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3" EpyaoTtnplakn Aoknon

No oxedLldoete, va TIPOCOUOLWOETE Kal VoL UAOTIOLAoETE piot AptOpntikn kat Aoyitk Movada (ALU),
n omola eite Ba mMpPooBETel SUO Un MPoonUACHEVOUC aplBuouc (oApata a kat b) twv 3 bit eite Ba
Suthaolalel To a. To Tt mpaén Ba kavel e€aptdtal ano eva onpa eAeyxou (ctr) Tou evog bit. Otav n
LU tou eival ‘1’ tote KAveL TNV MpooBeon evw otav ival ‘0’ tote KAveL To SuTAacLaopo tou a. To
amotéAeopa amobnkevetal oto onpa result twv 4 bit (apa dev Ba acxoAnBeite pe to OEpa Tou
overflow/carry yiati to anotéAsopa xwpaet ota 4bit). H slcodoc Ba yilvetal pe TOUC SLAKOTTEC
(SWO0, SW1, SW2 yiwa 1o onua a, toug dtakomtegc SW3, SW4, SW5 yia 1o onpa b kot to dtakomtn SW6
yla to onpa ctr) kot n €€o6o¢ Ba epdaviletal tooo ota led (LDO, LD1, LD2, LD3) 600 Kal otnv Kapta
pmod. Ta tnv emthoyn) tou YPndiou oto pmod oto omoio Ba eudavioete 10 amotéAecpa Ba
xpnotpormnotwioste 1o dtakomtn SW7(digit_selection_in kat digit_selection_out n elcodoc kat n €€0do¢
avtiotolyo Tumovu std_logic).

MPOXOXH: >to Pmod oto eva Wnodio dtavoupue Ewcto 9
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VHDL — 7 segment led
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VHDL — 7 segment led

— Tunpata: (g, f e, d,c, b, a)
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VHDL — 7 segment led
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/ segment led - Pmod

Pmod o
Pinout Description Table pq | A y
e = Header J Header J 5 P2 A
eader J1 eader J2 =
B P3 ig AR
Pin Signal Description Pin Signal Description E P4 —AMA— L AA1 '—l AA2
F B = GND —— AB1 AB2—
1 AA Segment A 1 AE Segment E - E? I ACT l_, AC2Z
Vo L ap1 ™' aDp2
\L 2 AB Segment B 2 AF Segment F AE1 AE2—
[ ™% 7 AF1 ||  AF2
3 AC Segment C 3 AG Segment G p1 HAE_MAM_L | [ AGT I_I AGZ—
E c B o 5 P2 AT AMA —c1 c2—
- AD Segment D 4 C Digit Selection pin E“ P3 AG AAAA
c
=
e = | - 5 GND Power Supply Ground 5 GND Power Supply Ground 8 P
= GNDLEND
- v
6 Vee Positive Power Supply 6 juae Positive Power Supply Vee Vi 4[>07

Seven-Segment Display Connection Diagram

MONO TOENA AITO TA 2 LED MIMNOPEI NA EINAI ANAMENO ZE KAOE XPONIKH ZTIFrMH
Pmod: Peripheral Module interface

Ewkoveg amnd 1o https://reference.digilentinc.com/reference/pmod/pmodssd/reference-manual
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/ segment led - Pmod

Table 16 - Pmod Connections

FIL S':;ag;ael Zynq pin Hies Signal Name Zynq pin
JA1 Y11 JB1 W12
JAZ2 AA11 JB2 W11
JA3 Y10 JB3 V10
JA4 AA9 JB4 W38
S A A ennnn PosSne e ng T Bt nnas RS T+t it v i

JAS AB10 JB8 W10
JA9 AB9 JBY V9

JA10 AAS8 JB10 V8

Oa Bpeite oe nota Signal tng FPGA avtiotolyouv ta signal tou Pmod.
Katomv Ba Bpeite o mota pin tng FPGA avtiotolyouv ta signal tou Pmod.
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MPOXQPHXTE 2THN A2KH2H
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APXITEKTOVIKN
result_temp<=unsigned('0'&a)+ unsigned('0'&b) when ctr='1' else
unsigned(a&'0') when ctr='0' else
(others=>'0");
result<=std_logic_vector(result_temp);
APXLTEKTOVLKN

with result_temp select

seven_segment<="0111111" when "0000", --0
"0000110" when "0001", --1
"1011011" when "0010", --2
"1001111" when "0011", --3
"1100110" when "0100", --4
"1101101" when "0101", --5
"1111101" when "0110", --6
"0000111" when "0111", --7
"1111111" when "1000", --8
"1101111" when "1001", --9
"1000000" when others; --”-”

digit_selection_out<=digit_selection_in;
i E RAHPOGOPIKHE 4 Epyaotriplo Space Data Systems 2024-25 A.BaotAOrtoulog
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Constraints (1/2) — Switches + Leds

