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VHDL - lNapdaodeiyua

Aoknon

xedldote pila apOuntikn kot Aoywkq povada (ALU). 2tnv eicodo O&€xetal 2 onpata  Mn
MPOCHUAOUEVWV aplOuwyY a Kal b, Twv 3 bit to kaBeva, kabwc kal éva onpa Ctr evog bit. H ALU ywa
T Ctr =0’ kavel npooBeon (a+b) evw yia tipR Ctr= 1" kavel duthaclacpd tou a (a*2). 2nv €€odo
uTtApxEL To onpa Result twv 3 bit pe to anotéAeopa tng mpaénc kat Eva onpa Carry mou €xeL Tipn ‘1’ oe
neplmtwon mou uUnapyel kpatoupevo/unepxeidion. Avamtiéte 1o avtiotoo KUKAwpa pe VHDL kal
npoypoappoatiote tnv FPGA kapta. 2Zag didetal o oplopog TG ovtoTNTaC:

entity ALU is

Port (

a :in STD_LOGIC_VECTOR (2 downto 0);

b :in STD_LOGIC_VECTOR (2 downto 0);

Ctr :inSTD_LOGIC;

Result :out STD_LOGIC_VECTOR (2 downto 0);

Carry :outSTD_LOGIC );

end entity ALU;

TL MOpouC xpnolpomoLel To KUKAwHa oto implementation. Molta n kaBuotépnon dtadoong Kol mmoLa n
KaBuotépnon LOAUVONC TOU CUVOUOOTIKOU 00¢ KUKAWMOTOG.
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VHDL - lNapdaodeiyua

2uoxETion port ye FPGA

Eicodol
Ctr

B[2]
B[1]
B[O]
A[2]
A[1]
A[O]
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DIP Switch ’E§060l

SW7
SW5 Carry
Sw4

Result[2]
SW3
SW2 Result[1]
SW1

Result[0]
SWO0
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VHDL - lNapdaodeiyua

2uoxetion port ue FPGA-2 (Apxeio constraints: ZedBoard.xdc)

# ZedBoard Pin Assignments

HHHHHHHHHHHHHHHHH :
# On-board Slide Switches # r”?onXH OTLG 6LOLcl)op8q HE TOV
HHHHHHHHHHHHHHHHH Kwobwa VHDL

set_property -dict { PACKAGE_PIN F22 |OSTANDARD LVCMOS33 } [get_ports { a[0] }]; 1.Ta OXC'))\LOL gbw elvat uE #
set_property -dict { PACKAGE_PIN G22 IOSTANDARD LVCMOS33 } [get_ports { a[1] }]; 2 Ta bit tou vector 8w sival LLE 1
set_property -dict { PACKAGE_PIN H22 10STANDARD LVCMOS33 } [get_ports { a[2] }]; ,

set_property -dict { PACKAGE_PIN F21 IOSTANDARD LVCMOS33 } [get_ports { b[0]3]; avtt (,)' ,

set_property -dict { PACKAGE_PIN H19 IOSTANDARD LVCMOS33 } [get_ports {b[1]}];  3.T0QL OVOMOTO TWV ONHOTWV,
set_property -dict { PACKAGE_PIN H18 IOSTANDARD LVCMOS33 } [get_ports { b[2] }]; npéEmneL va eivat AKPIBQZ (dla pe
set_property -dict { PACKAGE_PIN M15 |IOSTANDARD LVCMOS33 } [get_ports { Ctr }]; ™m 6r’17\won oTnV OVTéTr]TOL (case
HHHHHHHHHHH sensitive)

# On-board led # 4.Kapta Zynq 7(000) ZC702 —
HUHAHH R R Evaluation Board

set_property -dict { PACKAGE_PIN T22 I0STANDARD LVCMOS33 } [get_ports { Result[0] }];

set_property -dict { PACKAGE_PIN T21 IOSTANDARD LVCMOS33 } [get_ports { Result[1] }];

set_property -dict { PACKAGE_PIN U22 IOSTANDARD LVCMOS33 } [get_ports { Result[2] }];

set_property -dict { PACKAGE_PIN U14 IOSTANDARD LVCMOS33 } [get_ports { Carry }];
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VHDL - lNapdaodeiyua

Bupara ETtriAuoncg

1. Anupwoupyla veou project

2. Anuoupyla Entity — Evtomiopoc Input/Output tou cuotripatog

3. EUpeon mivaka aAnBeiac yia kaBs €€0d0 tou ocuotnpatoc (av xpertalerat)

4. Anuovupyla Architecture — Oa €xeTe TOUAAXLOTOV TOOEC EVIOAEC OCEC ELvVOLL KOl
oL e€odol Tou cuvotnuatoc. Kabe pio evtoAn avtiotolxet o€ pia €€odo.

