WPI / Silicon Valley Project Center 2001

Simulation of the Pegasus Architecture

Sean Levatino and Felix Rieper

Faculty Advisor: Prof. David Finkel

Sponsor: Atmel Corporation

Mentors: Paola Moretto and Dhruv Khettry

Executive Summary

This Major Qualifying Project assisted the development of a new chip for mobile phones, referred to as the Pegasus architecture.  The Pegasus is a single-chip solution for the GSM Cellular Standard designed for maximum power saving capabilities.  The Pegasus supports three different frequency bands, such as the European standard GSM900 (Global Standard of Mobile Communications running at 900 MHz) and the US standard PCS1900 (Personal Communications Network running at 1900 MHz).  The chip consists of a commercially available microprocessor core from the ARM (Advanced RISC Machines) family of processors, a Digital Signal Processor (DSP) and several supporting peripherals such as a memory management unit and an interrupt controller. 

In order to reduce the development time of the Pegasus chip, Atmel decided to develop their software and hardware in parallel.  To accomplish this, the use of a microprocessor simulator that could imitate the Pegasus chip was required.  Such a simulator would enable Atmel to test their software without having any actual hardware available.  Atmel chose a product provided by ARM Ltd. called the ARMulator, which is able to simulate the ARM microprocessor core used by the Pegasus.  However, the ARMulator did not support the DSP or any of the peripherals.  Each of those components needed to be added to the ARMulator in the form of an ARMulator model, which is a software imitation of the hardware component that can be integrated with the ARMulator into a working simulator. 

Our project dealt with creating a new model for the ARMulator that is able to accurately simulate the Pegasus interrupt controller.  This interrupt controller operates as an interface between multiple interrupt sources and the ARM microprocessor, managing a variety of different interrupts.  Such an interface helps simplify the design of peripherals by not requiring them to have any knowledge of how the ARM microprocessor handles interrupts.  The Pegasus interrupt controller model will allow Atmel to develop other peripheral models that rely on the functionality of the interrupt controller, as well as to test interrupt controller specific software outside the hardware environment.

Before entering the design phase of our project we needed to familiarize ourselves with three distinct systems: the ARM microprocessor, the Pegasus chip and the ARMulator environment.  When creating the software model of the interrupt controller, we decided to design it similar to the original hardware layout in order to achieve a high level of accuracy, simplify the implementation and increase scalability.  

The implementation phase was dominated by the integration of our software model with the ARMulator and an already existing Memory Management Unit model.  Earlier in the year, Atmel had developed this Memory Management Unit model, which would define the Pegasus’ memory space and perform memory operations for all subsequent peripheral models.

The testing of the interrupt controller model was conducted using several test programs provided by Atmel.  These tests were originally created to analyze the hardware design, but were modified to test our software model.  Additionally, we extended the provided test cases to fully verify the functionality of the interrupt controller model. 

Future work built upon this project could include the creation of additional models to further extend the ARMulator. This will eventually give Atmel the ability to simulate the complete Pegasus architecture. 

