§The Bit Complexity of Parallel Computation





On conventional computation model, �word� is the smallest addressable unit.  And, the entire word is available at once.  It is assumed that comparison, addition multiplication on 2 words take a constant amount of time.



Here, we count bit operations. The time required by operations on pairs of words is no longer a constant.



�Adding two integers

x = x(b-1)x(b-2)…x(0)

y = y(b-1)y(b-2)…y(0)



	ui = x(i)

	vi = y(i)

	si = ( ui xor vi ) xor ci-1

	ri = ( ui and vi ) or ( ( ui or vi ) ) and ci-1

	ci = ri

	c0 = 0

serial adder:
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represented as:
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Time : o(b)

# of processors : 1



�Adding n integers

adding tree :
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pipelining on the nodes at different levels.

time : t(n,b) = O(log n) + O(b)

processor : p(n,b) = O(n).



If the propagation time is assumed to be an increasing function of  the length of the wire, O(log n) + O(b) is no longer valid.



� addition mesh :
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time : (n1/2) + O(b).

processor : O(n).



�Multiplying two intergers
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			represented as:
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hi = ai or fi

di= hi-1and gi-1

ei = gi-1

fi = hi-1

note : hi = 1 if any aj = 1, j < i.



�	Multiplication tree :

� EMBED Visio.Drawing.5  ���

The output is 1 bit per time unit.



	time : O(log b + b) = O(b)

	processor : O(b).



�	Transform addition mesh into multiplication mesh :


�
 
EMBED 
Visio.Drawing.5 
 
�
�
�


	zi0 of ri must arrive at SA(i, m) on diagonal j at time m = i + j,

	where ri = . . . zi2 zi1 z0 0 0 . . . 0
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�	multiplication mesh : 
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�Computing prefix sums

variable fan-out :
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Figure 14.12 Computing prefix sums on network with variable fan-out.



Time : t(n,b) = O(log n) + O(b)

processor : p(n,b) = O(n log n)

fan-out of a gate : 1 + n / 2

	�constant fan-out : 
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Figure 14.13 Computing prefix sums on network with constant fan-out.

	Time : t(n,b) = O(log n) + O(b)

	processor : p(n,b) = O(n log n)

	fan-out of a gate : 2.



�Selection

  A = {a1, a2, . . . , an}, n b-bit integers find the kth smallest element of A.

  If a set M consisting of the m largest members of A can be found.

the kth smallest element in M, discard A - M

the kth smallest element not in M, discard M



	binary representation of ai :
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selection on tree machines :

b iterations

   in each iteration, n 1-bit numbers are added, O(log n) time.



Time : O(b log n)

processor : O(n)
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Figure 14.15 Selecting fourth smallest in sequence of eight numbers.
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