5. Anpwoupyia RTL avamapaotaong

6. 2UvBeon

7. YAormoinon

8

9

Npoypappatiopoc kaptac (Eywve povo oto Epyaothplo)
Mpooopoiwon (Mapouvcialetoat povo otic dtadavelec)

o TMH , ,
| E nnnnnnnnnnnn " Epyaotriplo Space Data Systems 2025-26 A.Bao\omoulog

IIIIIIIIIIIIIII




VHDL - lNapdaodeiyua

ATtTAoTtToinuévn pop@n — Eicodol/E¢odol

a Result
b ALU (+,%)
Ctr Carry
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VHDL - lNapdaodeiyua

Bripa 2. MNeprypagn Ovrotntag

entity ALU is
Port (
a
b
Ctr
Result
Carry
);
end entity ALU;

. TMHMA
d I E NAHPO®OPIKHE 4
THAEMIKOINQNION

:in STD_LOGIC_VECTOR (2 downto 0);
:in STD_LOGIC_VECTOR (2 downto 0);
:in STD_LOGIC;

: out STD_LOGIC_VECTOR (2 downto 0);
: out STD_LOGIC

Epyaotriplo Space Data Systems 2025-26 A.BaciAomoulog
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Brina 3. lNivakac AANBEiag KUKAWPATOC

AEN XPEIAZETAITIA THN MEPINTOQ2ZH MAZ
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VHDL - lNapdaodeiyua
Bripa 4. MNeprypagpn ApXITEKTOVIKNC — XWPEIG process (a)

Result_temp<=unsigned('0'&a)+unsigned('0'&b) when Ctr="0'
else
unsigned(a&'0');

Result<=std_logic_vector(Result_temp(2 downto 0));

Carry<=Result_temp(3);

. RAHPOOOPIKHE & Epyaotrplo Space Data Systems 2025-26 A.BactAdmoulog
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VHDL - lNapdaodeiyua
Briua 4. MNepiypagry ApXITEKTOVIKAC — XWpPic process ()

Result_temp<=resize(unsigned(a),Result_temp'length)+resize(unsigned(b),Result_temp'length) when Ctr='0’
else
resize(unsigned(a)*2,Result_temp'length);

Result<=std_logic_vector(Result_temp(2 downto 0));

Carry<=Result_temp(3);

i E RAHPOGOPIKHE 4 Epyaotriplo Space Data Systems 2025-26 A.BaotAOrtoulog

THAENIKOINQNION




VHDL - lNapdaodeiyua

BAua 4. MNeprypagn Apxitektoviknc — Mia Auon e process (Y)

solution: process (a,b,Ctr) is
variable Result_var  :unsigned (3 downto 0);
begin

if Ctr="0' then
Result_var:=unsigned('0'&a)+unsigned('0'&b);
elsif Ctr="1' then
Result_var:=unsigned(a&'0');

else
Result_var:=resize(“0",Result_var'length);
end if; -- Ctr

Result<=std logic_vector(Result_var(2 downto 0));
Carry<=Result_var(3);

end process solution;

. TMHMA , '
I E NAHPO®OPIKHE 4 Epyaotriplo Space Data Systems 2025-26 A.Bao\omoulog

THAENIKOINQNION




VHDL - lNapdaodeiyua

Bripa 5. Aoyikd KUKAwpa: Avattapdaotaon RTL (a)

Schematic
- e a 3 B O C | 6Cells 14U0Ports 37 Nets
_ Li
o Ctr_addﬁi :?[?:2] (/\ 0[4:0] 10[4:01 o - J_D Result[3:0]
cr [ Do (0] 4 11[4:0] | {9 39 > camy
RTL_INV RTL_MULT RTL_OR
R_i
o Add_temp i 10[4:0] o0
aiz:0] [ ”[3:0] (/ﬁ O[4:0] o) | [:9)
ba:o] [ 0] \_/ RTL_MULT
RTL_ADD -

