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ﬂ)o - Logic operator
()

o>

i void logic_operator(bool a_i, bool b_i, bool &qg_o) {

! g0 =a_i &b_j; i . I: o e 0
i ) i a_il0:0] | %‘1 J

RTL_AND

You need to explicitly ask to not add default
{ } interface signals

({(0>) < 71




ﬂ)o - Logic operator (simplified)

«

o>

----------------------------------------------------- Most ports are removed except

void logic_operator(bool a_i, bool b_i, bool &qg_o)

{

#pragma HLS INTERFACE ap_ctrl_none port=return

#pragma HLS INTERFACE ap_none port=a_i
#pragma HLS INTERFACE ap_none port=b_i
#pragma HLS INTERFACE ap_none port=qg_o

g_0=a_i &b_i;

g_o_i
. > 10—
b_i[0:0]
O 3
q_o[0:0]
a_i[0:0]

RTL_AND
st D
!

Reset is a crucial part of synchronous circuits and Vitis implement them by

default

({((L}) « )

1k




ﬂ)l - Arithmetic operator

void arithmetic_operator(int a_i, int b_i, int &g_o0) { i
#pragma HLS INTERFACE ap_ctrl_none port=return i
#pragma HLS INTERFACE ap_none port=a_i i
#pragma HLS INTERFACE ap_none port=b_i
#pragma HLS INTERFACE ap_none port=q_o aprst

«

o>

Can we write different operations

instead of just logic gates?

q_oi

Qq_0 = a_i + b_i;
a_i[31:0]

11[31:0]

o
D

({((L}) « )

10[31:0] /\
(\4—/ = o

RTL_ADD

Integers are 32-bit signals by default

1k




ﬂ)z - If-else

)

What an if else statement translates

void if_else(int a_i, int b_i, bool sel_i, int &g_o) { i
#pragma HLS INTERFACE ap_ctrl_none port=return i
#pragma HLS INTERFACE ap_none port=a_i i
#pragma HLS INTERFACE ap_none port=b_i ‘
#pragma HLS INTERFACE ap_none port=sel_i v [
#pragma HLS INTERFACE ap_none port=qg_o

«

o>

S=1'bl 10[31:0]

0[31:0]

o[31:0
S=default 11[31:0] a.ol 1

RTL_MUX

a i[31:0] D
if (sel_i) { b_i[31:0] D
Qq_0 = b_i;
} else {
g0 = a_i; sel_i[0:0] D
}

({((L}) « )




ﬂ)3 - If-else-arithmetic

void if_else(int a_i, int b_i,

)

3

bool sel_i, int &g_0) { i
#pragma HLS INTERFACE ap_ctrl_none port=return i
#pragma HLS INTERFACE ap_none port=a_i

«

o>

#oragma HLS INTERFACE ap_none port=b_i = P

#pragma HLS INTERFACE ap_none port=sel_i "> B_ s e | S RT?D .
#pragma HLS INTERFACE ap_none port=g_o e D FTLAD T

if (sel_i) { ::sz _ >omm

q_0 =a_i + b_i;

} else { '

q—o = a—i - b—i; source Estimates

}

LATENCY(CYCLES) LATE

({(L>}) «J

INTERVAL PIPELINED
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#include <ap_int.h>

i VOid if_else(ap—int<8> a—il ap—int<8> b—il MO OPS NCY(CY 5) .I :5 INTERVAL PIPELINED BRAM DsP FF LT URAM

: bool sel_i, ap_int<9> &q_o) : : 7 o ® la la

 { i

E #pragma HLS INTERFACE ap_ctri_none port=return i

: #pragma HLS INTERFACE ap_none port=a_i :

) #pragma HLS INTERFACE ap_none port=b_i :

E #pragma HLS INTERFACE ap_none port=sel_i i

! #pragma HLS INTERFACE ap_none port=q_o i

] if (sel_i) { !

: g_o=a_i+b_i; aprst [ o

: } else { ) add_In11_fu_65 p2 i S=1'b1 [0[8:0]

: g_o=a_i-b_i; bil7:0] D_A(:ﬂgzj RIERS S—default _1[8:0] P [ qosol
: - - - aito1 [ —_/ RTL_MUX

1 } RTL_ADD S

! } sel if0:0] [

: sub_In13_fu_71_p2_i

| e Yoms

1 RTL_SUR ’

13




#include <ap_int.h>

void if_else(ap_int<8> a_i, ap_int<8> b_i,
bool sel_i, ap_int<8> &q_o)

