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As We May Think

As Director of the Office of Scientific Research and Development, Dr. Vannevar Bush has
coordinated the activities of some six thousand leading American scientists in the application of
science to warfare. In this significant article he holds up an incentive for scientists when the
fighting has ceased. He urges that men of science should then turn to the massive task of making
more accessible our bewildering store of knowledge. For years inventions have extended man's
physical powers rather than the powers of his mind. Trip hammers that multiply the fists,
microscopes that sharpen the eye, and engines of destruction and detection are new results, but
not the end results, of modern science. Now, says Dr. Bush, instruments are at hand which, if
properly developed, will give man access to and command over the inherited knowledge of the
ages. The perfection of these pacific instruments should be the first objective of our scientists as
they emerge from their war work. Like Emerson's famous address of 1837 on "The American
Scholar," this paper by Dr. Bush calls for a new relationship between thinking man and the sum of
our knowledge. —THE EDITOR

This has not been a scientist’s war; it has been a war in which all have had a part. The scientists,
burying their old professional competition in the demand of a common cause, have shared greatly
and learned much. It has been exhilarating to work in effective partnership. Now, for many, this
appears to be approaching an end. What are the scientists to do next?

“As We May Think”, Vannevar Bush,
The Atlantic, May 7, 1945

The problem

The difficulty seems to be, not so much that we publish unduly in view of the extent and variety of
present day interests, but rather that publication has been extended far beyond our present ability
to make real use of the record. The summation of human experience is being expanded at a
prodigious rate, and the means we use for threading through the consequent maze to the
momentarily important item is the same as was used in the days of square-rigged ships.

The answer: a big, cheap, consultable record of
published materials.




How?

Photography! Microfiche: “En
Britannica in a matchbox”.

The memex

Consider a future device for individual use, which is a sort of mechanized private file and library. It
needs aname, and, to coin one at random, "memex"” will do. A memex is a device in which an
individual stores all his books, records, and communications, and which is mechanized so that it
may be consulted with exceeding speed and flexibility. Itis an enlarged intimate supplement to his
memory.

It consists of a desk, and while it can presumably be operated from a distance, itis primarily the
piece of furniture at which he works. On the top are slanting translucent screens, on which material
can be projected for convenient reading. There is a keyboard, and sets of buttons and levers.
Otherwise it looks like an ordinary desk.

In one end is the stored material. The matter of bulk is well taken care of by improved microfilm.
Only a small part of the interior of the memex is devoted to storage, the rest to mechanism. Yet if
the user inserted 5000 pages of material a day it would take him hundreds of years to fill the
repository, so he can be profligate and enter material freely.

Most of the memex contents are purchased on microfilm ready for insertion. Books of all sorts,
pictures, current periodicals, newspapers, are thus obtained and dropped into place. Business
correspondence takes the same path. And there is provision for direct entry. On the top of the
memex is a transparent platen. On this are placed longhand notes, photographs, memoranda, all
sorts of things. When one is in place, the depression of a lever causes it to be photographed onto the
next blank space in a section of the memex film, dry photography being employed.




The memex

Memex in the form of a desk would instantly bring files and material on any subject to the operator’s fingertips. Slanting
translucent vicwing screens magnily supermicrofilm filed by code numbers. At left is a mechanism which automaticall
photographs longhand notes, pictures and letters, then files them in the desk for future reference (LIFE 1901), p. 12

“Trails”

Owner can link items together into “trails”.

The owner of the memex, let us say, is interested in the origin and properties of the bow and arrow.
Specifically heis studying why the short Turkish bow was apparently superior to the English long
bow in the skirmishes of the Crusades. He has dozens of possibly pertinent books and articles in his
memex. First he runs through an encyclopedia, finds an interesting but sketchy article, leaves it
projected. Next, in a history, he finds another pertinent item, and ties the two together. Thus he
goes, building a trail of many items. Occasionally he inserts a comment of his own, either linking it
into the main trail or joining it by a side trail to a particular item. When it becomes evident that the
elastic properties of available materials had a great deal to do with the bow, he branches off on a
side trail which takes him through textbooks on elasticity and tables of physical constants. He
inserts a page of longhand analysis of his own. Thus he builds a trail of his interest through the maze
of materials available to him.

And his trails do not fade. Several years later, his talk with a friend turns to the queer ways in which
apeople resist innovations, even of vital interest. He has an example, in the fact that the outraged
Europeans still failed to adopt the Turkish bow. In fact he has a trail on it. A touch brings up the
code book. Tapping a few keys projects the head of the trail. A lever runs through it at will, stopping
atinterestingitems, going off on side excursions. Itis an interesting trail, pertinent to the
discussion. So he sets areproducer in action, photographs the whole trail out, and passes it to his
friend for insertion in his own memex, there to be linked into the more general trail.