—‘7 0130 multOp_i
G0l 7~ 7\ op40]

v=g"10"  11[1:0] *

RTL_MULT

. TMHMA , ,
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VHDL - lNapdaodeiyua

BrApa 5. Aoyiko kukAwpa: Avatrapactacn RTL (f3)

Result_temp_i

Project Summary » | Schematic x ALUwhe X
- e a 2 x O C  3Cells 1410Ports 26 Nets
multOp_i
10[3:0]
. O[4:0] S=1b0  10[4:0]
V=B"10" I1[1:0](
u S=default__11[4:0]
RTL_MULT
L S
Ctr >
a[3:0] D_ Result_temp0_i
10[3:0]
PP ( , | OK0]
b[3:0]| » (5:0]
RTL_ADD

. TMHMA
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VHDL - lNapdaodeiyua

Brijpa 5. Aoyikd KUKAwMa: Avattapaoctaon RTL (y)

Eic

TMHMA
NAHPO®OPIKHE 4
THAENIKOINQNION

Project Summary % | ALU.vhd »  Schematic *

-

@ a H K © C  2cels

14110 Ports 20 Mets

af3:0]
Result_temp0_i

0[4:0]

+

S=1'b0

Result_temp_i

10[4:0]

\ 0[4:0]

1[4:0]

biz:0] [ 2 \/
l RTL_ADD

S=1'b1

114:0]

200

Carmry

RTL_MUX

Ctr D

: > Result[3:0]

Epyaotriplo Space Data Systems 2025-26 A.BaciAomoulog
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NUa 6. AOYIKO KUKAW

Sources Netlist
= H
a_|BUFIO]
a_IBUF[1]
a_IBUF[2]
el D3
hd b_IBUF (2
b_IBUF[0]
b_IBUF[1]
b_IBUF[2]
» el Result(3
b Result_OBUF (=
. Carry
Carry_0OBUF
Ctr
Cir_IBUF
Net Properties
Cir_IBUF
MName:
Type:

Route status:
Cell pin count
Flat pin count:
MNumber of ports:
Number of drivers

Number of pips:

General Properties

A = ]
o
? 00 X
- o
Ctr_IBUF
SIGMNAL
Fully routed
5
5
o
1
13 w
Connectivity Power  Aliz

. TMHMA
d I E NAHPO®OPIKHE 4
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VHDL - lNapdaodeiyua

Br ) pa: daon 2uvBeong — LUT(LookU
[Mivakec AAnBeiacg (TrpoypappaTi{Oueva uEpN TNG KAPTAG

Table
PGA)

), UAOTTOIOUV

Cells->WndoLaka

Project Summary x| Device «  Schematic 00
Q il O 4+ = C  16Cells 11/OPorts 23 Nets o
I
N ets->Z U p I‘lara Result_OBUF[0]_inst_i_1
10 Result_OBUF[0]_inst
I o} ]
\ Ctr IBUF inst " 0 {>—<_D Result[2:0]
I~ 0 ~ 12 OBUF
ctr [ L LUT3
IBUF
Result OBUF[1]_inst_i_1
10
1" Result_OBUF[1]_inst
. 2 o I [~._ 0 1
a_IBUF[0]_inst 3 I/o/
) o I [~ O BUF
a[2:0] > > |4
IBUF .
Result_OBUF[2]_inst_i_2 LUTS
a_IBUF[1]_inst 0
1 0 "o Result_OBUF[2]_inst_i_1
10
IBUF [E 1" Result_OBUF[2]_inst
b_IBUF[0]_inst L 2 o .0 2
of 1~ 0 LUT4
b[2:0] 13 a ORLIE
L . «
IBUF a_IBUF[2]_inst 14
>’ ! D ° LUTS
1BUF Carry_OBUF_inst_i_1
b_IBUF([2]_inst 10 Carry_OBUF_inst
1 0 1 o]
L2 [~ n o [ Camy
b_IBUF[1]_inst IBUF 12 OBUF
1 I o 13
IBUF LUT4

Epyaotriplo Space Data Systems 2025-26 A.BaciAomoulog
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VHDL - lNapdaodeiyua

