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Abstract. With the development of AMM [ Aotomedic Metering Management), il will be
possible for electric power suppliens to acquire from the customers their electric power con-
sumption up to every zecond. This will generate data arriving in multiple. continuous, rapid,
and time-varying data streans. Data Stream Management Svatoms (DSMS) - eurrently avail-
alle as prototy pes - admead Geilitating the management of such data strcams, This paper
deseribes an experimental stady which analyzes the sdvantages and linitations of using a
DSMS for the management of electric power consumption data.

Keywords: Electric power consumption, Data Stream Management System, elee-
fric load corve, continuous queriss,

1 Introduaction and motivation

The fortheoming deploviment of AMM [Antomatic Metering Management ) infrastrctores in o
rope will enable a more accurate observation of a large number of customers, Electric power con-
smmption will be possibly measured at a0 rate up to one index per second. These measares are
wselul for operations such oas billing, data speresalion and consumplion conlrol. A Leaditional
database system (DBMS Data Base Management Syvstem ) could be used to manage this informa-
tion. However, methods nsed enmrently in DEMS are not adapted to data generated from AMM ina
sireaming way, AMM geperates an overwhelming amount of data arviving in muliiple, conlinuous,
rapid, and time-varving data streams. Several Data Stroam Management. Svstems (DEMS) have
been developed these last vedrs Lo meel Lhese peeds, The role o hese syslems 15 o process o real
time one or more data streams nsing confinuous guorics.

We performed an experimental study, on two prbilic domadn and general porpose DSMS prototypes
(STHREAM and TelegraplCo)), lo aualyee the advantages amd linits ol using sucl a system. Sowe
typical querics of clectric power consumption analysis were defined: experiments and results are
reported in this paper.

The paper is aorganized as follows, Section 2 gives a bricf introduction to DNSMS's in gencral and
presents in particnlar STHEAM and TelegraphCO). Section 3 presents the experimental study, and
resulis are reported in Seciion 4. In Section 5, we conclude this paper and give an oullook Lo ow
ongoing and tuture rescarch in this arca.

2 Data Stream management Systems

Data Stream Management Svstems [3] are designed to perform continuous querics over data stream.,
Drata elements arrive om-line and stay only for a Bmited time period in memory, Inoa DSMS, contin-
wous gueries evaluaie conlinuowsly and inerementally arciving data elements, DSMS wse windowing
technics to handle some operations like aggregation as only an excerpt of a stream {(window) is of
interest at any given time. A window may be physically defined in termos of a time interval (for
instance the last week), or logically defined in terms of the number of tuples (for example the last
20 elements).
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Several DSMS protoly pes have been developed withino the last lve vears, Sowe of (hein are special-
izedd inoa particular domain (sensor monitoring, web application. ... ), some others are for gencral
nse (s STREAM 2] and TelegraphC'Q) |4]).

STREAM

STREAM (STanlord stiEam datA Management | is a prototype boplementation of a DEMS devel-
aped at Stanford University [2]. This system allows the application of a great number of declarative
andd continons gqueries Lo static data (tables) and dynamie data (stresms). A declarative guery
language COL (Continuous Query Language), derived from SCL, is implemented to process con-
timmons gueries. STHEAM uses the concept of sliding windows over stresuns. These windows are
ol three Lypes: Lime based window ([range T] where T is a tewporal inlerval), tuple bagsed window
([Row N] where N is a number of tuples), and partitioned sliding window ([Partition By Ay, ..., A
Rows N|) similar (o Gronp BY in SOL.

