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KaAUTeEpn opyavwon Tou KwOIKa

e H TTOAUTTAOKOTNTO TWV OXEQIWV MEYOAAWVEI KAl N OpYyAVWON TOU KWOIKA
YIVETQI oNUavTIKNA Yia TTOAAATTAOUC AOYOUG:
— Avayvwoiportnta (Readability): EukoAOTEPN KaTavonon Tou KWOAIKA.
— Zuvthpnon (Maintainability): EukoAOTEpEC aAAayEC Kal debugging.
— Emravayxpnoipotroinon (Reusability): EUkoAn xprion Twv PTTAOK / components o€
OIAPOPETIKA onuEia Tou axediou.

« H SystemVerilog €x€l apKETOUC UNXAVIOUOUC Yia KAAUTEPN OpyaAvwaon Tou
KWOIKA:
— Typedefs: Anuioupyia TTpocapuoouEVWY TUTTWV (user-defined types).
— Enums: Opiopog ammapiBunocwy (enumerated types).
— Structs: Opydvwon OXETIKWY ONUATWY / OEOOUEVWV.
— Arrays: 2ZUA\oyEg attd opoeldr) onparta / dsdopéva (packed & unpacked).

— Packages: NakETa yia diapoipacuo Kai ETTavaxenoigoTroinon ONAWCEwyY TUTTWY,
OUVAPTACEWV, KTA.
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SystemVerilog:

* Ta typedef £MTPETTOUV TN
dNUIoUPYIa VEWV OVOUATWYV
TUTTWYV (aliases) yia
UTTAPXOVTEG TUTTOUG N TUTTOUG
TTou opidovTal aTro ToV
oxedIAOTH.

« BeAtiwvouv TNV
AvaYyvVWOoINOTNTA TOU KWOIKA
Kal OIEUKOAUVOUV TIG AAAAYEG N
TTPOCAPHOYEGC TWV TUTTWV
apyoTepa.

[Mpoocapuoocpevol Tutrol

typedef existing data type new type name;

typedef logic [7:0] byte t;

// 'byte t' is now an alias for 'logic
typedef integer count t;
// 'count t' is now an alias for 'integer’

typedef struct {
logic wvalid;
logic [31:0] data;
} data payload t;
//

'data payload t' 1s a new struct type

[7:0]7
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Ta TTAEOVEKTAMATO TWV typedefs

e BeATIwPEVN AvayvwaoliuoTnta module top;

— XpNOIYOTIOIWVTAG TTEQIYPAPIKA OVOuaTa VI typedef logic [7:0] byte t;
TOUG TUTTOUG, N KATAVONON TOU KWOIKA -
Y|V£TG| EUKO OTgpn typedef byte_t address_t;

« AtrAotroinon AnAwoewv
— AvTi va xpnoigotrolouvTal oUuveeTol TUTTOI, O byte_t my_data;

OX€EOIAOTNG XPNOIPOTIOIEI TO OVOUX TTOU
ETTIAEYEI VO OPIOEl JE TO typedef

EukoAOTEpeC ANNayEC / TTpooapuoyEG:

— Av xpelagTei aAAayn evog TUTTOU, N aAAayn

address t memory location;

initial begin

yivetal yévo o€ €va OnUEIo TOU KWOIKA (ToV my data = 8'hAA;
OpPIOUO TOU typedef) Kal Ol o€ OAa TO — , ,
onUEia TTOU XpNOIUOTIOIEITAl memory_ location = 8'hl0;
* Etravayxpnoiyotroinon Kwdika
— Q1 TUTTOI TTOU OPICEl O XPNOTNG PTTOPOUV $display ("Data: %h at Address: %h",

€UKOAQ va eTTavaypnaolpoTroindouv o€ 0Ao TO
oX€010 (ME TN XpNon packages —
apyoTepa...) end

endmodule

my data, memory location);
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AtrapiOunoeic — Enumerations

* To enum (enumeration / amrapibunon)
opilel Evav TUTTO TTOU UTTOPEI va TTAipVEl
EVO OUYKEKPIMEVO TTEDIO TINWYV Kal opilEl
OVOMATA YIA KABEUIA ATTO AUTEG TIG TIMEG.

« Eival xprjoiyo o€ avatrapaoTtaon
KATaoTAoEwv o€ FSM, TUTTOUG EVTOAWYV
(opcodes), | o€ oTroIAdNTTOTE METARBANTA
TTPETTEI VO OEXTEI Eva TTEPIOPIOUEVO aPIOUO
aT1ro MMOAVEG TIUEG.

