I:IEI:EI_

;'; "%  DIGITAL SYSTEMS & COMPUTER ARCHITECTURE LABORATORY

Epyaotnplo Aoyiknc 2xedlaonc

20 Epyaotnploko Mabnua

Baow\onouAo¢ Atovuonc
E.ALM. Tunpatog MAnpodopilkic & TnAenmikowvwviwy - EKMNA




2" EpyaoTtnpiakn Aoknon

ALU

Na oxedldoete Kal va mpocopuolwoete oto Vivado pia apOuntikn kot Aoyikn povada (ALU) n omola
Ba d€xetal otnv elcodo dVo crApata pn MPooNUACUEVWY aplBuwyv a kal b, Twv 3 bit Tto kaBeva. H
ALU kavel pla anmAn mpooBeon (a+b). Ztnv £€odo umapxet to onua Result twv 3 bit pe 1o
QTMOTEAECHO TNC TIPAENC Kol €va onua Carry mou €xel twun ‘1’ oe mepimtwon Tmou UMApPXEL
Kpatoupevo/umepyeiAlon.

To ovopua tou project Ba eivat Lab2, To ovopa tou apyeiou (design source) aAAd Kol N ovtoTNTO COC
Ba Aéyetal alu, evw n apyttektovikn Dataflow. Ta avtiotola ovopata ylo tnv npooopoiwon Ba
elval alu_tb, kat Dataflow tb

Anuloupynote tnv ovtotnta, ypalte TNV apxLtektovikn, epdaviote ta RTL kat Synthesis
Slaypappota, Kot TEAOC TPOYPALLUOTLIOTE TNV KAPTAL.

. TMHMA
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2uoxetion PIN kaptag FPGA ue port Ovtotntag

EicodoL DIP Switch ‘E€080L LED
b[2] SWS5
b[1] Sw4 Carry -7
b[0] SW3 Result[2] LD2
a[2] SW2
a[1] SW1 Result[1] LD1
a[0] SWO

Result[0] LDO
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BAuaTa etTiAucng

1. Anploupyia véou project

Anuoupyla Entity — Evtomiopoc Input/Output Tou oUOTAUATOC

3. EUpeon mivaka aAnBeiac yia kaBe €€o0do tou ocvotripatoc (bev xpeldletal otnVv
MEPLITTWOT) HOLG

4. Anpwoupyla Architecture — Oa €xete TOUAAXLOTOV TOOEC EVTOAEC OOEC €ival Kol oL
£€odol Tou ovotnpatoc. Kabe pia evtoAn avtiotolxet o pia £€o0do.

5. Anuoupyia RTL avamnoapaotaong

6. 2UvOeon

7. YAomoinon

Mpoypoappoatiopog kaptag (Eywe povo oto Epyaotnplo)

8. Mpooopoiwon (Mapovoidletat povo otic dStadAaveleg)

N
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ATTAOTTOINUEVN HOPPr KUKAWPOTOC — Eicodol/Ecodol

Result

b ALU (+)

Carry
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BAua 2: MNeprypapr) Oviotntag

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

);
end entity ALU;
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Brpa 3: MNivakag aAnbeiag KUKAWPATOC

AEN XPEIAZETAITIA THN MEPINTOQ2ZH MAZ
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BAua 4:Tepiypagn Apxitektoviknc—Mia Auon xwpic process (a)

Result_temp<=unsigned('0'&a)+unsigned('0'&b);
Result<=std_logic_vector(Result_temp(2 downto 0));

Carry<=Result_temp(3);
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BAua 4:Tepiypagn Apxitektoviknc—Mia Auon xwpic process (b)

Result_temp<=resize(unsigned(a),Result_temp'length)+resize(unsigned(b),Result_temp'length);
Result<=std_logic_vector(Result_temp(2 downto 0));

Carry<=Result_temp(3);
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BAua 4: MNepiypagpn Apxitektovikng — Mia AUan pe process

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

Result_var:=unsigned('0'&a)+unsigned('0'&b);
Result<=std logic_vector(Result_var(2 downto 0));

Carry<=Result_var(3);

end process solution;

. TMHMA
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BAua 4: MNeprypagn ApxiTektovikng — Apxeio Constraints

