- Model Paper-l Qi(f)

/91. Define file- system
Ans: File system serves as a source of operating system. It helps.in 1dentlfymg the data located on disk. It spc.cnf\ the way how

data can be saved stored and retrieved on a disk. It is considered as a data structure/method used by operatma system.

Afile system is basically used for,
1 Keepmg records of | ﬁles on dlsks/partmons .
2. Orgamzmg ; the files on disks. ’
3. “Partitioning the files stored on disk.
4

Accessing data present on disk. . v
A file system consist of collection of directories. Where each dlrectory contains mformatlon about a group of files/multiple

files. Modem high performance system opt the follono three classes of filé system.
1. Network File Systems (NFS) . : -
2. Storage Area Networks (: (SAN)
3. Paralle] File Systems (PES).
Q2. Write short notes on,

(i) Cell storage

(i) Journal storage . ' Lo

(i), Database. : ' L S

’,

Ans: :
- Cell Storage Cell Storage defines storage of fixed sized cells. Each cell contains atleast one ObJCCt in it. It describes

®
the physical organization of primary and secondly storage media. In computer systems primary memory is arranged as array of
memory cells whereas secondary memory is arranged in the form of block sectors Read/wrlte operations performed on each

block is referred as a unit.
(i)  Journal Storage: Journal storage stores composite-objects like records. These objects contain multiple ﬁeld. This type

of storage includes a journal manager and cell storage.
Database: A database is an integrated, shared collection of data It consist of both ‘End-users’ data, (which includes raw-,

(iii) -
facts of interest) and Meta-data (which mcludes data about data). It is usually so large that it lns been stored on storage devices

like disks/tapes. '
Q List the two desirable properties of sprlte network file system. Model Papor-1V, Q1(f)

ns: The two desirable properties of sprite network file system are,
I.  Delay-write-black '

2. Write- through -. _
Delay-write-back: Delay - write back arises when there is a time delay (of seconds) while writing block of caehe on
disks. Such sxtuatron can lead to data loss at the time of disk failure

1 Write- through' Write through ensues rehablhty while writing data on the disk but at same time increases the write
operation time.,. - L C v :

X a
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Q Write short notes on general parallel file system.

Ans:
NS: Parallel file system substantiate concurrerit access to smblc file. That is, parallel file system allow multiple clients to perform
read/write operation on a single file simultancously. This file systcm uses same Program, Multiple Data (SPDM) paradigm to

allow Concurrency control is considered as one of the crmcal issue of parallel file system.
Geéneral parallel file system was designed-:based on the concept of parallel file systcm Thns file system employs the
ch'lractenstlcs ofgcneral purpose POSIX system Wthh runs on smglc system.
- This file system was developed for optimizing the perform'mce of large clusters. It is de51gncd in such a way that it can
support large file system of 4PB having 4096 disks of 1 terahyte and maximum file size of about (2’ - 1) bytes.

.

Q5. ' Define Big table storage system and Apache hadoop.

Ans:
Big Table Stornge System: It is a dlstrlbuted storage which allow users to store large amount of data. This storage system was

developed by Google. It employs Google File System for storing users dataand system information. In addmon to this, it employs

distributed lock service on directories/files in order to erisures atomic read/wnte operation.

Apache Hadoop: Apache Hadoop is a Java based software systcm It is an open source software that are used in data-intensive
appllcatxons like marl\etmg analysis, rmchme leammg, 1mage processing, web crawling etc. It is capable of handling large volume

of data across distributed applications. )
Q6. erte short nbte_s on Google File System and Megastore.

Ans: ' Model Paper-Il, Q1(f)
Google File  System: Google file system uses large storage systcm that are developed using me'(penswe components This storage

system facilitates the storage of huge amount (i.e. perabytes) of data. This file system mamly focus on ensunng system rehabxhty

in case of hardware faxlure ‘software errors, apphcatlon errors and human errors.

Megastore: Megastore is a hlghly scalable distributed storage system. This system provides various online services. This system
is distributed across multiple data centers with a storage capacity of about perabytes Itis mostly used by Google for handling

huge number of transactlons (i.e., upto billion of transactions). r

/Q?/What is the role of a master in Google file system cluster. :
Ans: A master is responsible for maintaining state information of all the system components. This information includes metadata

Model Paper-ii, Q1(f)

about, . : )
1. Fllename . ' . | |
é. -Location of the rephcated ﬁles on each chunk. ' ' . _ B
3. Access control information . : ‘

-4,  State mformatlon of each chunk server |
Besides this, it also manages multlple chunk servers. A master contain the locatlon of each chunk control structure in its

" memory. Due to this, a master can have updated information regarding the chunk locauon This updations are done each time

the system gets started or when a new chunk server parhcnpates the cluster.
ained by the file system. This logs keeps a records of updated

To maintain system reliability, an opcratnons logs are maint
metadata information which are later reused by master in case of system failure. In addmon to this, it also stores the rcpl:cated
copies of metadata on persistent storage. To recover from fault tolerance and system f fallure The operation 1ogs are replay ed
However, the recovery time gets reduce when the master repe"ttedly check points it state. And once the last check pOlnt,lS mad

. _ : : . it i

_the recovery time replays the log records 1.~ : _
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T, ESSAY QUESTIONS wrrH son.unons
AR 64 EVOLUTION OF STORAGE‘TECl-lNOLOGY:

