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F5: Sekventiell logik i VHDL

 Innehdll:

Klocksignal
latchar

- vippor
reset och preset

Tillstdndsmaskiner
* réknare

* Mealy maskiner

* Moore maskiner

Exempel: Positivt flank-triggad D-vippa

LI BRARY i eee;
USE ieee.std_|l ogic_1164. ALL
ENTITY dff IS
PORT (d, clk : IN std_I ogic;
g : OUT std_logic);
END df f;

ARCHI TECTURE behavior OF dff IS
BEG N
PROCESS( cl k) -- sensitive ONLY to the clk
BEG N
I'F (clk’EVENT AND clk = "1") THEN
q <= d;
ELSE
q <= q;
END | F; 1

END PROCESS _/—
A >,
END behavi or; 0 NN\ event
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Exempel pd andravippor och latchar

Positivt flank triggad D vippa
ARCHI TECTURE dat af | ow OF pos_dff IS
BEG N
g <= d WHEN (clk’ EVENT ANDclk = '1') ELSE q;
END dat af | ow;
Negativt flank triggad D vippa
ARCHI TECTURE dat af | ow OF neg_dff IS
BEG N
g <= d WHEN (cl k' EVENT ANDclk = '0") ELSE g;
END dat af | ow;

D latch
ARCHI TECTURE dat af | ow OF dlatch IS
BEG N
g <= d WHEN (clk = '1') ELSE q;
END dat af | ow;
Positivt flank triggad T vippa
ARCHI TECTURE dat af | ow OF dlatch IS
BEG N
g <= not g WHEN (cl k’ EVENT AND clk = '1') ELSE q;
END dat af | ow;

Wait-Until

« Wait-Until satsen &r ett alternativ till sensitivitetslistan i en process
« Anvénd antigen Wait-Until eller sensitivitetslista, aldrig bada

PROCESS
BEG N
WAI T UNTIL (clk ="1"); -- stigande flank
<= d;

END PROCESS; cd
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Rising_edge och Falling_edge
« Finktioner som ar definieradei std_logic_1164 package
- Ersitter (cl k’ EVENT AND clk = *1')eller (cl K’EVENT AND clk = '0)
« Funktionerna &r endast sanna vid 0-till-1 eller 1-till-O transitioner
« klocksignalen clk maste vara av std_logic

* Exempel:
I Frising_edge(clk) THEN
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Reset och Preset for vippor
Behovs for att initierainnehdllet i vippan vid systemstart
Synkron och asynkron

Exempel: Asynkron reset
PROCESS (cl k, reset)

BEG N
IFreset ='1 THEN q <= '0";
ELSIF (cl k’EVENT AND clk = '1') THEN q <= d;
END | F;

END PROCESS;

Exempel: Asynkron preset
PROCESS (cl k, preset)

Reset och Preset for vippor

« Exempel: synkron reset
I'F (clk”"EVENT ANDclk = "1") THEN
|Freset ='1" THEN q <= '0’;
ELSE q <= d;
END | F;
END | F;

« Exempel: dataflédes variant pd asynkron reset

ARCHI TECTURE dat af | ow OF dff _reset IS

BEG N
q <= WHEN reset = '1' ELSE -- Async. reset
d <= WHEN (cl k" EVENT AND clk ="1")
ELSE q;

END dat af | ow;

7(38)

BEG N
|F preset ='1" THEN q <= "1";
ELSIF (cl k’EVENT AND clk = ' 1') THEN q <= d;
END | F;
END PROCESS;
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Enkel tillstdndsmaskin - 8-réknare
LI BRARY i eee;
USE i eee. std_| ogi c_1164. ALL; e

USE wor k. nuneri c_std. ALL; \@

ENTITY count8 | S
PORT(cl k: INstd_|ogic;
cnt: BUFFER unsigned (7 DOANTO 0));
END count 8;

ARCHI TECTURE sinple OF count8 IS
BEG N
PROCESS (cl k)
BEG N
I Frising_edge(clk) THEN cnt <= cnt +1;
END | F
END PROCESS
END si npl e;
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Introduktion till tillstandsmaskiner i VHDL Traditionell konstruktionsmetodik
e Vad &r tillstdndsmaskiner . Med en given b%krivning av problemet utforsfoljande steg for att konstrueraen
- sekventiella logiska kretsar som endast kan ha ett fixt antal mojliga tillstand tillstandsmaskin:
- Dessutgangar och nastatillstand beror paingangarna och nuvarandetillstand - Ritaett tillstandsdiagram for det givna problemet

Tafram en tillstdndstabell fran tillstdndsdiagrammet
« Metoder for att beskriva en tillstdndsmaskin

- tillstandsdiagram - Eliminera ekvivalenta tillstand

- tillst&ndstabeller - Tilldelatillstdnden koder (state assignment) och skapa en state transition table

