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6. Networked Data Management (streams, RFID, sensors)

E-:

Introduction

.
i~

= Data elements in the stream arrive online
= System has no control over order in which data elements to be processed
= Data streams are potentially unbounded in size

=  Once an element from a data stream has been processed, it is discarded or
archived. It cannot be retrieved easily unless it is stored in memory, which
is small relative to the size of data streams

5 NA.MEL - Mévvng O=08wpisng

DSMS - big picture
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6. Networked Data Management (streams, RFID, sensors)

Applications

= New Applications — data input as continuous, ordered data streams

= Network monitoring and traffic engineering
= Telecom call records

= Network security

= Financial applications

= Sensor networks

= Logistics, Manufacturing processes (RFID)

= Web logs and clickstreams
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Application: Network Monitoring

i
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Network measurements,
Packet traces,

Scratch Store Archive
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6. Networked Data Management (streams, RFID, sensors)

Network Data Processing

= Traffic estimation
= How many bytes were sent between a pair of IP addresses?

= What fraction network IP addresses are active?

= List the top 100 IP addresses in terms of traffic Source Dur. Bytes Protocol
= Traffic analysis 10.1.0.2| 16.2.3.7| 12 | 20K | http
18.6.7.1| 12.4.0.3| 16 | 24K | http
= What is the average duration of an IP session? 13.9.4.3| 11.6.8.2| 15 | 20K | http
15.2.2.9(17.1.2.1| 19 40K | http
12.4.3.8( 14.8.7.4| 26 | 58K | http
10.5.1.3( 13.0.0.1| 27 | 100K | ftp
= Fraud detection 11.1.0.6 | 10.3.4.5| 32 | 300K | ftp
19.7.1.2] 16.5.5.8| 18 | 80K | ftp

Example IP session data (collected using
Cisco NetFlow). AT&T collects 100 GBs
= Security / Denial of Service of NetFlow data each day!

= What is the median of the number of bytes in
each IP session?

= Identify all sessions whose duration was
more than twice the normal

= List all IP addresses that have witnessed a sudden spike in traffic

= Identify IP addresses involved in more than 1000 sessions
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The Database Model

’ User/Application

Register Query Results

Database Query Processor

S/W to access

Stored Data Data Base
A Management
System
(DBMS)
Stored Data
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6. Networked Data Management (streams, RFID, sensors)

The Data Stream Model

’ User/Application |

Register Query I Results i

Stream Query Processor

S/W to access
Streaming Data

Data Stream
Management
System

(DSMS)

Scratch Space —r—
(Memory and/or Disk) —
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DBMS vs. DSMS

= Persistent relations

= One-time queries

= Random access

= “Unbounded” disk store

= Only current state matters
= Passive repository

= Relatively low update rate
= No real-time services

= Assume precise data

= Access plan determined by query
processor, physical DB design

12

Transient streams
Continuous queries
Sequential access

Bounded main memory
History/arrival-order is critical
Active stores

Possibly multi-GB arrival rate
Real-time requirements

Data stale/imprecise

Unpredictable/variable data arrival and
characteristics
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Data Model

= Append-only

= Call records
= Updates

= Infrequently, e.g. stock tickers
= Deletes

= Infrequently, e.g. in case of disk-resident (transactional) data
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6. Networked Data Management (streams, RFID, sensors)

Query Model

User/Application

Query Registration
+ Predefined
» Ad-hoc

» Predefined, inactive
until invoked

|

) ) m——)

|

—

Answer Availability

* One-time

» Event/timer based

* Multiple-time, periodic

» Continuous (stored or
streamed)

Query Processor

—_—

Stream Access
* Arbitrary
» Weighted history
+ Sliding window

(special case: size=1)

15
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Queries

= One-time queries and Continuous queries

= One-time queries

= Evaluated once over a point-in-time snapshot of data set

= Continuous queries

= Evaluated continuously as data streams continue to arrive

= May be stored and updated as new data arrives, or may produce data

streams themselves

16
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6. Networked Data Management (streams, RFID, sensors)

Queries

= Predefined and Ad hoc queries
= Predefined queries

= Supplied to data stream management system before any relevant data has
arrived

= Usually continuous queries
= Scheduled one-time queries possible
= Ad hoc queries
= Can be either one-time or continuous queries

