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Preface

Building on previous work, we present at the gate level construction and correctness
proof of a multi-core machine with pipelined processors and extensive operating
system support. More precisely, the machine under consideration has the following
features:

MIPS instruction set architecture (ISA) for application and for system programming
cache coherent memory system

store buffers in front of the data caches

interrupts and exceptions

memory management units (MMUSs)

pipelined processors: the classical five-stage pipeline is extended by two pipeline
stages for address translation

local interrupt controller (ICs) supporting inter-processor interrupts (IPIs)
I/O-interrupt controller and a disk

An overall correctness proof for such a machine poses several challenges, which are

overcome with the following technical contributions:

a new pipeline control which allows rollbacks of instructions from multiple pipeline
stages while allowing to complete memory accesses that have already started

a new induction scheme which permits to treat all rollbacks in such a pipeline in a
uniformed way

modeling of ISA by a nondeterministic transition system with guard conditions
proof technology for exploiting software conditions in such a machine, which only
have to hold if the ISA computation abstracted from the hardware computation
obeys the guard conditions

February 2020 Petro Lutsyk

Jonas Oberhauser
Wolfgang J. Paul
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