}'\.

;UE:EL

DIGITAL SYSTEMS & COMPUTE CHITECTURE LABORATO

4° EpyaotnpLo
2xeblaonc Wnolokwv ZuoTthuatwy

1° Epyaoctnplrako Madnua

BaolAomouAog Alovuong
EAIN TuApatog MAnpodopikic & TnAemikowwviwy - EKMNA




1° EpyaoTnploko pabnua

[MepIBaAAov Linux

USER=guest

PASSWORD-=linux!

Mo va ekteleotel to Vivado mpéemel va ypaP ete ti¢ akOAouBeC eVTOAEC:
(untdpyeL ko oto eclass, Kavete copy/paste KABe ypap Ul xwpLotd oto terminal

source /opt/Xilinx/Vivado/2022.2/settings64.sh

cd Shome

cd VIVADO-users/

mkdir sdi2400XXX ‘'Omou sdi2400XXX eiva 0 AM oag
cd sdi2400XXX

vivado
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1° EpyaoTnploko pabnua

Aoknon

Yxedlaote pia aplOuntikn kat Aoyikn povada (ALU). Ztnv eicodo d€xetal Eva onpa a twv 3 bit, kaBwc Kkal
gva onua Ctr evog bit. H ALU ywa tiuny Ctr =0’ kavel dwaipeon (a/2 : aképatlo pEpog tng dtaipeong) evw yla
T Ctr= '1' kavel duthaoclaopo touv a (a*2). Ztnv €€odo umadpxel 1o onua Result twv 3 bit pe 1o
amoteAEopA TNG MPAENG Kol Eva onpa Carry mou €xeL Tiun ‘1’ oe mepimtwon Mou UNMAPXEL KPOTOULEVO
(Carry). 2xeblaote to KUKAwHA. 2ac Sidetal o oplopoc TG ovtoTNTAC:

entity ALU is

Port (

a :in STD_LOGIC_VECTOR (2 downto 0);

Ctr :inSTD_LOGIC;

Result :out STD_LOGIC_VECTOR (2 downto 0);
Carry :outSTD_LOGIC );

end entity ALU;
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1° EpyaoTnploko pabnua

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)
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1° EpyaoTnploko pabnua

['VwpIuia Ye TNV KAPTA

Led: |dO-Id2 (Result)
: 1d7 (Carry)

SW: sw0-sw2 (a)

: sw7 (Ctr)

To mpaypatikd ovopa (pin) Twv led kot switch
elval og mapevOeon

TMHMA
l NAHPOOOPIKHE 4 Epyaotniplo Ixediaon Wnolakwv Zuotnuatwyv 2025-26 A.BactAémoulog

THAENIKOINQNION




1° EpyaoTnploko pabnua

ATtTAoTtToinuévn pop@n — Eicodol/E¢odol

Ctr

ALU (/,*)
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1° EpyaoTnploko pabnua

Bripa 2. MNeprypagn Ovrotntag

entity ALU is
Port (
a :in STD_LOGIC_VECTOR (2 downto 0);
Ctr :in STD_LOGIC;
Result : out STD_LOGIC_VECTOR (2 downto 0);
Carry :out STD_LOGIC

);
end entity ALU;
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1° EpyaoTnploko pabnua

2uoxETion port ye FPGA

Eicodol
Ctr

A[2]
A[1]
A[O]

. TMHMA
d I E NAHPO®OPIKHE 4
THAEMIKOINQNION

DIP Switch ’E§060l.
SW7
SW2 Carry
SW1 Result[2]
SWO
Result[1]
Result[0]
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1° EpyaoTnploko pabnua

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

EiE

# ZedBoard Pin Assignments
HERHHH
# On-board Slide Switches #
HEHHH

set_property -dict { PACKAGE_PIN F22 |OSTANDARD LVCMOS33 } [get_ports { a[0] }];
set_property -dict { PACKAGE_PIN G22 IOSTANDARD LVCMOS33 } [get_ports { a[1] }];
set_property -dict { PACKAGE_PIN H22 IOSTANDARD LVCMOS33 } [get_ports { a[2] }];
set_property -dict { PACKAGE_PIN M15 IOSTANDARD LVCMOS33 } [get_ports { Ctr }];

HHHHHHHHHHHHHHHHHHH HHH ]

# On-board led

#

HHHHHHHHHHHHHHHHHHHHHH ]

set_property -dict { PACKAGE_PIN T22 IOSTANDARD 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 LVCMOQS33 } [get_ports { Carry }];

TMHMA
NAHPO®OPIKHE +
THAENIKOINQNION
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Kwdika VHDL

1.Ta oxoAla edw eival pe #

2.Ta bit tou vector edw eivat pe []
avtl ().

