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Response time (seconds)
INTT Network Technology Laboratories

= Response time of 50% websites: longer than 4 seconds
20Osaka University

= Response time of 10% websites: longer than 9 seconds
2015.7.3 = Need to reducing web response time
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Need to Reduce HTTP Response Time

CDN: Platform Delivering Web Objects

= One website consists of multiple data objects which are delivered from
VRS G SamErS s (T Sz = 74% of 1,000 most popular websites use CDN*, and CDN is most common

= Reducing HTTP response time is one of most effective approach for cechnioteliforedicheRiTIEespons=Rtine)

reducing web response time.

. Of, et al, Content Delivery and the Natural Evolution of DNS, ACM IMC 2012

Reducing HTTP response
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Contribution of This Presentation o Measurement Procedure

1. Selected 12 PlanetLab hosts as measurement terminals accessing various websites

2. Measured various properties, e.g., HTTP response time and RTT, by executing
program at each PlanetLab host to access various websites sequentially
= Important to clarify structure of modern web traffic to maximize effectof CDN 3. Collected measurement resultsat collector terminal

Measurement location .
5 Massachusetts| Australia Oceania
North America T o e et
‘ Wisconsin | New Zealand

m  Has not clarified actual effectof CDNs on reducing HTTP response time

S i Asia
. X . Webserversof target websites ~ Europe | Caifornia | Japan | .
= Developed and implemented active-based framework for measuring Ireland Ecuador South America
[ 3 Argentina

communication structure of web traffic REiTon Africa
= Measured distance and RTT to origin or cache servers from client -

terminals as well as HTTP response time of web objects EI_;‘ ﬂl ’:
= Based on experimental results, clarified various tendencies of PlanetLabhost

geographical distribution of original objects and CDN caches PlanetLab 3) Data analysis
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1) Sending measurem " Collector terminal
program

PlanetLab: overlay network consisting of over 500 hosts worldwide
Copyight©2015 NTTcorp AlRighs Reserved 5

©) NTT CoPyii©205 NTars Aiges Romas, 4 ©) NTT




2016/2/24

Measurement Program

= Generated URL listand sent it to each PlanetLab host
= Starting from 0:00 (midnight) or 12:00 (noon), each PlanetLab host executed
following procedures:
1. Accessed websites according to URL list and obtained HAR (HTTP Archive) files
. Extracted information of HTTP response time from obtained HAR files
. Measured RTT to each object server by sending ping
. Obtained domain name of each object server using dig command
. Sent measurement resultsto collector terminal

‘ Access URL list &

Web servers
measurement program

and caches'

HTTP request
and respt !
ent ColleCtor terminal

results
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Obtaining HAR Files

¢ Obtained HTML file initially, and obtained each object embedded in HTML file
* HAR(HTTP Archive) file: outputsvarious properties of each object in JSON (JavaScript

Object Notation) format
PlanetLab Web Object Object
host server server1 server2
] ? Size: 100
= - - Delay: 50
P VTR — MIME type: jpeg
| Location: Osaka
S
Object 1 [—— e
1 i0bject 2™
Object 2 1 Size: 500
S Delay: 200
MIME type: javascript
Web PlanetLab tocation: NY
server' host

Using phantomlS, providing browser
C 1 ject function, and netsniff, extracting HAR
server HTML pursing files, obtained HAR files of many

® NTT CopvigO20S NTwm AIRIgts Rened. 6 ® NTT & websites sequentially in batch process
URL List of Measurement Target - Classifying Objects Based on CDN Use
I I

m  Selected 300 most popular websites in each of 16 categories based
on public information of Alexa*

m  Totally Selected 927 websites from which HAR files were
successfully obtained atall 12 measurement locations

[ Category | ses | Catogory | ttes|

*http:/ / www.alexa.com/ topsites

Business 40 Home 47
Computer 91 Shopping 68
News 27 Adult 102
Reference 109 Arts 60

Regional 73 Games 58
Science 86  Kids &teens 64
Society 83 Recreation 52
Health 52 Sports 53
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m  Classified objects into CDN objects delivered using CDN or non-CDN

objects delivered without using CDN

m  Listed 44 second-level domains of various CDN providers by manually
checking websites of various CDN providers

= Obtained domain names of hosts actually delivering objects,e.g.,
www. akamai.com/qqg/rrr, by using dig command from URLnames,
e.g., www.google.com/xxx/yy.jpg, of objects extracted from HAR files

=n  |dentified CDN objects by comparing second-level domain obtained by
dig command with entries of generated list

