Introduction

Introduction and context

. . . Due to:
Real-Time Databases and Multimedia Systems o ,
In many applications, the demand for Real-Time Databases

Multi-Versions Data for Improvement of Quality of Service in RTDB. e e s eeaedl

The workload of Real-Time Databases Systems is unpredictible.

Claude Duvallet Stringent timing/data freshness constraints.
University of Havre Consequently:
Faculty of Sciences and Technology .
25 rue Philippe Lebon - BP 540 Real-Time Databases Systems may become overloaded.
76058 LE HAVRE CEDEX, FRANCE Real-Time Transactions may miss their deadlines.
Claude.Duvallet@gmail.com
http://litis.univ-lehavre.fr/~duvallet/index-en.php Solutions:

Some techniques based on QoS.
Feedback Control Real-Time Scheduling (FCS).
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Real-Time Database model Bt st

Transactions model

Data model

Data objects are classified:
@ Non Real-Time Data: classical data

Real-Time Database Model @ Real-Time Data:
change continuously to reflect the real world state

have an absolute validity interval
Quallity of Data (QoD):

Introduction and context

Feedback Control Scheduling Architecture

Multi-Versions Data - Feedback Control Scheduling Architecture @ DE (Data Error): deviation between the current value and the
updated value.
Conclusion and future work @ MDE (Maximum Data Error).
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Real-Time Database model

Data | . . The global |
a8 molde Feedback Control Scheduling Architecture Gokealiene
Transactions model Discussion

Transactions model The transaction manager (1/4)

@ The transaction handler is composed of:

) ) _ e a freshness manager (FM) which check the freshness of the
Real-Time Transactions: real-time that will be acceded using the timestamp of the data and

Update Transactions absolute validy interval: it blocks the transactions which want to

arrive periodically and are executed access to non fresh data,
P y @ a concurrency control (CC) protocol which is most of the time

have only to write real-time data 2PL-HP,
e a basic scheduler (BS) which is most of the time EDF.

User Transactions @ Two queues for the transactions:

arrive aperiodically and are executed e update transactions and mandatory (users) sub-transactions are
placed in the highest queue priority,
v e optional (users) sub-transactions (users) are placed in the lower
queue priority,
e taking into account the transactions of these two queue is decided
at the transactions handler level.
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Tiite @leal et Feedback Control Scheduling Architecture it a3l o]
Discussion Discussion

read real-time data, and read or write non real-time data

Feedback Control Scheduling Architecture

Feedback Control Scheduling Architecture The transaction manager (2/4)

@ The admission controller (AC):

Miss Ratio/Utilizatioﬂ .
Controllers Miss Percentage . . .
e it controls the flow of input transactions,

AU CPU Utilization . . ) .
AUnew | e it decides whether a transaction can be accepted or not in the
D
Mossger Monitor system,
@ it uses parameters such as the importance of transactions
User Transactions ¢MDE ..
S Y V- (priority), the load of the system (resource use).
oureey Admission Precision .
S(;l.x.r;:qn Controller Controller @ The precision manager:
) i e it eliminates update transactions which try to write data (d;) with
Update Transactions Y Dispatched
Stream; L = ————a|Transaction Handler an error DE; < MDE,
o e M [ cc | BS e otherwise the new value of d; is updated,
reamny, el . . .
LSRR e in all cases the timestamp of d; is updated,
locked e its goal is to reduce the load of the system in terms of execution of
Block Oueue update transactions,

e it increases or decreases the value of MDE depending on the AU
returned by the controller use.
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The global model
Discussion

The global model

Feedback Control Scheduling Architecture
Discussion

Feedback Control Scheduling Architecture

The transaction manager (3/4) Resume about the Feedback Control Scheduling Architecture

@ The monitor:
e it measures the number of transactions that ended before theirs @ In input, we have parameters of quality of service specified by the
deadline, ending prior to maturity or that fail to meet their deadline, DBA.
o it take its measure from the transaction handler, Item it sends the
measures it has done to utilization controller.

@ The utilization controller:

e available information provided by the instructor,

o it makes computations on the use of the system that allows it to
detect transients overload (too many transactions that fail to meet = ltis not necessary to have a specific model of the load of the
their deadline, for example) system over time.

o it looks at CPU load of the system,

e it makes a final computation to determine AU (the difference
between the current utilization and the reference value) that will
affect the quality of data manager.
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The global model
Discussion

@ Recomputing the parameters of the quality of service according
to the runtime and the references parameters of the systems.