3.Tot OVOUOTO TWV ONUATWY,
npéEmneL va eivat AKPIBQZ ibwa pe
™ 6nAwon otnv ovtotnta (case
sensitive)

4.Kapta Zynq 7(000) ZC702 -
Evaluation Board



1° EpyaoTnploko pabnua

Briua 3. lNivakac AAnBeiac kukAwpaTtoc - Result

>
Y

nesuts | Resuto | A2 | A1 | A0
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1° EpyaoTnploko pabnua
Bripa 3. lNivakac AAnBeiac KukAwuartog - Carry

>
Y

P = = =, O O O O
- O - O =B O == O
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1° EpyaoTnploko pabnua
Bnpa 4. INepiypagr ApXITEKTOVIKNG

Result(2)<=Ctr and a(1);
Result(0)<=not Ctr and a(1);
Result(1)<=(not Ctr and a(2)) or (Ctr and a(0));

Carry<=Ctr and a(2);
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1° EpyaoTnploko pabnua

Bripa 5. Aoyiké KUKAwpa: Avattapdaotaon RTL (a)

EiE

Project Summary

x | Schematic % | ALU.vhd * x | ALU_tb.vhd

*  Schematic (2) X

00

A

D Carry

Q@ Q H M © C  6Cells 8I/OPorts 10 Nets
10 Result1_i )
Ctr > ™. 0 10 Result0_i_0
2 I @]
L ")
a(2:0] [— RTL_AND .
10 Carry i
o _Result1i_0 X p 19
~ 0 > S
0 [ RTL_AND
’—
RTLAND o _Result0_i
L1 I
RTL_AND
10 ResultO_i__1
@]
1 [
'—
RTL_AND

+—{ > Result[2:0]
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1° EpyaoTnploko pabnua

Brijpa 6. Aoyiko kukAwpa: ddon 2uvBeong — LUT(LookUp Table), uhotroiouv
[Mivakec AAnBeiacg (TrpoypappaTi{Oueva uEpN TNG KAPTAG

PGA)

Project Summary

Q

x | Device

e =

Nets->2upuoata —

» | ALU.vhd

LIRS

Ctr_IBUF_inst
| [ ©

x | ALU_tb.vhd

*  Schematic
12 Cells

Carry_OBUF_inst_i_1

8 /O Ports

16 Nets

Carry_OBUF_inst
| [~ O

200

Ctr [ >

|
IBUF

a_lBUF[0]_inst

[ > Carry

o o >
I OBUF
LUT2
Result OBUF[O]_inst_i_1 Result_ OBUF[0]_inst
o 0O N
|
I OBUF
LuT2

Result_ OBUF[1_inst_i_1
10

a20] D—p>H{ >0

IBUF
a_IBUF[1]_inst
O

1|

Result_ OBUF[1)_inst

[ Result[2:0]

Cells->WndoLaka

IBUF

a_IBUF[2)_inst
-,2 | [~ O

[
IBUF

TMHMA
d NAHPO®OPIKHE 4
THAENIKOINQNION

n o '~ 0

L—" ,
12 <« OBUF oToLxeLa
LUT3

Result_ OBUF[2]_inst_i_1 Result_ OBUF[2]_inst

o o |~ O

|~
I OBUF
LUT2
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1° EpyaoTnploko pabnua

Bripa 7a. Aoyiko KUukAwua: Paon YAotroinong

Sources Netlist X ?_00
= 4 &
[ Cr N
I CirIBUF
Leaf Cells (12
’
Juvaptno a_IBUFI0]_inst (1BUF
p n n a_IBUF[1]_inst (IBUF
LUT a_IBUF[2]_inst (IBUF
Carry_OBUF_inst (OBUF
Carry_OBUF_inst_i_1 (LUT2) v
Il Properties ?2 00X
Carry_OBUF_inst_i_1 - L]
’ ’
Mivakag AANBelag 1 o omoarn
o 0 0
o 1 0
1T 0 0
1 1 1
roperties Power Nets Cell Pins Truth Table =

TMHMA
NAHPO®OPIKHE 4
THAENIKOINQNION

alz0] D—p° >

0

1

2

IBUF

IBUF

IBUF

Project Summary x | Device x | ALU.vhd * ALU_tb.whd  x Schematic  x 00
@ @ ¥ & & T 4+ = C 12Cells 8I/OPorts 16 Nets &
Carry_OBUF _inst_i_1 Carry_OBUF_inst
| [~~._ 0
0 o | > { > Carry
11 UF
Ctr_IBUF_inst LuUT? ‘b
)
cr L— Result_ OBUF[0]_inst_i 1 Result_OBUF[0]_inst
IBUF 0 o ' ° O > Result2:0]
1 OBUF
LUT2
Result_OBUF[1]_inst_i_1

a_IBUF[O]inst 0 Result_OBUF[1]_inst
© H o 4'%
2 OBUF
a_IBUF[1]_inst LUT3
° Result OBUF[2]_inst_i_1 Result_OBUF[2]_inst
o o [~ © 2
I/
a_IBUF[2]_inst i OBUF
0 w2

2to LUT eicodol
- elvaw a(2), Ctr kot
umtoAoyiletou to

Yndoio Carry.

