H39% Ao it A HL =5 Eire Vol. 39 No. 9
2016 4£ 9 A CHINESE JOURNAL OF COMPUTERS Sept. 2016

HE=Z%%ZZRF EREMNABANEFERNLLTIE
OB ®H/M I om

DAL I KRR T IEERRE TSEFLRA Wit fAE  07100D
D O E BHE B S RORBE I LA R R R S0 E dbat 100190)

W E WA (Encrgy efficiency) 2 BN BT A X2 )1 b R 5L (System-on-Chips. SoCs) B3t 9 1 UL B
bR JE TR/ SR BT M =g 2R & RGEREW Al s RE AR G AR — B 0 A% M Jr 22 BRI L AN IKT 3
9 T2 A 22 T ORI S R P R R T /R S5 B P RE S i 8 LU M. T BOR D 22 9 R IR T RE DG A 55 1Y
UL 290 55 50 B B BT TAE R 25X 46 & . J0 26 AR 5 3t g ke IR = 20k 48 1 AS B8 S8 A 1y J B4 1) AL 1T
T R FH R TR /A B BT I Z4E 2 A SoC. SO $ H — A ik 5 G AR AE A L 78 B/ 1 2R S8 RE FE 119 (7] I . RE A2 9 2 AT 55
AL 1RDR AR GE I T R T RE AR R A AT 55 3R R R R T/ 00 A 0 IR U5 1 1 R DG AR R SR R AT 55 3 A - i A%
B m D #E L SE BURR A AL . SEBR 45 R R 5 T AT 9 P 07 1 HU AR SO 4 i A O ik RE DR D - 14 18. 6 06 i REFE. W)
I 55 22 B BEFE D0 AK ik H A, SCrP AR M A D VR BE ARS8 5. 6°C Y W (e 2

R R SRS ERGE T LW E s W/ R 5 5 AT 55 0 B ik
HEESES TP393 DOI 5 10.11897/SP.J.1016.2016. 01763

Thermal-Aware Post-Silicon Energy Optimization on 3-D Multi-Core SoCs
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Abstract  Energy efficiency has been become a primary design concern for embedded multi-core
system-on-chips (SoCs). Three dimensional (3-D) multi-core SoC based on voltage/frequency
islands ( VFI) has been recognized as a promising solution for building an energy efficiency
system. However, the ever-increasing process variation (PV) leads to performance parameter of
the VFI deviating from the nominal values. As a result, violation of the task deadline constraint
may occur at post-silicon under large variations. Moreover, the existing work commonly targeted
2-D platform, which cannot address the exacerbated thermal issues from 3-D integration. In this
paper., we propose a post-silicon optimization framework targeting VFI-based 3-D multi-core SoCs
to minimize system energy meanwhile still meeting task deadline and thermal constraints. Besides
energy-aware task scheduling and voltage/frequency assigning, we also conduct task migrating to
balance the powers across the core stacks for thermal optimization. Experimental results demon-
strate that on average our framework can achieve an energy reduction of 18.6% over the prior
thermal balancing algorithm. Moreover, on average a reduction of 5. 6°C in peak temperature is

achieved by our framework, compared with the state-of-art energy optimization scheme.

Keywords system energy; 3-dimensional multi-core system-on-chip; process variation; voltage-

frequency island; task scheduling; thermal constraint
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Background

Three dimensional (3-D) multi-core provides a promising
solution for the design of high-end system-on-chips (SoCs).
3-D integration not only can overcome global interconnect
latency and power bottlenecks in 2-D chips. The multi-core
structure can increase system throughput and being more
robust to various variabilities. For embedded SoCs, energy
efficiency has become a primary design concern due to power
supply commonly relies on the battery. Recently, concept of
voltage-frequency island ( VFI) was introduced into 2-D
multi-core designs to optimize system energy. With VFI
design, the cores on the chip are partitioned into different
islands. Each island can operate at its own voltage and
frequency. Combining with task scheduling, such design
paradigm helps to implement fine-grained energy management
meanwhile still meeting deadline constraints of the executed
tasks.

However, energy optimization targeting VFI-based 3-D
chip confronts some new challenges. The rigorous thermal
issues from 3-D integration exacerbate hot spot and raise the
chip’s temperature. On the other hand, heterogeneous
workloads executed cause power variation, resulting in the
thermal gradient across the chip. High temperature and
thermal gradient not only degrade system performance and
reliability, but also offset the effort of system energy optimi-
zation. Therefore, we still need to carefully balance energy

optimization and thermal balance when we target at 3-D

multi-core SoCs.
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At present, there have been some studies on energy
optimization of multi-core SoCs based on VFI design paradigm.
However. these studies more or less have some drawbacks
needed to be overcome. For example, VFI-based energy opti-
mization on 2-D multi-core chip generally ignores the thermal
issue, hence being unfit to be applied to 3-D multi-core chip.
On the other hand, some optimization schemes targeting 3-D
chip commonly focus on reducing thermal or temperature of
the chip while neglecting the energy optimization. This paper
aims to overcome above mentioned problems. We proposed a
post-silicon optimization framework targeting VFI-based 3-D
multi-core SoCs to minimize system energy meanwhile still
meeting task deadline and thermal constraints. Besides energy-
aware task scheduling and voltage/frequency assigning, we
also conduct task migrating to balance the powers across the
core stacks for thermal optimization.
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