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Motivation
PORPLE1 -Online Optimization of Data Placement

This paper: Footprint Model

Partial Footprint -> Per array effect
Mapped Footprint -> Associativity effect
Dual-grained Footprint -> Sector Cache
 

Sample parallel 
access trace

cache perf. 
of all 

placements

efficient 
execution

program and input

1.Guoyang Chen, Bo Wu, Dong Li and Xipeng Shen. 2014. PORPLE: An Extensible Optimizer for Portable Data Placement 
on GPU. In Proceedings of MICRO.

Lightweight Model
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Placement
optimizer

best 
placement

Online 
sampling

Our GOAL: accurate trace-based miss ratio 
prediction for all placements as quickly as 
possible



Motivation

• Data Non-uniformity

• A program uses multiple arrays, 

which have different access 
frequency and locality.


• Uneven Address Mapping

• Data addresses may be mapped 

unevenly to cache sets.

• Cache can be reconfigured to 

different capacity

• Which changes address mapping


• Dual-grained Cache

• Data was fetched and managed in 

different granularity.

1 f o r ( i = 1 ; i < 1025 ; i++) {
2 f o r ( j = 1 ; j < 1025 ; j++) {
3 B[ i ] [ j ] = A[ i ] [ j ]
4 + A[ i ] [ j +1]
5 + A[ i ] [ j �1]
6 + A[ i �1] [ j ]
7 + A[ i +1] [ j ] ;
8 }
9 }

1
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Agenda

• Footprint Metric


• Three footprint models


• Evaluation
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• Trace is a series of memory accesses (interleaved)


• Working Set Size is the number of distinct elements within a 
window (fixed-length time interval)


• Footprint is the average number of distinct items accessed in 
windows of length “x”

Background

Example: a b c a c d

fp(x) =
1

N � x+ 1

NX

t=x

!(t, x)
<latexit sha1_base64="6H5lEVMXGY3C468i7xDHO7SYywo="></latexit><latexit sha1_base64="6H5lEVMXGY3C468i7xDHO7SYywo="></latexit><latexit sha1_base64="6H5lEVMXGY3C468i7xDHO7SYywo="></latexit>

Footprint Metric
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Background

Trace: a b c a c d
Time: 1 2 3 4 5 6

fp(x) =
1

N � x+ 1

NX

t=x

!(t, x)
<latexit sha1_base64="6H5lEVMXGY3C468i7xDHO7SYywo="></latexit><latexit sha1_base64="6H5lEVMXGY3C468i7xDHO7SYywo="></latexit><latexit sha1_base64="6H5lEVMXGY3C468i7xDHO7SYywo="></latexit>

• Trace is a series of memory access.


• Footprint is the average number of distinct items accessed in 
windows of length “x”

Footprint Metric

AVG( 3 3 2 3 ) = 2.75 

Window 
length 1 2 3 4 5 ≥ 6

Footprint 1 2 2.75 3 3.5 4
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Background

• The Cache Miss ratio can be computed by the derivative of 
footprint function.

Denning-HOTL Conversion

mr(c) =
d

dx
fp(x)

���
fp(x)=c

= fp(x+ 1)� fp(x)
���
fp(x)=c

<latexit sha1_base64="kx6y3/B58ymteJ/JvMfsLzSY8T8="></latexit><latexit sha1_base64="kx6y3/B58ymteJ/JvMfsLzSY8T8="></latexit><latexit sha1_base64="kx6y3/B58ymteJ/JvMfsLzSY8T8="></latexit>

1.Xiaoya Xiang, Chen Ding, Hao luo, and Bin Bao. 2013. HOTL: a higher order theory of locality. In 
Proeedings of ASPLOS. pp 343-356

mr(c) = slope

Window Length

Footprint

x

c

c

Miss 
Ratio

Cache Size

1
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Agenda

• Footprint Metric


• Three new footprint models

• Nonuniform data locality -> Partial Footprint (This talk) 
• Uneven address mapping -> Mapped Footprint (See paper)

• Dual-grained Cache -> Dual-grained Footprint (See paper)


• Evaluation
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Trace: a[1] b[0] c[1] a[6] c[1] d[4]a[1] b[0] c[1] a[6] c[1] d[4]

Partial Footprint

• Time-preserving trace is a copy of the original trace with 0 
or more accesses replaced with placeholders.

