'\wcceg Ieprypapng YAkov 1
KurAouota yio Tooxmenuévous Kol GTotyeio AOYkng
ovvBeong

NikoAaog Kappadiog
nkavv@uop.gr

25 Matov 2011

Nwk6Aaog KapBadiag nkavv@uop.gr TA®ocoeg Iegrypapnig YAtkov 1

Atonpétng poAoyloV (clock divider)

B KiUkAwuo TTogaywyng Gnuatog QoAoytol, Tov otoiov n
Teplodog elvorl ETd VITOTTOAAATIAGGLO TG TTEQPLOSOV TOU
aQYKOU GNUATOS QOAOYLOU

B fokagiv = (M/N) X fei

m Xta guatipoata pe FPGA, n cuyvdtnta avagopds
TLORAYETAL ATTO KAITOLOV TTETONAEKTEIKG KQUGTAAAO YOAgloL
KOL GTN GUVEYELO TAL XOQOKTNELGTIKG TOU TTAAULoD
Sropoppadvovtar agtd ewdikd on-chip KUKAOUATO

m KuUklog gpyaciag (duty cycle): o Adyog tng Sidprelog tng
VYNANG (YAWUNANG) AOYIKAG GTABUNG WE TTEOS TN GUVOMKNA
Sudprela Tng TEQELOSOL

m XQnowomoloUvToL Yid TO XEOVIGUS StaVA®V Kol YEVIKA TTLo
aEy®v SatdEemv Ge oxgéon ye 1o GUGTRUO ETTEEEQYATTG
(CPU, FSMD) émwg elval or EAEYKTES TTEQLPEQRELAKRDV
GUGKEV®V (EAEYKTAG StokoTidv, 006vng LCD/VGA)
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Ykiaypdenon tng Stdlegng

m ESikd kukiduatoa

B Atoupétng poAoylov
m Xtouyeia Aoyikng guvBeong

m Ewcayoyn

m H pon Aoyikrig givBeang

m [Tapadeiyuata

m [T\ripng aBeolotig

RTL aBQolGTiG TTROGnUAGUEVOV aQLOL®Y Twv 4-bit
Kataywentiig twv 8-bit
Emegepyaotiic uéyitatov kowov Swanpétn (GCD processor)
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ATIAGC TTORAUETEIKAOGS Stapétng goAoyov (1)

m Atouétng poAoyloV Baclouévog ge agtaQiuntn

m H mapduetpogc LENGTH puBuicet tn Sidpkela tng mepuddou,
n omota etvon [(LENGTH/2)]

m Aev Swabétel yevikd kUkAo gpyaciag tgo ue 50% (oyvel uévo
yio dETLOL VTTOTTOAAQITAGGLOL)

F// LENGTH should be in the range 2-255 else begin h
“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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ATIAGGC TTOQAUETOEIKAOS Stapétng QoAoylov (2) Ewcaywyn atn Aoyikn covBeon

B YKOTOG TNG TTEQLYROAPNS WNPLOKDV KUKAOUATOV £ival n VAOTIOINGA TOug
m Xpovik6 Sidypouua yio LENGTH =7 Ge OAOKANQOUEVO

m H Moywn givBeon eivan €l8og petayAddtnions amd to vpnid emimedo wag

Signals Waves HDL (Bowkn, RTL 1 yiktit) repryeang 6to xaunAo emimedo tng Alctag
Ting N ——— KOUBwv (netlist) ue To GTOLELOSN KUKAOUATIKG GTotxela Tng Texvoloylag
clk_in A i e e e e ri r L e e e e r rr i rifild
rst | |7l B Ango@iAeic texvoloyies: Siepyacies Tumomonuévou kehMov (standard cell
clk_out 1 1 I l VLSI), FPGA
count_i[7:0] T 0 O O 0 O A VI Vs 0 e ) >
B Yndgyouv meplopiopol gtov t1pdémo oxediacuot ue wa HDL dmwg efvan n

m Xpoviko6 Sidypauua yvo LENGTH = 10 Verilog ®GTe n TeMKA TEQLYQOPA VoL eivon GuvOEGLun
m KatdAAnAeg texvikés oTnv avATITUEN TOU KMOSWKO 0dnyouv Gtnv emitevEn
Signals Waves KOAMITEQWY €TEOGEMV (WS TTEOS TAYVTNTA ETEEEQYATIAG, ETLPAVELL

