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A transaction is a program including a collection of database operations, executed as a

logical unit of data processing. The operations performed in a transaction include one or more
of database operations like insert, delete, update or retrieve data.

« read_item() — reads data item from storage to main memory.
« modify_item() — change value of item in the main memory.

o write_item() — write the modified value from main memory to storage.

Transaction Operations

The low level operations performed in a transaction are —

begin_transaction — A marker that specifies start of transaction execution.

read_item or write_item — Database operations that may be interlcaved with main
memory operations as a part of transaction.

end_transaction — A marker that specifics end of transaction.

commit — A signal to specify that the transaction has been successfully completed in
its entirety and will not be undone.
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Iback — A signal to specify that the transaction has been unsuccessful and so all

temporary changes in the database are undone. A committed transaction cannot be
rolled back.

Desirable Propertics of Transactions

Y transaction must maintain the ACID properties, viz. Atomicity, Consistency, Isolation,
and Durability.

* Atomicity — This property states that a transaction is an atomic unit of processing,
that is, either it is performed in its entirety or not performed at all. No partial update

should exist.

. Consistcncy — A transaction should take the database from one consistent state to

another consistent state. It should not adversely affect any data item in the database.

* [Isolation — A transaction should be executed as if it is the only one in the system.
There should not be any interference from the other concurrent transactions that are

simultaneously running.

* Durability - If a committed transaction brings about a change, that change should be

durable in the database and not lost in case ot any fatlure.

States of a transaction
Active: Initial state and during the execution
Partially committed: After the final statement has been executed
Committed: After successtul complction
Failed: After the discovery that normal exccution can no longer proceed
Aborted: After the transaction has been rolled back and the DB restored to its state

prior to the start of the transaction. Restart it again or kill it.
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1.Concurrency Control

Concurrent Execution in DBMS v v
1.In a multi-user system, multiple users can access and use the same >~ R
database at one time, which is known as the concurrent execution \_, _/
of the database. \_ J
2.While working on the database transactions, there occurs the
requirement of using the database by multiple users for performing
different operations, and in that case, concurrent execution of the
database is performed.
3.The thing is that the simultaneous execution that is performed
should be done in an interleaved manner, and no operation should
affect the other executing operations, thus maintaining the
consistency of the database.



1.Concurrency Control

Concurrency Control

Concurrency Control is the working concept that is required for controlling and
managing the concurrent execution of database operations and thus avoiding the
inconsistencies in the database. Thus, for maintaining the concurrency of the
database, we have the concurrency control protocols.

Concurrency Control Protocols

Lock Based Concurrency Control Protocol
Time Stamp Concurrency Control Protocol
Validation Based Concurrency Control Protocol




2.Lock-Based Protocol

In this type of protocol, any transaction cannot read or write data until it acquires
an appropriate lock on it. There are two types of lock:

1. Shared lock:

[t is also known as a Read-only lock. In a shared lock, the data item can only read
by the transaction.

[t can be shared between the transactions because when the transaction holds a
lock, then it can't update the data on the data item.

2. Exclusive lock:

In the exclusive lock, the data item can be both reads as well as written by the
transaction.

This lock is exclusive, and in this lock, multiple transactions do not modity the
same data simultaneously.

Made with VISME



2.Lock-Based Protocol

1. Simplistic lock protocol:

[t is the simplest way of locking the data while transaction.
Simplistic lock-based protocols allow all the transactions to get
the lock on the data before insert or delete or update on it. It will
unlock the data item after completing the transaction.



2. Pre-claiming Lock Protocol
Pre-claiming Lock Protocols evaluate the

transaction to list all the data items on which they
need locks.

Lock 1s attained

Lock is releasec
Before initiating an execution of the transaction, it

requests DBMS for all the lock on all those data
items.

If all the locks are granted then this protocol allows T Besin TEnd tn
the transaction to begin. When the transaction is & e
completed then it releases all the lock.

[f all the locks are not granted then this protocol

allows the transaction to rolls back and waits until
all the locks are eranted.




2.L.ock-Based Protocol

3. Two-phase locking (2PL)
The two-phase locking protocol divides the

execution phase of the transaction into three parts. : :
. . . Lock 1s attained
In the first part, when the execution of the

transaction starts, it seeks permission for the lock it
requires.

In the second part, the transaction acquires all the
locks. The third phase is started as soon as the _
transaction releases its first lock. Istart
In the third phase, the transaction cannot demand

any new locks. It only releases the acquired locks.

Lock 1s releasec

—

TEnd

time



3. Two-phase locking (2PL)

There are two phases of 2PL.:

Growing phase: In the growing phase, a new lock on the data item may be
acquired by the transaction, but none can be released.

Shrinking phase: In the shrinking phase, existing lock held by the transaction
may be released, but no new locks can be acquired.

In the below example, if lock conversion is allowed then the following phase
can happen:

1.Upgrading of lock (from S(a) to X (a)) is allowed in growing phase.
2.Downgrading of lock (from X(a) to S(a)) must be done in shrinking phase.

Made with VISME



3. Timestamp Ordering Protocol

The Timestamp Ordering Protocol is used to order the transactions based on their
Timestamps. The order of transaction is nothing but the ascending order of the

transaction creation.
The priority of the older transaction is higher that's why it executes first. To

determine the timestamp of the transaction, this protocol uses system time or

logical counter.

Let's assume there are two transactions T1 and T2. Suppose the transaction T1 has
entered the system at 007 times and transaction T2 has entered the system at 009

times. T1 has the higher priority, so it executes first as it is entered the system first.

The timestamp ordering protocol also maintains the timestamp of last 'read' and
'write' operation on a data.

Made with VISM




3. Timestamp Ordering Protocol

Advantages and Disadvantages of TO protocol:
TO protocol ensures serializability since the precedence graph is as follows:

DBMS Timestamp Ordering Protocol
TS protocol ensures freedom from deadlock that means no transaction ever waits.
But the schedule may not be recoverable and may not even be cascade- free.

Made with VISME



4.Validation Based Protocol

Validation phase is also known as optimistic concurrency control technique.

1. Read phase:

2. Validation phase

3. Write phase

Start('T1):

It contains the time when Ti started its execution.

Validation ('T1):

It contains the time when Ti finishes its read phase and starts its validation phase.
Finish('T1):

It contains the time when Ti finishes its write phase.

TS(T) = validation(T).




Serializability in distributed database :

In a system with a number of simultaneous transactions, a schedule is the total order of

execution of operations. Given a schedule S comprising of n transactions, say T1, T2,

T3........... Tn; for any transaction Ti, the operations in Ti must exccute as laid down in the
schedule S.

Types of Schedules
There are two types of schedules —

« Serial Schedules — In a serial schedule, at any point of time, only one transaction is

active, i.e. there is no overlapping of transactions. This is depicted in the following

graph —

¥ 3

chions

Ireinisa
v
v
A 4

v

Time

Figure 3.7 Serial Schedules
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* Parallel Schedules
' N ‘. ‘. i Are > yC >
les — In parallel schedules, more than one transactions arc active
transactions cont
depicted in the following graph —

simultancously, i.c, the [ [
\ . the din operations that overlap at time. This is

4

Figure 3.8 Parallel Schedules

Conflicts in Schedules

In a schedule comprising of multiple transactions, a conflict occurs when two active

transactions perform non-compatible operations. Two operations are said to be in conflict,
when all of the following three conditions exists simultaneously —

 The two operations are parts of different transactions.

Both the operations access the same data item.
At least one of the operations is a write_item() operation, i.c. it trics to modify the
data item.

Serializability

A serializable schedule of ‘n’ transactions is a parallel schedule which is equivalent to a

serial schedule comprising of the same ‘n’ transactions. A serializable schedule contains the

correctness of serial schedule while ascertaining better CPU utilization of parallel schedule.
Equivalence of Schedules

Equivalence of two schedules can be of the following types +

o Result equivalence — Two schedules producing identical results are said to be resuit
cquivalent.

o View equivalence — Two schedules that perform similar action in a similar manner
are said to be view cquivalent.

o Conflict equivalence — Two schedules are said to be conflict equivalent if both

contain the same set of transactions and has the same order of conflicting pairs of
operations.
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Concurrency Control Techniques

« The concurrency control mechanisms can be divided into two broad
classes:

» Pessimistic concurrency control methods
« Optimistic concurrency control methods

e These mechanisms are used to remove read-write and write- write
operations conflicts of concurrent transactions.



Concurrency Control

Optimistic concurrency control (OCC) is a concurrency
control method that assumes that multiple transactions can
complete without affecting each other, and that therefore
transactions can proceed without locking the data resources that
they affect.

» Before committing, each transaction verifies that no other
transaction has modified its data.

* If the check reveals conflicting modifications, the committing
transaction rolls back. Optimistic concurrency control was first
proposed by H.T. Kung

Distributed Database Systems



Concurrency Control

* Pessimistic concurrency control (or pessimistic locking) is called
"pessimistic" because the system assumes the worst

* It assumes that two or more users will want to update the same record
at the same time, and then prevents that possibility by locking the
record, no matter how unlikely conflicts actually are.

* The locks are placed as soon as any piece of the row is accessed,
making it impossible for two or more users to update the row at the
same time.

Distributed Database Systems



Concurrency
Control
Algorithms

Pessimistic Optimistic
" Timestamp . . Timestamp
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|| Primary Multiversi
Copy ultiversion
L Distributed Conservative

Fig. 11.4 Classitication of Concurrency Control Algorithms




Locking-Based Concurrency Control Algorithms

* Ensures that a data item that is shared by conflicting operations is
accessed by one operation at a time.

* This is accomplished by associating a “lock” with each lock unit

* This lock is set by a transaction before it is accessed and is reset at the
end of its use.

* A lock unit cannot be accessed by an operation if it is already locked
by another.



Locking-Based Algorithms

* Transactions indicate their intentions by requesting locks from the
scheduler (called lock manager).

* Locks are either read lock (#/) [also called shared lock] or write lock
(wl) [also called exclusive lock]

* Read locks and write locks conflict (because Read and Write
operations are incompatible

* Locking works nicely to allow concurrent processing of transactions.



Locks Modes

Two locks modes (a) shared (read) and (b) exclusive (write).

* Shared mode: shared lock (X). More than one transaction can apply share lock
on X for reading its value but no write lock can be applied on X by any other
transaction.

