
Between Shannon and Hamming: Network Information Theory and
Combinatorics (15w5130)

Welome to BIRS! The workshop will start on Sun. March 1 and continue until Fri. March 6.

SCHEDULE

Sunday:

16:00– Check-in begins (front desk - Professional Development Centre - open 24 hours).
17:30-19:30 Dinner (at Vistas Main Dining Room on the 4th floor of Sally Borden Building).
19:30-20:30 Informal welcome gathering on 2nd floor, Corbett Hall.

Beverages and a small assortment of snacks are available in the lounge on a cash honor system.

Monday:

6:30-7:30 Early bird hike.
7:30-9:30 Breakfast.
9:30-10:00 Welcome.
10:00-10:30 Michael Langberg (SUNY Bu↵alo)

Between Shannon and Hamming: point to point communication.

Abstract: I will define and study channels that lie between the Shannon error model and that of Hamming.
This talk will act as an introduction to today talks.

10:30-11:00 Co↵ee break.
11:00-11:30 Sidharth Jaggi (The Chinese University of Hong Kong)

Causal Channels.
Abstract: An adversary wishes to jam communications between a transmitter and a receiver, but only
gets to decide his jamming attack “causally”. We determine the capacity of some such channels. We also
discuss a variety of related channel models that some of the other speakers in this workshop will talk about.
This work was done in collaboration with Bikash Kumar Dey, Anand Dilip Sarwate, Michael Langberg,
Zitan Chen, Mayank Bakshi, Qiaosheng Zhang (Eric), Alex Sprintson, and Swanand Kadhe.

11:30-12:00 Anand Sarwate (Rutgers University)
Myopic Channels.

12:00-13:00 Lunch.
13:00-14:00 Guided Tour of The Ban↵ Centre; meet in the 2nd floor lounge, Corbett Hall
14:00 Group Photo; meet in foyer of TCPL (photograph will be taken outdoors so a jacket might be

required).
14:10-14:40 Bikash Kumar (Indian Institute of Technology Bombay)

Su�ciently Myopic Adversaries are Blind.
14:40-15:10 Michael Gastpar (EPFL)

Algebraic structure in network information theory: Recent results.
Abstract: Codes with algebraic structure appear to play a fundamental role in attaining optimal perfor-
mance in general networks. In this talk, I discuss some recent additional pieces in this puzzle, pertaining
to a variety of network scenarios including Gaussian multiple-access and interference channels as well as
general discrete memoryless network models.
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15:10-15:40 Co↵ee break.
15:40-16:10 Alex Sprintson (Texas A&M University)

MDS codes with Constrained Generator Matrices and Related Problems.
Abstract: Our aim is to design generator matrices of Maximum Distance Separable (MDS) codes such that
each row of the generator matrix has a specific support. More specifically, we consider an (n, k)-MDS code
for which each row of its generator matrix contains up to k?1 zeros at certain places, and the elements at
the remaining places can be assigned any values from the underlying finite field. We call such a generator
matrix as the constrained generator matrix Gc. It can be shown that if Gc does not contain an l⇥m zero
sub-matrix such that l +m = k + 1, then randomly choosing the values of non-zero elements over a finite
field of su�ciently large size results in an MDS code with high probability. We say that Gc is feasible
if it is possible to complete it to an MDS code. We conjecture that it is possible to linearly transform
a Vandermonde matrix to obtain the constrained generator matrix with high probability for any feasible
matrix Gc. We verify this conjecture for a large number of cases. This conjecture admits a number of
reformulations that lead to interesting conjectures in algebraic geometry, abstract algebra and number
theory. In particular, our method to verify it is based on a purely geometric reformulation of the problem.

16:10-16:40 Arya Mazumdar (University of Minnesota)
Memoryless adversaries.

16:40-17:30 Break.
17:30-19:30 Dinner.

