System Design Basics 0

D Try Yo breok the problem into Simpley
modules ( Top down approach)
D Talk dbout the trade-offs
( No solution 15 perfect)
Calculote the impact an system bosed on
all the constraints and the end fest @mses.

& .
Scope the problem Focus on jnterviewerrs

T intentions.
Ask Abstact Qesign
Juestions
( Constraints & /
Functionality Finding & addressing
Req Ql V@me_n{S) bo ttlenecks

Rakisnalize ideas
and Inpufs.



Cystem Design Basics| (i) @

D Avchitectuyval  Pieces / resources auoilable
2 How these resources work together
3 Dhlizgkion &, Tradeoffs

[ Consistent  Hashing
——  CAP  Theovem v
—— load balancing ve
Queues

— (aching —
Replication v
—— GQL vys No-SQL v~
Trndexes v’
Proxies

Dako Pavﬂtioning 7




Load Bal ancing €

( Distributed SyStem)

Random
Round - Yobin

Types of distribution

Random (weights for memory &
CPU  cycles)
To ubilize full Scolahil ify L Y&dUndancy, add 3 LB
) User B > Wep Seyver

) Web Gervey i App Server [ Cache Server

o ( Tnfernal  platform)
3 Internal platfovm < > DB.

Web Servex /_
Web Server

App Cervevis
@/ —¢
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mart Clientg
Takes a pool © sevvice hosts € balances load.

— detects  hodls thaet ave net responsive

2  Yecouered hosts

= additon of new hosts

Load balancing  funclionality  to 0B (cache, Serviey
sl Attactive solution for d\e\feiop@xfs

(Small Scale sYstems)
As System  grows — [Rs CStandalone Servers)

Hardware Lload Balancers:

Expensive  bul  high  Performance.

€-g. Cirix  NetBcaler

Not  *rwial fte configuve
Large componies ftend to quod this config.
or uce it as 18t point, of Contack To thei
S\JS‘Lem [0 Seyve  Lsey Y@O\&LQS&S &
Intro. netwark wuses Smart clients / hybrid
Solution —>  (Next paqe) for

load  balahcing  traffic.



Software Load Balancers
No pain of  cweation of smaort client
h@ cost of puvchasing dediaafed hardware
hybrid  appreach

HHP(OK}{ = 0SS [oad balancer
N/

DRu‘hninq an  cliept, mochine

()ient /2 Sevvev

({ocally bound port) J
e-q- [ocalbhost 9000
T

managed Yoy HP\Froxy

Cusith  efficlent Management
of Fequests Oh the part)

Z) Runrﬁng on inkermediafe Server - Proies funning et

R APraxy ALEf. cerver gide Comperets

NManaqes healEh checks
removal & addition of machines

balances  requesty a/c  paals.



WNorld of

Databases

S8L vg. NeS@L

Relational Nen- Yelational
Dodabase Jatabase

Y Structured ) Unshructured.

2 Predefined Schema 2 dista buled

Y Data in Yowsd coumns 3 d\jnam'\o Schema

Row = Ohe Entity In{o

Column = Separate data points — Key-Value Stores
MySsaL — Documrent DR
Ofacle — Wide - Column DB
MS SQ@L  Seryeyr o GYQQH DB
5Q@Lite
Postgres
MariadB
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Reasons to use SQL DB

\)You; need to enguve ACID Comp[{cmce,:
ACID (o mpltonce
—>  Reduces anomalies
= Prafects \n\eqﬂ%y of the databose.
for Mmany £~ Commerce 2 financiol (1(3[3n
— RCI) compliant OB
15 the first choice.

2) Your data 1S Structured & uhchanging.-
IF your business is nol experiencng
Yopid growih or Sudden Changes
— NGO requivements of more Servers
— dala (s Consistent
then therers no reason to use 5yStem deSiqD
to Support variely of daka & high fraffic.



Reasons te use NoSQL DB

When all other components of systern are fast
— querying & seaxching for data = boftleneck.
NoSQL prevent dafa from being botileneck.
Big dota = lovge Success for NoS@L.
) To store large Volumes of data C litfle/ns structure)
No limt on fype of date.
Document 0B = Sfores oll data in one ploce
( No need of typ of dato)
) Using Cloud b stovage 1o the  fullest -
Excellen Cost Saving Solution- ( Eosy Spread of datg
aCross Mmulfiple Servers ‘Yo scale u
OR commoddy hlw on Sife (affordable, SMaller)
= No headache of additional 8lw
& NoSGL 0B8s like (0sSandva, = designed 1o Scule
acvoss muliiple dafa cenfers 0wl of the box.
D Uceful fot rapid / agile development.
T yowre making quick iferafions on Schema
= SelL wll slew You dewn.