Hit#HHT IS
# On-board Slide Switches #
Ht#HHTHHHEHE B

set_property -dict { PACKAGE_PIN M15 IOSTANDARD LVCMOS33 } [get_ports { digit_selection_in }];
set_property -dict { PACKAGE_PIN H17 |OSTANDARD LVCMOS33 } [get_ports { ctr }];

set_property -dict { PACKAGE_PIN H18 IOSTANDARD LVCMOS33 } [get_ports { b[1] }];

set_property -dict { PACKAGE_PIN H19 IOSTANDARD LVCMOS33 } [get_ports { b[1] }];

set_property -dict { PACKAGE_PIN F21 |OSTANDARD LVCMOS33 } [get_ports { b[0] }];

set_property -dict { PACKAGE_PIN H22 |IOSTANDARD LVCMOS33 } [get_ports { a[2] }];

set_property -dict { PACKAGE_PIN G22 |OSTANDARD LVCMOS33 } [get_ports { a[1] }];

set_property -dict { PACKAGE_PIN F22 |OSTANDARD LVCMOS33 } [get_ports { a[0] }];

Constraints

HUH B B R H R

# On-board Leds #

HUHH B R R H R

set_property -dict { PACKAGE_PIN U21 IOSTANDARD LVCMOS33 } [get_ports { result[3] }];
set_property -dict { PACKAGE_PIN U22 IOSTANDARD LVCMOS33 } [get_ports { result[2] }];
set_property -dict { PACKAGE_PIN T21 IOSTANDARD LVCMOS33 } [get_ports { result[1] }];
set_property -dict { PACKAGE_PIN T22 IOSTANDARD LVCMOS33 } [get_ports { result[0] }];
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Constraints (1/2) — Pmod

HHHHHHHHHH
# PmodSSO #
HHHHHHHHHH

set_property -dict { PACKAGE_PIN Y11 IOSTANDARD LVCMOS33 } [get_ports { seven_segment[0] }];
set_property -dict { PACKAGE_PIN AA11 IOSTANDARD LVCMOS33 } [get_ports { seven_segment[1] }];
set_property -dict { PACKAGE_PIN Y10 IOSTANDARD LVCMOS33 } [get_ports { seven_segment[2] }];
set_property -dict { PACKAGE_PIN AA9 IOSTANDARD LVCMOS33 } [get_ports { seven_segment[3] }];
set_property -dict { PACKAGE_PIN W12 IOSTANDARD LVCMOS33 } [get_ports { seven_segment[4] }];
set_property -dict { PACKAGE_PIN W11 IOSTANDARD LVCMOS33 } [get_ports { seven_segment[5] }];
set_property -dict { PACKAGE_PIN V10 IOSTANDARD LVCMOS33 } [get_ports { seven_segment[6] }];

Constraints

set_property -dict { PACKAGE_PIN W8 IOSTANDARD LVCMOS33 } [get_ports { digit_selection_out }];
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Pmod Manual

Manual LED
https://reference.digilentinc.com/reference/pmod/pmodssd/reference-manual
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RTL Design

result_temp i

s=1b1  10[3:0] \ o[3:0)

seven_segment i

L .. S=defautt 11[3:0]

5T RTL_MuUX

ctr [ >

digit_selection_in [ >

A[3:0] O[6:0]

RTL_ROM

[ seven_segment[6:0]

[ > result[3:0]
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RTL Design — ROM Module/ROM Values

Sources Netlist * ? 00 ¥ alu2pmod.vhc ¥ | aluZzpmod_tb.vhc x 200
= A & O I = C 3Cells 20U0Pors 24 MNets o
aluZpmod
b MNets (24
hd Leaf Cells (4
GND (GMND
result_temp0_i (RTL_ADD
result_temp_i (RTL_MLX
seven_segment_i (RTL_ROM)
Cell P rti 2? _ 2 % a[2:0 I ) | seven_segment_i
S AL ToHE (20 ots result_temp0_i result_temp_i Scomen
sever_segment_i - o M(\ 0[3:0] s=1p1 10[3:0] A[3:0] O[6:0] -—D seven_segment[6:0]
X 2 11[3:0] + 0[3:0]
INIT Value bl2:0] [ % ADD \ . S=defautt_ 11[3:0] RTL_ROM
INIT_DEFAULT  7'b1000000 -
= S RTL_MUX : » result[3:0]
INIT_O To0111111 =
INIT_1 700000110 otr [ >
INIT_2 71011011 =
- digit_selection_in > digit_selection_out
INIT_3 71001111 9t - D git_ —
INIT_4 7'p1100110
INIT_5 7'p1101101
INIT_5 71111101
INIT_7 7'p0000111
INIT_8& 7p1111111
INIT_S 71101111
General Froperties Mets CellFins ~ ROM values
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Synthesis/Implementation — Schematic
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Implementation — Report Utilization (1/3)