#pragma HLS INTERFACE ap_ctri_none port=return

#pragma HLS INTERFACE ap_none port=a_i
#pragma HLS INTERFACE ap_none port=b_i
#pragma HLS INTERFACE ap_none port=sel_i
#pragma HLS INTERFACE ap_none port=q_o

{
if (sel_i) {
q_o=a_i+ b_i;
}else {
qg_o=a_i-b_i;
}

}

Estimates

LATENCY(CYCLES) LATENCY{MS)

INTERVAL

1

PIPELINED BRAM

DSl

P

FF

qoi

ap_rst D
o701 add_In1l_fu 57 _p2_i S=11 10[7:0]
. I .
bi[7:0] [—rp o |+ ol S=default _11[7:0]
r I11[7:
ait701 > ./
RTL_ADD S
sel_i[0:0] I >
sub_In13 fu_ 63 p2_i
10[7:0] /\
0[7:0]

11[7:0] -

RTL_SUB

0[7:0] D qol7:0]

RTL_MUX




250

200

150

(8-bit unsigned)

1100

50

Quantization

8-bit Unsigned Input + 9-bit Unsigned Output

100 150
a_i (8-bit unsigned)

250

200

150

(8-bit unsigned)

21100

50

8-bit Unsigned Input + 8-bit Unsigned Output

100 150
a_i (8-bit unsigned)

300

200

100

Sum Value

15



/Quantization

8-bit Signed Input + 9-bit Signed Output

100

50

-bit signed)

b_i(8

—100

=50 0
a_i (8-bit signed)

b_i (8-bit signed)

100

50

o

-100

8-bit Signed Input + 8-bit Signed Output

=50 0
a_i (8-bit signed)

200

100

o

—100

—200

Sum Value

16



v Performance

MODULES & LOOPS

#include <ap_int.h>

void multiplier(ap_int<8> a_i, ap_int<8> b_i,
ap_int<8> &q_o) {

q_o=a_i*b_i;

#pragma HLS INTERFACE ap_ctri_none port=return
#pragma HLS INTERFACE ap_none port=a_i
#pragma HLS INTERFACE ap_none port=b_i
#pragma HLS INTERFACE ap_none port=q_o

if_else 0

ap_rst D
b_i[7:0] D—|

INTERVAL

TARGET ESTIMATED

Utilization

Resource Estimation

LuT

PIPELINED BRAM DsP LuT URAM

no

UNCERTAINTY

Post-Synthesis | Post-implementation
Graph | Table

Available Utilization %

35 1182240 0.01

mul 8s 8s 811 Ul

a_i[7:0] D_l

tmp_product_i

din0[7:0] 10{7:0] q_o[7:0]
- 0[7:0] dout[7:0]

din1[7:0] 11(7:0]
RTL_MULT

if_else_mul_8s_8s_8 11

&

17




#include <ap_int.h>

void if_else(ap_int<8> a_i, ap_int<8> b_i,
ap_int<16> &q_o) {

q_o=a_i*b_i;

v Performance & ce Estimates

MODULES & LOOPS LATENCY(CYCLES) LATENCY{NS) INTERVAL PIPELINED BRAM DsSP FF LuT URAM

#pragma HLS INTERFACE ap_ctri_none port=return
#pragma HLS INTERFACE ap_none port=a_i
#pragma HLS INTERFACE ap_none port=b_i
#pragma HLS INTERFACE ap_none port=q_o

ap_rst D
bit7:0] [ ——

0 0.0 no ] /] 0 40 0

utilization Post-Synthesis | Post-Implementation
Graph | Table

Resource Estimation Available Utilization %
LUT 61 1182240 0.01

mul_ 85 8516 1 1 Ul

tmp_product_i

a.i[7:0] D_l

din1[7:0] 11[7:0] (

din0[7:0] 10(7:0] g_o[15:0]
/‘\ 0[15:0] dout{15:0]

RTL_MULT

if else_mul 85 85 16 1 1

&




b_i (8-bit signed)

100

50

(=]

=50

—100

Quantization

8-bit Signed Input * 8-bit Signed Input (16-bit Output)

—-100 —-50 0 50
a_i (8-bit signed)

100

15000

10000

5000

[=]

-5000

—10000

—=15000

Product Value (16-bit)

b_i (8-bit signed)

100

50

=50

-100

8-bit Signed Input * 8-bit Signed Input (8-bit Output

—100

-50

a_i (8-bit signed)

50

100

)

100

Product Value (8-bit)

19



/Qucmtization

8-bit Unsigned Input * 8-bit Unsigned Input (16-bit Qutput)

250

200

150

-bit unsigned)

b_i(8

1100

50

0 50 100 150 200 250
a_i (8-bit unsigned)

