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Abstract

Performance models are mostly simple mathematical formulas. The challenge
is to model the performance at an appropriate level. In this presentation we
introduce several levels of modeling, labeled zeroth order, second order, et cetera.
AS illiustration we use the performance of MRI reconstruction.

The complete course ASPTM is owned by TNO-ESI. To teach this course a license from TNO-
ESI is required. This material is preliminary course material.
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CPU Time Formula Zero Order

tcpu total tcpu processing=

nx tpixelny= * *

tUI+

tcpu processing
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CPU Time Formula First Order

tcpu total tcpu processing

tcontext switch

overhead

+= tUI

+
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CPU Time Formula Second Order

tcpu total tcpu processing tcontext switch

overhead

tstall time due to

context switching

+=

+

+

tstall time due to

cache efficiency

signal processing: high efficiency

control processing: low/medium efficiency

+tUI
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Case MRI Reconstruction

MRI reconstruction

"Test" of performance model on another case

Scope of performance and significance of impact
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MR Reconstruction Context
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MR Reconstruction Performance Zero Order

trecon = nraw-x * tfft(nraw-y)

ny * tfft(nraw-x)

+

tfft(n) = cfft * n * log(n)
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Zero Order Quantitative Example

Typical FFT, 1k points ~ 5 msec 

( scales with 2 * n * log (n)  )

nraw-x = 512

nraw-y = 256

ny = 256

nx = 256

using:

trecon = nraw-x * tfft(nraw-y)

ny * tfft(nraw-x)

+

+

512 * 1.2  + 256 * 2.4  

~= 1.2 s
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MR Reconstruction Performance First Order

trecon =

nraw-x * tfft(nraw-y)

ny * tfft(nraw-x)

tfilter(nraw-x ,nraw-y) +

+

+

tfft(n) = cfft * n * log(n)

filter FFT FFT
correc
tions

nraw-x

nraw-y

nraw-x

nraw-y

nraw-x

ny

nx

ny

nx

ny

tcorrections(nx ,ny)

Formula Based Performance Design
10 Gerrit Muller

version: 1.0
August 21, 2020

PHRTreconstructionMRfirstOrder



First Order Quantitative Example

Typical FFT, 1k points ~ 5 msec 

( scales with 2 * n * log (n)  )

Filter 1k points ~ 2 msec

( scales linearly with n )

Correction ~ 2 msec

( scales linearly with n )
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MR Reconstruction Performance Second Order

trecon =

nraw-x * ( tfft(nraw-y)

ny * ( tfft(nraw-x)

tfilter(nraw-x ,nraw-y) +

+

+

tfft(n) = cfft * n * log(n)

filter FFT FFT
correc
tions
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nx
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trow-overhead

tcontrol-overhead

+

)  +

)  +
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Second Order Quantitative Example

Typical FFT, 1k points ~ 5 msec 

( scales with 2 * n * log (n)  )

Filter 1k points ~ 2 msec

( scales linearly with n )

Correction ~ 2 msec

( scales linearly with n )

Control overhead = ny * trow overhead

10 .. 100 µs
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MR Reconstruction Performance Third Order

overhead

trecon = nraw-x * ( tfft(nraw-y)

ny * ( tfft(nraw-x)

tfilter(nraw-x ,nraw-y) + +

+

tfft(n) = cfft * n * log(n)

filter FFT FFT
correc
tions

tcol-overhead

tcorrections(nx ,ny)trow-overhead +tcontrol-overhead+

)  +

)  +
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Summary Case MRI Reconstruction

MRI reconstruction

System performance may be determined by other than standard facts

E.g. more by overhead I/O rather than optimized core processing

==> Identify & measure what is performance-critical in application
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Colofon

The ASP
TM

 course is partially derived from the 

EXARCH course developed at Philips CTT by 

Ton Kostelijk and Gerrit Muller.

Extensions and additional slides have been 

developed at ESI by Teun Hendriks, Roland 

Mathijssen and Gerrit Muller.
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