Bripa 7a. Aoyiko KUukAwua: Paon YAotroinong

Juvaptnon
LUT

Mivakac AAnBeiog

E

IMPLEMENTED DESIGN - xc7z020clg484-1

Sources | Netlist  x ?_00Q
= M o
| Cir_IBUF N
Result_OBUF[2]_inst_i_2_n_0
A Leaf Cells (16
a_|BUF[0] inst (IELF
a_|BUF[1Linst (IBUF
a_|BUF[?]_inst (IBUF
b_IBUF[0] inst (IBEUF
b_IBUF[1Linst (IBUF
b_IBUF[?]_inst (IBUF
Carry_OBUF_inst (OBLUF)
Carry_0BUF_inst_i_1 (LUT4)
Cir_IBUF_inst (IBUF
Result_OBUF[0]_inst (OBUF
Result_OBUF[0L_inst_i_1 (LUT3) .
? 00 X
inst_i_1 - f -3
12 11 10 O=I0&N1&N2+N0&I1&N2
00 0 0 ~
o 0 1 1
o 1 o 1
o1 1 0
1 o 0 0
1 (U 0
1 1 0 0
11 1 0 N
‘operies  Power  Nets  CellPins | Truth Table =
TMHMA

NAHPO®OPIKHE 4
THAENIKOINQNION

Epyaotriplo Space Data Systems 2025-26 A.BaciAomoulog

2to LUT elcodol
_eivaw a(0), b(0), Ctr
KalL uTtoAoyieta To
Yndio Result (0).

=>|2
=>|1
=>10

Ctr
a(0)
b(0)

? X
Project Summary x| Device x| ALUvhd x| Schematic x 200
e M O + = C 6Cels 11UOPors 23 Nets o
Result_OBUF[0]_inst_i_1
10 Result OBUF[0]_inst
1 0 o
Cir IBUF_inst noo [ "+ Resuliz0]
| [ 9 12 OBUF
ctr [ L LUT3
IBUF
Result_OBUF[1]_inst_i_1 \
10
It Result OBUF[1]_inst
. 12 0 I [~ 0O 1
a_IBUF[0]_inst 5 I{
. o I[~_ 0 BUF
a2:0] > = 1
IBUF
Result_ OBUF[2]_inst_i 2 LUTS
a_IBUF[1] inst 0
1 D 0 "o Result_OBUF[2]_inst_i_1
10
IBUF 12 1 Result OBUF[2]_inst
b_IBUF[O]_inst L B @ [~ 0 2
a I . ©Q LUT4 L
b[2:0] L= 13 OBUF
IBUF a_|IBUF[2]_inst 14
| [~ O
LUTS
L
IBUF Carry_OBUF_inst_i_1
b_IBUF[2]_inst 10 Carmry_OBUF_inst
1 0 1 5]
[ H 0 D > Cany
b_IBUF[1]_inst IBUF 12 OBUF
L 13
IBUF LUT4
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VHDL - lNapdaodeiyua

Briua 7b. Aoyikd kukAwpa: daon YAotmoinong — Modified Truth
Table (avTtioToixiec a(0), b(0), Ctr & | tou LUT

Eicodol ‘E€odoL O apxwkog NMivakag AAnBOeiag kot

a(0)/11 b(0)/10 Result(0) o avtiotoyo¢ tou LUT eivau idlot
0 0 0 | 0

Nivaxoc AAn Beiac 0 0 1 I 1 Result(0)<=(a(fJ) xor b(0)) and not Ctr
True Table , 0 ! 0 | ! 0=10 & !|1|LG!T;F:|IJ& 11 & 112

ywa Result(0) 0 1 1 | 0
1 0 0 I 0
1 0 1 I 0
1 1 0 I 0
1 1 1 I 0

TMHMA
l NAHPO®OPIKHE 4 Epyaotrplo Space Data Systems 2025-26 A.BactAdmoulog 17

THAENIKOINQNION




VHDL - lNapadeiyua

Bripa 7c. Aoyikd kKUkAwpua: daon YAotroinonc — Design

eeeeee

- = Q ARSHEI N S MIES o




VHDL - lNapadeiyua

Bripa 7d. Aoyiko kukAwpa: ddaon YAotmroinong — Design: LUT on

Click on Leaf Cell
Result_OBUF[0]_inst_i_1

. TMHMA , .
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VHDL - lNapdaodeiyua