- Hardvarubeskrivande sprak (t.ex VHDL) - Frén state transition table skapa next-statelogik samt output logik

9(36) 10(36)
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Exempel: Minneskontroller i VHDL State transition table fér minneskontroller
ready
outputs
read_write
state oe we nuvarande tillstdnd s ready ut gangar
idle 0 0 Tillstand q0 gl 00 01 11 10 oe we
decision 0 0 idle 0 0 00 0 1 01 00 0 0
write 0 1 decision 0 1 11 11 10 10 0 0
read 1 0 write 1 1 11 00 00 11 0 1
read 1 0 10 00 00 10 1 0
nasta tillstand QL Q

ready ready

read_write_| | _oe Q0= (f* q_l +ql* reaE/ _ L
ready | MEMCTRL we Q1 =q0*ql*ready + q0*ql* read_write + q0* q1*ready
okl we=q0*ql
ready ready oe= qO*q_l
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Tillstdndsmaskin i VHDL

« Ett givet tillstandsdiagram kan ¢versittastill en hognivabeskrivningi VHDL utan att
man behdver att skpapa en state transition table

e | VHDL kan varjetillstdnd 6ver séttastill en CASE-WHEN konstruktion

« Overgangarna mellan olika tillstdnd kan specificerasi | F-THEN-ELSE satser

VHDL kod fér minneskontroller

ENTI TY exanple | S PORT
read_wite, ready, clk: INDbit,
oe, we: OUT bit;

END exanpl e;

ARCHI TECTURE st ate_machine OF exanple IS
TYPE StateType |IS (idle, decision, read, wite);
SI GNAL present_state, next_state: StateType;
BEG N
state_conmb: PROCESS (present_state, read_wite, ready)
BEG N
CASE present_state | S
WHEN idle => oe <= '0'; we <= '0";
IFready = '1 THEN
next _state <= deci sion;
ELSE
next _state <= idle;
END IF;
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forts. VHDL kod fér minneskontroller

VWHEN decision => oe <= '0"; we <='0";
IF (read_wite ='1'") THEN
next _state <= read;
ELSE
next_state <= wite;
END IF;

WHEN read => oe <= '1'; we <= '0";
IF (ready = '1') THEN
next _state <= idle;
ELSE
next _state <= read;
END I F;

WHEN write => oe <= '0"; we <= "1";
IF (ready = '1') THEN

next_state = idle;
ELSE
next_state <= wite;
END | F;
END CASE;

END PROCESS st at e_conb;

forts. VHDL kod fér minneskontroller

state_cl ocked: PROCESS(cl k)
BEG N
I'F (clk’EVENT and clk = "'1") THEN
present _state <= next_state;
END | F;
END PROCESS st ate_cl ocked;
END ARCHI TECTURE st at e_nachi ne;
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Moore maskini VHDL Mealy maskini VHDL
LI BRARY ieee; use ieee.std_logic_1164.all; ARCHI TECTURE mealy OF fsm2 IS
ENTITY fsml IS TYPE state IS (sl1, s2, s3, s4);
PORT (aln, clk: IN std_logic; yOut: OUT std_logic); SI GNAL present_state, next_state: state;
END fsmi; BEGI N
PROCESS (aln, present_state) BEGI N lain=0

aln=0
(yOut=1)

ARCHI TECTURE moore OF fsmlL IS
TYPE state IS (sl, s2, s3, s4);
SI GNAL present_state, next_state: state;

CASE present _state IS (yout=0)
WHEN s1 => |F (aln = *1')

THEN yOQut <= ' next _state <= s4;
BEGI N ELSE yOut <= ' next _state <= s3;
PROCESS (aln, present_state) BEG N END | F;

CASE present _state IS
WHEN s1 => yOut <= '0';
IF (aln = '1") THEN next_state <= sl
ELSE next_state <= s2;
WHEN s2 => yOut <= '0'; next_state <= s3;

WHEN s2 => yout
WHEN s3 => yout
WHEN s4 => I F (

THEN yout :

next _state <= s3;
next _state <= si;
1)

next _state <= s2;

aln=1
(yOut=1)

ELSE yOut <= ' next _state <= sl;
WHEN s3 => yOut <= '1'; next_state <= s4; END I F;
WHEN s4 => yOut <= '1'; next_state <= s1; END CASE
END CASE; END PROCESS;
END PROCESS; PROCESS BEGI N
PROCESS BEGI N WAIT UNTIL clk = "1";
WAI'T UNTIL clk = "1"; present _state <= next_state;
present _state <= next_state; END PROCESS;
END PROCESS; END meal y;
END moore;

A u N e . _ o | tillsta h 2 4 bade tillsta hinga |
« Notera att utgangens varde bestdms enbart av det tillstand man befinner sigi. tillstanden sl och s4 beror utgangen yOut pd bade tillstandet gchingangen aln
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Testbankar i VHDL Introduktion
« Innehdll: « Verifiering av konstruktionens funktion &r nédvéndig.
- Tabular teknik - Simulera FORE syntesfér att tadegrovafelen tidigt for att undvika onédigt
syntesar bete
- Filel/O teknik - Simulera EFTER syntesfor att verifieratiming och syntesproceduren
- Realisera konstruktionen i programmerbar komponent eller i ASIC och maét for att
- Programmerad teknik verifiera.

