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Abstract

Modern computer systems lay greater emphasis on energy-efficiency as performance ceases
to be the sole criteria for processor design. Therefore, architecting systems that improve
performance yet remain within the power budget becomes necessary. The memory sub-
system plays a dominant role in this endeavor of system redesign. Due to the growing gap
between the CPU and DRAM performance/energy, innovating on-chip memory storage
becomes paramount. Scratch-Pad memory (SPM) is considered a useful component in
the memory hierarchy, solely or along with caches, to meet the power and energy con-
straints. Although the efficiency of SPM is well-known, its usage has been restricted
owing to difficulties in programmability. Real applications usually have regions that are
amenable to exploitation by either SPM or Cache, and hence can improve if the two are
used in conjunction. Dynamically adjusting the on-chip local memory resources to suit
application demand, can significantly improve the efficiency of the overall system. In this
work, we propose a compiler technique to map application data objects to SPM/cache
and also partition the local memory between SPM and cache depending on the dynamic
requirement of the application.

First, we design a framework to characterize application data objects and partition
the on-chip memory space between the objects. This helps alleviate the manual effort
required of the developers in programming SPM based systems. This profile-based solu-
tion is obtained by a quick one-time execution of an instrumented binary instead of slow
and detailed simulations of all possible local memory configurations. We apply detailed
compiler based analysis for further refining the allocation and partition sizes. Second, we

develop a novel cost based cache aware algorithm to decide the mapping of the application



objects between SPM and cache at different regions of the program. Our data mapping
strategy is able to seamlessly integrate existing SPM mapping techniques, and is struc-
tured as an enhancement to assign the cache to data objects where it is considered to
be more appropriate than SPM. We demonstrate its utility by executing applications on
Cell BE hardware which resulted in performance improvement over previous SWC-based
strategies.

Finally, in this research work we introduce a novel graph based structure to tackle data
mapping decisions in a complex application. We use this to present a data mapping heuris-
tic to map program objects for a fixed sized SPM-Cache hybrid system that targets whole
program optimization. We extend this formulation to adapt the SPM and cache sizes,
as well as the data mapping as per the requirement of different application regions. We
study the applicability of the technique on various workloads targeted at both SPM-Only
and hardware reconfigurable memory system, and obtain the performance and energy
results using simulations and compare it against existing techniques. We demonstrate
that our compiler based allocation scheme is applicable for complex programs targeted
at all flavors of SPM based architectures and results in significant performance efficiency

improvement over existing competitive techniques.
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