Q8. Explaln about tho evolutlon of storage technology

Ans: A cloud application demands huge amount ofs(ordg,c as well as computing cycles inorder to storage and process cloud
data. The evaluation of storage technology begjn inthe year [986. In this year, 2.6EB (A CD-ROM less than or equal to 730 MB)
. was used for storing data per computer. However in the year 1993, 15, 8EB of storage (whose capacity was equivalent to 4CD-
ROMS) was provided to the users. L'\tcr a storage of about 54.5EB (Whose capacity equal to 12 CD-ROMS) was provided to -
users in the year 2000, \Vht.rt..ls in the year 2007 a storag,c of295EB (whose capacnty was equal to 61 CD-ROMS) was provided

to the users. p

Arecent study made in the year 2003 reveals that durmg the year 19802003 storage with respect to processor technology
has increased the capacity of Hard Disk Drives (HDD) density by magnitude of four i.c., from 0.01 GB to 100 GB/in’. Later in
the year 2011 the HDD dcnsxty was mcreascd to 744 GB/in” and in the year 2016 it reached to I, ,800 GB/m2

Inthe year2003, Dynam;c Random Access Memory (DRAM) mcreased from GB/in’to. 100 GB/in2 This lead to an increase

in overall storage cost. Later in the year2010 the Samsung introduce the 4. glgablt LPDDR2 DRAM ie.., Low-power, double-data-

~ route DRAM which uses 30 nm précess. Due to the rapid advancement in technology, huge variations where encounter between

initial investment cost and the system management cost. Thus this leads to the development of centralized storage system for

cloud. Eventhough the centralized storage have automated varlous storage management functions like data replication, backup
recovery etc. to substantially mmlmlze the cost of storage management it leach to performance degradation.

Hence to overcome the above issues; large scale dlstnbuted storage systems like network file system Andrew file system,
sprite file systems. Google file system and megastore where evolved in year 1980..This storage system uses off-the shell components

~ and allow
1. Storage of huge amount-ofdata on cloud. . o o v
2 Process or manage large volume of wood data and |
3. | Perform intensive computation of huge amount of data. SO o
. ‘ The storage system was designed to ensure high performance (at any_ cost} as tvell as higl\ reliability‘et low cost.

Mxplaln the various storage models ' . -
Ans: o - ‘ ' Model Paper-l, Q7(a)
Storage Models: Storage model deﬁnes data structure in physical storage llke logal d cal disks; removable media and storage. Whereas

a data model describes the loglcal aspects of data structure in a database. . )
' 'l'he two abstract storage models are as follows,
I Cell storage |

2. Journal storage , " .

1. Cell Storage Cell Storage deﬁnes storage of fixed sized cells. Each cell contains atleast one. object in it. It describes the
physical orgamzatlon of primary and secondary storage media. Tn compufer systems pnmary memory is arranged as array of’
memory cells whereas secondary m memory is"arranged in the form of l)_lg_cl\__s_q:tors Read/wrlte operanons performed on each

block is'rbfetred as a unit.
" The two desrrable propemes of storage model especially of cell storage are as follows,

* (i) Read/write coherence

(ii) Before-or-after atomicity. 44- ‘ e ETT I
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(ii)

2.

Read/Write Coherence: Read/write coherence arises when the result of read operation performed on memory ¢ Il dor
not match whit the recent write operation on _memory cell

w’ VP
i ltemPis . ﬂ]
‘ @—— written to >
memory cell M @ )
Item P i_s, read , ._M_I
(:)‘=—: 1 from memory
C cellM ®
Time -

_ ) Figure: Realenta Coherence
Before- or-After Atomicity: Before-or-after atomicity occur when the result of current read/write operation does not
matches with the prevnous or next read/write operation.

Nex_t
Read/write

Flgure. Before-or-After Atomlclty
Journal Storage. Journal storage stores composite objects like records. These objects contain multiple field. ThlS type

of storage includes a ‘journal manager and cell storage.

()
(i)

storage.

Cell Storage: It is used for storing the history of variable instead of storing the current value.
Journal Manager: A journal manager allow users, to interact with the cell storage. To perform thxs mteractxon a user

must send request to a journal manager ﬁgr‘d’er to

(a) Initiate a new action

(b) Perform read_operatlon_on cell value - o

(c) Perform ;vrite operation on cell value : '
(d) Perform commit Operatidn

(e) Stopa action. ,
Upon recelvmg a request the Journal manager, uses the followmg command inorder to allow usérs to interact with ce!

Read: It allow users to perform ‘Read’ operation_on'a cell.

Write: It allow users to perform ‘write’ operation on a cell,

~y

Allocate: It allow users to perform allocation on a cell.

Deallocation: It allow’ilsers to perfonn deallocation.
In storage system, the cell storage maintains a ‘log’ for storing the history of variables. This log is basically present ¢

/ ! .
R . Py

thé non volatile storage medla of Joumal storage This log log contain a record which include information about updated data ite
appended at the end of it. The mfonnatlon contained in the log can later be recovered/reused at the time of system failure, Th
ensures that all the actions present in the log follow All-or-Nothing action. That is using this action helps in maintaining a ne

value initially in a log of journal storage and later overwrite it on the cell storage. Thls sceneries is shO\m in ﬁgurc below,

4
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Figure

Mte short fiotes on file system and database

Ans-

File System File system serves as a source of operatmg system. It helps in identifying the data located on disk. It specify the
- way how data can be saved stored and retrreved ona drsk Itis consrdered as a data structure/method used by operating system.

A file system is basically used for,
1 Keepmg records of files on disks/partitions.
2. Organizing the files on dri.sk's-.'
3. 'lPartltllonlng the files stored on disk.
4. Accessing data present on disk. E
Afile system consist of collection of directories. Where each directory contains mformatron abouta group of files/multiple
files. Modern high performance systems opt the followmg three classes of file system : ‘

@) Network Frle Systems (NFS)
(i) Storage Area Networks (SAN)

‘ (iii) Parallel Flle Systems (PFS). . .

(i)  Network File System It is the most popularly used distributed file system developed by SUN Microsystem. This file
system uses the basic client/server model inorder to share appllcatrons and also to share file systems among multiple .
clients connected via LAN. R D ; : :

* However, this file system deals wrth varrous issues lrke scalabllrty, reliability and system failure. o .

