
VHDLHistoryVHDL = VHSIC Hardware Des
ription Language(VHSIC = Very High Speed Integrated Cir
uit)Ordered by US defen
e departmentDeveloped by Intermetri
s, IBM and TexasInstruments (1983)Standardized by IEEE (1987, 1993, and 2001) andANSI (1988)Original goalsModelling and simulationExe
utable and unambiguous spe
i�
ationsStandardized way of des
ribing 
ir
uitsAlso used forSynthesis VHDL 1 � p.26/51



Entities and Ar
hite
tures

Designs are des
ribed using a number of modules,
onsisting of entities and ar
hite
tures.An entity des
ribes the interfa
e of a module: namesand types of input ports, output ports, generi
parameters, et
.An ar
hite
ture des
ribes how the module worksinternally. Corresponds to the implementation orfun
tion body in other programming languages.Ea
h module has exa
tly one entity, but may haveseveral ar
hite
tures (for instan
e one behavioral andone RTL implementation).
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Examples of Entities

entity half_adder isport ( 
_in, a : in bit;s, 
_out : out bit );end entity half_adder;

entity d_�ip_�op isport ( i, 
lk : in bit;o : out bit );end entity d_�ip_�op;
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An Entity with an Ar
hite
ture

entity d_�ip_�op isport ( i, 
lk : in bit;o : out bit );end entity d_�ip_�op;ar
hite
ture behavioral of d_�ip_�op isbegindff_behavior : pro
ess isbeginif 
lk'event and 
lk='1' theno <= i;end if;wait on 
lk;end pro
ess dff_behavior;end ar
hite
ture behavioral; VHDL 1 � p.29/51



Three ways to write 
ode in ar
hite
tures

1. Stru
turally: Instantiate other modules and 
onne
tthem with signals (�wires)2. Con
urrently: Simple statements (e.g. assignments)that are reexe
uted every time signals they depend on
hange3. Sequentially: Sequential 
ode (possibly in severalparallel pro
esses), with loops et
Higher abstra
tion levels usually 
ontain more sequential
ode, while lower levels 
ontain more stru
tural 
ode.It is possible to mix different kinds of 
ode in the samear
hite
ture.
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Ar
hite
ture with Con
urrent Code

entity half_adder isport ( 
_in, a : in bit;s, 
_out : out bit );end entity half_adder;ar
hite
ture behavioral of half_adder isbegins <= a xor 
_in;
_out <= a and 
_in;end ar
hite
ture behavioral;
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Stru
tural ar
hite
tures: example 1

Assuming that and_gate and xor_gate are implemented:entity half_adder isport ( 
_in, a : in bit;s, 
_out : out bit );end entity half_adder;ar
hite
ture stru
tural of half_adder isbeginxor1 : entity work.xor_gate(behavioral)port map( 
_in, a, s );and1 : entity work.and_gate(behavioral)port map( 
_in, a, 
_out );end ar
hite
ture stru
tural;
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Stru
tural ar
hite
tures: example 2

entity full_adder isport ( 
_in, a, b : in bit;s, 
_out : out bit );end entity full_adder;ar
hite
ture stru
tural of full_adder issignal 
_1, 
_2, s_1 : bit;beginha1 : entity work.half_adder(stru
tural)port map( a, b, s_1, 
_1 );ha2 : entity work.half_adder(stru
tural)port map( 
_in, s_1, s, 
_2 );or1 : entity work.or_gate(behavioral)port map( 
_1, 
_2, 
_out );end ar
hite
ture stru
tural; VHDL 1 � p.33/51



Ar
hite
ture with Sequential Codeentity max3 isport(i1, i2, i3 : in integer; o : out integer);end entity max3;ar
hite
ture behavioral of max3 isbeginp : pro
ess isbeginif(i1 >= i2 and i1 >= i3) theno <= i1;elsif(i2 >= i1 and i2 >= i3) theno <= i2;elseo <= i3;end if;wait on i1, i2, i3;end pro
ess p;end ar
hite
ture behavioral; VHDL 1 � p.34/51



More on Sequential VHDL

Sequential 
ode is always written in pro
essesAn ar
hite
ture may 
ontain several pro
essesPro
esses are impli
it loops: when the last statement ina pro
ess has been exe
uted, the pro
ess is restartedPro
esses 
ommuni
ate using singalsFrom a language point of view, signals resemblevariables (although important differen
es exist)From a hardware point of view, signals resemble wires
VHDL 1 � p.35/51
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Sensitivity listsentity half_adder isport ( 
_in, a : in bit;s, 
_out : out bit );end entity half_adder;ar
hite
ture behavioral of half_adder isbeginhalf_add_behavior : pro
ess(a, 
_in) isbegins <= a xor 
_in;
_out <= a and 
_in;end pro
ess half_add_behavior;end ar
hite
ture behavioral;

Sensitivity lists may not be 
ombined with wait statements.VHDL 1 � p.36/51



A simple 
lo
k generator

entity 
lo
k1MHz isport ( 
lk : out bit );end entity 
lo
k1MHz;ar
hite
ture behavioral of 
lo
k1MHz isbegin
 : pro
ess isbegin
lk <= '0';wait for 500 ns;
lk <= '1';wait for 500 ns;end pro
ess 
;end ar
hite
ture behavioral;
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Time in VHDL

VHDL has a notion of timeSimulation time 6= a
tual running timeCertain events are s
heduled to happen at spe
i�
points in timeTime advan
es in dis
rete steps - when nothing more iss
heduled to happen at the 
urrent point in time, time isadvan
ed to the next point in time where there is as
heduled event.Time has two 
omponents:a number of (nano/mi
ro/milli)se
ondsa number of deltas (Æ)The minimal delay for a signal assignment is 1Æ. VHDL 1 � p.38/51



