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e naver.coml| IP =A=7
o 202.131.30.11
o 202.131.30.12
o 125.209.222.141
o 125.209.222.142

o HOIH MH 2 =7

O @iﬂ A‘| IIHZ —JF[.:]_FEH (naver.com, www.naver.com, DB, ...)
o naver.com2 M2l Jliz=: =4

o 42| IP=>=4& At

Source: http://naver_diary.blog.me/150045722834
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Global Scale Load Balancing (1/3)

a) VUser types in www.abcd.com.
b) PEERI's DNS servers directs user o the closest web server .
¢) User experiences a faster connection fo your site.

VSer in

VSer in
New York

Los Amgeles

SuperNd'Work

Source: http://lwww.peer1.com/whitepaper/global-load-balancing-growing-company
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SEEE A NS

Global Scale Load Balancing (2/3)

If closest web server fails, user will be re-directed to another server

VSer in

Los Amgeles .
UVsSer in

SuperNe)TWork

Source: http://lwww.peer1.com/whitepaper/global-load-balancing-growing-company
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SEEE A NS

Global Scale Load Balancing (3/3)

e Pros
o Global Scale Loadbalancing2| 12| & £ st Solution

e Cons
o Client Cache
m google.com-1.7&
m naver.com-0.7&

o Serverl| AtEj S A
o H=HOl =X
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Level 4 Load Balancing (1/5)

ReallP #1
A Server
V4
Re;aﬂﬁ #2 S
R ¢ erver
Virtual , ’, -
———=lR == e
LoadBalancer }6\ - = 3 Server
. SNReallP #3
Client AN
\
\
S N\,
4 Server
ReallP #n
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SEEE A NS

Level 4 Load Balancing (2/5)

e Load Balancing Methods
o NAT
o SNAT
o Direct-Routing
o Tunneling

e Scheduling Algorithms
o Round-Robin

Least-Connection

Hashing

Shortest Expected Delay

Never Queue

O O O O
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SEEE A NS

Level 4 Load Balancing (3/5)

192.168.0.1:3000 _y{  Server

192.168.0.2:3000
_- R < Server
203.252.180.180:80 e
—————————————— > LoadBalancer @S=-———______ | g ner
Client

Server

192.168.0.4:3000

e NAT - Request

o Destination IP address - Real-Server
o Destination Port - Real-Server
e NAT - Response

o Source IP address - LoadBalancer
o Source Port - LoadBalancer
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Level 4 Load Balancing (4/5)

192.168.0.1:3000 _y{  Server

192.168.0.2:3000
_- R < Server
203.252.180.180:80 PO
—————————————— » LoadBalancer @Z —————-_-____ _5 Server
Client _

Server

192.168.0.4:3000

e Round-Robin - Request
o 192.168.0.71:3000 -> 192.168.0.2:3000 ->

192.168.0.3:3000 -> 192.168.0.4:3000 ->
192.168.0.1:3000 -> ...
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SEEE A NS

Level 4 Load Balancing (5/5)

e Load Balancing Methods
o NAT
o SNAT
o Direct-Routing
o Tunneling

e Scheduling Algorithms
o Round-Robin

Least-Connection

Hashing

Shortest Expected Delay

Never Queue

O O O O

Global Open Frontier ((F’;EketNgin



QEAA RCHR A (1/2)

o GSLB
o BIND, ...

e Application Level Load Balancer (Level 7)
o HAProxy
o NginX

e Network Level Load Balancer (Level 4)
o Linux Vertual Servers (IPVS)

Global Open Frontier ((F’;EketNgin



QEAA RCHR A (2/2)

e Application Level Load Balancer (Level 7)
o Pros

m AESH| #/= -> == User Space Application
m Web &30 =& 3}

o Cons
m Failover

m Performance

e Network Level Load Balancer (Level 4)

o Pros
m Failover -> Active - Passive mode
m Performance

o Cons

m AMESHI| 4= -> Kernel module &8 S
Global Open Frontier ((F’;EketNgin



Why New One? (1/5)

thime

150 |
188
5 -
QM
[£]

5a0 1666 1568 2080 2560 380
request

Source: https:,
applications/
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Why New One? (2/5)

throughput, Mbps

80 L) | 1) L) L) 1 |
70 F Comparison single and multi netpipes on 2 NIC host h\ quﬂL,}\LJPT“’rT -
(C) L¥S project 2000, /“\ /l
- single realserver, non-TP kernels, netpipe-2.3 /ﬁﬂl i L ﬁ
ipvs-0,9,8-2,2,15red with tcp race patches | ¥ i |
50 - -
40 F / -
/4
,'( )
3 0 5 :}" “.."'TI l1 ¥ / -
/ I] IIIT.- I."I \
i
20 B I|' ~
-")ll |IJ
. '/ﬂirchOr-client, single netpipe, 2 NICs
10 b Ii"l/r:lir*ezt:ﬁ?:lr*-client, 1 of 2 netpipes, 2 NICS -
|
director{realserver, single netpipe, 2 NICs
director-realserver 1 of 2 netpipes, 2 NICS
0 . P— 2 2 2 o | 2 2 e | 2 2 a2l 2 2
1 10 100 1000 10000 100000 1e+0B le+07

latency, sec

Global Open Frontier Source: http://www.austintek.com/LVS/performance/ ((Fgf:ketNgin



Why New One? (3/5)

-4=1 thread -4 threads

1,000
800 -
800 -
700 -
600 -
S00 -
400 -
300 -
200 -
100 -

0 T T T T T T T T T
0 200 400 600 800 1,000

Message Size (bytes)

