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MORE COMPUTE FOR THE SAME POWER

A “supercomputer in your hands”, running 100s of cores with a battery lasting for a day
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WE ARE MANY-CORE

42 Years of Microprocessor Trend Data
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Original data up to the year 2010 collected and plotted by M. Horowitz, F. Labonte, O. Shacham, K. Olukotun, L. Hammond, and C. Batten
New plot and data collected for 2010-2017 by K. Rupp

Image from www.karlrupp.net/
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MANY-CORE PLATFORMS

Intel Xeon Phi - Homogeneous 61 Cores ODROID XU3 - 8 core big.LITTLE CPU + 6 cores GPU

Exynos 5422 Application Processor

Cortex-AlS Cortex-AlS Cortex-A7 Cortex-A7
32KB/32KB 1/D~-Cachell 32KB/32KB I/D-Cachellll 32KB/32KB I/D chefl 32KB/32KB 1/D-Cach
NEONv2 + VFPvd NEONv2 + VFPvd NEONv2 + VFPvd NEONv2 + VFPvd
Cortex-AlS Cortex-AlS Cortex-A7 Cortex-A7
32KB/32KB I/D~Cachefl 32KB/32KB I/D: chellll 32KB/32KB I/D chell 32KB/32KB I/D che
NEONv2 + VFPv4 NEONV2 + VFPvd4 NEONv2 + VFPv4 NEONv2 + VFPv4
SCU and ACP SCU
2MB L2-Cache with ECC 512KB L2-Cache

128-bit AMBA ACE Coherent Bus interface 128-bit AMBA ACE Coherent Bus interface

Kepler GPU
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THE PRIME PROJECT
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Application 1 _
Application N —
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Distributed Kernels Runtime Management

0Os1 0s2 OSn

DVFS, redundancy...... Core activity, faults....... " Monitors

Core M

|
, Interconnect

http://www.prime-project.org/ 7
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RUNTIME POWER MANAGEMENT
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Maeda Nunez, Luis Alfonso, Anup K. Das, Rishad A. Shafik, Geoff V. Merrett, and Bashir Al-Hashimi.

"PoGo: an application-specific adaptive
energy minimisation approach for embedded systems.”

HiPEAC Workshop on Energy Efficiency with Heterogenous Computing, 2015 8
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LEARNING OPTIMAL DVFS CHOICES
Reinforcement Learning Pefomance N
« Observes the current system state Alyorthm
« Selects an action (V-F pairs) T;?vﬂvct
« Changes the state (workload)

Feedback Hardware

« Leads to a payoff (reward/penalty)

Q-value means of the 4 actions at State 8

ACTIONS (Power Modes) mE T
STATES (Tasks) | PO PL | P2 | P3 20
WDO 128 | 128 | 128 | 128 £ 1o0)
WD1 128 | 128 | 128 | 128 A
WD2 128 | 128 | 128 | 128 5T )
— Q(0,1)
WD3 128 | 128 | 128 | 128 ol a0
———Q(0,3)
WD4 128 | 128 | 128 | 128
WD5 128 128 128 128 00 2(50 460 660 860 10r00 12r00 14r00 16r00 18r00 2000

Requests

Shafik, Rishad Ahmed, Das, Anup K., Maeda-Nunez, Luis Alfonso, Yang, Sheng, Merrett, Geoff V. and Al-Hashimi, Bashir (2015) Learning transfer-
based adaptive energy minimization in embedded systems. IEEE Trans. Computer-Aided Design of Integrated Circuits and Systems, 1-14. 9
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MANAGING THERMAL (LIFETIME) RELIABILITY

