisons
on any graph and determines the total order.
This is joint work with Zhiyi Huang and San-

jeev Khanna.

2 BWE

MR EMRI A L T OEREZ ST
%Ry YVINZT KFD Sampath Kannan 2% %
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[1] Zhiyi Huang, Sampath Kannan, and San-
jeev Khanna. Algorithms for the General-
ized Sorting Problem. Proc. 52nd Confer-
ence on Foundation of Computer Science

(FOCS’11), 738 - 747, 2011.



ELC Seminar (Sanjeev Arora)
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@ H : Is Machine Learning Tractable? — Three
Vignettes
SMAE: 12 %
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KIEUEDUESN 7 RN (W5l 1) THh b
Sanjeev Arora % (Princeton University) % #&
FRUECHEL, Tuy s v eRkoED HED T
RNA R %3213 720%, T DRRIZ, Arora BEEH
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5% 1 REREBE

Many tasks in machine learning (especially
unsupervised learning) are provably intractable:
NP-complete or worse. Nevertheless, researchers
have developed heuristic algorithms to try to
solve these tasks in practice. In most cases, these
algorithms are heuristics with no provable guar-
antees on their running time or on the quality of
solutions they return. Can we change this state
of affairs?

This talk will suggest that the answer is yes,
and describe three of our recent works as illus-
tration. (a) A new algorithm for learning topic
models. (It applies to Linear Dirichlet Alloca-
tions of Blei et al. and also to more general
topic models. It provably works under some
reasonable assumptions and in practice is up to
50 times faster than existing software like Mal-
let. It relies upon a new procedure for nonneg-
ative matrix factorization.) (b) What classifiers
are worth learning? (Can theory illuminate the
contentious question of what binary classifier to
learn: SVM, Decision tree, etc.?) (c) Provable
ICA with unknown gaussian noise. (An algo-
rithm to provably learn a ” manifold” with small
number of parameters but exponentially many
"interesting regions.” )

(Based upon joint works with Rong Ge, Ravi

Kannan, Ankur Moitra, Sushant Sachdeva.)
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ELC Seminar on Quantum Query Complexity (C02)
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[AM12] Andris Ambainis, Ashley Monta-
naro, Quantum algorithms for search with
wildcards and combinatorial group testing,
arxiv.org/1210.1148.

[JKM13] Stacey Jeffery, Robin Kothari, Fred-
eric Magniez, Nested Quantum Walks with
Quantum Data Structures, in Proceedings of the
24th Annual ACM-SIAM Symposium on Dis-
crete Algorithms (SODA’13), pp. 1474-1485.

arXiv/1210.1199.
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2 BEAS
Algorithmically Random
Infinite Structures

Bakhadyr Khoussainov
(University of Auckland, New Zealand)

The last two decades have witnessed signifi-
cant advances in the investigation of algorithmic
randomness of infinite strings. Monographs by
Downey and Hirschfeldt, and by Nies account for
the recent research activities in the area. In spite
of much work, research on randomness of infinite
strings has excluded the investigation of algo-
rithmic randomness for infinite algebraic struc-
tures such graphs, trees, groups or more gener-
ally universal algebras. In this talk, we provide a

WA R (REKEE, A01HE)

framework for reasoning about algorithmic ran-

domness for various classes of infinite structures.



ELC Seminar (Rahul Santhanam)
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1 EZIF—HBE promising approach to circuit lower bounds, and

indicate some of the main open problems in this
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5« Center for ELC
{7 : Rahul Santhanam
(University of Edinburgh)
@ H : Algorithmic Analysis and Complexity

area.

Lower Bounds
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I will give an overview of recent work on con-
nections between complexity lower bounds and
algorithms for Satisfiability beating brute force
search. On the one hand, Williams established
a formal connection from non-trivial SAT algo-
rithms to circuit lower bounds, and used this
connection to prove that NEXP not in ACCj.
On the other hand, new algorithms for Satisfia-
bility have been found and analyzed recently by
Impagliazzo-Mathews-Paturi, Seto-Tamaki and
myself, with the analysis in each case inspired by
complexity lower bound techniques. In addition
to surveying recent work, I will give some high-
level arguments why algorithmic methods are a
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ELC & NII Joint Seminar (S. Saraf and S. Kopparty)
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ELC & NII Joint Seminar
(S. Saraf and S. Kopparty)
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## : Shubhangi Saraf (Rutgers University)

