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Verilog HDL

Verilog type

Verilog S4EK}

* Verilog X} X2|=
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| Verilog HDL(1/2)

e Verilog HDL EA
- =N Z=(SH, 470l xlstx)

— C =Z=EO%Y Hojet FAL
- AEX}HF @ olefol= BIEA| 2FEX}

+ ofl2fo(ZIRIE)

—  APHO| of|2k=l Al XHalways, and, assign, wire, reg, )

—  H2(variable), Al XHidentifier)2 AF2x
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1| Verilog HDL(2/2)

CEEL
- ofu Iz B F HIE S 3
Sx}2 oM 20l T4

- M /) ok gl =M
/[* ¥ 2B =AM
- =X} &8

- [HIE4] (Base_format) {number_value)
* integer : simple decimal, 32bit

* ex)
— 2017 . signed number, 32bits
- =2 : signed number, 32 bits in 2°
- 2 b10 : size of 2bits

- 8 h9a =8 b10011010
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H Design Entities — Verilog H

* Module
— Verilog 7|2 - dtH?
- “module” ~ “endmodule” £ E&
- BHE : 2o 7|5, X 32X BH

module half adder{a,b,sum,cout}; module 0|22 A EZX} -_r"-E-, _M..g. 7=
input a, b;
output sum, cout; 2tojo] MH;
wire cout_bar; mj2iojg MH;

zor{sum,a.b);

1
2
3
L
L
6
I nand{cout_bar, a, b}; 32 71 53
8 not{cout, cout bar};

0

a

18 pndmodule endmoduleZ =&
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H Design Entities — Verilog H

« Gate primitiveE 0|25t ma!Zl

1

module half adder{a,b,sum,cout};
input a, b;
output sum, cout;
wire cout bar;

®or{sum,a,b};

et sl 0l[2t0](primitive) & Ak&%H module 7

1
2
3
L
L
6
7
8 not{cout, cout bar);
9

(5

Pndmudule

HEZ20|2 2 £A0 22 output Y
FYA FE AIRREl= XX
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H Design Entities — Verilog H

module half adder2{a,b,sum,cout)
input a, b;
output sum, cout;

1
2
3
n
5 assign cout = a&b;
6
Fi
8

assign sum = a”b; et module+¢d

endmodule
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* Verilog =22t : 01X 2Z
— 0 : logic zero, false condition
—1 ! logic one, true condition
— Z : high—impedance state
— X > unknown logic value

Y
A

[
u
3
N

[
u
5
pad

=clat 0 =clal 1

— A0l UM x, z= ExlisHH =
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\ ! Verilog type

* Verilog2| net type
- SI=EZI0| LAE Alo|e] HA
—  wire : Et&st A

— wor : LS 2EX}, or gate2 H&
- wand : C= S X}, and gate2 H&A

— supplyO : Ground net
— supplyl : Vdd net

HANYANG UNIVERSITY

EMBEDDED SECURITY SYSTEM

T ..

LABORATORY




EMBEDDED SECURITY SYSTEM
LABORATORY

@ ! Verilog type ! B Ot

* VerilogQ| reg type
— always, initial T2 O|A] A2

— reg type2 &< Al0|9] 22 X

* Verilog2| H!E
— CESH|EQ| net, reg type M A| AL

— ex) wire [7 : 0] ess; = 8H|E HIE{ ess

* Verilog2| Hi
— XI2EO| QAE CIxleoR 27| Y5l At

— ex) reg lab[0 : 255] = 1H|E lab 2567}
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| Verilog S1ALR}

« Lhs HLKXL
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operator | example operator  example
Multiplication * a=b*c less than ( a=b{c
Division / a=b/c less th?n (= a = b(=c
Addition + a=b+c or equal to
Subtraction — a=b-c greater than ) a=b)c
Modulus % a=b%c | | 9reater than Y= if(a)=b)
or equal to
equality == if(b==c)
. g
Modulus¢iAt Zd1} inequality I= if(bl=c)
T4 result
10%3 1 — 3|29 BT E =0 A2 X[
—-10%3 -1 * /. %
11%—3 2 S
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. H|E SIAX} £0F AAAx|
operator example operator example
unary negation Not ~ a=~Db AND & a=&b
binary AND & a=b&c OR | a=|b
binary OR | a=blc NAND ~& a =~&b
binary XOR A a=b"c NOR ~| a=~l|b
binary XNOR Ao AN a=~Re XOR A a="b

module nand4 op2{a, yj;
input [3:8] a;
output y;

assign y = ™~{a[@8] & a[1] & a[2] & a[3]}ﬂ

endmodule

~ HANYANG UNIVERSITY

module nand4d op2{a, yj;
input [3:8] a;
output y;

assign y = ™&ka;
endmodule

1
2
3
n
L
[i]
i
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e =] ALK} « X AAKX}
- 712 ?,  AIE
operator Example ~ 35t o I'II'
Not ! if(la) — ex) condition = a?b:c
AND && if((a) b) && (a ) ¢))
OR [ if(a ) b) || (a ) c))