* Exclusive mode: Write lock (X). Only one write lock on X can exist at any time
and no shared lock can be applied by any other transaction on X.

Read Write
Conflict matrix b
b Y N
a.
§ N N
o



Two-Phase Locking (2PL)

© A Transaction locks an object before using it.

® When an object is locked by another transaction, the requesting
transaction must wait.

© When a transaction releases a lock, it may not request another lock.

Lock point :
Obtain lock

A

4 [ Release lock

v

Y

il L

Phase 1 Phase 2
BEGIN END

No. of locks

4




Strict 2PL

Hold locks until the end.

w
-é y TObtain lock
Hé' . ' lRelease lock
O ]
Z )
A
BEGN L JEND T [t
period of
data item

use



Centralized 2PL

* There is only one 2PL scheduler in the distributed system.
* Lock requests are issued to the central scheduler.

Data Processors at
participating sites Coordinating TM Central Site LM




Distributed 2PL

* 2PL schedulers are placed at each site. Each scheduler handles lock
requests for data at that site.

* A transaction may read any of the replicated copies of item x, by

obtaining a read lock on one of the copies of x. Writing into x requires
obtaining write locks for all copies of x.



Distributed 2PL Execution

Coordinating TM Participating LMs  Participating DPs
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Time and time stamps in a distributed database

ansaction. They are

Timestamp is a unique identifier created by the DBMS to identify a tr i Tow e

usually assigned in the order in which they are submitted to the $y5t§11j1-l iy
timestamp of a transaction 7 as TS(T). For basics of Timestamp you may reier nere.

Timestamp Ordering Protocol —
umy ‘ ; , ir Timestamps. A
The main idea for this protocol is to order the transactions based on their Timestamp

schedule in which the transactions participate is then serializable and the only eqzuva/_eﬂti
serial schedule permitted has the transactions in the order of their Timestamp Values. Stat{llc .
simply, the schedule is equivalent to the particular Serial Order correspondmg to the or(/e‘/' O{
the Transaction timestamps. Algorithm must ensure that, for each items accesscc
by Conflicting Operations in the schedule, the order in which the item is accessed does not
violate the ordering. To ensure this, use two Timestamp Values relating to each databasc
item X,

o W_TS(X) is the largest timestamp of any transaction that
executed write(X) successfully.

* R_TS(X) is the largest timestamp of any transaction that
executed read(X) successfully.
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Timestamp Concurrency Control Algorithms

identifier given by DBMS to a transaction that represents the transaction’s start time

These algorithms ensure that transactions commit in the order dictated by their timestamps

An older transaction should commit before a younger transaction, since the older transaction
enters the system before the younger one.

Timestamp-based concurrency control techniques generate serializable schedules such that

the equivalent serial schedule is arranged in order of the age of the participating transactions.

Some of timestamp based concurrency control algorithms are —

Basic timestamp ordering algorithm.

Conscrvative timestamp ordering algorithm.

Multiversion algorithm based upon timestamp ordering.

Timestamp based ordering follow three rules to enforce serializability —



COORS Vs e , '
o Access Rule= When two transactions try to access the same data item
simultancously, tor contlicting operations, priority is given to the older transaction.

This causes the younger transaction to wait for the older transaction to commit first.

« Late Transaction Rule — If a younger transaction has written a data item, then an
older transaction is not allowed to read or write that data item. This rule prevents the
older transaction from committing after the younger transaction has alrcady

committed.

b4 ~ . . . .
* Younger Transaction Rule — A younger transaction can read or write a data item

that has already been written by an older transaction.

Basic Timestamp Ordering —
Every transaction is issued a timestamp based on when it enters the system. Suppose, if an
old transaction Tj has timestamp TS(T), a new transaction Tj is assigned timestamp TS(T))
spch that TS(Ti) < TS(Tj).The protocol manages concurrent exccution such that the
timestamps determine the serializability order. The timestamp ordering protocol ensures that
any Conf.licting read and write operations are exccuted in timestamp order. Whencver some
Tran§act10n T tries to issuc a R_item(X) or a W_item(X), the Basic TO algorithm comparces
11}@ timestamp of T with R_TS(X) & W_TS(X) to ensure that the Timestamp order is not
violated. This describe the Basic TO protocol in following two cases.

|. Whenever a Transaction Tissues a W_item(X) operation, check the following

conditions:

e IfR _TS(X) > TS(T) or it W_TS(X) > TS(T), then abort and rollback T and reject
the opcration. clsc,
« Exccute W_item(X) operation of T and sct W_TS(X) to TS(T).
2 Whenever a Transaction Tissues a R_item(X) operation, check the following
conditions:

o IfW_TS(X) > TS(T), then abort and reject T and reject the operation, else

If W_TS(X) <= TS(T), then exccute the R_item(X) operation of T and set
R_TS(X) to the larger ol TS(T) and current R_TS(X).

Whenever the Basic TO algorithm detects twp conflicting operation that occur in incorrect
order, it rejects the later of the two operation by aborting the Transaction that issued it.
Schedules produced by Basic TO are guaranteed to be conflict serializable. Already
discussed that using Timestamp, can ensure that our schedule will be i

One drawback of Basic TO protocol is that it Cascading Rollbackis still possible. Suppose
and T has uscd a value written by Ti. 1Ty is aborted and
T must also be aborted and rolled back. So the problem of

we have a Transaction T
resubmitted to the system then,
Cascading aborts still prevails.

Let’s gist the Advantages and Disadvantages of Basic TO protocol:

« Timestamp Ordering protocol cnsures serializablity
« Timestamp protocol ensurcs freedom from deadlock as no transaction cver w aits.
. But the schedule may not be cascade free, and may not even be recoverable.

Optimistic Concumency Control Algorithm




In systems with low conflict rates, the task of validating every transaction for scrializability
may lower performance. In these cases, the test for serializability is postponed to just before
commit. Since the conflict rate is low, the probability of aborting transactions which are not

serializable is also low. This approach is called optimistic concurrency control technique.
In this approach, a transaction’s life cycle is divided into the following three phases —

» Execution Phase — A transaction fetches data items to memory and performs
operations upon them.

 Validation Phase — A transaction performs checks to ensure that committing its

changes to the database passes serializability test.

» Commit Phase — A transaction writes back modified data item in memory to the
disk.

This algorithm uses three rules to enforce serializability in validation phase —

Rule 1 — Given two transactions T and Tj, if T; is reading the data item which Tj is writing,
then Ti’s execution phase cannot overlap with T;’s commit phase. Tj can commit only atter

T; has finished execution.

Rule 2 — Given two transactions Tiand Tj, if T is writing the data item that T; is reading,
then Ti’s commit phase cannot overlap with Tj’s execution phase. Tj can start executing only

after T; has already committed.

Rule 3 — Given two transactions Tiand Tj, if Tiis writing the data item which Tjis also
writing, then Ti’s commit phase cannot overlap with Tj’s commit phase. Tjcan start to

commit only after T; has already committed.



OPTIMISTIC CONCURRENCY CONTROL

Disadvantages of|lock-based Scheme :

* Lock maintenance represents an overhead to systems that do not support
concurrent access to shared data

* The use of lock can result in deadlock.

» Deadlock prevention reduces concurrency severely.

* The use of timeout and deadlock detection is not ideal for interactive
programs.

* To avoid cascading aborts, locks cannot be released until the end of
transaction. This may reduce the potential for concurrency



OPTIMISTIC CONCURRENCY CONTROL

Concurrency control is a concept that is used to address conflicts with the simultaneous
accessing or altering of data that can occur with a multi-user system.

Optimistic concurrency control (OCC) is a concurrency control method applied to
transactional systems.

The alternative a&roach is ‘optimistic’ because it is based on the observation that, in most
applications, the likelihood of two clients’ transactions accessing the same object is low.

OC% as?‘umes that multiple transactions can frequently complete without interfering with
each other.

Each transaction has the following phases:
@ Working Phase
e Validation Phase
e Update Phase



OPTIMISTIC CONCURRENCY CONTROL

Working Phase: A transaction fetches data items to memory and performs operations upon
them.

Each transaction has a tentative version of each of the objects that it updates.
This is a copy of the most recently committed version of the object

Validation Phase: When the closeTransaction() request is received, the transaction is validated
to establish whether or not its operations on objects conflict with operations of other
transactions on the same objects.

Update Phase: If a transaction is validated, all of the changes recorded in its tentative versions

are made permanent.

Working Validation Update

ho 1 Il lll




OPTIMISTIC CONCURRENCY CONTROL

validation rules are

Working  [Valdaton  Updjte
™ Ti Rule
h  w— - Earfier commutied
write read |1. Ti must not read objects written by Tv ransachions
([ —————— e
read |write |2. Tv must not read objects wriiten by Ti Ao ) - =)
ey Lo I —
vaidated
write write | 3. Ti must not write objects written by Tvand Tv bene
must not write objects written by Ti v [
) e

Two types of Validation,

@ Backward Validation

® Forward Validation



OPTIMISTIC CONCURRENCY CONTROL

validation rules are

™ Ti Rule | |
h( —————— Earfer commatied
write read |1. Ti must not read objects written by Tv h Iransactions
[ T —

read |write | 2. Tvnust not read objects written by Ti Ao = =

L‘w R I I ]
write wnte | 3. Ti must not write objects written by Tv and Tv

must not write objects written by Ti Kt [
Later actrve -

Two types of Validation,

@ Backward Validation

e Forward Validation



OPTIMISTIC CONCURRENCY CONTROL

validation rules are

™ Ti Rule
A\t E — Earfier commitied
|wril.-| read l 1. Ti must not read objects written by Tv ransachions
! L I =
read i 2. Tv must not read objects written by Ti B I =
Transaction
— validutad o T =
write  [write | 3. Ti must not write objects written by Tv and Tv beng
must not write objects written by Ti acove [
Later active ¢

Two types of Validation,

read - write Abort |

e Backward Validation

write -read  Wait ; apon

e Forward Validation




DEADLOCK

* [tis a situation in which two or more transactions depend on something.

ransaction T1 Transaction T2

request request




DEADLOCK

* Four conditions for deadlock:
Mutual exclusion condition

Process P | Resource RY




DEADLOCK

e Hold and Wait condition

Resource R1

Asocated
Alocated Reg.est
Process P2 Resowrce R) Process P




DEADLOCK

* No preemption condition

Alocated

'
Process Pl

Resource R]




DEADLOCK

* Circular wait condition: There must exist a set
of processes

[pl, p2, [, pn] such that pl is waiting for p2, p2
for p3, and so on .

