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Randomness is ubiquitous in our world. It plays an important role in science and technology.  
Originally, the notion of randomness was introduced in order to capture uncertainty and 
nonregularity in stochastic processes such as gambling or Brownean motion of particles. In 
this session, we explore various aspects of randomness in computer science and related areas. 

Is randomness useful? In engineering, randomness is often considered harmful, since it 
introduces uncertainty and makes measurements or products inaccurate and imprecise. In 
computer science, however, randomness helps to cope with computationally hard problems.  
Randomized algorithms are computer programs that can access a sequence of random bits.  
They can thus make errors, but they often are simpler and more efficient than the best known 
deterministic algorithms solving the same problem. Using known probability amplification 
techniques, the error can be made small enough so as to be negligible.  Moreover, it is often 
the case that a randomized algorithm is found first and can then be transformed into a 
deterministic algorithm for the same problem by so-called derandomization techniques. 

For example, efficient randomized primality tests (i.e., algorithms that test whether a 
given number is a prime number, which is an important task in many applications) were 
developed due to the lack of efficient deterministic algorithms for testing primality.  Solving 
a long-standing open problem, Agrawal, Kayal, and Saxena recently found the first 
polynomial-time deterministic primality test.  Their celebrated result created much 
sensation, not only in computer science and mathematics but also in the daily press such as in 
the New York Times.  One can argue that their achievement was possible only because of the 
previously found randomized primality tests. 

Randomization techniques are also useful in applied areas of computer science such as 
knowledge discovery in databases, machine learning, and financial engineering.  

Is randomness really necessary? Interestingly, the answer is both yes and no. On the one 
hand, randomness is inherently necessary to capture the strongest cryptographic security 
notions. Cryptography is the art and science of designing secure cryptosystems, which can be 
used for example to encrypt messages such that unauthorized decryption by an eavesdropper 
is prevented.   

On the other hand, generating truly random sequences is expensive.  However, using a 
(pseudo-)random number generator, one can deterministically generate a sequence of 
numbers that looks just like a truly random sequence in terms of specified statistical tests. 
For example, the Linear Congruential Generator (LCG) is one of the most popular random 
number generators. However, some real-world applications require large integral 
computation in high-dimensional spaces, and the LCG method is not good enough for some 
applications such as Monte Carlo simulations in financial engineering.  In 1998, Makoto 
Matsumoto invented a random number generator called Mersenne Twister (MT) algorithm, 
which generates (uniform pseudo) random numbers with the astronomically large period of 
219937-1 and achieves a very high uniformity. The MT algorithm is used in many real-world 
applications. 


