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Yriaypdonon tng StdleEng

B Eidikd kukAduata
B Atougétng goAoylov
m Xtoyela Aoyikng guvBeong
m Ewayoyi
m H pont Aoywng civBeang
m [Tapadelyuata
m ITAnong abpoltig
m RTL aBpoioTtig mpocnuacuévav agbudy tov 4-bit
B Koatoywentig twv 8-bit
m Emetepyaotic uéyiotov koo dapétn (GCD processor)
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Atarpé€tng poAoyov (clock divider)

KikAopo Togaywyng cnuatog goAoyloy, Tov omoiov n
Teplodog elvar EnTé VITOTTOAAATTAGGLO TG TTEELGSOV TOU
0QYKOU GRUATOS QOAOYLOU

B feikdiv = (M/N) X fe

Y1a cvotnpata ue FPGA, n cuxvotnta avopods
TTOEAYETOL ATTO KAITOLOV TTLECONAEKTOIKO KQUGTAALO XaAdclo
KOL GTN GUVEXELQL TO YOQOKTNELOTIKA TOV TTAALOV
Srogopeovovtor ot edikd on-chip KukAduaTo

KukAog gpyaciog (duty cycle): o Adyog tng Siderelog tng
VYPNANG (aunAng) AOyIKAG GTABUNG WS TTEOS TN GUVOALKN
Sidokelo Tng TTEELOSOU

XENGWoTTotoUVTaL Yio TO XEOVIGUS SLaVAMV Kl YEVIKA TTLO
oQy®Vv datdewv og oyéon ue 1o GUGTUO ETTEEEQYATTOG
(CPU, FSMD) 6mwg elval ov eAeYKTES TTEQLPEQELAKWV
GUOKEVWV (eAeYKTNG StakoTtwv, 006vng LCD/VGA)
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ATIAGGS TTOQOUETEIROS SrapeTtng poAoytov (1)

B Awonp€tng poAoylol Bacleuévog Ge attapliunti

m H mapduetpogc LENGTH gubuiter tn Sidpkela tng stepiédov,
n otrota etvan |[(LENGTH/2)]

m Aev SwaBétel yevikd kvkAo gpyacias {Go ue 50% (oyvel uévo
yio. 4oL VITOTTOAAATTAGGLOL)

// LENGTH should be in the range 2-255 ( else begin
“define LENGTH 3 if (count_i == ("LENGTH>>1))
clk_out <= 1'bl;
module clockdiv(clk_in, rst, clk_out); else if (count_i == ‘LENGTH)
input clk_in, rst; begin
output clk_out; count_i = 0;
reg clk_out; clk_out <= 1'b0;
reg [7:0] count_i; end
//
always @(posedge clk_in) count_i = count_i + 1;
begin end
if (rst) begin end
count_i = 0;
clk_out = 1'b0; endmodule
end -
J
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ATTAGG TTOQOUETEIKAS Stanp€tng poAoylov (2)

m Xoovikd Swdyeauua yio LENGTH =17

Signals Waves
Tine ——————— e s
elein | |1
rst _1
clk_out I 1 J 1 I 1 |
count_i[7:0] DOOT ¥z 0304 s 00 07 VL 02 30z P Y05 6 07 0T 0z 05 204 305 0 07 I 0z 0

m Xoovikd didyeauua yio LENGTH =10

Signals Waves
Tine —————s e
clk_in JLr i riririd

rst
clk_out

count _i[7:0]
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Ewcaywyn otn Aoywkn civhecn

B XKOTOC TNG TEQLYROPNIS WPNPLOKDY KUKA®IATOV elval n vAOTIoinci Toug
Ge OAOKANQ®UEVO

m H Aoyki givBeon eivan €i8o¢ uetayAdttiong agtd to vypnld emimedo wiog
HDL (Bowkni, RTL 1 wikTn) meptyea@ng ato younAd ertimedo tng AMctag
KOUPwv (netlist) ye To GTOLXELOON KUKA®UATIKA GTOyElo TG TEXVOAOYIiag

m Anugo@ileis texvoloyieg: Siepyaaieg Tumromonuévou keAov (standard cell
VLSI), FPGA

B Ywdyouv meuogopol atov tedTo oxediacuoy pe wa HDL dmeg eivor n
Verilog ®ate n teMki mepypaen va eivor guvléaiun