Time-preserving trace (TP)

!10

a[1] — — a[6] — —TP:



Partial Footprint

• Let     be a TP trace, its Partial Footprint is defined as:

Partial Footprint Model

pfp(x) =
1

N � x+ 1

NX

t=x

!(si, t, x)
<latexit sha1_base64="nvatrHL2pnwy2veJu+bwU0oFGoY="></latexit><latexit sha1_base64="nvatrHL2pnwy2veJu+bwU0oFGoY="></latexit><latexit sha1_base64="nvatrHL2pnwy2veJu+bwU0oFGoY="></latexit>

si
<latexit sha1_base64="t3FiIuWzT1ANF6hHXzClFeQbQlY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvHisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt2kO2vpg4PHeDDPzgkRwbVz32ymtrW9sbpW3Kzu7e/sH1cOjto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlBz3gg2rNrbs5yCrxClKDAs1B9as/jFkaoTRMUK17npsYP6PKcCZwVumnGhPKJnSEPUsljVD7WX7qjJxZZUjCWNmShuTq74mMRlpPo8B2RtSM9bI3F//zeqkJr/2MyyQ1KNliUZgKYmIy/5sMuUJmxNQSyhS3txI2pooyY9Op2BC85ZdXSfui7rl17/6y1rgp4ijDCZzCOXhwBQ24gya0gMEInuEV3hzhvDjvzseiteQUM8fwB87nD1e+jc8=</latexit><latexit sha1_base64="t3FiIuWzT1ANF6hHXzClFeQbQlY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvHisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt2kO2vpg4PHeDDPzgkRwbVz32ymtrW9sbpW3Kzu7e/sH1cOjto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlBz3gg2rNrbs5yCrxClKDAs1B9as/jFkaoTRMUK17npsYP6PKcCZwVumnGhPKJnSEPUsljVD7WX7qjJxZZUjCWNmShuTq74mMRlpPo8B2RtSM9bI3F//zeqkJr/2MyyQ1KNliUZgKYmIy/5sMuUJmxNQSyhS3txI2pooyY9Op2BC85ZdXSfui7rl17/6y1rgp4ijDCZzCOXhwBQ24gya0gMEInuEV3hzhvDjvzseiteQUM8fwB87nD1e+jc8=</latexit><latexit sha1_base64="t3FiIuWzT1ANF6hHXzClFeQbQlY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvHisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt2kO2vpg4PHeDDPzgkRwbVz32ymtrW9sbpW3Kzu7e/sH1cOjto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlBz3gg2rNrbs5yCrxClKDAs1B9as/jFkaoTRMUK17npsYP6PKcCZwVumnGhPKJnSEPUsljVD7WX7qjJxZZUjCWNmShuTq74mMRlpPo8B2RtSM9bI3F//zeqkJr/2MyyQ1KNliUZgKYmIy/5sMuUJmxNQSyhS3txI2pooyY9Op2BC85ZdXSfui7rl17/6y1rgp4ijDCZzCOXhwBQ24gya0gMEInuEV3hzhvDjvzseiteQUM8fwB87nD1e+jc8=</latexit>

• Let               be the set of arrays used by the program. We can 
define the partial footprint of the TP trace that preserves 
array    , denoted as               .di

<latexit sha1_base64="YvO9WDV/zZiPz2O012dhkjizbX8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvHisaD+gDWWz2bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzglQKg6777ZTW1jc2t8rblZ3dvf2D6uFR2ySZZrzFEpnobkANl0LxFgqUvJtqTuNA8k4wvp35nSeujUjUI05S7sd0qEQkGEUrPYQDMajW3Lo7B1klXkFqUKA5qH71w4RlMVfIJDWm57kp+jnVKJjk00o/MzylbEyHvGepojE3fj4/dUrOrBKSKNG2FJK5+nsip7ExkziwnTHFkVn2ZuJ/Xi/D6NrPhUoz5IotFkWZJJiQ2d8kFJozlBNLKNPC3krYiGrK0KZTsSF4yy+vkvZF3XPr3v1lrXFTxFGGEziFc/DgChpwB01oAYMhPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0DkjcA=</latexit><latexit sha1_base64="YvO9WDV/zZiPz2O012dhkjizbX8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvHisaD+gDWWz2bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzglQKg6777ZTW1jc2t8rblZ3dvf2D6uFR2ySZZrzFEpnobkANl0LxFgqUvJtqTuNA8k4wvp35nSeujUjUI05S7sd0qEQkGEUrPYQDMajW3Lo7B1klXkFqUKA5qH71w4RlMVfIJDWm57kp+jnVKJjk00o/MzylbEyHvGepojE3fj4/dUrOrBKSKNG2FJK5+nsip7ExkziwnTHFkVn2ZuJ/Xi/D6NrPhUoz5IotFkWZJJiQ2d8kFJozlBNLKNPC3krYiGrK0KZTsSF4yy+vkvZF3XPr3v1lrXFTxFGGEziFc/DgChpwB01oAYMhPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0DkjcA=</latexit><latexit sha1_base64="YvO9WDV/zZiPz2O012dhkjizbX8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvHisaD+gDWWz2bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzglQKg6777ZTW1jc2t8rblZ3dvf2D6uFR2ySZZrzFEpnobkANl0LxFgqUvJtqTuNA8k4wvp35nSeujUjUI05S7sd0qEQkGEUrPYQDMajW3Lo7B1klXkFqUKA5qH71w4RlMVfIJDWm57kp+jnVKJjk00o/MzylbEyHvGepojE3fj4/dUrOrBKSKNG2FJK5+nsip7ExkziwnTHFkVn2ZuJ/Xi/D6NrPhUoz5IotFkWZJJiQ2d8kFJozlBNLKNPC3krYiGrK0KZTsSF4yy+vkvZF3XPr3v1lrXFTxFGGEziFc/DgChpwB01oAYMhPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0DkjcA=</latexit>