« ATTO default, To TTPpWTO OVOUa TTAIPVEI TNV
Tiun 0, 1o deutepo 1, KTA. MTTOpOUE
ETTIONG VA OPICOUNE PNTA TIC TIMEG VIO
KGBe ovoua.

typedef enum {
valuel,
value?,
value3 //

} enum name e;

enum name e variable name;
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Mapadeiypara EnumMs

typedef enum logic [1:0] { // Specifying a 2-bit encoding
IDLE = 2'b00,
READ = 2'b01,
WRITE = 2'blO0,
ERROR = 2'bll
} state_e;

typedef enum {
ADD,
SUB,
MUL,
DIV
} opcode_e;

module top;
state_e current state;
opcode e operation;

initial begin
current state = READ;
operation = MUL;

$display ("Current State: %s", current state.name()); // Prints "READ"
$display ("Operation Code: %s", operation.name()); // Prints "MUL"
$display ("State Value: %b", current state); // Prints "01"
$display ("Opcode Value: %0d", operation); // Prints "2"
end
endmodule
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AopuEg — Structs oTnv SystemVerilog

e O struct emMTPETTEI TN ONUIOUPYIA YKPOUTT «OXETIKWV» WETABANTWYV /
ONMATWY TTOU £XOUV OIAPOPETIKOUC TUTTOUG, XPNOIMOTTOIWVTAC £V OVOUO.

e Eival xprjoiyo yia Tnv avatmapaotacn «OXETIKWVY» KOMUATIWY
TTANpogopiac / EDOUEVWY, OTTWC Ta TTEDIA EVTOAWY N TTAKETWV 1) yIA
TTAapaPETPOTIOINON TWwV Modules

typedef struct {
data type memberl name;
data type memberZ name;
//
} struct name t; // Optional typedef name

struct name t instance name;
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Mapadeiyua Struct: Avatrapaortaon Pixel

typedef struct {
logic [7:0] red;

logic [7:0] green;
logic [7:0] blue;
} pixel t;

module top () ;
pixel t my pixel;

initial begin

my pixel.red = 8'hFF;

my pixel.green = 8'h00;

my pixel.blue = 8'h00;

Sdisplay ("Red pixel: r=%h g=%h b=%h",

my pixel.red, my pixel.green, my pixel.blue);

end
endmodule

HY220 - BaciAng NaTtraguoTtadiou



Structs: Packed vs. Unpacked

Ta struct otnv SystemVerilog €ival unpacked atré default.

— Unpacked onpuaivel 611 o compiler €xe1 eueAigia oto TTwW¢ Ba
TOTTOBETACEI TA TTEdIA OTN PVAMN KAl TTIIBAVWE va TTPOCOECE!
padding yia euBuypdupion / alignment

MTTOpOoUNE va XPNOIUOTIOINCOUNE TO keyword yia va
(nTooupe Ta TTEdia va TOTTo0ETNOOUV CUVEXOUEVA OTN MVAMN KAl
Xwpic¢ padding

AUTO XpNOIJOTTOIEITAI CUXVA OTAV Ta Structs TTPETTEN va

QTTEIKOVIOTOUV aTtTeuBeiac éva hardware interface ) TpéTrel va
EXOUV £va OUYKEKPINEVO memory layout

«YTTOXPEWTIKA» XpARON struct packed yia cuvlEoigo Kwdika!

Unpacked Struct Layout Packed Struct Layout

v’ data

9 8 0

1

lid
data 31

31 8 0
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// Unpacked Struct Example

typedef struct {
logic wvalid;
logic [7:0] data;

} unpacked data t;

unpacked data t my unpacked data;

// Packed Struct Example

typedef struct {
logic valid;
logic [7:0] data;

} packed data t;

packed data t my packed data;




Structs o€ TTopTeEC TWV Modules

* H xpnon structs yia 11 TOPTES TWV Modules
BeATILOVEI TNV OpYyAvVWON KAl TV

avayvwoluoTnTa Twv dIETTapwy Twv modules.

EIQIKG yIa YKPOUTT ATTO «OXETIKA» OHUATA

— AVTI IO CEXWPIOTEG TTOPTEG, UTTOPOUE VA
OMadOTIoIoUE Ta OAMATA O€ €va struct

typedef struct packed {
logic [7:0] address;
logic [7:0] data;
logic read enable;
logic write enable;
} bus_interface t;

module memory controller (
input logic clk,
input 1logic rst n,
input bus interface t reqg if,
output bus 1nterface t tgt if
)
// Internal logic using
// req if.address, req if.data, etc.
// also do full assignment between structs
assign tgt if = reqg if;
endmodule

module top;
logic clk;
logic rst n;
bus _ 1nterface
bus 1nterface

t request bus;
t target bus;

memory controller dut (

.clk (clk),

.rst n(rst n),
.req if (request bus),
.tgt if (target bus)

) ;

initial begin
clk = 0;
rst n = 1;

request bus.
.data = 8'hb55;
.read enable = 0;

request bus
request bus

request bus.

