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Server group dedicated dedicated shared
Server load centralized distributed but unbalanced| distributed and globally
balanced
End users connect to origin server replication server best edge server
Server proximity far Near but not true edge Near and true edge
User-perceived latency long shorter shortest
Content dispersibility single point multiple points globally wide
Content availability low low high
Backbone bandwidth high lower lowest
consumption
ICP Web
911 ICP flash crowd
ICP CDN CDN CDN
Web ICP dedicated
CDN edge server ICP
shared CDN
ISP 50 10 ICP 10
ICP 10 100 statistical multiplexing
CDN edge server
edge server globa load
balancing
ISP transparent proxy
Web
edge replication server
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Web
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cache hit ICP
CDN CDN edge
server ICP
Web

replication server
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request-routing system
accounting System
1

Request-routing system

edge server
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2
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CDN

Type

Service Providers

Content-centric

Adero, Akamai, AT&T, Cidera, Digital Island, Edgix, epicRealm, Globix, iBeam,
MadgeWeb, Mirror Image, Orblynx, SkyServ, Speedera, Teleglobe

Access-centric

AT&T, Cidera, Digital I1sland, Edgix, Globix, iBeam, MadgeWeb, Mirror Image,
Orblynx, SkyServ, Teleglobe

Content Bridge

Adero, AOL, Digital Island, Exodus, Genuity, MadgeWeb, Inktomi, MadgeWeb,
Mirror Image, Nextra

Content Alliance

AOL, AT&T, Cidera, Cisco, Digita Island, epicRealm, Mirror Image, Speedera,

Teleglobe
CDN
CDN
valuelesscontent  ICP CDN
ICP
ICP
CDN HSP ISP edgeserver  storage server
HSP CDN ICP CDN
HSP
Advertiser ICP ICP
ISP
collocation CDN
CDN CDN edge
server ISP
CDN ISP cache CDN
ISP
CDN OEM ISP
CDN
CDN
ISP ISP CDN
Content Provider Distribution Fee N Cl;!\(l)\%\;oe Colocation Fee N ISP < Connection Fee End User

Y

Colocation Fee
Reseller Revenue

Usage Fee

Hosting Provider

Backbone Carrier

Advertisement Fee

) Product Fee
Advertiser o
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CDN

CDN
valuable content ISP CDN CDN edge
server ISP ISP
ISP ISP
ISP upstream bandwidth ISP
ISP
ISP ISP ISP
ISP
Content Provider —Distibution Fee CDN service Content Fee |sP Connection Fee End User
provider
Hosting Provider Backbone Carrier
Advertisement Fee Advertiser Product Fee
CDN HSP ISP CDN
CDN
CDN CDN
HSP ISP
CDN edge
CDN CDN
CDN Inktomi Content Bridge
Cisco Content Alliance Content Bridge
Content
Alliance CDN
ISP
Inktomi Content Bridge
HSP ISP
ICP visibility ISP edge server
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edge server ISP edge server
operator Digital Island
edge server
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Content Provider Cor};ﬁ';;r?;dge Soragefee

Y

HSP

Digtribution Fee | Distribution Fee Usage Fee

Hosting Provider

BackboneCarrier

Advertisement Fee

ISP

ICP

ICP
ICP
edge server
Visa
Connection Fee End User

Advertiser

Product Fee
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ICP Web CDN
CDN
CDN ICP
ICP edge server

static content

on-demand streaming media Internet
dynamic generated content live streaming
Inktomi
Cisco
Network Appliance
CacheFlow F5
Inktomi
Vendor Content Distribution System Surrogate Reqguest-routing System
Inktomi Content Delivery Suite Traffic Server, Dispatch
Media IXT
Cisco Content Distribution Manager Content Engine Content Distribution
Manager
Network Content Director NetCache Global Request Manager
Appliance
Cache Flow clQ Director End user Accelerator,
Server Accelerator
F5 GLOBAL-SITE Controller EDGE-FX Cache 3DNS Controller