* VHDL simulering kan vara interaktiv eller automatiserad i en testbank

- skapa vagformer for att driva simulatorn och utvérderaresultatet i form av grafiska
végfor mer

- En testbank ar VHDL kod som laggstill for att driva insignaler till konstruktionen
(DeviceUnder Test -DUT).

- Responsen fran simuleringen kan loggas eller analyseras under det att simuleringen
gors.
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Varfor testbénkar ?
« In- och utsignaler dokumenterasbra - man kan gatillbaks och se vad man har simulerat
« Ett metodiskt arbetssatt
« Ger en mer automatiserad test
« Samma funktionella test kan upprepas

« Samma testbank kan anvéndas for att verifiera orginal VHDL koden och resultatet fran
syntesen

VHDL processering

konstruktérens beskrivning

. W
I N

VHDL

Post-layout modell som & automatiskt
genererad, innehdller detaljerad timing
information

temporar netlista

Place & Route
verktyg
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EN testbank for bade pre- och post-layout implementeringar

VHDL VHDL VHDL

och / eller

testbank konstruktérens post-layout mode]l

\be:krivnlng

Skapatestbankar

« Olikatekniker for att skriva en testbank

Tabulér teknik
* en tabell med testvektorer som l&ggsin i testbénken (d.v.si VHDL-loden)

File 1/O teknik
 en tabell med testvektorer laggsi en separat datafil som l&ses av testbéanken under simulering

Programmerad teknik

¢ enalgoritm, skriven i VHDL, anvéndsfor att skapainsignaler och for att beréékna forvantad
respons. Detta anvands sedan for att automatiskt under simuleringen jamféra forvantad
respons med det simulerade resultatet.
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Exempel: minneskontroller som ska verifieras 2(2)

architecture
rtl of memctrl is

Exempel: minneskontroller som ska verifieras 1(2)

package nmenctrl _package is
conponent nenctrl

end menctrl;

« entity- och package-deklarationer TYPE statetypeis (idle. dfcl{s\)on‘ read_state,
write_state):
libr ary i eee; signal present_state , next_state : statetype; Z;:iic\ocked. process(cl k)
. . . —_— begin fo(clk t and clk = '1') th
use i eee.std_l ogic_1164. all; ready State_comb: process (present_state ., read_write, ready) R LT S B
\4 begin -- process end if: - '
case present_state is end process
when idle => oe <= '0'; we <= '0"; end rtl; '

port ( ready
read_wite, ready, clk : in bit; ready
oe, we : out bit);

end conponent ;
end menttrl _package;

library ieee; read_wrijé read_write
use i eee.std_l ogic_1164.all; read
entity menctrl is
port (
read_wite, ready, clk : in bit;

oe, we : out bit);

O

ready’ ready’

if ready = '1' then
next_state <= decision;
el se
next_state <= idle;

when decision => oe <= '0'; we <= '0';
it read_write = '1' then
next_state <= read_state;
else
next_state <= write_state;
end if;
when read_state => oe <= '1'; we <= '0';
it ready = '1' then
next_state <= idle;
else
next_state <= read_state;
end if;
when write_state => oe <= '0'; we <= '1';
if ready = '1' then
next_state <= idle;
else
next_state <= write_state;
end if;
end case;
end process;
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Oversikt: Exempel, testbank for minneskontroller

TESTBANK

clk

a—
ready <

read_write

oe
we

Testbank for minneskontroller, tabulér teknik 1(2)

library ieee;

use ieee.std_logic_1164.all; use std.textio.all; use work.memctrl| _package.all;

entity memctrl _tbl is
end memctrl _tbl;

architecture behave of memctrl _tbl is
signal ready, read_write, oe, we : bit;
signal clk : bit :="1";
type test_vector is record
ready ©obitg
read_write : bit;
end record;

type test_vector_array is array (natural range <>) of test_vector;

constant test_vectors st_vector_array := (
(ready=>'0"', read_writ 0'),
(ready=>"1", read_writ 0'),
(ready=>"0", read_writ 0'),
(ready=>'0', read_writ 0'),
(ready=>'1", read_write=>10'),
(ready=>'0"', read_write=>'0"),
(ready=>'1", read_write=>'0"),
(ready=>'1", read_writ t1t),
(ready=>'0"', read_writ '),
(ready=>'0", read_write=>'0"),
(ready=>"1", read_write=>'0"),
(ready=>'0", read_write=>'0")