EHie

set_property -dict { PACKAGE_PIN F22 IOSTANDARD 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 F21 IOSTANDARD LVCMOS33 } [get_ports { b[0] }];
set_property -dict { PACKAGE_PIN H19 IOSTANDARD LVCMOS33 } [get_ports { b[1] }];
set_property -dict { PACKAGE_PIN H18 IOSTANDARD LVCMOS33 } [get_ports { b[2] }];

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 LVCMOS33 } [get_ports { Carry }];

TMHMA
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BAua 5a: RTL Analysis

Project Summary % | Schematic x bcdvhd x| aluxdc x| ALU_tbwhd x 200

- e a 4 & © C  1cel 10UOPorts  11MNets o

Result_temp_i c
a[2:0] 2:0 10[3:0] am
: ( N 0[3:0] 2:0 D

Result[2:0]
2:0 11[3:0]
b[2:0]

UV

RTL_ADD

- TMHMA , , s ,
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BAua 5b: RTL Analysis

ELABORATED DESIGH - xc72020cig484-1 2
Sources | Netlist  x ?2 _00 Project Summary x| Schematic x aluxdc x | bedvh X 200
= 4 & - a e ¥ X O & = C  dcel 100OPots 11 Mets o
ALU
> Nets (11
w7 LeafCells (2
GND (GHD

Result_temp_i (RTL_ADD

Cell Properties ? _ 00O X Result_temp_i ca
Result_temp_i - & a[2:0] I > 2:0 10(3:0 /_\—, "

Name Dir  BELPin  Net | J + SEY)| 20 : > Result[2:0]

D 100]  Input alol] biz:0] D 2:0 11[3:0] J

CF 0[] Input a[t]

D 10[2] Input a2l RTL_ADD

O 10[3]  Input <const0=

O 1M[0]  Input bi0]

- M1 Input b[1] -

2 121 Input b[2]

2 13 Input <const0=

£ 0[] Output Result[d]

o[ Output Resuli[1]

< 0[2] Output Result[2]

03 Output Carry

General Properties Mets Cell Pins

TMHMA
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Bripa 6-7: Synthesis/Implementation Scematic

| SYNTHESIZED DESIGN - xc72020clg484-1 2
Sources | Netlist x ? 00 Project Summary % | Device % | bcdvhd x| aluxdc x| ALU_tb.whd #  Schematic 200
= 4 o @ a ¥ x o T =  (  14Cells 10WOPorts 20 Nets o

A_IBUFL2_INSLIBUE) -]
b_IBUF[OL_inst (IBUF) Result OBUF(0]_inst_i 1 | Res”cljt-OBU Fl0]_inst ,
b_IBUF[L_inst (BUF) :{1’ ° DOBUF D Resuliz0]
b_IBUF[ZL_inst (IBUF) Utz
i It \ N ’ ’
Carry_OBUF_inst (OBUF) o | 2-BUF[O] inst Result OBUF[1]_inst_i_1 KaOe LUT vAomoltel
_OBUF_inst_I_1(LUTE) a[2:0] D—._|>— a _inst_i_ _
Cary_OBUF_inst_L_1 (LI 5 Result_OBUF[1]_inst P ’
Result_OBUF[OL inst (OBUF) IBUF h o L[~ 0 4 Tov Mivoka AAneElac
Result_OBUF[OL inst_i_1 (LUT2) a_IBUF[1]_inst 12 OBUF L ’
" LS 2 vwa éva Pndio tou
: . LUT4 L
Cell Properties ? 00 X IBUF aTtOTEAEO'uaTOC.
) ) a_IBUF([2]_inst Result OBUF[2]_inst_i_1
Result_OBUF[0]_inst_i_1 - o ) ’ 1 .
2 [~ © o Exoupe 4 Yndia (bit)
1 10 O=I0&I1+10&N BUF 1 Result_OBUF(2_nst ) ,
0 0 0 b IBUF(OL_ins - I~ 0 :d otnv €060 dpa kai 4
° . - 13 OBUF
011 b[2:0] [’ > " LUT.
10 1 IBUF 5
11 0 b_IBUF[1]_inst UTe
1 o
’ ’ ._l>
Carry_OBUF_inst_i_1
Mivakag AAnBeioag ™ OBUF Inst |
v b_IBUF(2]_inst . Carry_OBUF_inst
ywa yndio Result(0) s 1~ 0 o 0 O camy
IBUF i OBUF
:
General  Properties  Power  Nefs  CellPins | TruthTable | LUTe

https://nandland.com/lesson-4-what-is-a-look-up-table-lut/
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. NAHPOOOFIKHE 4 Epyaotriplo Aoyikig Zxebilaong 2023-24 A.BaclAoémoulog

