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Abstract

Improvements in VLSI technology has enabled integration of an increasing number of logic blocks
such as processor cores, caches and I/O modules on a single chip, and multi- to many-core structure has
become the mainstream of processor architectures. Currently, tile processor with non-uniform cache
architecture (NUCA) is regarded as a new form of a many-core processor, while development of SIMD
accelerators such as graphic processing units (GPUs) to deal with increasing data-parallel multimedia
requirements. Thus, viable future processor architecture is a combination of NUCA-based tile processor
and SIMD accelerators integrated into a single chip.

To connect both internal and external components of tiles and accelerators, various interconnection
methodologies including shared buses and network-on-chips (NoCs) have been studied. One concern of
such heterogeneous processor is an increase of transactions with various traffic characteristics such as
burst point-to-point traffic between certain processing core and GPU cores, or cache coherence protocol
signals with short message sizes. To address such characteristic diversities, a hybrid interconnect with
multiple NoCs and global buses is one solution in order to meet latency-oriented and bandwidth-oriented
traffic requirements. For the above aim, this thesis studies interconnection network including NoCs and
shared buses for tile architectures and SIMD accelerators in terms of packet routing and network
modeling.

As a packet routing exploration, a non-minimal fully- adaptive routing mechanism for
single-flit-structured packet transfers called “Semi-deflection” is proposed. Semi-deflection routing
guarantees deadlock-free packet transfer without use of virtual channels by allowing non-blocking
transfer between specific pairs of routers. Evaluation results show that a router that supports
Semi-deflection routing is almost equal to the hardware amount compared with those for existing
deterministic and adaptive routing. As the result of throughput evaluation, Semi-deflection routing
provides 3.17 times higher throughput.

As network analysis explorations, end-to-end latency and throughput of a simple shared-bus and a
one-dimensional ring structure for SIMD many-core processors is analyzed and modeled in order to study
their feasibility toward increasing number of processor cores. In concrete, we analyze Swazzle and
ClearConnect, which are a one-dimensional NoC and a global bus for ClearSpeed’s CSX600, an SIMD
processor consisting of 96 Processing Elements (PEs). By using the performance model derived from
results of network analyses, we estimate the best- and the worst-case latencies for traffic patterns taken
from several parallel application benchmarks, and confirm that actual latencies of the benchmarks fit in
between the best- and the worst-case values.

Finally, we summarize our proposed routing technique for NUCA-based tile architectures and
network analysis results of SIMD processors. Based on the above, we make a discussion on the structure
of interconnection networks for many-core general-purpose tile processors, accelerators, and their
combinations.
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