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H dnAdwon "define tov Trpoemegepyactn

B Adwon ‘define yio Tov 0QLOUS LOKEOOVTIKATAGTAGEWY
B XUvtoagn (0Quouds KoL xenon):
‘define Name[ (Argument,...)] Text

‘Name [(Expression,...)]

m [Tapdéuowa ye tnv #define tng ANSI C
m ITapdderypa 1

r
‘define add(a,b) a + b

f= ‘add(1,2); // f =1 + 2;

m [Topddetypa 2

‘define WORD_WIDTH 32
‘define HIGH 1’b1l
‘define LOW 1’'b0
‘define WORD [ “WORD_WIDTH-1:0]
‘define READ ‘LOW
‘define WRITE ‘HIGH
-
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Ykiaypdenon tng Stdlegng

B ZUVTOEN TTOQOUETOEIKOV TTEQLYQAPWV
B AnA®acels tov TeoeTiegepyacti tng Verilog ("define,
“ifdef, “include)
B Andwon Juedv katd to Tedtuito tng ANSI C (Verilog 2001)
AAwon Toauétowy (parameter)
m [évvnon kavovik®dv douwv ue tn dndwon generate (Verilog
2001)
m Ygrtovoouueveg Mates evargOnciog (Verilog 2001)
B Baowkd kukAdUOTO yio XEWRLGTES dedouévmv

m [Iegrypapn yvnuodv ROM kot RAM
B AleTTa@n, 0pydvwon Kol XOQOKTNELGTIKG VIOV
B Mviun pévo avdyvoong (ROM)
m Mviun tuxalag tpocmédacng (RAM)
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H dnAdwon "ifdef... else... ‘endif

m H dnAwon “ifdef yponowostoleiton yia tnv vwd guvOrikn
UETOAYADTTION TUNUATOV KOS
m [Ieprypapn LoviéAwv Ue eVOALAKTIKES VAOTIONGELS
m Xivtogn:
‘ifdef MacroName
VerilogCode. ..
[‘else
VerilogCode...]
‘endif

m [Tapduowa pe tnv #ifdef...#else...#endif tng ANSI C
m [Topddeyua

‘define primitiveModel
module Test;

‘ifdef primitiveModel
MyDesign_primitives UUT (...);
‘else
MyDesign_RTL UUT (...);
‘endif
endmodule
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O dnAwoelc undef kar include

m H dnAwon “undef yonowotoleiton ylo Thv astevegyoToinen
€VOG 0pLGUoU TTou 86Onke amd uio “define
m ITaeddetypa

‘define WORD_WIDTH 32

‘undef WORD_WIDTH

‘define WORD_WIDTH 16

‘define WORD [ ‘WORD_WIDTH-1:01 // [15:0]

m H dnAwon " include ypnowwosoleitan yia tn guumepiinyn
e€wtekoV apyelov mnyaiov kwdwka Verilog

m ITaedSetyua

// Contents of definitions.v
‘define WORD_WIDTH 32
‘define WORD [ ‘WORD_WIDTH-1:0] // [15:0]

// Contents of test.v
‘include "definitions.v" // WORD_WIDTH and WORD are visible in test.v
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Andwon Jupav katd to eotumo tng ANSI C

m Xtn Verilog 1995, n Sndwon wag dveag astartel uéxer ko
TEELS EEYWOELOTEG SNADGELS, OTTWS PALVETOL KOL GTO
TaEAKATO TToRddeyuo (Jvpa myportl)

module foo(myportl, myport2);
output [7:0] myportl;
reg [7:0] myportl;
input [3:0] myport2;

endmodule

m Xtn Verilog 2001, ov SnAncels Jupav elval GUVTOUEVUEVES
KoL akoAovBolv Tov TEHTo Ue TOV 0ITolo SnAwvoviol Ta
oplouata cuvaptincgewv gtnv ANSI C

module foo(output reg [7:0] myportl, input [3:0] myport2);

endmodule
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H dnAwon " timescale

m H SnAwon " timescale kaBopigel tn Ggroyyeioddn wovdda
¥00vou Kol Tnv akeifela (vaAVTIKOTNTO) TG TTEOGOULOLMGNS
(EAAYLOTN XEOVIKI JTTOGOTNTA)

