Lecturer: Robert McNerney                                     Scriber: Cheng Dihan

Title: Linear-time Encodable/Decodable Error-Correcting Codes
               Some results from two papers of M.Sipser and D.Spielman

1. Coding for Low-Power Communication Across Noisy Channels
Game of “Operator”(Spielman’s lecture)

      A coding solution: “A” as in “Apple”, “B” as in “Baseball”…”Z” as in “Zebra”

2. Motivation

Recall one question answered in professor Spielman’s lecture:

     Do there exist families of codes, which as block length (n to infinity) grows realize:

· Constant information rate r 

· Bounded relative minimum distance (
                : Yes! (e.g. Justesen’s explicit construction)

                  Can we construct such a family of codes with linear time algorithm for encoding AND        

                  decoding a constant fraction of error?

               : Yes!

3. Goals

1. Describe randomized and explicit constructions of families of asymptotically good error-correction codes

2. Describe linear-time encoding and decoding algorithm for these codes

· Sketch proofs of correctness for the decoding algorithms

· Motivate why these algorithms are in fact linear-time

4. Sights and sounds along the way…

1. Linear-time decodable error-correcting codes(built from expander graphs and existing code)

· Randomized construction

· Explicit construction

2. Linear-time encodable/error-reducible Error-reduction codes(also from expander graphs and existing code)

· Explicit construction

3. Linear-time encodable/decodable error-correcting codes(from error-reduction codes)

5. … And mathematical flavors

                       Graph theory

· –Clever correspondences between graphs and codes, graphs and graphs. 
· –Expander and regularity properties of underlying graphs used to establish 

· •Minimum distance bounds 

· •Correctness of decoding algorithms

· –Regularity also used to show rate, linear-time

  Probability
· –The “probabilistic method,” or, a way to prove existence theorems non

· constructively

· –How to identify properties of randomly constructed objects

     6.    Models of Computation for Linear-Time
                     Cost of Memory access / Bit-wise operations     
                       (As a function of argument size n):
· –Uniform cost model => 1 time unit

· –Logarithmic cost model => log n time units

                Machines for sequential decoding algorithms

· –Graph inputted as a set of pointers; each vertex indexes a list of pointers to its neighbors
•Pointer Machine (constant degree directed graph)

•RAM

                Boolean circuits for parallel decoding algorithms

· –Size (= # wires)

· –Depth (= longest path length in circuit digraph)

      7.   Important things to recall
· Linear Codes: codewords form a vector space
· Gilbert-Varshamov bound: “Good” linear codes exist for sufficiently long block Lengths 

· Expander graphs (Mohamed’s lecture)

[image: image1.wmf] 

       All minority subsets of vertices have many (external) neighbors (large “boundary”):

                                           Expansion factor = c
· Polynomial-time constructible infinite families of k-regular Ramanujan graphs (Mohamed’s lecture)
· Realize maximum possible “spectral gap” (~expansion)

· Explicit construction of Lubotsky-Philips-Sarnak/Margulis using Cayley graphs

•Unbalanced”, (c, d)-regular bipartite graphs              
•Regularity important for showing linear-time; also for counting arguments used to prove correctness of decoding algorithms.

     8.   Defining expansion for (c, d)-regular graphs

           Only consider subsets of the c-regular vertices (LHS)

           Definition1: A (c, d)-regular graph is a (c, d,(,() -expander if every subset of at 

           most an (-fraction of the c-regular vertices expands by a factor of at least (.

     9.   Building an Expander Code:  C (B,S)

            Necessary Ingredients

· -B a (c,d)-regular expander graph (c<d)

· -S a good block-length d error-correcting code  

(Existence by the Gilbert-Varshamov bound)
A correspondence between the graph B and the code words of C (B, S).   

C (B, S) is asymptotically good because of the following reasons

1. Graph B with good enough expansion

2. Code S with bounded rate and minimum distance

So, conclusion:

C (B, S) is a code of (related) bounded rate and minimum distance, for all block lengths n.   

 10.   The expander code:  C (B, S) 

· A constraint is satisfied if its d neighboring variables form a codeword of the input code S.

· The expander code C (B, S) is the code of block length n whose code words are the settings on the variables such that all constraints are satisfied simultaneously.

