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= |nitial research in 2012
by Embecosm and Bristol
University

= The answer is “yes”

= Now published open
access in a peer-
reviewed journal

Identifying Compiler Options to Minimize Energy Consumption for Embedded
Platforms

James Pallister; Simon J. Hollis; Jeremy Bennett

The Computer Journal 2013; doi: 10.1093/comjnl/bxt129
http://comjnl.oxfordjournals.org/cgi/reprint/bxt1297ijkey=aA4RYIYQLNVgkE3
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E/W How we discovered this

We created:
= A new benchmark suite: BEEBS

= An energy measurement system to monitor the
energy of the systems under test

= Lots of scripts to run GCC with different
optimisation settings
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/W BEEBS

= The Bristol/Embecosm Embedded Benchmark Suite

- a free and open source benchmark suite for
embedded use
= Underlying principles
- GPL licensed
- no I/O
- avoid library calls

= BEEBS 2.0 released 5 September 2014
- 80 benchmarks
- some data variants of the same benchmarks
- Get it @ http://beebs.eu
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A Free and Open Source
Energy Measurement System

ZECM

mageec.org/wiki/Power_Sensing_Board
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What did we learn?
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= Energy consumption = Execution time
- Generalization, not true in every case

= Optimization unpredictability

= No compiler optimization is universally good across
benchmarks and platforms
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= -ftree-vectorize
- NEON SIMD unit
- Much lower power
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-fgcse-after-reload |
ftree-vectorize
ftree-slp-vectorize |
-fipa-cp-clone |
-finline-functions |-

-fpredictive-commoning

O3 Flags, 2DFIR, Cortex-A8
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. Conclusion: Mostly, Time =
’ ‘m Z Energy

= Highly correlated = Complex pipelines:

= Especially so for 'simple' - Still a correlation
pipelines - But more variability

= Little scope for stalling or - SIMD, superscalar execution
superscalar execution - To get the most optimal

energy consumption we
need better than
“go fast”

The unpredictability of optimisations makes the
process chaotic for prediction

@Ecosm® —@ Copyright © 2014 Embecosm and University of Bristol 18 University of
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Can we statically model the
energy consumption?

ZECM

= The previous slides were based on hardware
measurement.

= 7?7 Can we model the same?
- Execution time is relatively easy to model.

= How about energy?

© Copyright © 2014 Embecosm and University of Bristol 19 B University of
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Case Study: static energy model
for the Cortex-MO

3000

ZECM

16 bl _| T T T T 1 T T T T T T T 1 T T T T T T T 1 T T T T T T T
14 b
37 push |l
20 str
21 strh
18 Idrh
17 Idr
19 Idrb
38 pop 2500
22 strb
3 add
11 orr
0 mov
35 mvn
12 eor
6 adc
25 cmp
23 cmn
36 neg
4 add
2 add
10 and
28 asr
13 bic
5 add
32 Isr
30 Isl
33 ror
24 cmp
15 b
26 cmp
1 movs
34 mul
27 asr
9 add
31 Isr
8 add
29 Isl
7 add

2750

12250
12000
Energy in pJ

11750

11500

1250

1000

750

500

7 add
29 Isl
8 add
14bf
16 bl [ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

31 Isr
9 add

27 asr
34 mul
1 movs
26 cmp
15 b
24 cmp
33 ror
30 Isl
32 lsr
5 add
13 bic
28 asr
10 and
2 add
4 add
36 neg
23 cmn
25 cmp
6 adc
12 eor
35 mwvn
0 mov
11 orr
3 add
22 strb
38 pop
17 Idr |
18 ldrh |
21 strh |
20 str
37 push i}

Instruction
Pairings

19 Idrb |
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. Can we statically model the
’ ‘m % energy consumption?

= OK, so we can model the energy consumption of
Instruction pairs in a simple processor.

