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Abstract

In applications such az web-applications, s-commsres,
and engine control, the dsmand for real-time data services
haz increased  In theze applications, regquests have to be
processed within thelr deadlines wsing frech data.  Since
the workload qf theze svsters cannot be precizely predicted,
they can become overloaded and as a resuli, dsadline and
freshmazs vielations may occur. To address this problem we
propose a Qos-sensitive approach bazed on mmprecise com-
putation, applisd on transactions and data objects. We pro-
poze two algorithoms FCS-HEF and FCS-HEDF that give a
robust and cortrolled behavior of RTDB: in tevms gf trans-
action and dafa precizemess, even for transient overloads
and with inaccurate run-time estimatss of the transactions.
Furthsr, performance experiments show that the proposed
algorithne owperform a set of bazeline algorithms includ-
ing FCS-EDF which schedules the tranzactions using EDF

1 Introduction

In applications providing real-time data service o 15 de-
sirzble to process user raquests within their deadlnes us-
g frech data. In dymamic systems, such as web servars
and sensor networks with non-umform access patterns, the
workload of the databases cannot be precizely predicted
and, hence, the databases can become overloaded. As a
result, deadline muszzes and freshnessz wiclations may oc-
cur durng the tranzient overloads. To address this problem
we propoze 2 quality of zervice {(oS) zenzitrra approach
to guarantse a sef of reqmrementz on the behavior of the
dafabasa, aven m the presence of wmpredictable workloads.
Further, for some applications (e.g. web service) 1t 15 desir-
able that the quality of service does not vary sigmficanth
from one tramzachon to another. Here, it 13 emphazizad that
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the mdriadual Qo needs reguested by chents and transac-
tions are enforced and, hence, anmy deviahons from the QoS
neads should be uniformby- distnbuted among the chents to
enzure (oS faimess.

We employ the notion of mprecize computation [11],
where 1t 15 posaible to trade resource needs for quality of
reguested service. Imprecize computation has successfully
bean zpplied to apphicahons where tmehness 13 empha-
sized, e.z. avicnics, engine control, 1magze proceszmng, net-
working, and approximation algenthms for NP-complete
problems. We believe that our approach 1= mportant to ap-
pheations that reguire timely execubion of transactions, but
where certain desree of 1mprecision can be tolerated.

In our previous work [3] we presented two algorthms,
FCS-IC-1 and FCS-IC-2, for manaming QoS usme mm-
precize computahon [11, 13, 7, 3] and fesedback control
schadulms [12, 13, 4]. In this paper we extend our previous
work by defiming a general medel of transaction imprecize-
nesz, and we present two new scheduling alzonthms, FCS-
HEF and FCS5-HEDF that, m addihon fo manasms (o,
enhance QJof fammess (1.2. decrease the devizhon 1 qual-
ity of zarmiice among admitted transactions) and pronnde an
improved transient state performance.

We have carmed out a set of expermments to evaluate the
performance of the proposed aleonthms. The studies show
that the susgested alzonthms srve a robust and confrolled
behavior of RTDEB=, m terms of transachion and data pre-
ciseness, even for transient overloads and with maccurate
execution fime estimates of the transactions. We sav that a
system 15 robust 1f 1t has good rezulahion or adaptation in the
face of changes mn system parameters (2. g execution time
estimation error and apphed load), and also has good distur-
bance rgjection, 1e., ehminatng the mpact of dishorbances
im ETDE:= disturbances occur due to e g concurrency con-
trol, resulting n restart or termination of transactions).

The rest of this paper 13 organized as follows. A problem
formulation 15 zrven m Section 2. In Sechion 3, the assumed
databaze model 15 grven. In Sechon 4, we present our ap-
proach and m Section 3, the results of parformance evalu-
ations are presanted. In Section 6, we give an overview on



related work, followed by Sechion 7, where conclosions and
firture work are dizcussed.

2 Problem Formulation

In our model data objects in a ETDE are updated by up-
dafe transactions, e.z. sensor values, wiile user fransactions
reprazent user requests, e g complex read-wmite cperations.
The notion of 1mpracision may be applied at data object
and 'or user fransachion level. The data qualty mcreases az
the mmprecizion of the data objects decreases. Sumlarhy, the
quality of uzar transactions (for brevity referred to as trans-
achon quality) mnereasss as the mprecizion of the results
produced by user transactions dacreaszes. Hence, we model
tramsaction quahty and data quality as orthogonal entihes.