60000

50000

40000

30000

20000

10000

Product Value (16-bit)

(8-bit unsigned)

250

8-bit Unsigned

Input * 8-bit Unsigned Input (8-bit Output)

100 150 200 250
a_i (8-bit unsigned)

250

1200

150

=
o
o

50

Product Value (8-bit)



/Qucmtization

8-bit Unsigned Input * 8-bit Unsigned Input (16-bit Qutput)
250 -

200

150

-bit unsigned)

b i(8

1100

50

100 150
a_i (8-bit unsigned)

60000

50000

40000

30000

20000

10000

Product Value (16-bit)

-bit unsigned)

b i(8

8-bit Unsigned Input * 8-bit Unsigned Input (15-bit Output)
250

200

150

100

50

100 150
a_i (8-bit unsigned)

25000

20000

15000

10000

5000

Product Value (15-bit)



Gecap

To stay on the linear side without
overflow, make sure:

Q=max(A,B)+1

when A, B, and Q are the width of a_i, b_i, and
q_orespectively

[ ]

1 F

({>»01moo}))

((:00-=>>})
{(<1001000>>)}
((:0)>"><))
<01 001} +100 0}>
((:0)>"><))
{(<1001000>>)}
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[ ]

1 F

#include <ap_int.h

void multiplier(ap_int<8> a_i, ap_int<8> b_i,

>

ap_int<16> &q_o) {

#pragma HLS INTERFACE ap_ctri_none port=return
#pragma HLS INTERFACE ap_none port=a_i
#pragma HLS INTERFACE ap_none port=b_i
#pragma HLS INTERFACE ap_none port=q_o

register

q_o

=a_i*b_i;

 Performance &

MODULES & LOOPS

-— m—mmm -
apk [ > ap_Cs_fsm_reg[1:0]
ap_rst > ]
- -
ap_NS_fsm_i ap_NS_fsm_i_0
Sy
V=B"01", S=1'b1 10[1:0] - V=B"10", $=2'b01 10[1:0] -
0[1:0] o101 RTL_REG_SYNC
V=B"10", S=default _11[1:0] 5=2610 _11[1:0] nfe
-
— >
o[ RTLMux sirr | RTeMux

b_il7:0] D

ce Estimates

LATENCY(C 5) LATENCY(NS)

PIPELINED BRAM DsP LuT URAM

no 0 0 8 54 1]

.0_1_data_reg_reg(15:0]

c

\H

mul_8s 85.16_11 UL

din0[7:0] dout[15:0]

aini(7:0] |

aimor [y

if_else_mul_B5_Bs_16_1_1

CE Q

D a_ol15:0)
D

RTL_REG <

24




_________________________________________________________

#include <ap_int.h>

void multiplier(ap_int<8> a_i, ap_int<8> b_i,
ap_int<16> &q_o) {
#pragma HLS PIPELINE

#pragma HLS INTERFACE ap_ctri_none port=return

#pragma HLS INTERFACE ap_none port=b_i
#pragma HLS INTERFACE ap_none port=q_o

register

erformance & Resource Estimates

MODULES & LOOPS LATENCY(CYCLES) LATENCY(NS) INTERVAL PIPELINED BRAM D5P FF LUT URAM

if_else 1 10.000 yes 0 0 18 44 0

i #pragma HLS INTERFACE ap_none port=a_i

— — ap_CS_fsm_reg[0] g_o_1_data_reg_reg[15:0]
} c G I
______________________________ CE Q CE Q : » g_al15:0]
D D
SET
RTL_REG_SYNC
RTL REG

ap_rst D

mul_8s 85 16 1 1 Ul

a8
bir7:00 [—— din0[7:0]

a i[7:0] D—| din1[7:0]

tmp_product_i
10[7:0]

. 0O[15:0] dout[15:0]
11[7:0] (

RTL_MULT ‘

if_else_mul_8s_8s_16_1_1




/Sequential logic g

S & LOOPS LATENCY(CYCLES)

#include <ap_int.h>

void counter(bool inc_i, ap_uint<8> &q_o) {
#pragma HLS INTERFACE ap_ctri_none port=return
#pragma HLS INTERFACE ap_none port=inc_i
#pragma HLS INTERFACE ap_none port=¢_o
// Use a static variable to retain state between calls
static ap_uint<8> counter = 0;

if (inc_i) {

LATENCY{NS) INTERVAL

1

PIPELINED

no

BRAM

DsSP FF LuT URAM

ap_phi_mux_counter_1_loc_0_phi_fu 46_p4_i

S

counter++;
g_o = counter;
s=1b0 10[7:0]
S=default _11[7:0]
ap_clk [> counter_1_reg[7:0]
ap_CS_fsm_reg[0] ¢
add_In11_fu 58 p2 i
c ~ 0[7:0] ¢Q
CE Q 10[7:0] [ + - D
o SET RTL_ADD
RTL_REG_SYNC : RTL_REG
= - jo counter 10 i
ap_rst [ m 0
inc_if0:0] > RTL_AND