= Complicates design of data stream management system (DSMS), because they
are not known in advance for purposes of query optimization and correctly
answering it may require referencing data that may have already arrived on data
streams and potentially have already been discarded
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Making Things Concrete

caller
R v
.| Central Central |, .
.......................... »| Office Office e
Qutgoing (call_ID, callek_time, event)
Incoming (call AD, callee, time, event)
DSMS

event = start or end
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6. Networked Data Management (streams, RFID, sensors)

Query 1 (self-join)

caller

= Find all outgoing calls %Q)
longer than 2 minutes :

SELECT
O1l.call_ID, Ol.cal

v
Central [

FROM Office |«
Outgoing O1 ) )
. ! Outgoing (call_ID, caller, time, event
Outgoing 02 going (call ) Incoming (cgi_ID, callee, time, event)
WHERE

DSMS

(02.time — O1.time > 2

AND Ol.call_ID = O2.call_ID
AND Ol.event = START
AND 02.event = END)

event = start or end

= Result requires unbounded storage
= Can provide result as data stream
= Can output after 2 min, without seeing END
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Query 2 (join)

caller

= Pair up callers and
callees

(=

SELECT
O.caller, l.callee

FROM
Outgoing O,
Incoming |

WHERE
O.call_ID = I.call_ID

v v
* Central Central[{""
Office Office

i

Outgoing (call_ID, caler, time, event) ) )
Incoming (cg#_ID, callee, time, event)

DSMS

event = start or end
= (Can still provide result as data stream
= Requires unbounded temporary storage ...

= .. unless streams are near-synchronized
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6. Networked Data Management (streams, RFID, sensors)

Query 3 (group-by aggregation)

= Total connection time X,‘g caller

for each caller %Q) %

SELECT O1.caller,
sum(02.time — O1.time)

v v
Central Central

FROM
Outgoing O1, Office Office
Outgoing 02
Outgoing (call_ID, caler, time, event)
WHERE Incoming (cgd_ID, callee, time, event)
(O1.call_ID = O2.call_ID
AND Ol.event = START DSMS

AND 02.event = END)
GROUP BY O1.caller

event = start or end

= Cannot provide result in (append-only) stream
= Qutput updates?
= Provide current value on demand?

= Memory?

21 NA.MEL - Mévvng O=08wpisng

Approximate Query Answering

Why?
Handling load
streams coming too fast
Avoid unbounded storage and computation

Data streams are potentially unbounded in size, the
amount of storage required to compute exact answer
to a query may grow without bound

Ad hoc queries need approximate history

High-quality approximate answers can be an acceptable
solution

How? Sliding windows, synopsis, samples, load-shed

. 22
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6. Networked Data Management (streams, RFID, sensors)

Computation Model

= A data stream is a (massive) sequence of elements

Synopsis in Memory

Data Streams

(Approximate)

Processing A
nswer

Engine

. ., \ i
/

= Stream processing requirements
= Single pass: Each record is examined at most once
= Bounded storage: Limited Memory (M) for storing synopsis

= Real-time: Per record processing time (to maintain synopsis) must be low

23 NA.MEL - Mévvng O=08wpisng

Synopses

= Queries may access or aggregate past data
= Need bounded-memory history-approximation
= Synopsis?
= Succinct summary of old stream tuples
= Like indexes/materialized-views, but base data is unavailable
= Examples
= Sliding Windows
= Samples
= Sketches
= Histograms

= Wavelet representation

2 NA.MEL - Mévwng Oco08wpisng
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6. Networked Data Management (streams, RFID, sensors)

Sliding Window Approximation

01100001110/0j0j0010101/0

= Why?
= Approximation technique for bounded memory
= Natural in applications (emphasizes recent data)
= Well-specified and deterministic semantics
= |ssues
= Extend relational algebra, SQL, query optimization

= Algorithmic work

25
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Histograms

= Equi-Depth Histograms

= |dea: Select buckets such that counts per bucket are equal

Count for Hr
oot lmnnlmen . S o (ol
1 567

4 8 91011121314151617 18 19 20 Domain values

[ |
w =3

L (P
= V-Optimal Histograms minimize ZBZveB(fV_V_B)
B

Idea: Select buckets to minimize frequency variance within buckets

A

Count for

bucket H
V000 NelE— H — 0ol
123 56

=
7891011121314 151617 18 19 20 Domain values
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6. Networked Data Management (streams, RFID, sensors)

