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Measuring Complexity m

C Definition
y LetMbe a deterministic Turing machine that halts on all inputs. The
running timeor time complexitpf Mis the functiori: N4 N, wherd(n)is
the running time d@fl, we say thdtiruns in timéd(n)and thatVliis anf(n)
time Turing'machine. Customarily weruserepresent the length of the
Input

C Complexity Analysis
Yy Worstcase Analysis
0 Longest running time of allbinputs:of-a particular length
y Averagecase Analysis
0 Average of all.the running times of inputs of a particular length
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Big-O and Small-o Notations m

C Asymptotic UpperBound (O)
y Letfandg be functiond, g:NA R'. Say that(n) = O(g(nif) positive
integersc andn, exist such that for every integer ' n
fi(sne)n O c. g(n)
Yy Whenf(n) = O(g(nyye say that(n)is an upper bound féin), or more
precisely, thagi(n)is an asymptotic upper bound fior) to emphasize
that we are suppressing constant factors

C Asymptotic StricUpper Bound:(0)
y Letf andg be functiond, g:NA4 R*. Say that(n) = o(g(n)j
jim ) 2 g
nA oo g(n)
y In other words, f(n) =0(g(n)) means that, for any real rumfer
numbem, exist, wheré(n) <.c.g(rfor alln - /© n
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Analyzing Algorithms “

C Lett: NA'R" be a function. Define:thme complexity clas$IME(t(n)}o be
the collection of all languages that are decidable Gytar) time Turing
machine

C Example

Anslyza the TN algavitihm Tor the fursyuage A S O I

y There can be different TM constructiéhs\(,, M) deciding the language
>VHH 6LSVHUf209PRRN SS

y The totatime taken by them is different

0 M, decidesA in timeO(r?), thereforeA ATIME(H)

0 M, decidesAin timeO(nlogn)thereforeA X IME(n.logn)

0 M, decidesAin timeO(n)thereforeA EXIME(n)
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