OWDJ—D q_o[7:0]

RTL_MUX

26



ﬂ\nultiple input adder vi

~ HW Inte

DIRECTION BITWIDTH

void adder(ap_uint<8> a_i[4], ap_uint<10> &q_o) {
#pragma HLS INTERFACE ap_ctri_none port=return
#pragma HLS INTERFACE ap_none port=a_i
#pragma HLS INTERFACE ap_none port=¢_o

out 2

8

~ Other Ports

// Sum the elements, using a 10-bit accumulator
ap_uint<10> sum = 0;

for(inti=0;i<4;i++){

sum += a_i[il;

}

PORT MODE DIRECTION BITWIDTH

go ap_none out 10

~TOP LEVEL CONTROL
INTERFACE TYPE
(-0 = sum;, ap_clk

ap_rst reset

ap_ctrl ap_ctrl_none

Estimates

'-.-'1Dd|_1|»:-5 Lr_u:pz Hu:ie empty columns

MODULES & LOOPS LATENCY(CYCLES) LATENCY{NS) ITERATION LATENCY INTERVAL TRIP COUNT PIPELINED BRAM DsP FF LUT URAM

adder (1) 6 & - 4 - loop auto-rew 0 0




ﬂ\nultiple input adder vi

flow_cantrol_leop_pipe_no_ap_cont_ U

ap_ck

femp_In10_fu_100_p2 |
1o _ap_loop_exit_ready0 |
o

ATL_AND

apck

, sane_nt
ap_loop,_exit_done
‘ap,laop,_exit ready

ap_ contins_nt v
ap_dons
ap, ook,

an_ready.int ap_reads
ap st ap_starl_int
ap,start

adder_flow_control Toop_pipe_no_ap_cont ‘

1o _8p_sig_sllocacmp i1 _load i
i

ap_loop_init_pp0_iter] reg_req

a_i_a017:01 O

Utilization

Resource Estimation
LuT

FF

24
15

Gra

Available
1182240

2364480

ap_sig_allocacmp_i1_load i
sere I00L:0]
Searui (U100

oo}

RTL_MUX

s> a_i_addresso

‘ AND
i1_fu_48 reg(1:0]
- o vy
L usap e
RILREG

RTL_ADD

p_CS fsm_reql0]

ap_enable_req_ppo_iter]_reg

ap sig_allocacmp_sum2_load2._i

RTL_aND

1o _SUM2_fu_520_1
5

n

RTL_AND

1o_2p_slg_allocacmp_sum2_laad1,_|
" u
RTL_AND

(70

ap_sig_allacacmp_sum2_load i

sum2_fu_52_req{a:0]

Post-Synthesis | Post-implementation

ph | Table

Utilization %
0.01
0.01

aliced

+—> q_ol9:01

28



ﬂ\nultiple input adder v2

#include <ap_int. h> ~HW Interfaces

~ Other Ports

void adder(ap_uint<8> a_i[4], ap_uint<10> &q_o) {
#pragma HLS INTERFACE ap_ctri_none port=return
#pragma HLS INTERFACE ap_none port=a_i
#pragma HLS INTERFACE ap_none port=¢_o
#pragma HLS ARRAY_PARTITION variable=a_i dim=1type=complete

PORT MODE DIRECTION BITWIDTH
8
8

8

// Sum the elements, using a 10-bit accumulator
ap_uint<10> sum = 0;

for(inti=0;i<4;i++){

sum += a_ilil;

}

~ TOP LEVEL CONTROL
INTERFACE TYPE
ap_clk

(-0 = sum;,

ap_rst reset

ap_ctrl ap_ctrl_none

~ Performanc rce Estimates

it o) es L:n:ps Hide empty columns

MODULES & LOOPS LATENCY(CYCLES) LATENCY[NS) ITERATION LATENCY INTERVAL TRIP COUNT PIPELINED BRAM DsP FF LuT URAM

e S I ————

adder (1) 5 = 4 - loop auto-rew 0 ]




