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Exercise 1

1- There can be two different approaches to solve this problem.
a) The first approach is using the integer multiplication, which is based on
the position value of each digit in a decimal number.

Let’s assume that the integer value n is represented by four digits
d,c,b,a as n=dcba. For example, n = 6342 whered = 6,c = 3, b =4,
anda = 2.
Then we have

n=103d + 10%c + 10b + ¢
We can use this expression to convert a 4-digit BCD code into its
equivalent binary. This code shows the design top-function
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22 #include "bed2binary mult.h™
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“=void bcd2binary _mult{uintls packed_becd, uintld4 *output_bed) {
#pragma HLS INTERFACE ap_ncne port=packed_bcd

o #pragma HLS INTERFACE ap_none port=cutput_bcd

.9 #pragma HLS INTERFACE ap_ctrl neone port=return

r
-5 i

uintld bed = 83 :i
uint4 digit_1 = packed_bcd(3, @); r
3 uint4 digit_2 = packed_bcd(7, 4); r
uint4 digit 3 = packed bed(11, 8); 4
¥ uintd4 digit 4 = packed bed{15, 12); .
ad .F
2 f
bed = bed + digit 1 * 1;
2 bed = bed + digit_2 * 1e;
43 bed = bed + digit 3 * 1e8;
-+ bed = bed + digit 4 * 1lees; /
*output_becd = bed; nitps //highleve -synthesis com/ ‘
¥ o » r L . o F f” . -
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b) The second approach utilises the reverse function of the double-dabble
algorithm that is shown here

-+

"S- uint32 reverse_double dabble(uint32 scp) {

B uint32 s;
27 5 = s5Cp;
s = sCcp *» 1,
2H if (s({19, 18)
N s(19, 18} =
if (s(23, 28)
s(23, 28) =
if (s(27, 24)
A s(27, 24) =
g
? return s;
’ }
39
—+1
2

r=woid binary2bcd_rdd(uintls packed_bed, uintlé *in_binary) {
4 #pragma HLS INTERFACE ap_none port=in_binary

T #pragma HLS INTERFACE ap_ncone port=packed_bcd
15 #pragma HLS INTERFACE ap_ctrl_ncne port=return

il *ﬂﬂt‘\-‘*‘i%k‘ii.r-ﬂi‘-—"

43 uint32 scratch_pad = @;
19 scratch_pad(31, 168) = packed becd;
a
scratch_pad = reverse_double_dabble(scratch_pad);
- scratch_pad = reverse_double_dabble(scratch_pad);
B scratch_pad = reverse_double_dabble(scratch_pad);
=4 scratch_pad = reverse_double_dabble(scratch_pad);
E
3 scratch_pad = reverse_double dabble(scratch_pad);
i7 scratch_pad = reverse_double dabble(scratch_pad);
scratch_pad = reverse_double_dabble(scratch_pad); i
s9 scratch_pad = reverse_double_dabble(scratch_pad);
B
scratch_pad = reverse_double_dabble(scratch_pad); 4
2 scratch_pad = reverse_double_dabble(scratch_pad);
a3 scratch_pad = reverse_double dabble(scratch_pad);
= scratch_pad = reverse_double dabble(scratch_pad);
5
E scratch_pad = reverse_double_dabble(scratch_pad);
al scratch_pad = reverse_double_dabble(scratch_pad);
s scratch_pad = reverse_double_dab cratch_pad);
scratch_pad = scratch_pad »>»> 1; P
o *in_binary scratch_pad(15. @); !
2% https://highl J !
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Here, | did these changed to the original double-dabble algorithm

1
2

Right-shift

If a digit is greater than 7, then minus 3

3- Initialise the scratch-pad register with packed-bcd
4- Right-shift

5- Return the lower 16-bits as the integer number.

The complete codes of these implementations are attached to this lecture and
can be found in the Resources folder.
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Exercise 2
To solve this problem, our design code should implement three tasks:

- Extract digits
- Find 7-segment code
- Display digit

The following function describes these three tasks.

1- void four_digit_hex_7segments (

2- ap_uint<16> a,

3- ap_uint<4> push_buttons,

4- ap_uint<8> *segment_data,

5- ap_uint<4> *segment_ctrl,

6- ap_uint<16> *led) {

7- #pragma HLS INTERFACE ap_ctrl_none port=return
8- #pragma HLS INTERFACE ap_none port=a

9- #pragma HLS INTERFACE ap_none port=push_buttons
10- #pragma HLS INTERFACE ap_none port=segment_data
11- #pragma HLS INTERFACE ap_none port=segment_ctrl
12- #pragma HLS INTERFACE ap_none port=led

13-

14-

15- *led = a;

16- ap_uint<4> digit 1 = a(3, 9);

17- ap_uint<4> digit 2 = a(7, 4);

18- ap_uint<4> digit_3 = a(11, 8);

19- ap_uint<4> digit_4 = a(15, 12);

20-

21- ap_uint<8> segment_data_0 = seven_segment_digit code(digit_1);
22- ap_uint<8> segment_data_1 = seven_segment_digit_code(digit_2);
23- ap_uint<8> segment_data_2 = seven_segment_digit_code(digit_3);
24- ap_uint<8> segment_data_3 = seven_segment_digit_code(digit_4);
25-

26-

27-

28- if (push_buttons == 0beo01) {

29- *segment_data = segment_data_0;

30- *segment_ctrl = 0b1110;

31- } else if (push_buttons == 0be010) {

32- *segment_data = segment_data_1;

33- *segment_ctrl = 0bl101;

34- } else if (push_buttons == 0be100) {

35- *segment_data = segment_data_2;

36- *segment_ctrl = 0b1011;

37- } else if (push_buttons == 0b1000) {

38- *segment_data = segment_data_3;

39- *segment_ctrl = 0b0111;

40- } else {

41- *segment_data = seven_segment_off;
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42- *segment_ctrl = 0b1111;
43- }
44- }

Lines 16 t0 19, extract the hex digits. Note that every 4 bits constitute a hex
digit.
Lines 21 to 22 find the 7-segment code corresponding to each digit. These lines

call the seven_segment _digit code sub-function that its code is attached to
this lecture.