pfp(di, x)
<latexit sha1_base64="yBlF0/0IggLa5EgN59NdrFgLmHY=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxCBSmJCLqSghuXFewD2hAm05t26GQSZibSGoq/4saFIm79D3f+jdM2C60eGDiccw/3zgkSzpR2nC+rsLS8srpWXC9tbG5t79i7e00Vp5JCg8Y8lu2AKOBMQEMzzaGdSCBRwKEVDK+nfusepGKxuNPjBLyI9AULGSXaSL590NUwMrksCZNJpeezUzw68e2yU3VmwH+Jm5MyylH37c9uL6ZpBEJTTpTquE6ivYxIzSiHSambKkgIHZI+dAwVJALlZbPrJ/jYKD0cxtI8ofFM/ZnISKTUOArMZET0QC16U/E/r5Pq8NLLmEhSDYLOF4UpxzrG0ypwj0mgmo8NIVQycyumAyIJ1aawkinBXfzyX9I8q7pO1b09L9eu8jqK6BAdoQpy0QWqoRtURw1E0QN6Qi/o1Xq0nq03630+WrDyzD76BevjGw4+lOw=</latexit><latexit sha1_base64="yBlF0/0IggLa5EgN59NdrFgLmHY=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxCBSmJCLqSghuXFewD2hAm05t26GQSZibSGoq/4saFIm79D3f+jdM2C60eGDiccw/3zgkSzpR2nC+rsLS8srpWXC9tbG5t79i7e00Vp5JCg8Y8lu2AKOBMQEMzzaGdSCBRwKEVDK+nfusepGKxuNPjBLyI9AULGSXaSL590NUwMrksCZNJpeezUzw68e2yU3VmwH+Jm5MyylH37c9uL6ZpBEJTTpTquE6ivYxIzSiHSambKkgIHZI+dAwVJALlZbPrJ/jYKD0cxtI8ofFM/ZnISKTUOArMZET0QC16U/E/r5Pq8NLLmEhSDYLOF4UpxzrG0ypwj0mgmo8NIVQycyumAyIJ1aawkinBXfzyX9I8q7pO1b09L9eu8jqK6BAdoQpy0QWqoRtURw1E0QN6Qi/o1Xq0nq03630+WrDyzD76BevjGw4+lOw=</latexit><latexit sha1_base64="yBlF0/0IggLa5EgN59NdrFgLmHY=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxCBSmJCLqSghuXFewD2hAm05t26GQSZibSGoq/4saFIm79D3f+jdM2C60eGDiccw/3zgkSzpR2nC+rsLS8srpWXC9tbG5t79i7e00Vp5JCg8Y8lu2AKOBMQEMzzaGdSCBRwKEVDK+nfusepGKxuNPjBLyI9AULGSXaSL590NUwMrksCZNJpeezUzw68e2yU3VmwH+Jm5MyylH37c9uL6ZpBEJTTpTquE6ivYxIzSiHSambKkgIHZI+dAwVJALlZbPrJ/jYKD0cxtI8ofFM/ZnISKTUOArMZET0QC16U/E/r5Pq8NLLmEhSDYLOF4UpxzrG0ypwj0mgmo8NIVQycyumAyIJ1aawkinBXfzyX9I8q7pO1b09L9eu8jqK6BAdoQpy0QWqoRtURw1E0QN6Qi/o1Xq0nq03630+WrDyzD76BevjGw4+lOw=</latexit>