A small example

pro
 : pro
ess isbegina <= 0;b <= 0;wait for 0 ns;a <= a+1;b <= a;wait for 0 ns;- - Here, a=1, b=0 !wait;end pro
ess pro
;
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Example: Counting Bits, Attempt 1entity 
ount_ones isport( arr : in bit_ve
tor; result : out integer );end entity 
ount_ones;ar
hite
ture attempt_1 of 
ount_ones isbeginp1 : pro
ess(arr) isbeginresult <= 0;for i in arr'range loopif(arr(i) = '1') thenresult <= result+1;end if;end loop;end pro
ess p1;end ar
hite
ture attempt_1;Compilation error: �Cannot read output: result� VHDL 1 � p.40/51



Example: Counting Bits, Attempt 2

ar
hite
ture attempt_2 of 
ount_ones issignal tempSum : integer;beginp1 : pro
ess(arr) isbegintempSum <= 0;for i in arr'range loopif(arr(i) = '1') thentempSum <= tempSum+1;end if;end loop;result <= tempSum;end pro
ess p1;end ar
hite
ture attempt_2;Testing reveals strange values on result. VHDL 1 � p.41/51



Example: Counting Bits, Corre
t Version

ar
hite
ture 
orre
t of 
ount_ones isbeginp1 : pro
ess(arr) isvariable tempSum : integer;begintempSum := 0;for i in arr'range loopif(arr(i) = '1') thentempSum := tempSum+1;end if;end loop;result <= tempSum;end pro
ess p1;end ar
hite
ture 
orre
t;
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Simulation 
y
le

1. Simulation time is advan
ed until the next s
heduledevent (
an be a signal assignment, or a wait).2. S
heduled signal assignments are 
arried out.3. Pro
esses resume exe
ution if theyare sensitive to signals that was affe
ted, orare s
heduled to wait until the 
urrent time point4. The pro
esses 
ontinue to run until they all rea
h waitstatements. New events that the pro
esses 
reate areput in the event queue. Events to happen after a delayof length 0 are s
heduled to happen in the next delta
y
le. Events to happen after a positive time ares
heduled at that time +0Æ.

VHDL 1 � p.43/51



Variables vs. signals

Variables SignalsUsed in algorithms Represent physi
al wiresImmediate assignments (:=) Delayed assignments (<=)Belong to a pro
ess Belong to an ar
hite
tureUsed only within a pro
ess Communi
ate betw pro
s/enttsDifferent attributes ('event et
)Sensitivity lists and wait on
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Example: Variables

entity 
ount_pos_edges isport (i : in bit; 
 : out integer);end entity 
ount_pos_edges;ar
hite
ture behavioral of 
ount_pos_edges isbeginp1 : pro
ess(i) isvariable 
ounter : integer := 0;beginif i'event and i='1' then
ounter := 
ounter + 1;
 <= 
ounter;end if;end pro
ess p1;end ar
hite
ture behavioral; VHDL 1 � p.45/51



Delayed Signal Assignments

Signal assignments 
an be delayed:o <= i after 2 ns;test_input <= 0,1 after 1 ms,2 after 2 ms,3 after 3 ms;

The smallest possible 
lo
k generator:
lk <= not 
lk after 50 us;(
on
urrent assignment)The value is evaluated upon exe
ution of assignmentstatement, not when the assignment is 
arried out.
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Assert statements

assert e;Gives a warning if e evaluates to false.assert e report str;Prints the message str if e evaluates to false.assert e report str severity sev;Sev 
an be one of: note, warning, error, failure.Simulator 
an be set to stop simulation at givenseveritiesAn assert statement in an ar
hite
ture is 
on
urrent:property should always holdAn assert statement in a pro
ess is sequential:property should hold when the assert is exe
uted
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More wait statements

wait; (halts pro
ess)wait for 100 ms;wait on in1, in2, in3; (wait for events on signals)wait until a='1';wait on 
lk until reset = '0';wait until a = '1' for 150 ns;

A wait statement always 
auses a pro
ess to wait. If wewrite wait until a='1', and a='1', then the pro
ess will waituntil an event that 
hanges a's value to '1' happens. Waitfor 0 ns; will 
ause the pro
ess to wait one Æ. VHDL 1 � p.48/51



More signal attributes

A transa
tion is when a value is assigned to a signal. Anevent is when a transa
tion 
auses a signal to 
hangevalue.'event: event has o

ured last (simulation) 
y
le'a
tive: transa
tion has o

ured last 
y
le'stable(t): no event has o

ured for t time units'quiet(t): no transa
tion has o

ured for t time units'last_value: value before last event'last_event: time sin
e last event'delayed(t): impli
it signal, delays the original signalwith t time units.
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De
laring Your Own Types

Types are usually de
lared in pa
kages:pa
kage my_types istype int_array is array (integer range<>) of integer;type int_pair is re
ord�rst : integer;se
ond : integer;end re
ord;end pa
kage my_types;

Pa
kages must be imported before all entities that usethem:use work.my_types.all;
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Guidelines for writing ar
hite
tures

Pro
esses that are sensitive to the 
lo
k signal impli
itlyintrodu
es �ip�ops. Ar
hite
tures usually be
omes easiestto write and maintain if they are divided into two parts:1. One single pro
ess whi
h is sensitive only to the 
lo
ksignal (and possibly an asyn
hronous reset signal)2. One or more pro
esses that are sensitive to any inputsignals or internal signals, ex
ept the 
lo
kThe only thing the �rst pro
ess does is to update theinternal state (i.e. the �ip�ops). The other parts in
ludes alllogi
.More about this in Jiri Gaisler's le
ture (next week).
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