(i) Storage Area Networks: It is a networking technology that connects storage systems with the computation servers. This
storage System is said to be centrallzed storage as it maintains a storage‘pool which allow storage allocation based on'the
servers need. .

A SAN-based file system. is considered as expensive as it require additioilal hardware and soﬁware support for pooling.

(iil) Pdrallel File Systems: It is a distribute filg system that allow multlple ‘client to agcess same ﬁle It make use of global

~f1ame spacing mechanism to distribute a file across multrple 1/0 nodes. Here I/O nodes are used for forwarding data to
all computation nodes. A parallel file system also mamtams a metadata server inorder to maintain information about data

stored on /O nodes. |
R
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Database: A database is an integrated, shared-collection of data. It consist of both *End-users’ data, (which includes
of interest) and Meta-data (which includes data about data). It is usually so large that it has been stored on storage devices like

disks/tapes. )
A Database Management System (DBMS) is a software that defines a databasc; stores the data, support a query language,

produce reports and manages the process made to data in database.

Cloud applications used database as an interfacc to interact with file system. .
The data-intensive cloud application supports database models like navigationar model, relational model object oriented
model. But it does not support SQL query language. The cloud database support NOSQL model. It does not ensures ACID

‘

properties.

..-+6:3 DISTRIBUTED FILE SYSTEMS .

Q11\.f/xplain in detail about network file systems and UNIX file sysiem.

i

Modael Paper, Q7(b)

Ans:
Network File System (NFS): It is-the most popularly used distributed file system developed by lSEl’MiU'_OSXSlC‘m: This file

system used basic client/server model in order to.develop applications.and also to'share file system among multiple clients

connected via, Local Area Network (LAN).
Network File System (NFS) was demgned based on the de51gmng philosophy of UNIX Flle System (UFS). A Network

file system offers the following bcneﬁts _
It defines semantics similar to UNIX file systcm This prov:dcs compatlblhty with the present file system

——
It allows easy integration with existing file system.

[t creates multi-clients environment. This guarantees the wide usage of all the system that connected to a network.

1.

2

3.

4 It accepts optimal level of performance degradatlon while providing remote access across the network containing high
—_—

bandwidth.

Q\_,_
Unix File System: Unix file structure (or Unix file system) plays a vital role in understanding most of the other Unix commands.
Unix treats all of it’s utilities as a ‘file’. This file structure when pictorially represented, resembles, an upside down tree, with—

root directory claiming the peak posmon and various other sub- dlrectorles spreaded below it. A snapshot ofsuch representation

5 gagry/
PP /

is as follows.

|4 '
, Sub gn({// ,11 | nf : // /g‘/{// /J//////
directories \ ' \ \ \ )/ .
i Y e O ]5 l---l | WE
Sub-sub ‘
directories ‘

Figure: Umx DlrecturyIFlle Structure (A Snapshot of Upside Down Tree)

A directory is a collectlon of related files hence a directory can be cqlled as a file.

Main criteria behind such reprcsentatlon is to place all the relatlve files in oné dlrectory hence causmg ease in management

Features of Unix File System
' (i)  Supports hierarchical file structure _ . : : _ _ ;
(i) The dynomic growoffiles  * .~ . I : ' o ' :
(iii)- File access permissions N S . A > B
(iv) All devices are treated as files |

(v) File sharing, ' RO : , .
WWW. Jntufastupdates.com §)
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" Characteristics of UNIX File System
X file system provides a flexible file system. The concept of layering minimizes the interaction

t are necessary for implementing the system. Besides this, the use of unode layer in UNIX file

L. The layered design of UNI

between those modules tha
system grants uniform excess right on both local and remote files.

The hierarchical design of UNIX file ;ystcm facilitates a scable file system. The hicrarchical design group multiple files

alled director. A hierarchal file system can have multiple (or) collection of files or directories.

into a single file ¢
le system describes the systematic view of the file system metadata contains

3. The metadata contained in the UNIX fi
information about the i
(i) Owner of the file
(ii) Access rights gmnted to the user
(iii) Time of file creation _ '
. (iv) ,L.,ast_mpdiﬁcations made on the file | ' e
(v) Size of the file '
(vi) "Structure of the file
' (vii) Persistent st_ogaée device cells. -
“The .inodé layer presen’t!on_ the persisfént storage media includes information about the files and directories.

4,
Q12 VExpi)l_-ain the layered design of UNIX:file system. o

Ans: _ e . ‘Modai Paper-iI, Q7(a)
Laye?‘ed Design of UN_IX-FiJe'System: The layered design of UNIX ﬁlé.system'is shown in figure below,

|Symbolic path| - o L
_name layer ) ' o

Absolute path
« name layer

Path name E
layer

A

Logical file structure |Logical record

I .
| File name layer | [Physical file structure| . Block | - . .| Block

Inode layer

File layer

Block layer

o ngufa:- I[»ay'ered Dpsig;l of Uﬂlf( File System
‘ In; layered design of UNI_X‘ﬁle system'the physical'ﬁle structure is separated from that of the 1ogical file structure.

' (Il’cinsyésr';;?ilo:irl:gjrt;;ctt:;z:tT}}e physica! file str‘uc|tur§ d'f UNIX 'flileb system represe"nt' the storage model. This model provides
R A gthes ,orage‘of file m a sto_rage‘ miedia. A phym.cal ﬁl'es structure stgres ﬁle§ o‘n physical device called physical
L_oglcal File Struétur?: The lc;)giCal file structure 6f-}QNI.X?f}le sys"tlem répresent the data model. This model provides abstrac
view of the data. A lf’%’f"ﬁ’fj’dqu logical records which is nothing but a linear array. ' ' -
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The layered design of UNIX file system consist of the following seven layers.