THAENIKOINONION




2" EpyaoTtnpiakn Aoknon

BAua 6-7: Synthesis/Implementation Device Emuhégee

Show Cell Connections

IMPLEMENTED DESIGN - xc7z020clg484-1
Hetlist Device
= H o

a_IBUF[1]_inst
a_|BUF[2]_inst
b_IBUF[O]_inst
b_IBUF[1]_inst _
b_IBUF[2]_inst
Carry_OBUF_inst
Carry_OBUF_inst_i_1
Result_OBUF[0]_inst
Result_OBUF[OL_inst_i_1 (LUT2)

Cell Properties

Result_OBUF[0]_inst_i_1 - ﬂ-
Mame: Result_OBUF[0]_inst_i_1
Reference name: LuTZ
Type: LUT

BEL: ASLUT Fixed
Site: 5| SLICE_X113Y101 /

Tile: [l CLBLM_R_x71Y101

Clock region: /

Mumber of cell pins: 3

Nets Cell Pins

General Properties

TMHMA
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BAua 6-7: Synthesis/Implementation Device

IMPLEMENTED DESIGN - xc7z020clg4284-1

Netlist Device
= 4 &
a_IBUF[1L_inst “
a_IBUF[2]_inst

b_IBUF[0]_inst
b_IBUF[1L_inst

Carry_OBUF_inst_i_1 |:|

b_IBUF[2]_inst
Carry_OBUF_inst

iy CBF iyt

Result_OBUF[0]_inst
Result_OBUF[D_inst_i_1 (LUT2) w
Cell Properties
Result_OBUF[D]_inst_i_1 - &

~
Mame: Result_OBUF[0]_inst_i_1
Reference name: LUT2
Type: LUT
BEL: ASLUT Fixed
Site: 5| SLICE_X113Y101
Tile: [E cLBLM_R_x71v101 | B_EFL’ 'C":‘:':RR"F‘{“'M
ype: Cf

Clack region: 1 X1Y2 Site: SLICE_X113Y101

. Tile: CLBLM_R_X71Y¥101
Mumber of cell pins: 3 W
General Properties Power Mets Cell Pins

TMHMA
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Implementation — Timing Reports (1/2

| IMPLEMENTED DESIGN - xc7z020¢clg484-1 ? X
Sources | Netlist  x ?_0@Q P »  Schematic  x x 200
= H o (%] 4+ = | C 14Cels 10UOPorts 20 Nets o
. . . .
w1 LeafCells (14 ~ ) M R
it | o ool e eports->Timing->Report Tim
a_IBUF[0)_inst (IBUF Result_OBUF[OL inst_i_1 | r-\e_suo’ 0Lin o Result20] n U r > I I n > r I I n
1 |
a_IBUF[1Linst ([EUF 1 OBUF
a_IBUF[2]_inst ([BUF LUT2
a_IBUF[0]_inst
b_IBUF0]_inst (EUF ) ., B-BUFIOL Result_OBUF(1]_inst_i_1
b_IBUF[1]_inst (IBUF) a2:0] > ! o Result_OBUF([1]_inst
b_IBUFI2]_inst (IBUF 1BUF H oo ! D o !
Carry_OBUF_inst (OBUF) ) a_IBgFHJ_mSI 12 OBUF
. 13 .
Carry_OBUF_inst_i_1 (LUTE)
. \ Setup Time:
esult_OBUF[0]_inst (OBUF .
Result_OBUF[OLinst_i_1 (LUTZ ‘ EUE“l;F[?JJn51 Result OBUF(2)_inst_i 1
: - 10 /4 / /4
Result_OBUF[]_inst (OBUF .
" Result OBUF(2] inst A 6 6
Result_OBUF[1_inst_i_1 (LUT4 1BUF R @ [~ © H Va E Etal. GTL a E l.a O E
Result_OBUF[2]_inst (OBUF 0 b—'EgF[DJ—‘"Si 3 QUF , ,
Result_OBUF[2]_inst_i_1 (LUT? M b0 Dt 4 Kae U OTE (0] 6 La6 00
: pnon NG
Path Properties ?2 00X - bf'BgF“L‘"“ LuTE
Path 5 - o DIBUF Camry_OBUF _inst i 1
10
~_Summary ~ b_IBUF[2]_inst i Carry_OBUF_inst
Name Path 5 »—‘{> o i iy B PP 'b ol > carmy
Slack @ns IBUF 13 OBUF
Source D b[1] (input par; o £
3 15
General Properties Report  Cells  Nets N LuTe
TclConsole | Me: Log esign Runs | DRC Timing ?_00G
Q I =2 C W 4Q I £ {3 = M @, Timing Checks - Setup
»
General Information Name Slack ™' Levels Routes HighFanout From To TotalDelay LogicDelay MNetDelay Logic% MNet% Requirement Source Clock Destination Clock  Exception Skew  Clock Uncertainty
Settings v = Unconstrained Paths (1
~ Timing Checks (& v (none) (4
Setup (4) Fath 5 o 3 2 3 bl Carry 12528 5.060 7.469 404 59.6 e input port clock 0.00
Hold (4 Path 6 m 3 2 3 b1l  Resulf2] 10.398 5.089 5309 489 511 w  input port clock 0.00
Path 7 @ 3 2 4 al0] Result[0] 10.249 5.361 4988 518 48.2 e input port clock 0.00
Path & @ 3 2 30 Result[1] 10.228 5071 5157 498 0.4 e input port clock 0.00
< 2
Timing Summary - impl_1(saved) » Report Timing -timing_1  x