—I Convergence of the Reinforcement Learning Algorithm
I ace_rec I Application 9 g g
Performance (e.g fl”“]]t“ per ‘P(‘DHdJ £ - propOSEd
; ) £ e e —— Linux ondemand
70
Proposed Approach System — A Mrvwiwrrh
[ Q-Learning Hcompm Softwore . WWWWWMWT V—MMW
System — n
i:i::; peecne 2’1;1;, 5 g *
Controls ] CPU affinit S 4 \ 4y | A M
N y =S
/* Affinity mask &Guwmux" CPU governors m’ E WM&M—‘MN‘—] “v‘y‘v" 'V‘\}N‘f\hwhlm Wk ’UU
Eﬁ;ﬂa se! l"inltz_npipﬂ r(-ad self() ] Meonitors Temperature Samples g =0
izeaf{mask) & o ane .
cpufreq-set -d 240000 -< 0 -g userspace Core activities (e.g. cache miss) £
g 20
Hordwere
o
01954 1974 1994 2014 2034 2054 2074 2094 2114 2134 2154 2174 2194 2214 2234 2254
Time (s)
. Average Temperature (Celcius Peak Temperature (Celcius
Application Data Set g P ( ) P ( )
Linux Ge et al. Proposed Linux Ge et al. Proposed
setl 69.2 52.6 38.6 71.5 63 60
tachyon set 2 50.5 44.5 43.8 57.3 56.3 52
set3 50.8 44.7 41.6 57.8 54.5 48.8
clipl 36 34 34.2 42.7 41.3 39
mpeg2_dec clip 2 35.6 34.4 34.2 42.3 42 39.3
clip 3 34.3 344 34 43 39.7 44.3

Average MTTF improvements: 5x (thermal aging); 4x (thermal cycling)

Das, Anup, Al-Hashimi, Bashir and Merrett, Geoff (2015) Adaptive and hierarchical run-time manager for energy-aware thermal management of
embedded systems. ACM Transactions on Embedded Computing Systems, 1-25. 10
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OVERVIEW

Applications

« From single > sequential >
concurrent execution

Offline Characterisation

« Can we improve RTM through
offline characterisation?

Towards Many-Core

« How do RTM approaches scale
with number of cores?

Novel Platforms

« Can our RTM approaches be
applied to novel platforms?

http://www.prime-project.org/
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RTMs and
Application Workloads

From single > sequential > concurrent execution
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QUALITY OF EXPERIENCE

« User cares about observable performance

— Responsiveness, battery life, consistency, uninterrupted service

— Doesn’t really care about FLOPS, FPS, bandwidth, latency (QoS)

« Therefore, optimise for quality of user experience (QoE)
— “good-enough’ performance

— Minimum energy usage

Bischoff, Alexander S. (2016) User-experience-aware system optimisation for mobile systems, University of Southampton, Electronics and
Computer Science, Doctoral Thesis , 199pp.

Bischoff S, Hansson A and Al-Hashimi BM. Applying of Quality of Experience to System Optimisation. International Workshop on Power and
Timing Modeling, Optimization and Simulation (PATMOS), Germany, 201 3.

UNIVERSITY OF

Southampton

13
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QUALITY OF EXPERIENCE

Example Scenario

o
g Satisfactory Excellent
FTRR
= [ J
s Q
x
w
Runtime Management
20dB > 50dB
Video
(PSNR)
All cores operating All cores operating
o with lowest speed with highest speed
o
3
=
o] Webpage >10s <1s
El= rendering
vad T cpu
Some components OFF . — nts ON
v .

GPU Cares CPU Cores
ey feored [ €S o] foeq o] [

14
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QUALITY OF EXPERIENCE

Workload Classification

Applications Type of QoE

Audio Throughput
Video Throughput
Application Loading Latency
Web Page Loading Latency
: : Delay of
Downloading a File Latency <0.1 s appears instant,

1 s becomes noticeable

3D Gaming Throughput : _
10 s become disruptive’

Word Processing Latency

« Types of QoE:
— Latency sensitive - complete workload in short time period
— Throughput sensitive - complete at minimum rate

Bischoff S, Hansson A and Al-Hashimi BM. Applying of Quality of Experience to System Optimisation. International Workshop on Power and
Timing Modeling, Optimization and Simulation (PATMOS), Germany, 2013. 15
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' Use'r inputs to Resource' a;clfass time
- Tune governor parameters for the , === L=
executing (interactive) workload 3 .
b eeammoooeeeooeseooo Fooeoooeooooeen
« Account for variability in access g seriput | qotsenesy | [Resouree acces ime
. . g2 | prediction or detection trade-o monitor
times and user input E ]
DPM tuni.ng
* Prediction/detection dependent configuraion

 Energy saving/QoE improvement compared to ‘default e.g.