= How about the effect of compiler optimisations on this?
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= Model

constructed
from 1 and 2

-way

Interactions
= Doesn't predict

very well

@Ecosm®

Energy model for flags
interactions

_ ftree-sink
-fi-conversion
-ftree-copy-pro
-fdelayed-branc
-fcprop-registers
-fmove-loop-invariants
-ftree-pta
-ftree-ch
ftree-bit-ccp
-fsplit-wide-types
-fdse
ftree-sra
-fauto-inc-dec
-ftree-dce
-fshrink-wrap
-ftree-phiprop
-ftree-dse
-fmerge-constants
-fif-conversion2
) -fipa-reference
—fcomb|ne—stack—ad}Justments
-fdefer-pop
-fcompare-elim
-finline-functions-called-once
_ftree-forwprop
-fomit-frame-pointer
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ftree-copyrename
-fipa-profile
-ftree-ccp
-ftree-ter
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-ftree-dse |
-ftree-phiprop

-fshrink-wrap |
-ftree-dce
-fauto-inc-dec |
-ftree-sra
foplit-wide-types |
fsplit-wide-types |
-ftree-bit-ccp |
-ftree-ch |

-ftree-
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pta |

-fmove-loop-invariants |

isters |-

ranch |
-ftree-copy-prop |
fif-conversion |
-ftree-sink

-fcprop-re
—fdglayed—g

22

10.0 Worst pair

7.5

40.0 All O1 flags off

-2.5

5.0 All O1 flags on

5 Best pair

Vé University of
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Percentage difference in energy consumption relative to all flags off
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Little

correlation to

Pairs of
optimizations
on top of OO

our model

Possibly
higher order
Interactions

occurring?

O1 Flags, Cubic, Cortex-MO
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Measured energy for
flag interactions
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Conclusion:
Which optimization to choose?

EECA

For the general case, this question can't be answered

= Unpredictable
interactions

= Many non-linear effects . Evidence of higher order
- Not enough data interactions between

recorded in the fractional optimizations?
factorial design to model
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N Conclusion: Optimizations are
& common across architectures...
... Sometimes

= Common options across = A few consistently good
all the ARM platforms for options for Epiphany

a particular benchmark - Simpler instruction set

- Newer compiler

- Many more registers than
ARM
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Recap: How MAGEEC
can help

Objective is energy Generic framework:
optimization GCC and LLVM
initially

Energy measured not Working system, not
modeled research prototype
@ECOSM® —@ Copyright © 2014 Embecosm and University of Bristol z University of
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3 Overall Design
MAGEEC
- — = — = — = = = — =
Compiler Compiler Plugin Macrl\:liﬁgllz_ggrner

|

|

|

Feature @) |
Extractor |

O

|

|

|

|

o
< > o
e Pass e
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Output from MAGEEC (1)

$ avr-gcc -02 -mmcu=atmega328p 2dfir.c boardsupport.o -o 02e.out \
-fplugin=/opt/mageec/lib/libmageec_gcc.so \ Enhancement reques
-fplugin-arg-1libmageec_gcc-dumppasses

MAGEEC:
LEARNER:
MAGEEC:
LEARNER:

GCC:
Pass:
Pass:

Pass:
Pass:

Current Function:

_—

1)
2)
3)
4)
5)
6)
7)
8)
9)

L B N N N N T e N )

@Ecosm®

'ss

Targetting
Hello!

New source
New file
Start File
gcc_data:

user_data:
"*warn_unused
'*diagnose _omp blocks',

a', Type:

'GCC-4.9.0"' for 'SOMETARGET'

file example.c

_ Standard GCC pass
(n1il)
(nil)

result', Type: GIMPLE, Function: 'main', Gate: 1
Type: GIMPLE, Function: 'main', Gate: 0

. . Feature extractor
GIMPLE, Function: 'main', Gate: 1 F
Type: GIMPLE, Function: 'main', Gate: 1

‘mageec-extractor’,

main
Basic Block Count : 35
BB with 1 successor : 23
BB with 2 successor : 11
BB with > 2 successor : 0

BB with 1 predecessor : 23
BB with 2 predecessor : 11
BB with > 2 predecesso: 0

BB with 1 pred 1 succ : 21
BB with 1 pred 2 succ : 1

J e
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Output from MAGEEC (2)
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Pass: 'ubsan', Type: GIMPLE, Function: 'main', Gate: 0
Pass: '*early _warn_uninitialized', Type: GIMPLE, Function: 'main', Gate: 0
Pass: '*rebuild cgraph_edges', Type: GIMPLE, Function: 'main', Gate: 1