= Creating a feedback loop to control the behavior of the RTDB
during overload period of the systems.

= It leads to a dynamic stabilization system according to the load
and the available resources.
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The global model

Feedback Control Scheduling Architecture . X
Discussion

Feedback Control Scheduling Architecture

Advantage and Inconvenients of the global model

The transaction manager (4/4)

@ The quality of data manager: @ guarantees a set of requirements on the RTDB behavior
o it will increase or decrease the quality of the data based on the .
. . L . @ provides a QoS guarantee

use of the system (in overload periods, it will decrease the quality y
of data) :

o it affects user transactions admitted in the system by the
admission controller but also on the execution or not of the update @ when a higher priority transaction uses the data item,
transactions, transactions with lower priority will be blocked

e it recomputes MDE in order to decrease or increase the number of
update transactions that will be executed,

e it calculates a new AU from that's one provided by the utilization @ this may lead transactions to miss their deadline
controller and its own internal changes,

e the new value of AU is transmitted to the admission controller.

@ FM blocks user transactions if the accessed data is stale

To address this problem and to aleviate this risk, we propose
Multi-Versions Data Feedback Control Scheduling Architecture .
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Multi-Versions Data - Feedback Control Scheduling Architecture

Architecture
Results

Feedback Control Scheduling Architecture

Multi-Versions Data - Feedback Control Scheduling Architecture

Architecture
Results
Benefits of MVD-FCSA
Multi-Versions Data - Feedback Control Scheduling
Architecture: 3 approaches (1)
Miss Percentage
¢ AU CPU Utilization
AUpew L o :
Approach n°1: MVD with fixed number of data versions
User Transactions @ We keep all data values that correspond to different versions of
S
Sourcey Admission Precision e the same data item.
S().l.l;‘;)q.n Controller Controller
A ‘ @ The maximum number of versions is limited and is fixed in
Update Transactions + Dispatched

Streamy Transaction Handler

e O M [ cc [ Bs
Streany, Sy Qe Abort/Restart/Preempt

locked
Block Queue
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Multi-Versions Data - Feedback Control Scheduling Architecture

Real-Time Databases and Multimedia Systems
Architecture
Results

advance by the DBA according to QoS requirement level.

Benefits of MVD-FCSA
Architecture

Architecture
Results
Multi-Versions Data - Feedback Control Scheduling Architecture
Multi-Versions Data - Feedback Control Scheduling
vt/ Su
l G oSt Hspend
Scheduler

Benefits of MVD-FCSA
Multi-Versions Data - Feedback Control Scheduling
Architecture: 3 approaches (2)
Transactions
Handler Finished
Transactions
Deadline | 5| Freshness MRV Concurrency
m Controller Manager Controller
oo = /L s
Ready Queue Transactions LI
y ‘ ;
D ARRaEn

y N
\
Real-Time,Data Access N
i

versions
\

Bloqued Transaction

— Transactions

- - - Real-Time Data

Approach n°2: MVD with dynamically adjusted number of data

Real-Time Data Manager

@ We adjust dynamically the number of data versions.

@ For each data, a queue of versions is maintained.
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@ The queue is continually updated in order to limit the number of

data versions by removing/adding versions, based on both data
freshness and MDE criterion

Real-Time Databases and Multimedia Systems

v
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Architecture Architecture

Results Results
Multi-Versions Data - Feedback Control Scheduling Architecture Benefits of MVD-FCSA Multi-Versions Data - Feedback Control Scheduling Architecture Benefits of MVD-FCSA

Multi-Versions Data - Feedback Control Scheduling Experiment 1: Results of Multi-Versions Data - Feedback

Architecture: 3 approaches (3) Control Scheduling Architecture

Approach n°3: Mixed approach

@ We merge the two last approaches: the number of data versions
is dynamically adjusted and does not have to exceed the fixed
threshold representing the number of data versions.

60

60

Success ratio
Success ratio

40 40
- One data version

- Two versions

- Four versions 1 20
- Number of versions dynamically adjusted

- One data_version

Two versions

Four versions

Number of versions dynamically adjusted

20

@ We have considered in the same time a threshold representing

the database Size. éo 4‘0 éo éo 160 o éo 4‘0 éo éo 160
Number of update transactions Number of user transactions
e A data |tem will be added Only if |tS VerSion numbel‘ |S |0Wer than (a) For update transactions (b) For user transactions

the maximum database size.