Deadlock can be handled using two techniques:

1. Deadlock prevention 2. Deadlock detection
and deadlock recovery

Two techniques used for deadlock prevention
1)Wait-Die 11)Wound-Wait




DEADLOCK

Wait/Die
* Older transaction waits and the younger 1s
rolled back and rescheduled.

Wound/Wait

 Older transaction rolls back the younger
transaction and reschedules it.



DEADLOCK

Wait/Die and Wound/Wait

Transaction Transaction owning | Wait/Die scheme Wound/Wait
requesting lock lock scheme

T1(12343465) T2(23454665) *T1 waits until the  *T1 preempts (rolls
T2 is completed back)T2
and T2 releases its  *T2 is rescheduled
lock using the same
timestamp

T2(23454665) T1(12343465) *T2 dies(roll back)  *T2 waits until T1
*T2 is rescheduled  is completed and

using the same T1 releases its locks
timestamp




DEADLOCK

* Example
REQUEST REQUEST
Ts=5 T$= 10

b E
__




DEADLOCK

Deadlock Detection

Deadlock detection is done using wait for graph

This graph is created based on the transaction and their lock.

If the created graph has a cycle or closed loop, then there is a deadlock.
G=(V,E)

Example
R(A)
R(A)
W(A)
R(B)
W(A)

W(B)




DEADLOCK

* Three rules for designing the wait-for graph:

1. TI has read operation and T2 has write operation then draw an edge
T1---->T2

2. TI has write operation and then T2 has read operation draw an edge
T2---->T1

3. TI has write operation and T2 has read operation then draw an edge
T1---->T2

Lets draw Wait-for graph

Stepl : Draw vertices for all the transactions



Step 2:

DEADLOCK

T2

R(A)

W(A)



Step 3:

DEADLOCK

1
R(A)

—

W(B)

T2

_R(A)

WI(A)




DEADLOCK

* Acycle is detected in the wait for graph.
* Deadlock is present in this transaction scenario.




CeT— B dditional Answer Sheet
D,_gmoo&e& DBRS zelabilty %

& sdisble dlms  te Ona._“HqO:" GERed i,
I Procey) VS es 912%534-3 even wl«u,«u e uncn.b—&g«nj

3%5@/\ 18 Q«LQLCLLM T othasiody | Ve Fhe @rmpoen
0{ e Ashibded w“b”j enviveameat Fall ) a
WM,L dishitudel. ding  Should be akl o i
erecudng  Vsesy ;WB wv%ouff volakiag - dpdalate

Qmml&«ag .

o k&LQLI h"-a :C“fw’kﬂllf A#\OQ ng,ug(” (g '—mnqm—uﬂ-“l
Sﬁ’jm Sm W A ’ﬂ’u- d?m{— °F e Skare. thid,

' B IQQOV‘(CQ"' 1S au evyav

| ﬂesdb

Saia § Bark Lm&ﬂa o *’?WW
:lﬁy‘

mk% »}D o Szé__m ol Consisks of

%M Iq ?fov»im Heyprde.
g%w ts lacd. o i




= ey devichion of o Sphenc Aom i belyy, )

@\eSCwLCcQ M Hie SP@C\%CJ\M 'S (BVL?,CQ@(Q‘Q as
Tasllwe.

) We diffsencibe bl s Cov Saudks aaa@ailww}

That ase Pesrananual 0ad  Huse tse. ot Pesymaaent

, "fl‘yqu O«f— '7E€LMLB ;
r> Pasd  Sall- —) VPes manenl % Vo ste ekl
CLLWﬁL ta e Lehavioav ofy,

) Sof b faud - Sygtem . —Camre
[_/) r P@/lmneml' 19V
Inkot ettentand. Lrpessmeconl—

Hansient faulb et luse

\MS"&L[L,
¢ (Wi venentn - quwu\(n" ] '
evvoV .

OPQ\{O\*W
m \g}akb /

a@)&&@c g MaLil iy
BN \HB 9/’51@03 4o The ?VOLcLLdtL; ot ’”46. 93‘4*&14 \I‘Ju,
CVWQ\&Q)—*{O&‘\M ({oe,g (10{" €Wénae/ OMd %M 1 cxﬁq’\/m :
AHoe Jatestyal, Thig IS 4\}47.@&5 ysed  fo OIC_JCV'AC jjf}(f"’f



| AQUILONIal ANISWer oneet

Kt&ajof&-):j of o Sad"’(.m 2(,{—) Mﬂd 2y

R(¢) - wzo v tore Lo £ o fodlues d+=07
J.,f— W¢_ ABume o S tlusesg fpa\loub ¥4 P6iSSom &Sﬁ%\.&%
Ahi's ‘D‘LG-‘QJ-LCM STRE

K(H’ P B B R L [o,bjf
Uﬂcﬂm ’nu_. Sam& assm,ig";)wj

. | —m (+) X
r’?\ {_Z\ ‘ﬁu‘f ; M )-HM-L. [O)é]} = < [M“')]
EQ ! i
LLM(, M(( fZCu') ol,,L Hese Z(£). 1S tSo!wL ag S
ozand "KLVJC‘,\M A

L\.LCL.» 2’!\/&& "H«w_, -—hmc, FW P e
sede  of the  Lpeplf. [l.oad,baw_, Compmm+

\ ,.,W-_ R T ——— p—
’ g m‘qﬂ

6{77(@#& (Mzmt.[ vwmge;/ o{~ felluswy  1a "-\”’-L—[O E]

L’ij = )<£_ e ) Hi{ﬂ:&)_)K Losip
> K :

s

{
e () (EU(JY:M(E)
Gn be Witlen oy | 7

Y (+)

dashibihoc




——*

yone Lehaeew tfci}i_ma/ Mt Tie o 1aﬂfoia

3>Mcom )
T
Nean Tioe behocen Fatley QHBF) s The GWCCM Foe
1 WUMM\
] fal ja o ngj'/-an (H’l,, %Q/?am
N‘TBFZ/ | ﬂ[k)o& HLB )'5 (14/1@ 5())&“'640 Hore.
RN b el a fallof) Sysenm
A = MTRF 2‘467&&@@%%@@3‘%
S a8 MTBF 13 welakal —4oHe
Loilise swake.

—9 A Sysdem  fuiluswy ch Lo ladeat ) ha Sk o Hailise

i c
’ W’C% olebected Some Haoe  afbest 1K 0 usance |
/hsw;e:aoA (S called Epor Lmlmgj ol T OVEOZ,
g
o Y Aime ot a o oof idedbial Spghems 1S @l

Mean Fone o OecFed— (NTTD)

«—————— MTBF S50
] |
; |
| ' ' :
{ &P MTTR——— ‘,
( ( ) A '
( " | | ! —\
—_— . \ ‘1 \ D V1
F g FvvoY DCM‘ /\/f ‘ >
S (c\g\se} o(} “ XOFCLALY Faull
occoo! e Sk ey
W
Mudh ,9’& evWoIS Cau\ﬁel
can O(Cw/AM;“j
g Pevted -
K vsane 9 ;( Fvenrs oven TNoe

s
e




TKR COLLEGE OF ENGINEERING & TECHNOLOGY@

Additional Answer Sheet

Foull Tsuce {a Dishibake Sphens
N 4 aue Funcenig

i b
ALl HB of & Syt
Lesluser ( Pas il Fatluse)

QO(L 3 /MJ'/L
Faudk Tolestamce 1S fiedos 18 Py ot |

eaksed o dishibubed  Sprems:
[y 18 ou:%ﬂ oy Hhe property

]

of &
- T &/e/vd’*

A\OJ9~‘; ° A\/Oi\l\ﬂ':t . a*'
O P‘V%—-\—-‘:z . " %mmj i d(able o tlg use
tohese e 75
e
O\Mﬁ Mcxeoo\ ey Y P‘“/’@'f‘j‘j

Foilww . ] e
Safely 18 bl o o PP jped
3) Sf}jib '?/ : S@fé /Ia/om uﬂau_,\l,'ov,a
M Syt an. T
¢ Logluse oCcusY
S L Howidoving Syttems P light @bl
Hen V’/? mS§,
ha“ﬁlh) — Pa
Syptems | Bankiag Sestvices EXC |

Re (0w phases
uy Leshilokel S5
4) Assessmeat™

) Foulk Defeckion
‘ 2) Taulk  Diagnesis \y ) ZeCc\/ew(j.
3) Gvideme Genpudioc




5‘4' [l U i ;

[ \

[
/ i HM""'HI )hmﬂ an;mn/

[MW‘*\“"'“\ /‘ , ﬁ:ﬂ'l‘lazfﬁ./ﬁel)

“ l H’ll“ “"!'F"",‘n' i; | ”“" ,Mgw’ “m mn ”” ,w“’ ‘ ”/‘H‘W
.\"Iww |1y Q'w’f“m y’ HWH‘ ’Mﬂﬂ fFH‘HW“"'M‘/‘ I
G L‘g"‘m ”ﬂ[l' f”a“l{ﬂ 'N" N’l ”” ’”Vﬁd ’dA

e " HHD(M-MW

m”«
_— IMIH’.\H NMI”[’)L;('.'!-W T )
aul\a () "IHMJMIIM

Pmu“& fan e IMI'L
failursis ;)i Jitlos,

Ntadoug  HeniA !

m\.l ,.S"m '( hiue

e ) T A ado O

bor &1 )’Lum [§ = didocl Vim,

| ‘ R ¥ Lﬁlr
fanlls 04 fon WH 0O L1 A0 Vil iyl ;2

fm‘wmﬁ wl [} nol e (Jalwﬁ

M
phage !

il r‘fﬂﬁvmm [

L Y "H‘\
“m "hlﬂ'i (i)

| | anlh Nf:!:mﬂf\ /
[‘t\fll‘\”“"iy

’u "““{;}Hﬁ’,p’,‘] ‘M ““bﬂ'ﬂ "h "'y‘

.w,.,‘.‘; Vo bl b e Vm\lllﬂ; f\‘, Hw fr‘m“ﬂ
L,.,V ID(‘M

A ”ml“ ‘”rma L
WAL '||

Hlmum“q ln'n’ rm‘m.’,m,h

r )il g rhu’n”,m.m i
i l” "\fm] ,...I.,,,.,'.MJ) 'h~;|ml"hm

|
’/" "HHH IM.” "f'”h{‘“v,” I :"‘I\H!” !’HA ,‘

T TR o v




TKR COLLEGE OF ENGINEERING & TECHNOLOG ‘

Additional Answer Sheet

3) 5"‘0@;’{\_% 46"691095“%2_;' V-Cv\‘cana ?cmm&?m N8 Cﬂ-l:f-;nelﬂ !
. e .
o4 Fhe  Process  these e owpov b of e Soul)= !

cgowa . o

preposted  Losed o the Oﬂ:ar,ogg

ealiey Phase |
e | nvolves  he dibal s 000 e Comses of
TR ions et
M Aol 1 e nahse . 0F Faulks Fhe 3l msi
o be used oot %’»«ﬁnﬂ ood. eHe/ al—ﬁ&nag ves an

-f)f@/w%'ms Aol nced & Le %S?M.