i 0[7: s=aeee 10(7:0]
aloro s=apa1[1(7:01
et s=awi0[2(7:0] olr:0)
i_2[7:0] = :
: : 3{7:0: I s=2p11 13(7:0]
icmp_In11_fu_154_p2 | i1_fu_58 reg[1:0) ap_sig_allocacmp_[1_load i s
s=zenn 10 s=1m1 10(1:0] . i
P o | fu 148 p2 | c PRI 0[(1:0] ap_sig_allocacmp_sum?2_load_i
L [1:0] e s=1%1 10[9:0]
s(:7] RTL_MUX i0[1:0] = o £TRTL_MUX e 1100:0]
= RTLADD RTL_REG =
ap_clk [» flow_control_loop_pipe_no_ap_cont_U sum2_fu_62_reg[9:0] +
ap_CS_fsm _reqg(0] ap_clk o _apsi g_a\lncecmp_i]_lnadl_i - i
> € . . ap_dane_int | 11 CE @
cE Q 0 apﬁ\uspﬁemtireadyui\ ap_loop_extt_done 4%{_AND D
D T ap_loop_exit_ready ap_loop_init
RTL_REG_SYNC RTL_AND ap_ready_int RILReS
ap_rst
apest L— ap_start
adder_flow_control_loop_pipe_no_ap_cont
N
/
Utilization Post-Synthesis | Post-implementation
Graph | Table
Resource Estimation Available Utilization %
LT 45 1182240 0.01
FF 13 2364480 0.01




ﬂwultiple input adder v3

—————————————————————————————————————————————————————————— Performance & Resource Estimates

#include <ap_int.h>

ITERATION LATENCY INTERVAL TRIP COUNT PIPELINED

void adder(ap_uint<8> a_i[4], ap_uint<10> &q_o) {
#pragma HLS INTERFACE ap_ctri_none port=return
#pragma HLS INTERFACE ap_none port=a_i
#pragma HLS INTERFACE ap_none port=¢_o
#pragma HLS ARRAY_PARTITION variable=a_i dim=1type=complete

// Sum the elements, using a 10-bit accumulator i
ap_uint<10> sum = 0; :
for(inti=0;i<4;i++){ l
#pragma HLS UNROLL factor=2 i
sum += a_i[i]; :

}

g_0 = sum;

e S I ————




mllultiple input adder v3

i 3[7:0] Sre1 01701
B Seacein 11701 | CEE

RTL_MUX
select_In13 fu_115_p3i add_In13_fu_139_p2 i
S=1n0110(7:0] Liei N o[a:0]
ai_ 2070 O e 0070 0(7:0) ol | +
ai 070 O A #n Ao
icmp_In13_fu_109_p2 | RIL_MUX ~
Al2:01 0
- HT TN sum2_fu_58 req(9:0] ap_sig_allocacmp_sum2 _load i
i1_fu_54_reg[2:0] allocacmp_i1_loal | i se1ur 10[90] o)
N —oanun_11[9:0)
ap_clk [ c 5:1: :‘J':j al of2:0] | ¢ o SR 192) q_0[9:0]
(3] - [ €T RTL_MUX
[ £ T RTL_MUX
RTL_REG =
RTL_REG - -
flaw_control_laop_pipe_no_ap_cont U
ap_C5_fsm_regl0] T
i_fu 156 p2 | ap_loop_exit ready0 |
10(2:0) o

PE TR o R OR e e )
AND ap_lsop_exit_ready ap lasp init

B . 1 ap_reany_int
ATL_REG_SYNC =

adder_flaw_control loop_pipe_no_ap_cont

Utilization Post-Synthesis | Fostdmplementation
Graph | Table

Resource Estimation Available Utilization %
LUT 34 1182240 0.01
FF 13 2364480 0.01 <




ﬂ\nultiple input adder v4

~ Performanc urce Estimates

#include <ap_int.h>

void adder(ap_uint<8> a_i[4]’ ap_uint<10> &q_o) { MODULES & LODPS LATENCY(CYCLES) | LATENCY(NS) INTERVAL PIPELINED 5P T URAM
#pragma HLS INTERFACE ap_ctri_none port=return adder 0 0
#pragma HLS INTERFACE ap_none port=a_i
#pragma HLS INTERFACE ap_none port=¢_o '
#pragma HLS ARRAY_PARTITION variable=a_i dim=1type=compl

