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Datorkonstruktion

FO8 : Agenda

e Programmerbara kretsar  Extra redovisningstillfalle

-CPLD * Gruppbildning, klar!
-FPGA -Projektanmaélan
« VHDL -Kravspec
-Kombinatorik
with-select-when
when-else
-Sekvensnat
process
case
if-then-else
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Programmerbara kretsar
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s PFOQrammerbara kretsar

 PLD = programmable logic device

« CPLD = complex PLD,
i princip flera PLD-er pa ett chip
eX: 108 vippor + 540 produkttermer

 FPGA = field programmable gate array,
komplexa kretsar upp till flera miljoner
grindar.
Ex: 20000 vippor + komb.logik
+ 32 2 kB RAM + 32 DSP (mult+ack)
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Datorkonstruktion E n n 0 t 0 t i O n
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Datorkonstruktion E n G I I m d n C p L D

OOoodooodoooOoonn

HiNENn N EEN N

FLD PLD PLD FLD
Programmable Interconnect
PLD PLD PLD PLD

QOoooooooonoon

N | I O O O O O O

[] = input/output block

En samling PLDer pa ett chip med

programmerbara hopkopplingar
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e CP LD XIHNX 9572 - blockschema

Stora
korskopplingen o~
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waansiin GENEIAl FPGA chip architecture

OO0O00O000O0000000000
O . Programmable /O blocks |
== NOoOooOOOoOoOdo 0
o |lO00oooooood| g
oD |00000O0O0000| o o
n LR RN O] = Programmable interconnect
O W [] = Programmable logic block
g |(DO0D0000000)] i
O |00l o mE R
E OOO00O00000 0 g
o (D0O00000000LR]
[ \E
O000000000000000
Dessutom 32 x 2kB RAM
32 x DSP (mult + add) CLB = configurable
Vissa FPGA-er innehdller CPU-er logic block
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e VA iNNENQAller en CLB?

Logik gors med LUT (look up table)
"fyll i sanningstabellen i ett minne”

1
——
[

Kors-
koppling

e

manga
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Datorkonstruktion V H D L

 VHDL=VHSIC Hardware Description Language
— VHSIC = Very High Speed Integrated Circuit

» Ett programsprak for att:

Simulera

Syntetisera (ModelSim)

(Xilinx)

Hardvara "Kurvor”
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Datorkonstruktion VG rfd r V H D L?

 Hantera komplexitet 1) a+b

— VHDL-koden kan simuleras 2) Kedia av

— Beskrivning pa flera olika > heladderare

_ abstraktionsnivaer \ 3) Bygq adderare
« Okad produktivitet ey "

— shabbare an schemaritning
— ateranvandbar kod

+ Modernt programmeringssprak
— Rikt, kraftfullt

— Parallellt, ADA-liknande,
starkt typat, overloading

— Ej objektorienterat
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Datorkonstruktion V H D L n G C k d e I G r?

. Svart att lara sig?
— Delmangd for syntes : 1-2 dagar!
— Avancerade simuleringar : 1-2 manader
« Nytt satt att tanka
— Latt att hamna i mjukvarutankande!
— FPGA-n, CPLD-n ar inte en processor for VHDL
— VHDL ar inte sekvensiellt utan parallellt

— Tilldelning, variabler betyder inte samma sak som i
andra prog.sprak

— GOr sa har:

[ Tank hardvara och

gor ett blockschema ] |:> Oversatt till VHDL
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werensrin HUP SEI €1 VHDL-program ut?

entity namnl is
-- beskrivning av in- och utgangar Granssnitt mot

i mvarlden
end entity namni; omvarlde

architecture namn2 of namnl is N
-- beskrivning av interna signaler
begin > Funktion

-- beskrivning av funktion

end architecture namn2; J

VHDL &r inte case sensitive, sma eller stora bokstaver
spelar ingen roll, ej heller mellanslag.
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VHDL

Kombinatorik
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i M HDL FOr KOMbBinatoriska ndt

entity cnet is
port(a,b: in std logic;
c: out std logic);
end entity cnet;

architecture firsttry of cnet is
? &_Tj s?gnal X,y:std logic;
>1p—— ¢ begin
_21_{; C <= X nor y;

X <= a and b;
y <= a or b;
end architecture firsttry;

Parallellt “exekverande” satser. Nar ex a andras sa blir x<x=a and b
och y<= a or b, vilket gératt c<= x nor y.
Ordningen spelar ingen roll.
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wansen W A0 DELYeEr ett VHDL-program?