; lose Hie
t{) MM:, Assey meak 15 he Pvoless c,:&
cf)amaﬁg Coused Bd S Faulks  ase ana%}\ .

TL com be c‘ﬂ&@ﬂwqd Wit e l’laJ,P 6 M&&Sogej
T

—hod- ’
/]’[,mﬂ—' o JD&EAZ IQOLSS& Hrom e COMPWLC(\“‘ LLM |

b
JZDQ 248 Fhe asSsemea
CﬂCoun\'{muQ —,@Luu Ba

ode.
othay  disions 0% in o
e e PYocen wWhose Hhe w13
o moke M Sydttm Lot Hree. .
TL s he Skep make —the 3744'041 bull e

'——7 (
b o Mate Poywavd  Stecovesy Fechnigiy

and  orestose
ond. backup  TeRY - sl B3
3 Qome. o} the  9te MY | L sl
m(;Coyhﬂ{Wm Oad %WC}\YM{;&\‘M @ Se .
Types of Foulk oloane. 14 Dishibubed Sy:auw

l 1) Hoodaoase Fautk ol *) S%L:rzw@

) Sefhoase i

+éclm Yy




D Hasdoase Faulk Tolomne—? Hesdwose  Falb Holevane
| 'm\/o\\/c; )Cee;)v(?ag a éackuj; F(w/L %91 Imm[wm dovicey
Such ay  memey s Lot e ain WL oad  0Has hosdwese

MPLVM&( ob,«./chg. .
5 Yasdeoase foult Mleane s a yre of faudt

hlsance. b doec ack  ewamiae Lodks - Sushte.

€9¢510914 - Ld @na Cjiu()# Pvav?JL [/la}(m LaClCL‘P

o\ppvaac[/lcs A Qste—

0
D Faulb Makiag g) dymamic TeeVEY.
Plrone s a

3[(,0 s oed

a—

5 Fadt Mlowae  maky
methods  Poot o@i@@dﬁ? mel pyw,‘&ﬁqj
oy Sl Bl Tlosane  ale onsl

tads  Such ag  steeovey
3) 525@/ Fauik__:ﬂ)(wana,gf Sypdem Loplle o
s oo Adype of Faulb loance Hhad  ©nsSE

,'WL“’LL System .
> 5l has e adddgge et Iy Shous Fhe

check Poaty Lk alse b memY Llock rand  PYOFE"
a(\oa Mch e QRoo9Y )a C‘ff”/‘ aJ.J’lma'kd%

Wa__'
of &

Check Poiats

— . Tk 37/1710/& Lol Folesance
ehcient

re o vaeliable amﬂ



TKR COLLEGE OF ENGINEERING & TECHNOLOGY

Additional Answer Sheet

Fallwaws i Df&h‘nh‘fcﬁ (D’gm

. Y Sedluoteg
)) TFyvanlachoq  fllustes 3) HC,LIQ[CQ:_H;) A

2) Lk fﬁwm) Jolwes ) Lot ediac

‘Wongad%w Fai&u.%gg - ”WomSad\'m

R

Y U fov a no of-

iy be CQAJL +o . @sstost 1 +vcmSaC‘k%
== N Cam—
t T dode. €Y detethiec of &

Consed. L@ mCowtecP il
dead lock . & ReaSons

preseat o Pokeatial il
abov
t L hiondle such  Falluses B

— Appyoal
~FvonSachou . |
Q) $;+€’ M[W;" /)’Ll,/ s1e0SomS (ﬁO\/ 53’]}'&\4 QQUI[MM CCU/\LQ
ho%l,tm\/ﬁ 0y §0Hwam —Q(‘/U(,um Jc&bw
5 Reswlks in losse 6 Mainmewony | ProteVe
LAV A S 'y\lj p B thad Site Lecomes Ur\maxcha!:k "UWW(
e Sup
ottt Sides

— ”TmLai ﬁcul,www sefesyy Yo The 3 oudbaneons  Fedlusee
o ol Cthes ia e iHiLded  Sysdem.

;ﬂcUCcu{'eS M —pc,uhm OJ» 0'/‘«(*2]

temaia opmab‘m al.

- Pa%ﬁ_at *ﬁﬂi_bj%é/g -
Some Sibes  uhile Hhe  ofhen Sibes



H@%gg_ﬁﬁ%gﬁasﬁf- dedia Failwe  otefesy 4o Fhe Seilusey |
af he Semuﬁana doviay hat Show Hhe  dobabase.

suche o bgad. ovosheg

04 well ag o hesdouste Feunlbs
0o1 Conbiollesy  Fedloow,
—  Resudls  da Cithey, ol 0 pasck  of Fhe dabalase
Eefng .‘naccoﬁbiu 01 dwhoaai.
CG’(ﬂ(YLL:Lﬁ/CaHm ME—‘%‘Zr
R Common o Lofle

The  above WW%_OJV—Q&W o

cenbvaized acd dishibaded DBMSI.

_5 Com M[Cagﬁm Jilusy houo evet )
Deshib el Cater e 1 o Fyyes oF T
“ Bapinide L B0 Ay QOO

Aon s lstes e o6 SF
los + mesIagy

fa Yhe mcmﬁ"‘ .7«\17%?

e

0\ch Camoum-\ Cmﬁ'\\m
—) LoSt & QQM\/M me,sm,guj s~ —P{]?]@Mﬂ M ConSequent—
of- Cdmm/\((d{m\ oA Site MW&

. a X ¢ “+ \OS)\n

y T @ Commn]ca&\‘m llae fosis ria a‘M‘%‘C“ 3
e NEIE)E in densik onay o\ $6
tahy o 09 Moste OL“S)QGM\' %ﬂou_,og .

N|Q ?wnﬂ:\‘ldwiaﬂ_ '

— =
sihes
o Pasthhioned e

N’LO ) S
0 Peatalrc an This

dode Shovel 14

1SSue .

1o atle putiled

¢ wca&v‘ 9

muLB(PL

- EJL/HM/ Case-

V4
Moy oot T
Nowtack o el ol

Pesits o s Lecomes & Wy o9




’— TKR COLLEGE OF ENGINEERING & TECHNOLOGY )

Additional Answer Sheet

Local  Riability Protocols Ruffevs  ose ogmined
chm4ecmt mswms

The. eneculion of The Comenacd-s

Lok K{ ’ .
a LMC 7’({&( lwy‘ , wvfl?; ,Cprﬂm:{— ancﬁ,xjh’ v
S\Ad« ) Uj«n (c@ Pyo
4y maintain The ofomi ity and dusabi o MQOOMLL(
\ }O;C\S Hhe % Lj %;E/
of He Nansachong. (M e N ]
$o M]vmh‘/& Oyt Wc’n‘ml_ N -
Volakile STos
onsi /j}:“ D \:%K(ofﬁlz, A
dobalas }:ij,!— (;Y\‘Voll&%\l_, SW
— The .

Stable S—l-omgp - Skble Sf)zmaga IS 'J?P@QB ?(Y\P\LMM"'&Q Ly
Means  of OL}F]M@OQ maﬁﬂc&c_ diske il Hase oQu,J[,LCoQ:.:

et
Copies of dda  Had s albonpd Kaf'l- medually @aS13

o dhe dL b s b Oﬁi('{wﬁﬁw
(\\l' °7[ S%%OSL .
The V0 U dobabde 15 Aypielly o0y

- The Vens
Fz_ Slable dodulase.

Fe)rdf)ée}f
S W are 1
]
&i::i:& ‘E“‘f) Fovce Pages hbe
wike . w;ﬁ;fs t(a;l:,
o Stalle DR .

Tokndace Behue e Lol Reweyy TG0
ad  Hhe Budfen  Hoveger.




W WM want o sted Rﬂﬁc of e dabu o

Bel«nau o7L He %anﬁackm '+ 'ﬂf‘cﬂf(c‘-ofc Q fﬂel’CL,
= (Slues

Command. 4o sead. 1 The Lodlev mManogoy Checks o
Ge B ek Pag S lvady i e Luffer  due
Jo PleviouS A fhmn&ackoq (f,@eJrcL (fammwo(), ?4( So make_
ol b b Hansad OF ot iE e
Y PYC Jom  The Stalle Da}cﬁLa—CG

Recovety 7/”@“}”‘“’
jv\—)’laa: \\Piaﬁ'c— b 4 cloll

o Augiclly S0 LSl
D’B ) % P\/e\/l‘OLL °

5 e nek choge

CJalle DB, B .
Ly ook of plag 9P

—o  Nosk DBMS v e plaa_ opdabe Bt

Pt foconance -
51 place U@o)(c le,co\/&v Tipmate
old
thable 4L yopdde sy
. Clable—
Skt cpenatic i, State.

In Gace opdofe. Mansackicr et ady
chges e dokobase Lok He Clogfs\ oy Ipafatate
ol fo %&uwizﬁ fn Jhe O(ﬁhgc‘(k ng TR t

= L
indoke operabien Gecudiol Wﬁzw 3

Pt fofes % i+ agaia.