]
]
]
]
]
1
]
]
]
]
]
]
]
]
)
1
! aprst [ add_In13_1 fu 89 p2 i .
! . . a.i_2[7:0] 10(7:0] ol8:0] o18:0]
1 // Sum the elements, using a 10-bit accumulator ol 7o |+ - - ) ool oo
q a_i 3[(7: . q_ol9:
] ap_uint<10> sum = 0; D o
| for (inti = 0;i< 4; i++) { RTL ADD
! #pragma HLS UNROLL o or7:0) i3 fu T P2
I _ r:1. a_i 1[7: 0[8:0]
: sum += a_i[il; o 0070 nrzop [+
1 } RTL_ADD
! )
! 1
) g_0 = sum;
: } Utilization Post-Synthesis | Fostdmplementation
]
]
1 Graph | Table
]
]
! Resource Estimation Available Utilization %
: LuT 23 1182240 0.01




mllultiple input adder v5

#include <ap_int.h> » Performance & Resource Estimates

void adder(ap_uint<8> a_i[4], ap_uint<10> &q_o) {
#pragma HLS INTERFACE ap_ctri_none port=return

#pragma HLS INTERFACE ap_none port=a_i adder ! 10.000 no o |°

#pragma HLS INTERFACE ap_none port=q_o register

#pragma HLS ARRAY_PARTITION variable=a_i dim=1type=complete

MODULES & LOOPS LATENCY(CYCLES) LATENCY{NS) INTERVAL PIPELINED BRAM DSP LUT URAM

ap_ck >

// Sum the elements, using a 10-bit accumulator vt b
ap_uint<10> sum = 0;

ap_CS_fsm_reg(1:0]

ap_Ns_fsm_i
veag01 serm 0IL0]

ap_Ns_fsm_i_0
veg 1 Sezoo1  0[1:0]
sernin  IL[1:0]

o) RTL_REG_SYNC

q_o_1 data_reg_reg[9:0]

e S I ————

fOl' (inti = 0; i < 4; i++) { o 7T RTL_MUX B
e q q_o[9:0]
#pragma HLS UNROLL ol D ey DL 10512 -
al 0801 0(8:0]
— 1. NE = nrol{ + 11(8:0] RTL_REG
sum += a_i[il; oo o
} . oigy 299013 u 81 p2 |
by ;n 0] B o+ 22
RTL_ADD
(_0 = sum; !
} i Utilization Post-Synthesis | Fost-implementation
1
1
i Graph | Table
1
1
: Resource Estimation Available Utilization %
| LuT 24 1182240 0.01
FF 11 2364480 0.01 <




mllultiple input adder v6

~ Performance & Resource Estimates

#include <ap_int.h> A ¥ =

Void adder(ap uint<8> a i[4] ap uint<10> &q O) { MODULES & LOCOPS LATENCY(CYCLES) LATENCY[NS) INTERVAL PIPELINED BRAM DSP URAM

#pragma HLS PIPELINE e L 0 0 2 s o
#pragma HLS INTERFACE ap_ctri_none port=return
#pragma HLS INTERFACE ap_none port=a_i !

#pragma HLS INTERFACE ap_none port=q_o register ap.C5.fsm_reqlo]
#pragma HLS ARRAY_PARTITION variable=a_i dim=1type=complete =" « o
// Sum the elements, using a 10-bit accumulator st 1 RILREG ST 0.1 dtoreg.regl0]
ap_uint<10> sum = O; w2070 [TRTI it PR c .
for (int i= 0; i< 4; i++) { a_i 3[7:0] e 10[8:0] SUm[;[;DL;, _p2.i [C’E Q D a_0[9:0]
#pragma HLS UNROLL add:lnld_fu_BB_pZ_i RTL_ADD RTL_REG

10(7:0]

— HA B a_i_1[7:0]
sum += a_|[|], a i 0[7:0]
} RTL_ADD
1
. ili i Post-Synthesis | Post-implementation
gq_0 = sum; Utilization y | p 3
} Graph | Table
Resource Estimation Available Utilization %
LUT 23 1182240 0.01

e S I ————

FF 10 2364480 0.01




#include <ap_int.h>

void fir(

ap_uint<8> a_i, // Data input
ap_uint<8> h0_i, // Coefficient O
ap_uint<8> hl_j, // Coefficient 1
ap_uint<8> h2_j, // Coefficient 2
ap_uint<8> h3_j, // Coefficient 3
ap_uint<18> &q_o) // Output

#pragma HLS INTERFACE ap_ctri_none port=return
#pragma HLS INTERFACE ap_none port=a_i
#pragma HLS INTERFACE ap_none port=hO_i
#pragma HLS INTERFACE ap_none port=h1_i
#pragma HLS INTERFACE ap_none port=h2_i
#pragma HLS INTERFACE ap_none port=h3_i
#pragma HLS INTERFACE ap_none port=¢_o register