· The (linear) code C (B, S) is the vector subspace which solves the set of all linear constraints

· The constraints collectively determine a check matrix H (from which generator matrix G can be derived)

  11.  Encoding and Decoding C (B, S)

         Encoding:

Quadratic time algorithm (multiply message by generator matrix G)

         Decoding:

· -Brute force

· -Linear time algorithms

  12. Constructing a (c, d)-regular graph with very good expansion (>c/2)

· -Explicit construction: Best known (1996) can give expansion c/2, but no greater.

· -Random (c, d)-regular graphs will almost always have greater expansion

       Food for thought: How could this random construction be done?

Random (c, d)-regular graphs: How good is their expansion?

For B a randomly chosen (c, d)-regualr bipartite graph between n variables and (c/d)n constraints, for all 0 < a < 1, with exponentially high probability any set of an

Variables will have at leat

                  n ((c/d)(1-(1-a)d) – (2caH(a)/loge)1/2​) neighbors.
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                                              Title: (List-) Decoding 

1. Goal

· -Decoding: Find closest codeword to Enc(m) + ( where Enc(m) denotes the message after the channel

· -Linear Codes: Code words form a vector space. ( generator matrix G( or parity-check matrix H).

· -Decoding linear codes is NP-hard

2. Read-Solomon code:

· msg = a polynomial A(x) of degree k –1(where the coefficients are in Zp = {0, 1, … , p-1})

· Enc(msg) = A(x1), A(x2), … , A(xn). Where x1, x2... are fixed

· Distance of RS code is n – k + 1

RS decoding:

Given: n pairs (x1, y1)…(xn, yn) and k, e < (n – k + 1)/2

Find: a polynomial A(x) of degree < k s.t. A(xi) <> yi for at most e pairs

      3.  The Welch-Berlekamp algorithm

· Error locating polynomial E(x):

E has degree e

E(xi) = 0 if A(xi) <> yi

· Define N(x) = A(x) * E(x)

     (i belongs to [n] N(xi) = yi * E(xi)

     degree of N < k + e

· (N0, N1, … , Nk+1-1) and (E0, E1, ... , Ee) satisfy
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k+2e+1 variables, n linear constraints ( solution if e < (n-k+1)/2

· Output N(x)/E(x)

· O(n3) Can be solved in n * poly(logn)

3. List Decoding 

· Given: y = (y1, y2, …, yn) and t

· Find: all code words r that agree with y at >= t positions ((r, y) <= n – t)
4. Johnson bound:

There are “not too many” code words

5. List decoding for RS codes

· -Given: n pairs (x1, y1), (x2, y2), . . . (xn, yn) and k, t

· -Find: a list of all polynomials A (x) of degree at most k s.t. A (xi) = yi for at least t pairs
      6.  Outputing two polynomials:

           (y – A1(x))(y - A2(x)) = 0

           1. (i belongs to [n], yi2 - B(xi)yi +C(xi) = 0

           2. B(x) = A1(x)+A2(x)

               C(x) = A1(x) · A2(x)

           3. deg(B) <= k, deg(C) <= 2k

          Theorem. B(x) and C(x) exist and if A(x) is any degree k polynomial s.t. A (xi) = 

                           yi for more than t >= 2k +1 pairs, then y - A(x)|y2 - B(x)+C(x)

          Fact. Factoring polynomial (in finite fileds) can be done efficiently
      7.  Generallization:

             Find: Q(x, y) of degree l in y, and degree D in x s.t.

· Q (xi, yi) = 0, (i belongs to [n]

· Q <> 0

Factor Q(x, y) into (j(y - Aj(x))

Theorem. Set D = (nk)1/2,  l = (n/k)1/2. If t > 2(nk)1/2, the above is a RS-list-decoder.

      8.  List-decoding Applications:

          Complexity theory: 

             Hardcore bit for one-way functions. The original construction[Goldreich, Levin]   

             is a (implicit) listdecoding for Hadmard code. Better result can be achieved by 

             RS-list-decoding.
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Title: sketch-based summarization method to summarize streaming 

data  .

1. Motivation

1. Data arrives in Streams Item by Item

2. Summarize data streams in one pass to answer point or range queries on streams

· Back tracking ususlly not possible

3. Processing time should be small

4. Storage requirements should be minimum

2. An example

Telephone call Records

<8008001111, 10>, <8008002222, 15>, <8008003333, 13>, 

<8008001111, 23>, <8008001111, 3>

if arriving item by item and we need 

<8008001111, 36>, <8008002222, 15>, <8008003333, 13> and only one pass is allowed.