PEDD AchaC
= | o1 Favward




TKR COLLEGE OF ENGINEERING & TECHNOLOGY @

Additional Answer Sheet

Databage l0g: - Evey achon  of HNanwckeqn musk net ady He achiac
— Lult muus - alSa a )03 94.(_@\1& “’D o Wﬂ&-dﬂ—glc‘

The log Cbatas  infymabiar  ysel ((7 Fhe . SAeCoveswy
Pocess Ay esShor. He ConSiStenty of a Sysf}em. Facl
(05 secod ducribes a 372”7%‘&(\‘[’ eveql Mﬂj Hanndin,
Pracessiag
TYpes  of log Stecostoly
= LT, Savty 1 Hansedie; Ty hae Stwded

STH XS (VIVLY . bebs 75 exeedes a WYT[T(XJ')/

Whow vy 7S e old velue bedve wvite ad
V2 1S He ned Value afhest e Wite,
STE Commit > ¢+ 3 T hae Camntbhe

s _
e alov4 b 5y 1'7L T heg Q(.Ml‘tot
- < ¢heck Paint > |

Goaefle Loy in- plate Opdode_

Ccnsidey e Hensachen g To add T (T &cai)rq Lepve,)
ol —ﬂb)/oun@ imtal \/CLQ/UH

A Zlovo B=2000 Compy,

7o Read ) Pssive ooy of  adwal b H He
A=O -5p g e aad e pg;
Ww/f%(,(/;} Loy DR
?Zéfw) <To ) Stavt)

Wit (B) <Foy A))ove,968>
< To, B, 200020 >
< To ymid S

A9 s3
B =206



A -

’7] ; (Zacl (C) rll[,Sh;Nl»)
¢ = (—|yo <9y 1¢, 700 ooy
Wide (o) <Ty, tommi k>

h C =46
CwSidasy Mo g altey Some Sytem  cvashes and cowes)""o&'ftj

o1 CCo\/Q%j a C“WWJ

a) < 1o Stavt > b) <y Savt>
< To, A 1020 83> <T0, A, 1000,96>
< To,B,2000/2058> < Td, B ;20000205 >
ondo (75) 1 B s oteshied <Toy Coommit>
+o 2000 and Aolboy <, ) Savt>

<TI/C,700/600> _

Vdo(1)) aud wdo(m) :
CIs seshied 4 71 amd Heo
| Aod B aw SH +H 9ngn
€) <To | StavtS W«b‘wﬂ%
<To, & looy In>

fﬂ_olé o( 7,1\~
<Toy g, 2000,205) > (Tb) oudl el (’))'

<’Tol Cdmmf—}) 4 M § ase Lot 4 WY Zosv %}Xéj"’t
< Ty Shavdy un Cis Sct b oo,
T4 Cy 700;609
<7§/60MM:‘(>7 '
109 0
w\«g WM' Mhunc baffes Fages ase

'@@l T 5,"‘"”’”( ¢ wirthee baek dy Stalle DR
| — ‘)4}'6/«
Ovas by WQJ Wheo Bw/{—(;] maz\%
needt Mew  bulfes Space
T N B Wk viagy
\ Poiat, TF V'S Commited.
/
g’” E Hoe B wdabed Luey
77@&@9 oy 9¢t Lo S¢ Kgﬂ /¢
needod.
T2 not Feninaed Lot Sme opdoted Poges may haw Laes,

Wit v Shble Dz uedy B acedo).




4 %{/{%@al 2: Pc_

CCV]AYQ&)&SG"’Q - PM'HC{POA’*S clonol* @Mmum'@g:&
O\mMﬁ Memselires .

L PavhCipads @ diado/ P“;i’g Govloat
CouY dracoV

\

|

\
\
l

]

- GbLed) Ceanon ¥

Nore-aLsNt ‘ . ' o
] G by GloLal aben k| ommvH'@Q R
P«@Fﬁ*f’e/ } v ot€—(m ;4 ¢ \
§
L‘mea\[ 9 V=
—_
(A R T oae_ aacthey-
Lineav — 'PCMAWC\V&A)\'S (Gonmaxay a8

“Thesee. 18 ot ochmlcg befpeen A Qldes 1n Yl

SJMM For M PusyeSc of QmMaCak\’%\ ‘
opc  Pretoco\ f@lumef\l"@q 127 40«(m\/aQ (m)mumﬁ%“\

S Fhe Coo#MOWI | o N O\m@ .lecL,
P\haﬁSC N Comf)@eﬁ and. Ld (28
Konm+ N Fo Hoo

| L:acbﬂoicQ Comrvwn‘sCaﬁ'fﬂm PLM{SP\

~ lecl e _Q:ecwmQ



Phase

1PN ot

P\(chc, '\/CIW \/C}\m \/c}m VCIVA

S be|bn Gelha belen “Clan 4 e
Distibuted 27
Cormunichion (b)) &meng ol PodeTpadt c;ﬁwdﬁ

S Hvst Phose of Hie Pratacsl  So %a&-
they  alL ;(&q?€0c‘2@v«;l’g sop e Ahedin  FeSiacdia,

| APl t |
Aecpsine Mo A ﬁj;g;_ugff_(;\‘?\‘ C HanSactiac |
s vester  Colled ASHiluked 2P+ minade
e aeel  Sov A Secad plhage of o Prehel
@ OQQC (S1'a A

Glace  Vethcipasks con  #teack

& OWA. 4 Coovd ivedw
Y Pax ‘RQ\FX/!'!'S

/}7@\()(3(‘:\ footS
Co0 YO\:\(\C&N

b P Noe obar k- \Cort?
| '(L Prepaie \ Von%L—CaMrn{ |~ ]cﬁ\bf"\\’m’:ﬁ\/ g
l fllA &e ’ \7‘\&(472{\ i



:Oi— s _S )%,4-\»\‘2‘\{7@“'?'\3 Qites )

—

Ske Fatls Lefove
i "_'_1' L> rmnga,d\‘m

-4'0 CamoMFOY at,oﬂ—')"

m' Loé ) \Ma&?‘ &ﬂoQ
: MJ’&L%"'S&C})‘L‘

4.

C\/ otles ~o |

.';I ' \ (7



e

i) No [, Ready | 1 09 ) Lok T

HI) Vo (a8e holds—> A\ Ak Pos walfs vab)
C.S  Stecovey.

o) 7.5 0t N éodimg gﬂ\roﬁc.'

ﬁw\f@u{) e é\ — @) (O‘Vm“D (Kdo erLC«\ﬂJ

et &/
=T Y_T

v ALW*)VVDOT P.¢

()‘l') Lbéf';;ﬁ) Ffﬁfoyfj'._)AL(mlT «9#\;‘)&

;’9@ SIS ol cutensi ot ofsite Ao
) Ao ANGIAL Hocklng - eveq If *)lu, Coo vy

Lide }D- )S ob.u-u.(l 978(‘@(/@;&3 {
C@f\oQk’\\OV\S : ("“ A\/O\& B[()Ctl‘ﬁ '. spny i e beasii

0

0') No le T?&yl‘h’k%((g
?f) M\G’.&SJ( Muste 1S one_ svailable Site
1) erlast ‘K site ol sk B Sme

fﬂ&,\_\mm\'(\ei' V1o - K=o
e s Aty W&F%

£
\55 s [ & PV(;' CDO?(V” {‘:J 4§C}S)A(
SL,_ .'9 E-r, Comm?fj 1

8 e M) ‘
KrkoSt 2 sites Sy — 1 Cnsen oS CGOYJ«';@
j ﬂccﬁxlej @ 1 Y\/(_\-—Comc‘m l’) A ‘ j) }?’
Lf— wi fl S‘enoa HSE

2, sfq‘lts:,%(’lég - Ao Al P




NC)\Q’ELK_ raﬁ"h:’_}\‘fﬂh 9
VZJ@W]& osttitiong asee Ak commudiadin
lfoe. Qﬁéilxme;s 'OW;L Haj QusSe. oSS 6f
HCXSG?ZS’ . |
- A Pom\—i’ﬁm?aj N wlld o Sleple
Festh Honag U He N 'S Aliv?cﬁ;a-f«%

';'}'(JDO CG’m}?M CO’)‘S,
e o ple

N 1S )7031’)';‘)7\%’1650\.?4’]-0

Podktioning 1 The
e bt iR ComponeatS.

Cenals i@Q\ Protocols’
e =

Viﬂ‘g Lased protucols [ GOV pvhGls)
Tl M o (8 oy Vahiog Vetukoe s
Wil Quouas .

M&e& o \10-\1'(\8

T Nuw )’os«%"\'of\lag P(olpla/wt s

| e Gt prehcel.
E"le}w Site 'S ags‘ugv\ei o \ite Vi
Toal  oe 0f \otes a «H«Q/ SZMQM_ V!

No T A Quovbn
Ve — Coomip KRuowm
i_; Nk

Landl L




Rules Ry oge%]nj Comnan’ b Pvmco‘ﬁ

D Vot Ve 7V wheve o Vg, Ve &v
2) Be')ﬂbm O ’\faﬂg&c*'}&/( CoMmH,ﬁ ”\4_ Y\uul
oblala & Conen| - gmosam Ve .

3) Behve & HNonSadion abovts i it owgl-
dLlgn o abovt Qumovue VC.

The ./pivgl' swlo enSusres ’“V«na’r O "VMSCLCkoK
oonnok be Guaithed andl abovtel ok i

Some. me.

7:7& Newd eledl Coovdiacdhy Dails oS
el ngwn \Aﬁ"Sg;H«wf o Comei + 0V oboy | TUOVUAC

lhas sreached .

We J//"”NaoQA.LCe, Ahe PREARORT S-\z&c “+o e

Aok  Rtale stequiY s oun OLok quoMt



fooallel Dakobase %Xims

A Powltel Gopiden oy Mulkipocenoy 1S & spectal kind

ol dfshibded  System moole 0f Nocles [ pvocexovs, diske aad
memoV."d) CoﬂOCC’ILCoQ LH Q V@ﬁ Jast "l’w.

—)  faallel OLLSZMems (onSisks of M}:}FIC, PyoCese¥s

ood  owlliple disks  Gonaeced b a Jask  iaksgcmmedi
o

L > Poaﬂa\\c\ dedolase Sﬂ%@m seeYs fzvt{)ﬂ)\k Pestdpvmta

Aletougfh sallelizalior of  Vosdous operations  Sude ag
(wdig dota, Lilding Cdexes  and CVAlERNTg —qUsdes
Ly usieg  mulkiple  Cpu's ond dISKS i Posaliel.
PRl AL Syﬂcms .Shodﬁ Provide “llowiag Qco\/an#%

‘) Fﬁﬁ%i@%«mance, .;) (Th.'s_ Cont Le  oltataed /J‘Aw%
Serfeszol Cor»yﬂemm%m«ﬁ o1l — ik dotala se _ovieated
VOFM\? Syteat Syopov b, Pasalle | doda. manogmex\b%}%[
ophniged oo and. leod alaactag .

