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Ivar Ekeland gained a large and enthusiastic 
following with Mathematics and the Unex- " 
petted, a brilliant and charming exposition 
of fundamental new discoveries in the the- 
ory of dynamical systems. The Broken Dice 
continues the same theme, and in the same 
elegant, seemingly effortless style, but fo- 
cuses more closely on the implications of 
those discoveries for the rest of human 
culture. What are chance and probability? 
How has our thinking about them been 
changed by the discovery of chaos? What 
are all of these conceuts good for? 

According to traditioi, says Ekeland, 
King Olaf Haraldsson of Norway played 
dice with the King of Gautland (Sweden) 
for the island of Hising. The Swedish king 
threw a double six and said there was no 
point in continuing. King Olaf pointed out 
that two sixes might turn up again. Then he 
threw the dice. One was a six; the other 
split in two, showing a six and a one. And 
so King Olaf took possession of the island. 
Many accuse Olaf of rigging the dice, but 
whatever the truth it's a wonderful story, 
and it makes an important point about the 
workings of chance: there is more than one 
kind of unuredictabilitv. 

So what is randomness? Paradoxically, 
the "random number generator" in vour " 
personal computer is nothing of the kind- 
it applies a perfectly deterministic rule, but 
an unpredictable one, unless you know the 
secret. If this most common source of ran- 
dom numbers is not random at all, is there 
such a thing as chance? The discussion 
leads to foundational problems in quantum 
mechanics and Einstein's espousal of "hid- 
den variables" that determine when alleg- 
edly random events, such as the decay of a 
radioactive atom, will occur. In short, per- 
haps quantum theory has a hidden secret, 
just like that of the computer's random 
number generator. But does it? Nobody 
knows. 

Chance leads to fate, here represented 
by deterministic processes in which every 
step is specified uniquely and precisely. And 
determinism leads to chaos, where again a 
hidden rule generates apparently random 
results-indeed in some cases demonstrablv 
random results, according to any definition 
of randomness you care to propose. The 
secret this time is in the choice of initial 
condition, which "encodes" the desired 
random sequence, and of a dynamic rule 

Vignettes: Pictorial Trends 

Some intellectuals. . . worried about the spread of illustrated books, increasingly 
I common around the turn of the century. The ease of reproducing photographs in 

books meant that the author had less control; they feared that the illustrator would 
sway the reader more than the author, that illustrations forced people to form 
certain images in their mind. One letter to the editor. . . complained that illustra- 
tions . . . subverted books from an intellectual exercise into a commodity whose 
main purpose was to look pretty. 

-Steven Lubar, in Infoculture: The Smithsonian Book of 
Information Age Inventions (Houghton Mifflin) 

At a time when the nonreading television generation is having an impact on the 
newspaper circulation in this country, and when, ironically, classes leading to 
visual skills are among the first cut by school districts feeling a financial pinch, the 
moment seems perfect once again for communicating knowledge with images on 
the hypermedia "page." Pixels are the movable type of the future. 

-Barbara Maria Stafford, in Artful Science: Enlightenment Entertainment and the 
Eclipse of Visual Education (MIT Press) 

that can "decode" it, digit by digit. This is 
astonishingly easy to do, once you know 
what to look for. But it totally alters our 
view of what constitutes randomness. 

That chaos is not truly random can be 
seen by considering the possibility of pre- 
diction. A truly random sequence is totally 
unpredictable: no amount of knowledge of 
the past affects the possibilities for the 
future. Chaos, in contrast, is predictable in 
the short term-an issue that is tackled in a 

cause the ending won't make sense out of 
context. Beg, borrow, or, preferably, buy a 
copy and do so. I guarantee you won't be 
disappointed. 

Ian Stewart 
Mathematics Institute, 

University of Warwick, 
Coventry CV4 7AL, UK 
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book wasn't published by viking-i What Darwin, Adrian Desmond and James Moore. 
prevents lots of short-term predictions of a 
chaotic system from being strung together is 
sensitive dependence upon initial condi- 
tions-the celebrated butterfly effect- 
which is the subject of the next chapter of 
the book. 

From there, the story moves toward 
more practical themes, risk and statistics. 
We find that even statisticians cannot dem- 
onstrate the occurrence of chance. They 
can only assume that it is present and 
exploit the resulting structure. As physics 
looks more deeply into the nature of space, 
time, and matter, it finds more and more 
that is contingent, indeterminate. But, ar- 
gues Ekeland, if instead we build nature up 
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