« ZsSh ol HE=E A ALX}

=EH X ==

operator Example
concatenation {3 a=1{b, c, c}
replication {{}} a = {b, {2{c}}
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| Verilog S1ALR} |

[15:8] addr_ bus;
[7:8] addr_h, addr_1;

addr_bus = {addr_h, addr_1};]

- {a{b}} axls DIF HIF

— ex) {4{w}l={w, w, w, w}

HANYANG UNIVERSITY
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4 ! Verilog 14X} ! P

* Shift HAEK}

operator Example
Right shift » 01011_1001 = 1011_0011 )) 1
Left shift « 0110_0110 = 1011_0011 {{ 1

— ZTMO| Wo{X|2 2 HIEHAXIE CHx|
— ex) left shift : a = {a[7:0], a[81};

HANYANG UNIVERSITY




EMBEDDED SECURITY SYSTEM

axt M2l2(1/2) | I i

+ Initial 2
- BE B2 2R A

— A=|0]M M2k ALS

Initial
begin —
7 . ”
assign’ =
“if, case” & & Axjxoz 13| x5
- N
end
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| &xt 2212(2/2)

* always =
~ @(event)AlSE 302 X

always @(event or - or event)

begin
“if, case” = S
axixo 13 FI

end N

ger2 MAH

= Lie| M=
= HLE st

HANYANG UNIVERSITY




EMBEDDED SECURITY SYSTEM
LABORATORY

if(XZ42) ex)

begin always @(a or b or sel)
HEEET if(sel==1'b0)

end out = a;

else if(ZZ) else

beg_in out = b;

If 22 35t mux2tol OIA|

HANYANG UNIVERSITY

— SIEL20| 1= —) begin-rend MEf J}= .
19




case(=Z1Al)
case_item1 :
case_item2 :
case_item3 :
(default)

endcase

ol

4>
0% 0%t 0=
Ho Ho MO

1 4>

— case_item LIZE &=A{E H|w

=21

— OF=ESH= case item x —) default

— default $ISAl 7|E 2t =X

HANYANG UNIVERSITY
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ex)

always @(a or b or sel)
begin

case(sel)
O : out = a;
1:out = Db,
endcase
end

St mux2to1 Of|A]
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Input 1 }
._
Input 2 }
[
Input 3 output
‘_
@
Input 4
@
[
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« for &
— case=2 MSE £ A
ex)
for(X71%}; X2 ; 320 always @(Address)
begin for(J=3 ; J)=0 ; J=J-1)
“SXA2” if(Address == J)
end Line[J]=1;
end else
Line[J] =O0;
end

- L] A= =0/7] fl5H A

HANYANG UNIVERSITY
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\ I Contents

Logic Circuit
— Combinational Circuit & Sequential Circuit

Latch
— Inferred Latch

Flip—Flop

— Synchronous vs Asynchronous Reset
— Enable vs Reset

— Blocking/Non—blocking Assignment

The Finite State Machine
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| ! Logic Circuit

* Combinational Logic Circuit (ZX&tg|2)
- o3 — £3{0| ZH =

— 714X} Zgt X

« Sequential Logic Circuit (=XI2|2)
- 4 & S|=20]| 7|HE HEf 2t — ==0| AH &
— 7|AAX =2Ze O
— Sa; Hhal
* Synchronous : StLI2| ZE clock2l=0l| olsH SZt
* Asynchronous : AMZ CI2 clockdlS0ll 2|5 S&t

HANYANG UNIVERSITY




| Latch vs Flip—Flop

* comparison
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Latch

Flip—Flop

530 S3t X

530

|

=X X

|

Enable 21S9|

HiL
5%l level (1 or 0) dtc lever (0 or 1)

HSHZE clock edge
(positive or negative)

X%l clock edge M2l

=> Level sensitive

= Edge sensitive

- O X | O

Q-+
Q_
0
1

D Latch

HANYANG UNIVERSITY

D [ CK| Q+ | Q+
0 t 0 1
_ 1 ! 110
—+ckapF- | X | 0 | Q| Q.
X | 1 ]a | a

D Flip—flip
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* Example

oy
L

— Clock 1: & D7} &3 Q= MY
— Clock 0 : ¢i&0| ==i0f| gefF X, =31 ||

27
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| ! Inferred Latch

o I'IOI

— Combinational always22 BE AlS0f Cis FSix|0{0F &t
OEX| U2 [l WMSH= latch. Ex) If & else if, case

* Asynchronous latch

In_A D— —D Data_out

Latch

Enable [ >—— — clockO| 81

- ofolof st= O+
— BE flip—flop0| 2 clockO|M ZAESF &|= synchronous 1S
* Difficulty with accurate timing analysis
* Unpredictable behavior

28
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| ! Solution of Inferred Latch : if