Starting with data impreciseness, for a data object stored
i the ETDE and reprasentine a real-world vanabls, we can
allow a certamn degree of deviation comparaed fo the real-
world valee. If such deviation can be tolerated, arrmans up-
dates may be discarded dunng tranzient overloads. In order
to measure data quahity we mtroduce the notion of data er-
ror (denoted DV E.), which grves an mdication of how much
the value of a data object d, stored mn the ETDE deviates
from the correspondms real-world value, green by the latest
arrmved transaction updating ;.

The guality of user tranzactions 1= adjusted by mamip-
ulating data error, which 1z done by considerngz an upper
bound for the data error grven by the maximeum data error
(denoted M L E). An update transaction T, 1z discarded if
the data error of a data ohject 4; to be updated by T, 1= less
or equal to MDE (ie. DE, < MDE). Increasmz M D E
mmphes that more update transactions are discarded, desrad-
me the quahty of data. Sumilarly, decreazing M 1 E mmplies
that fewer update transactions are discarded, resultmz m 2
greater data quality.

MMoreover, we miroduce the notion of transachon error
(denoted TE.), mhanted from the mmprecise computahon
modal [11], to measure the quality of a tranzaction, T;.
Here, the quality of the result erven by a transaction depends
on the processing fime allocated to the transaction. The
transaction refums more precise results (1Le. lower TE;)
as 1t recerves more processing time.

The goal of our work: 15 to darve algonthme for manipo-
lating M D E, such that the data quality and the fransachon
quahty sahsfy a grven QoS speafication and the deviahon
of tranzaction quahty among admutted transactions 15 mimi-
muzed (Le. QoS faimess 15 anforced).

Mote that the latest amrved transaction updating o, ma hae been dis-
carded and, hence o, may hald the valoe of an earhier update tranzaction.

3 Data and Transaction Model

We consider 2 mam memory databaze model, whers
there 1z one CPU as the mamn proceszing element. In ocur
data model. data objects can be classified mnto two classas,
temporal and non-temporal [14]. For temporal data we
only consider base data, 1.2 data that hold the view of
the real-world and are updated by sensors. A base data
object ; 1= considerad temporally inconsistent or stale 1f
the current tmme 15 later than the timestamp of o, followad
by the absohate vahdity interval of d, (denoted AV I,), Le.
Currentdime > TimeStamp; + AV ;.

For a basza dafa objact 4,, let data error be defined as,
DE; = 100 x Sgoetveuni-tlg), where V; is the
valus of the latest arrived transaction updatine 4, and
CurrentValue, 15 the current value of d,. Mote that we
apply the nohon of impreciseness on base data objects only
and. hence, data errors do not propazate, 1.8, they cannot
affect the accuracy of other data objects and tranzactions.

Tranzachons are claszified erther as update transachions
or user transactions. Update transachions arrrve persodically
and may only write to base data objects. User transac-
tions amrrve apenodically and may read temporal and read-
‘amite non-temporal data. A user or update fransaction
T, 1= composed of one mandatory subtranzaction (dencted
M, ) and # (), optional subtransachons (denoted (), ,, where
1 = § =< #(),). For the remammder of the paper, we lat
g; & {M;, 004,...,04 20, } dencte a subtransaction of 7',

TWe usze the mulestone approach [11] to transaction 1m-
precisensss. Lhos, we have drnded fransactions mto sub-
transachions according to mulestomes. A mandatery sub-
transachon 15 completed when ot 15 completed m a tradi-
tional sense. The mandatory subtransaction 1= neceszary for
an zccepiable result and must be computed to completion
before the transachon deadline. Ophonal subtransachons
ara processed 1f there 1= anough time or resources avzilable.
Whale it 13 assumied that all subtransactons of a fransachion
T; ammve at the same time, the first optional subtransaction,
Le. {J; |, becomes ready ﬁ:-re::emm::mwhmthemandamn
subfransaction 1= completed. In general an ophonal sub-
fransaction [, ; becomes ready for execution when (7,
iwhere ? < j < #0,) completes. Hence, there 15 a prace-
dence relation grven by A, = (0, = (3 = ... =
E-.Jr gLl -

