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Abstract Checksum and residue checking accelerators were implemented on a Nios II core-based platform according
to component method, in which the corresponding hardware was implemented with HDL coding, a custom instruction
method, in which the instruction set of the processor was extended, and the C2H method, in which the corresponding
logic was automatically created by the C2H compiler. The processing results from each accelerator for each algorithm
were then examined and compared. The results of the comparison showed that the accelerator implemented with the
C2H method is the fastest in terms of the execution time, and the accelerator with custom instruction requires the

least add-on from the viewpoint of add-on hardware.
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[Fig. 1] Block diagram of Nios II custom instruction
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& 7% 2 9} go| AYsku g AR

Save 8-bit input into memaory

v

| Input 16-bit data to the accelerator |

v

| sum_1l = high 8 bit + low 8 bit |

v

| sum_reg = sum_1l + sum_reg |

v

| sum_2 = sum_reg high 8bit + sum_reg low 8 bit |

| sum_3 = sum_2 high 8bit + sum_2 low 8bit |

¥

| Output sum_3's 1's complement |

[Fig. 2] Checksum flow chart
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void sw_checksum(int
*output data,...)
{...
for (i = 0;
{
sum 1 (input datal[i] & (0x000000ff)) +
((input_datali] >> 8) & (0x000000ff));
sum reg += sum 1;
sum 2 = (sum reg & (0x000000ff)) + ((sum reg
>> 8) & (0x000000fT)) ;
sum 3 = (sum_2
>> 8) & (0x000000fT)) ;
output datali] = (T (sum 3 & (0x000000ff))) &
(0x000000ff) ;
}

*input data, int

i <Nj; it+h)

& (0x000000ff)) + ((sum_2

3.1.1 Component Hf&] 75

7F57] 22 2] HDLAM[6], component &= 3 Nios
o 7|9k Alzglel] gAe] M= e n, 254
olgjo]l B2l component_checksum() & 333}
32, component_checksum() & IORD_32DIRECT() <}
IOWR_32DIRECT() &%3}4] 7}47] componentell <
Eig=g

main()-<

void component checksum(int *input data,
int length)

int *
output data,

{

for (i=0; i< N; i++)

{

TOWR 32DIRECT (COMPONENT BASE, 0, input datali]) ;
output_data[i] = IORD 32DIRECT (COMPONENT BASE,
0);

}
1
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#define ALT CI_CHECKSUM CI_INST N 0x00000000
#define ALT CI CHECKSUM CI_INST N MASK ((1<<2)-1)
#tdefine ALT CI CHECKSUM CI INST(n,A) builtin
custom_ini (ALT_CI_CHECKSUM_CI_INST N+(n&ALT CI _C
HECKSUM_CI_INST N MASK), (A))

main() IE==  AREA ‘éxé“é‘—%oig
ci_checksum() $H+& T &3}
1

oz TEE ElE BE

void int *

int length)

ci checksum( input data, int *
output data,

{

for (k = 0; k < N; k++)
{

ALT CI_CHECKSUM_CI_INST (1, (int)input_dat
alkl);
output_datalk] = ALT_CI_CHECKSUM_CI_INST
2, 0);
1

3.1.3 C2H A 73
747 FEUdE ol g d¥om MAEE
c2h_checksum() 2.2 sw_checksum()3} 93t 344 4

4
BERELEE

void c2h checksum(volatile
int *

int %  restrict
input data,
length)

{

~ restrict  output data, int
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accelerator_checksum_cZh_checksum.v
accelerator_checksum_cZh_checksum_managed_inst
ance.v

c2h_port_byte_refine.v

3.2 Residue checking 7t&7| £®
7Pk 2] R FHES 3 residues 1 33
2ol dAsla s 7HE571E AT

‘ Input 16-bit data ‘

{

‘ a = high 8 bit, b = low 8 bit, sum=a+b ‘

{

‘ residue_a = a % 3, residue b = b % 3 ‘

!

‘ residue_a_b = residue_a + residue_b ‘

{

‘ H?Sidu(l sum

!

Output and compare residue_a_b and
residue_sum

sum % 3 ‘

[Fig. 3] Residue checking flow chart
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void sw residue(int *input data, int *output data,

i=0;i<N; i+

(input_datali] >> 8) & (0x000000ff) ;
input datali] & (0x000000ff) ;
=a+b;

sum
residue a = a %3;
residue b = b %3;
residue a b = (residue a + residue b) % 3;
residue sum = sum % 3;
output_datali] = ((residue a b & (0x0000000f))

< 2) + (residue sum & (0x00000000f));

}
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void component_residue (int *input_data, int
*output data, int length)

{

for (i=0; i< N; i++)
{
TOWR_32DIRECT (COMPONENT BASE, 0, input datal[i]) ;

output datali] = IORD 32DIRECT (COMPONENT BASE, 0) ;
}
1
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#define ALT CI_RESIDUE CI_INST N 0x00000000

#define ALT CI RESIDUE CI INST N MASK ((1<<2)-1)
#define ALT CI RESIDUE CI INST(n,A)  builtin custom
_ini (ALT CI RESIDUE CI INST N+(n&ALT CI RESIDUE CI
INST_N_MASK), (A))

void ci residue( int * input data , int *
output data, int length)

{

for (k = 0; k <N; kt+)
{
ALT CI RESIDUE CI INST(1, (int*)input datalk]);
output_datalk] = ALT CI RESIDUE CI INST(2, 0);
1
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void c2h residue(volatile int *  restrict
input data, int *  restrict  output data, int
length)

{

}
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O 4% checksum  AHE]9]  softwareTd H

component ], custom instruction B217 C2H -]
77 FEHA] A8 A A7ke] 1397 us —> 330 us —>
284 us —> 119 us & GFH |, software 78S 7|E o2
3= speed-up factor7} 424 —> 492 -> 1178 = Yepd
S HojFrh

nios2-terminal: connected to hardware
using JTAG UART on cable

nios2-terminal: "USB-Blaster [USB-0]", device 1,

target

instance 0

nios2-terminal: (Use the 1IDE

Ctrl-C to terminate)

stop button or

All the hardware and software results match

Processing times:

Software processing time was: 0.001397 seconds
Component processing time was: 0.000330 seconds
Custom Instruction processing time was: 0.000284
seconds

C2H processing time was: 0.000119 seconds

Component versus software speed-up factor was:
4.24 times

Custom Instruction versus software speed-up
factor was: 4.92 times

C2H versus software speed-up factor was: 11.78
times

Exiting...

nios2-terminal: exiting due to "D on remote

[Fig. 4] Processing results from checksum accelerator
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component 4],

nios2-terminal: connected to hardware target
using JTAG UART on cable

nios2-terminal: "USB-Blaster [USB-0]", device
1, instance 0
nios2-terminal: (Use the IDE stop button or

Ctrl-C to terminate)

All the hardware and software results match

Processing times:

software processing time was: 0.000600 seconds
Component processing time was: 0.000330 seconds
Custom Instruction
0.000284 seconds

C2H processing time was: 0.000117 seconds

processing time was:

Component versus software speed-up factor was:
1.82 times

Custom Instruction versus
2.11 times

C2H versus software speed-up factor was:

software speed-up
factor was:
5.12
times

Exiting...

nios2-terminal: exiting due to "D on remote

[Fig. 5] Processing results from residue checking

accelerator
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[Fig. 6] Processing time for checksum accelerator
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[Fig. 7] Processing time for residue checking accelerator
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[Fig. 8] Logic element utilization for checksum

accelerator
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[Fig. 9] Logic element utilization for residue checking
accelerator
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