1 Block layer

2 File layer

3. Inode layer A
4 Path name layer K

.Absolute path name layer
Symbolic path name layer,

The block layer, file layer and inode’s layer are the lower three layer of UNIX file system. These layer defines the physical
- organization of the file system. Where as the path name layer, absolute path name and symbolic path name are the upper three
layers of the UNIX file system. These layer represent the logical organisation of file system. The file name act as a mediator

between the upper and lower layers. The seven layers of UNIX file system are discussed below. '
1. Block'Layer: This layer is responsible for allocating physical records/block on physical devices.
. 2. File Layer: This layer is respdnsible for organizing blocks'into files. | '

3. TInode.Layer: This layer defines metadata for objects like files and directories.

4

File Name Layer: This layer act as a mediator. between the'upper and lower layers. It prov'i.des the machine oriented as
well as the user oriented views of file system. ' ' A ‘

Path Name Layer: This layer depicts the files/directories location. . -
6. Absolute Path Name or Full Path Layer: This layer depicts the file location relative to foot directory irrespective of the

wn

~current direbtory/work_ing directory of the process, . - . o : T
7 ~ Symbolic Path Name/Relative Path Name Layer: This layer depict the file location in relation to purr'ent or working
directory. ‘ : SN AR
Beside this, the layered design of UNIX filesystem also maintains a file description 'as‘anrindex’ inorder to uniquely
identify the local files, a file description table inotder tg add new entries to the file system and a’open file table inorder to
: meta data information. ' S S - : o
Q13. Briefly discuss about network file systems architecture.

Ans: Network file system uses client-server paradigm to share file system among multiple clients connected by Local Area
Network (LAN). In'NFS client-server interaction, a client basically runs bn_iocal host wheré_as a’server runs 6n remote file system.
This file system uses local file systems Applicati'on-PrQ'gramming Interface (API) inorder to differentiate file operation of local - -
file from remote file and later invokes the Remote Procedural Call (RPC) client as a response. An API calls are provided by users - '
on remote file system and Network File System servers in response to RPC calls. R A

Figure below shows the NFS client-server interaction.

lApplicationl - o
: A - ‘

Local Host boa's Remote Hast . ‘
Niocal. »{File,System API intérfEl' , ' Ejle System API Interfac [Remote
File v . e
System <~-[ Vnode Layer j L Vnode Layer |eg»{System

NFS Client

y :
EVNFS Stub . [YNFSStub .|

Communication Network

Figure : NFS,Dliént - Server Interaction

In the ébovc architecture, Vnode layer is reépﬁnsible for inip]cthénting file operations on local or remote ﬁl;:'s_:p}q also
for differentiating local files from remote file: A local file system includgs all the operations of local file and rer‘notenﬁ!cﬂsystem
includes all the operations of remote files and NFS. , . e o

A File Handle (FH) is used for uniquély -identifying remote files. It contains a internal name of 32-bytes file. §ystcm
identification, inode number and a generation number. It allow system to identify remote ﬁl'e system and the correspondn}g file
on the system. The generation number of the file handle facilitate the system i{l reusing the inode numbers.,{\palrt fromtlh}sl, the
generation also guarantees to provide accurate semantics when many clients simultaneously operates on a single remote file.
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InNFS clicnt-scrycr package, a client basically forwards
the information regarding the target to NFS server. The NFS
server inturns forward this information to vnode layer present
on the remote host. Which later directs it on remote file system.

Since, multlplc RPC calls like ‘read’ are repeatedly
perform. This may leads to communication failure. However,
if network failure occur while delivering response to read RPC
then in such cases calls can repeated. But if network failure
occur while delivering response to RPC then in such cases
repetition of calls delivers an error code to users.

Q14. Discuss in detail about Andrew File System
(AFS). Model Paperl, Q7(b)

Ans: Andrew File System is distribute file system which was.
designed to interconnect large workstations with relatively
small servers. In this file system, the collection of server
~forms a “vice” framework. The large workstations runs on -
4.2 BS UNIX operating system This operating system is
responsrble for verifying' file system calls and propagating it
to'user-level process. This process is called ‘ Venus’. It (venus)
is responsible for accepting cached files fromvice and for
storing the modified file copies back on the requested servers.
Venus can communigation with the vice only when the open/
close operations are performed on ﬁle Where read/write
operations can be performed dlrectly on cached capy wrthout
~any mtere\ctron of venus. .

The design of Andrew ﬁle system srgmﬁcantly focus
on performance, security-and simple file management process.
This file system used local disk of workstation as a persistent

. cache. Hence this helps in updating the masters file copy present
on a single server when it is modified. This strategy helps in

- reducing the l6ad on sevet, enhances the system performance,
ensure scalability and minimizes the response time.’

To provide enhan_ce security; this system employs a
encyption mechanism between communicating clients and

server. It also provides a secure network connection while |

performmg file operations like read/wnte

'In addition to this, Andrew file system make use of

_ Access Control Lists (ACLs) inorder to allow efﬁcrent data

sharmg An access control lists helps in granting access rights

to a smgle/multrple uses. Apart from this, the desrgn of AFS

provrdes location transparency.:That is, it automatlcally allow

users to access file from any location.

Q15. Explain about sprite network ﬁle systems
Ans:
~ Sprite Network File System (SFS): Sprite Network File
System (SFS) is a distributed file system. It is an essential
component of Sprite Network operating system. It is basically
designed to pmvrde non- wrne through file caching on both
client and server systems.

Sprite network file system allow processes working on
multiple workstation to use file access semantics similar to that
of processes runnmg on single system. This is due to the fact
that cache consistency mechanism, frees the portion.-of cache
memory and then disables the caching for shared ﬁ]es when
read/write opcratron is bemg performed

“Ans:-.

The concept of caching helps.in,

(i)  Decreasing network latency
(i)  Reducing the serves utilization
(iii)  Improving the performance of the system.

Besides this, SFS also satisfy the file access request
made by the clients process at various levels. This can be done
by directing the request to local and remote servers.