Telegraph(Q)

TelegraphCQ) is a DEMS developed at University of Berkeley [4]. TelegraplC() is buill as an ex-
temsion to the PostGreSOL relational DEMS to support continmons querios over data streams. The
[ormal of & dala stream s delined as any PostGreSOL table in the PostgreSQLs Dala Deling-
tion Language, and ereated using CHEATE STHREAM. TelegraphCQ) is a mode of PostCrosL
execution. I supports the ereation of archived and noarcchived streams that are fed with external
sources using stream specific wreapper. Queries that contain streams support the SELECT syntax
and inchnde oxtra predieates RANGE BY. SLIDE BY and STARD A to specify the window size
[or stream operations. Tach siream bas a special twe ablribule that TelegraphCO) uses as (he
tuples timestamp for windowed operations.,

3  Experiments

We installed STREAM and TelegraphCo) V2.1, and tested them on a data file of indices of clectric
power couswnplion weasured duriog 150 days, These indices were oblaived [rom liree eleclric
meters i different geographical cities, and onr experiments can be extended to s larger mimber of
moters. Fach moeter sends o tuple every 2 seconds. Fach taple s composed of o set of actribntes
such as meter identificr. time, date, index shown by the meter, and some additional information.
The difference etween two indices at two different instants gives the electric power consumption
betwesn (liess [wo inslands.,

For all gqueries. we assmme s anigne input stream Streamcindex merging the streams of the three
maters and detined as follows:

Stream_index (year INT, month INT, day INT, h INT, m INT, sec INT, meler char{12), index INT)

Stream index is the name ddentilving the data stream. The date is specified with three attributes;
momth” day” Cvear” s and time by three other attribotes: "h°, w7, "sec” (hour, mimate, seeomd ). The
‘weler’ allribule dentifies (he meter and "ondex” indicales the weasared index (in KWh).
Electric power consumption analysis requires continuous querics over stream. Among the possible
aueries. we study here three queries which are representative of this kind of application.

Q1. Consumption of the last 5 minutes -minute by minute- grouped by meter, or
by city.

o STREAM: a CQL ¢uery can be assigned o name o allow its resalt to be referenced by other
gueries. This feature (similar to tiew definition in SOL) allows us to express subgueries which
are not allowed o COQL. We solve query Q1 nsing the following stops:
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1. Min iudex: compute (he minimmn index gronped by meler and winnle
SELECT vear, month, day, b, m, meter, min{index) as minindex
FROM Stream_index
GROUP BY year, month, day, b, m, meter:

2. Cons Minute 60 ¢ compute the consomption from hh:39 to hh+ 100 (For example: from
(07549 to (8:00).
SELECT cl.year as year beg, oloanonth as month beg, ol day s day e ellh as b beg,
cl.m as m_beg, cl.meter, cl.minindex as minindex_hes, ¢2.vear as vear_end,
cd.month as month_end,c2.day as dav_end. o2.h a5 hoend, ¢2om as m_end,
cZaninindex as minindes_end, c2oaninindex-cominindexs as Cons
FPROM Mo index ss el Min inces ns o2
WIERE ¢l.month=cZmonth AND cl.day=c2.day AND ¢l yvear=c2.vear
AND clh={c2.h-1}) AND cl.m=59 AND cl.meter=c2.meter AND c2,.m=0

A, Cons Minmte 01 59 compute the consumption from the first minute and minute 50 of each
biomr (For excunnple: from 07:00 o 07:59 minate by wimie)
SULECT (sfmilar Lo Cons. Minute_ 60 )
FROM  Mindndex as 1, Min index as ¢2
YWHERE cl.month—c2 month AND cl.day—c.day AND cl.year—c2 yoar
AND cl.h=ch AND clon=(c2m-1) AND 20 AND clmeter=c2.meter

4. Stream Cons: sel the union of the conswnptions caleulated by the bwo preceding queries
as o single stream.
ISTREAM{Cons Minnte G0 TTNTON Cons Minnte (01 _5H);

5. Cous_per M: cowpule the consumption for the last 5 winules -minute by minnte- grouped
by moeter.

SELECT year heg, month beg, day_beg, h beg, m_beg, Stream_Consancter, Tablocity.eity,
pniniindes e, yenrocmd, monthendd, day cened, hoeiad meemd ) miniondescend, Cons

FIROM  Strewrn Consrange 150 secomds], Pablecily

WIERE Stresm_Cons.aneter = Tablecitvaneter:

We join here Stream_Clons with TableCity (containing meters” identifers and the cilies
where they are) to get the meter's city. We parameter a window by 150 second because a
tiple arrives every 2 seconds, whereas it s ndexed by a timestionp at each second.

