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PS-BloTAM: Pre-Sampling Based Block Level Temperature Analysis Methodology

ZOU Tian” LUO Zu-Ying” YAN Jia-Qi”
D (School of Information and Science Technology, Beijing Normal University, Beijing 100875)
D (Department of Computer Science, Illinois Institute of Technology, Chicago, IL 60616-3793, USA)

Abstract  Efficient thermal analysis (TA) plays a key role in the temperature-aware floorplanning
design and Dynamic Power and Temperature Management (DPTM) for Multi-Processor System-
on-Chip (MPSoC). Due to the prerequisite of using HotSpot, a commercial TA tool, to extract
the thermal resistance matrix, the latest architecture-level TA method BloTAM is inefficient to
analyze temperature distributions for numerous floorplanning solutions. For temperature-aware
floorplanning with defined die geometric size and unchanged heat dissipation system, this paper
proposes a novel pre-sampling BIoTAM, e. g. PS-BloTAM. This method first adopts HotSpot
to build S, the sampling thermal resistance matrix for sampling block arrays. Then according to
size and position of modules in a given floorplanning solution, PS-BloTAM analytically computes the
thermal resistance matrix R with S. Finally with R, the method can analytically compute temperature
distributions for modules in different working modes. Adopting traditional idea of design library,
PS-BIoTAM is able to quickly give user temperature distributions of numerous floorplans.
Experiments show that: (1) Comparing to HotSpot, PS-BloTAM can achieve 43X speedup with

average error and maximum error less than 1.65% and 6.64%, what’s more, it can provide
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speedup as high as 43 times; (2) Comparing to BloTAM, PS-BloTAM can provide speedup as

high as 3.4 times; (3) In temperature floorplanning, PS-BIoTAM can provide nearly ten times

speedup over HotSpot with the slight accuracy penalty of less than 1. 24 % errors.
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Background

Parallel-computing work modes generate scattering local
hotspots on Multi-core system-on-a-chip ( MPSoC). Thus
temperature-aware floor-planning should carefully optimize

the architecture-level C(AL) design to limit local hotspots under

the safe threshold. Since a large number of module layouts
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2-13
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are tried to find the optimal solution at the floor-planning
design stage, it is imperative to develop a more efficient AL
thermal simulator.

As the wide-used commercial AL tool software, HotSpot

can provide accurate simulation results but is slower to floor-
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planning designs hungry for much more efficient AL thermal
analyses. At the 2013 ACM/IEEE international symposium
on quality electronic design, we proposed BloTAM, an
efficient AL thermal analysis algorithm. It is more efficient
than HotSpot in task scheduling for the dynamic power and
temperature management (DPTM) of MPSoCs which own
definite module layouts. But BloTAM must employ HotSpot
N times to extract the practical thermal resistor (TR) matrix
R before analytically computing T; =R X P; for a MPSoC of N
modules. Therefore it is inefficient to the temperature-aware
floor-planning which must try many more layouts and each
one needs to extract R before using BloTAM.,

This work improves BloTAM and proposes a pre-
sampling BloTAM algorithm (PS-BloTAM) for the floor-

planning of MPSoCs of definite die sizes and heat-dissipation
condition, PS-BloTAM first constructs a sampling block
array to off-line extract a pre-sampling TR matrix S with
HotSpot or other thermal simulation tools. Then with §, it
on-line analytically calculates R for a trial floor-planning
solution according to module positions and areas. And with
R, PS-BloTAM on-line analytically calculates T, =R X P; to
find out scattering local hotspots for the floor-planning
solution. Therefore, PS-BloTAM is the totally analytical
algorithm and can provide 43X speedup over HotSpot for AL
thermal analyses at the floor-planning design stage. Within
our knowledge, PS-BloTAM is perfect enough to end studies

on the AL steady-state thermal analyses.