Initially the file access request is passed to the local
cache and local client file system. If the request is not satisficd
locally then it is passed to the remote servers cache and then
to serves file system.

Sprite file systems are said to be 30-35% faster than the

‘network file system and Andrew file system. In this system, file

cache is arranged as fixed size block of 4KB. |
Each cache block is associated with a virtual address.
The virtual address includes a unique file identifier and a block

~ number in a file. Virtual addressing is done inorder to enable

multiplé clients to create new cache blocks without interacting
with the server. Here, the role of server is to provide mapping
between the virtual addresses and the physical disk addresses.

Iisprite systems, cache size available of client and server
system gets dynamlcally changed as needed. This is due to the
fact that sprite operating system guarantee. The optimal usage
of memory between virtual memory and file caching.

In addition to this, the SFS also uses physical memory
pages inorde'r‘to keep tack of the last access made on the each
block or page. Beside this, Least Recently Used (LRU) page
replacement algorithm is also implemented inorder to record -

the time taken to perform read and write operation.

The two desirable properties of sprite network file system
are, . : '
1. . Delay-write -black
2 Write-through.
L. ' Delay-write-backs: Delay‘wnte back arises when there
is a time delay (of seconds) while writing block of cache

- on disks. Such situation can lead to data loss at the time
of disk failure. ' '

2. 'Wnte—through Wrrte throuc’h ensues rchabrlrty while
:writing d_ata_ on the disk but the-same time increases the
‘write operation time.

R TS St

SRR

: !, q‘**vn‘-

16. »Explam about general parallel ﬁle systems.

Model Paper-ﬂl Q7(a)
Parallel file system substantiate concurrent access to single

+ file. That is, parallel file system allow multiple clients to perform

read/write operation on a single file- simultaneously. This file

" system uses Same Program Multiple Data (SPDM) paradigm to

allow concurrent access to the single files. Concurrency control
is considered as one of the critical issue of parallel file system.
 General parallel file system was designed based on the
concept of parallel file system. This file system employs the *
charactcnstrcs of gencral purpose POSIX system which- uns
on smgle system.
9
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This file system was developed for optimizing the performance of large clusters. It is designed in such a way that it can
support hrE,c file system of 4PB having 4096 disks of 1/terabyte and maximum file size of aboyt (2 — ]) bytcs

In GPFS, a file is basically divided into fixed sized block which ranges between 16KB and IMB. These files are striped
on multiple dlsl\s The conﬁ;_,urauon of general parallel file-system is shown below,

bisy

. \ . ’ ) 7:‘ / o \ : ! . ’
» LAN2 | sl TLana |
. : s ii\\' o /' : " ."é;l\ \

Flgure GPFS Cunflguratmn

Characteristics: General parallel File Systems posses the following characterlstlcs

I Ttallow directories to make use of exterisible hashing techhiques to access nghts toafile. -

2. [t make use of inodes and indirect blocks morder to mamtam file attributes and data block erddresses

3. It maintains a record of metadata updates ina wrlte ahead logs morder to address system fallure A wnte a head locY uses
persistent storage medxa to maintain the updated log record. - : S

4. It make use or RAID dev1ces and dual attached RAID controller Wthh stripes large files to ﬁxed size block s0 as to allow

concurrent access to a file. . : x :

5. It maintains a repllcated copy of data ﬁles and meta data ﬁles on two physwal disk to unprove the fault tolerance:of the
system. ' : : .

- It uses distributed locking mechanism morder to- ensure data consistercy and.data synchromzatron This mechamsm
employs a central lock manager which grants lock taken to every local manager runnmg on theu’ respective [/O node.

7. - Tt offers lock granularxty by applying the followmg two techmques o i . )

" (i) . Byte-range Tokens: It is_used for performmg read/write operatrons on data file. ThlS operatlon is carried out in the

following manner. . v
Initially the first node/start node obtams a token [between 0to 00] and attempt to write toa file. This node can simultaneously

perform all its subsequent read/write operattons until the attempt to perform read/write operatlon is done by another node.
On same file if such situation can restrict the- token range provlded to the first node. That i is, if offset of first node for
performing write operating is P, and if offset of the second node is, P, then range of the token will be [0, P ] and [P,, ] |
respectively. Hence the two nodes are now allow to sxmultaneously access the file. '

(i)  Data Shippinig Method: This method oﬁ°er a file- gramed data sharing ¢ among multlple nodes to obtaxn similar files. This
method uses round robin algonthm to control the equal sized file blocks. Read/wnte operations are controlled by the

,,..

target block.

Here token manager is reSpon51ble for -
(a) Mamtammg token states

(b) ' Creatmg a token

(© Dlstrlbutmg a token

(d) Collecting a token aﬁer the ﬁle gets closed

(¢) Upgrading a token when addition requests are made by node for file access.

It synchronizes the metadata access.

9. It cmploys disk mapplng mechamsm to manage the disk space. Tl'lIS mechanism partmons the dlSl\ maps into # regions
and stores them on distinct I/0'nodes. Thereby allowmg several node to use the disk space at same time.* :
WWW. Jntufastu pdates com 10
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Qi7. D Dischiss about storage system used in Googte File Systems.
\l/ em that are developed using inexpensive components. This storage system

Anst Google file system uses large storage syst
bytes) of data. This file system mainly focus on ensuring system reliability in

facilitates the storage of huge amount (i.e., pera
case of hardware failure, software errors, application errors and human errors. Google file system was designed after analysis

the following critical aspects of file and access models.

1. - Scalability and rellabrhty are the two ma;or concerns that must
2. Range of the file size must be between Glga bytes’ to Terra bytes ’
3. Append operation must be 1mplemented on existing file system

4, Sequentral read operatlons must be performed on files.

5

be considered while desngnmg a file system

ered while processing large chunks of data.

