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Executive Summary

▸ Fine-tune core-level ATM to automatically expose  
inter-core performance variation
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Executive Summary

▸ Fine-tune core-level ATM to automatically expose  
inter-core performance variation 

▸ Expose chip-wide performance variation caused by 
heterogenous workload intensity 

▸ Propose application management to demonstrate 
>10% predictable performance gain
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Frequency-based Performance Predictor

▹ Linear predictor profiled by application and input size
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static margin default active, unmanaged  
 

QoS
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Performance Improvement
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static margin default active, unmanaged  
 

QoS

Goal

▹ Unmanaged DC voltage drop from co-runner apps



Performance Improvement

!34

sq
ue

ez
en

et


lu_
cb

fer
ret



ray
tra

ce
vg

g1
9


sw
ap

tio
ns

flu
idan

im
ate



x2
64

vip
s


xa
lan

cb
mk

res
50



blac
ks

ch
ole

s

bod
ytr

ac
k


mlp-tr
ain

bab
o-r

nn



xz se
q2s

eq



str
ea

mclu
ste

r

1.20

1.15

1.10

1.05

1.00

0.95

N
or

m
al

iz
ed

 p
er

fo
rm

an
ce

 

static margin default active, unmanaged  
 

QoS

Goal

▹ Unmanaged DC voltage drop from co-runner apps
▹ 6.1% average performance increase.



Performance Improvement
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static margin default active, unmanaged fine-tuned active, unmanaged 
 

QoS

Goal



Performance Improvement
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static margin default active, unmanaged fine-tuned active, unmanaged 
 

QoS

Goal

▹ Schedule to slow cores, with high power co-runner



Performance Improvement
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static margin default active, unmanaged fine-tuned active, unmanaged 
 

QoS

Goal

▹ Schedule to slow cores, with high power co-runner
▹ 10.2% average performance increase



Performance Improvement

!35

sq
ue

ez
en

et


lu_
cb

fer
ret



ray
tra

ce
vg

g1
9


sw
ap

tio
ns

flu
idan

im
ate



x2
64

vip
s


xa
lan

cb
mk

res
50



blac
ks

ch
ole

s

bod
ytr

ac
k


mlp-tr
ain

bab
o-r

nn



xz se
q2s

eq



str
ea

mclu
ste

r

1.20

1.15

1.10

1.05

1.00

0.95

N
or

m
al

iz
ed

 p
er

fo
rm

an
ce

 

static margin default active, unmanaged fine-tuned active, unmanaged 
 

QoS

Goal

low-power bg apps

▹ Schedule to slow cores, with high power co-runner
▹ 10.2% average performance increase



Performance Improvement
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static margin default active, unmanaged fine-tuned active, unmanaged 
fine-tuned active, favor fg app

QoS

Goal



Performance Improvement
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static margin default active, unmanaged fine-tuned active, unmanaged 
fine-tuned active, favor fg app

QoS

Goal

▹ Schedule to fast cores, and throttle co-runners to low p-states



Performance Improvement
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static margin default active, unmanaged fine-tuned active, unmanaged 
fine-tuned active, favor fg app

QoS

Goal

▹ Schedule to fast cores, and throttle co-runners to low p-states
▹ 15.2% average performance increase.



Performance Improvement

!37

sq
ue

ez
en

et


lu_
cb

fer
ret



ray
tra

ce
vg

g1
9


sw
ap

tio
ns

flu
idan

im
ate



x2
64

vip
s


xa
lan

cb
mk

res
50



blac
ks

ch
ole

s

bod
ytr

ac
k


mlp-tr
ain

bab
o-r

nn



xz se
q2s

eq



str
ea

mclu
ste

r

1.20

1.15

1.10

1.05

1.00

0.95

N
or

m
al

iz
ed

 p
er

fo
rm

an
ce

 

static margin default active, unmanaged fine-tuned active, unmanaged 
fine-tuned active, favor fg app fine-tuned active, meet QoS

QoS
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static margin default active, unmanaged fine-tuned active, unmanaged 
fine-tuned active, favor fg app fine-tuned active, meet QoS

▹ Schedule to fast cores, and control co-runners’ power

QoS

Goal



Performance Improvement
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static margin default active, unmanaged fine-tuned active, unmanaged 
fine-tuned active, favor fg app fine-tuned active, meet QoS

throttle bg apps

▹ Schedule to fast cores, and control co-runners’ power

QoS

Goal



Performance Improvement
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static margin default active, unmanaged fine-tuned active, unmanaged 
fine-tuned active, favor fg app fine-tuned active, meet QoS

throttle bg apps boost bg apps

▹ Schedule to fast cores, and control co-runners’ power

QoS

Goal



Performance Improvement

!37

sq
ue

ez
en

et


lu_
cb

fer
ret



ray
tra

ce
vg

g1
9


sw
ap

tio
ns

flu
idan

im
ate



x2
64

vip
s


xa
lan

cb
mk

res
50



blac
ks

ch
ole

s

bod
ytr

ac
k


mlp-tr
ain

bab
o-r

nn



xz se
q2s

eq



str
ea

mclu
ste

r

1.20

1.15

1.10

1.05

1.00

0.95

N
or

m
al

iz
ed

 p
er

fo
rm

an
ce

 

static margin default active, unmanaged fine-tuned active, unmanaged 
fine-tuned active, favor fg app fine-tuned active, meet QoS

throttle bg apps boost bg apps

▹ Schedule to fast cores, and control co-runners’ power
▹ Guaranteed 10% performance improvement.

QoS

Goal
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Hardware

Software

Managing Active Timing Margin
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Managing Active Timing Margin - Bridging HW/SW



Backup







▹ Active timing margin saves 10%~20% processor power



Fine-tuning Active Timing Margin: The Limits
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Fine-tuning Active Timing Margin: The Limits
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Fine-tuning Active Timing Margin: The Limits
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Fine-tuning Active Timing Margin: The Limits