-2) HI'Z'L —dVOl\&LE]T"B — "IAC\/ease, doba  aved (alt ]Fb OﬂcQ

_—
e

Jalk - Solevance.
E) Eerms;’L;lHy _ 5 advarkogss
)) Lineas _SyeeoQuP 2) Lineas Sco,f_wja,




L;neg:g?efchf Hetevs o @ laeav 1CVease
Pothymance  foy o Coshnt  datalase f3e While e 0. 0f
nody  coe  {arveased lineanly.

Lfie;o; Sealwp  sefevs b o Suctained  pesthwmance fyy

o laeasn 1alvease (a4 Loty oﬂa-ﬁaLaSa 83e and ”0~0;f/’0/€

é/ \ /\
'g 4/3@9“\ % Tdeal.
& 2
S o
| [
no 04 Nocles p No-6f nody >
L)\neoo\ Sﬂeea\uf

Eﬂr@@?&iﬂj MeHh'es
me DE Sytfemt Avelatechste S

> SM Memoyy  Avchidectuse
PVCM VS

N
i

Vo
e/
NN

L Memoy



| [stalld) Th\’it_P\a.tQiﬂC/\\’

The - Date. Ploacoment
CehiLite  Sinilanthies  with
> Bbvieus  Similasddy 1a7 Mok [ poges
o {nlstense Postal lol 25m.
S e use. Fesa 8

\ Wo.?fmanirah% and  hovi

?CG’L‘\’\’\’\O'YH(\j a/lot P&H\-\H% \(\S'\’QO\&

© F ho %3\0&& é@f\lr&\ e O k.

o sk | b dlone. So o8 mamm;m_\

Syskem p@qmmam Chicl G L MeoSued Ly iy
of wwk dome by Hhe Spem 4 ad
m&kv\oﬁw& W@g

¢ ateges %9« doda Fasdhitmiag &

—  padaplacment

e htal e (LMD\M\\'
%(’ 91@5}”“86, —\'\me, O{—

o
) Round —Robin
) Pash
o

Kouw& —Robia Pa%\'rhomng

und
(Precenmts ook Nerrey i)




Rouan ~ Rolai n VCL‘MH'R e (\j f_g

E o enSwtes

C'a MOOQA,)~
3 “Thiz Shodegy eralles e Sequettal acced o

‘ 58 : ﬂe Co( OL }"

'”u., .S\.cv\”),e’ S [, Sf{ VQ&'C% .

un'ifvor  dlade diskibdbia 1 wHh N padiBag,
e T %kp\c - ovday 1S aM‘\Tu‘Q e Partified

Name-

steldien 4o be  done i pastollal

Ryanclo

Hyd

it - SMCWOQ wo
N = no- of dske




FC [,\> T !ﬂmoomr\




Pam\lct %Mboseg.

Pofal(‘d C\OmbOSé (SLTS[F?M ‘Seeks -,’O mef’OV(
'PM}Ormanc "H\nou?h qu“el,zof,m 0} Von10us O})araf
‘ ‘u‘ch as ltmd‘rnci data, | buildin7 bodexes . and %vc)luaﬁﬂ?

‘ Quentes

bLTu r‘|7 mUlH/)Ie cf;ug ond Disks n Pam“e}s
Motiyate
"Votten -,lof Paralle| Dafabaw'
PQfol[ei mMaching ¢ b Gk :
: T Com
: \ 1o 770(6‘550)/5
| 97opped harply ; MWW o, Velstatbar

{_ ‘— TYOQ!OChg/) d(JL
Stored. o Later anoly i T Coliected ool
3 f"[%U:\mean Obfem‘s L

7“CY€os5 noraj




;T

| g}'\Qfec‘ Memonv Asneh) kecture ¢

-

(P-?\DC€SSDIS'

1 & [ & =

frder
\ £t comecﬁé’n
‘ Nito .
;. Disk i | Masn Memomy

,ﬁﬂgfe! &L"\O‘Y-Cl _ Memoh& -chhﬂ'edhre :

P J“te[)res‘enh‘ ‘ 'P:no CESISONS

™M ﬁeprescnfs’ Memon

Tn  Shovied Mamomi atchiteckore, ancile Memony IS sharned

dmor\7 fmam’ Psiocessor ¢ ass Shewn 14 The ﬁ?um,

Sweal ‘
\ Ve tonneecked -Hmou?h an

NP'HAJ ' o
\: OME " wofth mMain h’\amo’{a} and disk Setup .
—Here

10 Cé’&’f 0Ys
P in P@]CDI'\I]CC/[B,:

Inteonnectdn  erwoyk. fs '(,Lcualuj a h,t(?h $pecc)
Meshs of +pefeube) pohlch  rmaeess :

Niw maua be bus,
doto "s'hmmby easy amona ine

Voripuc (;omfonem‘ §
( Papcessol | Mempaiy and dAisk)

i GEREN R




.Ad\far\m Candirl X '
Nj’;-‘, ,

e St 5
Mple ?mplemmfz,[;dn : - : |
= eyl i kA % =7
Rltshes cHed.‘vé comenunicativn bl pﬂoqgrov;
o - Ey R g
gy . 1 o kD
| 7h S”T?le memom}' addyes ses S[;a ce.
5 —Abov’e

PD?O’\{- leads 1o Less  Communtcalign OV@”'lead‘

-\ | e
¥ ¥ . . ) ' y
%J ‘.

. "
.”."‘.’.ch

Ll L S

in de Pﬂo(_éSSOfS) Cannot be aehieved Aue fa%\e
| Swacon that 4 P3o cescoy e Share IRe Same

bpara’n‘ong

+he

Y. +nis Cayg,,
inl—O\Conﬂec[Zdr) Nlwo Ef/?acralttj b tro Cac al["
bug m%qcoqnech%n "y
(= A |
Addition 5 Proces oy would  Slp down e
gqu*sh‘rvz Prtotessors,

| Ecach, CO}'IGJLMC

v
4l Choulal  be mMajnlef
Pooce sspy {otes.

o nead  ane
Othen Prrecesioys,

néd  +hat tS,‘if an

]

dateL  yg, 4 oY ModiHeq bLj

Then e need
data ¢ Df lokesk Version,

L Cncure that +h,

i (Déeree Of Pafallelfsm‘rg lentited M3Ble ﬁurébe{ o Paralle)

Processes miqnt  degrade [, Pa}lkbﬂ'Y]a_f)CaN



«+
9. Shared Dicle Architeerure:

M M o
0T O 1 111
[p

M
T]
[ L @ 1
| r fﬂ—!-mconnec'h'br)
Networle .

Dis le

1@52

In  &hared cUsfc
aqdqﬂzd‘urc gmcix(_l Disk oy

cSwyu Diste Setuf s Shated ameng all the

avedlable Priossor s and oo al g pnocexov&
}’\ay( Anejr Odwn Pﬂfyatz, MemMoie ¢

—AclVOﬂ'rafzaI:, b '
— failure

Of an Proce . '
raliare of otesiovs’ woutd  np S > f
Entire LJ GZBF ﬂ:\e—'

Spslem ¢ Facur folerance) # +
'f'f\'rff,{wrmecﬁo‘n

Cit "woas

X | : Df P%Dceup'{:'

(wohen
Z Teal |
CPaTed s chassed) memwu] asich

IZéC[DTe)

N

4 4 o




i
(Dsaowan’raju .. ‘ il i
' AN ek as’ q) | @
Sr\‘-efCOr\nec‘fl'oﬂ +o +he diclk | ,sg\ bo—H’éﬁ?e v '
'P:n OcCessp v ¢ &‘hdre wﬁ%rﬁog ci.‘sk Setup.
\ . \
ﬁ A & Lﬂ 3 : [
Py P”?C?“OY mmur\icqfrf)() s Slow the hoay, s
< > L Y ! . x >
Qi | s
The Procose,, . have i,/ OWn m"’maﬂ‘j“‘ﬂ‘%ce,%@
ol
o, )
munfcdt,or\ Olw 'Pnocessors Need Yeadin bf dafs
% 9] o' O"H']fY qq
P DCZSSOY mzmoﬂ7 ~¢ohr‘ch Need
Qddi’u‘onal @oby are




g b owilr
{7% A CR 3

Numbero,c Pnocessw: Ueed Rorz
dGS"dﬂ is Heatble 4 add more

Unlik é

mea'uerf-s ‘which chr)Dt be

1S Scalable. +Nnat 1S ; th,

amswe:zed b
mneed ‘tb t—Orwarded —H'mou7h fnkqoonrv

i
e B $ ; ; y |
g RS 3

R i
b A >

(Dfs‘ad\/anmic;-( St R L e e .

. i 21
47/ Local Proce s soy¢

-
2 ¥ I ™ 5
ol g % § sl o ok

NOﬂ Eoccl S clicl O Ccoecces” Ypire COSHV -H\a{' f§ ‘ff Oone

SeNer  vedeyes *hf necfu&sk S e nzciu;red olalq nob

avollanl e 1k mung bc nouted itepRg Se)—nvm where

the dala)e on/ai‘[able‘ hL Is Slfﬁf’»HLj Complez

5
¥ i

s &
o

- Commumcol’ér) cost  fnvolved ~lmm,>oxhnai dalq
amonca oomru\fﬂf.

P




Po‘ra”d data P\ocemm+
P%ua Bl efons To the P’“/S’wl’

Plac
éroe e O‘F Jhe data in a mulﬂpnocessoa’ COfn/:u,tE,
Odes to .

0 Placement Olam Qccess and  yeild N?h
?)7
ILD‘"‘C‘”C@‘ Most' of 4n,

'}OWO-/

wonk on data plac‘e’fﬂer\{—

Nas e ‘ '
Sl clone I ontezt  Of Hhe Shared npthing
Anehl tectiny e Wj
’60’(0 ' ¢ 3 |
& Placement - 1 Q' paralle) cAatabose < elen -
CANb ks -, T
W Stenilaibie s WIth 'data

{racimenlaﬂon in

';Sra’ entalicn  Yiold o
Pavallelism 7 g
—H—oweUPJ]/ ihenen 1s not neod 1, Maximi2 e

Lol
'Pmecessff\c] ot cach node) ¢,

users are np¢
assoctated  usih Porbcwlcw nedee and |pad

balanc?f\C‘ s Mueh MO e oUhHw,lt b achieyve
-the Prieyence  of a io’tca& Mumber

N
OF nDde;' :

The man Solution tor

Poraliel “dota placement iy 4
Voilation OF hilizonted 'Ffa?mcn(-aﬁoﬂ,

Eo;rl?onfnc‘) ;.