Hence based on above analysrs the. followmg de51gn decision were made,
Large files where segmented into huge chunks.. |
: Append operation was 1mp1emented to allow multlple apphcatron to append the same file.
3. .Cachmg was avoided at client side.-Since maintaining cached copy at chent side may lead t
. include overhead thereby decrease the performance of system.” '~ -i-
Large cluster where ‘build across hrgh bandwidthwithout usmg intérconnected network of low-latency
Guarantees data consistency by prov1dmg channeling on complex file operations via master. A master isa component of
Google file system cluster. It is responsible for controlhng the complete file system. : :
Reduces the * masters’ involvement while performmg file access operations like read/wnte 'I'hts helps in elrmmatlng hot
* spot contention problem which inturn guarantees scalability. : . :
s Checkpointing and fast recovery mechanism was introduced. .
8. . Garbage- collection mechanism was efficiently supported, . Lz
Q18, rleﬂy discuss the 'sto'rag_e ar'chitectu're;of GFS. \/ . " L

N -

0 inconsi'stency and may

64

.

. H
Architecture of Google File System: The archltecmre of Google File; System (GFS) cluster is ShOWn below,

‘ L .. Application

e S | File;name and Chunk'l}andle_and
~ chunk index | -+ "+ chunk location

] Master . (
Chunk ~ |Meta - information
data . —

' Chunk handle
and-data count| -

State Inforniéti(')n. Lo L ' .
~ - .| Instructions . .

¥

Communication Network . . .

. ’ * . . p

| Chunk Server| Chm@_-

’

Chunk Server

Linux File System| . | .Lmux File System _|Linux File System| c

oo _Anna. ! ; -0 ¢ '.11

Elguro. GFS Clustar
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Google File System (GFS)-files includes a set of fixed-
" sized segment of equal sized. These segments are referred to as
chunk. Each chunk contains a 64 KB block where each block
comprises a 32-bit checksum. Each chunk is associated with a
unique chunk handler and are stored on Linux file system. In
GFS, files are replicated and stored on multiple site.
GFS supporta chunk size of about 64 MB A large chunk
sme tend to,
Optimize the performance of large files..

roo2 Minimizes the storage of metadata on to the file system | -
"3, ‘Maintains persrstent network connéctlon wrth chunk
servers. : :
4. Minimizes the requests made for locatmg the chunk

+ The Google File System cluster make use of the
followmg two’ components

(i) Master. .
- (i) Chunk Server

Master: ‘A master is responsible for. mamtammg state

information of all the system components Thls mformatron .

‘includes metadata about

1. Filename - ¢ . -
" - Location of the repltcated ﬁles on each chunk )

. Access, control mformatron ' -

- State information of each chunk- server

' ’

2.
-3
'4

Besrdes this, it also manages multxple chunk servers A :

master ¢ontain the location of each chunka control structure in .

- its memory. Due to this, a master can have updated information' -

regardm g the chunk locatron This updation are done each time

the system gets started or when anew chunk server partlcrpates
the cluster.

-To maintain- system reltabxllty, an operatlons logs are
mamtamed by ‘the file system. This logs keeps a records of -
updated to metadata information which are later reused by
masters in.case of system failure. In addltlon to this, it also -

.~ stores the replicated copies of metadata on persistent storage To
recover from fault tolerance and system failure, the operation logs-
are replayed. However, the recovery time gets reduce when the
master repeatedly check pomts it state. And once the last check
point is made the recovery time replays the log records 1.

Chunk Server: A Chunk Server is stored on Lmux File. System
It accepts the metadata mformatlon provided by the master to -
- irectly communicate. ot interact with the appllcatrons ihorder -

“to perform desired file operation. It uses the status lnformatton
‘to respond the Master.

In GFS, access to a ﬁle is provrded in, the followmg
manner. =~
1. Initially a- ﬁle ‘name,. chunk mdex and the oﬂ'set of the
file for performing read/wnte operatron is send by cllent
apphcauon to the master, :
Upon receiving the request, the master responds to the
. application by specnfymg the chunk handle and locatlon
. of the chunk. . - :
Using the above mformatlon provrded by the master, the
application can directly mteract with the chunk server

The GFS cluster architecture, is considered as a scable
and cffective conslstency model. In this model, a master is
responsible for carrying out atomic operations like file creation.
This file system is said ‘be scable, to make this architecture
scalable, a master will-contribute less in file mutation and also
.in frequently occurring operations: like write/append. In such
' situations, a. pamcular chunk is provided to primary chunk
server,, Thrs server specrﬁes ‘the serial- order for the updated
chunk. © o ' :

In this archltecture data ﬂow and control ﬂow are de
coupled. This helps in achrevmg efficiency while carrymg out
various file operatlons especrally the write operanon The below
steps 1llustrate how write request is camed out by decoupling

“the control ﬂow from data flow. . .

i - Imtrally ‘the client commumcate with the master by’

© allocating a'léase fo smgle chiink server for a specific
::‘chunk when there is no lease for that particular chunk.

‘Upon assrgnmg, the master generates Tesponse. wnh

" ‘1D of both pnmary/secondary chunk server which has
the duplrcate chunks. Thus the recetved mformatron is.

o cached by client.” - . .

. }The client sends the data as ‘well the rephcated copy

- .of chunks to chunk’ server ‘Each chunk server uses -

v 5;'"mternal LRU buffer to store ‘the. data and send an

i -,f,acknowledgment fo the cltent :

) The. wrtte nequest is. forwarded from chent to the primary
L .chunk server aﬂer receiving the mformatton from each

B “}chunk server that holds repltcated coples of chunk The :
*" - primary chunk server finds the file mutatlon usmg ‘the -
o f_consecutlve sequence number Co

_The wnte request is now forwarded for pnmary chunk
server tob secondary chunk servers

‘The secondary’ chunk servers assrgn ‘mutations to the
' .ﬁle based on the sequence’ number and then sends}an
K acknowledgment to, pnmary chunk server.
6. Upon receiving an_ acknowledgment from secondary -

:' chunk server the pnmary chunk server responds to. the
“4.client.

