27 Newcastle
University

Selective Abstraction and Stochastic Methods for
Scalable Power Modelling of Heterogeneous Systems

A. Rafiev, F. Xia, A. lliasov, R. Gensh, A. M. M. Aalsaud, A. Romanovsky, A. Yakovlev

School of Computing Science and School of Electrical and Electronic Engineering
Newcastle University

PRIME

WWWw.prime-project.org

Case Study: Odroid XU3 Platform

Abstract — With the increase of system complexity in both platforms and
applications, power modelling of heterogeneous systems 1s facing grand challenges
from the model scalability 1ssue. To address these challenges, this paper studies two
systematic methods: selective abstraction and stochastic techniques. The concept of
selective abstraction via black-boxing 1s realised using hierarchical modelling and
cross-layer cuts, respecting the concepts of boxability and error contamination. The
stochastic aspect 1s formally underpinned by Stochastic Activity Networks (SANs).
The proposed method 1s validated with experimental results from Odroid XU3

O 28nm 8-core Application Processor Exynos 5422,
based on the ARM big.LITTLE architecture:
— high performance Cortex-A15 quad-core
$ 47 A1e processor block,
— low power Cortex-A7 quad-core block,
Jores cores — Mali-T628 GPU,

CPU

OS reserved

heterogeneous 8-core platform and 1s demonstrated to maintain high accuracy while cores —2GB LPDDR3 DRAM.
improving scalability. . .
N y é b d O O Realtime current sensors measuring four separate
power domains: A7, A15, GPU and DRAM.
Motivation and Contributions Core 0 |Core 1 Core 3 | Core 4 Core 7
. \_ J
A o O We developed new structuring
° o Ecicgf;fé?%izﬁfyugsﬁgmty methods to tackle complexity and Model Evaluation Framework
scalability in modelling by providing
2 Sacrificing some quality . lpower-p]goportl’onaht}(]i met}?cd for . ® Abstract model (1+1)
E Bascline for major usability gain sellecitiye @ stractlgn an .I(lil.et e 10 Characterised P is the most abstract model with two meta-
o e reta;n gccg}racy y avolding  cror | cores, one representing the A7 domain, the
—é contamination. Pafos. Simulation / Analysis other representing A15 (n = 2).
Ad-h . . ) ) > in Mobius tool > Cost
methoss | © We validated these methods using types of tasks -
: : - task spawn rates Q i Cross-layer model (1+4)
power mode!hng In .SANs aqd s O AT model . A : .
.showed. their effectiveness 1n - affinity weights Q cross-layer SAN 1s the model qbtamed using the proposed
— > improving the trade-offs between model method of selective abstraction. Here, three A7
Model Usability tetail SAN ~-P . cores are grouped into a single meta-core
Generated random O model estim representing the entire domain (n = 5).
\_ V), execution traces Error
The Proposed Method pe— _ ® Detail model (3+4)
Experiments —>O > P actual 1s the most detailed model considering each
" System Design < re-design Power traces COore Separately (n - 7)
| Characterisation \ \ J
re-select
- abstraction
Order Graph — Boxability ‘ﬁ
SAN (1+1) model for the naive scenario: SAN (1+1) model with fixed affinities:
selective abstraction
using power- —> Dependency Graph (\. ) (\. )
proportionality 4 \ . /
Y J error ) Coidle )
SAN contamination? ) G >,' ( ) Y,

O

Tospawn T,queue

T,Cp exec T,C, co?nplete
a

/

T,Co queue [T,C, sched T,C,exec T,C, complete

|

/ T, spaw

no o yes

l, N

solve the model T,C,exec T,C, coTnp|ete T,Coqueue T,C,sched T,C,exec T,C, co?nplete
\ J
jerarchi i A & N
Hierarchical Modelling: Order Graphs (OGs) C.idle
/

;' () |

S LIIEIT (g I e T,C ToC; complet ToC ToC: sched ToC ToC; complet
— an infinite graph-like structure; T O PR AT g Tl o BPEE
K+2: el : . J ( ( J
— any element of an order graph 1s an order graph; { ) { )
— represents an inter-related family of graphs. Tispawn T, queue Ty sched T,C,exec T,C, complete Tispawn 1. 'qUeue T,C,sched T,C,exec T,C,complete

k-order graph

— 1s a specific projection defining a single graph;
— made of nodes and edges of order k;

— all higher orders are (temporarily) disregarded.

Relative graph orders: (k—1) sub-graph, (k+1)
super-graph.
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Corresponsing dependency graph with
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Error contamination

Inclusion / containment arc:
— connects nodes in different orders;

: Error contamination is a property of system design and not a model artifact. It can be detected through model analysis,
— Torm a tree.

and the design can be modified to provide boxability.

Simulation Results
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