Tine . ———————— M= OAOKANQMUEVOD, KATAVAAWGN 1GXV0G/EVEQYELOG)
cledn | (OO A MAAAMAAAA AN AN AN nrd

rst
clk_out

m [ ™ ovvBeon ypnowosowovvtor eustoikd gpyoieia (Xilinx ISE

count1[7:0) Webpack, Altera Quartus, Cadence Design Suite, Synopsys DC) i
epyadeta avoktov kddika (Icarus Verilog, VPR, Odin)
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H pon tng Sradikaciag Aoyikng cuvleong Aoykn givBeon (1)

m H ovuykekpévn pont eguidcel atig texvoloyieg FPGA. Ta mtepiocdteQa i , , , , ,
m H oVvBeon Aaufdver wg elcodo plo Treprypapn kot TTadyel

epyaieta CAD yweltovtan ce frontend kow backend ) ) ; > ;
wia Alota (netlist) amd kvTTaEa PAloONKNG, te TIg

frontend UeTATEOTIA TNG TTEQLYQAPNGS TOU KUKADUATOS Ge netlist

backend Aoywkn gUvBeon tng netlist SLacuvdEaElS ToVg
4( T ‘ m Ov HDLs Snuovynfnkov agyikd pévo yio Adyoug
J TEKUNQEIWONG KL TTQOGOULOLMGNGS EVOC KUKAMIATOS
Mpooopoiwan = 7 / / ’
Emm-aﬁ‘——{ ZivBeon RTL ‘ B AQydTteQa TTOQOVGLAGTNKE n avdykn yia gUvleon
J m ‘OAeg ol YAWGGIKES Souég dev watogovv va elvor Ko
mororoinon = 7 / ;7 , /
|GOBUVaIac LETAEY Aoyikr cGvBeon guvBécues. Kdabe mregrypapn elvor TpoGouolwciun aAid
RTL war netlist AMyeg uwévo eivon cuvBéciueg

Mpoocouoiwon o& Elquvwvf] Sopuwv yia é}\'cvxo
emiTIedo TTUAWV oapwong/BeATIOTOMOINGEIG

Ji Efopoiwaon A
[—{ TomoBéTnon kai ‘ — ) AoLIKS MovTé
5|ucrl]lv6£0n — oviEAo IovBeon ——— Ow(KnOeui;.)tu)WE °

ZUUTTEPIPORAC

PeOpa bit (bitstream) yia
OUYKeKPINEVO FPGA
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Aoyikn givBeon (2)

m ‘Eva asé to peydia stlcovektiuato tng ouvbeong eivar n
Suvatdtnta BeATiGToTToiNeNnNg Tov TEMKOU KUKAMUOTOS

evikd Aoyika
KUTTapa

Avahuan —— Emefepyooiac — AVJEI;T\;R([‘;?UOE — netlist

— BeAnigtomoinan —

m Beltigtomoinon KUKADOUOTOS
m EAoylotottoinon tng empdveiog
B MeywgtoToinon wng tayyntog
m [kavorroingn ITeELOQLGUAOV AgtTtovEyiog
m H avtuiotoiyion oe texvoloyia (technology mapping, library
binding) odnyel e epautépw PeATioTOTIOMMGN TOV
KUKAQDUOTOG
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YTATIKN XEOVIKA avdAvcn

m O otatikég avaAuTig Pelokel To/ta KQIGLWO LOVOTTATIO GTO
KUKAOUO xwelg Stovicuata TEoGopoimong
B H avdAvon tou KUKAOUOTOS YIVETOL GTATIKA
B AAy6piBuor ypdopov dmwe all pairs longest paths
B H ctatki xpoviki ovdivon greémel va Aaufdver vitéyn ko
TIG KAOUGTEQNGELS YRAUUL®Y TTOV o@elAovTal G
XOENTIKOTNTES

Kpigipgo povoTrdrn
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[Tpocoupoimwon

m H mpocopoiwan eivor to Bacikdtepo gpyaieio emiPepaimong
g opBdtntag oyedloong evog KUKAMUATOS
m Ei{dn mpocopoimwong
m Ilpocouoimon cuumepupoeds (behavioral simulation)
B Asgttoupyi tpocouoiwon (functional simulation-unit delay)
B XTaTikA ypovikn avdAuvcn (static timing analysis), xwelc
Swavidcuoto elG6d50v
m IIpocouoiwon ce emimedo mUANnG (gate-level simulation)
m [Ipocouoiwon drakoTrtwv (switch-level simulation)
m IIpocouoiwaon transistor (transistor-level simulation)

® H gm0 akepric stpocopoinon yivetor petd tnv
oploTikoTtoincn tovu layout (post-layout simulation)
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Atauépion, xweobétnon, TomobéTnon kal Stacuvdeon