Syntetisering (Xilinx)

e X <= aandb;
betyder att en OCH-grind kopplas in
mellan trddarna a,b och x

Endast en tilldelning pa x tillaten.

Simulering (ModelSim)

e X <= aandb;
ar en parallellt exekverande sats
som kors om a,b andras

An s& lange ar ordningen mellan satserna oviktig
”Programmera” aldrig i VHDL!
Tank hardvara => 6versatt till VHDL
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Datorkonstruktion E n m U Iti p | exe r

entity mux is
port(d: in std_logic_vector(® to 3);
s: in std_logic_vector (1 downto 0);
y: out std_logic);
end entity mux;

d(0)
d(1)
d(2)
d(3)

s(1) s(0)
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waansis MULEIPlEXEIN, fOrts

ar
si
be

en
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chitecture booleqg of mux is

gnal noll,ett,tva,tre: std logic;

gin

noll <= not s(1) and not s(@) and d(0);
ett <= not s(1) and s(©) and d(1);

tva <= s(1) and not s(@) and d(2);

tre <= s(1) and s(@) and d(3);

y <= noll or ett or tva or tre;

d architecture booleq;

d(0)
—q &
d(l) e noll
0—p&
d(2) B
+d &
d(3)
— &
s (1) s(0)



waansis MULEIPlEXEIN, fOrts

VHDL har en programsats som precis motsvarar en mux:

architecture behaviorl of mux is
begin
with s select
y <= d(®) when 00”,

d(1) when *@1”,
d(2) when *10”,
d(3) when others;

end architecture behaviorl;

Lagg marke till:
» det finns enn <= i programsatsen.
* enn rad ar sann
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Datorkonstruktion With _S e I e Ct -W h e n

- Ar en parallell sats, concurrent statement
e Endast utanfor process

with (styrsignal) select
(utsignal) <= (uttryck 1) when (signalvarde 1),
(uttryck 2) when (signalvarde 2),

(uttryck n-1) when (signalvarde n-1),
(uttryck n) when others;

OBS: samtliga varden pa styrsignal maste tackas!
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waansis MULEIPlEXEIN, fOrts

architecture behavior2 of mux is

begin
y <= d(0) when s = ”00” else
d(1) when s = ”01” else
d(2) when s = ”10” else
d(3);

end architecture behavior2;
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Datorkonstruktion W h e n - e I S e

e Ar en parallell sats, concurrent statement
e Endast utanfor process

(signal) <= (Signall) when (Villkorl) else
(S,) when (V,) else

(Sy.1) when (V,_;) else
(Sn) 5

Lagg marke till:

 det finns enn <=i satsen.

* noll eller flera villkor ar sanna (forsta sanna villkoret ger tilldelning)
S =SV, +SVV,+S,V,V,V, ...
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Datorkonstruktion KO m m e ntq r

Bade with-select-when och when-else
kan uttrycka vilken Boolesk funktion (K-nat) som helst!

signal x: std_logic_vector(2 downto 9);
signal u: std_logic;

-- man kan skriva sa har
with x select
u <= ‘1’ when “011”,
‘1’ when “101”,

x[0]
‘1> when “110”, X[1]
‘1’ when “111”7, x[2]

‘9’ when others;

-- eller sa har
u <= ’1° when x=3 else
’1° when x>4 else
J@J.
J

-- eller ..
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s EXEMPEN: BCD -> 7-segment

A 4

7 ' bcd

X u

0000| 0111111
0001 | 0000110
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s EXEMPEN: BCD -> 7-segment

entity bcd is

port ( x : in std_logic_vector(3 downto 9);

u : out
end bcd;

std_logic_vector(6 downto 0));

architecture sanningstabell of bcd is

begin
with x select

u <= "0111111" when "0000", u<

"0000110" when
"1011011" when
"1001111" when
"1100110" when
"1101101" when
"1111100" when
"0000111" when
"1111111" when
"1100111" when
"1111001" when