#10;

address = 8'h20;

write enable = 1;

$display ("Target Address: %h,
target bus.address,

end

endmodule

Target Data: %h",
target bus.data);
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[Mivakeg - Unpacked

« KaBe TTivakac unpacked €ival pia cuAAoyr oToIXEiwV TOU 10iou
TUTTOU OEOOUEVWIV.

« KaBe oToIXEIO UTTOPEI VO TTPOCTTEAQCTEI PE Eva OEIKTN (Index)

e 20VTACN:

data type array name [dimensionl] [dimensionZ] .. ;

e XpNon:
logic [7:0] byte array [11:0]; // Array of 12 bytes
integer count [10]; // Array of 10 integers
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MNapadsiypa Unpacked Array

Unpacked Array Layout
module top;

logic [3:0] nibble array [4:0]; 4’b0001
// Array of 5 4-bit wvalues
4’b0010
initial begin
// Initialize individual elements 460100
nibble array[0] = 4'b0001; ,
nibble array[l] = 4'b0010; 41000
nibble array[2] = 4'b0100; 4’b1111
nibble array[3] = 4'b1000;
nibble array([4] = 4'bl1l11; 31 4 0
// Initialize using an assignment pattern
logic [3:0] another array [5] = '"{4'bl111, 4'b1010, 4'b0101, 4"bl1100, 4'b0000};
$display ("nibble array[2] = %$b", nibble array[2]);
$display("another_array[l] = %b", another arrayl[l]);
end
endmodule
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index 1
index 2
index 3

index 4
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Packed Arrays

 ‘Evac packed trivaka¢ avatrapioTa Pia ouveXouevn akoAouBia
aT1TO bits

e XpNOIJOTTOIEITAI OUXVA VIO TN JOVTEAOTTOINON ONUATWY KAl
UVIMNG OTTOU N O€IPA TWV bits Kal N «CUVEXEIA» Eival ONUAVTIKEC

e 20VTACN:

data type [msb:1sb] [dimensionl] [dimension2] ... array name;
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MNapadeiypa Packed Array

module top;

logic [3:0]1[4:0] nibble array; // Array of 5 4-bit values

initial begin

nibble array = ‘0; // possible to initialize them all together as a flat signal!

// Initialize individual elements

nibble array[0] = 4'b0001;

nibble array[l] = 4'b0010;

// nibble array[2] = 4'b0100;
nibble array[3] = 4'bl1000;

nibble array[4] = 4'b1111;
Sdisplay ("nibble array([2] = %b",

end
endmodule

Packed Array Layout

nibble arrayl[2]);

index4 index3 index2 index1 indexO
4’b1111 |4’b1000 |4°b0000 (4’0010 |4’b0O00O1
31 20 16 12 8 4 0
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Packed vs Unpacked Arrays

XapaKTnpIoTIKO

Packed Array

Unpacked Array

Ta gToIxEia atroOnkevovTal

Xwpog 2 UveEXOMEVN akoAouBia aTtrd bits . .
CEXWPIOTA TNV PVAUN

AnAwon data_type [packed dims|array name |data_type array name [dims]

Xprion MovTteAoTToinon oNUATWY, JvNUWY, Kal [ZUAAOYT OEQ0UEVWY, OTTWCG Ol

EUEAIKTOG XEIPIOMOC TWV bits

KAQOOIKOI software TTivakeg

Packed Array Layout

index 4

index 3

index 2 index1 indexO

4'b1111

4’b1000

4’b0100 (4’0010 |4'b0001T

31

20

16

12

8 4 0

Unpacked Array Layout

4’00001 | index 0
4’00010 | index 1
4’60100 | index 2
4’61000 | index 3
4’b1111 | index 4
31 4 0
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Ta Packages tng SystemVerilog

* Ta packages TTAPEXOUV EVa PNXAVIOWO va evOUAOKWVOUNE (encapsulate)
Kal va diapolpalouaoTe dOnAwoceig (typedefs, structs, enums, functions,
tasks, etc) oe 6An TNV IEpapxia evog oxediou.

— BonBasl otnv emavaxpnoiyoTroinon Kai Tnv atmopuyn «dITTAwV» dNAWCEwWYV Kal
«OITTAOTUTTWVY» OVOUATWYV

 2UVTAZN:

package package name;
// Declarations (typedefs, functions, tasks, etc.)
endpackage
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Napadeiypa Package: Koivoi TUTTOI KOl CUVOPTHOEIG

package common types pkg;

typedef enum logic [1:0] { common_types_pkg
IDLE, * state e
READ, * bus transaction t
WRITE,  print transaction
ERROR — Y
} state_e;

import

typedef struct packed {

logic [7:0] address; module A module B

logic [7:0] data;
} bus transaction t;

function void print transaction (input bus transaction t trans);
$display ("Address: %h, Data: %h", trans.address, trans.data);
endfunction
endpackage
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Xpnon Twv Packages