Awapépion tou Siktiou
B Atoupovue tn oxedlacn Ge WKEOTEQO TURLOTA
B Agtlogtoinon Tou TEOPAILATOS te vItodlaipecn Ge VITOTTRORARLATA
B XTo)X0ol €AAXGTOTIOMNGN TOV SlacUVEEce®V, WkQEO uéyebog kdabe
ouddog Srauépiong
m XweobBétnon
m TomoOeTovue Tic ouddec SauéELong GTo XHEO TOU OAOKANQMUEVOU
B TogroBétnon ouddwv ue TOAMES SlacuvdEaelg UETOEY Tovg, GE
KovTWd onueia
TortoB€Tnon ko dracvivdéeon
B Kabopigel tn déon tov AOYIKGOV KUTTAQ®WV GTO X®EO Tng Stauéplong
B X16)0¢: elayioToTtoinon dtacuviécewy TTou Yo yivouv Ge eTTouevo

feudetilte}
m Atocuvdeon
B ITpayuatoTtolovvtal oL SlacuvdEcels avaueso GTa KYTTaQO
B KaBopiouds KABOAMK®OV Kol TOTKOV SLUGUVIEGEDY, VITOAOYIGUOS
g Sla8QOoUNg Toug, EACLGTOTTOINGN GUVOMKNAG ETTLOAVELOS

(NP-complete)
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AQXITEKTOVIKA YOQOKTNELOTIKA TwV GUGKEVWV Xilinx
Spartan-3

m Configurable Logic Blocks (CLBs) ta ottoia segiéxouv
RAM-based LUTs yio tnv vAoToincn AOyKNng ko
katavepnuévng agstodrikevong. Ta CLB SwaBétouv
flip-flop/uavdalwtécg

B MmAok €16680v/egd5ov (Input/Output Blocks: I0Bs) Ttou
eAéyyouv Tn QoA TV dedouévmv avaueca GTOUS OKQEOSEKTES
TNG GUOKEVNG KOl TA EGMTEQIKA GTOLXElO. AOYIKNG

m Block RAM (BRAM) 1tou Jtoipé€yovv tn duvatdtnia
agrofnkevong yio 18-kbit (16-kbit data, 2-kbit parity bits)

m Evoouatouévol TTOAMATTAAGLAGTES Yo elGA8oug Twv 18-bit

B Ynoelokde dwaxepiating poAoyioy (Digital Clock Manager:
DCM) yio tnv kotdAAnAn ubuion touv QoAoyiov
TIQOKEWEVOL TNV KATAVOUN TOU, Yol TOV
ToAAaTTAaGLaGUO/Staipecn kou tnv oAlGOnon poAoylov
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Spartan-3 CLB

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

Switch cout 1' | Interconnect
Matrix 1 CIN | to MNeighbors
SLICE !
| KoY < T >
| SHIFTOUT 1 1 I
| SHIFTIN |
SLICE
Ko Saovo K )
|

CIN [S089-2_06_082104

Arrangement of Slices within the CLB
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H agyrtektovikn tng owoyévelag Xilinx Spartan-3

DCM 10B
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Block RAM  Multiplier

D5002-1_01_032703
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H viropovdada SLICEM tou Spartan-3 CLB

Nwkoraog Kappai




[Mapadelyuata Aoyikng cuvBeong pe tn gon Xilinx

B Xtoyevouevn guokevn: Xilinx Spartan-3
B Avasttuglaki swiokéto: Xilinx Spartan-3 starter kit

m EpyoAeio Aoyknig gUvBeong: Xilinx ISE Webpack 9.21
m [Topadelyuata
m [TApncg aBpowgtig (1-bit)
m ABpowotiig Tpocnuacuévev (2’s-complement) akepalov Tmv
4-bit
B Katoywentig tov 8-bit
® Mn Trpoypaupatigduevog emegepyactng GCD (uéyigtov
KkowoU Stouétn)
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Avapopd Aoyiknig civBeong (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 equations...

Building and optimizing final netlist ..

Found area constraint ratio of 100 (+ 5) on block full_adder, actual ratio is 0.

* 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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[Teprypapn Tov TANQovg abpolGTi

(. 7
“timescale 1 ns / 1 ns
module full_adder (a, b, cin, s, cout);
input a;
input b;
input cin;
output s;
output cout;
wire ab, bc, ac;
xor (s, a, b, cin);
or (cout, ab, bc, ac);
and (ab, a, b);
and (bc, b, cin);
and (ac, a, cin);
endmodule
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A v VA 7’ 2
voupoEad Aoyikng guvleong (2)
(. 7
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)
LUT3:10->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 B 0 ( 0 filtered)
Number of warnings : 0 ( 0 filtered)
Number of infos : 0 ( 0 filtered)
J
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, , , , AvtouaTta TOEAYOUEVO GYNUATIKO TOU TTANQEOUS
Alcta kOuBwv yia Tov TAREn aboolctn b eayou xnu 0]