⌦ = {di}
<latexit sha1_base64="5+c7qcHQe3bnW6+EezHBi/7JMb8="></latexit><latexit sha1_base64="5+c7qcHQe3bnW6+EezHBi/7JMb8="></latexit><latexit sha1_base64="5+c7qcHQe3bnW6+EezHBi/7JMb8="></latexit>

AVG( 1 1 1 1 ) = 1 
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a[1] — — a[6] — —TP:



Partial Footprint
Partial Footprint Model

!12

Window 
length 1 2 3 4 5 ≥ 6

Partial 
Footprint 1/3 3/5 1 4/3 3/2 2

Cache Size 1 2 3 4 5 ≥ 6

Miss Ratio 4/15 2/5 1/3 1/6 1/2 0

a[1] — — a[6] — —TP:



Partial Footprint
All-group Cache Performance

• The all-group cache miss ratio can be calculated in two ways

1. Compute the all-group cache miss ratio using the Denning-HOTL conversion.

mr(⌦, c) =
d

dx
pfp(⌦, x)

���
pfp(⌦,x)=c

<latexit sha1_base64="gB2BxAZGCvM07fing3ybWcSwtZ8="></latexit><latexit sha1_base64="gB2BxAZGCvM07fing3ybWcSwtZ8="></latexit><latexit sha1_base64="gB2BxAZGCvM07fing3ybWcSwtZ8="></latexit>

c

Miss 
Ratio

Cache Size

1
mr(c) = slope

Window Length

All Group 
Footprint

x

c
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Partial Footprint
All-group Cache Performance

• The all-group cache miss ratio can be calculated in two ways

1. Compute the all-group cache miss ratio using the Denning-HOTL conversion.

2. Compute the cache miss ratio for each data item and then sum them up.

mr(⌦, c) =
X

di2⌦

mr(di, c)
<latexit sha1_base64="wy7uqX53kWJZTfLQjj6wuQyV+CI=">AAACLXicbVDLSgMxFM3Ud32NunQTLEIFKTMi6EYp6MKdClYLnTpk0ts2NMkMSUYsw/yQG39FBBeKuPU3zLRd+DoQOJxzDzf3RAln2njeq1Oamp6ZnZtfKC8uLa+sumvr1zpOFYUGjXmsmhHRwJmEhmGGQzNRQETE4SYanBT+zR0ozWJ5ZYYJtAXpSdZllBgrhe5pYODe5jKh8mpwLqBHdjHdwUc40KkIs07IcMAkHlv5bZZ/D1i3mA7dilfzRsB/iT8hFTTBReg+B52YpgKkoZxo3fK9xLQzogyjHPJykGpICB2QHrQslUSAbmeja3O8bZUO7sbKPmnwSP2eyIjQeigiOymI6evfXiH+57VS0z1sZ0wmqQFJx4u6KccmxkV1uMMUUMOHlhCqmP0rpn2iCDW24LItwf998l9yvVfzvZp/uV+pH0/qmEebaAtVkY8OUB2doQvUQBQ9oCf0it6cR+fFeXc+xqMlZ5LZQD/gfH4BWvuoKQ==</latexit><latexit sha1_base64="wy7uqX53kWJZTfLQjj6wuQyV+CI=">AAACLXicbVDLSgMxFM3Ud32NunQTLEIFKTMi6EYp6MKdClYLnTpk0ts2NMkMSUYsw/yQG39FBBeKuPU3zLRd+DoQOJxzDzf3RAln2njeq1Oamp6ZnZtfKC8uLa+sumvr1zpOFYUGjXmsmhHRwJmEhmGGQzNRQETE4SYanBT+zR0ozWJ5ZYYJtAXpSdZllBgrhe5pYODe5jKh8mpwLqBHdjHdwUc40KkIs07IcMAkHlv5bZZ/D1i3mA7dilfzRsB/iT8hFTTBReg+B52YpgKkoZxo3fK9xLQzogyjHPJykGpICB2QHrQslUSAbmeja3O8bZUO7sbKPmnwSP2eyIjQeigiOymI6evfXiH+57VS0z1sZ0wmqQFJx4u6KccmxkV1uMMUUMOHlhCqmP0rpn2iCDW24LItwf998l9yvVfzvZp/uV+pH0/qmEebaAtVkY8OUB2doQvUQBQ9oCf0it6cR+fFeXc+xqMlZ5LZQD/gfH4BWvuoKQ==</latexit><latexit sha1_base64="wy7uqX53kWJZTfLQjj6wuQyV+CI=">AAACLXicbVDLSgMxFM3Ud32NunQTLEIFKTMi6EYp6MKdClYLnTpk0ts2NMkMSUYsw/yQG39FBBeKuPU3zLRd+DoQOJxzDzf3RAln2njeq1Oamp6ZnZtfKC8uLa+sumvr1zpOFYUGjXmsmhHRwJmEhmGGQzNRQETE4SYanBT+zR0ozWJ5ZYYJtAXpSdZllBgrhe5pYODe5jKh8mpwLqBHdjHdwUc40KkIs07IcMAkHlv5bZZ/D1i3mA7dilfzRsB/iT8hFTTBReg+B52YpgKkoZxo3fK9xLQzogyjHPJykGpICB2QHrQslUSAbmeja3O8bZUO7sbKPmnwSP2eyIjQeigiOymI6evfXiH+57VS0z1sZ0wmqQFJx4u6KccmxkV1uMMUUMOHlhCqmP0rpn2iCDW24LItwf998l9yvVfzvZp/uV+pH0/qmEebaAtVkY8OUB2doQvUQBQ9oCf0it6cR+fFeXc+xqMlZ5LZQD/gfH4BWvuoKQ==</latexit>