PC
Microsoft Windows 2000 Advanced Server RedHat Linux 7.0
Pentium 111 1GHz CPU 512MB memory 20 GB IDE hard disk  Intel EEPro 100

Mb/s Inktomi  Content Network Platform
CDN NIST Net Internet
system latency packet |oss testbed
Internet
2ms replication server
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CDN
200ms
300ms

(Sniffer)

ICP

Web

15ms

Redirector

distribution system
Sniffer

(Sniffer)

Emulated WAN

15ms
(by NISTNET) 00

D

300 ms

Web
ICP
24

CDN

reguest-routing system

redirector latency
latency
Legend:
End User

M DNS Server
(BIND)

Caching Proxy

Redirector

(wget, Windows MediaPlayer)

(Inktomi Traffic Server Medial XT)|

Replication Server
(Apache, Microsoft Media Server)

Origin Server
(Apache, Microsoft Media Server)

(Inktomi Dispatch)

Distribution System
(Inktomi Content Delivery Suite)

CDN
ISP

ICP Web

http://www.busi ness2.com/articles/mag/0,1640,9562,FF.html,
http://techupdate.zdnet.com/techupdate/stories/main/0,14179,2321710,00.html

Investment in Web Replication

Cost Type Item Price per Item | Number of Items Subtotal
Deployment Hardware and software $9,000 5 $45,000
Network equipments $2,000 5 $10,000
Operation Leased rack $600 5*24 $72,000
10Mb/s Leased line $5000 5*24 $600,000
Total $727,000
Investment in Content Delivery Network
Cost Type Item Price per Item | Number of Items Subtotal
Operation Average bandwidth $2000 10%24 $480,000
Total $480,000
ICP Web 5
rack 10Mbl/s
leased line 727,000
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Web ICP

ICP CDN ICP
CDN CDN
CDN
Mb/s 1 Mbl/s 2,000 Akamai
10 Mb/s 24
480,000 Web CDN
CDN
availability Zona Research
8 30 CDN
ICP
CDN
CDN
ICP  CDN
edge server
5
Inktomi CDS
Inktomi CDS
UNIX  securecopy scp
FTP HTTP 1.0
Apache HTTP server
document

1,488 9 6475K bytes



CDS without compression:

CDS with compression: @ X@Z
scp: P e o
Internet
FTP: P e o
HTTP: @)j Py o

Legend: Z@Z Digtribution S\/aem®caching Proxy@ Origin Server @ End User

Outbound distribution system
Internet Inbound Internet distribution
system Inktomi CDS
CDS
CDS
scp HTTP
CDS FTP FTP
ftp data port 20
FTP overhead FTP
Inktomi CDS CDS
CDS
FTP scp
Inktomi CDS
Case Outbound Inbound Distribution Time
CDS without content compression 14,044 KB 172 KB 2 min 26 sec
CDS with content compression 6,775 KB 81 KB 1min 13 sec
Scp 7,095 KB 845 KB 19 min 30 sec
FTP 15,698 KB 493 KB 1hr 17 min 21 sec
HTTP 14,989 KB 977 KB 19 min 56 sec
Inktomi CDS
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cache miss cache hit cache
hit streaming

streaming media

Microsoft Media Server ASFRoot sample.asf
59 media server sample.asx 1121K
bytes sample.asx 125 bytes
CDS without compression: P )« D
CDS with compression: @ Z@Z
Internet R
Streaming request (cache miss): M‘ 'E‘
Streaming request(cache hit): @)jE: =E|

‘ Legend: Z@Z Digtribution &/ieﬂ@(ﬁaching Proxy@ Origin Server @ End User ‘

Inktomi CDS
cache miss
59
buffer
1 15 Internet 537KB
M media server
cache hit
metafile
1 9
idle
Case Outbound Inbound Distribution Time
CDS without content compression 2,340 KB 32KB 34 sec
CDS with content compression 1,014 KB 16 KB 20 sec
Streaming request  cache miss 537 KB 16 KB 1min 15 sec
Streaming request  cache hit 11 KB 4KB 1min9sec
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DNS TCP