B H : Incidence geometry and applications to
theoretical computer science

% : Swastik Kopparty (Rutgers University)
@ H : Constant rate PCPs for Circuit-SAT with
sublinear query
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## : Shubhangi Saraf (Rutgers University)
@ H : Incidence geometry and applications to
theoretical computer science

The classical theorem of Sylvester-Gallai
states the following: given a finite set of points
in the Euclidean plane, not all on the same line,
there exists a line passing through exactly two
of the points.

This result has a rich and interesting history in
mathematics. Surprisingly in recent years vari-
ants of the theorem have been influential in vari-

versions, high dimensional versions, colorful ver-
sions and average case versions. I will also de-
scribe some of the applications and connections
in theoretical computer science to areas such as
polynomial identity testing, local algorithms for
error correcting codes as well as lower bounds
for arithmetic computation.

(Based on joint works with Albert Ai, Zeev Dvir,
Neeraj Kayal, and Avi Wigderson.)

{7 : Swastik Kopparty (Rutgers University)
#H : Constant rate PCPs for Circuit-SAT with
sublinear query

The PCP theorem says that every NP-proof
can be encoded to another proof, namely, a prob-
abilistically checkable proof (PCP), which can
be tested by a verifier that queries only a small
part of the PCP. A natural question is how large
is the blow-up incurred by this encoding, i.e.,
how long is the PCP compared to the original
NP proof. The state-of-the-art works of Ben-
Sasson, Sudan and Dinur show that one can en-
code proofs of length n by PCPs of length (n
polylog n) that can be verified using a constant
number of queries.

I will talk about a recent result, joint with Eli
Ben-Sasson, Yohay Kaplan and Or Meir, show-
ing that one can encode proofs of length n by
PCPs of length O(n), such that the proofs can
be checked with nepsilon query complexity (for
every epsilon j 0). This is the first constant-rate
PCP construction that achieves constant sound-
ness with nontrivial query complexity (o(n)).

Our proof replaces the low-degree polynomials
codes in traditional algebraic PCP constructions
with algebraic-geometric (AG) codes. We show
that the automorphisms of an AG code can be

ous diverse areas of theoretical computer science: 95 —

In this talk I will describe several extensions
to the Sylvester Gallai theorem - quantitative



used to simulate the role of affine transforma-
tions which are crucial in earlier high-rate alge-
braic PCP constructions. Using this observation
we conclude that any asymptotically good fam-
ily of transitive AG codes over a constant sized
alphabet leads to a family of constant-rate PCPs
with polynomially small query complexity. The
required family of transitive AG codes was re-
cently constructed by Henning Stichtenoth, and
appears in the appendix to our paper.

S. Kopparty f&+1:
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[JKM13] Stacey Jeffery, Robin Kothari, Frederic
Magniez, Nested Quantum Walks with Quan-
tum Data Structures, in Proceedings of the
24th Annual ACM-SIAM Symposium on Dis-
crete Algorithms (SODA’13), pp. 1474-1485.
arXiv/1210.1199.

[LMS13] Troy Lee, Frédéric Magniez, Miklos
Santha, Improved Quantum Query Algorithms
for Triangle Finding and Associativity Testing,
in Proceedings of the 24th Annual ACM-SIAM
Symposium on Discrete Algorithms (SODA’13),
pp. 1486-1502. arXiv/1210.1014.

[Wil05] Ryan Williams, A New Algorithm for
Optimal 2-Constraint Satisfaction and its Impli-

cations, Theoretical Computer Science 348(2-3):
357-365, 2005.
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14:00
Sebastian Miiller
Polylogarithmic Cuts in
Models of Weak Arithmetic

15:00
Xiaohui Bei
On the Complexity of Trial and Error

16:00
Ning Chen
Solving Linear Programming
with Constraints Unknown

Sebastian Miiller
(ELC postdoctoral reseaercher,
CO01 and A01)