Yovtogn: timescale TimeUnit / PrecisionUnit

m 6mou: TimeUnit kow PrecisionUnit elvar tng popoeng
<Time> <Unit> pue Time = 1, 10 1 100 kow Unit = s, ms, us,
ns, ps n fs

m KaAd glvan va SnAddveton ula " timescale mowv agtd tnv
apxn kGBe module N é6tw wdvo Tov testbench

Hopddetyua

[‘timescale 10ns / 1ps ]
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ITAPAMETPOI (parameters) gtn Verilog

m ZuupoMkéc aTabepés uéoa ae éva module

m XQNGLLOTTOLOVVTOL YL T LOVTEAOTIOINGT TTAQOUETQLKWV
(YeEVIR®OV) uovddmv VAkoU

m [Lx. N-bit aBpoiotig, M-bit KaATAXWENTAG, WOVTEAO UVAUNG
ue NR katoxwentés evpoug DW bits

m ITopdderyua: Tevikd povtédo LFSR

module 1lfsr_generic(clock, reset, y);
parameter WIDTH = 8; // Shift register width, also number of taps
input clock, reset;
output [WIDTH-1:0] y;

m H spokabopiouévn twn tng mapauéteov WIDTH eivan 8. H
T ovth witoel va yetaPinbel katd tn dnlwon aviiTiTou

module LFSR_5 (clock, reset, yl);

input clock, reset;

output [4:0] yl1;

1fsr_generic #(5) lfsr_5(clock, reset, yl);
endmodule
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Ymovoouvueveg Alcoteg evargOnaciog (implicit sensitivity

[Tapddetyua ypriong dSnAwong generate lists)

B Xuyvo 6pdiua otn Verilog astotedel n Sndwon ulog
eATTOUC MoTtog evoncOnciog

il Adyw tng un gvarcbncios 6to criwo d, 0 TAEAKAT® KOSUKAS
dev eupavitel Tnv avouevouevn GuUITEQLPOQRA KATA Tnv

m H Verilog 1995 8ev Siabétel kdmolo T4IT0 yia Tnv
TLEQLYQOPN KAVOVIK®OV SOUdV VAIKOU Ue aAyoQlOutkd TedIto

m Xtn Verilog 2001 wpoctébnke n Sridwon generate katd To
TEATUTIO TnG avtigToyng SNAwoNG TTov VIToGTNEitEL n

YAWGoa Treptypaeng vitko) VHDL TRosoUolmwGn
m ITopdderyuo: Metatpomn armd kddwka Gray ce binary [alv;afsa@éabor‘ blor © // forgot to include d! }
( 1
module gray2bin (bin, gray); . , , 4, ’
parameter SIZE = 8; m Xtn Verilog 2001 €xel wpoaotebel n SnAwaon vitovoovuevng
output [SIZE-1:0] bin; , ,
input [SIZE-1:0] gray; MoTag evarebnaeiog
genvar i; // Compile time only m Me v TTopakdtem SnAwmon, amdd gnteitar va evtoayxfodv Gtn
generate for (i = 8; i < SIZE; i = i + 1) ' _ _ Aota evaucOnaeiog, Ao Ta crpota Ta oTtoia eu@avitovtol
begin: bit // IMPORTANT: Use of colon (":") is required for begin. , , , ,
assign bin[i] = "gray[SIZE-1:il; GTo 8e€l6 uéAog Twv avabécewv e ula always
en
endgenerate always @
kendmodule ) [ f-a&b | ca&d;
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[MTopadelypnata KUKAOUAT®V TTOV YENGLLOTTOLOVVTOL GE

YELQLGTES BEBOUEVEY [Tapoauetewds abpoigtng twv DW-bit

-
‘define DW 8

module add (a, b, sum);

m [TopaueTtoikdg aBQolGTNG
B [ToQaUeTEROC KATAYWENTAS
B OMoOntiig ue Aettovpyla aoteng/desids oMaOnang

