ia Past and jtial Hvpernhe Proper [permedia Aptocol Metfyour uxmlmis that Ugng your Hy
Past and Prg Hy, ~~war 3 ror )c* "h?n .p - e / o _al Jndg ymu'Hype

Economy

With Scale-Free Networks

rmedia Pagedia Facto] Selecting f§ Adding Hyficol Methogng Up yourlients thajDocument
edia Past agia Factors [lectiag tre{lding Hygyc“ Me'pads181n 5 oiir Hjents that Ujcumenting

< Ve

- g @mamund
= T!TﬁNinEﬁ‘? #ScaleFreeAPls



| come as a messenger...
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The Goddess Iris

* Iris is associated with
— communication
— new endeavors
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I bring hard news...
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Iridium (Ir)

~* Very hard & brittle
* » Second-densest element
* Most corrosion-resistant
° Often found within
~ impact craters
: _.Used in deep space
:_.;_;g?)satelhtes
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My news is not good
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My news is not good...

* The most common
approach to

~ Internet-based

- APIs runs counter

" t0 a fundamental
__property the Web

Fype="submiz

% Hapces | < .
.‘-\' LAYER 7 up_dq_t | _ (T a0, {',I ; d> @mamund
oS fegq- 00 Rdgessy £

."TEC HNOLOGIES ="KeyWords” rypa~r. . <labelsxBRbidsss m,;.,\ 890" i, o #ScaleFreeAPls &

ga” ti t] onpany logo” />




My news is not good...

* At our current pace @ *
of growth, we may aob
not be able to keep

- this up for much
longer.

Connected Devices Worldwide

30b

20b

10b A R

u I I I I I I Mobile phones
0

2007 2010 2014 2020

MNew telecom cycle: 10x devices, 10x industries
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My news is not good...

* We may be headed for:

“Scale-pocalypse!” |
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But wailt,
I’m getting ahead of myself...
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1973 — Lansing, Michigan

* | start my first year at Michigan State
University

* The same year, same city,

~ Larry Page is born.
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1994 — Stanford University

* Jerry Yang & David
Filo

. "Jerry’s guide to the
- world wide web”

. YAHOO!

5 Curated, hierarchical
_index
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1998 — Stanford University

¢ S ergey B rj_n & L arry Page The Anatomy of a Large-Scale Hypertextual

Web Search Engine|

Sergey Brin and Lawzence Page

Computer Science Department,
Stanford University, Stanford, C4 94305,
sargeyiies stanford edu and pagees stinford adu

Abstract
In this paper, we present Google, a prototype of a | le search engime which makes heavy

use of the structure present m hypertext. Google 15 desizned to crawl and index the Web efficiently

and produce much more satisfying search results than existing systems. The prototype with a full

. text and hyperlink database of at least 24 million pages 1s av ailable at hitp://zoogle. stanford edu’
- To engineer a search engine 15 2 challenging task. Search engines index tens to hundreds of
ml]llnn_. of web pages inv olving a comparable mmber of distinet terms. They answer tens of
million

ns of queries every day. Despite the importance of large-seale search engines on the web,
very little academic research has been done on them Furthermore, due to rapid advance in

technology and web proliferation. creating a web search engine tod; very different from three
years ago. This paper provides  in-depth description of our large-scale web search enzine - the

first such detailed public descniption we know of o czte Apart from the problems of _,cahng
traditional search tech to data of this mag there are new technical challenges involved
with nsing the additional information present in hvpene\u to pmduce better search results. This

paper addresses this question of kow to build a practical large-se: ystem which can exploit the
additionzl information present in hypertext. Also we look at the problem of how to effectrrely deal
with uncontrolled hypertext collecions where anyone can publish anything they want.

Search Engine (1998) e e e

1. Introduction

(Nota: Thers are rwe versions of this paper — a longer full version and a shorter printed version. The
full version is available on the web and the conference CD-ROM )

The web creates new challenges for mformation retrieval The amount of mformation on the web is
growing rapidly, as well as the munmber of new users inexperienced in the art of web research. People are
likely to surf the web using its lmk graph often starting with hizh quality human maintained mdices
such as Yahoo! or with search engines. Human maintained lists cover popular topics effectively but are
subjective, expensive to buld .u.d maintain, .lcm to mprove, and cannot cover all esotenc topies.

refwn: too many low quality matches.
ttention by tahu’ meases mesnt to

* “...due to rapid advance in technology
and web proliferation, creating a web
search engine today is very different
from three years ago.”
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What was difterent?

* What did Brin &
Page perceive that
others had missed?

* How did Google
avoid the
“Scale-pocalypse™?
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Scale-Free Network

"A network whose
degree distribution
follows a power

law.”
P(k) ~ k7
g 2001 Emy A s @mamund g
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Scale-Free Network

"A network whose
degree distribution
follows a power
law.”

P(k) ~ k™7
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“Long Tail”
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“Long Tail”

* Not an equal distribution
* A few nodes have many of links
* Many nodes have a few links

e “Preferential Attachment”
— Barabasi—Albert (1999)
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Power Law Web Search

* Brin & Page
recognized that

* curation and
_aggregation

* would not scale on
the WWW
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Power Law Web Search

* Instead, they o B
decided to B N S AL
* allow users \Y '.

* and the links they SN
create

L]
-

* to inform the
~search engine.