. The snm of consnmptions gronped by ety
SELECT vear_beg, month_beg, day_beg, h_beg, m beg, city, sum{Cons)
I REOM Chans_per M
GROUP 13Y vear beg, month beg, day beg, b beg,ome beg, city;

o TelepraphCO: We created a stroam Elec.stream and assipned a wrapper to this stream. Each
tuple 15 indexed by s timestamp tegtime” specifying the creation time of the taple. which s
asswned Lo be wonolonically wereasing wille a forwal like YYYY-MA-DD Llooness’,

T solve this query. we compute the minimum of the indices for each minute, Then, we make a
selfjoin of the resull obtained with & delay of one mwinnte, Thaoks (o PostGreSOLs operators
for date managoment, we can casily compute the consumption between two instants delayed
b ome Tninnte,

Nested queries are uol supporied by TelegraphCO), bul we can use (e WITH cousiruction as an
alternative. Selfjoins are not allowed cither, we were constrained to create two identical streams
tir join them. We created the frst stresn Blecninstream ! with the minimm of indices by
minute using a sliding window parameterized by an interval of 6 minutes, and a second identical
stream Fleeminstream2 bt windowoed on 5 minntes. This enables 12 to make the differonen
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belween Lhese bwo slreams will s delay of one minnte Lo gel the consumplion during Lthe 5
last minutes minute by minute.
CREATE STREAM Flasminstrenm U meter varebae12), iiniondex INTRGIIL
tegtime TIMESTAMEP TIMESTAMPCOLLUMN )
TYPE UNARCHIVED:
CREATE STREAM Elec minstream? | as Elecominstreamd )

WITH
Elecminstreaml AS ( SELECT meter.minindex ) DATE_TRUNC{ ‘mionte’. tegtime)
1M IROM Filee strenm [IBANGE BBY 6 minates” SLIE B3Y 71 minole’
START AT "2003-12-04 07:50:007]
FROUP BY meter, DATE_TRUNC{ 'minute’, teqtime] |
Elecminstream? AS ( SELECT ... as Elecominstreamd with RANGE BY 5 minutes )
{

SELECT fl.meter, f1.minindex, f1.tegtime, £2.minindesx, {2 minindesx-fl.minindex, {2 tegtime
FROM  Elec.minstreaml as f1 [RANGE BY 1 minnte' SLIDE BY '1 minute’

STAIT AT T20053-12-04 070000 |

Filecaningtream2 ss 12 [JLANGE BY 7| minutes” SLIDE BY 71 minate’

START AT "2003-12-04 07:50:007]
WHERE fl.meter — f2meter AND fltegtime — (f2.fogtime - interval ‘1 minnte’));

To pet the sum of consumption by city, we transform the last query into a stream, we call
it Eloestreameoms. Streams Fleeminstream | and Blee minstream2 are computed with sliding
windows of 1 minule, We apply a join operation belween Blecstiresmeons aud Lable TableCity
windowed to b minutes.

Q2 - Historical consumption -minute by minuie- grouped by meter, or by cily, starting
from a fixed point.
o STOREAM: We apply Lhe same gueries as previously wilboul windowiog, AU the last query
{Cons Per M), woe filter to keep only the dates and time execeding the fixed starting point.
o TeleoraphCO): This guery was easy (o solve thanks to START AT construetion. T filters the
tuples starting from a fixed point. We ollowed the same steps as the preceding query.

03 - Alarm -hour by hour- at exceeding a "normal’ consumption depending on the
temperature,

This query gives an alom when o consnmption exceeds 0% of a ‘normal” consnmption over a
period [rom widoight to the cuerenl hour, The alang is given alier midday, "Normal® consumplion
is given hour by hour in a table comsNormal for a temperature of 2000,

o STHREAM: There is a basic deliciency in the STREAM protolype thal wakes inposaible Lo
solve this gquery. There are no operatorvs for standard date format management. Indecd. to
perform this guery, we wonld have had (o treal several cases: the passage from s day 1o the
next (example; from 12,/02/2004 23:00 to 13/02,/2004 00:00), the passage from a month Lo the
neswet {cxample: from 31002004 23:00 to O1/02/2004 (0:00). the passage from a year to the
nexk.. ..

o ‘lelegraphCC): We use a stream Elec temperature that gives the temperature recorded cach hour
during 150 days. We apply & join operator between table consNormal and stream Flec temperature
in order to build a stream of normal conswmption Elec.streameonsnormal which depends on
tempoerature (a gradient approach s vsed ).