W
Wavelets w i
==
= Wavelets: Mathematical tool for hierarchical decomposition of functions/signals
= Haar wavelets: Simplest wavelet basis, easy to understand and implement
= Recursive pairwise averaging and differencing at different resolutions
Resolution Averages Detail Coefficients
3 [2,2,0,2,3,5,4,4] -
2 2, 1, 4, 4] [0, -1, -1, 0]
1 [1.5, 4] [0.5, 0]
0 [2.75] [-1.25]
e N N—
Haar wavelet decomposition: [2.75,-1.25,05, 0,0, -1, -1, Q]
Compression by ignoring small coefficients !!
27 NA.MNEL - Médvvng Ocodwpidng
W
Sketches w i
==
= e.g.internal product of a with O(log(N/d)/€?) pseudorandom {-1,+1} vectors
ofl {4 2 [7 [1 Jo [3 ][5 [4 ] sketch(a)
ol =1 Ja [a 1 [a]1[1]1]——]8
il = [1 [1 [a]1 1 [a]a]——]2
il {1 [a 1 [+ [a]a]1[a]——]0
28 NA.MNEL - Médvvng Oco8wpidng
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6. Networked Data Management (streams, RFID, sensors)

Streaming Model

Incoming Data Stream

O 00 00O
Sketch
Seeds .
— LI Queries
Wavelet/Histogram
Approximation [|:|:}
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Stream Projects
= Amazon/Cougar (Cornell) — sensors
= Aurora (Brown/MIT) — sensor monitoring, dataflow
= Hancock (AT&T) — telecom streams
= Niagara (OGI/Wisconsin) — Internet XML databases
= OpenCQ (Georgia) — triggers, incr. view maintenance
= Stream (Stanford) — general-purpose DSMS
= Tapestry (Xerox) — pub/sub content-based filtering
= Telegraph (Berkeley) — adaptive engine for sensors
= Tribeca (Bellcore) — network monitoring
30 NA.MEL - Néwvng azoéupi&g;o
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6. Networked Data Management (streams, RFID, sensors)

Aurora/STREAM Overview

Output streams

/§/‘ and 111 T
7

o watngop | [J=0=1] [ @ comtinuous queties
7 N\ ]
AN
.®D ®<:>E]<‘:>® sers issue

Synopses Query Plans

® Running Op

= [[[TT=>

[} ] ’ \ continuous and
‘ ‘ % §/ %\ ad-hoc queries
t 1 7 \ p
1 ] ] 1 1 A
— = = = = Szad
Historical = = = = =
Storage == == = = Administrator monitors query
t t t t execution and adjusts run-time
= = = = parameters
Input streams
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Outline
= Introduction - Applications
= Data Streams
= Data, Queries, Synopses, Projects
= RFID data
= Data management challenges
= Wireless Sensor Networks
= Architecture, Queries
= Time-series
= Similarity aspects
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6. Networked Data Management (streams, RFID, sensors)

What is RFID?

= Stands for Radio Frequency ldentification

= Technology that allows a sensor (reader) to read, from a distance, and
without line of sight, a tag-based unique electronic product code (EPC)

= Provides unique identification or serial number of an object (pallets,
cases, items, animals, humans)

= New frontier in the field of information technology

Tag Reader Server

33 NA.MEL - Mévvng O=08wpisng

EPC vs. UPC (Barcodes)

= Both are forms of Automatic identification
technologies

= Universal Product Code (UPC) require line of
sight and manual scanning whereas EPC do not

= UPC require optical reader to read whereas EPC
reader reads via radio waves

= EPC tags possess a memory and can be written
while UPC do not

= EPC tags cost 5 cents, UPC tags cost 1/10 cent H‘ “ ‘ H““
1"723456"78901"" 2

34 NA.MEL - Mévwng Oco08wpisng

6.17



6. Networked Data Management (streams, RFID, sensors)

Applications

PASSPORT

= Asset tracking

= E-pass road toll system
= E-passports

= Animal Identification

= Humans’ healthcare

= |Inventory & supply chain
management

'A“' A \l
b -
mlﬂdw@
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Application: Asset Tracking