0.7 1

— 13% energy saving e
— 27% QoE improvement i
— 9% energy + 15% QoE

0.9

0.65 +— predict
predict+network

—+— detect

—+— detect+network

0.8 -

Normalized energy consumption
Normalized energy consumption

il oy :
* £ 5
Exynos-5422 A15/A7, Android 6.0 % 055} 061 o 3 _ ‘_2" “WiFi ||
Google Chrome browser workloads 05 s e 2;‘3
TOUCh inDUt emU|ati0n 0'84" 0.5 0.55 0.6 016(r 0.7 ()]r 0.6 [)!7 0.8 0.9
. ) ) ) . .00 . ) ! o o B~
Network thrOttllng (UL’ DL’ RTT Iatency) Normalized Quality of Experience Normalized Quality of Experience

Bantock, James, Robert Benjamin, Tenentes, Vasileios, Al-Hashimi, Bashir and Merrett, Geoffrey (2017) Online tuning of Dynamic Power
Management for efficient execution of interactive workloads International Symposium on Low Power Electronics and Design. IEEE. 6 pp. 17
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EXECUTING MULTIPLE APPLICATIONS

« Workload and performance variation due to:

— Changes within an application
— Changing applications (sequential execution)

(1A): Intra-application ~ (1B): Intra-application (2): Inter-application
workload variation performance variation variation
B.E+7 /
w
O 7.E+7
o
O 6.E+7
“g 5.647
= 4.E+7
L
§ 3.E+7
D 2.E+7
a
O 1647
MPEG4: 24 fps SVGA MPEG4: 15 fps QVGA FFT: 16 wave fps Browser: small pages
0.E+0
CEEINSRRINEINEIRIVEERITRARCPEINGRRE
MMM Mmm - - o e
™MoMAMm M -
Frames

— Overlapping applications (concurrent execution)

Shafik, Rishad, Das, Anup, Maeda-Nunez, Luis, Yang, Sheng, Merrett, Geoff and Al-Hashimi, Bashir (2015) Learning transfer-based adaptive
energy minimization in embedded systems. |IEEE TCAD.

18



UNIVERSITY OF
al Southampton
PRIME.: Rt

wwwwwwww -project.org

DETECTING WORKLOAD CHANGES

(a) openCV.sobel

B
T

 Density ratio-based statistical g4
divergence between overlapping S 2.0 N W ;
sliding windows of CPU cycles O s o T B® 0 %0 B
15X 10° . | (b) ﬂ‘uidanimate'

« Use this information to clear
learning table (i.e. start afresh)

CPU Cycles

HH H H
500 1000 2000 2500 3000

T T T T T . bl R 0 1 500
gol ] Q-Table Reset Time (s)
60+ 1
g w0
< x264 fit i
N opency Q-learning Exploitation Phase ! Exploitation Phase F\ Exploitation Phase |
< 100 T T T T T
\ | \ / \
80f- 1 \ / \ / \
Vi 1 1
Change t T v
60 1
= Detection | 0 I 1 | | 0 1 | | o |
8 40 = | | | |
& opencv X264 fit | / | / |
g‘ 2 : . : . . e
&8l ] Application
S 1
'é 1 1 \ Change of Workload Change of Workload
= 0.5F 4 within application across application
o
§ 0 - Application A » 4—— Application B ——p
z opencv X264 fit I i N
[ Linux ondemand -] Go ot . I Proposed | 5 k

Anup Das et al, Workload change point detection for run-time thermal management of embedded systems, IEEE TCAD, pp 1-16, 2015 19
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TRANSFERING LEARNING

5.E+7

» Detect workload changes s, e —n ]
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when not