~end sanningstabell;
II LINKOPINGS
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= "0111111" when x="0000“
n n "0000110" when x="0001°
0001 ) "1011011" when x="0010*
"0@1@",
"9011"
..91@@.., kanske inte lika bra da
,,@1@1,,: X=... maste upprepas.
"@116",
ll@lllll,
llle@ell,
"1691",
others;

else
else
else



wonenicin VA NAT VI SQ 1ANQGL?

* entity beskriver granssnittet
» architecture beskriver innehallet

« Mellan begin och end har vi parallella
satser.
— "vanlig” signaltilldelning ¢ <= a and b;
with-select-when ar en mux.

when-else ar en generaliserad mux.

_ Ovanstaende anvénds for kombinatorik
utanfor process-satsen
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VHDL

Sekvensnat
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woansaion V O10 KOMMEr NU?

« VHDL for sekvensnat,
e process-satsen

— case-when et it
) ndast inuti process-sats!
— if-then-else
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waransiion SEKVENSNAL - en D-vippa

entity de is
port(d,clk: in STD_LOGIC;
g: out STD LOGIC);

-

Processen exekveras
nar clk andras
sensitivity list

end de;
architecture d_vippa of de is
begin

process(clk)

begin

if rising edge(clk) then

-

q f= d; \ g uppdateras pa
end if;

posi
end process;

tiv c1k-flank

end d_vippa;
lenprocess (clk)

-sats galler

(med rising_edge(clk))

=> alla VL far en

vippa pa sig!
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Datorkonstruktion VG d b I i r d etta ?

process(clk)
begin
if rising_edge(clk) then
y <= X;
Z <=Y;
end if;
end process;

Lat y=0, z=0.
Satt x=1 och klocka en gang. Da blir val z=y=17?

II LINKOPINGS
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Datorkonstruktion S (OJ h d r b I i r d et!

Inuti klockad process

\

y <= X7

z <= y;

+ X:
Z+ v }Néstavérde
— +.
Y y+, } Tilldelning
z = z°;
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Datorkonstruktion S i m U I e ri n g

Sa har ar det:
(eller sa har gor ModelSim):

1) Evaluera nasta varde
sekvensiellt
yr=x
zt=y

2) Uppdatera parallellt
y=y"
z=27"

II LINKOPINGS
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Ibland far man hora att: Koden inom
processen
exekveras “"sekvensiellt

I)'

Det ar bara halvt sant!

process(clk)

begin
\\\\\\\\if rising edge(clk) then
y <= X;

Z K=Y;
end if;
end process;



[ ]
Datorkonstruktion TI I | S I Ut

process(clk)
begin
if rising _edge(clk) then
y <= X;
Z <=Y;
z <= not y;
end if;

end process;

II LINKOPINGS
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--1
process(clk)
begin
if rising_edge(clk) then
y <= X;
end if;
end process;

-- 2
process(clk)
begin
if rising_edge(clk) then
Z <=Y;
end if;
end process;

-- 3
process(clk)
begin
if rising _edge(clk) then
zZ <= not y,;
end if;
end process;



Datorkonstruktion E tt exe m p e |

process(clk) process(clk)
begin begin
if rising _edge(clk) then if rising _edge(clk) then
y <= X; y <= X;
if (y=’1’) then end if;
z <= "1’; end process;
else
z <= ’0’; z <= ’1° when (y=’1’)
end i'F; else Je);
end if;

end process;

Ger bada samma funktion for z?

Nej, z till vanster kommer en klockpuls senare an z till hoger.
II LINKOPINGS
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saansin ELC ANNAT €XEMpeEl

Bygg ett sekvensnat, som ger utsignalen 1 nar insignalen
varit 1 i minst tre klockcykler i rad.