B YAowoinon jtoQouetowkoy abpolgti pue generate Ge
emimedo structural
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input[‘DW-1:0] a;
input[‘DW-1:0] b;
output[ ‘DW-1:0] sum;
wire[ ‘DW:0] temp_sum;

// Calculate sign-extended result (DW+1 bits)
assign temp_sum = ({a[‘DW-1], a}) + ({b[‘DW-1]1, b});
// Copy to sum, neglecting the output carry bit
assign sum = temp_sum[‘DW-1:0];

endmodule

-
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[MapoaueTEwds kataywentng twv DW-bit

(// Filename: reg_dw.vhd

// Description: DW-bit D-type register with synchronous reset
‘timescale 1 ns / 1 ps

‘define DW 8

module reg_dw (clk, reset, load, d, q);
input clk, reset, load;
input[‘DW-1:0] d;
output[ ‘DW-1:0] q;
reg[‘DW-1:0] q;

always @(posedge clk)
begin
if (reset) begin
q <= {‘DW{1’b0}};
end
else if (load) begin
q <= d;
end
end
endmodule
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YAottoingn tapaueToikoy afQolGTn ue generate Ge
emimedo structural (Verilog 2001)

// Parameterized adder with condition code generation.
module addercc
#(parameter WIDTH = 8) // "Generic" parameter in Verilog-2001
(
output reg [WIDTH-1:0] sum, output reg cout, neg, overflow,
input [WIDTH-1:0] a, b, input cin

H
reg [WIDTH:0] c;

generate
genvar ij;
for (i = 0; i <= WIDTH-1; i = i + 1)
begin: stage
always @(*)
begin
sum[i] = a[i] "~ b[i] " c[il;
cl[i+1] = (a[il & b[i]) | (b[i] & c[il]) | (a[i] & c[il);
end
end
endgenerate

always @(*)
begin
c[0] = cin;
neg = sum[WIDTH-1];
overflow = c[WIDTH] ~ c[WIDTH-1];
cout = c[WIDTH];
end

endmodule
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OMaOntng pe Aettovpyia aLoteEng/degds oManong
(left/right shifter)

e
// Left/right shifter

‘define LEFT_SHIFT 1’b0
‘define RIGHT_SHIFT 1’'bl

// Define a module that contains the function shifter
module lrshifter(outp, inp, control);

input [31:0] inp;

input control;

output [31:0] outp;

reg [31:0] outp;

// Compute the right- and left-shifted values whenever
// a new input value appears
always @(inp or control)
begin
outp = shift(inp, control);
end

// Define shift function. The output is a 32-bit value
function [31:0] shift;

input[31:0] val;

input control;

begin
shift = (control == ‘LEFT_SHIFT) ? (val << 1) : (val >> 1);
end
endfunction
endmodule
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Yxebloon wvnung

B T KUKA@UOTO UVAUNG TTQOGEEQOVV Tn duvatdtnta Ge €va
oUGThUA Vo aTtodnkevel SeSouévo Kol OTTOTEAEGUATO DGTE
VO, WITOQREL VAL TOL ETTOVALYENGYLOTIONGEL GE VEOUG
UTTOAOYLGULOUS

m Boaowkég douég yvnung

m Mvign pévo avdyvoong (ROM)
B Mviun tuyaiag stpoottédaons (RAM) yia avdyveoon ko
eyyeapn

B Aopég uvAaung Jtov avayovtal GTig PAacikég

m [Tivakag avagitnong (LUT: Look-Up Table): cuviBwg
avapépetan ge uviun ROM i RAM 1tng omotlag Ta
Treplexoueva dev yetadAdlovtal, kot n ogrola efvon
acvyyeovng avayvmong