If =

— BE branchoi| CHslf e
- X7|3F &Y

always @(Enable or In_A)
begin
if(Enable)
begin
Data_Out = In_A;
end
end

HANYANG UNIVERSITY
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if(Enable)
begin
Data_Out = In_A;
end
else
begin
Data_Out = In_B;
end
end

Data_Out = In_B;
if(Enable)
begin
Data_Out = In_A;
end
end

LABORATORY




| ! Solution of Inferred Latch

Case &

— default AF2
- X713} 4™

. Case

EMBEDDED SECURITY SYSTEM
 LABORATORY

always @(Data_In)
begin case(Data_In)
O : Data_Out = In_A;
1. Data_Out = In_B;
endcase
end

always @(Data_In)
begin
case(Data_ln)
O : Data_Out = In_A;
1 : Data_Out = In_B;
default : Data_Out = In_A;
endcase
end

HANYANG UNIVERSITY

always @(Data_In)
begin
Data_out = In_A;
case(Data_In)
O : Data_Out = In_A;
1. Data_Out = In_B;
endcase
end
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Flip—flop

* Example

U]I[}I1I1!n| |

Ck

Q i I | N

o
o

| 31
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Flip—flop AIEE .

* Rising edge
always@(posedge Clock) 1D Q|
begin
en.c.l. —> CK Q p—
Positive edge
D Flip—Flop
* Falling edge
always@(negedge Clock) 4 D Q|-
begin
en.c.l. —q>CKN Q b—
Negative edge
D Flip—Flop
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‘ ! Synchronous vs Asynchronous Reset (Code) ! ‘
o X 0|
o=
always @(posedge Clock) always @(posedge Clock or negedge AsynReset)
if(1SynReset) if(lAsynReset)
Data_Out {= 0; Data_Out {= 0;
else else
Data_Out {= Data_lIn; Data_Out {= Data_lIn;
end end

— Synchronous Reset : clock2| edge O|A
reset2| 2EHO]| [}2} resetdt M

— Asynchronous Reset : reset2| edge OlA reset ol
« edge conditionz} if ZZAZ2| =A0| Yx|5HOf &
— always@(posedge clk or negedge AsynReset) = if(/AsynReset)
— always@(posedge clk or posedge AsynReset) = if(AsynReset)

33
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| ! Synchronous vs Asynchronous Reset (Circuit) A

* Synchronous Reset

Reset
) D Q
Data_Out
|/
Data_In
>cKa |-
Clock

* Asynchronous Reset

Data_Out
Data_In

Clock

Reset >

HANYANG UNIVERSITY
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- ! Enable & Reset (Code) ! E—
° I‘lOI
a2
always @(posedge Clock) always @(posedge Clock)
if(Enable) if(I1SynReset)
Data_Out {= Data_In; Data_Out {= 0;
end else
Data_Out {= Data_In;
end
— Enable : Clock2| edge0ilAi
Enable = 1 : Data <— Data_in
Enable = 0 : Data §X| (521 — /21 m|=HH diAld)

— Synchronous Reset :

HANYANG UNIVERSITY

clock?| edge Of|A
reset2| 2EHO]| [[}2} resettAl
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\ I Enable vs Reset (Circuit)

* Enable
feedback &4l
Enable
Data_In _:>_,_
>CK Q Data_Out
Clock
* Reset
Reset
) D Q Data_Out
Data_ln
>cKQ -
Clock

HANYANG UNIVERSITY
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| ! Blocking/Non—Blocking Assignment

* Blocking Assignment : ‘=" A[2
— SiLie] o] BLt = Cl2 Y (71&&A{0f| g&F 0)
— assignment HI = EIAH

* Non—blocking Assignment : ‘(=" A2
- iYAlel 92X BE Xz & AZof Y (&Ml Hat X)

— clock cycleg| £ THol|A| assignment

HANYANG UNIVERSITY




' ! Blocking/Non—Blocking Assignment (Code) !

M ALZAl X[OIHE

EMBEDDED SECURITY SYSTEM

— combination circuitOflA{= X}0|&0| g2
— sequential circuittllA] 5= 7H 0|&2| assignment7} O Uj X}

01 s

always @(posedge Clock)
begin
Intermediate_Variable = In_A & In_B;
Data_Out {= Intermediate_Variable;
end

always @(posedge Clock)
begin
Intermediate_Variable {= In_A & In_B;
Data_Out {= Intermediate_Variable;
end

HANYANG UNIVERSITY

blocking assignment
— |ntermediate_Variable HIZ ZiAl
— A= Zr0| Data_OutO] X%

non—blocking assignment

— cycle2| 20A] et

— Data_Out0l] Zi&1 =
Intermediate_Variable 20| X%t
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\ ! Blocking/Non—Blocking Assignment (Circuit)

« &M ARZA| X[O|H
— blocking assignment

:::g [ :>— | Data_out

Clock [ > >

— non—blocking assignment

In_A : Intermediate_Variable ot t
] > Data_ou
InB [ >—— -

Clock [ >— > >
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