Tuesday:

6:30-7:30 Early bird hike.
7:30-9:30 Breakfast.
9:30-10:00 Young-Han Kim (University of California, San Diego)

Index coding and fractional graph theory.
10:00-10:30 Salim El-Rouayheb (Illinois Institute of Technology, Chicago)

Index coding via convex optimization.
10:30-11:00 Co↵ee break.
11:00-11:30 Lawrence Ong (The University of Newcastle)

Linear index codes are optimal up to five nodes.
Abstract: We showed that linear index codes are optimal for unicast index-coding problems up to five nodes.
11:30-12:00 Sudeep Kamath (Princeton University)

Improving the Cutset bound.
Abstract: Characterizing the information capacity of a general network is a long-standing open problem
in network information theory. In this talk, I will describe a new outer bound on the capacity region of
a general noisy network. The bound considers an ordered partition of the nodes in the network, and has
an intuitive interpretation as the directed information between inputs and outputs across these subsets
of the partition. The standard cutset bound is recovered as a special case when the partition consists
of two subsets. I will demonstrate the strength of this bound over the cutset bound by showing that
it helps provide an approximate capacity characterization in a variety of problems: multiple-unicast in
wireline networks with network-level or tra�c-level symmetry, delay-constrained unicast networks, and
multiple-unicast in Gaussian networks. This talk would be a high-level summary of work involving a lot of
collaborators over the years: Venkat Anantharam, Chandra Chekuri, Sreeram Kannan, Young-Han Kim,
David Tse, and Pramod Viswanath.

12:00-13:30 Lunch.
13:30-14:00 Gabor Simonyi (Alfred Renyi Institute of Mathematics, HAS)
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On the local chromatic number of graphs.
Abstract: The local chromatic number of a graph is a coloring invariant introduced in 1986 by Erdős,
Füredi, Hajnal, Komjáth, Rödl, and Seress. In 2005 with Körner and Pilotto we observed that it is
bounded from below by the fractional chromatic number. This observation triggered a more systematic
study of the local chromatic number for graphs that have a large gap between their chromatic number and
fractional chromatic number. Such graphs are rare and usually have remarkable properties. With Körner
and Pilotto we also introduced a directed version of the local chromatic number to bound Sperner capacity
from above. Recently, due to work by Shanmugam, Dimakis, and Langberg, it turned out to also have some
relevance in index coding. This talk is planned to be a survey of results found in the last decade about the
local chromatic number and its directed version. Even though there is the above mentioned connection
with index coding this talk cannot claim to give direct applications of the results in it to network coding.
It should rather be considered as a talk about an interesting topic, some knowledge about which may or
may not become useful in the future in the network coding context. The results to be presented are joint
with di↵erent subsets of the following co-autors: János Körner, Bojan Mohar, Concetta Pilotto, Gábor
Tardos, Sinivsa Vrećica, Ambrus Zsbán.

14:00-14:30 Karthikeyan Shanmugam (University of Texas at Austin)
On Approximating the Sum-Rate for Multiple-Unicasts.

14:30-15:00 Co↵ee break.
15:00-15:30 Lele Wang (University of California, San Diego)

Universal polar coding.
Abstract: The polar code is a class of capacity achieving codes for a wide range of point-to-point channels.
It has low encoding/decoding/construction complexity and no error floor. One major drawback of the
polar code, however, lies with its channel-specific construction, namely, one has to design di↵erent codes
for di↵erent channels. Consequently, the original polar codes, used with successive cancellation decoding,
fail to achieve capacity of compound channels. In this talk, we show how to overcome this deficiency by
constructing universal polar codes that do not depend on the underlying channel statistics. As an example,
we present a code construction that achieves rate 1/2 over any channel with symmetric capacity no less
than 1/2. We briefly discuss a systematic method to construct a code of arbitrary rate. This talk is based
on joint work with Eren Sasoglu.

15:30-16:00 Kenneth Shum (Chinese University of Hong Kong)
Some Combinatorial Packing Problems Arising from Multiple-Access Collision Communications.

Abstract: In the multiple-access collision channel, the collision of two or more data packets received
simultaneously is treated as an erasure. We assume that there are many potential users, but only a small
number of them are active at the same time. The scheduling of the data packets are specified by some
zero-one patterns, with the aim of minimizing the number of collisions. In this talk, we discuss some recent
results on the design of such zero-one patterns, namely, conflict-avoiding codes and multi-dimensional
optical orthogonal codes, and the associated combinatorial packing designs.

