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Current scenario

m System-level design requires a unified design
approach for hardware and software

m State-of-art EDA tools already enable hardware
synthesis from software-like implementation in C/

C++

e Such tools focus only in hardware synthesis
e A clear methodology to synthesize both hardware and
software from the same description is still missing
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Goal

m Providing design guidelines to implement both
hardware and software from a single C++
description
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Proposed approach

m Separate the core implementation of a
component from aspects which are specific of
hardware and software

Core
component

m Adapt the component to the target scenario only
during the final system generation
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Hardware and software aspects

® [mplementation of core behavior not differ
significantly between hardware and software

for (inti = 0;i< SIZE; ++i)
array[i] = arrayli] * array][i]

PN

GCC HSL
tool

m However, there are differences at structural level
e Communication interface
e Resource allocation
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Communication interface

m Hardware and software have different
communication patterns
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Communication interface

m Hardware and software have different

communication patterns
o SW — SW

e Function/Method call interface
o HW — HW

e Signals/Handshaking
o SW - HW

e HAL sends commands using a communication infrastructures
(e.g. a bus or a NoC). HW parses commands and triggers the

operations

e HW — SW
e HW interrupts software. An ISR calls the requested operations
and then signalizes hardware
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HW interfaces from C/C++

m HLS tools require the definition of a single entry
point for the component (e.g. a single function or
method)

Clock/Reset

module mult_acc_array(
input clk,
void mult_acc_array( input rst,

int input[SIZE], —

int factor, — — input [(32*SIZE)-1:0] in,
int &result) — = input [31:0] factor,

—# output [63:0] result,

input d_available,
Handshaking signals — output d_ready

);
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Resource allocation

m Hardware is "frozen"

m Dynamic resource allocation is not available
® ¢.9g. hew operator, malloc() ...

m All data structures must reside in statically
allocated memory
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Scenario adapters

m Components are designed
independently from a
execution scenario

m Aspects encapsulate

common features
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Hardware and software scenarios

@V ScenaD HW ScenaD

QIJ _________ public Scenario_Adapter :
TTTTte=t public :
Scenario Adapter . IF<Traits<Component>::hardware,
: HW_Scenario, ’
SW_Scenario>::Result
- > Component 1
1
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Component adaptation

m Scenario adapters do not modify the inner
structure of components

m Behavior is only added before and after the
execution of each operation

m Components design must follow a careful domain
decomposition process
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CPU

+ switch_context()

Stack

<> + suspend()

CPU_Context

Thread

Ordered_List

1

Scheduling_List

*

i

Scheduler

+ resume()

- reschedule()

+ insert(...)
+ remove(...)
+ choose()

Criterion

T

FCS

EDF

Priority
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External allocation of links

Link insert(Object obj) {
Link link = Scenario::allocate(obj);
Scheduler::insert(link);
return link;

}

Object remove(Link link) {
Object obj = Scenario::get(link);
Scheduler::remove(link);
Scenario::free(link);
return obj;

}

15/06/2012 http://www.lisha.ufsc.br

17



Case study

m PABX application
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Results

m SW-only vs SW-adapted

m HW-only vs HW-adapted
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Results

m SW-only vs SW-adapted

e Memory footprint overhead =5 %
e Execution time overhead = 3 %

m HW-only vs HW-adapted
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Results

m SW-only vs SW-adapted

e Memory footprint overhead =5 %
e Execution time overhead = 3 %

m HW-only vs HW-adapted

e Area overhead = 20 %
® Speed overhead = 23 %
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Conclusions

m [t is possible to provide unified implementations of
components through the isolation of specific HW/
SW aspects and careful design

m Despite the current results, C++ implementations

can be used at system-level in a straightforward
way
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