B Apxelo kataywentodv (register file): uviiun RAM ue
TtoAAATTAES JUpeg €1G680vV (Eyypanc) n/kal €£650u
(avdyvwong)
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Baowd ctoryeia otn oxediocon KUKAOUATOV WvAung

m Tpémor avdyvwoong
B Acgvyypovn avdyveon: astotelécuata Stabéciua gtov (Sto
KUKAO GTov 0Tolo Sievbuvotodotrifnkay ue kdarowa
GUVSVAGTIKA XEOVIKI KaBuGTéEnan
B XUyyeovn avdyveon: asotedéouato Staféciua GTov emduevo
KUKAO QoAoyLov
® Xrigata emiteeyng
RAM Egtitpeyn avdyvwoong (read enable 11 re)
RAM Emitpewn eyypapng (write enable n we)
RAM,ROM Emtitpewn £g6d0ov (output enable n oe)
m ITapduetool
ApBudc déoewv (kataywentaov): N n NR
Evpog Aéeng SievBuvong (address width): AW
Evpog Aéenc dedouévmv (data width): DW
H stapduetpoc AW oplouéveg @oég vitoloyigetal aitd tny
NR uéow tng ékpeacns: AW = [loge(NR)]
B ABudc Jupwv e1g6dou (NWP) ko €€650v (NRP)

~EEm
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Mvnun pwovo avdayvoong (ROM) (2)

AeTtapni tng ROM

ROM

- AEEn O

Aggn 1 data[DW-1:0]
—

address{AW-1:0]
E—
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Mvnun wévo avdayvoong (ROM) (1)

B Mioo ROM &wabéter TovAddyiotov wia elGodo yio tn
SievBuvelodotnon (address) ko ula £€€080 yio Tnv
avayvacn tov dedouévav agtd tn cguykekpuévn déon atn
uvnun (data)

m Av elvar gUyypovn Ja Srabétel eiGodo goAoyiov (clk)

m Mgropel va Swabétel emmitpeyn avdyvoong (re)

m Ta Jtepieyxdueva tng ROM vAotrorovvton elte wg TWES
SnAwuéves ge ugtAok initial efte pe asroxkwdikotroincn
Tov cnpotog address

m ‘Otav re
emiAéyovue elte vo TTaQAUEVOUV aueTABANTO elte va wnv
odnyovvtar (LYnAn avtictacn)

07, ta 5edopéva aTnv £€5080 GUVRBWS

m H swoAAastAn avdyvoon aséd plo déon atn uviun
Tavtdypova Sev dnutoveyel TTEoPAnL Srapdyng (conflict)
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YUyyeovn pvnun ROM twv 8-bit ue 16 9€ceig kau
aQYKOITOINGN TW®WV GE WITAOK initial

reg [7:0]
reg [7:0]

initial

begin
ROM[ 0]
ROM[ 2]
ROM[ 4]
ROM[ 6]
ROM[ 8]
ROM[10]
ROM[12]
ROM[14]

end

begin
if (re)

end

endmodule

0] addr;
0] data;
1015

ROM [15
data;

© 00 00 0 00 00 0 0

"ho1l;
"ho4;
'h10;
'h40;
'ho1;
"ho7;
*hilF;
'h7F;

ROM[ 1]
ROM[ 3]
ROM[ 5]
ROM[ 7]
ROM[ 9]
ROM[11]
ROM[13]
ROM[15]

always @(posedge clk)

data <= ROM[addr];

(module rom_16_8 (clk, re, addr,
input clk;
input re;
input [3:
output [7:

© 00 00 0 00 O 0

data);

"he2;
"ho8;
*h20;
"h80;
"he3;
"hOF;
"h3F;
'hFF;
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Agyelo testbench yia tn giyyxeovn yviun ROM

‘timescale 1 ns / 10 ps
module main;
reg clk, re;
reg [3:0] addr;
wire [7:0] data;
integer idx;

// Test clock generation.
initial

clk = 1'bl;
always

#25 clk = ~clk;

// Data stimulus
initial begin
#1 re = 1’b®; addr = 4’h2;

#50 addr = idx; re = 1’bl;
end
#50
$finish;
end

initial

$time, clk, re, addr, data);
endmodule

rom_16_8 uut(.clk(clk), .re(re), .addr(addr),

.data(data));

for (idx = 0; idx <= 15; idx = idx + 1) begin

$monitor ("%t: clk=%b, re=%b, addr=%h, data=%h",
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(module rom_16_8 (addr, data);
input [3:0] addr;
output [7:0] data;
reg [7:0] data;

always @(addr)
begin
case (addr)
4’b0000: data <= 8’hO1
4’b0001: data <= 8'h02;
4’b0010: data <= 8'h04;
4’b0011: data <= 8'h08;

