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VHDL — Report

AkoAouBiakr evToAr (eviog Process kal evrog simulation)
report <message_string> [severity <severity level>];
report "this is a serious message" severity warning;
Severity levels: note, warning, error, failure

https://insights.sigasi.com/tech/vhdl-assert-and-report/
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VHDL — Assert

AkoAouBiaKkn Kal ouyxpovn eVToAr (ouvrnBwg evrog simulation)

EAEyxel eav pia ouvOnkn givar aAndng. Eav AEN cival 1ot TUTTWVEI €va AVUQ.

assert <condition>;

assert <condition> severity <severity level>;

assert <condition> report <message_string>;

assert <condition> report <message_string> severity <severity level>;

condition_to check <= true;
assert condition_to_check = true report "Assertion failed! Condition is false." severity error;
-- If the assert passes, this line will be executed
report "Assertion passed! Condition is true." severity note; Scalar

: : : type
Severity levels: note, warning, error, failure

assert i < 5 report "unexpected value. i =" & integer'image(i);

https://peterfab.com/ref/vhdl/vhdl_renerta/mobile/source/vhd00007.htm

. TMHMA , '
I E NAHPO®OPIKHE 4 Epyaotriplo Space Data Systems 2024-25 A.Bac\omoulog

THAENIKOINQNION




VHDL — Finite State Machines

e Xpnotlpormotlouvtal yla va UAOTIoL oouV Lo akoAouBia eAEyyxou
* Mia FSM (Finite-State Machine — Mnxawvn NenepacpeEvwy KaTtaoTtaoswv) opiletal
amno
— oUVOAO eloodwv: |
— oUvoAo g€odbwv: O
— oUVOAO KOTAOTAOEWV: S
— apxLkn kataotaon: sO avrikeL oto S
— ouvaptnon petafaong amod pia KATAoToon oTnNV EMOUEVN
— ouvaptnon £6bou
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VHDL - Finite State Machines

[eVIKO dlaypauua

State register

b a TPEXOUOCT KATAOTACT AOYIK
ETIOEVNG
reset — reset KATAOTACNG
dk — clk
AoyIKn .
, : —— £¢000I
gicodol -——| €800ou ¢
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VHDL — Finite State Machines

KwolikoTtroinon KataoTtaoewy

e Kwdikomolouvtal oto duadiko
— N kataotdoelg: xpetdlovtol TouvAaxitotov log2N bit
® H KWOLKOTIOLNEVN TIUA XPNOLUOTIOLETOL OTA KUKAWMOTA YLa TIC CUVAPTAOELS LeETABaong kot e€66ou
— n Kwdwomoinon ennpedlel TNV MOAUTTAOKOTNTA TOU KUKAWUOTOC
e Eival SuokoAo va Bpebet BEAtiotn kwdlkomoinon
— 1o epyaieia CAD cuviBwc kavouv tnv Kwdilkomoinon
¢ H kwdwomoinon one-hot douAeleL kaAd ota FPGA
e Juxva xpnotuormnoleital to 000...0 yia tnv Kataotaon adpavelog
— uN&evieL ToV KAaTOXWPNTH OTNV KOTAoTaon adpAaveLag
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VHDL — Finite State Machines

KwdikoTtroinon Karaotaoewyv - Type

e XPNOLUOTIOLOVUE EVOV TUTIO AmaplBunonc yLa Tig
TIMEC TWV KATOOTACEWV

— adnpnMEVo, £ToL anmodsUyou e va tpodlaypaloupe Thv
kKwdlKomolnon

type state_type is (zero, edge, one);
signal state_reg, state_next: state_type;
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VHDL — Finite State Machines

[Mapadeiypa — Avixveuon akoAouBiag 01 — Moore




VHDL — Finite State Machines

[Mapadeiypa — Avixveuon akoAouBiag 01 - Moore

library IEEE; begin
use IEEE.STD LOGIC_1164.ALL; -- Optional for synchronization. RESET case
- - INREG: process (CLK)
entity PATTERN_FSM is begin
Port ( CLK : in STD_LOGIC; if (CLK ="1" and CLK'event) then
RESET : in STD_LOGIC; / if (RESET ='1") then X_in <="1"; -- to trap state SO during reset
X :in STD_LOGIC; AOTIKH ywa else X_in <= X;
Y : out STD_LOGIC); RESET end if;
end PATTERN_FSM; end if;

end process;

architecture Behavioral of PATTERN_FSM is
-- Common process for all FSMs to create state register