Pass: 'inline_param', Type: GIMPLE, Function: 'main', Gate: 1

| Overridden to disable

Pass: 'einline', Type: GIMPLE, Function: 'main', Gate: 1
Pass: 'early optimizations', Type: GIMPLE, Function: 'main', Gate: 1

New gate: 0O
Pass: 'release _ssa', Type: GIMPLE, Function: 'main', Gate: 1
New gate: 0O

Pass: '*rebuild cgraph_edges', Type: GIMPLE, Function: 'main', Gate: 1

Pass: 'tailr', Type: GIMPLE, Function: 'main', Gate: 1

Pass: ‘ch', Type: GIMPLE, Function: 'main‘', Gate: 1 Overridden to enable
New gate: 0 |

Pass: 'stdarg', Type: GIMPLE, Function: 'main', Gate: 0
New gate: 1

Pass: 'cplxlower', Type: GIMPLE, Function: 'main', Gate: 1

MAGEEC: End of source file
LEARNER: End file
GCC: End File
gcc_data: (nil)
user_data: (nil)
GCC: Finish
MAGEEC: Finish
LEARNER: Goodbye!

© Copyright © 2014 Embecosm and University of Bristol University of
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Energy Measurement

$ avrdude -carduino -patmega328p -P/dev/ttyUSBO \

-D -U flash:w:02e.out ; energytool -m 1 read EEOO PAO
avrdude: AVR device initialized and ready to accept instructions

Reading | #####HHHHHHHHHHHHHHHHHHHHHHHHHHH . | 100% 0.00s

avrdude: Device signature =

0x1e950f

avrdude: reading input file "02e.out"
avrdude: input file 02e.out auto detected as ELF

avrdude: verifying ...

avrdude: 1760 bytes of flash verified Flashing device

avrdude: safemode: Fuses OK (H:00, E:00, L:0Q)—

avrdude done. Thank you.

complete

Energy measurement
results

Measurement point 1 ,44ﬁ::;///'
Energy: 25.293 mJ

Time: 310.452 ms
Power: 81.471 mW
Average current: 16.370 mA
Average voltage: 4.977 V

@Ecosm"‘" Copyright © 2014 Embecosm and University of Bristol
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3 Video

= https://www.youtube.com/watch?v=WO0hgqoCdDQYA
(Approx min 30)

I
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2 Results for AVR ATMega328PU
e
Standard GCC -00 MAGEEC GCC
Energy 29.8 mJ Energy 27.6 m|
Time 329.1 ms Time 309.8 ms
Power 90.6 mW Power 89.1 mW
Average current 17.9 mA Average current 17.6 mA
Average voltage 51 V Average voltage 51 V

= Based on minimal training:
- just 10 single function programs
- 700 training runs

. Copyright © 2014 Embecosm and University of Bristol Bk universicy of
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Next steps
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= We now have BEEBS V2

- A much larger training set

= We have decided on J48/C5 as the machine learning
algorithm

= We have case studies

a
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Exploitation
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Where Can | Get It?

=
: Poroject Website: http://mageec.org

= MAGEEC Source: http://github.com/mageec/mageec
= BEEBS: http://beebs.eu/

= Mailing List: mageec@mageec.org

= |IRC: #mageec on Freenode

= Orders now being taken for at-cost measurement

boards
http://mageec.org/2014/08/21/now-taking-orders-for-energy-measurement-hardware/

@Ecosm® —@ Copyright © 2014 Embecosm and University of Bristol University of
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Orders taken for a Free and Open
Source Energy Measurement
System

ZECM

£46+VAT

! 4w G

Faan &

E - =—WRmEE] - '
4 .
G - = T “a
. R ws
1 ;
;

o s IR Ry anng

mageec.org/wiki/Power_Sensing_Board

http://mageec.org/2014/08/21/now-taking-orders-for-energy-measurement-hardware/
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Thank you

mageec.org
www.embecosm.com
cs.bris.ac.uk
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