B KatdAAndeg texvikés otny avdasTugn tov KOSk odnyovv atnv emitevin
KAAUTEQWV eTEOGEWV (WG TTEOC TAXUTNTA ETEEEQYAGIOG, ETTLPAVELQL
OAOKANQWUEVOL, KATOVAAWGN LoXVOG/EVEQYELAS)

m To tn ovvBeon ypnotpottotovviar euttoQikd epyaleio (Xilinx ISE
Webpack, Altera Quartus, Cadence Design Suite, Synopsys DC) 1t

epyodeia avowtot kddika (Icarus Verilog, VPR, Odin)
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H pon tng dradwkaciog Aoyikng guvleong

m H ouykekouévn gon eatidger otig texvoloyieg FPGA. Ta mepuocdtepa
epyodeia CAD yweicovton e frontend kow backend
frontend UETATEOITA TNG TEQLYQAPNGS TOU KUKAMUATOS GE netlist
backend Aoywkii govBeon tng netlist

_{ Mepiypagn oe RTL ‘
Mpooopoiwan = l

miororroinon =
Iooduvauias Herasu Noyikn o0vBeon
RTL ke netlist l

Mpogopoiwen o Eioaywyi Soutwv yia éheyxo
ETTITESO TTUAWV odpwong/BeATioTomOINTEIG

TomroBETnon Kai ‘
Glumﬁlvﬁmn

Peupa bit (bitstream) yia
ouykekpipévo FPGA
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Aoywkn guvBeon (1)

m H gVvBeon Aaufdver wg €icodo ulo Ttepypopn kol Todyet
uta AMota (netlist) agtd kUTTOQO BLAtodnkng, ue Tig
StaovviEaelg Toug

m Ov HDLs Snwovpynfnkav apxikd uévo yia Adyoug
TERUNQEIWONG Kol TTROGOULOLWGNG VOGS KUKAMULOTOG

B AQyoTeQa TTOQOVGLAGTNKE N avdykn yio oUvBeon

B 'OAeg oL YAwGGIkES Souég Sev pwartopovv va efvor Ko
cuvBéoweg. Kdbe meprypapn eival wpocoyoldon alid
AMyec udvo efvar guvBéciueg

17 Etopoiwan r

MovTéAo - Aopikd Movtédo
. 20vBeon — 5
TupTEpIpopAc (netlist)
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Aoykn guvBeon (2)

® ‘Eva améd ta ueydia mwAeovekTALOTO Thg gUvOeong elval n
Suvatotnto BeATIGTOTTOINGNG TOV TEMKOU KUKADUATOS

[eviK Aoyika
KoTTOpa

= ] i _ " AvTioTolXIon o8 .
AvdAuan Emeepyaoia Bekmiotomainon — TexvoAoyia — netlist

m BeAtigtomoinon KUKA®UOTOG
m EAayloTtoToinon tng empdvelag
m MeyigTomoinon tng toyUTntag
m Ikavostoinon Jregroplouwv Acttovylag
m H avtictoiyion ce texvoloyia (technology mapping, library
binding) odnyel e Tepautépm PeAtiGToTTONGN TOV
KUKAQOUOTOG
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[Tpocouoiwon

m H srpocopoiwon eivan to Bacikdtepo gpyadeio emiPefainong
e ogfdtntag Gxedlaong evog KUKAWUOTOS

m Eidn mpocouoiwong

IIpocouoiwon cuutteppods (behavioral simulation)
Agrtovgyiki wpocopoiwaon (functional simulation-unit delay)
Ytatikn xeoviki avdAvcn (static timing analysis), ywelc
Srovicuata e1lgodou

ITpocouoiwon ce emimedo mUANG (gate-level simulation)
IIpocouoiwon Swakomtodv (switch-level simulation)
ITpocouoiwaon transistor (transistor-level simulation)

m H o axig tpocgopoinon yivetal uetd tnv
oQLoTIkoTTOinGNn Tov layout (post-layout simulation)
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YTOTIKA YQOVIKN avdAvcn