Title: Polylogarithmic Cuts in Models of
Weak Arithmetic

Abstract:
polynomial time computable surjective functions

Propositional proof systems are

that map strings to propositional tautologies.
We call any preimage of a tautology a proof.
Properties of such systems are closely related to
the coNP = NP question; in fact, coNP = NP

iff such a proof system exists with short proofs

i (RAETZERE, CO1BE)

for every tautology. In this light it is interesting
to compare two proof systems by their minimal
lengths of proofs for any family of tautologies.
We say that one proof system simulates another,
if for any proof in the latter system there is one
in the former system that is approximately of
the same length. Two examples of propositional
proof systems are Frege systems and bounded
depth Frege systems. These systems are text-
book style proof systems as are depicted in most
They differ in strength,
however, and we do not expect bounded depth

basic logic literature.

Frege systems to simulate Frege systems.

Models of weak arithmetics are well known
to capture the strength of certain such proposi-
tional proof systems. We exploit this property to
explore the relation between Frege and bounded
depth Frege systems. More precisely we will
show that a certain initial segment of any model
that relates to bounded depth Frege systems, re-
lates to Frege systems. An easy argument will
then allow us to turn Frege proofs of any given
length into bounded depth Frege proofs such
that the proof length is not increased exponen-
tially. This yields a sub-exponential simulation
of Frege by bounded depth Frege systems.

Xiaohui Bei

(Nanyang Technological Univ.,

Singpore)

Title: On the Complexity of Trial and Error

Abstract: Motivated by certain applications
in which the objects under investigation are un-
known or not directly accessible because of var-

ious limitations, we propose a trial-and-error



model to examine search problems in which in-
puts are unknown.

More specifically, we consider constraint satis-
faction problems A, C;, where the constraints C;
are hidden, and the goal is to find a solution sat-
isfying all constraints. We can adaptively pro-
pose a candidate solution (i.e., trial), and there
is a verification oracle that either confirms that
it is a valid solution, or returns the index 4 of
a violated constraint (i.e., error), with the exact
content of C; still hidden.

We studied the time and trial complexities of a
number of natural CSPs, summarized as follows.
On one hand, despite the seemingly very little
information provided by the oracle, efficient al-
gorithms do exist for Nash, Core, Stable Match-
ing, and SAT problems, whose unknown-input
versions are shown to be as hard as the corre-
sponding known-input versions up to a factor of
polynomial. The techniques employed vary con-
siderably, including, e.g., order theory and the
ellipsoid method with a strong separation ora-
cle.

On the other hand, there are problems whose
complexities are substantially increased in the
unknown-input model. In particular, no time-
efficient algorithms exist for Graph Isomorphism
and Group Isomorphism (unless PH collapses or
P = NP). The proofs use quite nonstandard re-
ductions, in which an efficient simulator is care-
fully designed to simulate a desirable but com-
putationally unaffordable oracle.

Our model investigates the value of input in-
formation, and our results demonstrate that the
lack of input information can introduce various
levels of extra difficulty. The model accommo-
dates a wide range of combinatorial and alge-
braic structures, and exhibits intimate connec-
tions with (and hopefully can also serve as a
useful supplement to) certain existing learning

and complexity theories

Ning Chen

(Nanyang Technological Univ.,

Singpore)

Title: Solving Linear Programming with Con-
straints Unknown

Abstract: What is the value of information
in solving linear programming? The celebrated
ellipsoid algorithm tells us that the full informa-
tion of input constraints is not necessary; the
algorithm works as long as there exists an ora-
cle that, on a proposed candidate solution, re-
turns a violation in the format of a separating
hyperplane. Can linear programming still be ef-
ficiently solved if the returned violation is in an-
other format?

We study this question in the aforementioned
trial-and-error setting. We give an algorithm
with running time O(m?P°%(™ x ), where m and
n are the numbers of constraints and variables,
respectively, and L is the input size of the lin-
ear program. The exponential dependence on n
is unfortunately unavoidable; we show a lower
bound of Q(m[*/?) on the number of queries
needed. Meanwhile, if the oracle provides more
violation information—the index of a "most vi-
olated” constraint, measured by the Euclidean
distance of the proposed solution and the half-
spaces defined by the constraints—then we show
that the linear program can be solved in poly-
nomial time.

