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pages, had been referenced by over a thousand other pages and had 

more than 1,000 incoming links! Subsequent measurements on a 

sample of 203 million Webpages uncovered an even wider spectrum: 

The vast majority, as many as 90 percent of all documents, have ten or 

fewer links pointing to them, while a few, about three, are referenced by 

close to a million other pages! 

Just as in society a few connectors know an unusually large number 

of people, we found that the architecture of the World Wide Web is 

dominated by a few very highly connected nodes, or hubs. These hubs, 

such as Yahoo! or Amazon.com, are extremely visible-everywhere you 

go, you see another link pointing to them. In the network behind the 

Web many unpopular or seldom noticed nodes with only a small number 

of links are held together by these few highly connected Websites. 

The hubs are the strongest argument against the utopian vision of 

an egalitarian cyberspace. Yes, we all have the right to put anything we 

wish on the Web. But will anybody notice? If the Web were a random 

network, we would all have the same chance to be seen and heard. In a 

collective manner, we somehow create hubs, Websites to which every, 

one links. They are very easy to find, no matter where you are on the 

Web. Compared to these hubs, the rest of the Web is invisible. For all 

practical purposes, pages linked by only one or two other documents do 

not exist. It is almost impossible to find them. Even the search engines 

are biased against them, ignoring them as they crawl the Web looking 

for the hottest new sites. 

2. 
Kevin Bacon's movie The Air Up There was airing on television the 

night that Craig Fass, Brian Turtle, and Mike Ginelly, students from 

Albright College in Reading, Pennsylvania, had a revelation. It sud, 

denly occurred to them that Bacon had played in so many different 

movies that you could connect him to just about any actor in Holly, 

wood. Full of excitement, in January of 1994 they mailed a letter to 

the ]on Stewart Show, an irreverent celebrity talk show popular with 

college audiences. "We are three men on a mission. Our mission is to 
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prove to the Jon Stewart audience, nay, the world, that Bacon is God." 

Much to their surprise, they got their fifteen minutes of fame. They 

were invited to appear on the Stewart show with Kevin Bacon, and 

charmed the audience with their ability to connect Bacon to any actor 

whose name was thrown at them. Down the line, however, they were 

desperately wrong. Bacon is no closer to the center of Hollywood than 

to the center of the universe. 

The genius, if it can be called that, of these three students was their 

observation that every actor in Hollywood could be connected to Kevin 

Bacon with typically two to three links. For example, Tom Cruise is only 

one step away from Bacon because they played together in A Few Good 

Men. Using the Erdos number analogy, Tom Cruise has Bacon number 

one. Mike Myers has two, being connected to Robert Wagner through 

The Spy Who Shagged Me. Wagner has Bacon number one thanks to Wild 
Things. But even such historical figures as Charlie Chaplin have a path 

to Bacon: Chaplin played with Barry Norton in Monsieur Verdoux, who 

played with Robert Wagner in What Price Glory, who, as we already 

know, is only one link away from Bacon. Thus Charlie Chaplin has Ba, 

con number three. To further tangle the tale, Paul Erdos has a Bacon 

number four, by virtue of N Is a Number, a documentary about him in 

which he plays himself. In the cast was Gene Patterson, playing himself, 

who later had a small role in the movie Box of Moonlight, through which 

he gains Bacon number three. And since N Is a Number featured the 

creme de la creme of graph theory, many mathematicians have not only 

a small Erdos number but a small Bacon number too. 

The Kevin Bacon game would have remained mere movie trivia 

had two computer science students not watched the Stewart show. 

Glen Wasson and Brett Tjaden, from the University of Virginia, imme, 

diately realized that determining the distance between any two actors 

was a viable computer science project, if one had access to a complete 

database of all actors and movies ever released. The Internet Movie 

Database, or IMDb.com, a cinephile powerhouse offering more infor, 

mation about actors and movies than one could ever need, was already 

in place. It took Wasson and Tjaden a few weeks of programming to set up 

The Oracle of Bacon Website, which became the unbeatable master of 
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the game. If you type in the name of any two actors, in milliseconds it 

provides the shortest path between them, listing the chain of actors and 

movies through which they are connected. In no time the Website was 

receiving over 20,000 visits per day, eventually landing on Time maga~ 

zine's list of top ten sites of 1997. Last time I checked, on August 26, 

2001, it had hosted over 13,000 visitors that day alone. 