Vi
afpolaTtn
N
“timescale 1 ns/1 ps X_BUF a_IBUF (.I(a), .0(a_IBUF_6)); { { 4 {
module full_adder (cout, a, b, s, cin); X_BUF b_IBUF (.I(b), .0(b_IBUF_7)); 28 ETCLTES6O ALGTOLG KOL,LB(JOV (YLOL my TSXVOAOYLOL)

output cout; X_BUF cin_IBUF (
input a, b; .I(cin), - T
output s; .0(cin_IBUF_9) = Lfie LUT3_E8 J:
input cin; ); B . o
wire cout_OBUF_5; X_ZERO XST_GND (.O0(N3)); =F
wire a_IBUF_6, b_IBUF_7; X_ONE XST_VCC (.0(N4)); [
wire s_OBUF_8, cin_IBUF_9; X_IPAD a_0 (.PAD(a)); : N _
wire N3, N4; X_IPAD b_1 (.PAD(b)); I ‘ ’ o e
defparam coutl.INIT = 8'hES; X_IPAD cin_2 (.PAD(cin)); ¢
X_LUT3 coutl ( X_OPAD cout_3 (.PAD(cout));

.ADRO (b_IBUF_7), X_OPAD s_4 (.PAD(s));

.ADR1(cin_IBUF_9), X_OBUF cout_OBUF (

.ADR2 (a_IBUF_6), .I(cout_OBUF_5), B—>—t e

.0(cout_OBUF_5) .0(cout) e LUT3 96 T
bH bH
defparam \Mxor_s_xo<1>1 .INIT = 8'h96; X_OBUF s_OBUF (
X_LUT3 \Mxor_s_xo<1>1 ( .I(s_OBUF_8), E

.ADRO (a_IBUF_6), .0(s) ! S

.ADR1(b_IBUF_7), s E—

.ADR2 (cin_IBUF_9), endmodule

.0(s_OBUF_8) - J
)
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[Teprypaen Tov afEolGTR TTEOGNUAGUEV®V ORLOU®V TV

Abit AvTéuaTto ITAQAYOUEVO GYNULATIKG Yo Tov abQolGtn

’ ’ 1 ,
‘define DW 4 Ye emimedo MaoTac kéufwv (yia Tnv teXvoAoyia)
module add (a, b, sum);

input['DW-1:0] a; D p—{>——  LUT4 EA%0 Wrze [ la—g=D

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], b});

assign sum = temp_sum[ 'DW-1:0];
endmodule

’ . ’ D2 LUT4 8778 T4 s778 [ Llas—
ZTATIGTIKA aItd Th guvBeon :
N SRS <+ — .

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% o = LUT4 9996 LUT3 96 e
Number of bonded IOBs: 12 out of 173 6% = =
Timing Summary: x
Delay: 9.110ns (Levels of Logic = 4)

Source: a<l> (PAD)

Destination: sum<3> (PAD)

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

Total 9.110ns (6.643ns logic, 2.467ns route) - [

(72.9% logic, 27.1% route) -
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[Teprypaen Tov kataywEntn tTwv 8-bit

(module register8 (clk, reset, 1d, 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

YTatieTikd amd th cvvbeon

Selected Device : 3s200ft256-5

Number of Slices: 0 o
Number of Slice Flip Flops: 8 o
Number of bonded IOBs: 19 o

ut of 1920 0%
ut of 3840 0%
ut of 173 10%

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

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

-1

Offset: 6.216ns (Levels of Logic
Source: dout_7 (FF)
Destination: dout<7> (PAD)
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[Teprypapn tng vAomoinong FSMD tou emegepyactn

GCD (1)

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

= 1)
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module gcd (
clock, reset, start,
a, b,
outp, done);
parameter WIDTH = 8
parameter s® = 2'b00, sl

s2 = 2'b10, s3

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;

2'b01,
2'b11;

always @(posedge clock or posedge reset)
begin
done = 1'b0;

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

if (reset) begin
state = s0;

X =0;

y =0

done = 1'b0;

outp = 0;
end
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AvTouaTo TTAQOYOUEVO GYMUATIKG YO TOV KOTOXWENTA

IBEEEER
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[Teprypapn tng vAomoinong FSMD tovu emegepyactn

GCD (2)

s2: begin
if (x > y) begin
X=X-Y;
state = s2;
end
else if (x < y) begin
y=y - Xx;
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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AvTéuaTto JTAQAYOUEVO GYNUATIKG YLOL TOV ETTEEEQYAGTN

Avapopd Aoyikiig givBeong yia Ttov emtegepyacti GCD GCD

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

——————————————————————————————————————————————————————————————————————— ; = =

| States | 4 | E

| 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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