The proofs of the results employ a variety
of geometric techniques, including McMullen’s
Upper Bound Theorem, the weighted spherical
Voronoi diagram, and the furthest Voronoi dia-
gram. In addition, we give an alternative proof
to a conjecture of Laszlo Fejes Toth on bounding
the number of disconnected components formed
by the union of m convex bodies in R"™. Our
proof, inspired by the Gauss-Bonnet Theorem
in global differential geometry, is independent of
the known and clearly reveals more insights into
the problem and bound.



UEC & ELC Joint Seminar on Theoretical Computer
Science (A02)

THERAE: DR RRE (R SUEAE KRE)

1 SEHE

FF: 2013 429 H 20 H (<)

SR ARG KT 189 S5E 3F AV h—JL
SN 23 %4

PA=RZASFN

e 13:30-14:30: John Iacono (Polytechnic In-
stitute of New York University): “In pur-
suit of the dynamic optimality conjecture”

e 14:30-15:20: Stefan Langerman (Universite
Libre de Bruxelles): “Bichromatic compat-
ible matchings”

e 15:30-16:20 Erik D. Demaine
“Geometric folding algorithms:

(MIT):
linkages,
origami, polyhedra”

2 =EOHH

MR T L T) ZLDHTIZBIFBHFED Ny 7
ThH53HDWMEEIZ., TNE NI DHFE
F—IIZDOWVWTHHLTELW., TAAHY Y3
VEBUT, MEREED, Hg2HED 5,

3 BENA
3.1 John Iacono

#H In pursuit of the dynamic optimality con-
jecture (BIFYHRE M FAZE VKD T)

BEE 1985 4E1Z Sleator & Tarjan (2 &> TR
L—AR& WS HOATEBEREZ R > B3R
KPRES N, AT V=K, [EfEEREC

1.1: John Iacono

oL, Bl AT TA VD BERRDER
FoEELELUNENE FREINTWS, 20K
B [#lesEE) & 55, ULrhLINET
2, ATV —KRIEED, EOFM 5 HREAR
U T H B BRI FEE T T v iR,
AFEETIE, BNREMEFREPREI N T
KDH 3 0OFIZRIEREZMBIL, X 51T,
B B0 7R AR DA S UL T B o 12 72
HLWHTNTY XLERLU,

3.2 Stefan Langerman

#8H Bichromatic compatible matchings (=%
BiF~y F )

BZE RZVHEDOnHOKRSDOES. B %V
LEDOnflOEFEROEARL TS, BRYYFV
J ek, ZLOMHDEREL D HUWIIER X
LBEWEERYYF U ITDIETHD, 2D
Sy F U EIFLT D, DD BR
TV FUIIE, EOARATLERAELRVE E,



intractable

Vhitesides 2004]

1.2: Erik Demaine

HHEMEDRDH B L E D, KBEHTIE, FLEOR
IRB_DDBRIYF VI MEMIZHU,
BRYYF V2D M = My, ..., My, = M’
Ty Mi—q & M FHWVZHEGEE D2 L5
BREDDEIZFET DI L ZFEHLZ, K
fiff5% 1 Greg Aloupis, Luis Barba, Diane L.
Souvaine & DILFEFETH 5,

3.3 Erik D. Demaine

B Geometric Folding Algorithms: Linkages,
Origami, Polyhedra CG¥{/“##Hr& AT IV T
U R, Fro Mk, 2R

BE 7V IY XATHBMIZHREITE 25 DK
DORIFZEAREHDIRDIZA S5 D7 ML b 5
VAT A=Y= T VAT A= —3TH
5 NB kAR, S U 72N DI BN TR
MREETES0HRY MEESIP-TELZ L
MTELDZ5 50RO THEK I T
WAHERY bOBIEE S WORHZH D ED S
DEAI P IMEFOEATIIEINT S Z
ETEONBHBIZIZEAREDNH D25
M LD WEN S, E AL 3Rt
KEPERTEB7ZAIM? R VR BHIXE
DEIIZIFOBENDEDIZADINT?