(a)
Q-table during exploration in the initial Q-table after Q-value & action scaling in the Q-table after minimal re-exploration in
. learning step with t’:ase workload, learning transfer step with base workload, learning transfer step with base workload,
P ~. Cp = 1.5x10" cycles Cp = 3.0x10" cycles C= 3.0x10" cycles
Inter-workload , Jnter-workload o g i
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Shafik, Rishad A., et al. “Learning transfer-based adaptive energy minimization in embedded systems”, IEEE TCAD, pp 1-15, Oct 2015 20
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« Approaches so far instrument a

single application executing at a time al

il ] T

« How can we manage multiple requirements # threads
applications executing concurrently?
RTM
Thr;zd-tci)-core Energy/Perf.
1 V-fgnzgd EStaﬁSﬁc:fzzs c \
amsung Exynos o

Core,
2MB L2-Cache

ARM
Mali-T628

Core,
Core,
128KB

512KB L2-Cache L2-Cache

128-Bit AMBA ACE BUS interface

 ;
(—2ceoram )

Reddy, Basireddy Karunakar, Singh, Amit, Biswas, Dwaipayan, Merrett, Geoff and Al-Hashimi, Bashir (2017) Inter-cluster thread-to-core mapping
and DVFS on heterogeneous multi-cores IEEE Transactions on Multiscale Computing Systems, pp. 1-14.
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Online vs Offline

Can we improve RTM through offline
characterisation?
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MRP! (Memory Reads Per Instruction)

N

- — onine _ T P - Supports concurrent
Tl =] | | [ar o e |- i execution of applications
ITM“ ‘ ‘ I A2 Mls; | M2a; | ... | Mng;
Thread-to-Core Mapping | |\ tn Misal - Mo * Inter-cluster Thread-to-

Perf constraints (A, ..., An)

T Wbrkloadstlectionand | Core Ma‘pplng (ITM)
| [t & G

Prediction

Workload Classification and Design Space Exploration
Frequency Selection Workloads (MRPI) | Frequency
Wi fr
‘ I w2 fz
DVFS— Performance Observation | v i
(IPS) | 0.04 MRPI ——HMPO ——HMPC ——ITMD
f-tab
I
I
S1.6 Wednesda 17:15 Poster and Demo 3 S 7 9 1M1 13.; 15 17 19 21 23 25 27 29
: y s Session Thursday 14:30 Time Intervals

Reddy, Basireddy Karunakar, Singh, Amit, Biswas, Dwaipayan, Merrett, Geoff and Al-Hashimi, Bashir (2017) Inter-cluster thread-to-core mapping
and DVFS on heterogeneous multi-cores IEEE Transactions on Multiscale Computing Systems, pp. 1-14.

| « MRPI informs DVFS control

2500
2000 W
1500 =

1000

Frequency (MH

500

23
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MANAGING TEMPERATURE

MRP! (Memory Reads Per Instruction)

« Aims to avoid frequency throttling at temperature threshold.

* Predicts temperature using a regression-based model

App(s)
Profiling
(temp., freq.,
power)

Regression
Models

v

v

Choose best regression
model

-online — —

Y S

N\

Run-time <«

Temperature
predictor

v

|

(
I
| Manager
I
I
I

(Mapping and DVFS setting)

Core frequency without prediction
21
1.5
]
0.5
0

Frequency (MHz)

0 50 100 150 200 250 300
Time (seconds)

Core frequency with prediction

> . .
1.5 IJ'
1

0.5
0

Frequency (MHz)

0 50 100 150 200 250 300
Time (seconds)

« Can achieve a 10% improvement in energy and performance

http://www.prime-project.org/

24
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MODEL-BASED RTM: HETEROGENEITY