Audypoal xoviGuov

4'b01060:
4’b0101:
4’b0110:
4’bO111:
4’b1000:
4’b1001:
4’b1010:
4’b1011:
4'b1100:
4'b1101:
4’b1110:
4’b1111:

endcase
end
endmodule

data
data
data
data
data
data
data
data
data
data
data
data

<= 8’h10;
<= 8'h20;
<= 8°h40;
<= 8'h80;
<= 8’h01;
<= 8'h03;
<= 8'h07;
<= 8'hOF;
<= 8’hlF;
<= 8'h3F;
<= 8'h7F;
<= 8 hFF;

58ns

addr[3:0] O X I (2 03 W% )5 (& ¥ 7 )8 )8 W A (B ¥ CHD Y ENF
data[7:0] (0L Y02 0% YO8 ¥I0 ¥20 )30 Y60 K01 }O03 ¥07 YOF ¥IF H3F JIF (FF
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AgtoTteAécuata TEOGOUOIimGNS Yo Th GUyXeovn uvaun
ROM 1twv 8-bit ue 16 9éaeig

Avdypouua xeoviguov

58ns
clk N L T O N O O O U VO U o W O v
re ] |-
addr[3:0] [Z 0 I T3 X5 }(e X738 X8 (h (B (e XD WENF 2
data[7:@] XX Y01 )@z ¥+ ¥§8 10 (o0 K0 }E0 {01 @3 ¥B7 }0F ¥IF ¥3F JTF YFF_
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Mvnun tuyxalag stpocréAacng (RAM)

B Mio RAM &wBéter tovddyiotov pio elcodo yia tn
StevBuvalodotnon (address) kot TovAdyloTov wio Yvea yio
TNV avdyvmon n/kol eyyeaen dedouévmv amd Kal Teog
ouykekQuévn déon gtn uviun Yéon gtn uviun

B YToyxpewtikd Sabéter €icodo poAoyiov (clk) kar emtiteeyn
eyyeopng (we) yia kdbe dvpa eyypapng

m Mmogel va dwabétel reset ywo Tov kaboQloud twv
TEQLEXOUEVOV OAWV TV JE€cewV

m Ta Jtepieyxdueva tnge RAM vAoTtolovvial g Jrivakag
Siavuoudtwv (array of vectors)

B Mmogel va ogiatel ko eTtitewn avdyvoong dveas e£6d0u

B Ot TTOAMOTIAEG LTAGELS YL EYYEAPN Ty (Sia Yéon
Snuovyouv TTEARAnUO Staudyng Kol eITLAVOVTOL Ue
KATAAANAR AOYyA eAEYYOU (TTROTEQALOTNTA)
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Ategtapn ko opydvecon wag RAM (1)

m Mio RAM umogel va yenowodtotel Eexmelotés Jupes yio tnv

elgodo kar €£080 dedoucvav n aueidpoun Jvea n oroia
xonawototeital T6Go yia tnv £lGodo 6Go kol yio tny £€£080
dedouévav (Bvpa TVITOL inout)

B AwoBéter Tovddyiotov pia elcodo yia tn Sievbuveloddtnon

1w [ToAaTAd onpato emtitpewng (T, we_1l, we_2, ...

We_nwp) UIoQovv va aviikatacgTadouv asd éva Sidvucua
enitoewng (we_v[ NWP-1:0])

m o tnv emfluon tng eyyeaeng Kal avdyvoong moc/aIrd
Tnv (o J€on agtov (Sto kUkAo e RAM cuyypovng

avayveong dewmpovye

a) To ToAad Tepiexdueva tng déong eupavitovial gtny £€£080
B) Ta véa dedouéva ypdpovton otnv idia éon (avdyvwoon o

TNV EYYQOLPN)