AT AT B A IBERL - SRR DO — T
HY, TV EDEELR A R BEIRZEN
Bz $eRd 5, AGHETIX, @EBUEIZEE

1.3: T4 AH v a Vs

HEN72% < DFERO—2RT & & HIT,
R 22 RIR T RE 2 DN < DN S %, 7
BAMEITENESE, Ry b E& XN
JEDPEAREL L DAFITIGHRD %,



ELC Seminar (Andrej Bogdanov)

MR A CREULERT)

1 EIF—HE

HIF : 2013 410 H 17 H (/K) 14:00 — 17:00
B« Center for ELC
#% : Adrej Bogdanov
(Chinese Univ. of Hong Kong)
@ H : On the complexity and security of homo-
morphic encryption
SIMAEL : 15 %
KEBERLOKR) LS %

2 WA

R TR RS T mroekt B0 - 5
ARFHBIOREARE LT, 10 H 1 HITEMES
7z Andrej Bogdanov (Chinese Univ. of Hong
Kong) IZ & 5 HR 21T 5 72,

N 1E, homomorophic encryption (ZABHEHR
DA THEBENTE S L5 RESR) OREKOR
X OfFNTIZEE 9 5 Chin Ho Lee K& O ILFIBFSE
DO, EZkEH I, homomorophic encryption
&, EE OB SLICEARNTHREPH LN & 25
REME OBIR SWHEIZ LR TH L. HRT
BMINDZeTlEdDH, ZhE TR
MRIFEEAERINTWERRSZT—THY,
SHDMBEIZBEWTEEREREII RS L b 5.

7P, WEICH EHWT, ELL D CNF
formula @ 78 R fEDREIE IZRE 9 2 Bl DGR % W
%L, Bogdanov KR ENH I A Y M &R THW .

(5% - RERBE

An encryption scheme is called homomorphic
if given encryptions of several plaintexts, one can
compute an encryption of some function of them
(for example their sum) using public information
only. This feature is useful for applications like

electronic voting and secure outsourcing of com-
putation.

We study homomorphic encryption from a
complexity-theoretic perspective. We show that:

1. For any sufficiently ”sensitive” function
f, if an encryption scheme supports homomor-
phic evaluation of f, then this scheme cannot be
proved NP-hard to break (under widely believed
complexity assumptions).

2. For almost any function f, the ability to
homomorphic evaluate f implies the ability to
rerandomize ciphertexts (turn a ciphertext into
another functionally equivalent but statistically
independent one).

3. Certain encryption schemes (both private
and public key) can be implemented by circuits
of small depth, but homomorphic evaluation of
any nontrivial functionality requires large circuit
depth.

Our results can be viewed as evidence that
homomorphic encryption schemes are inherently
more complex and possibly less secure than or-
dinary ones.



ELC Seminar (Ralf Borndoérfer)

MHEE: N, RIEFE JuNRT)

1 BE

Ralf Borndorfer 564E (Zuse Institute Berlin) %
HEEL, —O0KEEZHFAWN L. —DD D
HTIX R HLRERERE, B 2 1XHiZE e ShE I B
2 Bt REIT 3 B BRI R AR R D\ TR
LTW7ZWiz, Kz, FIAEKE® Lagrange #%
Mz HWTHERHETHREDORWENRF S, T
NEITTICEGORBEZ R L TWD Z LR S
nrz.

T OO DFEETI, By T — U Bk
RIEEIZ X U T extended formula 2 fA\W5 Z & T
LEWERMBEC A HIMESE ITRE T E, JIERE
ZRHTEIETRORRMITMHS Z LN TES
ZeEffAIN. Zo kS RERNIEHE
LT, RV EEOHEmMEYMELZ R 5Nz, Z
DIGE, MEMEDNA =T 7 IZHT 2 E)Y
ML UTEAMET B Z & TX O RRINIZHET 5
ZEEMAN SN, 72, T O EEMES, M
7B IZ DWW T H R U7

2 FERSR

HEF 20134E 11 H 18 H (H) (1) 13:30-14:30, (2)
15:00-16:00

PR TN KRR (FERF ¥ v /X 2 B2 S BB
bt I F—="7

SmE T4
#RM Ralf Borndorfer (Zuse Institute Berlin)

44 ML (1) Optimization in
Transport

Trafic and

77XKMZ2 Kk (1) The mathematical treat-
ment of planning problems in public transit,

air, and rail traffic has made enormous ad-
vances in the last decade. Classical prob-
lems of vehicle and crew scheduling can
nowadays be solved on a routine basis and
for large scenarios using combinatorial opti-
mization methods. This is not yet the case
for problems that pertain to the design of
public transit networks, and for problems of
operations control that address the imple-
mentation of a schedule in the presence of
disturbances. The talk surveys the state-of-
the-art and some exciting developments in
the area, and it addresses major challenges
for the future.