We zet the deadlme of all subfransactions ¢ to the dead-
Ime of T,. A subtransachon 15 termunated 1f 1f 15 complatad
or has mussed iz deadlme. A fransachon 15 termmated when
itz last optional subtransaction complates or one of 1tz sub-
fransactions musses its deadlme. In the lafter case, all sub-
transachions that are not vet completed are termmnated as
well. If a user tranzachion 1= termmunated when 1t= last op-

tional subtransachon 15 complete, then the comesponding
transachon error 13 zero and we zay that the tranzaction =




Figure 1. Contribution of #C)5, to T E,

precizely schaduled.

For update transachons we assume that there are no op-
tionmal subtransactions (1e. #0); = ). Each update trans-
achon consists only of 2 single mandatory subtransaction,
since updates do not use complex logical or mmaencal op-
erations and, hence, normally have a lower execution time
than user transachons.

For a transaction T, we use an error funchion to ap-
proximate s comresponding transachon error grven by,
TE(#COS;) = {] '*';:'j"h]l '._ where n; 1z the order
of the emror fimchon and #'()S, denofes the number of
completed ophonal subtransactions. This error funchion 15
simmlar to the one presented mn [3]. By choosing n; we can
modal and support multiple classes of tranzachions showing
diffarent error charactenstics (see Figure 1). For exampla it
has been shown that anyhme alzorthms used m AT exinbit
error charactenstics where »; 1= greater than one [17].

A summary of transaction model] atinbates and therr ab-
brevizhions 13 grven n Table 1.

Table 1. Abbreviation of transaction attributes

Atnbute | Descriphion
AET, average execufion time of T,
AIT; average inter-arrival time of T;
Al average utihzation of T,
AT, armval fime of T
i, relatrve deadline of T,
EET; estimated average execution ime of T;
EIT, estimated inter-armival time of 7,
ET; estimated utilization of T
P, penod of T
T E, transaction error of T
Vi llpdﬂtﬂ value

4 Approach

Below we descnibe our approach for manarms the per-
formance of 2 KTDE 1n terms of transaction and data qual-

Figure 2. Definition of settling time (7.) and
overshoot (Af,)

ity. First, we start by defiming QoS and how it can be spec-
1hed An overnew of the feedback control scheduling ar-
chitecture 1z grven, followed by 1zsues related fo modeling
of the architecture and design of controllers. Fmalk, we
present the alzonthms FCS-HEF and FCS-HEDF.

4.1 Performance Metrics and QoS specification

In our approach, the database admmstrator (DBA) can
exphcitly spacify the required databasze (QoS, defirmng the
dezired behavior of the databass. In this work we adapt both
steady-state and fransient-state performance metnes [12] as
follows:

¢ Averare Transaction Error, denoted AT FE (k). ADBA

can specify the desired averages fransachon error of ad-
mrtted user transachons. The average franzachon error
gr-es the precizaness of the results of user tramzachons,

and defined 2s, ATE(k) - sty ™™ o
mng period k and where Terminated(k] denotes the
set of termunated transactions and | Terminated (k)
the munber of terminated transactions.”

# Maummm Data Error, denoted M D E(k), grves the
mzximum data error tolerated for the data objects (as
descnbed m Section 2) dunng panod k.

» Ohershoot, denoted Af,, 1= the worst-case system per-
formance 1n the tranzsient system state (zee Figure 2)
and 1t 1= zrven m percentaze. The overshoot 1= apphied
to ATE and MNE.

» Saftling ime denoted T, 1= the time for the transient
overshoot to decay and reach the steady state perfor-
mance (see Figure 1) and, hence, 1t 15 2 measure of
system adaptabulity:

We defme Cuality gf Data (dencted (JoD) m terms of
M DE. An mcrease m QoD refers to a decrease m MDE.
In contrast, a decreaze m (o) refarz to an mereass m
MDE. Simmlarky, we define Quality of Tranzaction (de-
noted QoT) m terms of AT E. QoT increases as ATFE de-
craases, while (oT decreaszss as AT F mcreazss.
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