0(0)
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o SEKVENSNAL - Mealy

entity sn is
port(x,clk: in std logic;

A\ A 4

u: out std_logic);

end sn;

architecture booleq2 of sn is
signal q: std logic_vector(1l downto
begin
process (clk)
begin
-- delta: nasta-tillstand
end process
-- lambda: utsignal
end booleqg2;
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Datorkonstruktion Case_Whe n ﬁEndaSt inuti process

e Maste beskriva vad som hander

for alla varden pa styrsignal

e motsvarar with-select-when,
men ar kraftfullare

case (styrsignal) is \\‘
when (varde 1) => (sats 1);

when (varde 2) => (sats 2);
when (varde n-1) => (sats n-1);

when others => (sats n);

end case;

II LINKOPINGS
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Datorkonstruktion I f_t h e n - e I S e /

e Endast inuti process
e motsvarar when-else,
men ar kraftfullare

if (uttryck 1) then \_

(sats 1)

elsif (uttryck 2) then
(sats 2)

elsif (uttryck n-1) then
(sats n-1)

else
(sats n)

end if;
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s V1 SIAF ThOP 3-n@tet och tillstandsvipporna

1(0) 1(0) 1)

0(0)
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s O-NETET OCh tillstandsvipporna

—-— delta: nasta-tillstand

process(clk)
begin 10) 1)
if rising_edge(clk)then 0(0 @ @ @’ 1(1)
case (g is

when 700” => if x="1’ then q <= 701”;
else q <= 700”;
end if;

when »”01” => if x="1’ then q <= ”11%;
else q <= 700”;
end if;

when ”11” => if x="1’ then q <= 710”;
else g <= 700”;
end if;

when »”10” => if x="1’ then q <= ”10%;
else q <= 700”;

end if;
when others => q <= ”00”;
end case;
end if;

end process;
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e L-EKVOATIONErna ska vara kombinatorik

1(0) 1(0) 1(1)

0(0)

___________________________________________________________________
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aoensmicn A-EKVATIONEN

K-nat utanfor processen

u <= ’1’ when gq="11” and x=’1’ else
’1’ when g="10” and x="1" else
J@);

eller optimerat (fixas av syntesverktyget):

u <= x and q(1);

Kommentar: and funkar alltsa pa
typerna std logicochboolean
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entity sn is
Datorkonstruktion port(x,clk: in std_:!.oglc; KO m p I ett kOd
u: out std_logic);
end sn;

architecture booleg2 of sn is

signal q: std_logic_vector(1 downto 90); 1(0) 1(0)
begin

-- delta 0(0 @ @’ 1(1)

process(clk)
begin
if rising_edge(clk)
case g is
when ”00” => if x=’1’ then q <= ”01”;
end if;
when ”01” => if x=’1’ then q <= ”11”7;
else q <= 700”;
end if;
when ”11” => if x=’1’ then q <= ”10”;
else q <= 700”;

end if;
when ”10” => if x=’0’ then q <= 700”;
end if;
when others => q <= 700”;
end case;
end if;

end process;

-- lambda

II LINKOPINGS u <= x and q(1);
oY UNIVERSITET end booleq?;



Datorkonstruktion M er 0 m V H D L

FREE RANGE
VHDL

Mealy, Tappero: Free Range VHDL, freerangefactory.org

Kevin Skahill: VHDL for programmable logic,
Addison-Wesley
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Extra redovisningstillfalle
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wanscen EXTI A FEAOVISNINGSTillfdlle

Imorgon 9/2 Kkl 15-17

For dig som har labb 1 eller 2 kvar.
Ingen anmalan, bara att “dyka upp” i LabbKo Extra.
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Gruppbildning
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Datorkonstruktion G r U p p b i I d n i n g

Gruppbildningen ar klar!

-Ni har nu: en egen kanal i Teams och ett eget repo i Gitlab
-Kontrollera gruppbildningsdokumentet

-Ta kontakt med varandra

-Fyll i projektanmalan (se kurshemsidan under Projekt)
-Skriv en kravspec

-Lamna in projektanmalan sa snart det gar, i Gitlab.
-Lamna in kravspec ver 0.1 senast ma 14/2 Kl 16, i Gitlab.
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Anders Nilsson

www.liu.se
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