 §Introduction
Why parallel ?

We need large amount of computation.

The limitation of electronic devices:

Speed of light: 3×108 m/s
Components too close: interaction

Parallel computer:

A computer with many processing units 

(processing elements, PE)

(processors)

computation models:

Flynn's classification:

1.  SISD(Single Instruction, Single Data)

2.  MISD(Multiple Instruction, Single Data)

3.  SIMD(Single Instruction, Multiple Data)

4.  MIMD(Multiple Instruction, Multiple Data)

· SISD Computers
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sequential computers
sequential algorithms

e.g. summation of n numbers:

need n-1 additions

O(n) time

· MISD Computers
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e.g. test whether a positive integer is prime or not.

n is prime: no divisors except 1 & n.

n is composite: otherwise

Each processor tests a number between 1 and n.
· SIMD Computers 
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the communication of SIMD computers:
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· Shared-Memory(SM) SIMD computers

PRAM(Parallel Random Access Machine)

How does a processor i pass a number to another processor j?  

O(1) time
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1. EREW (Exclusive Read, Exclusive Write)

2. CREW (Concurrent Read, Exclusive Write)

3. ERCW (Exclusive Read, Concurrent Write)

4. CRCW (Concurrent Read, Concurrent Write)

how to resolve conflicts in CRCW?

subclass:

(a) the smallest-numbered is allowed to write.

(b) the values to be written in all processors are equal.

(c) sum the values to be written.

Simulating multiple accesses on an EREW computer:

(i) N multiple accesses (read)  N: # of processors broadcasting procedure:

1. P1→P2

2. P1,P2, → P3,P4
3. P1,P2,P3,P4 → P5,P6,P7,P8
       :

       :

O(log N) steps

(ii) m out of N multiple access(read),  m≦N

Each memory location is associated with a binary tree.

[image: image5.png]o o e S0

123 4 eve N
() (&) (B)




For a multiple read from location A, the requests trickle up the tree. Then the value of A is sent down the tree.

dividing a shared memory into blocks
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Each block has one decoder.

The cost of decoding circuits is reduced.

At each time, only one processor can access one of the memory blocks.

· Interconnection networks SIMD computers

The memory is distributed among the N processors.

Every pair of processors can communicate with each other if they are connected by a line(link).

Instantaneous communication between several pairs of processors is allowed.

(1) fully connected networks
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There are  
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  links.

The cost is high.

(2) linear array(1-dimensional array)

             1-D array
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Pi-1 
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(3) two-dimensional array (2-D mesh-connected)
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P(j,k) has links connecting to P(j+1,k), P(j-1,k), P(j,k+1) and P(j,k-1).

(4) tree connection (tree machines)

[image: image13.png]LV

w2

LeveL 1
Py tEEL D
s





The sons of Pi: P2i and P2i+1
The parent of Pi: Pi/2
(5) shuffle-exchange connection
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shuffle links:Pi( Pj
j=2i if 0 ( i (
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(6) cube connection (n-cube,hypercube)

3-cube:
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4-cube:
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An n-cube connected network consists of 2n node. (N=2n)

binary representation of node i:

in-1 in-2 ... ij ... i1 i0
connects to

in-1 in-2 ...
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Each processor has n links.

adding 8 numbers:
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This concept can be implemented on a tree machine.

time: O(log n) , n:# of inputs        

m sets, each of n numbers:

pipelining: log n+(m-1) steps.

This concept can also be implemented on other models.

· MIMD Computers
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MIMD computers sharing a common memory:

multiprocessors, tightly coupled machines

MIMD computers with an interconnection network:

multicomputers, loosely coupled machines, distributed system
· Analyzing Algorithms

running time, # of processors, cost 

· running time

between the moment the first processor begins computing and the moment the last processor ends computing

g(n)= Ω(f(n)): at least f(n), lower bound
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g(n)=O(f(n)): at most f(n), upper bound
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e.g. The lower bound of sorting is Ω(n log n).

(why?)

The time complexity of heapsort is O(n log n).

Thus, heapsort is optimal. The upper bound of sorting is O(n log n).

e.g. For matrix multiplication, the lower bound is Ω(n2) and the upper bound is O(n2.5). (There exists such an algorithm.)

speedup =  
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e.g. adding n numbers on a tree machine

time: O(log n)

processor: n-1

speedup=O(n/log n)

e.g. bitonic sorting

time: O(log2 n)

processor: O(n)

speedup=O(n/log n)

cost = parallel time * # of processor

= t(n) * p(n)

s(n): time for the fastest sequential algo.   

If s(n)=t(n)*p(n), the algorithm is cost optimal (achieves optimal speedup).

e.g. adding n numbers

	processor: O(n/log n)
	}(cost optimal

	time: O(log n)
	


Each processor first adds logn numbers sequentially.

Ω(T(n)): lower bound for a sequential algorithm to solve a problem

Ω(T(n)/N): lower bound for using N processors to solve a problem

e.g. lower bound for sorting: Ω(n log n)

lower bound for sorting by using n processors: Ω(log n)

efficiency =  
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e.g. bitonic sorting 

efficiency:  
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