_

static ap_uint<8> shift_reg[4] = {0, O, O, 0};

accumulator

// Shift register: update samples
shift_reg[3] = shift_reg[2];
shift_reg[2] = shift_reg[1];
shift_reg[1] = shift_reg[O];
shift_reg[0] = a_i;

// Multiply-accumulate (MAC) with 18-bit

ap_uint<18> acc = 0;

acc += shift_reg[0] * hO_i;
acc += shift_reg[1] * hi_i;
acc += shift_reg[2] * h2_i;
acc += shift_reg[3] * h3_i;

g_0 = acc;
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#include <ap_int.h>

void fir(
ap_uint<8> a_i, // Data input
ap_uint<8> h0_i, // Coefficient O
ap_uint<8> hl_j, // Coefficient 1
ap_uint<8> h2_j, // Coefficient 2
ap_uint<8> h3_j, // Coefficient 3
ap_uint<18> &q_o) // Output

{

#pragma HLS PIPELINE
#pragma HLS INTERFACE ap_ctri_none port=return
#pragma HLS INTERFACE ap_none port=a_i
#pragma HLS INTERFACE ap_none port=hO_i
#pragma HLS INTERFACE ap_none port=h1_i
#pragma HLS INTERFACE ap_none port=h2_i
#pragma HLS INTERFACE ap_none port=h3_i
#pragma HLS INTERFACE ap_none port=q_o register

_

static ap_uint<8> shift_reg[4] = {0, O, O, 0};

accumulator

// Shift register: update samples
shift_reg[3] = shift_reg[2];
shift_reg[2] = shift_reg[1];
shift_reg[1] = shift_reg[O];
shift_reg[0] = a_i;

// Multiply-accumulate (MAC) with 18-bit

ap_uint<18> acc = 0;

acc += shift_reg[0] * hO_i;
acc += shift_reg[1] * hi_i;
acc += shift_reg[2] * h2_i;
acc += shift_reg[3] * h3_i;

g_0 = acc;




~ Performance & Resource Estimates

YTt LATENCY(CYCLES)  LATENCY(NS) INTERVAL

JED

fir 4 A0.000

utilization Post-Synthesis | Post-lImplementation

Graph | Table

Resource Utilization Available Utilization %

LUT 17 1182240 0.01
{ } FF 45 2364480 0.01

DsP 4 5840 0.06

FIPELINED BRAM DsP

Setup Hold Pulse Width
Worst Negative Slack (WNS):  7.318 ns Worst Hold Slack (WHS): 0.050 ns Worst Pulse Width Slack (WPWS): 4,725 ns
Total Negative Slack (TNS): 0.000 ns Total Hold Slack (THS): 0.000 ns Total Pulse Width Negative Slack (TPWS): 0.000 ns
Number of Failing Endpoints: 0 Number of Failing Endpoints: 0 Number of Failing Endpoints: 0
Total Number of Endpoints: 337 Total Number of Endpoints: 337 Total Number of Endpoints: 50

All user specified timing constraints are met.

&







#include <ap_int.h>

void fir(

ap_uint<8> a_i,
ap_uint<8> h_i[4],
ap_uint<18> &q_o)

#pragma HLS INTERFACE ap_ctri_none port=return
#pragma HLS INTERFACE ap_none port=a_i
#pragma HLS INTERFACE ap_none port=h_i
#pragma HLS INTERFACE ap_none port=q_o register

static ap_uint<8> shift_reg[4] = {0, O, O, 0};

_

// Shift register
for (inti=3;i>0;i--) {
shift_reg[i] = shift_reg[i-1];
}
shift_reg[0] = a_i;

// MAC operation
ap_uint<18> acc = 0;
for(inti=0;i<4;i++){
acc += shift_reg[i] * h_i[il;

}

g_0 = acc;




~ Performance & Resource Estimates

I — it % L0 Modules Loops Hide empty columns
MODULES & LOOPS LATENCY{CYCLES) = LATENCY(NS) ITERATION LATENCY INTERVAL TRIP COUNT PIPELINED BRAM | DSP FF LuT URAM
o fir (2) 19 190.000 - 20 - no 0 1 167 244 0

3 fir_Pipeline_VITIS_LOCP_16_1 (1) 5 50.000 - 4 - loop auto-rew 0 0 4 77 0

(%]
i

fir_Pipeline_VITIS_LOCP_23 2 (1) a 90.000 - loop auto-rew 0 1 a7 130 0

~ HW Interfaces

v AP_MEMORY

PORT DIRECTION BITWIDTH

~ TOP LEVEL CONTROL

h_i_address0 out 2

INTERFACE

TYPE

h_i_q0 n 8

ap_clk clock ap_clk

~ Other Ports ap_rst reset ap_rst

PORT MODE DIRECTION BITWIDTH

ap_ctrl ap_ctrl_none

a ap_noneg

q_o ap_none
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#include <ap_int.h>

void fir(
ap_uint<8> a_i,
ap_uint<8> h_i[4],
ap_uint<18> &q_o)