16:00-16:30 Vinod Prabhakaran (Tata Institute of Fundamental Research)
Secure Function Computation and Information Inequalities for Networks.

Abstract: The goal of secure function computation is for parties in a network to compute functions of their
data without revealing any additional information than the functions being computed. In this talk I will
discuss recent results for the three-party case where we give new information theoretic lower bounds on
the amount of communication and randomness required which are tight for several cases of interest. I will
also expand on a new class of information inequalities for networks (cycles) which is an ingredient of our
proof of these lower bounds and which may be of more general interest.

16:30-17:30 Break.
17:30-19:30 Dinner.
19:30-20:30 Open Problem Session.
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Wednesday:

6:30-7:30 Early bird hike.
7:30-9:30 Breakfast.
9:30-10:00 Michelle E↵ros (Caltech)

Reductive arguments in network information theory.
10:00-10:30 Ming Fai Wong (Caltech)

The relation between Multiple Multicast and Multiple Unicast networks.
10:30-11:00 Co↵ee break.
11:00-11:30 Parham Noorzad (Caltech)

Network Cooperation: The Why, The When, The How.
Abstract: One way to address the rapidly growing demand for network resources is to use these resources
more e�ciently. Cooperative strategies can play an important role in this regard by enabling various
network nodes to work together. To illustrate this point, we study a network consisting of a multiple
access channel and a cooperation facilitator, a node that enables transmitter cooperation through its
connections to the network transmitters. An important question we discuss is how large the cooperation
gain is. The answer turns out to be quite di↵erent from what one might expect from prior results.
11:30-12:00 Michael Langberg (SUNY Bu↵alo)

The edge removal problem.
12:00-13:30 Lunch.
13:30- ... Free afternoon (ski?).
17:30-19:30 Dinner.

Thursday:

6:30-7:30 Early bird hike.
7:30-9:30 Breakfast.
9:30-10:15 Aditya Ramamoorthy (Iowa State University)

Fractional repetition codes and some very recent results on coded caching. Part 1.
Abstract: Large scale distributed storage systems are used in several contexts, such as social networking
sites (Facebook, Google+ etc.) and cloud storage (Amazon, Microsoft etc.). The widespread adoption of
these systems has introduced several new research problems. For instance, these systems often consist of
individually unreliable nodes; however, the overall system needs to have reliable data access. When nodes
fail, the system needs to be repaired in a speedy manner, by consuming as few resources (drives accessed,
energy etc.) as possible. In recent years, there has been a lot of interest in the design of regenerating codes
which are erasure codes targeted towards distributed storage systems. In this talk, I will discuss our recent
work on constructing regenerating codes from combinatorial designs. Combinatorial design theory has its
roots in recreational mathematics and is concerned with the arrangement of the elements of a finite set into
subsets, such that the collection of subsets has certain nice properties. I will discuss our code constructions
that are derived from Steiner systems, a�ne geometries, Hadamard designs, mutually orthogonal Latin
squares and high-girth graphs. Our codes allow for failure recovery by simply downloading packets from
the surviving nodes and allow for the repair degree (i.e., the number of nodes contacted for node repair)
to be varied in a simple manner. We also construct local codes, where the repair degree is smaller than
the number of nodes contacted for reconstructing the stored file. Determining the code rate of these
constructions is challenging and prior work has primarily provided lower bounds on the rate. For most of
our constructions we are able to determine the code rate for a range of code parameters.
10:15-10:45 Asaf Cohen (Ben-Gurion University)