%14 ML (2) Configuration Models in Trans-
port Optimization

772X MZ7 K (2) Configurations are local so-
lutions of network optimization problems
that can be used to assemble an overall so-
lution. They are used to express complex
requirements, that would be hard to for-
mulate using constraints, by means of a lo-
cal and hence manageable enumeration of
“feasible configurations”. This gives rise
to an extended formulation involving addi-
tional configuration variables. Usually, one
has to make choices between several possi-
ble configurations, such that configuration
models are often of a set packing, parti-
tioning, or covering type. Such a formula-
tion is combinatorially clean and lends it-
self to column generation techniques. If
the configurations capture a core aspect of
the problem, such a model will be prov-
ably strong, if the configurations can be
computed efficiently, it is algorithmically



tractable. Typical examples of configu-
ration models come up in transport opti-
mization, where the integrated treatment
of technical etc. constraints or the si-
multaneous solution of multi-stage models
is a major challenge. Successful applica-
tions include railway track allocation, lead-
ing to path packing configuration models,
railway rotation planning, resulting in hy-
pergraph assignment and flow models, and
depot management as well as line planning,
leading to set partitioning type models. All
of these models provide strong LP bounds
and can be solved efficiently for large scale
real-world problems. The talk surveys these
results. It is based on joint work with Mar-
tin Grotschel, Olga Heismann, Heide Hopp-
mann, Marika Karbstein, Torsten Klug,
Markus Reuther, Thomas Schlechte, Elmar
Swarat, and Steffen Weider.
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BEZE Birthday attacks use probabilistic “para-
doxes” to solve cryptographic problems. How-
ever, the heuristics used to justify such meth-
ods are usually not strong enough to differenti-
ate a more efficient approach from a less efficient
one. We remedy this shortcoming with a rigor-
ous result for Pollard’s Kangaroo method for dis-
crete logarithm, and extend it with a very pre-
cise heuristic that applies to those attacks which
are modeled on a Markov chain. This precision
makes it possible to explain the differing per-
formance between attacks that are superficially

similar, such as Pollard’s Rho for discrete log-
arithm when compared to Teske’s additive ver-
sion, and can also be used in optimizing birthday

attack design.
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Abstract: We show optimal (up to a con-
stant factor) NP-hardness for maximum con-
straint satisfaction problem with k variables per
constraint (Max-k-CSP), whenever k is larger
than the domain size. This follows from our
main result concerning CSPs given by a pred-
icate: a CSP is approximationresistant if its
predicate contains a subgroup that is balanced
pairwise independent. Our main result is anal-
ogous to Austrin and Mossel’s, bypassing their
Unique-Games Conjecture assumption whenever
the predicate is an abelian subgroup.

Our main ingredient is a new gap-
amplification technique inspired by XOR-
lemmas. Using this technique, we also

improve the NP-hardness of approximating
Independent-Set on bounded-degree graphs,
Almost-Coloring, Two-Prover-One-Round-
Game, and various other problems.
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Title: Quantum computation and simulation,
and classical simulation thereof

Abstract: Potential quantum advantage in
computation and simulation is of great in-
terest to scientists, while for now its evi-
dences are rather scattered as quantum al-
gorithms solving specific problems. In this
talk, I would like to advocate such an ap-
proach that quantum entanglement is in-
deed a way to characterize generally the
complexity of quantum computation and
simulation, despite some (old and new) mis-
conceptions about its roles. I highlight a
restricted set of quantum logical gate oper-
ations related to non-interacting fermionic
time evolutions, called quantum match-
gates, in order to observe a subtle difference
between quantum computation and classi-
cal simulation thereof in this setting. It is
demonstrated that the computational com-
plexity of quantum matchgate circuits is
evaluated by ”concentrating necessary en-
tanglement and compressing optimally the
width of quantum circuits.”
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