To sclve this guery, we apply a sliding window parametered by a time interval of 24 hours
tor the Eleestresm consnmption stream | we calenlate the smn of consmmption hour by honr
during 24h, and we filter the consumption taken after midday, We [ollow the same steps for
the stream of normal comsmmption to get o stream of normal comsnmption enmnlated honr by
Lowr from midday. Fiually, we compare (he Lwo streans o [ler consmnplion which excesds
of 10 % normal consumption, The guery is not reported in this paper by lack of room.
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4 Synthesis

As for the clarity and easiness of writing queries, TelegraphC0) 35 mmch better than STHEAM,
thanks to s ability of delining landiark plvsical windows combined with the date management
facilities provided by the PostCreSQHL embedded system. Moreover, TelegraphCO) allows to reuse
resilis of gueries as a stream. [ allows also redirecting the ontput of queries into g file to be stored
in a specified format. Queries can be added dyvnamically when others are being executed, which is
not possible with STHRIEAM.

STREAM is characterized by ils graphical interface with a graplical gquery and syvalem visualizer,
In fact. it’s important for nsers (administrators) to have the ability to inspect the system while it is
rinning and bonnderstand how he contitmons gqueries are managed. For instance, it was possible (o
see in STREAM that the aggresation operations of query 1, were perlormed incrementally without
keeping the whole stream in memory.

Clotnparing onr expeclalions and requirements, we can stale Lhal the recenl TelepraphCO) proloty pe
is quite nsctul for online analysis of clectrical power consumption data, mainly becanse we solved
eapsily all onr defined gueries. Thongh the performance of TelepraphCO) appears (o be much betier
o our gueries than in STREAM. we would like to have an idea of the svstem performance and
comtrol the amonnt of memory being nsed to process onr gquerices.

5 Conclusion and Future Work

We have showmn that two DDSMS s allows to treat individual electrie powoer ecomsamption data arriving
i s coulinons and fast rale siream. Aceording Lo onr experiments, 10 appescs that TelegraphC0)
is better adapted to our needs than STREAM. However, TelegraphCO) docs not offer tools to view
the strneture of query plans, nor monitor system resomrees and nspect the amomt of wemory
being used. The cowparison belween (hese bwo DSMS's = wainly [unetional and does ool Lake
into account svstem performance. A follow-up study is to analyze the pertormance of TelegraphO0)
when scaling up to larger stresms lguring & larger munber of meters.

Some rescarch teams work on distributed DEMS's, like the Borealis [1] proposal. Such distributed
DSME"S shonld be more appropriate to deal with AMM diata which are distvibated in natare. We
are poing Lo lest the Borealis systew o the close [uture, i addilion to s llowiog of [ulure releases
of 'TelegraphCQ) or commereial follow-up systoms.
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‘ Context

= Development of AMM (Automatic Metering
Management)

o Electric power consumption will be measured at a rate up
to one index per second.

= Development of Data Stream Management Systems
(DSMS)

— Aim:

Using Data Stream Management Systems to analyze
Electric Power Consumption Data
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‘ Outline

m Data Stream Management Systems
= Experiments

= Example of queries

= Synthesis

= Conclusion
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DSMS
-Definitions
= DBMS
o data stored in finite, persistent data sets
o One-time queries
= Data Stream
a Ordered, infinite and continuously generated
sequence of data that can be read only once
o Near real-time monitoring and analysis is required
b‘
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DSMS
-Definitions (contd.)