AU L1

British Airways loses 20 million bags a year

36 NA.MEL - Mévwng Oco08wpisng
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6. Networked Data Management (streams, RFID, sensors)

Application: E-Toll Collection

lllinois: 1 million drivers a day use I-Pass

NA.MEL - Mévvng O=08wpisng

Application: E-Passports

= (biometric) e-passports since 2007 in US, since 2009 in EU
= |SO 14443 RFID chip in rear cover
= Includes:
= passport number, name, gender, date and place of birth,
= dates of passport issuance and expiration,
= digital image of the bearer’s photograph
= Digital photograph is used as biometric identifier

= Anti-skimming material in cover to prevent
unauthorized reading when it is closed

= Randomized unique identification (RUID) to prevent
tracking

= Information signed with a digital signature

38

PASSPORT
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6. Networked Data Management (streams, RFID, sensors)

Application: Human healthcare

= Product: VeriChip

= Human implantable RFID tag operating at about 134 KHz
because at these frequencies the RF can penetrate
mud, blood, and water

= About the size of uncooked grain of rice

“... About the size of a grain of rice, the
= Healthcare applications microchip is inserted just under the skin
and contains only a unique, 16-digit

= Implanted medical device identification identifier. The microchip itself does not

= Emergency access to patient-supplied health contain any other data other than this
information unique electronic ID, nor does it contain
any Global Positioning System (GPS)

= Portable medical records access including tracking capabilities. And unlike
insurance information conventional forms of identification, the

. . . pe s Health Link cannot be lost, stolen,
* In-hospital patient identification misplaced, or counterfeited. It is safe,

= Medical facility connectivity via patient secure, reversible, and always with you.”
(source: www.verichipcorp.com)
= Disease/treatment management of at-risk

populations (such as vaccination history)

39 NA.MEL - Mévvng O=08wpisng

How many pens should we reorder?
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6. Networked Data Management (streams, RFID, sensors)

Factory Shipping

Checkout shelf

a NA.MEL - Mévvng O=08wpisng

Application: Supply Chain Management

RFID adds visibility as the items flow through the supply chain from the
manufacturer, shippers, distributors, and retailers.

The added visibility can identify bottlenecks and save money.

= Scope: ~ 6 meters

= Electronic Product Code (EPC) 96-bit Version

= Every product has unique identifier among 2° = 8 x 1028 different combinations

= 96 bits can uniquely label all products for the next 1,000 years (!!)

Version EPC Manager Object Class | Serial
(Manufacturer) (Product) Number
8 bits 28 bits 24 bits 36 bits
ativ
a2 NA.MNEL - Médvvng Oco8wpidng
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6. Networked Data Management (streams, RFID, sensors)

RFID system

Tag

.o [l

Tai

Middleware

l. Wide Area
) = —

Database

NA.MEL - Mévvng O=08wpisng

RFID reader

= Also known an interrogator
= Reader powers passive tags with RF energy
= Can be handheld or stationary
= Consists of:

= Transceiver

= Antenna

= Microprocessor

= Network interface

Antenna

Reader

NA.MEL - Mévwng Oco08wpisng
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6. Networked Data Management (streams, RFID, sensors)

RFID tags

= Tag is a device used to transmit information such as a serial number
to the reader in a contact less manner

= Classified as :

= Passive — energy from reader

= Active - battery

= Semi-passive — battery and energy from reader

s

NA.MEL - Mévvng O=08wpisng

Applications, frequencies, and standards

Applications Frequencies Standards
Animal Identification <135 KHz 1ISO 18000-2, ISO 11784,
(dogs, cats, cattle) ISO 11785, ISO 14223
Smart cards, Passport IS0 18000-3, IS0 7618,
Books a’t Iibrapr ! 13.553 - 13.567 MHz ISO 14443, 1SO 15693
v 13.56 MHz ISM Band Class 1
. . EPCglobal Class-1 Gen-2
Supply chain for retail 868 — 928 MHz 1SO 180006

6 NA.MEL - Mévwng Oco08wpisng
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6. Networked Data Management (streams, RFID, sensors)

RFID Data Management

= Emerging domain!
= Int. Workshop on RFID Data Management
= Cancun, Mexico, 2008: http://rfid.cs.washington.edu/rfdm08/

= Challenges:

= Around 3 billion Radio Frequency ldentification (RFID) tags were
deployed till today.