Calted




-z
wohtch cdlivides

€ach  Steved at+ a N fferent

baslc

I Round. Yobin

e
It man the

—Ad\fof\(-ac’e',— ‘

\Ceqvuunhal

Pa rﬁ‘+rbm_nci S’rratf7r‘e: i

dakabase s tions I to partivions

Park l-fonm7 L.

LT
Ple o dick f mod n

Scan

'd‘igk node - +hnere are 3 -



'ﬂd ex Pa:m Homn?

t'o LH’I?Y 1
290 mf"e’r with stmilat dﬁﬂww 7 n#“f
PQTHHM

b3

L]

( PﬂOC@SSDTS and Memonies wllh.)
’f\*-erconr\ed:oo_hu :

3. Hash Pocttitioning e b
it MQaps  Lach Wl fo a Btion hared pn a

hosh Junction . -t—ranhtr\? ends fy sandomise data Ta&h@/
than cluster it . |

Pudced

maviy . . A
“"C'@ﬂbtesgéff 4 memomér eofh ?ﬂmcomectu,h
b

r\llw —
W lcli‘skg $a A ‘duslcg|
-Acl\/ e Secyw?'\""qu' Sean Of all =tuples fa ¢ach q/uefli

/T\ f}
e Peeootadtive $201ch fof daby .

e ——




m—‘—
| Taraltet Quertf rmocemm? A tomalie ~tranglation oﬁ-a

O,ueﬂ/
| In fo an effrerent ;
{ e 6y O il execu‘hun Plan‘
\ j + .
tH's Parallel C?(ecrxh'on,
The -b'ansld{r‘of\‘ mux% be correc# ' ot Al pirO
e Ll
“The

GXechton . plan . Pmoducer -H\e EQL/DedZd‘ wwb

T\e Execdio n Plen must b,

Spttmal, :
1N Jhaqt il mise, adosk funcf?bn :'-I—N»a&—’ Cof‘:l‘are:ﬂ

e S0l e censarmption, ’

@P‘[‘"mmahon

Pa:ta(le(nZd(or)

1% mllel T
—] af)\qﬂ , R&lb\—w
C.s“ch el b




D ‘

raller

QLL r‘-j \])noCc’rSm?

“‘ '\S'lcdlor\' Wl e o hncrulis b
F Bk ang Nelattpng d(‘iébré pileclon oo qumf
tree . ! o ihs!
O/?ﬁ‘\’\f' Sation 1
o Qﬁ@rde"’”‘i o $otn Operations. ¢ 1. QU@W %fﬁe ang
O6¢e am ‘ 4
on C“H Jotn alci_;- '1‘.3 Mintrnise ‘H\? COJ’/' 0L
the L Xeculi
t\ 3- Pa'ralleﬁsaﬂoqg, t
‘ ;
(TFanSformm Thexos it
i LD A ¥ Orue"i} boe o, Ph‘j”‘ol : Operadpy
(4 ang Lo adin the pj
, 7 Plan 4, +h Paocessois
G, -G}(@:uhon‘
?»W\Wa “The CanCurrer\% ——fmnmd.m
~ Tzanslalioy Gy ffee g
tionat = G |
'T\’ao fona Oyumy = widle Q'MV Uree ',
SElEeT P-rname’
FRoM™ P Rys T
LOHERE ¢ theme e Compuds \'7(')’191 P. n"”“
AND ¢ cta“‘: R class b'q
AND R14 =Py




Paralleltsation of 4ne query.

¢ '

i

L Axbract ParalM{Fs‘m ‘67 maé’ﬂvo,—.exlpansfor)r Of the

Qﬂnoi'm:e‘d QU@T? tree 1o ’an : bPerO.T",y,- :ffec__:' o1 Ty

= The Operator  tree fdentibieer | 5oommn dmbed s
) iR K AT ¢S \

Pornte  Codp Pteces (Operators)
'-TF'*""C; Conchra i nts

bles Oberafe; s

¥
b

D ool e SPeratsr dree o The

Pé‘?@[(e;[ \

Machine.

Qoal: allocale  madhne Aefownces o gk «er*'l’lar?:&:\;

avallable Pa'ralfcl‘i'sm Lohfch @1,;8“,,'0 : -H,‘ Ay
da"QPfaCemznf- Cmﬂmmn. : B ? = mn70nd

1158 AR .'Pﬁo’. )
bt y gl o
butid: karh eagge‘_‘
Operaks Prv 0o oridanes hiSas
(ree Ponbe ' hash table,




'_lOQd B "v, g

%7 e_
. Corﬂ[’uie(a\ T\’leﬁ')oololo s J:Shrb&& wD”"‘od
C”BSS‘ : ¥
N "QLLHfP‘é Cbmpu:bef.? Of Q CDfﬂfu.Eq dugLer
ok
4t S Central Pnacesslnc} Un,‘b', c}{sk oQ,m/eg or

%esowwce; Y\CKDD!I:

a . Leni

‘1 do e ‘?0 -bor ‘Load Balaﬂun?
“z_(_H?h -F\leabl(?(T ‘ . e Ea ) ‘
-_— e % )
“Hah | Reydsii :
HIh Sealabitits e
e _‘ o T el Bl

3 : CTHtm’?h‘ sy, ’Ceelo the LOIk load ™
‘1 fSJm:buted Qenoss  alf Pr0cecsors an S&ip
(s
o entnic MuLHrnOLeﬁDV SngQm) S‘jg("
Tk s

r\CS‘C
gsw“’ tohdde  tach Prowssoy

; hOS‘ Nr’ OWnN
?%\Vate- Queue

o q |
G?Dalf Ot Load BO‘ODC]I‘? Oad Palane
- Ach?ex/e opﬁmcd chou.nce Lcﬂlrzah. " @

\

= Mox;ere '4)’\710u7kput o
- Mfmm?zi Qespome'lum( ge,we“‘ ]
£ —F\\fb id overioads : b \ ek bagks « b3

A




&commdric Hul'tf[»( Qressof chslé'm e
|

A SMP is WulHl’mocnSDf tSLdsl-cm Wi Centralized JAO’@O’
Memorc/ calied  Matin, f‘(\cmo;\y, { ™M) 'Operc;an} Under a,
’\gfncﬂ\ﬁ (DX wﬂ.-h : [LOD Or mee hbmo?er[)eou_g P"DC€SSOV_¢

‘/\Sb(alltl each

P")DC&"SO'( HQ; =
hf«?h S])eed m’-mon/




; f a
e ‘APP’?chhu 1o load Bd‘an'tfh?‘
P qi:er:m‘led Pnoqess in one’ Cpu LPmoce:mY) Is” PUshe d.
P%ocessor +DY Pﬂowrsm]' g
(Puu .’imﬁonc\_w i e o] {
\ ,Pﬂo:‘;; Process wondy 16 DVerl.oad\e‘a! fftlpuhed iy 5

o]
nd Hs Pu{ Undef CNOTReY Proces o7 o,

| P NOcess Mﬁ

\
~ Shatic lead ’30[aqd
” Dufite Lood Botons

K

Seaver <

load | ws o J
r§——’ BO'OQCQ( .
TG :

) '[. . / 1
—
L
S SEEE—
p
: : ST R

X

m—




Shakc (90d Ba]anc‘in? = as o a BERERR ]
J ls f’ﬁe t«-[pe 0‘ Load Balancmzi Loh'id'; f< 01‘(}}) veFerred -

to as The map?rma pmb(em +the tack is "'o map 22 S{-&ﬁ

Prieess Graph anto a pred il bopotogy. In ofde/ i

Mminimi 2ze dilation and Pnocess  loq Atfenences

| (Djnamfc load Boianc!n7

.
P S |

i Wois descyirable dlsh'lbdffd cstjs(em o "‘ave e




’

alg "

™More f
'l:’\ ; n y) COHI )é 07

ﬂ?le dafqbase i . ok f

o
A T ST ! !

N\e Main ' 1 b
Y ac Q e ¥
onNns 101’ d anas Cl r‘e,\f'?? Clye

de\rar\ f4e
t‘Q‘i(I’ a \gen\/m 7\206(‘ Vef
-2 _'. { A ; o ~ f
— (-DL:bl &Edun dans . i
-— ‘l—H : :
cah ﬂV&f(le (' L \} {




Fundamental Object Concepts and Object
Models

* An object DBMS is a system that uses an “object” as the fundamental
modeling

* In 2 value-base data model, such as the relational model, data are
identified by values. In object models, by contrast, data are identified
by its OID

* One of the most important object model developed by Object Data

Management Group (OOMG) that includes an object model
an Object Definition

{commonly referred to as the OOMG model),
Language (ODL), and an Object Query Language (OQL)



There are four object concepts. They are:
1. Object:

* An object represents a real entity in the system that is being modeded.

* Most simg"y it is represented as a tuple in
which OID is the obyect identifier, the corres g state is some
representation of the current state of the object, and the interface

defines the behavior of the object.

* The state of an object is commonly defined as either an atomic value
or a constructed value (e.g., tuple or set).

* £.g Consider the following objects:
. (i1, 231)

* (i3, {i6,i11)

*(i4,{1,3,5)

* (iS, [LF: i7, RF: i8, LR: i9, RR: i10])



* Contrary to values, objects support a well-defined update operation that
the object state without changing the object identifier (Le., the

changes
identity of the object), which is iImmutable.
* £_g. Consider the following objects:
* (i1, Voivo)
* (i2, [mame: John, mycar: i1))

* (i3, [name: Mary, mycar: 1))

* The state is represented as a set of instance variables (or attributes) that are
values. These are called as the structural aspects of a model.

* The behavioral aspects of the model are captured in methods, which define
the allowable operations on these objects and are used to manipulate
them(Classic Example: Uift)

* The interface of an object consist of its properties. These properties include
instance variables that reflect the state of the object, and the methods that
define the operations that can be performed on this object.