@ a ¥ & O c

Kat amd Project Summary

Report DRC
Report Utilization

"4 Schematic

v IMPLEMEMTATION
P RunImplementation

> OpenImplemented Design

v PROGRAM AMD DEBUG

1% Generate Bitstream

Eic

Awyotepa LUT amo ooa deiyvel to shematic
Kdarmola cuyxwvevovtal (paired), kamola
napapévouy (placed)

Tcl Console
o =z =
= -

Hierarchy

~ Slice Logic
~ Slice LUTs (=1%
LUT as Logic (=1%

Messages

Memory
DsP
~ 10 and GT Specific
Bonded 10B (37%
Clocking
Specific Feature
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Implementation — Report Utilization (2/3

IMPLEMENTED DESIGN - xc7z010iclg225-1L

Sources Netlist x ? 00 Project Summary % | Device % | alu2pmod.vhd x| alu2zpmod_tb.whd »  Schematic *
= £ a M XM O =T = C 32ce
seven_segment_OBUF[2]_inst_i_1 (LUTE) 2 v ot CEUFE e Lt

seven_segment_OBUF[3]_inst (OBLUF)
seven_segment_OBUF[3]_inst_i_1 (LUTE)

s 2010 Ports 40 Mets

W

seven_segment_OBUF[4]_inst (OBUF) ] o
seven_segment_OBUF[4]_inst_i_1 (LUTE)
seven_segment_OBUF[S]_inst (OBUF) -l
seven_segment_OBUFISL_inst_i_1 (LUTE) T
seven_segment_OBUF[E]_inst (OBLUIF)
seven_segment_OBUF[EL inst_i_1 (LUTE) y T J——
ell Properties ? 00 X e { —'| e e CoHL
@ ] =
s r= A
Q 0| 0 e —] S ——
. H— L— e
ROUP LuT D S
PRIMITIVE_LEVE LEAF e L | —
PRIMTIVE_SUBGROUP  others =
PRIMITIVE_TYPE LUT.others.LUT3 —
REF_NAME LUT3
REUSE_STATUS >
SLR_INDEX 0 —
STATUS PLACED b PR e -
General  Properties = S —
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Implementation

IMPLEMENTED DESIGN - xc7z010iclg225-1L

Sources | Netlist ? 00
= A o
result_OBUF[2]_inst (DBELIF) ™

result_OBUF[2]_inst_i_1 (LUTS)
result_OBUF[3]_inst (DBUF)
result_OBUF[3]_inst_i_1 (LLUT4)
result_OBUF[3]_inst_i_2 (LLIT4)
seven_segment_OBUF[0]_inst (OBLIF)
seven_segment_OBUF[0]_inst_i_1 (LUTE)
seven_segment_OBUF[1]_inst (OELF)

seven_segment_OBUF[1]_inst_i_1 (LUTE) w
Il Properties ? 00X
result_OBUF[2]_inst_i_1 - o
Q 0|+ o »
et
LEAF
PRIMITIVE_SUBGROUP others
PRIMITIVE_TYPE LUT.athers LUTS
REF_NAME LUTS
REUSE_STATUS
SLR_INDEX 0
SOFT_HLUTNM soft_Jutpaird
STATUS s “

General Properties Power Mets Cell Pins =
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— Report Utilization (3/3

Project Summary x | Device x | aluzpmod.vhd x | alu2pmod_tb.vhd »  Schematic

L% R o=
@ 6 M x & T = O  32Cells 20I0Ports 40 Nets
= —
K
=
o
[
o
[
i_| b CGLFH] i1
b ; K
! it
aza [ e camiEpt a1
i b BFG] e s daprend 6 UFE] ina
= e o
= E%: =
o P s corpLra Lt
I
S
=
S
=
e [ = == -B...-.u
S
=
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Implementation — Timing Reports (1/2