= Wal-Mart’s in-store implementation will generate about 7 Tbytes of
RFID data per day !!

a7 NA.MEL - Mévvng O=08wpisng

RFID Data Warehousing and Mining

I I ] RFID data mining applications

KDD - what’s special about RFID data?

ﬂ‘ OLAP analysis & reporting

RFID-related dimensions and measures

Data cleaning challenges
a8 MA.MEL - MNdvvng O0dwpidng
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6. Networked Data Management (streams, RFID, sensors)

Example: Trajectory in Supply Chain

(|:actory, T 1 T 2) (Shlpplng, |3, |4) (War } s
’ )
5'15

(Checkout,T,,T,,)

a9 NA.MEL - Mévvng O=08wpisng

Data Generation

: . EPC: (L, T,)(Ly,To) (L, T,
Trajectories [EPC: (Ly, T)(Ly, o)L, To)]

[EPC, Location, Time_in, Time_out]

App Events

Raw Events [EPC, Location, Time]

01.0000A89.000LkF.000XLADCO
aaaaa R WA Oyen s setal b iber
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6. Networked Data Management (streams, RFID, sensors)

Why RFID-Warehousing?

= Significantly reduce the size of the RFID data set by redundancy removal and
grouping objects that move and stay together

= Lossless compression for bulky movement data !

= An example: A retailer with 3,000 stores, selling 10,000 items a day per store, with
each item being recorded 10 times on average before being sold =» Data volume:
300 million tuples per day !!

= Queries:

= OLAP: Avg time for outwear items to move from warehouse to checkout counter in
03/2006?

= Mining: Any correlation between the time spent at transportation and the milk in

store S rotten?

51 NA.MEL - Mévvng O=08wpisng

Cleaning of RFID Data Records

= Raw Data: Duplicate records due to multiple readings of a product at the
same location

= (EPC, location, time)
= Example: (ry, 1, t;) (r, 1, t,) oo (ry, 1, t0)
= Cleansed Data: Minimal information to store and removal of raw data
= (EPC, Location, time_in, time_out)
= Example: (r, I, t;, t;0)

= Warehousing can help fill-up missing records and correct wrongly-
registered information

52 NA.MEL - Mévwng Oco08wpisng
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6. Networked Data Management (streams, RFID, sensors)

Data Compression

T
S

Raw Data
(EPC, Reader, Time)

Stay

(GID, Locale,
Day 1, Day2)

Lossless

Redundancy

Elimination

Path and Item

Abstraction

53

Cleansed Data

(EPC, Reader,
T_in,T_out)

Bulky Movement
Compression

Stay
(GID, Reader,
T_in,T_out)

NA.MEL - Mévvng O=08wpisng

RFID-Cube Architecture

= Stay Table: (GIDs, location, time_in, time_out: measures)

= jtems that stay together at a given location

= Map Table: (GID, <GID,,..,GID, >)

54

Product
category = Links together stages that
lot number zicca //"!Tav belong to the same path.
Info gd P ———— stay
RFID tag gids [T~ stay n
product T gids fon [n
1 manufacturer reader_loc location |in ut
s locale Tme |4 fimein jout ¥ |
price building second 1 time_out [Ure |
Manufacturer city i measure
province toitin
country day
region mon-th
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6. Networked Data Management (streams, RFID, sensors)

!
2\
. Sl.
Example RFID Cuboid ol
Cleansed RFID Database Stay Table
r1 11 t1 t10 I | " t1 t10
r1 12 t20 t30 g1.1 12 t20 t30
r2 1 t1 t10 g1.2 14 t15 t20
r2 12 t20 t30
Map Table
r3 1 t1 10
r3 14 t15 t20 g1 g1.1,g1.2
g1.1 r1,r2
gl1.2 r3
55 NA.MNEL - Médvvng Ocodwpidng
= \‘ll_‘l
Outline RN
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= Introduction - Applications
= Data Streams
= Data, Queries, Synopses, Projects
= RFID data
= Data management challenges
= Wireless Sensor Networks
= Architecture, Queries
= Time-series
= Similarity aspects
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6. Networked Data Management (streams, RFID, sensors)