§ LAYER7 @mamund
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Power Law Success

* Using this feature

of the WWW i gle

~ allowed Google to

* gain the leading
role in search

* and build a multi-
billion dollar
~company.
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Hub-Vulnerability

* Unexpected disasters can e
cause complex systems to Service Unavailable - DNS failure
- fail. —— U";AWEGI’Sbal“.nf‘!;gggltig;w CCCCCCCCCCCC
» DNS failures of the 2000s V. ot
- Recent Amazon AWS e R °
failures A
» 2008 Monetary system - " I

fallures

000
40,000
30000
o000 -—M
10,000 \
[
I i 5

2 “Too blg to fall”
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* Highly distributed

Node-Resiliency

systems reduce

- risk of system-

'-/“\

-~y

- wide failures.
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Does power-law only apply to search?
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Collaboration

%.»‘
2
™,
<
%
L
W
n
3%
%I.
P
A
S,
SUBVERSION
-
& B
":‘)\ G,
&,C" @
o 2,
3 2
o Lz
5 = 4
& e B =
e = 1\
o 2, ]
- 0— o
w, *igit
. &
“o, & ‘t-ype— sulnm}§
b 2l a"!:I-u o %
A Pl 5 o
':':%"P-a r’.} )f“': ?“"_) =
% iy %E -
™ YiO0y Bg e =
LT . &
3 ol .l
% Agp 8 o
. & 8k
_’E«% Sy % Y
) ﬂ, U= H '9 Ly
1 2% 9 o, 2%
5 e, me— %&i’ag C ;
B A e Y % b c"&..f &0
TN - Aty i
b} A~ M, o ted>2003 ﬁhfﬁl& 027</u
e e YARRO2Z</up Mmamun
==' J_cﬂs J'Ilensfe._nn- =
NPUt paye..” dCcap -
TECHNOLOGIES BXC e KeMWords™ 1y, ﬂabeme&{iéma; ﬁ,{;ahe% ele="Coupap, - #ScaleFreeAPls
gg" title="gompany logo” ,f> F'ss [

3



Identity

* (Captive User Stores

(4
. Mul‘:cfiple OAuth Stores
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APIs?

* Do we really want to
add more vulnerability

" to the WWW?
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. Can we afford to
..;_rely 01[1' curation and
. aggregation for APIs?

/—i—\ - { S fa 0 L _ .. -".':_'.r-". Sreatpe
."\ L AY E R 7 ‘E'_lll.{‘.ld.t".'ll: -2003-12-"1ptg, W22 ar-lrll|uq:d @ mamun d
.' TECHNOLOGIES Rexp Lo9e="ke) e e . <labe1oka0Rdides < ]abe s, B title N #ScaIeFreeAP l S i

g go" title-"gowpany logo” /> = “3lue “Y Togg» ,.



‘ast and ryg H ypermed roper pat; iilediﬂApp col Methodqur Oyperings that Unds %uunu} peE.
and Presegypermedia jper Data Fg¢dia Applicd Methods tflypermedfhat Undersfur Hyperm
1d Present frmedia Fagr Data Fo Appllcatl zthods to yppermedia JUnders ypermed
k ” aF plication (s serving U and v§ di
ication Co
ion Contryg
Controls
ontrols to
pls to yo
Is to your K
' d Pr go voir 02s Tme 1
Hypermedypermedia | Data Forfour T e ~4F ¢ 2 2,/ M e viiyg
'permedia frmedia Fagata Formaty Responsepptocol Me
rme(ln Pa eanactn ‘Sele‘ ANo Boadvo FhHh o

|
{gn‘g‘h \'.J 5 Eﬁ”‘x“‘?&%l \

e J Ul fe
ing Up ydng Clients tpermedia
Yornh mnonlonnogay 77

@mamund

LAYER 7 #ScaleFreeAPls

T[( HNOLOGIES




What if we changed our model?

 Could we create node-
based services?

* What would we gain?
* What would we lose?
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Business models based on nodes

 Powerful client
aggregators '

e User-centric
. — Discovery

— Linking

— Sharmg

i f e Allow users to identify

new popular services
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Advantages of node-based models

* Increased processing power

(SETI) ' e
* Access to more metadata (EXIF) S Sgl@me@“

 User-driven selection models \ /
(reverse-flow)

* Reverse scale/vulnerability

* Increase “network” intelligence

* Mix of “smart” and “dumb”
clients (IoT)

! Ty g le. org % @mamund
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Yes, but can you make money this way?
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Models/Paradigms

* IBM gladly let Microsoft
own the OS (IBM knew
hardware was the real

- profit source)

. ..Yahoo knew the value of
curated indexes (Google
had another idea)

i g0 Few thought there was a
- ‘business in Open Source
- movement.
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Node-based?

- * Twitter
’ Facebook
* Google Docs

+ Wordpress

Ogle' Docs
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Node-based?

* I post messages
to my own machine

‘» The client sends it
-to one or more selected
- services of my choice

: ;--Pubhshers compete
for my content ogle’ Docs

._5'."_-:,_:-_EPubliShers distribute
. 2t other nodes
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Avoiding the Scale-pocalypse

* API providers:
~* Consider hub vulnerability problem

* Explore node-based advantages

» Empower users and
- reap rewards
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Avoiding the Scale-pocalypse

* APl consumers:
* |s there a node-based provider available?
* Build client-based aggregators

* Empower users and
reap rewards
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S0, my message is a positive one...

» We have an opportunity |
for new endeavors
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S0, my message is a positive one...

We can build strong,

vulnerability-resistant

systems
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The news is not so bad...
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The news is not so bad...

* There is a way to T /B
build systems that : I Ne
take advantage of £\ | -

~ a key principal of ZAN P
the WWW NZ : <
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S0, the news is no so bad...

* Using power-law and =
node-based systems,
we can continue to

- meet growing
demand.

Connected Devices Worldwide

u

0b
30b
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u I I I I I I Mobile phones
0

2007 2010 2014 2020

MNew telecom cycle: 10x devices, 10x industries
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The news is not so bad...

* And we can avoid

- “Scale-pocalypse!”
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Be a Node!
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