Simulation results for the Multi-Versions Data - Feedback Control
Scheduling Architecture.
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Architecture
Results
Multi-Versions Data - Feedback Control Scheduling Architecture Benefits of MVD-FCSA

Architecture
Results
Multi-Versions Data - Feedback Control Scheduling Architecture Benefits of MVD-FCSA

Parameters of Simulation

Experiment 2: Varying the threshold of database size using
the mixed approach of MVD-FCSA (1)

Parameter Meaning Value
NbOfOperations | Number of operations in a user transaction [1,5] s 13
OpExecTime Execution time of an operation 1s ol E w0
Period; Periodicity of update transaction [1000ms, 5000ms] -
DBsize Database size 300 g o g ooy e TR ;
; 40 § 40 Tem—
Threshold of Database = 500 - --—+-—- Threshold of Database = 500
Simulation Parameters 20| 5T Thvesheld of Daiabace - 1000 ] ol =5 mEcnniao-
0 0
We have evaluated the behavior of the system by varying a set of R N 2 e
parameters: (c) Update transactions (d) For user transactions
@ The threshold of data versions number Simulation results when using the mixed approach of MVD-FCSA
© The threshold of database size (maximum number of versions = 4) and varying the threshold of
© The number of transactions database size.
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Architecture
Results

Multi-Versions Data - Feedback Control Scheduling Architecture Benefits of MVD-FCSA

Multi-Versions Data - Feedback Control Scheduling Architecture

Experiment 2: Varying the threshold of database size using

Experiment 3: Varying the threshold of data versions

the mixed approach of MVD-FCSA (2) number (2)

Success ratio
Success ratio

Success ratio
Success ratio

40

40

~—+— Thresold of database = 500
~-x- Thresold of database = 750

- Threshold of Database = 500

- Threshold of Database = 750 -+ Four versions -+ Four versions

20 --*-- Thresold of database = 1000

20 40 60 80 100
Number of update transactions

(e) For update transactions

-—*-—- Threshold of Database = 1000

20 40 60 80
Number of user transactions

(f) For user transactions

100

20

*-— Six versions

20 40 60 80 100
Number of update transactions

(i) For update transactions

20

x—— Six versions

20 40 60 80 100
Number of user transactions

(j) For user transactions

Simulation results when using the mixed approach of MVD-FCSA
(maximum number of versions = 6) and varying the threshold of
database size.
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Architecture
Results
Benefits of MVD-FCSA

Simulation results of using the mixed approach of MVD-FCSA: varying
the number of versions and the threshold of database size 1000.

Architecture
Results

Multi-Versions Data - Feedback Control Scheduling Architecture Benefits of MVD-FCSA

Multi-Versions Data - Feedback Control Scheduling Architecture

Benefits of Multi-Versions Data - Feedback Control
Scheduling Architecture

Experiment 3: Varying the threshold of data versions
number (1)

100 100 MVD-FCSA allows:
% % @ to decrease the deadline miss ratio,
g g e @ to guarantee the accessed data freshness by timely transactions
m o m © even in the presence of unpredictable workloads,
| e ol SRR © the data used by committed transactions to always be 100% fresh
1 | | | | L | | ‘ ‘ (at commit time),
Y emrnrrre S S © to guarantee the QoD and the QoT: quality of data (precision and

(9) For update transactions (h) For user transactions freshness) and quality of transaction are enhanced by alleviating
the risk of transaction miss deadline, and therefore to enhance

Simulation results of using the mixed approach of MVD-FCSA: varying the QOS.

the number of versions and the threshold of database size 500.
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My current research

Conclusion and future work Conclusion and future work

Future work My current topics of research

@ Quality of service in Real-Time Database.
o Use of Multi-Version Data to improve Quality of Service in
We plan to: Real-Time Databases (with a PhD student: Emna Bouazizi).
e Management of Real-Time Derived Data in Feedback Control

Scheduling (currently a graduate student is developing a
@ Manage derived data in MVD-FCSA. simulator).

@ Apply QoS approach and FCSA to distributed multimedia system. @ Quality of service in Multimedia Systems (with a PhD student:
Bechir Alaya and a graduate student is developing a simulator).

@ Consider other aspects to study different components of FCSA.

@ Structural Model for Real-Time Databases (with a PhD student:
Nizar |doudi).
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