WSNs - An Introduction (1/3)

= The vision:

= Push connectivity out of the PC and into the real world \
= Billions of sensors and actuators everywhere

= Zero configuration and administrative cost

= Build everything out of CMOS so that each device costs pennies

= Enable new sensing paradigms

New challenges in data stream management

57 NA.MEL - Mévvng O=08wpisng

WSNs - An Introduction (2/3)

= Wireless Sensor Networks (WSN) utility:
= Scatter cheap, tiny motes in an area of interest
= Perform querying operations
= Qbtain reports of physical quantities under study

= Support sampling procedures, alert mechanism infrastructures,
decision making processes, etc.

58 NA.MEL - Mévwng Oco08wpisng
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6. Networked Data Management (streams, RFID, sensors)

WSNs - An Introduction

(3/3)

Mote Features

Low Power, Low Power, Low Power...

Low processing capabilities

Constrained memory capacity

Network Features

2,4GHz)

Ad-hoc network topologies

59

Wireless, multi-hop communication using ISM radio zones (433MHz —

NA.MEL - Mévvng O=08wpisng

Sensor Net Sample Apps

Habitat Monitoring: Storm petrels on
Great Duck island, microclimates
on James Reserve.

Vehicle detection: sensors along a road,
collect data about passing vehicles.

ke

Earthquake monitoring in shake-test
sites.

Traditional monitoring apparatus.

NA.MEL - Mévwng Oco08wpisng
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6. Networked Data Management (streams, RFID, sensors)

Communication in Sensor Nets

Radio communication has high
link-level losses

= typically about 20% @ 5m

Ad-hoc neighbor discovery

Typical TAG (Tiny Aggregation

Service) topology
= 1 base-station (root) |:>

= Many nodes (with neighboring

links)

61

e g ®c

\

> &

A
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Communication in Sensor Nets

Base Station El <:| = 1 base-station (root)

62

= An alternative TAG topology

= Nodes organized in clusters, with
one clusterhead and one
forwarder per cluster

= Example query

SELECT faggr(attr), attr,..
FROM sensors

WHERE predicate

OUTPUT ACTION action

SAMPLE PERIOD t sec FOR d sec

NA.MEL - Mévwng Oco08wpisng
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6. Networked Data Management (streams, RFID, sensors)

Communication in Sensor Nets
= Query dissemination:
Base Station D = The basestation poses a query of
‘‘‘‘‘ = interest
. 7 ' -, \ - —‘. 7 ' = The query is received by nearby
‘:". ;‘\ "‘ clusterheads
B S e = Clusterheads propagate the
Y i vy L query to their peers
/ L\i\ - w. ' " = ...and to nodes within their
Yy 5 i
o, . cluster
63 NA.MNEL - Médvvng Ocodwpidng

Communication in Sensor Nets

= Query answer:

D = Clusterheads collect mote

= measurements

. 7 /', J i = Send data to forwarders
Y B ; « \
2 ' \' ; = Forwarders propagate the data
oAy o CS towards the basestation
" / .T - = Answer reaches the basestation
- - ® .
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Querying Sensor Nets - Snapshot queries

= Example 1 (output nodes recording light > 400 lux in 1s time
intervals):

Sensors

SELECT nodeid, light Nodeid nempr | Accel | Sound
FROM sensors
WHERE light > 400
EPOCH DURATION 1s

Result (streaming):

(1,455)
(1,422),(2,405)
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Querying Sensor Nets - Aggregation queries

= Example 2 (output average sound  * Example 3 (output average sound

in 10s time intervals): per room in 10s time intervals, only
00O0O0 when average sound > 200 db):
O O O O olo
O O O O olo
O O O O o)
.. Rooms w/
SELECT AVG (sound) sound > 200
FROM sensors
EPOCH DURATION 10s SELECT roomNo, AVG (sound)

FROM sensors
GROUP BY roomNo
HAVING AVG (sound) > 200

Result (streaming): EPOCH DURATION 10s
0: (440)

Result (streaming):
1: (445)

0: (1,360),(2,520)
1: (1,370),(2,520)
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Querying Sensor Nets - Event-based queries

Support for events as a mechanism for initiating data collection. Events are
generated by either another query or the operation system.

