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STRIiP: A Self-Timed RISC Processor

ABSTRACT

Most modern microprocessors and subsystems use a global synchronizing clock to
sequence through their operations. Global circuit synchronization simplifies the design
and interfacing of the digital logic structures while minimizing the pipeline sequencing
overhead. But the worst-case design constraints, based on environment, process, and a
single critical logic path, limit a synchronous system's ability to take full advantage of the
available silicon performance. Synchronous operation and communication also restrict
efficient data transfer between devices of differing processing rates or access methods.
Although synchronous logic structures dominate the digital system industry, alternatives
must be considered which extract more of the available silicon performance, and provide
simple and efficient processing-rate-independent interfaces. Self-timed or asynchronous
digital systems and interfaces offer an attractive alternative to synchronous logic
structures by eliminating synchronous operating constraints. These systems provide
adaptive operation, efficient and flexible interfaces, reduced power consumption, and a
wider environmental operating range. Unfortunately, traditional self-timed designs have
not been extensively used. Their biggest problems are the complex logic structures and
overheads caused by completion detection and handshaking circuits.

STRIP is a self-timed RISC processor architecture that provides the logic simplicity
and sequencing efficiency of synchronous structures, along with adaptive operation, ef-
ficient asynchronous interfaces, and wide operating range of asynchronous structures.
The key concept in STRIP is a self-timed pipeline-sequencing method called dynamic
clocking. Dynamic clocking sequences the pipelined functional units in lock-step, but
adjusts each sequencing period to match the present environment, process, and pipelined
operations. This lock-step operation allows traditional synchronous logic structures to be
used. Each cycle's period is determined ahead of time, eliminating self-timed sequencing
overheads. To support a fully asynchronous interface, the dynamic-clock generator stops
the clock until external dependencies are resolved. Results show that a dynamically
clocked RISC processor will operate twice as fast as a equivalent synchronous processor,
both built with the same silicon technology.
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Chapter 1

Introduction

The ever-increasing processing power required to handle today's commercial applications
dictates the design of computer systems that fully exploit the capabilities offered by
contemporary VLSI technologies. Many architectures and logic structures exist which
help to minimize the execution times of these applications. But even with the most
advance architectural methods, there is significantly more performance available within
existing silicon technologies. System and processor performance is lost because of the
worst-case design constraints required for synchronous operation. We will show that
self-timed sequencing of a processor's pipeline, along with an enhanced memory system
and asynchronous external interface, significantly improve the operational efficiency of
the processor complex.

11 Processor Design

Optimizing a processor's execution rate has become a key component in maximizing a
computer system's performance. A processor's performance is often measured as the
time required to execute a set of instructions. The following formula for CPU time gives
the key elements controlling processor performance:

CPU time = Clock cycle time * CPI * Instruction Count
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The three elements determining processor performance are: the period of each processor
clock cycle, the number of cycles-per-instruction (CPI), and the number of instructions
required to process the targeted information. Modern architectures attempt to reduce the
cycle time of the processor, minimize its CPI, and limit the number of instructions
required to run an application.

The most significant advancement of recent years which is used by most modern
processor architectures is pipelining.  Pipelining divides each instruction into
independent operations, allowing parallel execution with other instructions. By
permitting parallel execution of multiple instructions, pipelining utilizes an application's
available instruction-level parallelism, minimizing the total cycles required to execute
that application. Superscalar and superpipelined architectures further utilize instruction-
level parallelism, providing the best compromise between cycle time and CPI. Studies
have determined that superscalar and superpipelined architectures provide approximately
the same level of performance; 30-40% more than a basic scalar architecture [50, 54, 96].
But independent of their architecture, all modern processors are constrained by the same
sequencing paradigm; synchronous operation.

Synchronous processor design and operation are based on a global synchronizing
clock. External data transfers are based on the same clock. Synchronous operation
simplifies the processor's design by eliminating the need for hazard-free logic structures,
which greatly reduces the size and complexity of the combinational logic. Unfortunately,
synchronous operation also restricts the processor to a worst-case operating frequency in
order to guarantee operation under all possible conditions. Since the clock frequency for
a synchronous processor is constant, its execution rate is independent of the operating
conditions. But the actual speed of the processor varies with the environmental
conditions (voltage and temperature), silicon process, and pipeline operations. For
reliable operation, the clock frequency must be slower than the operating rate required
under worst-case conditions. This results in a reduced utilization of the technologies
performance when the processor is operating under typical conditions. Therefore,
synchronous operation provides ease of implementation while restricting the ability of
the processor to fully utilize the raw performance of the silicon technologies.

In an attempt to eliminate synchronous operating constraints, numerous asynchronous
or self-timed logic structures and design styles have been studied and implemented [18,
21, 22, 23, 24, 25, 28, 45, 46, 59, 63, 68, 70, 72, 74, 87, 99, 104, 108]. A few
researchers have applied these techniques to processor design [23, 45, 58a, 63, 68]. Self-
timed processor design is a discipline of digital design in which the sequencing control of









































































































































































































































































































































































































































































































