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Problem Statement

Ψ!ŘŘ ǎŜǉǳŜƴŎŜ ƻŦ b L999 Ct-numbers in parallel 
ǿƘƛƭŜ ǊŜǘŀƛƴƛƴƎ ǎŜǉǳŜƴǘƛŀƭ L999 Ct ǎŜƳŀƴǘƛŎǎΩ

Sequential IEEE semantics?

Results of parallel sum is exactlysame as that of 
sequential sum 
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Key Contributions

Development of a parallel algorithm for adding 
N floating-point numbers while retaining IEEE 

sequential semantics

Speedups => 3-10x for sums of length 1024
numbers on 16 parallel adders
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Outline

ÅProblem Motivation
ïWhy is FP-accumhard to parallelize?

ÅOptimistic Algorithm
ïIdea behind the parallel formulation
ïDescription of the algorithm
ï{ƻƭǾŜ ŀƴ ŜȄŀƳǇƭŜΧ

ÅAnalysis
ïQuantify algorithm performance
ïDiscuss speedups

ÅConclusions
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PROBLEM MOTIVATION
Part 1
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Adding N numbers

ÅSequential Approach
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Adding N numbers

ÅSequential Approach

ÅDivide and Conquer 
Approach

ïBreak-up sum into 
independent partial 
sums

ïAdd the partial sums
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Adding N numbers

ÅSequential Approach

ÅDivide and Conquer 
Approach

ïBreak-up sum into 
independent partial 
sums

ïAdd the partial sums

ÅIf this worked once...

ïIt can be reapplied..

Å.ǳǘ ǿŜ ŎŀƴΩǘ Řƻ ǘƘƛǎ

ïDifferent answers
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Effect of Grouping

Sequential Grouping Balanced, Associative Grouping
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(1E20) + (1) + (-1E20) + (-1) = ?



OPTIMISTIC ALGORITHM
Part 2
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Our Hypothesis

ά!ǎǎƻŎƛŀǘƛǾƛǘȅ ƘƻƭŘǎ Ƴƻǎǘ ƻŦ ǘƘŜ ǘƛƳŜ ƛƴ ǘƘŜ ǊŜŀƭ 
ǿƻǊƭŘέ
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LŦ ǘǊǳŜΧΦ

ά²Ƙȅ ǇŜƴŀƭƛȊŜ ŀƭƭ ŎŀǎŜǎ ǿƘŜƴ ƻƴƭȅ ŀ ŦŜǿ ŎŀǎŜǎ 
ƳƛƎƘǘ ōŜ ŜǊǊƻƴŜƻǳǎΚέ
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Our Algorithm

ÅTreat as common-case 
optimization

1. Compute Initial 
Associative 
Approximation

2. Detect Error

3. If correct, Terminate

4. If incorrect, Fix Error 
and iterate
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LƴǘŜǊƳŜŘƛŀǘŜ ǎǳƳǎΧ
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ÅGenerate intermediate 
sums

ïPrefixSum[0] = Input[0]

ïPrefixSum[1] = 
Input[0]+Input[1]

ïPrefixSum[2] = 
Input[0]+Input[1]+Input[2]

ïΧ

ÅKey: Useful for detecting 
errors
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Error Detection

Å¦ǎŜ ΨInductionΩ

1. Assume 
PrefixSum[i-1] is correct

2. Compute 
PrefixSum[i-1]+Input[i]

3. Check if equal to 
PrefixSum[i]

ÅKey: 
Constant Time Operation, 
Purely Local Computation

6/26/2007 IEEE Arith 2007



Error Detection
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Compute Error-Prefix
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Compute Error-Prefix

ÅObservation 1

ïError[]  is only positional

ïError[i] needs to 
propagate ŦǊƻƳ Ψƛ->N-мΩ

ÅObservation 2

ïAnd multiple errors can 
occur simultaneously

ïCan fold their effects 
into a single vector

ÅKey: Propagate errors
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Updating the sum

ÅAdd error to the 
approximate sum

ÅTrivial point-wise 
addition 

ïUpdated[i] = 
ErrorPrefix[i] + 
PrefixSum[i]

6/26/2007 IEEE Arith 2007



Updating the sum

ÅAdd error to the 
approximate sum

ÅTrivial point-wise 
addition 

ïUpdated[i] = 
ErrorPrefix[i] + 
PrefixSum[i]

6/26/2007 IEEE Arith 2007



Do we need more iterations?
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Single-iteration sufficient?
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Feedback corrects errors in prefix
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EXAMPLE
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Initial Approximation

6/26/2007 IEEE Arith 2007

IE20 1 -IE20 -1

IE20 1E20 0 0

1E20 -1E20

0
0



Error Detection
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IE20 1 -IE20 -1

IE20 1E20 0 0

0 0

IE20 0 true



Error Detection
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IE20 1 -IE20 -1

IE20 1E20 0 0

0 0 0

true0 0



Error Detection
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IE20 1 -IE20 -1

IE20 1E20 0 0

0 0 0 -1

false
-1 -1