IMPLEMENTED DESIGN - xc72010iclg225-1L

? X
Sources | Neflist  x 2 _00@ Project Summary x| Device x| alu2pmodvhd x| aluzpmod_tbwvhd x| Schematic  x 200
b~ | L ® 6 M O 4 = C 32Cels 20U0Ports 40 Nets -1
a_|BUF[TL_inst (IBUF) & M R T‘ M T' M R
a_IBUF(ZL_inst (EUF enu eport5'> Imlng- Imlng eports
b_IBUFIOLinst (IELF
b_IBUF[1Linst (IELF
b_IBUF[2]_inst (IELF
ofr_IBUF_inst (IEUF
digit_selection_in_IBUF_inst (IBLF
digit_selection_out_OBUF_inst (OBUF
result_OBUF[0]_inst (OBUF v . .
Setup Time:
Path Properties ? 00 X
14 4 14
«-0 AvadEpeTal oTLG apYES OLAOPOUEC
~ Summary ~
Name Path 11 4 14
(kaBuotepnon 6ladoong)
Source I al1l (input port
Destination {1 seven_segment]]
Path Group (none)
Path Type Max at Slow Process Corner
Reguirement
Data P..Delay 373 route 5
< S— T T Ty =
General Properties Report  Cells  Nets N
Tcl Console Messages Log Reports Design Runs DRC Powe| Timing X ? 00
Q T &2 Cc W 40 T £ | =4 ¢ M0 Timing Checks - Setup
General Information ' Name Slack ™' Levels Routes HighFanout From To Total Delay LogicDelay MetDelay Logic% Net% Requirement Source Clock Destination Clock  Exception  Skew  Cloc 4
Seftings b Unconstrained Paths (1 -~ Ta uovonatl—a (path) IJ.E Touq
“ Timing Checks (20 ~ [= (none) (10
Setup (10) o 5 474 8 af]  seven_segment] 9472 4203 5.269 444 558 o input port clock L
Hold (10 Path 12 @ 5 4 8 a] seven_segment(4] 9311 4191 5120 450 55.0 e input port clock XpOVOUq
Path 13 @ 5 4 g anl seven_segment(s] 9.083 4185 4898 46.1 53.9 e input port clock
Path 14 oo 5 4 g a[] seven_segment[3] 9.009 4198 4811 46.6 534 < input port clock
( Path 15 L 5 4 8 aMl seven segment2] 8.089 4181 4200 465 535 < input port clock )v

Timing Summary -impl_1 (saved)

x

Report Timing - timing_1

x

TMHMA
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Implementation —

KN AoKnon

Timing Reports (2/2

IMPLEMENTED DESIGN - xc7z010iclg225-1L ?
Sources Netlist x ? 00 Device x | aluZzpmod.vhd x | aluZzpmo »  Schematic x 00
= H & nom o 4+ = C  32Cels 2010Pors  40Nets o

a_IBUF[1Linst (IBUF ~
a_IBUF[Z inst (IBUF -
b_IBUFO] inst (IBUF
b_IBUF[1L inst (IBUF .
b_IBUF[Z inst (IBUF
coir_IBUF_inst (IEUF
digit_selection_in_IBUF_inst (IBUF) =
digit_selection_out_OBUF_inst (OBUF)
result_OBUF[0]_inst (OBUF “
Path Properties ? 00X 20 2
Path 1 - -3
~_Summary ~ @
Name Path 1
Slack (Hold @S
Source [ digit_selection_in (input port
Destination {1 digit_selection_out (output port
Path Group (none)
Path Type Min at Fast Process Comer
Requirement -wns
DataP..Delay 1.912ns (lo 72035
. R v
< > '
General Properties Report  Cells  Mets N
Messages |Llog | Reports |DesignRuns |DRC | Power |Timing x > _ oo
Q = £ C H 140 = £ 4 =Y ¢ M Timing Checks - Hold
3
General Information Name Slack ™' Levels Routes HighFanout From To Total Delay LogicDelay MetDelay Logic% Met% Requirement Source Clock Destination Clock  Exception
Seftings b Unconstrained Paths (1 -~
~ Timing Checks (20 b (nonej (1
Setup (10 Path 1 © 2 1 1 digit_selection_in  digit_selection_out 1912 1377 0.535 720 280 - input port clock
Hold (10) Path 2 @ 3 2 10 b[0] seven_segment(2] 2254 1.290 0.864 617 383 -0 input port clock
Path 3 @ 3 2 10 bio] seven_segment(3] 2.275 1.407 0.868 618 382 -eoinput port clock
Path 4 o 3 2 1M o seven_segment[0] 2298 1.487 0.812 647 353 - input port clock
Path 5 @ 3 2 11 cr seven seamentl1] 2.303 1.486 0.817 645 355 -co input port clock v
< ?
Timing Summary -impl_1(saved) > Report Timing - timing_1 %
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Implementation — Path Analysis