)i
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Testbank for minneskontroller, tabular teknik 2(2)

constant period : time := 40 ns;

constant setup_time : time := 5 ns;
begin -- behave
dut : memctrl port map (

ready => ready,

read_write => read_write,

oe => oe,

we => we,

clk => clk);

test: process(clk)

variable cycle : integer := 0;
variable vector : test_vector;
begin
if (clk'event and clk = "1') then
vector := test_vectors(cycle);
ready <= vector.ready;
read_write <= vector.read_write;
cycle := cycle +1;
end if;
end process;

synch: process
begin
clk <= not clk;
wait for period/2;
end process;
end behave;
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Simuleringsresultat fran tabular testbank

« Grafiska vagfor mer fran simulatorn
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File /O teknik

« Anvandbart d& man behover ett stort antal testvektorer for att verifiera sin konstruktion

- vektorernalistasi en fil och delasesut under simulering
- responsen fran kretsen loggasi en fil for att kontrolleras efter simuleringen

« Tillater att anvanda samma testbank fér manga olika testkor ningar
- detta &stadkoms genom att &ndrainnehéllet i data pa filen

* Testbénken anropar file /O procedurer
- lasainenrad fréan fil

- skrivaenrad till fil

- standard procedurer finnsfor tecken, stréngar, bit, boolean, heltal och flyttal

30(36)
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File I/O procedurer
< Datatyper i TEXTIO package
TYPE LINE | S ACCESS STRING -- LINE &r en pekare till STRING varde

TYPE TEXT IS FILE OF STRING -- Fil ned ASCII records

Procedurer i TEXTIO package

-- Foljande procedurer finns deklarerade for datatypen T, dar T kan vara
-- BIT, BIT_VECTOR BOOLEAN, CHARACTER, | NTEGER, REAL, TIME, STRING

PROCEDURE READLI NE(FI LE F: TEXT; L: OUT LINE); -- Lé&ser in en textrad
PROCEDURE WRI TELI NE(FI LE F: QUT TEXT; L:INOUT LINE); --skriver en textrad
PROCEDURE READ(L : INOUT LINE; VALUE : OQUT T);

PROCEDURE WRI TE(L : INOUT LINE; VALUE : INT; <formatterare>);
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File 1/0 testvektor fil 1, Testbank 1(2)

library ieee;

use ieee.std_logic_1164.all;
use std.textio.all;

use work.menmctrl _package. all;

entity memctrl _tb is
end menctrl _tb;

architecture behave of menctrl _tb is
signal ready, read_write, oe, we : bit;
signal clk : bit :="'1";
file vector_file : text open read_mode is "control _input.vec";
file output_file : text open write_mode is "result.dump";

constant period : time := 40 ns;
constant setup_time : time := 5 ns;
begin -- behave
dut : memctrl port map ( -- conmponent instance of DUT
ready => ready,
read_write => read_write,
oe => oe,
we = we,
clk => clk);

test: process(clk)
variable invecs, outvecs : line;
variable vready, vread_write : bit;
variable outvec : bit_vector(1l downto 0);

File 1/0 testvektor fil, Testbank 2(2)

begin
if (not endfile(vector_file) and clk = '1') then
readline(vector_file, invecs);
read(invecs, vready);
read(invecs, vread_write);

ready <= vready after period - setup_time;
read_write <= vread_write after period - setup_time;
outvec := oe & we;

write(outvecs, outvec);
writeline(output_file, outvecs);
end if;
end process;

exempel péinnehdllet i vektorfilen:

synch: process
begin
clk <= not clk;
wait for period/2;
end process;
end behave;

oroorroroOORO
coocoroocoocooo

33(36)

B pigitalkonstruktion

34(36)

B pigitalkonstruktion

File 1/O testvektor fil, simuleringsresultet

« Grafiska vagfor mer fran simulatorn

result.dump

00
00
01

Programmerad teknik for testbank
Bygg in en algoritm i testbanken som bestdammer utgéngar nas véarde p4d DUT

Anvandbart d&d man har ett stort antal testvektorer och dekan pa ett enkelt sitt ber dknas
i en algoritm (t.ex aritmetiska enheter som adderare och multiplikatorer)

Ocksd anvandbart d& man ska testa komplicerade tillstdndsmaskiner dar testbanken ger
stimuli till DUT ber oende pa dessrespons.

Exempel: verifiera en modul som delar upp ett positivt heltal X i f ac_out och exp_out
enligt X = fac_out * 2%%P-°Ul Qperationen tar ett antal cykler att utfora

. RESET N
@ o START » Devi ce
CLOCK - under

DATA Test

\B
4

TESTBANK

EPQJT‘ (factorial)
— -l
DONE
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