List of second-level domains of CDN objects

profile.ak fbcdn.net cloudfront.net akamaihd.net edgesite.net
static.ak focdn.net vomsecnd.net edgesuite.net cloudfront.net
rddmedn.com edgecastcdn.net edgekey.net vomsecnd.net
s.cdn-care.com cdngc.net srip.net edgecastcdn.net
mscdn.s tati g com om cdnge.net
g-ecx.images-amazon.com example.com akamaitechnologies fr push-11.cdnsun.com
max.blurtitcdn.com akadns.net akamaitech.net vela.f3.atiLlinw.net
a.espncdn.com akam.net akadns net hs-9.cdn77.com
i m net akam.net nyud.net
edgekey.net akamai.net akamaistream. net CloudFlare
@edgesuite.net akamaiedge.net edgekey.net Incapsula 9

Ratio of CDN Objects

EE————
0.6 |ID| Category |ID |Category|
midnight 5 IC1| Business IC5|Regional
] " 05 IC2ComputersC6| Science
28 o4 €3|_News [c7] Society
car 4| Reference [C8| Health
&9 b
o=z 03
=) ID [Category[ID | Category
2% 02 9| Home [c13] Games
noon IC10hoppingC14|Kids &teens.
01 - aFAdun 15[ Recreation
L 2P e 7 esCer0 s eas e 1ol arts e1e] soorts

URL category

= Having more CDN objects in websites of Computers, News, Society,
Shopping, Arts, and Kids & teens

[] Having fewer CDN objects in websites of Business, Regional, Science,
Adult, and Games

Ratio of CD

objects differed am
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ategories, between 0

1 1 -

X ~Society QA —
€2
Sports Kids &teens Adult S h—
O 101 a 1 ] C5
8 10 Arts Home | 8 10 Shopping _\ [ —
non-CDN objects non-CDN objects @ =
102 (Massachusetts) . 102 (Japan) [C—
1 TO 10 To¢ 1l TO O™ pLOA—
) Average HTTP response time [ms] Average HTTPresponse time [ms]  c12 —

c13

1
T Kids &t T Adult ca
Arts \:X'I(SBUS:;SS 3\/ ! 32
Refererjce _—
i Home 5 , Kids & teens
1 Recreation S A / a 1 L f
10 Sports \' 1 T 8 10 Spor{ k'" 1‘1
ICDN objects N = CDN objects B2t
(Massachusetts) T-. 1 I 102 (Japan)

10 U 10 10 10 - TO
Average HTTP response time [ms] Average HTTP response time [ms]

= Non-CDN objects: exceeded 500 msin 20 - 80% websites
= CDN objects: exceeded 500 msin just 2 to 40% websites

©) NTT

CCD

10?
1




2016/2/24

Clustering Analysis of Websites based on RTT
——
= Geographical pattern of original objects, i.e., non-CDN objects, and
CDN caches delivering CDN objects will differ among access locations
even when accessing same website.

= Analyzed geographical tendencies by clustering websites based on
average RTT at 12 access locations
= Applied k-means method based on vectors v(y) with elements v,,,
average RTT b/w access location x and objects of website y.
= Optimally set cluster count k using JD method”

= Set initial cluster using k-means++ method™

*A L. Jain and R. C. Dubes, Algorithms for Clus tering Data, Englewood Cliffs, N Prentice-+all, 19
D, Athur and S. Vassilvitskii, kmeans ++:the advantages of careful seeding,ACM SO DA 2007

’ Website 2
v(1)=(vi1,v21,v31) g - Website 1
Ll - v(2)=(vi2,v22,v32)

Measurement Measurement Measurement
® NTT location 1 location 2 location 3 12

Geographical Distribution of Original Objects

N objectsat midnight

[ OEXEETTNEl W ISR Clustering websites based on RTT of non:
12| Wisconsin_| L8 [New Zealand

3] Califomia [ 19| Japan C1] Business |C5|Regional | C9 | Home |CI3| Games

Ta eland  [Li0[ Ecuador C2 [ Computers |C6 [ Science |CI0 [Shopping |14 Kids & teens

5| Gemany [Li1| Agenina 3| News |C7|Society |[CI1| Adult |CI5| Recreation

C4| Reference |C8 Health [C12 | Ats |C16] Sports

16|  Russia L12| Reunion

Av.RTT ofnon-CDN objects ofeach
cluster romeach access location

Ratio of websites ofeach category
classified in each cluster

Cluster T
08| Cluster 2mem
Cluster 3miie

Cluster 1—gm
300 | Cluster 2egm
250 | Cluster .32me

Cluster 4=w—

o 06 p Cluster 4

Average RTT [ms]
N
8

)
T
150 © 04
100
0.2
50
0 0
T C2 4 (6 C8 . Ci0.CI2.Cia Cle
LT 12 13 L4 L5 L6 L7 B LYLIOLH LI2 10203 st e 1S 12 S TS

Access location URL category
Cluster 1: RTT wassmallonly in North America,and more websites of Society,

Adult, Recreation,and Sports were classified. => Geographical locality is weak,

and identical content are viewed from various regions.