Bripa 7e. Aoyiko KUukAwpa: daon YAotmroinong — Design: LUT on
Board (LUT3 — Result(0))

| IMPLEMENTED DESIGN - xc7z020clg484-1

Netlist Device

= H n |- @ e X m |©F R & o o4

|

Cir_IBUF -~
Result_0OBUF[2]_inst_i_2_n_0
~ Leaf Cells
a_IBUF[0L_inst
a_IBUF[1L_inst
a_IBUF[2]_inst
b_IBUF[0L_inst
b_IBUF[1L_inst
b_IBUF[2]_inst
Carry_OBUF_inst
Carry_0OBUF_inst_i_1
Cir_IBUF_inst
Resuli_0OBUF[0]_inst
Resull_OBUF[0] inst_i_1 (LUT3) N

Cell Properties
Result_OBUF[0]_inst_i_1 - o

12 1 10 O=0&MENZ+N0&IT&N2
0 A

[ - =y
S T e
o o o o o = 4

Edit LUT Equation...

operties  Power  Mets  CellPins | Truth Table

TMHMA
NAHPOOOPIKHE 4 Epyaotrplo Space Data Systems 2025-26 A.BactAdmoulog
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VHDL - lNapdaodeiyua

LUT

* Mivakec Avalntnonc (Lookup Tables — LUTS): HLKPEC UVAEC LOVO YLOL OVAYVWON
e Xpnolpormolouvtal ylo tTnv VAomoinon AoyLKwV cuUVaPTACEWY 0 KUKAwpata FPGA

* ‘Eva LUT 2" x 1 propel va UAOTIOL 0L OTOLOS ATTOTE AOYLKN) cuvaptnon piag eE660uL n omola EXEL EWG
Kot N ELo0dou(g
* To n ouvABwc mallpveL pLa T oo 1o 4 EwG 1o 6

* Taepyaheia oUvBeong SLA0TIOUV AOYIKEG CUVAPTICELG TIOU £XOUV TIEPLOCOTEPEG aro 4—6 eLl0650UG o€ eva
OUVOAO ULKPOTEPWYV CUVAPTNOEWV

* KaBe ocuvaptnon vAomoleital o €vav dtabéotpo mivaka avalitnong

THAENIKOINQNION
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VHDL - lNapdaodeiyua

LUT

e 21N oepa 7 tnc etatpeioc Xilinx, €xouv 6 elcodouc

e Apo, UTTOPOUE VoL Bewprnoou e OTL KABe mivakag avalntnong ival
uta pviun ROM dlaotaocswyv 64 x 1 bit

ROM 64 x 1
AO A0
A1 A1
A2 A2
DO DO
A3 A3
A4 A4
A5 A5

. TMHMA
I E NAHPO®OPIKHE 4 Epyaotniplo Ixediaon Wnolakwv Zuotnuatwyv 2025-26 A.BactAémoulog
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LUT

Building Look-up Tables (LUTs)

An overview of how LUTs are built helps describe the key innovations in the ALM, A LUT is typically built out of
SRAM bits to hold the configuration memory (CRAM) LUT-mask and a set of multiplexers to select the bit of
CRAM that is to drive the output. To implement a k-input LUT (k-LUT)}—a LUT that can implement any function of
k inputs—2* SRAM bits and a 21 multiplexer are needed. Figure 2 shows a 4-LUT, which consists of 16 bits of
SRAM and a 16:]1 multiplexer implemented as a tree of 2:1 multiplexers. The 4-LUT can implement any function of
4 inputs (A, B, C, D) by setting the appropriate value in the LUT-mask, To simplify the 4-LUT in Figure 2, it can also
be built from two 3-LUTs connected by a 2:1 multiplexer.