But we have the following obstacles.

1. Do not know the arrival model in advance

2. Processing time usually cannot match the speed at which item arrive

3. Stroage is limited

· Not possible to keep per item information for all the item
A. Outline

· Related work

· Data Streaming Models

· Sketch based Summarization

· Computing a Sketch

· Networking Applications

· Issues

· Final thoughts

A.1 Related work

· Streaming models are very common [Alon, Strauss, Indyk]

· Need for processing streaming data has been emphasized earlier in the context of Data Mining[Domingos, Raghavan]

· Recent work is under progress at Stanford

· Sketching technique[Gilbert et. Al.]

· QuickSand : Summarizing Network data[Gilbert et. Al.]

· Sampling methods[Gibbons et. Al.]

Iceberg queries

· Wavelet Transforms[Gilbert, Matias]

A.2 Datastreaming Model

· Items arrive sequentially in a stream

· Stream is usually described as a signal

Definition:

A signal is a function f: [0… (N-1)] ( Z+

Where N is the size of the domain and Z is all non-negative integers

There are two kinds of datastreaming models: Cash Register and Aggregate. And each kind can be categorized into ordered and unordered.

For example:

· Ordered Cash register model: items arrive in increasing/decreasing order of the domain values e.g. <8008001111, 10>, <8008001111, 23>, <8008001111, 3>, <8008002222, 15>, <8008003333, 13>

· Unordered Cash register model:

<8008001111, 10>, <8008002222, 15>, <8008003333, 13>, 

<8008001111, 23>, <8008001111, 3>

· Order Aggregate model:

<8008001111, 36>, <8008002222, 15>, <8008003333, 13>

· Unordered Aggregate model:

<8008001111, 36>, <8008003333, 13>, <8008002222, 15>

 Streaming processing

· Data stream needs to be summarized online as each data item arrives

· We are allowed a certain amount of processing memory

· Summary should be amenable to answering queries

A.3 Sketch based Summarization

· A sketch of a signal is defined as a small space representation of the original signal

· It relies on keeping an estimate of the underlying signal such that a linear projection of the signal can be estimated

· Accuracy of estimating a query will depend on the contribution of the queried item wich respect to the rest of the items.

What can we do with a sketch

· Point queries:

In how many minutes of outgoing calls was a particular phone number involved?

· Range queries:

How many total minutes of call were handled by a prticular xxx-yyy combination?

· Sketch can be used for answering point and range queries

Bounds on sketch

· For a point query, a sketch of size O (log(N/()/(2(2​) provides an answer within a (1 + () factor of the correct answer with probability at least (1 - () provided that the cosine between the original sketch vector and the sketch of the query vector is greater than ( where, ( is the distortion parameter, ( is the failure probability and ( is referred to as the failure threshold.

A.4 Computing a sketch

· Assume domain size is N and size of the sketch is J.

· A sketch is a set of J atomic sketches, where an atomic sketch is the inner product of the vector v of size N with a random vector of the same size

· Random vector is comprised of binary random variables which have values{1, -1}

· Need (J * N) random variables

Updating a sketch

· Let A[i] represent the value of data item corresponding to item id I

· Let S[j] represent the jth atomic sketch 

· Let R[j][i] represent the binary random variable corresponding to jth atomic sketch and ith id

Step1:

For all j, S[j] = 0;

Step 2:

A[i] arrives in a data stream, For all j, S[j] = S[j]  + A[i] * R[j][i]

Step 3:

                 Repeat step 2 until the data stream ends or the accounting interval expires.

                 Storing Random Variables

· For large values of N, J is large

· Explicitly storing (J * N) random variables in memory requires extensive memory

· Defeats the purpose of small space representation of data streams

· Efficient and fast generation of random variables is desired

· Generating k-wise random variables is suggested

Query processing

Processing a point query:

· To answer a query about the aggregate value of data item i,

· Form a vector Q of size N s. t. Q has 1 at id i and 0 elsewhere

· Compute the sketch of vector Q using the same methodology

· Let the sketch of Q be represented by vector E

Claim:

The dot product of vector E with vector S gives an approximation of the aggregated value of the queried id

If the actual value is A[i], the value returned after performing the query is A[i](1 + ()