B O gTatkdg avoaAvTig Belokel To/Ta kOGO LOVOTIATIOL GTO
KUKAWUO x0eic dtavicuato Tteocopoimong
m H avdAvon tou kukAouatog yivetor otatikd
B AAy6pbuotl ypdowv 6mtwe all pairs longest paths
m H gtatki xpoviki avdAvon Tteéttel va Aaupdver vtéwn Kot
TIG KABUGTEQNGELS YRAUUL®MY TTOU o@elAOVTaLl GE
XWONTIKOTNTES
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Awoépion, xweoBétnon, torobeTnon kol dracvvéeon

m Awopépion tov Siktiou
B Atougovue tn Gxedlacn Ge WkEATEQO TURLATO
B AwAomoincn Tov TEORAMUATOGS Le VITOdlalEEGN GE VITOTTEORANUATO
B X16you eloyloToToinon Twv Slacuvdécemv, Wk wéyehos kabe
ouddag drapéoiong
m Xweobétnon
B Togtobetovue Tic ouddeg SlauéLong GTo XMEO TOU OAOKANQOUEVOU
B Tomobétnon ouddwv pue TToAAES Stacuvdéaelg uetagy Toug, oe
KOVTWVA onueio
m TomoBétnon kar Stacuvdeon
B Kabopitel tn 9éon tov AoykdV KUTTAQOV GTO Y®Eo Tng dtouépiong
B X1d)0¢: elayigtoTtoinon Siacuvdécewv Tov da yivouv Ge emrduevo
GTddio
B Awocvvdeon
B ITpayuotomolovvion or Slacuvdécels avduesa oTa KUTTAQO
B Kafoopdg KaBOAMK®OV KAl TOTIK®OV SLaGUVIEGE®V, VTTOAOYLGUOS
™™g Sla8EoUng Toug, EAAYLGTOTTONGN GUVOMKNAG ETTLPAVELAS

(NP-complete)
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AQXYITEKTOVIKA XOQOKTNELGTIKA TOV GUGKEVWV Xilinx
Spartan-3

m Configurable Logic Blocks (CLBs) ta oTtoia mweQléxouv
RAM-based LUTs yia tnv vAogtoincn AOYIKAG Kol
katavepnuévng asobrikevong. Ta CLB SwaB€touv
flip-flop/uavdaimwtég

B MatAok €16680v/eg680u (Input/Output Blocks: I0Bs) Ttou
eAéyyouv Tn QoM TV dedouévov aVAUEGH GTOUS AKQODERTES
TNG GUGKEVNG KA TA £GMTEQPIKA GTOLXElDL AOYIKAG

m Block RAM (BRAM) gtov Ttapéxovv tn duvatdTnta
agrobnkevong ywo 18-kbit (16-kbit data, 2-kbit parity bits)

® Evoopatwuévol TToAMaITAAGLOGTES Yo el6d50ug Twv 18-bit

B Ynouaxdég Suwaxeipieting goAoyov (Digital Clock Manager:
DCM) yia tnv RatdAAnAn gubuon tov goAoylov
JTQOKEWEVOU TNV KOATAVOUNR TOU, VLo TOV
ToAaTTAaGLaGUd/Sraipecn katl tnv oAMcOnon poAoyiov
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H agyitektovikn tng owoyévelag Xilinx Spartan-3
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Spartan-3 CLB

Left-Hand SLICEM
(Logic or Distributed RAM
or Shift Register)

Switch
Matrix

Right-Hand SLICEL
(Logic Only)
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Arrangement of Slices within the CLB

Interconnect
to Neighbors

Ds0ea-2_06_082104
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H vmouyovdada SLICEM tou Spartan-3 CLB
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[Hapadelyuata Aoyikng civleong ue tn pon Xilinx

m Xtoyxevduevn cuokevn: Xilinx Spartan-3
B Avasttugiokin tAakéta: Xilinx Spartan-3 starter kit

m Egyaieio Aoykng cuvBeong: Xilinx ISE Webpack 9.21
m [Topadeiyuota
m [TAneng abpowctig (1-bit)
m Afpolotig mpoonuacuévav (2's-complement) akepalmov Twv
4-bit
m Kataymwentig tov 8-bit
® Mn mooyeauuatigduevog emegepyastng GCD (uéyigtou
KowoU dlonétn)
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ITeprypapn touv TTANEoUS abpolGTin

input a;
input b;
input cin;
output s;
output cout;
wire ab, bc,

or (cout,
and (ab, a,
and (bc, b,
and (ac, a,

endmodule

xor (s, a, b,
ab, bc, ac);
b);

“timescale 1 ns / 1 ns
module full_adder (a, b, cin, s,

cout);

ac;

cin);

cin);
cin);
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Avapod Aoywrig givbeong (1)

Compiling verilog file "../fa.v" in library work

Module <full_adder> compiled

No errors in compilation

Analysis of file <"full_adder.prj"> succeeded.