Figure 2. Building a LUT

YAomoinon LUT

i I 1 i o o

a'b'c'd’ + abed + abe'd’ = 1000 0000 0000 1001 = 0x8009

Share Cite Follow answered May 8, 2015 at 2:04

:;E.‘ﬁ apalopohapa
Fi) 832902 028 030

THAENIKOINQNION
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VHDL - lNapdaodeiyua

Simulation

Alu_tb entity
P T T T T T T T T ':
I eloodol :
|
|
a_tb 3 > L:, carrr/:ﬂ' > carry_tb
: I
|
b_tb 3 > LL; resuIL—:% 3 > result_tb
é&o:SOL
Ctr_tb

|
|
ctr | ALU |
:
|

l RAHPOOOPIKHE & Epyaotrplo Space Data Systems 2025-26 A.BactAdmoulog
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Simulation - KwdIKAg

entity ALU_tb is test: process is
- Port (); Begin
end ALU_tb;
Ctr_tb<='0";
architecture Behavioral of ALU_tb is foriin0 to 7 loop
component ALU is a_tb<=std_logic_vector(to_unsigned(i,a_tb'length));
Port(a :in STD_LOGIC_VECTOR (2 downto 0); forjin0to 7 loop
b :inSTD_LOGIC_VECTOR (2 downto 0); b_tb<=std_logic_vector(to_unsigned(j,a_tb'length));wait for 10ns;
Ctr :in STD_LOGIC; end loop;
Result :out STD_LOGIC_VECTOR (2 downto 0); end loop ;
Carry :outSTD_LOGIC
); Ctr_tb<="1";
end component ALU; foriin0 to 7 loop
a_tb<=std_logic_vector(to_unsigned(i,a_tb'length));
signala_tb  : STD_LOGIC_VECTOR (2 downto 0); forjin0to 7 loop
signal b_tb  : STD_LOGIC_VECTOR (2 downto 0); b_tb<=std_logic_vector(to_unsigned(j,a_tb'length));wait for 10ns;
signal Ctr_tb : STD_LOGIC; end loop;
signal Result_tb : STD_LOGIC_VECTOR (2 downto 0); end loop;

signal Carry_tb : STD_LOGIC;

end process test;

Begin end architecture Behavioral;
uut: ALU port map (a_tb,b_tb,Ctr_tb,Result_tb, Carry_tb);

. TMHMA , '
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Simulation — kwdIka¢ pe procedure

entity ALU_tb is test: process is
-- Port ();
end ALU_tb; procedure sim_test is
begin
architecture Behavioral of ALU_tb is foriin0 to 2 loop
component ALU is a_tb<=std_logic_vector(to_unsigned(i,a_tb'length));
Port(a :in STD_LOGIC_VECTOR (3 downto 0); forjin0to 2 loop
b :in STD_LOGIC_VECTOR (3 downto 0); b_tb<=std_logic_vector(to_unsigned(j,a_tb'length));wait for 10ns;
Ctr :in STD_LOGIC; end loop;
Result :out STD_LOGIC_VECTOR (3 downto 0); end loop;
Carry :outSTD_LOGIC end procedure;
);
end component ALU; begin
signala_tb  : STD_LOGIC_VECTOR (3 downto 0); Ctr_tb<='0";sim_test;
signalb_tb  : STD_LOGIC_VECTOR (3 downto 0); Ctr_tb<='1':sim_test;
signal Ctr_tb : STD_LOGIC; - -
signal Result_tb : STD_LOGIC_VECTOR (3 downto 0); end process test;
signal Carry_tb : STD_LOGIC; end architecture Behavioral;
Begin

uut: ALU port map (a_tb,b_tb,Ctr_tb,Result_tb, Carry_tb);

. TMHMA , '
I E NAHPO®OPIKHE 4 Epyaotriplo Space Data Systems 2025-26 A.Bao\omoulog

THAENIKOINQNION




VHDL - lNapadeiyua

Simulation — Xpovooeipa RTL

Untitled 1

O W @& & i « I« [ L

180.000 ns

» W a_tb[3:0] 4
» W b_tb[3:0]
e Cir_tb
» W Result_tb[3:0]
e Carry_tb
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Simulation — Xpovooeipa post Synthesis

Untitled 2

O W @ a I = I« ) [ 1

> W a_th[3:0]
> B b_th[3:0]
e Cir_tb
> M Result_tb[3:0]

@ |Carry_tb
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[MepiAnwn

Avartuén BAaua-BAua pog anAng epappoyng oto Vivado
RTL->Synthesis->Implementation

Mpocopoiwon

LUT

YAomoinon LUT

https://electronics.stackexchange.com/questions/169532/what-is-an-lut-in-fpga
https://hardwarebee.com/overview-of-lookup-tables-in-fpga-design/
https://www.xilinx.com/htmldocs/xilinx2017 4/sdaccel doc/ye01504034293627.html
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