=>10
=>|1

Ctr
a(2)
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1° EpyaoTnploko pabnua

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

Elcobol ‘E€odoL
Ctr/l a(2)/1, LR O apxwkoc Mivakag AAnBOeiag kot
) ) 0 0 0 o awvtictowog tou LUT eiva idlot
NMivakag¢ AAnBeiog
Truth Table , 0 1 0
ywa Carry Carry<=(a(2) and Ctr
1 0 0 O=10&I1

1 1 1
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1° EpyaoTnploko pabnua

Bripa 7c. Aoyikd kKUkAwpua: daon YAotroinonc — Design




1° EpyaoTnploko pabnua

Bripa 7d. Aoyiko kukAwpa: ddaon YAotmroinong — Design: LUT on
Board (LUTZ2 — Carry)

Devi

SLICE_x113Y8a (SLICEL)
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1° EpyaoTnploko pabnua

Bripa 7d. Aoyiko kukAwpa: ddaon YAotmroinong — Design: LUT on
Board (LUT2 — Carry+Result bit)

Device

. . TMHMA
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1° EpyaoTnploko pabnua

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 8:04
‘-:;:-’a apalopohapa

M 8329 ¢2 928 39
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1° EpyaoTnploko pabnua

Simulation

Alu_tb entity
P T T T T T T T T ':
I eloodol :
|
|
2 » a I
a_tb 3 > —— carrr/:—* > carry_tb
! |
|
I resuIL_,:d> 3 > result_tb
|
I éEo:SOL
|
|
|
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1° EpyaoTnploko pabnua

Simulation - KwdIKAg

test: process is
entity ALU_tb is

begin

- Port (); Ctr_tb<='0";
end ALU_tb; a_tb<="000";wait for 10ns;
a_tb<="001";wait for 10ns;
architecture Behavioral of ALU_tb is a3 tb<="010"wait for 10ns:
component ALU is a_tb<="011";wait for 10ns;
Port ( a :in STD_LOGIC_VECTOR (2 downto 0); a tb<="100"-wait for 10ns:
Ctr  :inSTD_LOGIC a_tb<="101";wait for 10ns;
Result :out STD_LOGIC_VECTOR (2 downto 0); a tb<="110"-wait for 10ns:
Carry :out STD_LOG'C a_tb<=”111";Wait for 10ns’,

) Ctr_tb<='1;
end component ALU; a_tb<="000";wait for 10ns;
a_tb<="001";wait for 10ns;
sighala_tb  :STD_LOGIC_VECTOR (2 downto 0); a tb<="010"-wait for 10ns:
Signal Ctr_tb . STD_LOGIC, a_tb<=”011";W3it for 10ns’,
signal Result_tb : STD_LOGIC_VECTOR (2 downto 0); a tb<="100"-wait for 10ns:
signal Carry_tb : STD_LOGIC; a:tb<="101";wait for 10ns;
_ a_tb<="110";wait for 10ns;
Begin a_tb<="111";wait for 10ns;

uut: ALU port map (a_tb,Ctr_tb,Result_tb, Carry_tb); end process test;

end architecture Behavioral;
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1° EpyaoTnploko pabnua

Simulation — Xpovooeipa RTL

SIMULATION - Behavioral Simulation - Functional - sim_1 - ALU_tb

Untitled 1

Scope

153.600 ns

Sources

> B g tb[2:0]
o Ctr_tb
> B Result_tb[2:0]

oo

Objects

Protocol Instances
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1° EpyaoTnploko pabnua

Simulation — Xpovooeipa post Synthesis

SIMULATION Behavioral Simulation - Functional - sim_1 - ALU_tb | Post-Synthesis Simulation - Timing - sim_1 - ALU_tb |

Untitled 2

Scope

Q W @ @ X ¥ < |4 ) [

Sources

> Mg th[2:0]
o Cir_tb
> B Result_tb[2:0]

e Carry_tb

Objects

Jdances
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1° EpyaoTnploko pabnua

[MepiAnwn

e Avarmrtuén Bnua-pAua pog anAng epappoync oto Vivado
e RTL->Synthesis->Implementation

* [lpocopoiwon

e 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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