DNS TCP
DNS TCP First .
Lookup H Connect H Packet H Redirect H Content
Start DNS TCP First End
Lookup Connect Packet
cache miss cache hit
Web replication server
cache miss replication server
request-routing system request-routing system

HTTP 302 redirection

5K bytes

Client-Origin: .: ;l

[]
Client-Proxy(miss)-Origin: .jE‘ a5
Client-Proxy(hit): m E

Client-Replication: m Internet

Client-Pr oxy(miss)-Replication: -o-ﬁ

N HTTP 302 Redirection 1

Client-Redirector -Proxy:

o]

L egend: . End User IE‘ Origin Server @ Replication Server @Caching Proxy ARedirector
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cache hit

replication server

request-routing system

TCP

server

regquest-routing system

replication server

request-routing system

ICP

replication server
server

replication server

replication server

replication server

replication server
system

replication

replication

request-routing

Case DNS TCP | Redirection | Server |Content Total
Lookup| Connect Delay Delay Download

Time
End user-Origin 3ms| 320ms 317 ms| 300 ms 940 ms
End user-Proxy miss -Origin 3ms 25ms 42 ms| 990 ms 1,060 ms
End user-Proxy hit 3ms 23 ms 21ms| 6ms 53 ms
End user- Replication 3ms 23 ms| 18 ms| 19ms 63 ms
End user-Proxy miss -Replication| 3 ms 25ms 42ms 6ms 76 ms
End user-Redirector-Proxy 3ms| 225ms 238ms 4ms 4ms 474 ms

Client-Origin

Client-Proxy(miss)-Origin

Client-Proxy(hit)

Client-Replication

Client-Proxy(miss)-Replication |

Crient-Resirector-Praxy N

Total Download Time: Static Content

Uo7
WN A

N

200

1000

Time (msec)

10
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10
cachemiss cache hit

30
replication
server
HTTP request-routing system request-routing system
metafile metafile
sample.asf 59
Client-Origin: @): =E|
Client-Proxy(miss)-Origin: @HE): ;E‘
Client-Pr oxy(hit)-Origin: M): S— E‘
Client-Replication:
Client-Proxy(miss)-Replication: IGIErmE:
ient-Proxy(hit)-Replication: e C P g\
Client-Proxy(hit)-Replicat “e
HTTPrequest
. . B WMT metafileredirection 1
Client-Redirector-Proxy: N
: >: WMT metafile "E
L egend: @End User Eongm Server @Replicalion Server @CachingProxy ARedirector
10 70 cache
miss 30
80 cache hit
replication server
66 request-routing system
04 request-routing system
30
Case DNS TCP | Redirection | Content | Total Download
Lookup |Connect| Delay Time
Enduser- 10 loss -Origin 0.003s| 0.304 s 67.883 s 68.190 s
End user-Proxy miss - 10 loss 0.003 s 0.006s 70.408 s 70.417 s
-Origin
End user-Proxy hit - 10 loss -Origin| 0.003s| 0.006 s 68.122 s 68.131 s
Enduser- 30 loss -Origin 0.003s| 0.305s 80.827 s 81.135s
End user-Proxy miss - 30 loss 0.003s 0.006s 84.830 s 84.839 s




-Origin

End user-Proxy hit - 30 loss -Origin

0.003 s

0.006 s

71.682 s

71.691 s

End user-Replication

0.003 s

0.019s

66.240 s

66.262 s

End user-Proxy miss - Replication

0.003 s

0.005 s

66.090 s

66.098 s

End user-Proxy hit - Replication

0.003 s

0.005s

65.770 s

65.778 s

End user-Redirector-Proxy

0.003 s

0.204 5 0401 69.717 s

70.325s

Total Download Time: On Demand Streaming
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Quality of Service QoS

Amazon
CDN edge edge
I nktomi
CDN HTTP live on
demand streaming Inktomi content networking
Content Networking Platform CNP
CNP caching distribution
IP Media Distribution
Network MDN live  ondemand streaming Inktomi
CNP CDN MDN Inktomi  CNP
3rd-party value-added services
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