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Overview

› Bus and network principles
› PCIe interface
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Busses
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Computer System Technologies
What’s the most important part of this picture? 

Source: Steve Ward (MIT Opencourseware licence http://ocw.mit.edu/terms/index.htm#cc)



Technology comes & goes;
interfaces last forever

› Interfaces typically deserve more engineering attention than the technologies 
they interface…
- Abstraction: should outlast many technology generations

- Often “virtualized” to extend beyond original function (e.g. memory, I/O, services, 
machines)

- Represent more potential value to their proprietors than the technologies they connect.

› Interface sob stories:
- Interface “warts”: Windows “aux.c” bug, Big/little Endian wars

- IBM PC jr

› ... and many success stories:
- IBM 360 Instruction set architecture; Postscript; Compact Flash; ...

- Backplane buses 
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System Interfaces and Modularity

6Source: Steve Ward (MIT Opencourseware licence http://ocw.mit.edu/terms/index.htm#cc)



Interface Standard: Backplane Bus

7Source: Steve Ward (MIT Opencourseware licence http://ocw.mit.edu/terms/index.htm#cc)



The Dumb Bus: ISA & EISA 

8Source: Steve Ward (MIT Opencourseware licence http://ocw.mit.edu/terms/index.htm#cc)



Smarter “Processor Independent” Busses

9Source: Steve Ward (MIT Opencourseware licence http://ocw.mit.edu/terms/index.htm#cc)



Buses, Interconnect… what’s the big deal? 

10Source: Steve Ward (MIT Opencourseware licence http://ocw.mit.edu/terms/index.htm#cc)



Bus Lines as Transmission Lines

11Source: Steve Ward (MIT Opencourseware licence http://ocw.mit.edu/terms/index.htm#cc)



Coping with Analog Issues

12Source: Steve Ward (MIT Opencourseware licence http://ocw.mit.edu/terms/index.htm#cc)



Synchronous Bus Clock Timing

13Source: Steve Ward (MIT Opencourseware licence http://ocw.mit.edu/terms/index.htm#cc)



A Simple Bus Transaction 

14Source: Steve Ward (MIT Opencourseware licence http://ocw.mit.edu/terms/index.htm#cc)



Multiplexed Bus: Write Transaction: 
More efficient use of shared wires 

15Source: Steve Ward (MIT Opencourseware licence http://ocw.mit.edu/terms/index.htm#cc)



Multiplexed Bus: Read Transaction

16Source: Steve Ward (MIT Opencourseware licence http://ocw.mit.edu/terms/index.htm#cc)



Bus Arbitration: Multiple Bus Masters

17Source: Steve Ward (MIT Opencourseware licence http://ocw.mit.edu/terms/index.htm#cc)



Networks
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Meanwhile: Outside the Box

19Source: Steve Ward (MIT Opencourseware licence http://ocw.mit.edu/terms/index.htm#cc)



Serial, point-to-point communications…. 

20Source: Steve Ward (MIT Opencourseware licence http://ocw.mit.edu/terms/index.htm#cc)



Busses and Bridges in Modern Computers
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FPGA 
(usually) 
goes here

Source: Steve Ward (MIT Opencourseware licence http://ocw.mit.edu/terms/index.htm#cc)



Generalizing Buses…
Communication Topologies 

22Source: Steve Ward (MIT Opencourseware licence http://ocw.mit.edu/terms/index.htm#cc)



Quadratic-cost Topologies 

23Source: Steve Ward (MIT Opencourseware licence http://ocw.mit.edu/terms/index.htm#cc)



Mesh Topologies

24Source: Steve Ward (MIT Opencourseware licence http://ocw.mit.edu/terms/index.htm#cc)



Logarithmic Latency Networks

25Source: Steve Ward (MIT Opencourseware licence http://ocw.mit.edu/terms/index.htm#cc)



Communication Topologies: Latency

26Source: Steve Ward (MIT Opencourseware licence http://ocw.mit.edu/terms/index.htm#cc)



The future

27Source: Steve Ward (MIT Opencourseware licence http://ocw.mit.edu/terms/index.htm#cc)



Altera NIOS Processor
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Introduction

› NIOS II Classic is a soft processor from Altera
- Has floating point, MMU, caching, 

- Uses the Avalon bus

- Excellent supporting tools 

- SOPC Builder generates designs from parameters such as data width, address range

› Describe Avalon to External Bus Bridge



A NIOS II System
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NIOS II Memory and I/O Organisation

31Source: Altera



Avalon to External Bus Bridge

32Source: Altera



Bus Signals

› Address—kbits (up to 32). 
› BusEnable—1bit. Indicates that all other signals are valid, and a data transfer 

should occur. 
› RW—1bit. Read(1), Write(0)
› ByteEnable — 16, 8, 4, 2 or 1 bits. Each bit indicates whether or not the 

corresponding byte should be read or written. These signals are active high.
› WriteData — 128, 64, 32, 16 or 8 bits. The data to be written to the peripheral 

device during a Write transfer.
› Acknowledge — 1 bit. Used by the peripheral device to indicate that it has 

completed the data transfer.
› ReadData—128, 64, 32,16. Data read from peripheral during a Read transfer.
› IRQ—1bit.Used by peripheral device to interrupt the processor.
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Other Features

› Synchronous bus – all transfers occur on rising edge of clock
› Bus has time out

34Source: Altera



An Interface

35Source: Altera



Timing Diagram

36Source: Altera
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