Conseqguences

Wholly new forms of encyclopedias will appear, ready made with a mesh of associative trails
running through them, ready to be dropped into the memex and there amplified. The lawyer has at
his touch the associated opinions and decisions of his whole experience, and of the experience of
friends and authorities. The patent attorney has on call the millions of issued patents, with familiar
trails to every point of his client’s interest. The physician, puzzled by a patient’s reactions, strikes
the trail established in studying an earlier similar case, and runs rapidly through analogous case
histories, with side references to the classics for the pertinent anatomy and histology. The chemist,
struggling with the synthesis of an organic compound, has all the chemical literature before him in
his laboratory, with trails following the analogies of compounds, and side trails to their physical and
chemical behavior.

The historian, with a vast chronological account of a people, parallels it with a skip trail which stops
only on the salient items, and can follow at any time contemporary trails which lead him all over
civilization at a particular epoch. There is a new profession of trail blazers, those who find delightin
the task of establishing useful trails through the enormous mass of the common record. The
inheritance from the master becomes, not only his additions to the world's record, but for his
disciples the entire scaffolding by which they were erected.
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1990: First browser
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1993:
March: HTTP is 0.1% of all internet traffic

April: CERN releases WWW free of
charge

Sept: HTTP is 1% of all internet traffic

Dec: Mosaic/WWW mentioned in New
York Times

1994: DPW sees first web page
(www.whitehouse.gov)

Early web indices (1994-1998)

Human edited directories YaHoO!
o Jerry’s Guide to the World Wide Web

Early crawlers and indexers

« WWW Worm (110,000 pages, 1500 queries/day in
1994)
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Enter link-based analysis

The Anatomy of a Large-Scale Hypertextual Web Search Engine

Sergey Brin and Lawrence Page

rd University, Stanford, CA 94305, USA
stanford ech and page s stanford edy

Abstract
In this paper, we present Google, a prototype of a large- scale search engine which makes heavy use of the structure present in hypertext. Google is designed to crawl and index the Web efficiently and
‘produce much more satisfying search results than existing systems. The prototype with a ful text and hyperkink database of at least 24 milion pages is available at htp://google stanford edu/ To engineer a

(WWW 7, 1998)

Search the web using Google!
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Copyright ©1998 Google Inc.

Historical perspective

8 Appendix A: Advertising and Mixed Motives

Currently, the predomant business model for commercial search engmnes is advertising. The goals of the advertising business model do not
always correspond to providing quality search to users. For example, in our prototype search engine one of the top results for celhlar
phone is "The Effect of Celhilar Phone Use Upon Driver Attention”, a study which explains in great detail the distractions and risk
associated with conversing on a cell phone while driving. This search result came up first because of its high importance as judged by the
PageRank algorithm, an approximation of citation importance on the web [Page. 98]. Itis clear that a search engine which was taking
money for showing cellular phone ads would have difficulty justifying the page that our system returned to its paying advertisers. For this
type of reason and historical experience with other media [Bagdikian 83], we expect that advertising funded search engines will be
inherently biased towards the advertisers and away from the needs of the consumers

Since it is very difficult even for experts to evaluate search engines, search engine bias is particularly insidious. A good example was
OpenText, which was reported to be selling companies the right to be listed at the top of the search results for particular queries [Marchiori
97]. This type of bias is much more insidious than advertising, because it is not clear who "deserves” to be there, and who is willing to pay
money to be listed. This business model resulted in an uproar, and OpenText has ceased to be a viable search engine. But less blatant bias
are likely to be tolerated by the market. For example, a search engine could add a small factor to search results from "friendly” companies,
and subtract a factor from results from competitors. This type of bias is very difficult to detect but could still have a significant effect on the
market. Furthermore, advertising income often provides an incentive to provide poor quality search results. For example, we noticed a
major search engine would not return a large airline's homepage when the airline's name was given as a query. It so happened that the
airline had placed an expensive ad, linked to the query that was its name. A better search engine would not have required this ad. and
possibly resulted in the loss of the revenue from the airline to the search engine. In general, it could be argued from the consumer point of
view that the better the search engine is, the fewer advertisements will be needed for the consumer to find what they want. This of course
erodes the advertising supported business model of the existing search engines. However, there will always be money from advertisers who
want a customer to switch products, or have something that is genuinely new. But we believe the issue of advertising causes enough mixed
incentives that it is crucial to have a competitive search engine that is transparent and in the academic realm.




PageRank

Basic idea: Assign a score to every page
giving its “quality”; use links to do this.

Then present documents matching
keyword search in decreasing order of
score.
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