3. 
We can play the Kevin Bacon game because Hollywood forms a densely 

interconnected network in which the nodes are actors linked by the 

movies in which they have appeared. An actor has links to all other ac, 

tors in the cast. Thus those who have played in several movies acquire 

links quickly. As each actor has an average of twenty,seven links, many 

more than the necessary one to make the network fully connected, six 

degrees is unavoidable: Each actor can be connected to any other actor 

through three links on average. Yet, as my research group has noticed 

when analyzing the actor network, averages do not apply here. As 

many as 41 percent of actors have fewer than ten links. These are the 

less known actors whose names appear on the movie screen after you 

have walked out of the theater. A tiny minority of actors, however, 

have far more than ten links. John Carradine collected 4,000 links to 

other actors during his prolific career, while Robert Mitchum acted 

with 2,905 colleagues during his decades on the silver screen. These ex, 

ceptionally well connected actors are the hubs of Hollywood. Remove a 

few of them, and suddenly the paths from almost any actor to Bacon 

will drastically lengthen. 

On the one hand, an educated guess would be that the actors who 

have played in the most movies are also the most connected, having the 

shortest distance to everybody else in Hollywood. This turns out to be 

true on average: The more movies an actor plays in, the shorter his or 

her average distance to his or her peers. On the other hand, the list of 

actors with the most movies fails to give us the most,connected actors 

and holds some surprises, too. Compiled by Hawoong Jeong, the top ten 

list, showing in parentheses the number of movies in which they played, 
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looks like this: Mel Blanc (759), Tom Byron (679), Marc Wallice (535), 

Ron Jeremy (500), Peter North (491), T. T. Boy (449), Tom London 

(436), Randy West (425), Mike Horner (418), and Joey Silvera (410). 

I'd wager that for most of you these names are as unrecognizable as they 

were to us when we first looked at the list. Well, you might know Mel 

Blanc, the famed voice of popular and beloved animated cartoon char, 

acters like Bugs Bunny, Woody Woodpecker, Daffy Duck, Porky Pig, 

Tweety Pie, and Sylvester. And those over fifty years old would have 

seen Tom London, perhaps the most prolific B western movie actor, por, 

tray countless sheriffs, ranch owners, and henchmen. The rest of the ac, 

tors on the most,prolific list, however, eluded us. In the end, after some 

research, we pinned them down. They are all porn stars. 

This list is perhaps the most vivid demonstration that, when it 

comes to networks, size does not always matter. Despite the record 

number of movies porn stars make, they fail to be anywhere near the 

center of Hollywood. As networks are clustered, nodes that are linked 

only to nodes in their cluster could have a central role in that subcul, 

ture or genre. Without links connecting them to the outside world, 

they can be quite far from nodes in other clusters. Thus it is rather diffi, 

cult to connect an actor who has played only in porn movies and has 

links only to porn stars to the cast of a Martin Scorsese or Andrey 

Tarkovsky movie. They simply move in very different worlds. The truly 

central position in networks is reserved for those nodes that are simul, 

taneously part of many large clusters. They are the actors who have 

played in very different genres during their careers. They are the Web, 

pages that not only reference modem art, but have links to all domains 

of human inquiry. They are the people who regularly come into contact 

with people from diverse fields and social strata. They are the Erdoses of 

mathematics, who cannot be confined to a box, who take on with equal 

ease problems relevant to many subfields of science. They are the 

Leonardo da Vincis of networks, equally at home in arts and sciences. 