Heterogeneous Platforms

Run-time changes in:
¢ Performance requirements
« Application workload changes

Task 2

Task 1 FPGABUFFER | _ | outputBUFFER Task 3 Workload-A
: : \ o
| —L FPGAFilter Fimi ,_7" > cey
| . J g 8 FPGA
[}
E 8
. o
Decoder{ . ~—» Display g
‘ ) CPUBUFFER | | | | OUTPUT BUFFER \ ) >&
= > DSP Filter : = s
o |- | wi
y UL == o
VIDEO IN ’ '-LCPU Filter |J
0 10 20 30 40 50 60
(a) Convolution filter implementation .
o Workload-B
,_\v' N cPU
- DSP
é FPGA
0o |
S 5}
I}
Qo |
§N
@
(b) Original (c) Edge detected (d) Blurred T
o

0 10 20 30 40 50 60
Performance (fps)

Yang, Sheng, Shafik, Rishad Ahmed, Merrett, Geoff V., Stott, Edward, Levine, Joshua, Davis, James and Al-Hashimi, Bashir (2015) Adaptive energy
minimization of embedded heterogeneous system using regression-based learning. PATMOS 2015, Salvador, BR, 01 - 04 Sep 2015. 8pp. 25
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MODEL-BASED RTM: HETEROGENEITY

Heterogeneous Platforms

P 7 7 3 gl gls
)|
L
Py =}
N ©
- <
s S
3 ; —
S & - oo Q
E &s s /w/ S
g Qo & a
g, g g 5
2 g 8-0100 < g S
5e ‘8 @ £ S
g = 9 =] o ; W
{= L N
W 000 800 600 400 200 ° <€ So00 800 600 400 200 ° 0@ & =N\
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300 500 700 900
(a) FPGA measured energy  (b) FPGA measured performance CPU frequency (MHz)
i P
o
. 8- )
s <
g3 3
; § [
o 0
<9I Q.
"» 8 E
o S
8 'k E
N
(c) FPGA modeled energy (d) FPGA modeled performance 300 500 700 900

CPU frequency (MHz)

Yang, Sheng, Shafik, Rishad Ahmed, Merrett, Geoff V., Stott, Edward, Levine, Joshua, Davis, James and Al-Hashimi, Bashir (2015) Adaptive energy
minimization of embedded heterogeneous system using regression-based learning. PATMOS 2015, Salvador, BR, 01 - 04 Sep 2015. 8pp. 26
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Towards Many-Core

How do RTM approaches scale
with number of cores?
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MODEL-BASED RTM

Stereo Matching Application: http://github.com/PRiME-project/PRiMEStereoMatch

Right Image I"

Epipolar line

9 b baseline
B

[ Focal length

* Processes still
images, video or
a camera feed

Left Image I

¥

* OpenCL supported i Application Knobs: Application Monitors:
: Parallelism (Cores) Performance, Errors
* Includes test datasets I I

Runtime Manager
Controller Model
Grayscale & Cost Volume | cost volume | oisparity
Image Gradient Construction Filtering Selection ,

Post i I
‘ Trocene - [ Device Knobs: ] [ Device Monitors

0

Right Grayscale & Cost Volume .| Cost Volume .| Disparity
Image Gradient Construction Filtering Selection Frequency Power

[ Device: Xeon Phi / Odroid-XU3 ]

Leech, Charles, Vala, Charan Kumar, Acharyya, Amit, Yang, Sheng, Merrett, Geoffrey and Al-Hashimi, Bashir (2017) Run-time performance and
power optimization of parallel disparity estimation on many-core platforms ACM Transactions on Embedded Computing Systems 29
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MODEL-BASED RTM

Model Building
1.0 ’
Frequency (MHz) *----*""f T . .
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20f e
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Leech, Charles, Vala, Charan Kumar, Acharyya, Amit, Yang, Sheng, Merrett, Geoffrey and Al-Hashimi, Bashir (2017) Run-time performance and
power optimization of parallel disparity estimation on many-core platforms ACM Transactions on Embedded Computing Systems 30
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MODEL-BASED RTM

Runtime Management
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Leech, Charles, Vala, Charan Kumar, Acharyya, Amit, Yang, Sheng, Merrett, Geoffrey and Al-Hashimi, Bashir (2017) Run-time performance and
power optimization of parallel disparity estimation on many-core platforms ACM Transactions on Embedded Computing Systems 31
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ENERGY RTM ON HPC SYSTEMS