Cluster 3: RTT wassmallin all areasexcept Africa,and more websites of Home

and Shopping were classified. = Geographicallocality is strong, and unique

content are viewed in each region. 13

Geographical Distribution of Cache Servers = <

C0 W] Al Clustering websites based on RTT of CDN objects at midni
L2| Wisconsin L8 [New Zealand

G| Glfomia 19|  Japan C1[ Business |C5|Regional | C9 | Home |CI3| Games
T4l ieland |L10 [DNECUaG C2 | Computers |C6 | Science |C10 [Shopping | C14]Kids & teens
5| Gemmany |Li1] Agentna 3| News |C7|Society [CI1| Adult |CI5| Recreation
6] Russia [12|  Reunion C4] Reference [C8[ Health [C12]| Ats  [C16] Spors

Ratio of websites ofeach category
classified in each cluster

Av.RTT of CDN objects ofeach
cluster fomeach access location

@ 500 1
Cluster lugps  Clustor 4
= 400 08 | - Cluster. 2 . Cluster. 5agm
E Cluster 3mmme
o 300 £06
% 4
@ 20 04
3
S 100 02
<
06 R e
A 4 C6__C8 d af
L1213 (4 L5 16 L7 L8 [0 L0L11 12 eI e e iy W M e e
Access  location URE category

= Cluster 1&2 & 3: RTT wassmallin all regions except South America and Africa,and
more than 80 % of websites of all categories except Adult were classified. = Using
CDN deploying cache servers worldwide

m  Cluster 4 &5: RTT wassmall in North America and Europe, and more Adult websites

Conclusion

= Actively measured structure of web traffic from 12 locations in world
m  Classified web objectsintonon-CDN and CDN objects
= Measured HTTP response time and RTT of each object

= Ratio of CDN objects differed among categories, between 0.2 and 0.5

m  Confirmed effectof CDN in reducing HTTP response time
= Non-CDN objects: exceeded 500 msin 20 - 80% websites
= CDN objects: exceeded 500 msin just 2 to 40% websites

= Revealed various geographical pattern of original objects
= Websites with weak locality: identical objects from North America
m  Websites with strong locality: unique objectsin each region

= Revealed various geographical pattern of CDN caches
= Most websites used CDN deploying cache servers worldwide

were classified. = Using CDN deploying cache serversin specific areas 14 @ NTT Copyiht0205 NTcorp AIRIges Reanad. 15
Example of HAR File 4 DIRB) T FiE
I I

R s 1 .13 oot s 3
RN Tike Geckel Prantauds /1071 Safart /534347

“hecont”,
P applcat nstal oo featonfin 650

Agvad Porganent 15”5
B

“Loeat oo
il ot songle.cont”s

il charsetUTF-1
“raae” “Content T,
R ety

Tate"y
i, 22 dan 2012 05206112 q7”

“Epires”.
PR fab 2013 05246212 QT

“Faseref™: "bie:/isarla con”s
e Cont ol o
o e agiezseznnn”

s e HAR file of www.google.com
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» k-meansik: JFEBEYISRAILT FEND—D T, VS RENE
DEAVT FERE kK BOISRZIZHE
. BEFEBDOEMNRVIEVN SRR ICHET HIEEY SR

NIRRT 5ETHEA
55241
ESS 5452482
ST
55243 IIAZED

n k-meanst+ii: EEREDBNT-BRENYISAIDE DITHET
BET, HEREEAL

. FUFLIZ—DDEFEEYS, JIRFEDIEHTE

. BERxICEALT TORAFEDLDEHD(NEHE

= D(x)AS IS HRERICHELY ¥ELL"77Z’5‘§1L\&L‘C7/7L\IZ
—DEFRTER

» kADISRIELHIERSNDFETCLRELEERE
®NT‘! Ll (Ek-meansiZE AL TOSRA T ER
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ISR k DEREETE

= Jain-DubesE*FANTRE BV T X2 ¥ kEHRTE

. BEREREAnDEEC, 2<k=1+ogn DEEATEISRAE Kk DY
SREYUTEER

RATERSNDIARp(m) A FRNEAD k IR

k
1 i + 15
PR =5 2_: Efé‘k{ &
"

— 721)( ) & = D(mi.m;)

72] 1=

X0 :9528 A0 I BEDER, n: V53R | DERY
mi: 75 AR D EID, D(ab): NIk )Labbi D FEHE

s BYSRLIZRT DBERDVSAFE DT T HEREAD T HED
L Z2DYUSRIDEDLEDERBISH T HLHEEE, &R/IMET BT

EITHY
*A.K. Jain and R. C.Dubes, Algoithms for clustering data, PrenticeHall, 1988
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Basic Properties