" The GFS provndes efﬁcrent check pomtmg procedure

_dependmg on: the copy-on~wnte mechamsm It make tise of .

lazy garbage collectron in order to free the memory space after
deletron AT g D ey

Besrdes l.hls the' maSter perform penodrc scanmhg on
| the name spaces present ot the. ﬁle system and then deletes the

. metgdata files of the less recently used'fhtdden older file name
I addition td this, a chuhk s server also maintains & chiecksum

of locally store chunks. This ensure data mtegnty at. the time
of data loss and system future.

Google File System can be lmplemented on clqud store.

MOENRG

‘lt 1s an 0pen-soupce sottware wrltten using C++ programmmg
"'language It also supports to Java and Python prdgrammmg' '

to perform the desrred file operatlon

NRRIEEIN «-»u..i .
,t.“ " -

‘.Janguage PR W)

. A — AT Rt TA
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is an open source software that are used in data-intensive

Apache Hadoop: Apache. H'\doop is a Java based software system. It i
web crawling etc, It is capable of handling large volume

applications like marketing analysis, mnchme learning, image processmg,
of data across distributed apphcahons T

Large scale industry, govemment and research orgah’lzatlon uses Hadoop. It is mostly preferred by majority of IT companies
and social networks like Apple, IBM, Mxerosoﬂ1 HP Amazon Yahoo, Facebook, Twitter, linked in etc.»

The two ‘components of Hadoop systems are,
1.  Database Engme/HDFSv
2. MapReduce Engme T

1. Database Engine/HDKS: The database supported by Hadoop is called
system is a widely used: distributed file system. It is a portable/platform.indepen
language. This file cannot be mounted directly .on any present operating system a

as:Hadoop Frle Systems (HDFs). A Hadoop file
dent file system written using Java programmmg
part from this rt uses partial posix standard.

But despite of this it guarantees hrgh perfonnance . -
A Hadoop cluster whlch uscs Hadoop file system is shown in the figure below
+ |Slave node E B . Client " |Slave node . ‘
Map Reduce Engine-|| : Co ' - +{|Map Reduce Engine.
: o - " |Master n_ode : A,ETasl( tracker|
Imors. || |+ |[MepReduceEngine.)l  {ifgpps .
« ; I | o Task tracker] °, RN sir———
Co = Job. tracker =
! S ‘k . - .
) Slavenode . .. | :l HDES |y - : ) Slavenode
‘ - : = —{ Name node ,
Map Reduce Engme‘ coab e A |{Map Reduce Engme '
. 1. N e
* _ @E@ ; A :!Task trackerl

/ D o _ quura Hldoap Clustar {'. }
2. . MapReduce Engiue A MapReduce engine of multinode cluster consrst of smgle master node and four slave nodes. The
: maste,mode engine of this cluster mcludes a job tracker and a task tracker where as the slave node engme includes only the task
tracker. Cow et R -
. The role of jOb tracker running on masters engine:is to recelve a map reduce job from cltent and forward it to all the task
tracker nodes preserit in the cluster, Beside this, it also allow communication with the task trackers node running on master node,
. slave nodes and data node where as the role. of task tracker runmng on both master and slave engine-is to execute all the tasks
whrch are allocated to, the nodes. . : : , e

s, .The Hadoop file system also‘contams two speclal type of nodes They are as folloWs
() Datanode aR g ar o am L ] B _ L | S
(u) Name node * g b AEERREI PR : t} S -

() r bata Node° It runs on each clustcr node :
N (TP '
(if) - Name Node: "It run oni. both master and slave node engme The namenode of master s engme manages thc data

commumcatron data rephcatnon and data dxsn}nr{ tu p dsat . g
es. com
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*Besides this, it also allow slnrmg of mform'mon
regarding placement of data with the job tracker. This mmumzcs
the interaction between the nodes (which contains the data) and

‘other node.(which require the data).

Q20. Explain in detall about BigTable. o

Ans:

BigTable: It is a distributed storage which allow users to store
large amount of data.. This storage system was developed’
by Google lt cmploys Google File System for storing users
data and system mformatlon In addition to this, it employs
distributed lock service on drrectones/ﬁles in order to ensures

. atomlc read/wrxte operatton. ' '

¢ -

Bngable storage system use sa.mple and ﬂexrble data
models in order to allow application developcr to gam control
overdata formats as well as data layout. Apart from thrs italso

prov1des the data locallty 1nformatlon to the apphcatron chent '

In this storage system the storage is consist of umque
pair of (row, column)’ keys These keys helps in 1dent1fymg a
cell which consist of multtple version of srmllar data

\

" In (row, column) parr, a row key. contams an 64 KB
arbitrary string. A row i§ further divided to tablets A table act;,

as unit for performmg load balancmg A column key deﬁnes a

strings specrfymg a family name, group of printable characters |
and strings specifying a qualifier. In addition to thtsv,‘a time:

stamp of 64 bit is also included for indéxing data in a cell.

-

-Read/write row operations aresaid to be atorniceye'n'

if they are preformed on multiple columns. Here column keys._ :

- are used for identifying the column families whrch servesasa”
unit for access control A column famrly mclude similar type,

' of data. :

5

The ﬁgure below 1llustrate the orgamzatton of emall
application on BrgTable Storager RN
Column Keys (farmly, quahﬁer)
A

4 _Contents Subljects ' Relply ‘
Server. = = B —
— L = - =24 =

; In. this above figure, email applications are organized
as spares, distributed and multrdrmcnsronal map on Big Table
storage. The above storage system defines the following thiree

components_.
'l ALibrary -
2. Master server '

3. Tablctscrver ‘. ' . , ¢

) 1 Lrbrary Allbrary is assocmted to client apphcatxon It

allow access to the system

2 Master Server It manages the complete system,
allocate tablets to tablet server, controls the garbage collection

and also manages the creatlon and deletton of a column famtly.