IMPLEMENTED DESIGN - xc7z010iclg225-1L ?
Sources Netlist % > _ OO P ct Summa x | Device x | aluzpmod.vhd x | aluzpm ¥ | Schematic x| Schem »  Path 11 - timing_1 X 00
= M o Slack wns l

a_|BUF[1]_inst (IBUF) ) Source O ar] (input port
a_|BUF[Z]_inst (IBLUF Destination < seven_segment[6] (output port
b_IBUF[0]_inst (IBUF Path Group (none)
b_IBUF[1]_inst (IBUF Path Type Max at Slow Process Corner
b_IBUF[2]_inst (IEUF Requirement cns
ctr_IBUF_inst (IEUF DataP..Delay  9.472ns H
digit_selection_in_IBUF_inst (IBUF LogicLeve\sv 5 (IBUF=1LUT4=2 LUT6=1 OBUF= AE&L KALK OTO Path Kal’
digit_selection_out_OBUF_inst (OBUF ~ Data Path
result_OBUF[0L_inst (OBUF L Delay Type Incr(ns)  Path(ns) Location Netlist Resource(s) Vi eW Pa t h Re p O rt
result_OBUF[D]_inst_i_1(LUT2 (r) 0.000 0.000 Site: P10 [ a)
result_OBUF[1]_inst (OBUF & net (fo= 0.000 0.000 A al)
Site: P10 [ a_IBUF[1]_inst!
SN 7 = (2] [ 5 IBUF (Prop ibuf | @) (r) 0.966 0.966 Site: P10 4 a_IBUF[1_insti0
Path 11 - -] net (fo=3 1.589 2.556 A" a_IBUF[1]
~ Summary ~ Site: SLICE_X43Y7 [ result_OBUF[3]_inst_i_2/11
L Name Path 11 LUT4 (Pro.t4 11 O} (r)0.124 2680 Site: SLICE_X43Y7 {0 result_OBUF[3] inst_i_2/0
Slack @ns net (fo=2, rou 0.433 3112 /" result_OBUF[3]_inst_i_2_n_0
Source B a[1] (input port] Site: SLICE_¥42Y7 [ result_OBUF[2]_inst_i_111
Destination {0 seven_segmentls] (output port; LUT4 (Pro.t4 11 O (r)0.150 3.262  Site: SLICE_X43Y7 {0 result_OBUF[3]_inst_i_1/0
Path Group (none) net (fo=8 1575 4837 /" result_OBUF[3]
Path Type Max at Slow Process Corner Site: SL_E_X43Y14 [ seven_segment_OBUF[E]_inst_i_1/0
Requirement «ns LUTE (Pro. 16 10 O) (r)0.326 5163 Site: SL.E_x43¥14 {J seven_segment_OBUF[6]_inst_i_1/0
Data P..Delay ~ 9.472ns (lo route 5 net (fo=1, routed 1672 6.836 " seven_segment_OBUF]G)
Logic Levels 5 (IBUF=1LUT4=2 LUTE=1 OBUF=1 Site: R13 [ seven_segment_OBUF[EL_inst
jj Data Path DBUF (Pr.buf 1 Q) (1) 2637 9.472  Site:R13 <41 seven_segmenl_OBUFIEL_instiO
Delav Tvoe Incrins)  Path.. Location N &1 net (fo= 0.000 9.472 7 seven_segment[s]
General  Properties | Report Cells Mets N Site: R13 < seven_segment[s] “
Tcl Console Messages Log eports Design Runs we Timing x oo
Q = £ C H 40 T £ @i = H @, m Timing Checks - Setup
General Information "’ MName Slack ' Levels Routes HighFanout From To TotalDelay LogicDelay MNetDelay Logic% MNet% Requirement Source Clock Destination Clock  Exception Skew  Cloc
Settings v Unconstrained Paths (1 s
~ Timing Checks (20 v (none) (10
Setup (10) Path 11 @ 5 4 8 a[] seven_segment[8] 9.472 4.203 5.269 444 55.6 < input port clock -
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Implementation — Simulation

test: process is
begin

ctr_tb<=1’; //Add
a_tb<="100";b tb<="011";wait for 20ns;
a_tb<="100";b_tb<="100";wait for 20ns;

ctr_tb<=0’; //Multiply

a_tb<="000";b _tb<="011";wait for 20ns;
a_tb<="010";b_tb<="100";wait for 20ns;
a_tb<="100";b tb<="100";wait for 20ns;
a_tb<="111";b tb<="100";wait for 20ns;

end process test;
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