Analyzing hierarchy for module <full_adder> in library <work>.
Analyzing top module <full_adder>.

Module <full_adder> is correct for synthesis.

Optimizing unit <full_adder>

Mapping all equationms...

Building and optimizing final netlist

Found area constraint ratio of 100 (+ 5) on block full_adder, actual ratio is .

* Final Report
Design Statistics

# I0s : 5
Cell Usage

# BELS 2
# LUT3 2
# I0 Buffers 5
# IBUF 3
# OBUF 2

Device utilization summary:

Selected Device : 3s200ft256-5

Number of Slices: 1 out of 1920 0%
Number of 4 input LUTs: 2 out of 3840 0%
Number of IOs: 5

Number of bonded IOBs: 5 out of 173 2%
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Ava@od Aoywkng civbeong (2)

TIMING REPORT
NOTE: THESE TIMING NUMBERS ARE ONLY A SYNTHESIS ESTIMATE.

Timing constraint: Default path analysis
Total number of paths / destination ports: 6 / 2

Delay: 7.824ns (Levels of Logic = 3)

Source: b (PAD)

Destination: cout (PAD)

Data Path: b to cout

Gate Net

Cell:in->out fanout Delay Delay Logical Name (Net Name)
IBUF:I->0 2 0.715 1.040 b_IBUF (b_IBUF)
LUT3:1I0->0 1 0.479 0.681 coutl (cout_OBUF)
OBUF:I->0 4.909 cout_OBUF (cout)
Total 7.824ns (6.103ns logic, 1.721ns route)

(78.0% logic, 22.0% route)

CPU : 6.28 / 6.98 s | Elapsed : 6.00 / 7.00 s

-->

Total memory usage is 134872 kilobytes
Number of errors : 0 ( 0 filtered)
Number of warnings : 0 ( 0 filtered)
Number of infos : 0 ( 0 filtered)
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Alcta kéupwv ywa tov TAnEn abpolctn

H

DH

“timescale 1 ns/1 ps
module full_adder (cout,
output cout;
input a, b;
output s;
input cin;
wire cout_OBUF_5;
wire a_IBUF_6,
wire s_OBUF_8,
wire N3, N4;
defparam coutl.INIT = 8'hES8;
X_LUT3 coutl (

defparam \Mxor_s_xo<l1>1
X_LUT3 \Mxor_s_xo<1>1 (

a, b, s, cin);

b_IBUF_7;
cin_IBUF_9;

.ADRO (b_IBUF_7),
.ADR1(cin_IBUF_9),
.ADR2 (a_IBUF_6),
.0(cout_OBUF_5)

.INIT = 8'h96;

.ADRO (a_IBUF_6),
.ADR1(b_IBUF_7),
.ADR2 (cin_IBUF_9),
.0(s_OBUF_8)

NwoAaog Kappadias nkavv@uop.gr

X_BUF a_IBUF (.I(a),

X_BUF b_IBUF (.I(b),

X_BUF cin_IBUF (
.I(cin),
.0(cin_IBUF_9)

.0(a_IBUF_6));
.0(b_IBUF_7));

H
X_ZERO XST_GND (.0(N3));
X_ONE XST_VCC (.0(N4));
X_IPAD a_0 (.PAD(a));
X_IPAD b_1 (.PAD(b));
X_IPAD cin_2 (.PAD(cin));
X_OPAD cout_3 (.PAD(cout));
X_OPAD s_4 (.PAD(s));
X_OBUF cout_OBUF (
.I(cout_OBUF_5),
.0(cout)
);
X_OBUF s_OBUF (
.I(s_OBUF_8),
.0(s)
);

endmodule
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AvTtduata TTOQAYOUEVO GYNMUATIKO TOU ITALQOUG
afpolaTn

Ye emimedo AMotac kouPwv (yro tnv texvoloyio)

Lz LUT3 E8 1

= D.EN: I LUT3 96
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[Tepypopn Tov aBEOLGTN TTEOGNUAGUEV®V AQLOLWY TV
4-bit

“define DW 4
module add (a, b, sum);
input['DW-1:0] a;
input['DW-1:0] b;
output['DW-1:0] sum;
wire[DW:0] temp_sum;
assign temp_sum = ({a['DW-1], a}) + ({b['DW-1]1, b});
assign sum = temp_sum[ DW-1:0];
endmodule

YTATIGTIRA agtd Tth cvvOeon

Device utilization summary:

