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FPGAs
Definition  FPGA (FieldProgrammable Gate Array): Integrated circuit made to
be configured by the designer
used to build reconfigurable digital circuits → undefined function at time of
manufacture → must be reconfigured (i.e. programmed) before use
FPGAs consist of grid of
programmable logic elements,
which are “wired together”
when device is configured
Configuration design specified
by a hardware description
language (e.g. Verilog)

Overview

Hardware components of the complete computer:

Project goal: create computer system for pedagogical purposes
will be used in CS courses such as CPSC 220 Computer Architecture or
CPSC 431 Operating Systems

digital signal processing
car multimedia systems
medical imaging
speech recognition
many, many more...

processor and memory (RAM)
keyboard and monitor
hard disk

Used FPGAs to implement processor for the computer system

Each of these components has a controller to provide an abstract interface for the
processor

Why use FPGAs?
flexibly programmable softprocessors, faster than software simulation,
cheaper

Definition – Controller: A digital circuit which interfaces two separate pieces of
hardware and controls the flow of data between them

Major tasks of project:
1) design and program basic version of Larc processor with RAM
2) incorporate support for monitor and keyboard for interaction with computer
3) add support for an operating system (simple OS compatible with Larc)
4) incorporate hard disk to support file system
5) add support for multitasking via timer

Common applications:

All the components are connected by a highspeed bus
Definition – Bus: A system of parallel wires that transfer data between computer
components

Possible future projects:
1) continue enhancing processor's performance
2) create more applicationspecific processors for use in other scientific fields

Our application:
processor core that can be
flexibly modified according to
gradual improvements

A complete system

Fig. 1 Altera DE1 Board Overview; components used in the
project are marked

Fig. 2 Broad overview of the Larc processor
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The Larc Processor

The Larc ISA

Processor Schematic:

Major components of the processor:
Registers (e.g. PC, MAR, opcode etc.)
ALU

Definition  ISA (Instruction Set Architecture): Specification
of set of instructions a processor can execute, and
memory layout
Subset of MIPS
Processor width: 16 bits

Register File
Memory and I/O controller
Control Unit
Data flow in the processor is managed by the
Control Unit

16 instructions: 8 ALU, 2 branches, 2 memory, 2 immediate
loads, 1 jump, and 1 system call
Memory: 16bit address, 16bit data → address space 216 → total
memory size = 128KB
16 Registers: 13 generalpurpose, 3 specialized → form the
register file
Uses memorymapped I/O for input/output communication

Legend:
Blue lines denote data transfer
Purple lines denote control signals

Fig. 6 Base Larc Assembly instructions

The System Architecture
The System Architecture is the part of the ISA that specifies support for an operating system

Fig. 4 Larc Processor schematic

Legend:

Fig. 3 The complete computer system

Processor Control:

Definition  Operating System (OS): A software program (or a set thereof) which acts as an intermediary between
application programs and computer hardware

Yellow circles denote the states of the control
unit

Added support for a simple OS to the processor via the implementation of a system call instruction

Arrows show direction of control flow

OS polls I/O devices through memorymapped registers

User applications communicate with the OS through this instruction
A simple (inefficient) way to communicate with devices (e.g. monitor, keyboard)
Added support for multitasking using a timer in the processor

The Control Unit in the processor is managed via a
Finite State machine

Multiple processes execute concurrently, timer allows for preemptive switching

Definition – Finite State Machine: Behavioral model
which specifies a finite set of states, a state
transition function, and state events
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