Application

· Network monitoring and traffic engineering

A.5 Network Application

· Summarizing network data at vantage 

Points

      - Estimating POP level traffic demands 

      - Performing similarity tests

· Transferring summaries

Small size of the sketch causes little overhead on the network

· Identifying heavy hitters[QuickSand]

Problem definition

· Sequence of packets arriving over a fixed window of time

· Dest. IP address is the ID for a packet

· N is the total number of Ids, M is the bounded memory(M << N)

· Obtain one pass summaries of the data stream for the fixed time interval

· Summaries should be able to support point and range queries

Methology

· Trace driven simulations

· N is the total number of destinations, number of atomic sketches is O(log2N)

· All atomic sketches are updated on arrival of each packet

· Queries computed for top-20 destinations

· Sample trace statistics:

      Number of packets = 3.5M

      Number of destinations = 45000

      Sketch sizes = 250 and 500

Some comparisons

· Maintaining individual counters for N = 45K

· Total memory required = 360 KB

· Using a Sketch of size 500 for N = 45K

· Total memory required = 4KB

Insignificant Byte Counts

· Sketches respond well to queries which seek dominant features in the incoming data stream

· Idea:

Sketch Partitioning[Dobra et. Al. SIGMOD 2002]

Partition the incoming stream into classes 

Maintain a sepqrate sketch for each class

                 Deployment Issues 

· Implementing such a scheme in routers will steal CPU cycles from routers

· Idea:

1. Adopt a packet sniffer architecture[IP traceback]

2. Packet headers are read by an attached auxiliary unit as each packet departs the router

3. Produces negligible overheads on the router

Measuring high Speed

· In high speed networks, it is infeasible to process every packet from a data stream

· Atomic sketches may overflow very quickly at high speeds

· Idea:

1. Use sampling (systematic or per byte basis)

2. Paging information from SRAM to SDRAM

                 Summary

· Capturing data streams using small space is fundamental

· Processing speed and space requirements pose significant hurdles

· Sketches summarize the signal represented by the data stream in small space

· Aggregate queries on the signal can be answered with reasonable accuracy

· Sketch based summarization of network data provides possible solutions to traffic accounting problem

· The method can eliminate the deployment of external infrastructure to monitor network traffic 

· Strong probabilistic guarantees can be provided with appropriate settings of the sketch parameters

· Such appropriate settings need to be quantified
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Title: DNS
1 What is DNS?
DNS is Domain Name Service. It is distributed database of host information where administration is decentralized. Mostly used to provide hostname translation (ie: csa.bu.edu ( IP address(128.197.12.3). but can also provide other host information, like mail server for the host.
2 Outlines
· Terminology and overview of DNS

· Step through a lookup

· Caching of information

· Content delivery Networks

More about DNS
DNS has a hierarchical tree structure, and no siblings are allowed to have the same name.
3 DNS terminology
Domain: It is simply a subtree of the domain name space

Top level domain(TLD): TLD is a child of the root(.edu, .org, .com, .us, .ca, etc)

Generic top level domains(gTLD): gTLD are TLDs that do not refer to any nation(.com, .edi, .org, .gov, etc)

DNS is supposed to decentralize administration and does this by delegation and the creation ZONES. In each zone there is a name server that has the complete information for that zone. The zone does not contain any node in delegated sub-domains.

Root Name Servers: there name servers know where the authoritative name servers for each of the top-level zones are. Currently there are 13 root name servers located in various parts of the world.

Resource records (RRs): These are the units of information the name server uses and serves.

· Address record(A): There are the most common records. Each record gives a hostname to IP address mapping.

· Pointer record(PTR): Each record stores the IP address to host name mapping. The reverse of an A record

· Name server record(NS): Each record stores a name server authoritative for the zone.

· Canonical name record(CNAME): Each record maps an alias to its canonical name.
4 Overview of DNS
4.1 DNS queries and resolution

There are two types of queries and resolutions in DNS

· recursive

· interative

4.2 Caching and DNS

Caching plays an important part in DNS. It helps speed up the overall performance of DNS. The name server stores all the results for each query.

· Name servers cannot cache data foreer

· In order to keep caches consistent with the DNS authority, the administrator of a zone assigns a time to live value for its records

· When a cached record on a name server expires, the name server must discard the information it has and get new data from the authority

· Most name servers also implement negative caching. TTL values are also placed on negative cache records

· TTLs play an important role in content delivery networks
� EMBED Equation.3  ���
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