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Introduction actions of the Bluespec methodology [2]. This raises the level

We present UNUM: the UNified Universal Microprocessof! aPstraction and allows the designer to consider module
framework. UNUM provides an infrastructure to generat@cnons in isolation with the knowledge that the atomicity of

both C and RTL descriptions using the Bluespec hardwaﬁ‘etrans"letion is guaranteed.

description language. The RTL descriptions are leveraged tdAddmonaIIy, previous work on hardware synthesis using

provide fast simulations via an FPGA. UNUM's primary benguarded atomic actions has shown them to be powerful ab-

efits are the generality and reusability of module componen factlons of communlcatlon bgtween hardwarg quules [1].
e Bluespec compiler organizes System Verilog interfaces

which facilitate designers’ ability to explore architectur ! B N ;
choices. Currently, UNUM is being used to model a PowerP8to collections of “methods” accessible to other modules.
405 processor In’ the future we hope to extend UNUM t NUM is a framework of reusable interface definitions which
support modelling of multiprocessor environments. represent components of a Mmicroprocessor. .

By adhering to standard interfaces, the hardware designer
Motivation can seamlessly swap modules with different capabilities,

_ _ ) timing characteristics or instruction widths without explicit
Given the complexity of modern microprocessors archinanges in control logic. Currently we are implementing

tects often turn to simulations to aid in design analysig, library of such modules that can be used as standard
Ideally these simulations should offer fast and accurai@mponents. Finally, the Bluespec compiler can generate
processor models, and allow easy extension to a multipi@ther C or Verilog RTL, allowing the designer to perform
cessor environment. They should provide a general, extegpiq architectural exploration that still results in a usable
sible framework for architectural exploration, and allow fofqigen model.
component generalization and reuse. _ Currently UNUM is being used to model single PowerPC
In pursuit of these goals designers often turn to high-levglocessors. We have developed a reusable library of compo-
languages such as C. These have the advantages of bgigigts such as the Decoder or ALU, and have successfully
easy to develop and result in fast simulators. However, Giodelled an in-order PowerPC 405. In the future we wish to
based models often bear no relation to actual hardware afifend UNUM to support multiprocessor environments and

thus make it difficult to accurately estimate physical featurggche coherence protocols. We are also looking for ways to

An alternative approach is to use RTL-level simulation, ] )
which increases the designer's faith in the results and he®GA-based Simulation

a wide range of tools available for area and timing esti- Software simulation of generated RTL designs can be un-
mation. Most importantly, the resulting RTL code can bgcceptably slow due to the high level of detail. To overcome
quickly simulated on FPGAs and serve as a golden modgls we make use of FPGA-based simulations. This decreases
for equivalence checking as project development progress@ulation times but can introduce extra development time in
towards synthesis. preparing the board and correctly interfacing the core with
The disadvantage of RTL is that it can be extremely diffthe external environment. However, as the UNUM framework
cult to develop and debug. The level of detail of RTL meansnforces a consistent interface structure, architects can reuse
that it is extremely difficult to swap modules with differentheir interfacing logic across different evaluation models.
characteristics. For example, the simple act of replacing an
unpipelined adder with a partially-pipelined ALU capable oRR€ferences
two addition operations per clock cycle can result in massiyg Arvind, Rishiyur S. Nikhil, Daniel L. Rosenband, and Nirav Dave. High-

alterations to surrounding control logic and interconnects. level Synthesis: An Essential Ingredient for Designing Complex ASICs.
In Proceedings of ICCAD’'04San Diego, CA, 2004.
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