TMHMA

d i E NAHPOGOPIKHZ 4 Epyaotriplo Aoyikig Ixediaong 2023-24 A.BactAGmoulog 17

THAENIKOINONION




2" EpyaoTtnpiakn Aoknon

Implementation — Timing Reports (2/2

IMPLEMENTED DE SIGN - xc72020clg484-1 ? X
Sources | Netlist  x 2 _0C Project Summary x| Device x| Schematic  x 200
= H o @ 9 3 n © 4+ = C 14Cels 10IOPoris 20 Nets o
“ o LeafCalls (14 ~ Result OBUF[O] inst i 1 Result_OBUF[0]_inst M R t >T- i > R t i i
‘e sul in: 1 - -
oouroL 1| Fes OO enu Reports->Timing->Report Timing
! 0 0 > Result2:0]
a_IBUF[1]_inst (IBUF) i OBUF
a_IBUF2]_inst (IEUF LUT2
i a_IBUF[0]_inst
5_IBUFIOL_inst (ELF - YL Result_OBUF[1]_inst_i_1
b_IBUFHL inst (BUF az:0) D m Result_OBUF[1]_inst
b_IBUF[2]_inst (IBUF IBUF " oo ! D 9
Carry_OBUF_inst (OELF . ﬂJBgFU]Jnm 12 OBUF
Carry_OBUF_inst_i_1 (LUTE ’_D 5 .
.
Result_OBUF(D]_inst (OBUF IBUF LT Setu p TI me:
Result_ OBUFID]_inst i 1 (LUT2 ‘ a_IBgF[2]_msi Result_OBUF([2]_inst_i_1
»—" =S 0 7 I 7
: e OBUAE n Avapepetal oTL opec SLadpope
Result_OBUF[1]_inst_i_1(LUT4) 12 (o] [0
- b_IBUF[0]_inst
Result_OBUF[2]_inst (OBUF 0l ) = 13 OBUF
Result_OBUF[2]_inst_i_1(LUTE v bl2:0] 14 e L L4 A
T : KaBuotepnon HoAuvong
Path Properties > _OC X D b—IB[U)Fm—mg LuTe
Path 1 - o I:IBUF Carry_ (I)OBUF_lnsi_\_T
~ Summary ~ b_IBUF[2]_inst " Carry_OBUF _inst
2z | =] T | o]
Name Path 1 1 2 o D > Camy
Slack (Hol cons IBUF — 13 OBUF
Source D a1l (input port v "‘
< ) 15
General  Properies | Report | Cells  Mets N LuTE
Tel Console Log | Reports wer | Timing  x > _ O
Q T 2 C W 1Q = £ G =4 @ MmN Timing Checks - Hold
»
General Information Name Slack ' Levels Routes High Fanout From To TotalDelay LogicDelay NetDelay Logic% Net% Requirement  Source Clock Destination Clock  Exception Skew  Clock Uncertainty
Settings ~ Unconstrained Paths (1
~ Timing Checks (& ~ (none) (4
Setup (4 Path 1 w 3 2 3 a[]  Resultd] 2072 1.407 1.475 504 495 o input port clock 0.00
Hold (4) Path 2 @ 3 2 2 b2 Result}2) 3.045 1.494 1550 491 509 -0 input port clack 0.001
Path 3 B 2 2 4 2]  Resulto] 3283 1585 1697 483 517 -0 input port clock 0.00
Path 4 o« 3 2 2 a2 Carry 3864 1472 2392 381 619 -co  input port clock 0.001
< ?
Report Timing - timing_1
TMHMA
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Implementation — Report Utilization