= Continuous queries:

o Queries carried out on streams
Persistent

o Result given as a stream

o Example:

Aggregated electric consumption grouped by city over the last 24 hours

= Windowing technics to handle some blocking

operations like aggregation

o physically defined window in terms of a time interval

o logically defined window in terms of the number of tuples

o Fixed windows, sliding, or with landmark

Ex.: March 2007, last hour, start at 01/01/2007

O
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DSMS
-Existing prototype systems

= General purpose DSMS
o STREAM : Stanford University
o TelegraphCQ : Berkeley University

o Aurora (Medusa, Borealis) : Brandeis, Brown University,
MIT

= Specialized DSMS

o Gigascope et Hancock : AT&T (Network monitoring and
Telecom streams)

o NiagaraCQ : University of Wisconsin-Madison (continuous
XML query system for dynamic web content)
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‘ Outline

= Data Stream Management Systems
m  Experiments

= Example of queries

= Synthesis

= Conclusion
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Experiments: study and installation of
STREAM
= General purpose stream data manager
= Data streams and stored relations
= Windowing :
o sliding windows
o logical, physical
o Partitioned windows
= CQL (continuous query language) for declarative query
specification
= Timestamps in streams (integer timestamp)
= Flexible query plan generation
= Resource management:
o Operator scheduling
o Graceful approximation: can handle high data rates
h‘-b
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Experiments: study and installation of
TelegraphCQ

= Built as an extension to the PostGreSQL relational
DBMS(particular mode of execution)

= Data structure :
o Relational structure of PostGreSQL
o Stream structure (CREATE STREAM ...)

= Windowing (physical, sliding, landmark, jumping)

= Each stream has a special time attribute that
TelegraphCQ uses as the tuples timestamp for
windowed operations

= Queries can be added dynamically when others are
being executed

L —r
> = TELECOM
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meter |index | date
= Input
S d d I . 05012606XX|11089624|12/04/2003 07:53:59
a tan arare atlons 10541492YY|[11089624|12/04/2003 07:53:59
= Correspondence between meter, 1638164377(11089624(12/04/2003 07:53:59
customer and city 05012606XX|11089626[12/04/2003 07:54:01
= Standard Electric Consumption hour by hour 10541492YY]11089626[12/04/2003 07:54:01

o Data streams:
= Data streams of several meters observed every 2 seconds
Stream index(meter CHAR,index INT, date DATE)
= Stream of temperatures recorded each hour for each city

= Some queries for electric power consumption analysis
Q1- Consumption of the last 5 minutes -minute by minute- grouped by
meter, or by city;
Q2- Historical consumption -minute by minute- grouped by meter, or by city,
starting from a fixed point;
Q3- Alarm -hour by hour- at exceeding a 'standard’ consumption depending
on the temperature.
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‘ Outline

= Data Stream Management Systems
= Experiments

m  Example of queries

= Synthesis

= Conclusion
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‘ Q1 TelegraphCQ

Consumption of the last 5 minutes -minute by minute- grouped by

meter
CREATE STREAM ELec.stream(meter VARCHAR(12),index INTEGER,tcqtime TIMESTAMP
TIMESTAMPCOLUMN) TYPE ARCHIVED;
ALTER STREAM Elec.stream ADD WRAPPER csvwrapper;

Exemple:

WITH
Elec.minstreaml1 AS

(SELECT  meter, min(index),
DATE_TRUNC('minute',tcqtime)
FROM Elec.flux [RANGE BY '6 minutes' SLIDE BY '1
- — minute’ START AT '2003-12-04 07:50:007
2.Elec.minstream1: minimum by

3 2 .EIec.mlnstreamZ: minimum GROUP BY meter, DATE_TRUNC('minute’ tcqtime)
meter and minute over 6 by meter and minute over 5 ORDER BY DATE_TRUNC(minute' tcgtime))

1.Elec.stream

minutes minutes Elec.minstream2 AS ....(as Elec.minstream1 with RANGE
BY 5 minutes)
. (SELECT fl.meter, f1.minindex, f1.tcqtime,
Join f2.minindex, f2.minindex - f1.minindex ,f2.tcqtime
FROM  Elec.minstreaml as f1 [RANGE BY '1 minute'
3.El " -C SLIDE BY '1 minute’ START AT '2003-12-04
-Elec.streamcons =Consu 07:50:00), Elec.minstream2 as f2 [RANGE BY '1
mption of the last 5 minute' SLIDE BY 'L minute' START AT '2003-12-04
minutes minute by minute 07:50:007
grouped by meter WHERE f1.meter=f2.meter AND f1.tcqtime= (f2.tcgtime -
¢ interval '1 minute"):
e
o