#pragma HLS INTERFACE ap_ctri_none port=return

#pragma HLS INTERFACE ap_none port=a_i

#pragma HLS INTERFACE ap_none port=h_i

#pragma HLS INTERFACE ap_none port=q_o register
#pragma HLS ARRAY_PARTITION variable=h_i dim=1type=complete

static ap_uint<8> shift_reg[4] = {0, O, O, 0};

_

// Shift register
for (inti=3;i>0;i--) {
shift_reg[i] = shift_reg[i-1];
}
shift_reg[0] = a_i;

// MAC operation
ap_uint<18> acc = 0;
for(inti=0;i<4;i++){
acc += shift_reg[i] * h_i[il;

}

g_0 = acc;




MODULES & LOOPS

~ HW Interfaces

MODE

DIRECTION

CYCLES) LATENCY(NS) ITERATION LATENCY

18

BITWIDTH

INTERVAL

19

a4

TRIF COUNT

PIPELINED
no

loop aut

loop aut

empty columns

LuUT

URAM




#include <ap_int.h>

void fir(
ap_uint<8> a_i,
ap_uint<8> h_i[4],
ap_uint<18> &q_o)
{
#pragma HLS PIPELINE
#pragma HLS INTERFACE ap_ctri_none port=return
#pragma HLS INTERFACE ap_none port=a_i
#pragma HLS INTERFACE ap_none port=h_i
#pragma HLS INTERFACE ap_none port=q_o register
#pragma HLS ARRAY_PARTITION variable=h_i dim=1type=complete

static ap_uint<8> shift_reg[4] = {0, O, O, 0};

~ Performance & Resource Estimates

e S I ————

MODU

LOOPS LATENCY(CYCLES) LATE 5) INTERVAL

fir 4 40.000 1

// Shift register
for (inti=3;i>0;i--) {
shift_regl[i] = shift_reg[i-1];
}
shift_reg[0] = a_i;

// MAC operdtion
ap_uint<18> acc = 0;
for(inti=0;i<4;i++){
acc += shift_reg[i] * h_i[il;

}

g_0 = acc;

PIPELINED BRAM DsP FF LUT URAM

yes (i} 2 mm 109 4]




#include <ap_int.h>

void fir(
ap_uint<8> a_i,
ap_uint<8> h_i[4],
ap_uint<18> &q_o)
{
#pragma HLS PIPELINE
#pragma HLS INTERFACE ap_ctri_none port=return
#pragma HLS INTERFACE ap_none port=a_i
#pragma HLS INTERFACE ap_none port=h_i
#pragma HLS INTERFACE ap_none port=q_o register
#pragma HLS ARRAY_PARTITION variable=h_i dim=1type=complete

static ap_uint<8> shift_reg[4] = {0, O, O, 0};

~ Performance & Resource Estimates

e S I ————

MODULES &

LOOPS LATENCY(CYCLES) LATENCY({NS) INTERVAL

fir 4 40.000 1

PIPELINED

yes

// Shift register

BRAM

DSP

FF

11

for (inti=3;i>0;i--) {
#pragma UNROLL
shift_regl[i] = shift_reg[i-1];

}

shift_reg[0] = a_i;

// MAC operdtion
ap_uint<18> acc = 0;
for(inti=0;i<4;i++){
#pragma UNROLL

acc += shift_reg[i] * h_ilil;

}

g_0 = acc;

LUT

109

URAM




GIR V6

Utilization Post-Synthesis | Post-Implementation .
Setup Hold Pulse Width
Graph | Table Worst Negative Slack (WNS):  7.391 ns Worst Hold Slack (WHS): 0.045 ns Worst Pulse Width Slack (WPWS): 4.725 ns

Total Negative Slack (TNS) 0,000 ns Total Hold Slack (THS): 0.000 ns Total Pulse Width Negative Slack (TPWS) 0,000 ns
Resource Utilization Available Utilization % Nurnber of Failing Endpoints: 0 Number of Failing Endpoints: 0 Number of Failing Endpoints: 0

Total Number of Endpoints: 336 Total Number of Endpoints: 336 Total Number of Endpoints: 42
LuT 17 1182240 0.01 All user specified timing constraints are met.
FF 37 2364480 0.01
DSP 4 G840 0.08

e : L7
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