Megabits per Second

Global Open Frontier Source: https://www.rti.com/products/dds/benchmarks.html (‘ Pac ketNgin



Why New One? (4/5)

10X Performance & Performance Benefits
- Scale With Number
‘ Of Cores
& _ i
29
@
820
W -
Eda
2672 Q
O = ®\$ Standard Linux
2o S Becomes Unstable
Number Of
Processor

1 2 3 4 5 6 7 8 9 10 Cores

Source: http://ithuman.tistory.com/entry/6wind-gateway-%EC%86%94 % EB%A3%A8%EC%85%98
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Why New One? (5/5)

Throughput Latency
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IH2lel & O/S
oH

g Net App #0 | ... Net App #n Thread #0 | ... | Thread #m Thread #n
o
= o
é’ VM #0 VM #n ?_:, Core library, Std C library, OpenSSL
(]
\\ \\ Z
% PacketNgin O/S Net App Firmware
£ Global Memory o Global Memory
HS Local Local Local % Local Local Local
E Mem #0 Mem #m Mem #n ‘E“ Mem #0 Mem #m Mem #n
3I Core #0 Core #m Core #n § VCore #0 ... | VCore #m VCore #n
- -
X NIC #0 NIC #n VNIC #0 VNIC #n
ER3 H=2AHO “+=0olJ)| ?g
o LHERA c|HOl&E= 2=0ot)| flst O/S

o AAZAEZ= Al&0t= JHa HAl MA
e From scratch (Boot loader, Kernel, SDK, ...)
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e O/S &tc

o Kernel 2=

<Management> <CPU> Memory <VirtualMach
shell.c cpu. mall gmallo loader.c
manager.c mp.c hared.c gdt.c task.c vm
<Interrupt> <Module> Device> <l/0
icc.c idt.c symbols.c devic stdio
tss.c pic.c api module.c pci. ni.c
<Mai
main

, CPU £t2,
o JIAb EH/\' 242,

22|,

H2c2l 2

|E1 2 E Bt

&KXl &, 110 2t

e PacketNgin is a Real-Time O/S and a Hypervisor
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J|S 1 - Deep Packet Inspection

o o HERAL {23!

1 vz, ooy, Duptcat o rop (Level 2)= UIER A
| 4 oo HE2IHOIEOZ R
3 LE R lels] E]|| 2] - |3 8=
gl JEIE] Ell] o« WEKA OEZ2I201&

; VNIC i 2 Level 2 ~ Level 72
[ Newouomome ?UJOH HI2ge = US
g NG | o If3l=s 24,8, =

: ’ M, &TREe = US
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J|S 2 - Network Virtualization (1/2)

1
Server Cluster #3

N3

Server Cluster #1 Server Cluster #2

S/W
Router #1
S/W
Router #2
S/W
Router #3

° Real-Time VM
° Bandwidth Isolation
° Link Virtualization

PacketNgin O/S

L o—

x86 Platform /

|~ Virtual Router

((F;EketNgin
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JI = 2 Network Virtualization (1/2)

=
X
2
A
O
hn

| Thread #0 | ... | Thread #m Thread #n
o
o
f, Core library, Std C library, OpenSSL
~ N ™ [}
™ ™ ™ =4
E’, 5 9 5 9 5 9 Net App Firmware
= (0o =] 0N S (0o =]
o [e) [e) [e)
o 14 14 14
© @ Global Memory
T PacketNgi =
S acketNgin O/S S Local Local Local
©
%86 Platform = Mem #0 Mem #m Mem #n
S VCore#0 | ... | VCore #m VCore #n
T
| | > VNIC #0 VNIC #n

o 2 AIZtE= A& ot= Jiat

e RTVM (Real-Time Virtual Machine)
o SHXOZ Y& CPU, 22l X

o SEHAECZ g UERAMAC =2, /0 HIY, LS
L

Global @pen i@ =l 21 3 (hop-by-hop or tunnel) { PatketNgin



malol &l = =ded

A

Virtual
- —==lR ==

E Client

LoadBalancer }6

ReallP #1
A Server
V4
ReallP #2
7w Server
4 -
Ve ,’
/’/
N > Server
NReallP #3
\
N\
N\
N\
\\
4 Server
ReallP #n

e |[oad Balancing Methods

° Sched,uling Algc;rithms

O
O

® Failover

Global Open Frontier
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Throughput Latency

PacketNgin LoadBalancer

Linux Virtual Server
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http://www.youtube.com/watch?v=fz93kZsplel ((“\ _
Global Open Frontier PacketNgin


http://www.youtube.com/watch?v=fz93kZspleI
http://www.youtube.com/watch?v=fz93kZspleI
http://www.youtube.com/watch?v=fz93kZspleI

—
T

Configuration

ReallP #1
| Server
P d
’||?> #2
. Rea
. Virtual .7 __- Server
Client F==-- IR — — 3 |LoadBalancer Z
~
~
~
S Y
. A Server
. ' Ilent ReallP #n

o Core i5-4570, 3.7GiB, Ubuntu 14.04
o Broadcom NetXtreme |l 5771x/578xx 10/20-Gigabit

e |Load Balancer

o Corei7-3770, 7.5Gib, RealTek 8111
o Ubuntu 14.04, Kernel 3.13.0-24, IPVS Admin 1.26
o PacketNgin 0.1.79, Loadbalancer 2014-11-04

e Server
o Core i5-4570, 3.7GiB, RealTek 8111, Ubuntu 14.04
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UDP Echo Latency Average

Il PVvS W PacketNgin LB

Global Open Frontier

Standard( Latency )
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Thank You!

2 A0l semih.kim@gmail.com
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