Query example (when an event ,bird-detect” appears at a location, output
the average light and temperature recorded by nearby (i.e., less than 10m
distance) sensors in 2s time intervals for the next 30s):

ON EVENT bird-detect (loc):

SELECT AVG (light), AVG (temp), event.loc
FROM sensors ASs

WHERE dist (s.loc, event.loc) < 10m
SAMPLE INTERVAL 2s FOR 30s

Events allow the system to be dormant until some external conditions
occurs, instead of continually polling or blocking on an iterator waiting for
some data to arrive.
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Outline

Introduction - Applications

Data Streams

= Data, Queries, Synopses, Projects
RFID data

= Data management challenges
Wireless Sensor Networks

= Architecture, Queries

Time-series

= Similarity aspects

O1 dlo@dveleg TTou akoAouBoUv BacicTnKav aTIG AVTIOTOIXEG TOU
K. A. Kotoigpdakou (EKIMA), Tov oTToio KOl EuxapioToupe Bepud.
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6. Networked Data Management (streams, RFID, sensors)

T elval xpovooelpd (time series)

= ‘Evag TPOMOC ATIEIKOVIONC TMOAUTTAOKWY QVTIKELUEVWY SESOUEVWV.

= OpLOUOG: AoBEVTOG EVOC XOPAKTNPLOTLKOU, 4, Xpovoaoelpd (time
series) elval éva cUVOAO 7 TIHWV:

{<t,a ><t,,a,>,..,<t, a,>}
= ESW UMAPXOUV 1 XPOVLKEG TLLEC Kal KABE pia avilotolyileTal os pia
TLUI TOU 4. ZUXVA OL TLUEG avayvwpL{ovTal yLo GUYKEKPLUEVA KAAX

npoodloplopéva onpeia oto Xpdvo, omote Unopol e va Tig Souue
wg¢ €va dtavuopa: <a,a,...a,>
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OTTIKOTIO(N O™ XPOVOCELPWV

= ALGYPOLLO XPOVOOELPWV

= Napadeiypara:

= Aelkteg amoBepdTWY, MTOCOTNTA MWANCEWVY TPOTOVTIWY,
TNAETUKOWWVLIOKA Se60éva, LATPLKA PovodldoTata onuata,
akohouBieg mepBAAAOVTLKWY LETPHOEWV.
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6. Networked Data Management (streams, RFID, sensors)

OpoldTnTa LETAEY XPOVOCELPWV

= Epwtnon: n X elvat mmo
opola YE TN Y HE TN Z;
\
AR
U 47759
= AAYOpLOUOL — LETPLKEC \.ll; A ,f\./ /\/
amAoTAoNG YL TV 7, Y /
OLOLOTNTO XPOVOOELPWV: : m T

L}

= EukAeibela Andotaon (Euclidean Distance - ED)
= Auvautkn Xpovikn 2tp€BAwaon (Dynamic Time Warping - DTW)

= MakpUtepn Kowvr) YnoakoAouBia (Longest Common Sub-Sequence -
LCSS)

n NA.MEL - Mévvng O=08wpisng

EvkAeideia Amtéotaon - ED

= Eotw X kat Y elval xpovooelpég punkoug n:

X =0, XXy X, Yzyl,yz...yj,...,yn

= (armAf) EukAeibela Andotaon  ED(X,Y)=, IZ(X,- -y)
i1

= [TAEOVEKTNUO: OTTAR LETPLKI) ATIOOTOCNG

= MelovekTipata
= EvaloBnola ot amopakpuopéveg TIUEG (outliers)
= Alwadopetikol mapayovteg kKAipakag (scale factors)

= Awadopetikol mapayovteg Setypatolndiog (sampling factors)
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Avvauikn Xpovikn ZtpéBAwon - DTW

= Texvikn mou Bpiokel TNV kKaAUtepn Suvarth evBuypappion ety
600 xpovooelpwv

= ETUTPENEL TN OTPEPAWON ULAG XPOVOOELPAC (EMEKTOON I cUPpPikvwoN
KOTA HAKOG Tou agova Xpovou)

= Nopadelypa:

73 NA.MEL - Mévvng O=08wpisng

Avvapikn Xpovikn ZtpeAwon (ouv.)