-- state definition SYNC: process (CLK)
type FSM_states is (SO, S1, S2); begin
if (CLK ='1"and CLK'event) then
-- internal signals if (RESET ='1') then current_state <= SO;
signal current_state, next_state: FSM_states; else current_state <= next_state;
signal X_in : STD_LOGIC; -- Only when there is an INREG end if;
end if;

end process;
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VHDL — Finite State Machines

[Mapadeiypa — Avixveuon akoAouBiag 01 - Moore

-- Process to create next state logic and output logic NOTIKH ywt

ASYNC: process (current_state, X_in) -- Moore -
begin / E_OAO

e e whenS2=>Y<="1"
-- FSM t stat d tput initializat !
next state and output Inftiatization if (X_in ='0") then next_state <= S1;

next_state <= SO;
else next_state <= SO;
AOTIKH ywa end if;

Y<='0"
/ case current_state is = <— fail-safe behavi
, ,  whenS0=> EMOMENH KATAZTA2ZH ~ hal -sa: ehavior .
APX‘-Kr"I TN if (X_in ='0") then next_state <= S1; \ \g o c'>t ere = next_state <= 50
OL TLHEG else next_state <= SO; end case;
. end process;
Reset end if;

when S1 =>
if (X_in="1") then next_state <=S2;
else next_state <= S1;
end if;

end Behavioral;
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VHDL — Finite State Machines

[Mapadeiyua — Avixveuon akoAouBiac 01 — Moore - RTL

Aoy Emopevng Katdotaong

ZuvOUOOTLKO Aoykr} E€660u
T ! JUVSUOOTKO
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VHDL — Finite State Machines

[Mapadeiypa — Avixveuon akoAouBiag 01 — Moore - Synthesis

KataxwpnTAc 2 Kataxwpnteg Kataotaong
AmoBrKeLONC ZAROTOC Evag yla kaBe bit
Eloodou AN
X | \mn\anl_slal.a_nagﬁ]
CLK_IBUF inst CLK_IBUF_BUFG insl | = = = currant_stata_ragl] -::i
-~ | [~ O | [~ DO 1 i o
oK O—H [ currant_stae[0]_i_1 c "
IBUF BUFG v 1 = I cE 2
T *_in_rag : W0 ] z FORE
< I 2 l e . I B =
¥_IBUF_int L_ljee = TORE | state[1]_i_1 i
X[ 1 & fal . Q I LUT4 - -:,urran';b [1]_i_
BUF s . noo I
FEESETJBUF_ingl FOSE I =
RESET [ ' @
B I T+ I
|
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VHDL — Finite State Machines

[Mapadeiypa — Avixveuon akoAouBiag 01 - Mealy

V=1 Mealy

Y=0 X=1
reset=1
X=0 —Y=0
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VHDL — Finite State Machines

[Mapadeiypa — Avixveuon akoAouBiag 01 - Mealy

library IEEE; begin
use IEEE.STD_LOGIC_1164.ALL; -- Optional for sychronization
INREG: process (CLK)
entity PATTERN_FSM is begin
Port ( CLK : in STD_LOGIC; if (CLK ='1" and CLK'event) then
RESET : in STD_LOGIC; if (RESET ='1") then X_in <="'1"; -- to trap state SO during reset
X :in STD_LOGIC; else X_in<=X;
Y : out STD_LOGIC); end if;
end PATTERN_FSM; end if;

end process;

architecture Behavioral of PATTERN_FSM is
-- Common process for all FSMs to create state register

-- state definition SYNC: process (CLK)
type FSM_states is (SO, S1); begin
if (CLK ='1"and CLK'event) then
-- internal signals if (RESET ='1') then current_state <= SO;
signal current_state, next_state: FSM_states; else current_state <= next_state;
signal X_in : STD_LOGIC; -- Only when there is an INREG end if;
end if;

end process;
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VHDL — Finite State Machines

[Mapadeiypa — Avixveuon akoAouBiag 01 - Mealy

-- Process to create next state logic and output logic
ASYNC: process (current_state, X_in) -- Moore
begin
-- FSM next state and output initialization

next_state <= SO;

-- fail-safe behavior
when others => next_state <= SO;
end case;

Y<="0
. end process;
case current_state is .
— end Behavioral;
when SO =>

if (X_in ='0') then next_state <=S1;
else next_state <= SO;

end if;
when S1 =>
if (X_in="1") then
next_state <= S0O; AOTIKH yia
Y<=1’; — _
else next_state <= S1; E=0AO
end if;
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VHDL - Finite State Machines