CAY? Thearem

Cf-\\\ nedes See Same dofa

ol same fime)

Achieved by
updoting seveval nodes

befsyre a\\omlng
feods

<
__Partition Tolerance
: [Cassandva. (ouch 08]] \l/
Every vequest gets 5g5tem condinues 1o Goavk
vesponse ( Success [failure)  despite message loss/ partial
ﬂdni@,\fe& by Yepl(m{‘mg fo&mm_
dota acvass different Servers ( an  sustain Gny  Gpnourt

of networle falure without
¢ resulting n fadure of entive
Data 1s Sufﬂc@nﬂg vepﬁcauxi Nefusovk )
a.cross Combinafion of nodes/
Nefworks to l(eep the SgS{em up-

It is impassible for a distribufed system to
¢ imultanegusly  provide move than two of
three of the aboue guarenfeeg.




We cannot build a dofastore ohich (s :
Y Continually avatlaple

2) Sequentt ally €0 nsistent

3) Pa\'ﬂfg(gn {dl[\lYe tolevant -

Because ,
To be consistent = all nodes should See  the Same
Set of updates in the samz order
But (f networle suffers partition,
updete in one partition might not make & to
ofher partitions
& client reads dota from out- of - date partition
Afer hoving vead from wparﬁﬂon
Soluton:  Stop gerving requests from  gut- of- dab
partidion:
(-——> Service 15 1o flonger
oo % quailable.



Redundancy & Replication

= Duph‘ca{;{gh 01( critical data & Qeyvices

o~ increasing veliability of system.

For cxifical Services & data = ensuve +thot multiple

Copies / versions are running Simulteneously on  different
Servers [ databases.

=2 Secure agoinst singl node failures.
= Provides backups if needed in crisis.

= Falover a
Primary Servey Secondary  Servey
=T —
— Replication —
Active data Mirroved data

 Service Redundanty:  Shared - noting orchiecture.
Every node = independent. Mo cenbral Seruice mManaging State.

Move resilient, _ New Servers < Helps in
to falures addifiop wihout  Scalability
No single point of failure Special conditions




Load bal&nofng =  Qcoles qorizonta[ly
Ca,c\h\‘r\g : Loml(i\f of Yefevence principle

T Used m  almost every (owyer of Compuling.
D Application Server Cache:

Pmn% o Coche d1recty on a Tequest layer node.

Ls Loca Stovage of responge

R?_quest )
RequeSt
LQW f
i
miss

C&d\ed

response  daka

:H: C@C{’\ § 0,00 One. vt node
] eccm beh ecﬁfﬁ Imja
Memory LVerH fast) Node’s local disk

(faster thon going Eo hetwork storage)
T Botloneck -+ T¢ LY divbules requesis  Fandomly
— Sarve  reguest =2 different  nodeg
Mote  Cache miss -

oy D Global Caches
Y Distibuted Cacheg




Distribuded Cache

H 4 oy Yo inoware gad pace Juy adding Mo podes
HH Dinduaidage * Feoluing. 4 misuing node
Mosing mulbiple fopis of, < Can b hardid Ly

¥ G W node dbappeans =
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# Cadned date = heeds fo lie sohoent with Hhe datebase
A date i DB modiid = riualidate e tached dota
H 3 gdnema

DW'WM:
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/ Yaume e gn,
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Sharding || Data ?a,rti’c.ioning

3 Qafﬂ?qﬂixlwnm? WMPZOJ%/W aross  mwtiple
medung = WM,W,MM&LB

X M colain weale posnd, i dvape, ond o fpasble

+ Methods of Tm’dﬂoninq:

) Hosigovited ?’WWWFWWWM.W
W yn,,,d.,.-g,

eq. ng  Jowhiow by p ] d»{]ouwd
Table 1 - Lipu with < 100dd0 B Ulhﬂam
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e.q Tobde ! on haue mowe data 1hen folie 2.




©0 i) ap — additiomal grawth

reed to fadifion feature dpecic 0B Oeas Montams derucss
leg ¢ mould nat he possible for a ingle toua ko handle
allnutadaiaquaw{fo{ 1o WMA}‘WM-M

¥ (reale fookup service = ouned pasfitioning.  scheme
b cabats 3 auay from the DB owas code

Magping ( Jugle fey — DB semies)
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Y Jouu & denomalization :
Jawu om fable om aingle semer = Shonghhl fovuand.
¥ Mot fpasdle to peoum joiu on shorded foliles
S dow it (dota needs do bt ompuled feom
mullipls  Sewen)
# (orkowound = Aenomaline thy DR
0 thal the quoin thal prewauly teqd: joirs con be pefomed
from o single  dakle
coms:  Poils of denoumaliation
L”’olabz.t}mnmfcm;,

) WW }owﬂf\ m/anéhm:lzdl)ﬂ
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B)Rdm.lnmuua

quembgﬁdmt
) rum mx{,wndxdnhuhon(.dnjauw) .
9 non- wihem load halanang ( tequst tuite)

Wotharaund: Y add new DA
2) = Laung  dchemt
B g
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i > Single o of Jaibues
(lmjnupunwfihbb.)