« Applications targeted for HPC

( PMC data collection on each elect Vf, V ie
are usually multi-threaded \ T ) )
« Modern HPC often based on e
Non-Uniform Memory Access v
. ( —_ Select V-f for the
(NUMA) archltectu re L Workload prediction whole system J

lllustration of various steps in the proposed approach

* Qur Approach:

— Platform characterized offline e

N\ N\
— Workload estimated based on ~
. . = 2.6x10°Hz
memory-intensity, thread .

. . . Uti isaion=90% Frequu:cv =
synchronization contention, | @HEED S5
NUMA latency :

_ V-detel’mll’IEd USIng blnnlng, Utilisation <15% { f=1.7x10°Hz ’
while accounting for contention B < ’

d ue to concurrent execut | on An example of V-f setting selection using binning-based approach

Basireddy, Karunakar Reddy, Wachter, Eduardo W., Al-Hashimi, Bashir M. and Merrett, Geoff V. (2018) Workload-aware runtime energy 32
management for HPC systems. In Int’| Workshop Optimization of Energy Efficient HPC & Distributed Systems (OPTIM’18). (In Press)

Utilisation bins MAPM bins
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ENERGY RTM ON HPC SYSTEMS
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App Scenario

Comparison of presented approach with Sundriyal et al

Xeon E5-2630 (12 cores, 24 threads) and Xeon Phi 7620P (61
cores, 244 threads); NAS and Rodinia benchmarks

Proposed (Prop) approach achieves energy savings of up to
81% (Xeon) and 61% (Phi) compared to Linux’s governors

Outperforms Sundriyal et al. by 10% in energy efficiency and

3.7% in performance

Basireddy, Karunakar Reddy, Wachter, Eduardo W., Al-Hashimi, Bashir M. and Merrett, Geoff V. (2018) Workload-aware runtime energy
management for HPC systems. In Int’l Workshop Optimization of Energy Efficient HPC & Distributed Systems (OPTIM’18). (In Press)
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RTM of Novel Platforms

Can our RTM approaches be applied to
novel platforms?
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RTM ON “SPINNAKER”

 Implemented 4 RTMs

— User (G1): user-defined static f

— On-demand (G2): Highest f when CPU
load is high, lowest when it’s low

— Conservative (G3): Increase or decrease
f by fixed step according to load.

— Proposed (G4): As G3, but using a non-
linear f step

Governor Governor _

[App. [ Res. | G1 G2 [ G3 | G4 [ App. | Res. Gl | G2 | G3 G4
vea | 955 | 976 | 976 | 975 vga | 2.6 | 198 [ 211 | 227 |
Al svga | 1490 1522 1522 1523 Al svga 6.40 5.06 5.05 5.2
xga 2444 2498 2498 | 2498 xga 17.79 13.74 13.82 1374 1
vea | 2670 | 3080 | 3080 | 3080 vea | 824 | 684 | 706 | 7.06 4
A2 svga | 4408 | 4737 | 4737 | 4737 A2 svga | 22.20 16.46 17.02 16.13 ©
xga | 7114 | 7342 | 7342 | 7342 xga | 58.72 | 3929 | 4095 | 39.29 |

vga 437 454 454 451 vga 941 7.16 717 6.62
A3 [svea | 674 | 696 | 696 | 697 A3 [Svea [ 1707 [ 1307 | 1308 | 1190 1
Xga 1111 1150 1150 1150 xga 48.30 | 37.19 | 36.87 [ 33.92 |

Timing (ms) Energy Consumption (J)

Indar Sugiarto, Stephen Furber, Delong Shang, Amit Singh, Bassem Ouni, Geoff Merrett, and Bashir Al-Hashimi, (2018) Software-defined PMC for
runtime power management of a many-core neuromorphic platform. In 12th Int’l Conf. Computer Engineering and Systems (ICCES 2017).
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Image
Decoder/ Image Edge