[Mapadeiypa — Avixveuon akoAouBiac 01 — Moore — lNivakac AAnBeiacg

S, 0 0 0 0 1 S, S, 0 0 0
s, 0 1 0 0 1 S, s, 0 1 0
s, 1 0 0 0 1 S, s, 1 0 1
s, 1 1 X 0 0 S, s, X X 0
S, 0 0 1 0 0 S
s, 0 1 1 1 0 S,
s, 1 o0 1 0 0 S,
s, 1 1 X 0 0 S,
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VHDL — Finite State Machines

[Mapadeiypa — Avixveuon akoAouBiac 01 — Moore — lNivakac AAnBeiacg

Mivakeg KARNAUGH

Snew(l) Snew(o) Y
0 0 0 00 1 0 0 0 0
01 0 01 1 0 1 1 0
11 0 11 0 O
0 0 0 0 1 0

Snew( 1)=S°|d(0)Xi n
Snew(0)=sold(1)’Xi n'+s°|d(0)’Xi n’
Y =s(us(oy
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VHDL - Finite State Machines

[Mapadeiypa — Avixveuon akoAouBiac 01 — Moore — lNivakac AAnBeiacg

1 10 S, 0 1 s,
0 01 S 1 0 S,
next_state_i_ 0
next_state i
V=B"10", S=1b1  10[1:0] \ A
_ B
SIigd S=1b0 10
V=B"01", S=default  11[1:0]
O
RTL_MUX S=default N
s
RTL_MUX
S
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VHDL - Finite State Machines

[Mapadeiypa — Avixveuon akoAouBiac 01 — Moore — lNivakac AAnBeiacg

mmm A
10 S,
o 01 S,

00(0) O S
| 01(1) O S1

next state i 1
10(2) O S
EPSICTAREEE S @ 1
) A 11(X) O S

1 00 So S=2'b10 12

o[1:0] 00(0) 1 So
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2
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Sequential - Timing

Tc 2 tpcg+ tpd + tsetup

MNeplodoc¢ poAoyLou> xpOvoc yLo TIAPEL TN cwoTn TIUA N €€0d0¢ Tou Reg
+xpovog dadoong
+XpOvog setup

THAENIKOINQNION
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Sequential - Timing

C.fl_K

R1
:
Xpovocg hold< Xpovog poAuvong kataxwpntn+ i |,
+XpOvo¢ poAuvong cuvouaoTikoU Q1 ! :j:-:;:j".
D2 |
-
o
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Sequential - Timing

CLKT? ; \ V—
CLK2:, é \ o
CLK | 1;[ I V7

Tc 2 tpcq + tpd + tsetup + tskew

MNeplodocg pohoylol> xpoOvoc yla rapeL tn owotn T n £€o06o¢ tou Reg
+xpovo¢ dtadoong cuvduaoTikoU
+XpOovo¢ setup
+xpovo¢ skew

thold + tskew < tccq + tcd

KovooAa (tcl): report_timing _summary -datasheet

THAENIKOINQNION
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Sequential - Timing

. o CLK1 CLK2
B \ / Q1 ¢ )2
CLK2|— L )
N \ /
- S R1 R2
CLKI }l W\ / e | |
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report_timing_summary -datasheet | !
D2 | XX
tccq: tcd
I
.y
skew “hold
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Sequential — Timing — Vivado analysis

2uvduaotiko: Movo data path delay

AkoAouBiako:Clock delay, path delay

in

clk
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Sequential — Timing — Vivado Analysis

in FE1 Comblnatlonal — out
Logic
clk ’

Mog evbladepel ta data va
source clk Data Path Time (6tadoon) EVNUEPWOOUV €VTOC EVOC
path time - KUKAOU TOU poAoyLou.

- Elooboc¢ FF2
Eloodocg
FF1
arrival time
clk < >
(a)time for clock to reach FF2 (b)tserup

o

»
»

required time =CLK Period+a-b+(t +t

pessimism uncertainty)
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Sequential — Timing — Vivado Analysis

in FE1 Comblnatlonal — out
Logic
clk ’

Mog evbladepel ta data va
source clk Data Path Time (poAuvon) EVNUEPWOOUV €VTOC EVOC
path time - KUKAOU TOu poAoyLou.

i Elooboc FF2
Eloodocg
FF1
arrival time
clk < Pe >
(a)time for clock to reach FF2 (b)tho1q

A

v

required time =a+b+(t

pessimism)
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Harris: Napaypadol 3.4, 3.5 ko 4.6
Ashenden: Napaypadot 4.3 kat 4.4

Entionc oL ouvdeopoL:
https://stackoverflow.com/questions/21351273/is-it-possible-to-
synthesize-vhdl-code-with-variable-in-it

Assert kat Report: https://insights.sigasi.com/tech/vhdl-assert-and-

regort[
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