"3 Tablet Server It manages the load balance

. To ensure ﬂexrble space management on the storage
followmg three level-hlerarchy is. used
.r . ‘

(1) Root tablets =
(u) Metadatatablet .
(ln) User tablet e

(l) Root Tablet It is the first element whose locatron is
o speclﬁed in chubby file. It pomts to the second entry of
ﬁle |

-

(i ) Metadata Tablet Iti 1s the second entry of the file wluch
- mturns points to the users tablet "

(m) User Tablet It mcludes collectton of users tablet

The orgamzatlon of Emarl appllcatron on sparse
.drstnbuted multldrmensronal map is'done by partmonmg the
Brg Table Storage into a,pair of (Row Column) keys. Where -
Row contams auserld as‘ a key and the column deﬁnes a column '

1 fully of three keys.

(a). Coptent key It. deﬁnes those. cell Wthh holds the
A ‘content of the recelved emarl ’

i

(b) : Subject key It deﬁnes the subJect of an emarl

1 () vReply key It deﬁnes the cell whrch holds emarl rephes

v"I‘he records of the apphcatlons are. ordered based
on therr time stamps.. Here the ordermg of row'key are

14 “done’ lexrcographrcally whereas columns are ldentrﬁed by

concatenatlng column famrly as well -as quahﬁer field.

The use of lockmg mechamsm reduces. the system in
achlevmg lmear—speed up. However, the htgh performance.
is the major concern. in this type ‘of storage. Despxte of this

Row - Sk ‘
Keys I N
Pairof v
(row, column)* ’

Keys )

vanous apphcatlon like Google Earth Google Analysitics,

W W TR e e e
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‘ ‘(hm;:lc Finance and Web crawlers makes use of Big Table distributed storage system. Google Earth employs two Big Table one
for performing preprocessing and another for serving/forward clicnt data, The table used for performing preprocessing contains

raw images of 70 TB and it is basically stored on disk. A pair of (Row, Column) keys contains single images is Row key and

cach row image column as column key. This table mainly depends on Map reduce for consolidating data for serving table. The
serving table of 500 GB is distributed on multiple (nearly hundreds) tablet servers. It holds information about column families
in its memory. This organization allow the serving phase of Google Earth to generate fast response to any queries in just one

second.

7

Q21. pAplain about Mogastore. e Modél Paper-V, Q7(b)
Ans: Megastore is a highly scalable distributed storage system. This system provides various online services. This system is
distributed across multiple data centers with a storage capacity of about pera bytes. It is mostly used by Google for handling
huge number of transactions (i.c., upto billion of transactions). '

The basic design strategy of this system is to split/partition the data present on the'storage system into entity groups
support ACID (Automicity, Consistency, Integrity and Durabxllty) semantics and also ensure limited data consistency. Later it
replicates the copics of each partmon into multiple data ccmcrs present at several geographlcal location.

Megastore storage system employs only those databasc features that helps in ensuring high system scalability within limited
responsc time. Apart from database features, this storage system make use of paxos consensues algorithm. This algorithm helps
- in replicating the copies ofpnmary user data, mformation related to system configuration and metadata on multiple data centers.
One of the advantage of using paxos algorithm in megastore is to allow multiple node’ to initiate a réad and write operations on

a write-ahead log which contains replicants of symmentic peers.

The megastore organization is shown below.

" | Disk | Disk ) Disk

s ,
%
I, |
Disk Disk
J,' '
(1 -
] Disk !
T ~——
iy i
Ay
. Strict consistency [Acid semantics as
| Entity Group are provided on entity group) ‘
3,2 " “ . ' ' ‘
() 4 : Figure: Megastore Organization
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In the above megastore organization, enmy groups mcludes logrcally related data in rt
Example. In email apphcatron, ‘email account is an entrty group Partmon of entity groups should be done carefully inorder to
. reduce the large mteractrons between various groups ‘ o .

Megastore desrgn includes a data model in between (mrddle) the traditional database and NOSQL database. This data
model is defined in‘a schema. A schema basrcally consist of set of tables where each table corresponds to'set or entries. Each
entry is inturn associated with a group of named and type of propertres A primary key of an entrty is determmed based on the
composrtron of entry propertres . -

A megastore table can'be further divided into
I.  Root table ‘
2 “Child table _
' 1 : Root Table: A root table contams root entltres » :
2, Chrld Table: A chlld table contams chrld entrtres whrch are references of root entmes
- An entity group mcludes pnmary entrty as well as all reference entities in it. |

A megastore system make use of big table storage system morder to map dlstmct entrtres of megastore table ona smgle
row-of big table. Thrs mappmg is.done due to the fact that the megastore table isa combmatlon of megastore table and property
- name Apart ﬁom thrs ‘the root entmes of big table row mcludes both transactrons as we]l as meta data of entlty group. .

PN

» In addition to this, megastore storage system mamtams multlple versrons of data on several trmestamps inabig table cell
This is done so as to 1mplement multi-version concurrency control mechanism dunng the occurrence of transaction mutation.
This mechamsm helps in performing’ read and write operatrons concurrently A read operatron allow users to access the updated
versron where as the write operatron helps in, ' ' ACL '
1. Detemnne the time stamp and the log posmon of transactrons that are commltted at the end.
o ‘ ,Mamtam all the wnte operations in the log entry ‘
: .Employ the consensue algonthm for performmg append operatron on log entnes :

2

3

4, Perform update operatlon on Brg Table entnes
5

Perfonncleanupoperatlon T : ' N R LT

. Q22. Explam m detail about Amazon Slmple Storage Service (S3) w ol Y
Ans' . o :
‘For answer refer Unit-IV, Q25(i). T el .. :
¢ i '~—
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