Encoder Filtering Detection

[ profiler Je—s{ PMC-based |

I £
- {_Knobs |- Monitors |
v I
Chip-1 Chip-2 Chip-48
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cPU cPy cPU
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SDRAM SDRAM SDRAM
SpiNN-4
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RTM ON THE “GRACEFUL" PLATFORM

Approach

Opportunity for Hierarchical RTM

— Local RTM (DVFS, local mapping etc) on

each node

— Higher level ‘strategic’ RTM (mapping
within cluster, migration, load
balancing etc) in clusters

— Potential for a third level negotiating
between clusters

..............................

______________________________
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RTM ON THE “GRACEFUL”" PLATFORM

Example Application

« Face/Object Detection/Classification
« Uses OpenCV classifiers
— Detect faces/animals/objects
Classify gender
— Estimate age

UNIVERSITY OF

Southampton

Video Input & Display

Frame 1: l
Face Detect

Frame 3:
Face Detect

-Video rames Face Box Frame Node 1 =< """"l= Source '-
Stream
ELL
Sending
I
frames to
Level 1 | Face Frame 1: ( Frame 2: Frame 3:
nodes :mmdmares Classify M Face Detect Classify M
]
] Node 4 Node 5 Node 6
isMale=True
Display Frame 1: Frarr!e 3:
output Classifty F <« » Classify F
VIR Video Display Node 7 Node 8 Node 9
ode ode ode
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Www.prime-project.org
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POWMON: STABLE POWER MODELLING

WWW.powmon.ecs.soton.ac.uk

HJNIVERSITY OF

ampton

Our stable approach achieves a low average error and narrow error distribution

compared to existing techniques.

Percentage Error (%)

[a] M. Pricopi, T. S. Muthukaruppan, V. Venkataramani, T. Mitra, and S. Vishin, “Power-performance modeling on asymmetric multi-cores,” CASES ’13.

22

20

o

[=2}

0

a

b

¢

d

Power Model

e

P

Testing: Full set of 60
workloads

[b] M. Walker et al., “Run-time power estimation for mobile and embedded asymmetric multi-core cpus,” HIPEAC Workshop Energy Efficiency with Hetero. Comp. 2015

[c] S. K. Rethinagiri et al., “System-level power estimation tool for embedded processor based platforms,” RAPIDO ’14. New York, 2014.

[d], [e] R. Rodrigues et al, “A study on the use of performance counters to estimate power in microprocessors,” IEEE TCAS Il, vol. 60, no. 12, pp. 882-886, Dec 2013.

Training: Small set of 20
workloads

M. J. Walker et al., "Accurate and Stable Run-Time Power Modeling for Mobile and Embedded CPUs," in IEEE Transactions on Computer-Aided

Design of Integrated Circuits and Systems, vol. 36, no. 1, pp. 106-119, Jan. 2017.
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POWMON: METHODOLOGY

WWW.powmon.ecs.soton.ac.uk

1. Run workloads
@ different DVFS levels

39 workloads used: MiBench,
LMBench, Roy Longbottom,
ParMiBench and ALPBench

ODROID-XU3
Exynos-5422
4x Cortex-A7
4x Cortex-A5

5. Validate

Power

;—b

K-fold cross validation
R2:>0.99
Error: 2.8 -3.7%

Measured
Predicted

Workloads

UNIVERSITY OF
Southampton

a

4. Build Model

OLS multiple regression
Considers collinearity and
heteroscedasticity
“sensible” equation

6. Uses
* OSRun-time
> management

* Reference for research
e gemb5 add-on

3. Choose PMCs
Hierarchical cluster analysis,
Correlation matrix analysis,
Exhaustive search, etc.

v

2.

Record
PMCs
Power, Voltage,
Temperature, etc.