. are . s
Open Implemented Design->Report Utilization->Summary
7 ] . C 14 Cells 10 D Ports 20 Nets
aAAa kot amo Project Summary
Result OBUF[0L inst i1~ Result OBUF(O] inst
) b o Result[2:0]
I OBUF
L L H H LUT2
Aladopetika Lut oto report amno 3 avtiywa 4). o IBUF0] inst o
s , 2.0} ol o Result OBUF[1] inst i 1
als D_"‘_‘} Result OBUF[1]_inst
Kdrmola cuvevwvovtal oTo T€ ur o ey oBURILINt
s , a_ IBUF[1] inst I+ LE;UF
oxnuatilovtac Zevyn (lutpairs). 1 1~ o
IBUF LUT4
~ Open Implemented Design Primitive type  Count 2l I:EI_|B{L;|F[2]_in51 RQSUH—DEUF[‘?]—iMLiJ
Constraints Wizard Stalistics | 19IES IBUF " Result_OBUF[2]_inst
i o
Edit Timing Constraints 25 | Power | Umization b IBUFO] inst I D :
0 0 ol e} 13 COBUF
9 Report Timing Summary D_"‘—|> "
4 Summary IBUF
Report Clock Netwarks 4 o BUFIL 15
st
Report Clock Interaction —_— ; —_— 1l O =" LTS
P Resource Utilization Available Utilization % .._|> S
Report Methodology » Slice Logic LUT 3 53200 0.01 \BUF Caﬁy_DnBUF_mﬁ_|_'1
Report DRC ’i”“mgicmsmb”ti"” 10 10 200 5.00 | b 1BUFZ) inst . | Carry OBUF_nst
lemary z 1 I’*—-____\_
Report Noise Dsp ::IBUF Ili C LE;;-UF L Cany
Report Utilization » 10 and GT Specific ng "o"so M
& Report Power Clocking I T T ] : | 5
Specific Feature 0 25 a0 75 100 LUTE
*H Schematic Primitives Utilization (%)
TMHMA ) ) ) )
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Brpa 8: Simulation

Lab2_tb entity
T k
I eloodol I
|
|
a_tb 3 < a§:> carry— :—> > carry_tb
: I
b ! I
b_tb 3 > —1 result — 3 > result_tb
é&o:SOL
I
I
|
|
|

|
|
: ALU
:
|

TMHMA
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BAua 8a: Simulation

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

end architecture Behavioral;
signala_tb  :STD_LOGIC_VECTOR (2 downto 0);

signalb_tb  : STD_LOGIC_VECTOR (2 downto 0);
signal Result_tb : STD_LOGIC_VECTOR (2 downto 0);
signal Carry_tb : STD_LOGIC;

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

. TMHMA
d I E MAHPO®OPIKHE 4
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Bupa 8b: Simulation: Behavioral

SIMULATION - Behavioral Simulation - Functional - sim_1 - ALU_tb

Scope Objects Untitled 1*
Q =z = ®| Q . O W @ @ I ¥ « |4« M = o2 oA =]
~ 3 ALU_tb ALU_th(Behav > B a_tb[2:0] S -
| uut ALU{Dataflow) » B b_tb[2:0]
b - a_th[2:0] 000
» B Result_tb{2:0]
B b_tb[2:0] 000
14 carry_tb
= Result_tb[2:( 000
@ Carry_tb
TMHMA
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Bripa 8c: Simulation: Post Synthesis Timing Simulation (1)

Delays (KaBuotepnoelg dtadoong)
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Bripa 8c: Simulation: Post Synthesis Timing Simulation (2)

7.000 n=s 215.000 ns 219.000 ns Z20.000 ns 221.000 ns 222.000 ns 423.000 ns £24.000 ns Z25.000

I AaBoc tiun Aoyw

Delays (KaBuotepnoeilg poAuvong)
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