=
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meter | minindex_b | tcqtime begin | minindex_e | consumption | tcqtime end
+ + + + +
05012606XX | 11089624 | 2003-12-04 07:53:00 | 11089626 | 2 | 2003-12-04 07:54:00
05012606XX | 11089624 | 2003-12-04 07:53:00 | 11089626 | 2 | 2003-12-04 07:54:00
05012606XX | 11089626 | 2003-12-04 07:54:00 | 11089696 | 70 | 2003-12-04 07:55:00
05012606XX | 11089624 | 2003-12-04 07:53:00 | 11089626 | 2 | 2003-12-04 07:54:00
05012606XX | 11089626 | 2003-12-04 07:54:00 | 11089696 | 70 | 2003-12-04 07:55:00
05012606XX | 11089696 | 2003-12-04 07:55:00 | 11089767 | 71 | 2003-12-04 07:56:00
05012606XX | 11089624 | 2003-12-04 07:53:00 | 11089626 | 2 | 2003-12-04 07:54:00
05012606XX | 11089626 | 2003-12-04 07:54:00 | 11089696 | 70 | 2003-12-04 07:55:00
05012606XX | 11089696 | 2003-12-04 07:55:00 | 11089767 | 71 | 2003-12-04 07:56:00
05012606XX | 11089767 | 2003-12-04 07:56:00 | 11089836 | 69 | 2003-12-04 07:57:00
05012606XX | 11089624 | 2003-12-04 07:53:00 | 11089626 | 2 | 2003-12-04 07:54:00
05012606XX | 11089626 | 2003-12-04 07:54:00 | 11089696 | 70 | 2003-12-04 07:55:00
05012606XX | 11089696 | 2003-12-04 07:55:00 | 11089767 | 71 | 2003-12-04 07:56:00
05012606XX | 11089767 | 2003-12-04 07:56:00 | 11089836 | 69 | 2003-12-04 07:57:00
05012606XX | 11089836 | 2003-12-04 07:57:00 | 11089907 | 71 | 2003-12-04 07:58:00
05012606XX | 11089626 | 2003-12-04 07:54:00 | 11089696 | 70 | 2003-12-04 07:55:00
05012606XX | 11089696 | 2003-12-04 07:55:00 | 11089767 | 71 | 2003-12-04 07:56:00
05012606XX | 11089767 | 2003-12-04 07:56:00 | 11089836 | 69 | 2003-12-04 07:57:00
05012606XX | 11089836 | 2003-12-04 07:57:00 | 11089907 | 71 | 2003-12-04 07:58:00
L} 05012606XX | 11089907 | 2003-12-04 07:58:00 | 11089975 | 68 | 2003-12-04 07:59:00
> = TELECOM
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‘ Outline

= Data Stream Management Systems
= Experiments

=  Example of queries

m  Synthesis

= Conclusion
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Synthesis

= Language adequacy
o Solving queries and processing data “on-the-fly”
o New and Anti-intuitive logic of queries expression
= Unborned and transient data
-~ Windowing + processing + update
= Usability
o TelegraphCQ:
= Operational system
= Queries can be added dynamically when others are being executed
= Queries result can be re-used as a stream or stored in a file
= System performance not tested

o STREAM:
= CQL definition
= Queries optimization
= untimely shutdowns of server during experiments
- Nonoperational prototype
e N
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‘ Outline
= Data Stream Management Systems
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‘ Conclusion

= Other logics of queries expression :
o Example: Aurora
= Intrinsically distributed AMM
=> Study of distributed DSMS (Borealis)
= Study of commercial follow-up systems:
o StreamBase, Amalgamated Insight and coral8
= An exact analysis is expensive even
impossible: approximation by sampling
=> panel management in a data stream environment
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