\ 4
al
F

NB:0x15
IM:0x46
ST:0x43
ST:0x53
ST:0x61
VB:0x18
IM:0x56
ED:0x10
EC:0x7C
EN:0x09
3IN:0x0A
ZC:0x7D
ILL:0x01
|LL:0x02
ED:0x63
PH:0x65
D:0x0B

:D:0x1C

S$S5:0x14

EC:0x71

ST:0x67
ST:0x41

M. J. Walker et al., "Accurate and Stable Run-Time Power Modeling for Mobile and Embedded CPUs," in IEEE Transactions on Computer-Aided
Design of Integrated Circuits and Systems, vol. 36, no. 1, pp. 106-119, Jan. 2017.
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PRIME RTM FRAMEWORK

https://qithub.com/PRiME-project/PRiME-Framework

Plat. Const. Space Type For No.
disc GOVERNER A7 cluster 1
disc GOVERNER AlS5 cluster 1
disc FREQ A7 cluster |
disc FREQ A15 cluster |
knob . s
disc FREQ_EN GPU DVFS 1
- disc FREQ GPU 1
;—<J disc PMC_CTRL A7 cores 16
S disc PMC_CTRL AlS cores 24
g cont POW  Clusters, RAM, GPU, SoC 5
cont TEMP AlS cores 4
cont TEMP GPU |
mon disc CYCLE A7 cores 4
disc CYCLE AlS cores R
disc PMC AT cores 16
disc PMC AlS cores 24
knob cont VOLT A9 cluster, peripherals 4
> cont VOLT FPGA. peripherals 3
3
% cont POW A9 cluster, peripherals 5
() mon cont POW FPGA, peripherals 4
cont POW SoC 1
Application Name Const.  Space  Allowed/target values
Iterations knob disc N e [1,00)
Data type knob disc {float,double}
Jacobi Device type knob  disc {CPU. GPU/FPGA}
Throughput  mon  cont R € [10,00)
Error mon cont R € (—o0,1e™ ]2}
Video decoder  Throughput ~ mon cont R € [25,0)
Whetstone Threads knob disc Ne [l—x)
Throughput  mon  cont R € [2.5,00)

UNIVERSITY OF

Southampton

Application Layer

App 1

App 2

App N

e

»{ Application ;

. » rime_app_mon_r dere:
pnme_ﬁappﬁknobfreg()/dereg() P prTmZ’iiappfrﬁ:r?get() 90
prime_app_knob_get() prime_app_mon_weight()

A\ 4 \4
PRIME App Knobs: ; .
Plarallelism (r;\lo proiiioacs :
Kemels), (KOpenICL AF'en‘ormance (f;::t),
M xRy ernels) ccuracy (error rate)
. A prime_app.h
i prime_app_reg()dereg()
A\ 4
Runtime Manager v
Runtime Workload Runtime
Controller Scheduler Model
H
A H A
prime_dev_knob_reg()/dereg() : prime_dev_mon_reg()/dereg()
prime_dev_knob_type() : prime_dev_mon_type()
prime_dev_knob_set() M V} prime_dev_mon_get()
:
] PRIME Dev Monitars:
PRIME Dev Knobs: H
H Power, Energy, i
V-F, Core Affinity : 9y prime_dev.h
H Temperature
]
—_—— e — — - —_—
-—- Y 1

Hardware Layer

i A
(0}
T
=

- e ~ 472
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CONCLUSIONS

Runtime Power Management

Single > multiple > concurrent applications
Online vs offline+online approaches

>> Number of cores

COTS > Novel multi-/many-core platforms

Homogeneous vs Heterogeneous platforms

Tools and Support www.prime-project.org

PowMon power estimation

WWW.powmon.ecs.soton.ac.uk
www.gemstone.ecs.soton.ac.uk

PRiME RTM Framework
github.com/PRiME-project/PRiME-Framework

PRiMEStereoMatch application
github.com/PRiME-project/PRiMEStereoMatch

http://www.prime-project.org/
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Dr Geoff V Merrett
Associate Professor | Head of Centre
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Tel: +44 (0)23 8059 2775

Email: gvm@ecs.soton.ac.uk | www.geoffmerrett.co.uk
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