Lines 28 to 43 represent the hex digit on a 7-segment based on the pressed
push-buttons.

The following figure shows parts of the high-level synthesis report. As can be
seen, the design frequency period constraint is 20 ns, and the propagation
delay of the design is about 12.562 ns. Also, the design utilises 1261 LUTs.
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Tary iu e 2CTadt-opgluo-

Performance Estifpates

£
= Timing ;
E Summary £
Clock | Target | Estimated | Uncertainty
ap_clk | 2000ns | 12562 ns 250 ns (
el it 3
EI'IC]') F o - i M f..._.—. Y J
Loop :
Utilization Estimates j
El Summary 1
Name BRAM_18K | DSP42E FF LUT | URAM 4
DSP - - - - - 4
Expression - - 0 101 - /
FIFO - - - - - !
Instance - - 0| 1160 - il
Memaory - - - - -
Multiplexer - - - - - /
Register - - - - - 4
Total 0 0 0| 1261 0
Available 100 90 | 41600 | 20800 0 -«
Utilization (%) 0 0 0 6 ‘
-

0
'FELV‘:I’J“’_"““'**-A—"““"_L‘hW

Interface -
El Summary #
RTL Ports Dir | Bits | Protocol Source Object C Type 5
aV in 16 | ap_none aVv scalar
push_buttons_V in 4 | ap_none | push_buttons_V scalar

segment_data_V | out 8 | ap_none | segment_data_V | pointer
segment_ctrl_V out 4 | ap_none segment_ctrl_V | pointer
led_V out 16 | ap_none led_V | pointer

Export the repart(.html usinithe Exsort\wq_rgl_ —
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Exercise 2

The following figure shows the 7-segment codes for letters from a to g. We can
save these codes in an array to be used in our design.

A

[ I R
EI_GIC EEIC EIG ETGIc[:)P EIG c

Iﬂﬁﬂﬂﬂlﬂﬂ Eﬂﬂﬂlﬂﬂ EIEEEEIEE [C]EHEEERE EIEIIEEIIEH
0100000 0000011 1000110 1 0100001 1 0000100

g
e,

- )
or [c[Fle[plc[s[a| [ DoP [c]F[E[D[C[8A
1 0001110 1 0010000
e

This code snippet shows such an array.

A
G

const unsigned int seven_segment_code[16] = {

VR T E T code --- letter --- index
0bl1000000, // © //0
obleieieee, // a //1
ob1oeeo011, // b //2
obi1ieee11e, // c //3
obleleee0l, // d //4
0b1o00R100, // e //5
obleeo1110, // f //6
obloe1oeee, // g /17

}s
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As can be seen from the following table, the first three bits and of an ascii code
from a to g can be used as index to extract the corresponding 7-segment code
from the above array.

Letter ASCII Code
DEC | HEX BIN
a 97 | 61 | 01100001
b 98 | 62 | 01100010
C 99 | 63 | 01100011
d 100 | 64 | 01100100
e 101 | 65 [ 01100101
f 102 | 66 | 01100110
g 103 | 67 | 01100111

Therefore, the following code solve the problem

void ascii_on_7segment(
ap_uint<8> a,
ap_uint<8> *segment_data,
ap_uint<4> *segment_ctrl,
ap_uint<8> *led ) {
#tipragma HLS INTERFACE ap_none port=a
#pragma HLS INTERFACE ap_none port=segment_data
#pragma HLS INTERFACE ap_none port=segment_ctrl
#pragma HLS INTERFACE ap_none port=led
#pragma HLS INTERFACE ap_ctrl_none port=return
*led = a;
ap_uint<3> index = a(2,9);

switch(index) {

case 1:
*segment_data = seven_segment_code[1];
break;

case 2:
*segment_data = seven_segment_code[2];
break;

case 3:
*segment_data = seven_segment_code[3];
break;

case 4:
*segment_data = seven_segment_code[4];
break;

case 5:
*segment_data = seven_segment_code[5];
break;

case 6:

*segment_data = seven_segment_code[6];
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}

break;
case 7:

*segment_data = seven_segment_code[7];

break;

default:
*segment_data
break;

}

*segment_ctrl = 0bl1l1e;

seven_segment_code[0];

The following code shows parts of the high-level synthesis report.

Performance Estimates

wicer  xciadst-cpgdiu

[= Timing
= Summary
Clock Target | Estimated | Uncertainty
ap_clk | 10.00 ns 1,448 ns 125 ns
A e e s , P W —
_Uhr
Utilization Estimates
= Summary
MName BRAM_18K | DSP43E FF LUT | URAM
Dsp
Expression
FIFO
Instance
Memory
Multiplexer 44
Register -
Total 0 0 0 44 0
Awvailable 100 90 | 41600 | 20800 0
Utilization (%) 0 0 0 ~0 0
NEREIN N o b

a .

Z\.-w,«u\m L*\ Na s

£

i
{

Interface
= Summary
RTL Ports Dir | Bits | Protocol Source Object C Type
aV in 2 | ap_none aV scalar
segment_data_V | out 8 | ap_none | segment_data V' | pointer
segment_ctrl_V out 4 | ap_none segment_ctrl_V | pointer
led_V out 8 | ap_none led V' | pointer

Ranart the sl uning th Exgpannseasd P ¢
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