= Ontikn Stadopd ED kat DTW:

= [MAgoveKtuata:

= Avtipetwrilel Statapayeg mov epdavilovrol tomikd (mou odeilovral o
Sltadopetikolg mapdayovteg KAlpakag f dstypatoAnyiog)

= Avayvwpilel wg 6poLeg U0 XpOVOOELPEG TIOU N Mia eival tapapopdwpeévn
ekboxn TG AAANG.

= EdapuoyEG oTnV avayvwpLlon opA G, XELPOVORLWY, POUTIOTLKN,
KATALOKEVEG, LaTpLKN, video, audio, ypadkd, Taiplaopua LkOVWV-oxnUATwWV.
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6. Networked Data Management (streams, RFID, sensors)

E-:

i~

Avvapikn Xpovikn ZtpeAwon (ouv.) o

= Eicodoc: U0 XpovooELpEC
X:xl,xz,...,xl.,...,)qX‘
Y:yllyZ""Yyi""’yM

L
= E€060G: TO povomatL oTPEPAWONG Time

P=p,pyys DyPy
woHe  max(XLYD<T<|X|+Y] p =G0, p, = Q1) p=(X][Y])

... TETOLO WOTE VoL EAOXLOTOTIOLELTAL N OALKT) ATOCTOON TWV p;

t=T
Dist(P) =" Dist(p,. p,)
t=1
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Avvapikn Xpovikn ZtpeAwon (ouv.) ol
= EmiAuon pe aAyoplBuo Suvaplkol TPoypPaULaTIoUOU
= [ivoKag KOOTOUG:
> 7 =
18| 7
- * 1 i | x|
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6. Networked Data Management (streams, RFID, sensors)

!

Maxp¥tepn Kown YmoakolouvBia — LCSS [y

=

= Tevikn 16€a: AUo akoAouBieg (xpovooelpég) elval mTapOUOLEG OTaV
napouactalouv mapopoLla cupneplpopd yla Eva LeydAo HEPOG TOU
KAKOUG TOUG.

= JKOMOG: va Eemepaotel TO MPOPANLA TWV ATIOUOKPUCUEVWY TLLWY
(outliers) amno to onoio ndoxet n ED (kat o€ pikpotepo Pabuo n
DTW).

= Anauteitat pia suvdptnon opodtntag  Sim, 5 (X, Y)

7 NA.MEL - Mévvng O=08wpisng

MoakpUtepn Ko YoakoAovBia (ouv.)

= ‘Eotw 0 > 0 pia aképata otabepd, 0 < ¢ < 1 pia mpaypatikr otabepd, kat f
pio ypappkn cuvaptnon. AoBévtwy Vo akohouBwv X kat Y, £oTw OTL

' Kol =(y. .
X —(xil,...,xil) Y ()’,11---1)’,,)
€lval oL HaKpUTEPEG KOLWVEG UTTOOKOAOUBIEC TwV X Kal ¥, yla TI¢ omoleg:

- il<6  y I+)<fx)<y,@+e 1<k <!

= Opiloupe TNV opolotnTa TWV U0 AKOAoUBLWV WC:
Sim, 5(X,Y) =max{S, , ,(X,Y)}

feL
omov S, (X,Y)=I/n n opoidtnta twv 800 akorouBLLVY yia GUYKEKPLUEVN
YPOAUULKY cuvaptnon f, [ To HiKog TNG LaKPUTEPNG KOG UTtoakoAouBiag
KalL 7 TO MAKOG TNG LEYAAUTEPNG akoAouBiag.
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6. Networked Data Management (streams, RFID, sensors)

[ToAuTTAOKOTNTEG AAYOPIOUWYV

= EukAeidela Andotaon: O(n)

= AuVaULKA Xpovikr STpéPAwaon: O(n?)

= MakpuUtepn Kown YrioakoAouBia: O(on)

... OTIOU 71 €lvall TO HAKOG TWV XPOVOCELPWV
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Summary

= Novel Data Management issues arise when dealing with data
streams

= Data modeling, Query Processing, etc.

= Exact answers are hard to be given so approximation along with
theoretical bounds suffices

= There is a lot of ongoing work that deal with streams
= RFID technology and wireless sensor networks pose new challenges

= Time-series are ubiquitous!
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Reading list (streams)
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Reading list (sensors)
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Reading list (time-series)
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