1

Xe yovtépveg texvoloyieg FPGA, to oAokAngwuéva €xouv

Swabegdtnta evonuatouévov ok pvnung (block RAM)
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RAM e acvyypovn avdayvoon (1)

iXta FPGA avtii n pviiun vAottoelton ce Aoyikd keMd (distributed RAM)

input clk;

input we;

input [5:0] rwaddr;
input [15:0] di;
output [15:0] do;

reg [15:0] RAM [63:0];
always @(posedge clk)
begin

if (we)

RAM[rwaddr] <= di;
end

assign do = RAM[rwaddr];

endmodule

module ram_async (clk, we, rwaddr,

di, do);
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AteTtapn kor opydveoon was RAM (2)

B Aeztapn RAM ue uio
aueidooun (SikatevBuvtikn)

.
Fvea
RAM
clk
— ] TN 0
e
AtEn 1
. dio[DW-1:0]
) [
] ;
raddriAW-1:0] E
i
_
waddrAW-1:0]
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m Atetapn RAM ue
TTOAMTTAEG FUpEC
AVAYVOGNS KoL EYYQOPNG

clk

raoro[AW-1:0]
WaddrO[AW-1:0]

di0[DW-1:0]

]
di<NWP-1=[DW-1:0]

RAM

we_VINWP-1:0]
[
raddr<NRP-1=[AW-1:0]
L
waddr<NWP-1=[AW-1.0]

—

—

do0[DW-1:0]

1
0<NRP-1+[DW-1:0]
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RAM ue acvyypovn avdayvoon (2)

Adyoauy

o XQOVIGUOU

58nS

clk

we
rwaddr[5
di[15:8]
do[15:8]

M J v v v e gy oy

I

;0] [2A KT W ZA
[CAFE W_DEED W_CAFE
xxx W_CAFE )} XXXX W_CAFE
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RAM ue ovyypeovn avdayvaon (1)

(module ram_rf (clk, we, rwaddr, di, do);
input clk;
input we;
input [5:0] rwaddr;
input [15:0] di;
output [15:0] do;
reg [15:0] RAM [63:0];
reg [15:0] do;

always @(posedge clk) begin
if (we)
begin
RAM[rwaddr] <= di;
end
do <= RAM[rwaddr];
end

endmodule
.
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RAM ue guyypovn avdyvaoon (3)

Apyxelo testbench (2)

// Data stimulus

initial

begin
#1 we = 1’b0®; rwaddr = 6’h2A; di = 16’hCAFE;
#50 we = 1°b1l; rwaddr = 6’h2A; di = 16’ hCAFE;
#50 we = 1’b0®; rwaddr = 6’h2A; di = 16’hCAFE;
#50 we = 1’b0®; rwaddr = 6’h3A; di = 16’hDEED;
#50 we = 1’b0®; rwaddr = 6’h3A; di = 16’hDEED;
#50 we = 1’b0®; rwaddr = 6’h3A; di = 16’hDEED;
#50 we = 1’b0®; rwaddr = 6’h2A; di = 16’hCAFE;
#50 we = 1’bl; rwaddr = 6’h2A; di = 16’hCAFE;
#50
$finish;

end

initial

$monitor ("%t: clk=%b, we=%b, rwaddr=%h, di=%h, do=%h",
$time, clk, we, rwaddr, di, do);

endmodule
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RAM ue cuyypeovn avdyvoon (2)

Agyeto testbench (1)

‘timescale 1 ns / 10 ps

module main;
reg clk, we;
reg [5:0] rwaddr;
reg [15:0] di;
wire [15:0] do;

ram_rf uut (
.clk(clk),
.we(we),
.rwaddr (rwaddr),
.di(di),
.do(do)

N

// Test clock generation.
initial

clk = 1'bl;
always

#25 clk = ~clk;
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RAM ue cuyyeovn avdyvaoon (4)

Avdypouyo xeoviauov

58nS

clk [ WY [ WY I WO e SO A VY SR A S D
we | \ |
ruaddr[5:0] [2A J 3R H_2A

di[15:8] [CAFE W _DEED K_CAFE

do[15:0]  [OKXX W CAFE )} XXXX W CAFE
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