mr(di, c) =
d

dx
pfp(di, x)

���
pfp(⌦,x)=c

<latexit sha1_base64="6Wic79HsIstuA0ezQOM/eBzP8AI="></latexit><latexit sha1_base64="6Wic79HsIstuA0ezQOM/eBzP8AI="></latexit><latexit sha1_base64="6Wic79HsIstuA0ezQOM/eBzP8AI="></latexit>

c

Miss 
Ratio

Cache Size

1
mr(c) = slope

Window Length

Partial 
Footprint

x

c

Σ
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Partial Footprint
All-group Cache Performance

• The all-group cache miss ratio can be calculated in two ways

1. Compute the all-group cache miss ratio using the Denning-HOTL 

conversion.


2. Compute the cache miss ratio for each data item and then sum them up.

mr(⌦, c) =
X

di2⌦

mr(di, c)
<latexit sha1_base64="wy7uqX53kWJZTfLQjj6wuQyV+CI=">AAACLXicbVDLSgMxFM3Ud32NunQTLEIFKTMi6EYp6MKdClYLnTpk0ts2NMkMSUYsw/yQG39FBBeKuPU3zLRd+DoQOJxzDzf3RAln2njeq1Oamp6ZnZtfKC8uLa+sumvr1zpOFYUGjXmsmhHRwJmEhmGGQzNRQETE4SYanBT+zR0ozWJ5ZYYJtAXpSdZllBgrhe5pYODe5jKh8mpwLqBHdjHdwUc40KkIs07IcMAkHlv5bZZ/D1i3mA7dilfzRsB/iT8hFTTBReg+B52YpgKkoZxo3fK9xLQzogyjHPJykGpICB2QHrQslUSAbmeja3O8bZUO7sbKPmnwSP2eyIjQeigiOymI6evfXiH+57VS0z1sZ0wmqQFJx4u6KccmxkV1uMMUUMOHlhCqmP0rpn2iCDW24LItwf998l9yvVfzvZp/uV+pH0/qmEebaAtVkY8OUB2doQvUQBQ9oCf0it6cR+fFeXc+xqMlZ5LZQD/gfH4BWvuoKQ==</latexit><latexit sha1_base64="wy7uqX53kWJZTfLQjj6wuQyV+CI=">AAACLXicbVDLSgMxFM3Ud32NunQTLEIFKTMi6EYp6MKdClYLnTpk0ts2NMkMSUYsw/yQG39FBBeKuPU3zLRd+DoQOJxzDzf3RAln2njeq1Oamp6ZnZtfKC8uLa+sumvr1zpOFYUGjXmsmhHRwJmEhmGGQzNRQETE4SYanBT+zR0ozWJ5ZYYJtAXpSdZllBgrhe5pYODe5jKh8mpwLqBHdjHdwUc40KkIs07IcMAkHlv5bZZ/D1i3mA7dilfzRsB/iT8hFTTBReg+B52YpgKkoZxo3fK9xLQzogyjHPJykGpICB2QHrQslUSAbmeja3O8bZUO7sbKPmnwSP2eyIjQeigiOymI6evfXiH+57VS0z1sZ0wmqQFJx4u6KccmxkV1uMMUUMOHlhCqmP0rpn2iCDW24LItwf998l9yvVfzvZp/uV+pH0/qmEebaAtVkY8OUB2doQvUQBQ9oCf0it6cR+fFeXc+xqMlZ5LZQD/gfH4BWvuoKQ==</latexit><latexit sha1_base64="wy7uqX53kWJZTfLQjj6wuQyV+CI=">AAACLXicbVDLSgMxFM3Ud32NunQTLEIFKTMi6EYp6MKdClYLnTpk0ts2NMkMSUYsw/yQG39FBBeKuPU3zLRd+DoQOJxzDzf3RAln2njeq1Oamp6ZnZtfKC8uLa+sumvr1zpOFYUGjXmsmhHRwJmEhmGGQzNRQETE4SYanBT+zR0ozWJ5ZYYJtAXpSdZllBgrhe5pYODe5jKh8mpwLqBHdjHdwUc40KkIs07IcMAkHlv5bZZ/D1i3mA7dilfzRsB/iT8hFTTBReg+B52YpgKkoZxo3fK9xLQzogyjHPJykGpICB2QHrQslUSAbmeja3O8bZUO7sbKPmnwSP2eyIjQeigiOymI6evfXiH+57VS0z1sZ0wmqQFJx4u6KccmxkV1uMMUUMOHlhCqmP0rpn2iCDW24LItwf998l9yvVfzvZp/uV+pH0/qmEebaAtVkY8OUB2doQvUQBQ9oCf0it6cR+fFeXc+xqMlZ5LZQD/gfH4BWvuoKQ==</latexit>

