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Embedded Systems (real-time
computing systems with a dedicated
functionality), often working in
constrained and portable contexts, are
pervading the market.

embedded systems 
market growth

|
2014

|
2021

+53% 
$233 B 

$152 B

source: Transparency Market Research
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Embedded Systems are becoming
connected and capable of interacting
with Environment, the User and the
System itself, to adapt their behaviour
according to changing requirements.

|
2010

|
2021

source: CISCO ISBG

12.4 B

25.5 Bconnected devices
per person

+258% 

1.84

6.58

|
2014

|
2018

sensor/actuators
devices

+106% 

source: IC Insights

Introduction
Embedded Moving Toward IoT and CPS



|
2010

|
2021

12.4 B

25.5 Bconnected devices
per person

+258% 

1.84

6.58

|
2014

|
2018

sensor/actuators
devices

+106% Adaptivity pushes farther need of the systems that 
have to provide several working points while, at the same time, 

exhibiting a .

source: CISCO ISBG source: IC Insights

Embedded Systems are becoming
connected and capable of interacting
with Environment, the User and the
System itself, to adapt their behaviour
according to changing requirements.

Introduction
Embedded Moving Toward IoT and CPS



Emerging needs for modern embedded systems:

• high performance

• execution efficiency

• flexibility

• short response time
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Results: Functional vs. Imperative HLS for CGRA
Test Case: HEVC Fractional Pixel Interpolators
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Results: Functional vs. Imperative HLS for CGRA 
Test Case: HEVC Fractional Pixel Interpolators
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Results: Target Specific vs. Independent HLS for CGRA 
Test Case: Sobel and Prewitt edge detectors
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Results: Target Specific vs. Independent HLS for CGRA 
Test Case: Sobel and Prewitt edge detectors
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FPGA*
MDC+CAPH MDC+XRONOS XRONOS vs CAPH

Altera Xilinx Altera Xilinx Altera Xilinx

REG 1484 780 - 632 - -18,97%

LOGIC 1047 2347 - 1533 - -34,68%

RAM 15 0 - 6.5 - +100%

DSP 36 36 - 0 - -100%

MAX FREQ
[MHz]

105,80 93,69 - 142,86 - +58,50%

EXEC TIME [cck] 15340 15340 - 15348 - +0,05%

ASIC** MDC+CAPH MDC+XRONOS

AREA [kGE] 466,90 -

Max Freq [MHz] 399.04 -

Results: Target Specific vs. Independent HLS for CGRA 
Test Case: Sobel and Prewitt edge detectors

*target: Xilinx XXX Zynq-7 FPGA
**target: TMSC 45 nm CMOS technology



entity thr is
port (
i_empty: in std_logic;
i: in std_logic_vector(13 downto 0);
i_rd: out std_logic;
o_full: in std_logic;
o: out std_logic_vector(9 downto 0);
o_wr: out std_logic;
clock: in std_logic;
reset: in std_logic
);

end thr;
architecture FSM of thr is
begin
comb: process(i, i_empty, o_full)

variable p_p : signed(13 downto 0);
begin

-- i.rdy, i=4096, o.rdy / rd(i), wr(o,256)
if i_empty='0' and from_std_logic_vector(i,14)=to_signed(4096,14) and o_full=‘0’        
then
i_rd <= '1';
o <= std_logic_vector(to_unsigned(256,10));
o_wr <= '1';

-- i.rdy, i=8192, o.rdy / rd(i), wr(o,512)
elsif i_empty='0' and from_std_logic_vector(i,14)=to_signed(8192,14) and o_full=‘0’
then
...

end if;
end process;
seq: process(clock, reset)
begin

if (reset='0') then
elsif rising_edge(clock) then
end if;

end process;
end FSM;

module thr_0(o_SEND, i_DATA, i_ACK, 
o_RDY, i_COUNT, o_ACK, CLK, RESET, 
i_SEND, o_COUNT, o_DATA);
wire thrSof_go;
output o_SEND;
input [13:0]    i_DATA;
output i_ACK;
wire thr_done;
wire thrSof_done;
input o_RDY;
input      [15:0] i_COUNT;
...
assign thrSof_go=scheduler_u214;
assign o_SEND=or_024e0490_u0;
assign i_ACK=or_173c13d7_u0;
assign thr_done=bus_50b9a749_;
...
thr_0_scheduler 
thr_0_scheduler_instance(.CLK(CLK), 
.RESET(bus_3fb49b2f_), .GO(bus_72d0efa6_), 
.port_431807df_(o_RDY), 
.port_74145b7a_(i_DATA), 
.port_64e9829f_(thrEoF_done), 
.port_3adf3763_(thr_done), 
.port_1779a109_(i_SEND), 
.port_0bb7799c_(thrSof_done), 
.DONE(thr_0_scheduler_instance_DONE), 
.RESULT(scheduler), 
.RESULT_u981(scheduler_u214), 
.RESULT_u982(scheduler_u215));

thr_0_thrSof 
thr_0_thrSof_instance(.CLK(CLK), 
.GO(thrSof_go), .port_269cbf08_(i_DATA), 
.DONE(thr_0_thrSof_instance_DONE), 
.RESULT(thrSof), .RESULT_u983(thrSof_u3), 
.RESULT_u984(thrSof_u4), 
.RESULT_u985(thrSof_u5));

endmodule

CAPH VHDL XRONOS Verilog

Results: Target Specific vs. Independent HLS for CGRA 
Test Case: Sobel and Prewitt edge detectors
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Final Remarks

• Modern embedded systems, pushed into the IoT and
CPS era, have lots of colliding requirements.

• Coarse-Grained Reconfigurable Architectures (CGRAs)
could be a suitable solution to meet these requirements.

• The development of CGRAs require HLS support to
complete design automation

• Functional HLS outperforms imperative HLS for this
specific kind of architectures

• Target specific HLS is more efficient on its target, but
it lacks in code compactness and readability
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