Selected Device : 3s200ft256-5

Number of Slices: 3 out of 1920 0%
Number of 4 input LUTs: 6 out of 3840 0%
Number of bonded IOBs: 12 out of 173 6%

Timing Summary:

Delay: 9.110ns (Levels of Logic = 4)
Source: a<l1> (PAD)
Destination: sum<3> (PAD)

Data Path: a<l> to sum<3>

Total 9.110ns (6.643ns logic, 2.467ns route)
(72.9% logic, 27.1% route)
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AvTouata TOayOUEVo GYNUATIKG yio Tov afQoleTin

Ye emimedo AMotac kouPwv (yro tnv texvoloyio)

B LuT4 EA®0 LUTZ &
= - . -
D LUT4 8778 LUT4_8778
BT —* i
Pr—T= LUT4_9996 LUT3_96
= ;
e MUXFS
S |k
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[Tepuypapn Touv KataywEntn Twv 8-bit

module register8 (clk, reset, 1ld, din, dout);
input clk, reset, 1d;
input[7:0] din;
output[7:0] dout;
reg[7:0] dout;
always @(posedge clk or posedge reset)
if (reset == 1'bl)
dout <= 0;
else if (1d == 1'bl)
dout <= din;
endmodule

YTATIGTIRA agtd th cvvOeon

Selected Device : 3s200ft256-5

Number of Slices: 0 out of 1920 0%
Number of Slice Flip Flops: 8 out of 3840 0%
Number of bonded IOBs: 19 out of 173 10%

Timing constraint: Default OFFSET IN BEFORE for Clock 'clk'

Offset: 2.160ns (Levels of Logic = 1)
Source: 1d (PAD)
Destination: dout_0 (FF)

Timing constraint: Default OFFSET OUT AFTER for Clock 'clk'

Offset: 6.216ns (Levels of Logic = 1)
Source: dout_7 (FF)
Destination: dout<7> (PAD)
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AvTtépata TTaQAYOUEVO GYNMUATIKO YloL TOV KOTOY®ENTN

SEEEEE
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[Tepypapn tng vAomoinong FSMD tovu emtegepyactn

GCD (1)

module gcd (

clock, reset, start,

a, b,

outp, done);

parameter WIDTH = 8;

parameter s® = 2'b00, sl = 2'bO1,
s2 = 2'b10, s3 = 2'bll;

input clock, reset, start;

input [WIDTH-1:0] a, b;
output [WIDTH-1:0] outp;
output done;

reg [WIDTH-1:0] outp;
reg done;

reg [1:0] state;

reg [WIDTH-1:0] x, y;

always @(posedge clock or posedge reset)
begin
done = 1'b0;
if (reset) begin
state = s0;
x =0;
y = 0;
done = 1'b0;
outp = 0;
end

else begin
case (state)

s®: begin
if (start) begin
X = a;
y = b;
state = sl;
end
else
state = s0;
end
sl: begin
if (x 1= 0 && y

state = s2;
else begin
outp = 0;
state = s3;
end
end
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[Tepypapn tng vAomoinong FSMD tovu emtegepyactn
GCD (2)

s2: begin
if (x > y) begin
X=X -Y;
state = s2;
end
else if (x < y) begin
y=y - x;
state = s2;
end
else begin
outp = Xx;
state = s3;
end
end
s3: begin
done = 1'bl;
state = s0;
end
endcase
end
end

endmodule
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Ava@od Aoywng givBeong yia tov emegepyactn GCD

Found finite state machine <FSM_0> for signal <state>.

| States | 4 |
| Transitions | 9

| Inputs | 5 |
| Outputs | 4 |
| Clock | clock (rising_edge)

| Reset | reset (positive), asynchronous

| |

Reset State 00

Selected Device : 3s200ft256-5

Number of Slices: 55 out of 1920 2%
Number of Slice Flip Flops: 28 out of 3840 0%
Number of 4 input LUTs: 106 out of 3840 2%
Number of IOs: 28

Number of bonded IOBs: 28 out of 173 16%
Number of GCLKs: 1 out of 8 12%

Timing Summary:
Minimum period: 7.213ns (Maximum Frequency: 138.631MHz)
Minimum input arrival time before clock: 6.529ns
Maximum output required time after clock: 6.280ns
Maximum combinational path delay: No path found
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Avtéuata JToayOUEVO GYNMUATIKS YloL TOV ETTEEEQYAGTNR
GCD

il
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