mr(di, c) =
d

dx
pfp(di, x)

���
pfp(⌦,x)=c

<latexit sha1_base64="6Wic79HsIstuA0ezQOM/eBzP8AI="></latexit><latexit sha1_base64="6Wic79HsIstuA0ezQOM/eBzP8AI="></latexit><latexit sha1_base64="6Wic79HsIstuA0ezQOM/eBzP8AI="></latexit>

• The equality of this two solutions shows the Composition Invariance.

mr(⌦, c) =
d

dx
pfp(⌦, x)

���
pfp(⌦,x)=c

<latexit sha1_base64="gB2BxAZGCvM07fing3ybWcSwtZ8="></latexit><latexit sha1_base64="gB2BxAZGCvM07fing3ybWcSwtZ8="></latexit><latexit sha1_base64="gB2BxAZGCvM07fing3ybWcSwtZ8="></latexit>
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Agenda

• Footprint Metric


• Three footprint models


• Evaluation
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Evaluation

• 13 benchmarks from SHOC and CUDA Code Samples


• Traces were collected on Tesla M2075 GPU


• 48KB 6-way L1 Cache and 12 KB, 8-way Texture Cache


• Compared our models with Simulation (Baseline), and two 
modeling techniques, Set-RD1 and PORPLE2

Setup

1.Rathijit Sen and David A. Wood, 2013, Reuse-based online models for caches. In Proceedings of SIGMETRICS. 
pp279-292 

2.Guoyang Chen, Bo Wu, Dong Li and Xipeng Shen. 2014. PORPLE: An Extensible Optimizer for Portable Data 
Placement on GPU. In Proceedings of MICRO. 
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Evaluation
Experiment Result

Simulator Footprint PORPLE Set-RD

Accuracy 100% 99.2% 96.6% 100%

Cost 14.0 1.6 4.7 524

PORPLE is 111 times faster than Set-RD, and Footprint analysis is 3 times 
faster than PORPLE.

The arithmetic average across the 13 benchmarks is 0.0% for Set-RD, 3.4% 
error for PORPLE and 0.8% for Footprint, which is 4.3 times smaller error than 
PORPLE.
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Summary

• Three models solve Data Non-uniformity, Uneven Address 
Mapping and Dual Granularity.


• Experiment results show lower overhead and higher accuracy.

❖ 327 times faster than Set-RD, 3 times faster than PORPLE

❖ 99.2% accurate, 4.3 times lower error than PORPLE

!19

Array Group

Associativity

Sector Cache

Predict the per-array cache misses on 
heterogeneous memory system with all 
possible cache sizes.



Thanks for Listening 
Any Questions?
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