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Abstract

Decreasing feature sizes have caused ever increasing levels of on-chip component integration.
The simulation or emulation used in pre-silicon validation can take a prohibitive amount of
time to check for functional errors. During post-silicon validation, applications are executed on
the chip prototype at native speeds and are analyzed using dedicated design-for-debug (DFD)
hardware, enabling the discovery of functional bugs that may have slipped past pre-silicon
validation. Post-silicon validation represents one of the most crucial and expensive compo-
nents of the systems-on-chip validation methodology. It is performed under a highly aggressive
schedule to satisfy time-to-market requirements. The DFD hardware is used to record the state
history of important signals in the chip that could be critical in debugging the chip. The design
of the DFD structure is non-trivial because it has to maximize the visibility while operating
under very stringent area constraints, since it may become vestigial once the chip is in produc-
tion. The simplest DFD structure is the trace buffer which consists of memory elements and
records the values of signals deemed critical by the designer. These recorded signals can be
extracted outside the chip and analyzed to determine the root cause of errors. With increasing
complexity and higher levels of integration of modules on a single chip, the area consumed by
DFD structures increases significantly. This is a challenge for the chip manufacturers because
they have to strike a balance between the visibility and the area allocated to DFD structures.
The two goals are competing; increasing visibility enables faster validation, but also increases
the area overhead of the DFD hardware, which may become unusable when the chip goes into

production (i.e., normal operation in field).
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In this thesis, we address the above problem by repurposing the Design-for-Debug hardware
through reusing it in-field to enhance the underlying architecture. Our novel design essen-
tially leads to a win-win situation that is substantially advantageous for both validation and
performance. This dissertation presents and evaluates three novel reusability scenarios of the
validation hardware. In the first approach, we propose to reuse the core trace buffer as a victim
cache that can be dynamically partitioned among multiple threads using machine learning algo-
rithms. In the second approach, we propose a scheme AugVC to reuse trace buffers to augment

the router buffer, with the objective of improving the overall network performance.

Further, we propose an architectural framework for runtime monitoring of program assertions,
called DHOOM, which exploits the combination of a reconfigurable fabric present alongside
a processor core, with the on-chip Design-for-Debug hardware. This combination of hardware
features allows DHOOM to minimize the overall performance overhead of runtime verifica-
tion, subject to a given area constraint. We present an algorithm for dynamically selecting an
effective subset of assertion monitors that can be accommodated in the available programmable

fabric, while instrumenting the remaining assertions in software.
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