Website | OBject | Opjecy | Total

1D | Category count size | coune | Size
0700 ] 12200 (kbytes) (Mbytes)

C1 Business 59 10 11.70 5.1 0.810

C2 | Computers | 112 | 91 | 16.26 0.709

3 News 39 27 0.982

4 112 109 0.568

C5 a 80 73 0.899

C6 | Science | 95 | 86 0.742

(o Society 79 83 1.003

8 Health 86 52 0. 77”;

C9 Home 85 47

C10| Shopping | 69 | 68

Cll|  Adult 12| 102

12 k. 55 60

C13 87 58

Cl14 106 64

C15 86 52 13.55

C16 38 53 16.62 My ln

[] Entertainment websites, e.g.,Arts, Shopping, and Sport, tend to have
more objects and larger total data size.

= Information websites, e.g., Business, Computers, Health, and Reference,
tend to have fewer objects and smaller total data size.
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Y Wait@ CCD% EL &S (midnight)

— ety
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Sports "} o
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Home, %
Gamee™ h‘\ &
Shovn"fl g}o
assach u setts, (DI\QL Japan, CDN#: 2 13
102 102 3K
1 102 108 104 1 102 10% cls
Average total delay [milliseconds] Average total delay [milliseconds] et
1 e 1
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a Referenc b a
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o Regior e o

3

Massachusefs, il 5 Regional —¥"
02| CONBY T 102 Japan,CDN%Y |
1 108 0 i hl 105
Average total delay [milliseconds] Average total delay [mllllseconds]

n  #920~80%M# A k[ENon-CDN-Objdd T HIHTTPhE 25 B REll L 500ms % 4B 1B
u  CDN-Objd FHIHTTPIR 2 B RSl ASS00msZ#B 18T B A+ [F#95%~20%
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HTTPRE BRI E DR

1. CP(content provider)ASCDN{EFiZ T =% ( CDN-0 bj) Dt %44 in

IHIK, CONEALFIZERSL TLV50bj(non-CDN-Obj)ZCDNTEE{SL, CDN-
Objdd tE AN 52 & THTTPIL 2 B RFE 5

. CPAMEFCDNEER
CONEEZEDF vl DMBILEE, Fryiat—/ D, WAL
Tk, FroaflfiRy , ENRLEHIEMD, ;UWTPEC\KB#EJGME
BIHREMNRIAD DONE EEICPA R E Y E

1l CONERZZEHObjDFvuial BOREY— /BREEEL
CONBEEENF vuat—/\EBBIG, Fvviat—/\GHHIR ) 1(B
]AR, FrviafimAR) BEFvy at—/\BEREBERL, 1—
FITEWNF v yiath—/\HSEET 5T ETHTTPIG B B RIE R

AFER: [T T4 BIFEIZLY, CDN-Obi&non-CDN-
ObjDHIBRIAERE EMZE DHTL, HERI&IDHTTPIG 2

FRE DR T v IL% 5HT
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A=
WGET—%
EE————
s BREATIIIMIRLT, HART7Z A ILHD LIT O 1§$R ZHIH (G eolP
DAPIEFNVTR RN DL ERT £ & AR 25 18)
5~ ZIHH 7
HTTP 2EHFA NG
RAF DTS A%
FATDIFES B8 &
FA T DORE

FATORE
“response” - “content”
¥4 X (byte) _Ysize”
T () Time
TF 7 3 R (ms) THmings "~ “blocked
DNS ZRiRERIFTH (ms) “timings ~ - “dns”
TCP 177> 5 VB 15T (ms) | _“timings~ ~
HTTP U 7 A Nk B (ms) “timings
*r =7 FHIEM (ms) “timings
T (ms) Timings - ive’
§§1 TLS 5 (ms) Timings " -ss

“response” - “content”
MIME Type rmimoType”

s digdYURERANT RRICEA TSV EBRIELE Y— /N OF AV &
ZHSL, Eo(Tping&iE L TRTT 5 Bl
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Overview of Measurement and Analysis

. HROLOHEANSHIL000 DWebB AR 7Y £ ALZE D, B
BV —/\BERE, RTT, HTTPICESBEME S0 B1EE B4 HEAI E

Il BIET—4%, CDN-Obj&non-CDN-Obj& I/ 8L T, S5(Z Web 4
ARDTY UL IEIT, FHECR BN FEEH

LOERERIH T EEHHMBEICRD EwebY (+EH5 24
T BHIET, BWebH A+ ¥ )L DCDN-O bj& non- CON-Ob j0D
B GEREERE S
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Network
Probing DB

=

' ' Web servers
and caches

Web servers
and caches

(c) Accessing websites

©) NTT

Probing - DB

(b) Inquiring probing configuration

Network

(d) Collecting probing data
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