 ['1a va XpNOIJOTIOINCETE TO TTEPIEXOMEVO £VOC package og Eéva module
TTPETTEI VA TO KAVETE import.

e 2UVTAZCN:

import package name::*; // Import all items from the package
import package name::item name; // Import a specific item

« Xpnon:

module my module;
import common types pkg::*; // Import everything from the package

state_e current state;
bus transaction t my transaction;

initial begin
current state = READ;
my transaction.address = 8'hl0;
my transaction.data = 8'hAA;

$display ("Current state: %s", current state.name());

print transaction(my transaction); // Calling the function from the package
end

endmodule
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XpNoIueG ocuvapTtnoeig (1/2)

typedef logic [15:0] word t;

o [1OAAEC xpNnoIueg built-in
ouvapTAoEIC TS SystemVerilog | “hegic seriar |

word_t data;

(¢ekivouv pe $). Katroleg givai } message_t;
OUVOEOIJEC. module top;

word t my word;
. . ] message t my message;
e Sbits (expression): integer word size;
) ) ] integer message size;
— XpNoliun yia TTAPAUETPIKO KOl EUEAIKTO
, initial begin
Kwolka RTL word size = (my word) ;
, , . // word size will be 16
- E'ITIO'TpS(pSI TOV GpIeUO TwvV bits MIOC -
X message size = (my message) ;
EKPpaons // message size will be 1 + 16 = 17

~ ToAu XPNGIHO Yia TUTTOUG OPIGHEVOUG $display ("Size of my word: %0d bits", word size);

aT1ro TO XPNOTN (typedefs) N yia Tov $display ("Size of my message: 3%0d bits", message size);
V4 V4 4 d
TTPOCOIOPITUG TOU PeYEBOUG duVaNIKA endmodule
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XPNOINEG OCUVAPTNOEIG (2/2)

* Sclog2 (integer expr)

— YTroAoyicel To «Tafavi (ceiling)»
TOU AoydapiBuou ye Baon 2 yia Tnv
aKEPAIa EKPPACN

« XpNOIMOTIOIEiTAI oUXVA YIa Va
UTTOAOYIOEI TOV EAAXIOTO apPIBPO
atro bits TTou xpelaleTal yia va
avaTTapaoTABEl Eva
OUYKEKPIMEVO EUPOG TIHWYV N YIA
TO «TTAATOC» TWV dIEUBUVOEWY
MIOC MVAMNG JE OUYKEKPIUEVO
«UYoc/apiBud AEcewv»

module top;
parameter MEMORY WORDS = 256;
// Example memory size

localparam ADDRESS BITS = (MEMORY WORDS) ;
// ADDRESS BITS will be $clog2(256) = 8

initial begin
Sdisplay ("Memory Size: %d", MEMORY SIZE);

$display ("Address Bits: %d", ADDRESS BITS) ;
end

endmodule
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EtmriokotTnOoN

» Typedefs emTpETTOUV TN XPNON «OUVWVUHWV» YIA UTTAPXOVTEC TUTTOUG N TUTTOUG
OPICHEVOUC aTTO TOV XPNOoTN. BEATIWVOUV TNV avayvwaoIuoTnNTA KAl TV OUVTRPNON TOU
KWOIKA.

 Enums opiouv oUvoAa aTTO OVOMNATIOMEVEG TIMEC. XPAOIKA VIO QvaTTapacTaon
KATaoTAOEWV Kal £TTIAOYwV/options.

e Structs €mTPETTOUV TN ONMIOUPYIA YKPOUTT ATTO «OXETIKA» CHUATA XPNOIUOTTOIWVTAG £Va
uovo ovoua (packed ) unpacked). MTopouv va XpnoIUoTToiNBouyv Kal O€ TTOPTEG TWV
modules yia va atrAoTToINoouV TIC DIETTAPEC KAl TOV APIOPO TWV CUVOECEWV/TTOPTWV.

« Unpacked arrays gival cuA\oYEC aTolixEiwv 10i0U TUTTOU KAl N TTPOCTTEAACT YiVETAI JE
deikTeg/indexes.

» Packed arrays avatrapioTouVv OUVEXOUEVEG aKOAOUBiec aTTd bits kal gival xpAoiua yia
MovTeAoTTOinON KaAtroiwv HW components.

« Packages divouv Tn duvatdtnrta yia «evOuAdkwarn/encapsulation» Kai TTapExouv Eva
TPOTTO va dlauoipacToUuue dNAWOEIC, OpICHOUC, ouvapThoEelc. BonBouv Tnv opydvwaon Twv
oxeQiwV Kal TNV ETTAVAXPNOIUOTIOINON KWOIKA.



