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The MIPS32 24KE core family is the latest high-performance synthesizable microprocessor
cores from MIPS Technologies, Inc. and features DSP enhancements at a negligible cost. The
24KE core family fills an important gap in the convergence of RISC processors and digital signal
processors (DSPs). This convergence is enabled by emerging market trends, and comes with
cost advantages and technical challenges. The 24KE design meets these challenges quite
handily as shown in this paper. The 24KE cores were built by adding the new DSP enhancements
®
to the existing pipeline in the 24K cores. The performance benefit for DSP applications from
these enhancements can be as much as two times compared to a 24K design. And yet the
™
24KEc core has minimal frequency degradation and increase in the die area compared to the
™
24Kc core. This paper discusses some of the novel implementation techniques used to achieve
this result.
This paper is organized as follows. The market trends promoting the convergence of RISC
processors and DSPs are described first. Then, an overview of the 24K core family is provided
since this is the foundation upon which the 24KE core family is built. This is followed by a brief
®
description of the MIPS32 DSP Application Specific Extension (ASE). This leads to a discussion
of the design challenges, in which we focus on the base core of each family. The design
challenges are described in the context of adding the DSP enhancements to the 24Kc core to
create the 24KEc core. The paper concludes with a discussion of the achieved results and a
summary.

The Convergence of RISC and DSP
Embedded consumer devices require both general-purpose processing such as running the
operating-system and digital signal processing such as decoding music streams. Examples of
such devices include set-top boxes, DVD players and recorders, Voice over IP phones, MP3
players, mobile phones, and personal digital assistant devices (PDAs). Add to this need for
combined processing the fact that RISC processors can already execute some DSP operations
and the trend seems natural. According to DSP Analyst Will Strauss at Forward Concepts, “at
least 30% of RISC processors are suitable for ‘real’ DSP applications [1].” Sample applications
include audio codecs, packet protocol processing, and JPEG processing. Further, as RISC
processors continue to increase their speeds, they are subsuming even more types of DSP
applications. So this trend should continue if not accelerate.
There are advantages and challenges to combining general processing and digital signal
processing on the same core. One big advantage is a more efficient hardware architecture [2].
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(MAC) every cycle. (More details about multiplication will follow later in this paper).

The MIPS32® DSP ASE
The MIPS32 DSP ASE consists mainly of new instructions that execute in the integer and multiply
pipes of the processor. The ASE includes all the typical DSP features such as register-based
SIMD instructions that can add, subtract, shift, or multiply. The SIMD instructions operate on as
many as four operands simultaneously and support operands of eight, 16, and 32 bits. The ASE
also provides fractional arithmetic with saturation and rounding. There are several flavors of
multiply-accumulate, including dot-product-accumulate. Precision expansions and reductions
enable scaling operations. Absolute, bit-reverse, and other instructions enable common DSP
operations to be performed efficiently. The ASE adds three new accumulators to the architecture
for a total of four.
In addition to all the commonly found operations, the ASE also adds some advanced features that
attain extra performance without requiring a complex implementation. An example is a variable bit
extract method that efficiently extracts bits from an incoming stream. Another feature efficiently
processes complex numbers. The ASE also includes a novel and efficient way to support virtual
circular buffers.
To minimize implementation cost, new state elements are limited to a DSP control register and
the mentioned three new accumulators.

Design Challenges
Implementing the DSP ASE with negligible cost is the goal of the 24KE core family, which
includes the 24KEc, 24KEf, 24KEc Pro, and 24KEf Pro cores. A customer can choose the
appropriate core depending on whether an optional FPU and/or an optional CorExtend interface
is needed. In describing the design challenges for this core family, we will focus on the 24KEc
core.
Specifically, the goal is to implement the DSP enhancements without significantly impacting the
speed or die area of the core. There are two major challenges. First, the single-cycle ALU
execution path already has critical timing. Inserting any additional logic level in the data path
would increase the cycle time. Second, many additional features are required in the multiply data
path. Support for these features must be added without increasing the cycle time in any of the
multiply pipeline stages. It is preferable to do this without adding another stage to the multiply
pipeline. Also, with the wider data path in the MDU, it is even more important to minimize the area
impact.
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