Of course, Bacon is a prominent Hollywood actor. He has played in 

over forty,six movies, collecting links to more than 1,800 actors. His 

average separation from everyone else in Hollywood is 2. 79-that is, 

most actors are within three links of him. This is the reason that some 



62 LINKED 

are so good at the Kevin Bacon game, easily connecting any other actor 

to him. But is Bacon the most connected actor? When Hawoong Jeong 

prepared the list of the thousand most,connected actors, the real hubs 

of Hollywood, it took us a while to find Bacon on it. We saw Rod 

Steiger in the number,one spot, with an average distance of 2.53 from 

everybody else. Donald Pleasence, with a separation of 2.54, was right 

behind him. Martin Sheen, Christopher Lee, Robert Mitchum, and 

Charlton Heston took up the next four spots, each with a separation 

less than 2.57. We read hundreds of names, browsing through dozens of 

pages, without a sign of Bacon. Eventually we discovered him towards 

the end of the list, at the 876th spot. 

Why do we play the Kevin Bacon game then? Bacon's prominence 

is a historical fluke, rooted in the publicity offered by the Stewart show. 

Every actor is three links from most actors. Bacon is by no means spe, 

cial. Not only is he far from the center of the universe, he's far indeed 

from the center of Hollywood. 

4. 
A random universe does not support connectors. If society were ran, 

dom, then in Gladwell's modest social sample of four hundred people, 

with their average of around 39 social links, the most social person 

should have far fewer acquaintances than the 118 found. If the Web 

were a random network, the probability of there being a page with five 

hundred incoming links would be 10-99-that is, practically zero, indi, 

eating that hubs are forbidden in a randomly linked Web. Yet the latest 

Web survey, covering less than a fifth of the full Web, found four hun, 

dred such pages and one document with over two million incoming 

links. The chance of finding such a node in a random network is 

smaller than the chance of locating a particular atom in the universe. If 

Hollywood forms a random network, Rod Steiger does not exist, as the 

probability of having such a well connected actor is about 10-120, which 

is such a small number that it's hard to come up with a proper 

metaphor. These incredibly small numbers help explain our surprise 

when we first spotted hubs on the Web and in Hollywood during our 
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early attempts to understand the structure of real networks. There was 

nothing to prepare us for them because they were forbidden by both the 

Erdos,Renyi and the Watts,Strogatz models. They simply were not sup, 

posed to exist. 

The discovery that on the Web a few hubs grab most of the links 

initiated a frantic search for hubs in many areas. The results are star, 

ding: We now know that Hollywood, the Web, and society are not 

unique by any means. For example, hubs surface in the cell, in the net, 

work of molecules connected by chemical reactions. A few molecules, 

such as water or ademosine triphosphate (ATP), are the Rod Steigers 

of the cell, participating in a huge number of reactions. On the Inter, 

net, the network of physical lines connecting computers worldwide, a 

few hubs were determined to play a crucial role in guaranteeing the In, 

ternet's robustness against failures. Erdos is a major hub of mathemat, 

ics, as 507 mathematicians have Erdos number one. According to an 

AT&T study, a few phone numbers are responsible for an extraordinar, 

ily high fraction of calls placed or received. While those with a 

teenager living in their homes might have suspicions about the iden, 

tity of some of these phone hubs, the truth is that telemarketing firms 

and consumer service numbers are probably the real culprits. Hubs ap, 

pear in most large complex networks that scientists have been able to 

study so far. They are ubiquitous, a generic building block of our com, 

plex, interconnected world. 

5. 
Lately hubs are enjoying exceptional attention. Celebrating the power 

of connectors, Emanuel Rosen spends several chapters in his book The 

Anatomy of Buzz categorizing social hubs and inspecting their role in 

spreading news and hype. Every four years the United States inaugu, 

rates a new social hub-the president. Indeed, Franklin Delano Roo, 

sevelt's appointment book had about 22,000 names in it, making him 

one of the biggest hubs of his era. Three prominent biologists have re, 

cently suggested in the prestigious scientific journal Nature that the 

hublike nature of a certain molecule, the p53 protein, is the key to 
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