= Well Known MW-OL%M@M
> Irvpose el o tebicnol
=~ Tnovowd Mmm}md
- Shavner  Aunites
L e the data
Y Update Ahe ndea
¥ Rapid *andom looksps

% Data Sbucture
Column — Taite fo ahole 4ows
- W&Wmo{ﬂumdm
L’v%w%mwa{ losgs dka el
addibional  copies-
ﬁUMku&Mh(T_BTmW)@MW(KBJ
Sred oue  Seueead
hyical dewis  — We need some iy fo fund e sorsed
WW ie. de.m?
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= Yludinely monages tequets in Large - scale disributed

S Qo
: L
bt o fai

L

o



#@W‘demw
5 MWWWW
L’gd; ACKWQW(W)
L &muq.s»u!fama
¥ Jid on the wuﬁmmmwmwmw
& nu.mlmol{qumh AD_ QUi

%Q[w' Provide Wﬁolmm
Wzd devuuce
szlhpuu Qualidy OL&WW
- oDMNOTfnpoudde )?n/oujio.gu
deMquiLJ {nmmumotbom )
L om&mmwmm
Ralik
me, }wm,&mw,ﬁwmb




F Duotnbined Hash  Table
mdpe = hash - Junction Ckey)
# Suppowe weee daigning distibuted caching Wptem
widh L rache geuuens
S hak. Jundton 2 Cay %n)
Dtawhocks -
Y NOT MWM&AM
[ﬁuddihma{smmwdhm
" need do Change ll gading Mapping
C downtime of dytem)
D o1 load Jralanced
Jome Caches : M&iahuniecl
Other cadhes = idle & 2mgly

Mowiokmhlzolmmfuouum?
Comistd  Hoshing
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Consider teal wotd 4dcenario
dwoko W&M
aunbalonced  cadne .
Haw 1o hondle M Osue ?
Vidoad Repliias
= Irubad o mopping fach node Jo a single powd
we mop ko wkiple  poinh -
L (Mo numba o} teplicas
> mou equal  distisduution

L"x:kood im.cljlﬂlm.a;\g,)




M-Punmﬂ, vs Ulehdockats s Sewmer - Semd  Guenhs
D Clisd - dewer Communication  Peotacols

# PTTP  Frotown) :
Request
Cuand ® bogr Ruporse ‘E Sewner
Respornse

# ATAX Polling
Sirwlas o HTIP  xobocol
D asquoh sewt ko sewn of Aequlos wridewuals (05 sed)

ranrbodhs

Chiend  keeps  Onking the Lewer new doka
L, M%WM‘@W’

L HTTP Querhead.
Reauent _ v
£
— ==
Chizad Rz L praner
_ Requnt
ﬂ%om



% WTTP Long Polling  Hanging GET’
Sewer  doer NOT 4end emply “espomse.

) Fushes  tesporue Lo chienbs only uwhen new dota 4 audidable
(i moks WITP Requus & waids dov tne %espiomae.

) Sewen deloy teporse wndil wpdate b auoilable

| o untd  Aimeout O

3

Y WM —  tewa ends full tesporme
b)Q)“h*gmmOkt;;OMm- /(ﬂi“"‘j/

Owceqatalile f1eouod

9 Coch tequsd hos  timeaut

Gt 1ueds %o Aecomnect peniodically due Ao himeowts

LP Requent :
L\P Redquuent; @ e |
M L_P Regaert M — o
L




> Jull duplex communudtion chonnel auer single TCP comnedion .
(mammwmofw)
S lidiedional b i ol open.cl |

QOMW%%

N
\ondhoke e Repon,

_ =D




Aewser - St Eupnbs || (SSE)

Ciewd establishs  pesisted & [F="" cannettion swith dowa
wer Anes tha  Comnedion to fend data o duemt
K % I-'; dind amorbs 2o fend dota 2o sexue

b Requans onathe %edhnology, / prakocal.

data “equent

Mring ’&Eﬂelm HTTP

xeaponss AMneuer new dota Guailelide
= bt aken e need el time date fom tewer ko et
OR  Azwwer Ji Qeneating dala wn a foop &
ik e Sending mudbiple Luentt Xo the chrent