Coded Retransmission in Wireless Networks Via MDPs: Theory and Algorithms.
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Abstract: Consider a transmission scheme with a single transmitter and multiple receivers over a faulty
broadcast channel. For each receiver, the transmitter has a unique infinite stream of packets, and its goal
is to deliver them at the highest throughput possible. While such multiple-unicast models are unsolved
in general, several network coding based schemes were suggested. In such schemes, the transmitter can
either send an uncoded packet, or a coded packet which is a function of a few packets. Sent packets can
be received by the designated receiver (with some probability) or heard and stored by other receivers. We
first model the transmission process as an infinite-horizon Markov Decision Process (MDP). This allows
us to harness the powerful results on such processes and suggest new algorithms for choosing the coded or
uncoded packets that the transmitted should send in each slot. Furthermore, since the large state space
renders exact solutions computationally impractical, we introduce policy restricted and induced MDPs
with significantly reduced state space, and prove that with proper reward function they have equal optimal
value function (hence equal optimal throughput). We then derive a reinforcement learning algorithm,
for the induced MDP, which approximates the optimal strategy and significantly improves over uncoded
schemes. We enhance the algorithm by means of analysis of the structural properties of the resulting
reward functional, and demonstrate that our method scales well as the number of users grows.

10:45-11:15 Co↵ee break.
11:15-11:45 Zongpeng Li (University of Calgary)

Recent work on multicast network coding and multiple unicast network coding.
11:45-12:15 Swanand Kadhe (Texas A&M University)

Reliable and secure network communivcation.
Abstract: We consider reliable and secure communication of information over a multipath network. A
transmitter Alice sends messages to the receiver Bob in the presence of a hidden adversary Calvin. The
adversary Calvin can both eavesdrop and jam on (possibly non-identical) subsets of transmission links. The
goal is to communicate reliably (intended receiver can understand the messages) and secretly (adversary
cannot understand the messages). Two kinds of jamming, additive and overwrite, are considered. Additive
jamming corresponds to wireless network model as well as overwrite jamming corresponds to wired network
model and storage system. The multipath network consists of C parallel links. The subset of links that
Calvin can eavesdrop and jam is denoted by ZI and ZO respectively. Since ZI and ZO may overlap with
each other, we denoted the subset that Calvin can both eavesdrop and jam by ZIO, the subset that Calvin
can only eavesdrop but not jam by ZI/O and the subset that Calvin can only jam but not eavesdrop by
ZO/I . We first complete the information theory characterization of maximum transmission rate in the
”large alphabet” regime. Then we extend our results to scenarios with feedback, situations where the
adversary is casual, and also unequal link capacities, and obtain corresponding capacity characterizations.
All algorithms are computationally e�cient and requires non-trivial combination of information theory and
coding theory ideas for both achievability and converse. PHaSE-Saving techniques are used for achievability,
and a “Stochastic Singleton bound” is obtained to prove the converse.

12:15-14:00 Lunch.
14:00-14:30 Joerg Kliewer and Oliver Kosut (NJIT and ASU)

Network equivalence for arbitrarily varying and compound channels.
14:30-15:00 Oliver Kosut (Arizona State University)

Is network error correction harder than network coding?
15:00-15:30 Co↵ee break.
15:30-16:00 Joerg Kliewer (New Jersey Institute of Technology)

Coordination in networks: An information-theoretic approach.
16:00-17:30 Break.
17:30-19:30 Dinner.
19:30-20:30 Open Problem Session.
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Friday:

6:30-7:30 Early bird hike.
7:30-9:30 Breakfast.
9:30-10:00 Summary and Open Questions.
10:00-10:30 Future workshops and initiatives.
10:30-11:00 Co↵ee break.
11:00-11:30 TBA.
11:30-12:00 TBA.
12:00-13:30 Lunch (checkout by noon).

Workshop participants are welcome to use BIRS facilities (BIRS Co↵ee Lounge, TCPL and Reading
Room) until 3 pm on Friday, although participants are still required to checkout of the guest rooms by 12
noon.

MEALS

Co↵ee Breaks: As per daily schedule, in the foyer of the TransCanada Pipeline Pavilion (TCPL) (included in
workshop). Self-serve co↵ee and tea are always available in the 2nd floor lounge of Corbett Hall. Meals will be
served at Vistas Main Dining Room on the 4th floor of Sally Borden Building (breakfast: 7:00-9:30am; lunch:
11:30am-1:30pm; dinner: 5:30-7:30pm).

MEETING ROOMS

All lectures will be held in the lecture theater in the TransCanada Pipelines Pavilion (TCPL). An LCD projector, a

laptop, a document camera, and blackboards are available for presentations.
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