2. Types and Classes

¢ Clhass™ refer 10 The s9e0ic obpa(t Mmode! COniruct and The Lerm “type™ 10 refer 10 2 Soman of
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3. Composition (Aggregation)

* Composition is one of the most powerful features of object models. it
allows sharing of objects, commonly referred to as referential sharing,
since objects “refer” to each other by their OIDs as values of object-
based attributes.

* £.g Car type is 3 composite type and its instances are referred to as
composite objects.

(i2, [name: John, mycar: c1))
(i3, [name: Mary, mycar: c1])
c1 is one instance of Car



4. Subclassing and Inheritance

» Subclassing indicate an is-a relationship between classes (types).

'MIMNhOMdek‘W WclassAls a
subclass of B, then ity its properties consist of the pe s 1hat 1 natvely
jes that it inherits from B Inherntance allows reuse.

defines as well as the pr
A subclass may inherit ether the behavior (interface) of its superclass, or its



In subclassing and inheritance, we also have thes issue that is class
eéxtent.

1. Shallow extent

2. Deep extent



Distributed ObjectBased Systems

* Topics discussed in this chapter:

- CORBA is an industry-defined standard for
distributed systems.

— Distributed COM can be viewed as a

middleware layer implemented on top of various
Windows operating systems.

— Globe is a research project being developed as

part of a research project on large-scale wide-area
distributed systems.

— Comparison of CORBA, DCOM, and Globe




Overview of CORBA

* CORBA: Common Object Request Broker
Architecture

* Background:

— Developed by the Object Management Group (OMG) in
response to industrial demands for objectbased middleware

— Currently in version #2.4 and #3

CORBA is a specification: different implementations of
CORBA exist

Very much the work of a committee: there are over 800
members of the OMG and many of them have a say in what
CORBA should look like
* CORBA provides a simple distributedobject model,
with specifications for many supporting services it
may be here to stay (for a couple of years)



Overview of CORBA

* Architecture of CORBA

— The Object Request Broker (ORB) forms the core
of any CORBA distributed system.

— Horizontal facilities consist of general-purpose
high-level services that are independent of
application domains.

* User interface

* Information management
* System management

* Task management

— Vertical facilities consist of high-level services that
are targeted to a specific application domain such
as electronic commerce, banking, manufacturing.



Overview of CORBA

Application Vertical Horizontal Common
objects facilities facilities Object
(domain specific) (general purpose) Services
Object Request Broker

The global architecture of CORBA.




Object Model

* CORBA has a traditional remoteobject model
in which an object residing at an object server
1s remote accessible through proxies

* All CORBA specifications are given by means
of interface descriptions, expressed in an
Interface Definition Language (IDL).

— An interface is a collection of methods, and
objects specify which interfaces they implement.

— It provides a precise syntax for expressing methods
and their parameters.



Object Model

. CORBA follows an interfacebased approach to
objects:
— Not the objects, but interfaces are the really important
entities
— An object may implement one or more interfaces

— Interface descriptions can be stored in an interface
repository, and looked up at runtime

— Mappings from IDL to specific programming are part of the
CORBA specification (languages include C, C++,
Smalltalk, Cobol, Ada, and Java.

« In DCOM and Globe, interfaces can be specified at a
lower level in the form of tables, called binary
interfaces.



Object Model

Object Request Broker (ORB): CORBA's object
broker that connects clients, objects, and services

Proxy/Skeleton: Precompiled code that takes care of
(un)marshaling invocations and results

Dynamic Invocation/Skeleton Interface (DII/DSI):
To allow clients to construct invocation requests at
runtime instead of calling methods at a proxy, and

having the serverside reconstruct those request into
regular method invocations

Object adapter: Serverside code that handles
Incoming invocation requests.



Object Model

 Interface repository:

— Database containing interface definitions and which
can be queried at runtime

— Whenever an interface definition is compiled, the
IDL compiler assigns a repository identifier to
that interface.

* Implementation repository:

— Database containing the implementation (code, and
possibly also state) of objects.

— Given an object reference, an object adaptor could
contact the implementation repository to find out
exactly what needs to be done.



Object Model

Client machine

Client application

Server machine

Static | Dynamic ORB
IDL | Invocation | interface
proxy ‘ Interface
— 1
Client ORB
Local OS

Object implementation

Object
adapter

Skeleton | Dynamic ORB
Skeleton | interface
Interface

Server ORB

Local OS

Network

The general organization of a CORBA system.




Corba Services

Service Description
Collection Facilities for grouping objects into lists, queue, sets, etc.
Query Facilities for querying collections of objects in a declarative manner
Concurrency Facilities to allow concurrent access to shared objects
Transaction Flat and nested transactions on method calls over multiple objects
Event Facilities for asynchronous communication through events
Notification Advanced facilities for event-based asynchronous communication
Externalization Facilities for marshaling and unmarshaling of objects
Life cycle Facilities for creation, deletion, copying, and moving of objects
Licensing Facilities for attaching a license to an object
Naming Facilities for systemwide name of objects
Property Facilities for associating (attribute, value) pairs with objects
Trading Facilities to publish and find the services on object has to offer
Persistence Facilities for persistently storing objects
Relationship Facilities for expressing relationships between objects
Security Mechanisms for secure channels, authorization, and auditing
Time

Provides the current time within specified error margins

Overview of CORBA services.




Object distributed design:

In distributed computing, distributed objects [citation needed] are objects (in the sense of
object-oriented programming) that are distributed across different address spaces, either in
different processes on the same computer, or even in multiple computers connected via a
network, but which work together by sharing data and invoking methods. This often
involves location transparency, where remote objects appear the same as local objects. The
main method of distributed object communication is with remote method invocation,
generally by message-passing: one object sends a message to another object in a remote
machine or process to perform some tasks. The results are sent back to the calling object.

Distributed objects were popular in the late 1990s and early 2000s, but have since fallen out
of favour.[1] The term may also generally refer to one of the extensions of the basic object
concept used in the context of distributed computing, such as replicated objects or live
distributed objects. Replicated objects are groups of software components (replicas) that
run a distributed multiparty protocol to achieve a high degree of consistency between their
internal states, and that respond to requests in a coordinated manner. Referring to the
group of replicas jointly as an object reflects the fact that interacting with any of them
exposes the same externally visible state and behavior.

Live distributed objects (or simply live objects) generalize the replicated object concept to
groups of replicas that might internally use any distributed protocol, perhaps resulting in
only a weak consistency between their local states. Live distributed objects can also be
defined as running instances of distributed multi-party protocols, viewed from the object-
oriented perspective as entities that have distinct identity, and that can encapsulate
distributed state and behavior.

Machine A Machine B

Caller

o~

il

Stub Skeleton

[

Network




Architectural issues:

Architectural issues in distributed data base systems Information systems. Data
management systems. Database design and models. Database management
system engines. Parallel and distributed DBMSs. Software and its engineering.
Software organization and properties. Software system structures. Software
architectures.

Object management:

A Object management system is a collection of programs that enables creation
and maintenance of a database. DBMS is available as a software package that
facilitates definition, construction, manipulation and sharing of data in a
database. Definition of a database includes description of the structure of a
database. Construction of a database involves actual storing of the data in any
storage medium. Manipulation refers to the retrieving information from the
database, updating the database and generating reports. Sharing of data
facilitates data to be accessed by different users or programs.

Distributed object storage:

Object storage, also known as object-based storage, is a strategy that manages
and manipulates data storage as distinct units, called objects. These objects
are kept in a single storehouse and are not ingrained in files inside other
folders. Instead, object storage combines the pieces of data that make up a
file, adds all its relevant metadata to that file, and attaches a custom identifier.
Object storage adds comprehensive metadata to the file, eliminating the tiered
file structure used in file storage, and places everything into a flat address
space, called a storage pool. This metadata is key to the success of object
storage in that it provides deep analysis of the use and function of data in the
storage pool.



Object query Processing:

The main application of distributed query processing are classic distributed
databases allowing to store and query data at different sites transparently. ...
Typical examples of such systems are object-oriented database systems but also
middleware technologies such as application servers.

Query Processing in Distributed Systems

* In a distributed DBMS the catalog has to store additional information
including the location of relations and their replicas. The catalog must also
include system wise information such as the number of site in the system

along with their identifiers'.

Distributed Query Optimirstion
ot Global Level

|

Distributed | xecution Manasgw
at Global Level
-

| ! |

Local Execution Local § secution Local Exesoution
HManager Manager Manages

[ Y ” . Y
' | |

Local Quary Loca!l Query Local Query
Optimization Optimiz stion Ooptimization




Object Identity

1. Obiject identity: An object retains its identity even if some or all of the
values of variables or definitions of methods change over time.

This concept of object identity is necessary in applications but doe not apply
to tuples of a relational database.

2. Object identity is a stronger notion of identity than typically found in
programming languages or in data models not based on object orientation.

3. Several forms of identity:

o Vvalue: A data value is used for identity (e.g., the primary key of a
tuple in a relational database).

o name: A user-supplied name is used for identity (e.g., file name in a
file system).

o built-in: A notion of identity is built-into the data model or
programming languages, and no user-supplied identifier is required
(e.g., in OO systems).

4. Object identity is typically implemented via a unique, system-
generated OID. The value of the OID is not visible to the external user, but
is used internally by the system to identify each object uniquely and to
create and manage inter-object references.

5. There are many situations where having the system generate identifiers
automatically is a benefit, since it frees humans from performing that task.
However, this ability should be used with care. System-generated identifiers
are usually specific to the system, and have to be translated if data are
moved to a different database system. System-generated identifiers may be
redundant if the entities being modeled already have unique identifiers
external to the system, e.g., SIN#.



OODBMS vs ORDBMS

* ORDBMS vs. ORDBMS
o similarities: both support user-defined ADTs, constructed types, reference types,
object identity, query language
o differences: ORDBMSs add new data types to RDBMS; OODBMSs add
DBMS functionalities to a programming language

* [ntegration with host language
© OODBMS: seamless integration with C++/Small talk
o (ORDBMS: integration is only through embedded SQL in a host language

* Application requirement

o OODBMS:
= few large objects fetched occasionally: few disk I/O
= Jong duration transactions on in-memory objects
= ability to cache objects in memory

o ORDBMS:
= Jarge collection of data
= extensive disk I/O
® short transactions

* (Query language
o OODBMS:
®  Query processing is relatively inefficient
= No standard available
o ORDBMS:
= Query facilities is the centerpiece
= SQL-based standards available: SQL3, SQL4
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