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Correctness, Reliability, and Real-time Performance
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Real-time and Correct Operation

* Consider this system:
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Real-time and Correct Operation

* Consider this system:

Is it possible to mechanically
inspect system to determine if
It will run correctly and in real-time?
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Real-time and Correct Operation

* Consider this system:

Is it possible to mechanically
inspect system to determine if
It will run correctly and in real-time?

NO —this is a classic CS problem:
The Halting Problem
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Hardware/Software Co-design
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Hardware/Software Co-design
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Hardware/Software Co-design
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Addressing the Hardware/Software Co-design Issue
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Addressing the Hardware/Software Co-design Issue

Hardware design in
schematic form, VHDL

Software design in
flow charts, HLL
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Addressing the Hardware/Software Co-design Issue
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Addressing the Hardware/Software Co-design Issue
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« FPGA concept:

FPGASs with Processor Cores
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FPGASs with Processor Cores

» FPGA functional breakdown:
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Multithreaded Programming

while(1) {. . .}
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Context Switching

Thread 1

Thread 2

Thread 3
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Context Switching

Thread 1 running

Thread 2 g;5pended

Thread 3

suspended
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Context Switching

Thread 1 running suspended
EEEEEEEEEEEEEEEEEEEEESEEEEEEEEEETRm

Save c@ntext 1
Restorefgontext 2

Thread 2 g;5pended running
...........ﬁ......................

Thread 3 g, spended suspended
EEEEEEEEEEEEEEEEEEEEEESEEEEEEEEEEESEEEEEEEEEETRm

Context 2 Context 3 Active Context
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Context Switching

Thread 1 running suspended suspended
EEEEEEEEEEEEEEEEEEEEESEEEEEEEEEETRm

Save c@ntext 1
Restorefgontext 2

Thread 2 g;5pended running suspended
...........ﬁ......................

Save c@ntext 2
Restore gontext 3

Thread 3 gyspended suspended running
EEEEEEEEEEEEEEEEEEEEETEHmE

Context 1 Context 2
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Context Switching

Thread 1 running suspended suspended suspended

Save c@ntext 1
Restorefgontext 2

Thread 2 g;spended running suspended running
Save c@ntext 2 Save c@ntext 3
Restore gontext 3 Restore gontext 2
Thread 3 g, spended suspended running suspended
Context 1 Context 2 jwe Context
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Addressing the Hardware/Software Co-design Issue

—cehorgystem e /HEL

Software design in

—frorSyistens-Stt—
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FPGASs with Processor Cores

» FPGA functional breakdown:
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Open Research Questions

 If you are doing HW/SW co-design

on an FPGA-like device with microprocessor core and digital logic,

how can you support execution threads that cross the boundary between
hardware and software?

This is part of the HW/SW partitioning issue — you might decide to realize a
function in hardware or software, as you do the HW/SW functional
assignment.

How do you support simple synchronization primitives, like signal ( ) and
wait ( )? E.g., what if a software process needs to wait on a hardware
function?
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