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Problem Statement
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Sequential IEEE semantics?

Results of parallel sum exactlysame as that of
sequential sum



Key Contributions

Development of a parallel algorithm for adding
N floatingpoint numbers while retaining IEEE
seguential semantics

Speedups =3-10x for sums of lengtii024
numbers onl6 parallel adders



Outline

A Problem Motivation

I Why is FRaccumhard to parallelize?
A Optimistic Algorithm

I ldea behind the parallel formulation

I Description of the algorithm
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A Analysis

I Quantify algorithm performance

I Discuss speedups
A Conclusions



PROBLEM MOTIVATION



Adding N numbers

A Sequential Approach
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Adding N numbers

A Sequential Approach
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Adding N numbers

A Sequential Approach

A Divide and Conquer
Approach

I Breakup sum into
Independent partial
sums

I Add the partial sums
A If this worked once...
I It can be reapplied..
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I Different answers
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Effect of Grouping
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OPTIMISTIC ALGORITHM
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Our Algorithm

A Treat as commoitcase

optimization
1. Compute Initial
Associative

Approximation
2. Detect Error
If correct, Terminate

4. If incorrect, Fix Error
and iterate
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A Generate intermediate outl
sSUMS
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Prefix

PrefixSum(]
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A Generate intermediate
sums

i PrefixSurfo] = Inpu0] npu—

I PrefixSurfi] = i .
InpufO]+Input[1]

I PrefixSunf] = . v

" InpufO]+Input1]+input 2] Prefix

X Sum

A Key Useful for detecting
errors



Error Detection
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Error Detection

A & midustionQ
1. Assume
PrefixSurp-1] is correct

2. Compute
PrefixSum-1]Hnputi]

3. Check if equal to
PrefixSum]

A Key.
Purely Local Computatic
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Compute ErroiPrefix

Input[]

Parallel-
Prefix

PrefixSum(]
Detect Error
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Compute ErroiPrefix

A Observation 1
I Erroff] i1s only positional

Error —

I Errofi] needs to
propagatet NI -¥N-MIRA

A Observation 2

I Andmultiple errors can
occur simultaneously

i Can fold their effects Error T

into a single vector Prefix
A Key Propagate errors




Updating the sum

A Add error to the
approximate sum parallol |,

Prefix

Input[]

PrefixSum(]
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Updating the sum

A Add error to the

approximate sum Emor
A Trivi _ _ Prefix
Tr|V|_gI pointwise Prefix
I Updated]i] =
ErrorPrefij] +
PrefixSum]

Updated —
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Do we need more iterations?



Singleiteration sufficient?

Input[]

Parallel-
Prefix
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Feedback corrects errors in prefix

Input[]

Parallel-
Prefix

PrefixSum(]
Detect Error

Error(] > Detect Os
Parallel-
Prefix
2
ErrorPrefix(]
» Update
L valid
» Output[]

'Y

e

Updated]]

6/26/2007 IEEE Arith 2007



EXAMPLE



Initial Approximation
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Error Detection
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Parallel-
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Error Detection
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