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By definition. y = log, « means the same as 0¥ = . One says: "y is the logarithm of 7 to base
0" or "y is the log base b of . Stated another way. log,  (also known as y) s the exponent
‘you saise b to in order to get . Thus §0° %) = 7. In more mathematical terms, the logarithm
s the fmverse function of the exponential

Law LOG-1:
The cryptographer’s favorite logarithm is log base 2.

One uses logs base 2 in cryptography (as well as in most of computer science) because of
the emphasis on binary numbers in these fields

50y = log, « means the same as 2 = . and a logarithm base 2 of  is the exponent you
raise 2 to in order to get 7. In symbols: if y = log, . then z = 2¢ = 2°%:*  n particular
210 = 1024 means the same as log, 1024 = 10. Notice that 2¥ > 0 for all y, and inversely
log, x is not defined for z < 0.

‘Here are several other formulas involving logarithms

log,(ab) = log, a + log, b, forall a,b > 0
logy(a/b) =log, a — log, b, foralla,b >0
log,(1/a) = log,(a™!) = —log, a, foralla > 0
log,(a") = rlogy a, foralla > 0, r

Tog,(a + b) = (Oops! No simple formula for this)

Table 12 gives a few examples of logs base 2.

Some calculators, as well as languages like Java, do not directly support logs base 2. Java
does not even support logs base 10, but only logs base e, the “natural” log. However, a log
base 2 is just a ixed constant times a natural log. so they are easy to calculate if you know the
“magic” constant. The formulas are

log, o = log, o/ log, 2. (mathematics)
Math.log (x) /Math.log(2.0) ; (Java).
The magic constant is: log,2 = 0.69314 71805 59945 30941 72321, or 1/log,2

1.44269 50408 88963 40735 99246 (Similarly, log, = = logyq o/ logy 2. and logye2
30102999366398114)





[image: image2.png]fHiere1s a prool ol the above formuia-
2=z, or y = log, 7 (then take log, of each side)

log, o (then use properties of logarithms)

2 = log, o (then solve for y)

y = log, x/ log, 2 (then substitute log, x for y)

= log, 7/ log, 2.

Law LOG-2:
The log base 2 of an integer x tells how many bits it takes
to represent x in binary.

‘Thus logy 10000 = 13.28771238. 50 it takes 14 bits to represent 10000 in binary. (In fact,
100005 = 1001110001000, ) Exact powers of 2 ae a special case: log, 1024 = 10, but it
takes 11 bits t0 represent 1024 in binary. as 10000000000,

Similarly, log, (<) gives the number of decimal digits needed to represent .





