THE FUTURE OF INTERNET SEARCH

Herwig Unger



The perfect world of google...???







MI-6, KGB and Stasi were yesterday.
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A more direct comparison

I Posteingang - heswig.une % ' % Xpossible | Connection S % 1 [ Harry - Google-Suche

€« C A B8 https//www.google.coth/search?q=Harry&ogq=Harry&ags=chrome.69i5 77 §

i Apps M gMail [f Schiagzeilen - SPIEG.. 0 Bild.de < commenzbanking »  [] Weitere Lesezeichy

Google  Hany 9

Web Bilder Maps News Videos Mehr = Suchoptionen
Ungefahr 163.000.000 Ergebnisse (0,62 Sekunden)
Harry - Wikipedia

de.wikipedia.org/wiki’Harry ~
Der Name stammt aus dem mittelalterlichen Englisch und ist eine Koseform von Henry
bzw. Heinrich. Heutzutage wird Harry auch als Kurzform von Harald oder

Harry of Wales — Wikipedia

de.wikipedia.org/wikiHarry_of Wales ~

HRH Prince Henry Charles Albert David of Wales (* 15 September 1984 in London)
M.

(genannt Prince Harry. deutsch Prinz Harry von Wales) ist Captain des
Leben - Konigliche Pflichten - Orden und Ehrenzeichen - Vorfahren

Harry Potter - Wikipedia
de.wikipedia.org/wikiHarry_Potter

Harry Potter ist eine populare Romanreihe der englischen Schriftstellenn Joanne K
Rowling. Erzahlt wird die Geschichte des Titelhelden Harry James Potter

Harry James - Wikipedia

de wikipedia.org/wiki’Harry_James ~

Harry Haag James (" 15. Marz 1916 in Albany; T 5. Juli 1983 in Las Vegas, Nevada) war
ein amerikanischer Jazztrompeter und Bandleader der Swing-Ara



But search is ....

e ... an iterative process
* ... need consider many alternatives
e ... having its own (very personal) context and history

e ... coming along with learning effects derived from
positive and negative feedbacks

e ... also an influence to the objects being searched
and retrieved

e ... possibly a cooperative activity

... In the nature seldomly centralised ©

(think about foraging, ants, partner search)






Today is Google. And tomorrow?

L] Search is understood as process
with several participants in a
given context and a history

[l Learning and adaptation, which
are caused by multiple feedback
sources

L1 Decentralisation and emergence
of structures

L1 No central control or knowledge

[ 1 Brain like structures and
processes where connections
between different instances are

the most important things
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Jeff Hawkins: “On Intelligence”
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Going decentralised....




Alternatives

GNUTELLA

» Broadcast-based, i.e. many messages
« Keep anonymity of user until download
* Relatively fast

* Less overhead since simple protocol

FREENET

* No broadcasts, single search messages

o Keep anonymity fully

« Get faster over time by copies and new links
« Still a simple protocol

Dynamic Hash Tables (DHT)

» Scalable with logarithmic expenses

Just a content directory

Fast

Many overhead due to complex protocol
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Search Portals M

are hosted services for search users Is a software on your own computer
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Decentralised search engines (see also YaCy and Faroo)
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“Our” Preliminaries...




The basics: co-occurrence analysis

L1 Significant co-occurrences appear with a probability above a specific
threshold in sentences (sentence level), in paragraphs (paragraph level)
or in the whole text (document level).

L1 The set of all significant co-occurrences can be presented as a
co-occurrence graph (usually undirected): nodes-terms, edges-relations

asset-backed

ballots

Source: corpora.uni-leipzig.de
commercial mill
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Document centroids

The physical analogon:
- the centre of mass

18

e words

= mass point

» distance vector = distance in co-occ. graph

- e.g. school is the centroid of a document containing
classroom, students, teacher but also computer

class
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- The centroid of a document is the term with
the minimal average distance to all words of
the respective document in the co-occ. graph.



Properties of centroids

| Title of Wikipedia Article || Centroid Term |
Tay-Sachs disease mutation
Pythagoras Pythagoras v' The centroid can be a word, which
Canberra Canberra ] ) )
Eye (cyclone) storm IS not contained in any of the
Blade Runner Ridley Scott documents.
CPU cache cache miss
Rembrandt Louvre o ]
Common Unix Printing System filter v Often, genefahsmg terms will be
Psychology psychology found.
Universe shape
Mass media database )
Stroke blood v Theoretically, a document may
Mark Twain tale have more than one centroid.
Ludwig van Beethoven violin
Oxyrhynchus papyrus .
Milk dairy centroids in the co-occurrence
__Health fitness graph can be used to define the
Tourette syndrome tic LA
Malaria disease
Fiberglass fiber v .
: : Even to short queries may
Continent continent . .
United States Congress Senate a centroid term may be aSSlgned-
Turquoise turquoise
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The librarian of the web

Empty bookshelf

...growth process...

...Tull shelf ®

Catalogue or
Order algorithm




Top Down: Building a self-specialising hierarchy

Co-occurrence graph
Level O

Refined
Co-occ. graph

Co-occurrence graph
Level 1
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Rules of the game

v

v

If a level is full, the local

co-occ. graph is partitioned.
Document links are given to one
node of the lower level depending
on the location of its centroids.
(some words of a document may
be in the other partition, however)
The upper levels remain as a
chunky classification of new
arriving documents or queries
which are later refined

The co-occ. graph in the lower
level will be refined by documents
assigned to the respective node
In case the next node is full,

the game is repeated in a
successive manner.






Button-up: Agent play




Button-up: Agent play

The same\
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procedure

C1,2

M

I

I

I

1

I

I

I =

: -

. ™
S

1
b 4

..and go on playing

\\\
S '
\‘—*

h 3 -
HTML fi\ ~ il
!  +zrandom

Tt
4
‘_: + zrandom

o

/
_ 9

)

1
L

N
HTM




New peers will be automatically included. If needed, new agents
and peer will be added.

Peers leaving the community will be tolerated.

Agent faults are no problem. A lost agent maybe replaced and
included without any bigger problem to the remaining
community.

Fully connected cluster makes the system more fault tolerant.
Also, several peers may fulfil the task as surrogate of the whole
(local) sub-cluster, what increase fault tolerance once more.

The size of the structure automatically adapts to changing
needs.

Search request may be routed --even if not coming in to the root
node— in a calculatable time.
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Peer architecture

The Peer + -

SEARCH_QUERIES

) .
*USP
RESULTS searcH uniT [¢ ’
INTERACTIONS ’L 4
LOCAL -P2P System '
REV.INDEX -Local Cluster _l—
+  Tree (Implicit) i
r ! <
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1

CO-0C
BUILDER -
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-Local Files
-Cluster Graph
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UPDATE + ?_

-REMARK-

* Universal search protocol
**  Ping-Pong protocol

- Random walk protocol
PR Co-oCourrance
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Summary

v' Today's search engines are far away to ;r‘l%?ﬁj;ﬂ
replace a librarians functionality. == Al .?r e
v' Small, decentralised systems are more " (

flexible and competitive.

v' Business models exist also for P2P. ayer %Bl ,layetri l
ramiaa spiny sieliate
v' Copying the WWW is not a good approach, P cell . g y{;el]

except for the NSA and secret services.

v" An new, fully decentralised concept of
search is investigated, offering new
services, interfaces and ahigh degree of
privacy. This approach is scalable and may
adapt to changing needs in the WWW.

v’ It shows similarities to the work of the /%: '
human brain. This must be considered T @D
more detailed in the future.
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